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DAN NHAP

T4p bai gidng “K¥ thuat Cidm bi€n Po ludng va Piéu khién”
dugce bi€n soan theo chuong trinh dao tao dai hoc cac chuyén nganh k¥
thuat.

Muc tiéu bién soan tdp bai gidng nay nhim giip sinh vién cé
tai liéu hoc tdp mdn hoc “K§ thudt cdm bién do ludng cdc dai lugng
khéng dién” bén canh cdc tai liéu tham khdo khédc theo hudng din cia
gidng vién d€ nim dudc nhitng ndi dung truyén dat trén 18p mdt cach
tich cife, k&€t hgp nhitng din gidi va hé thdng hod van dé€ chia gidng
vién vdi nhitng nghién citu thdo luian chuyén dé seminar ctia 1p hoc.

V@i nhin thifc ring mén k¥ thuit cdm bi€n do ludng lién quan
hau hét cdc linh vuc ki€n thitc cd badn ma sinh vién cdc nganh dai hoc
k¢ thudt ¢i hodc dang ti€p thu trong chuong trinh hoc, mdt s& phin
lién quan chi y&u dudc dua vao cdc phu luc cudi tip bai gidng nay dé
sinh vién ty doc 6n lai va hé thdng hod ki€n thitc da hoc trong nhitng
mon khic. i

La mdt tdp bai gidng, tai liéu dugc chia thanh cdc bai gidng,
dva theo chuong trinh gidng day mdn hoc 1a 3 tin chi (twong duong 45
ti€t 1én 18p va 45 tiét ¢ hoc cia SV). Viéc bd tri chuong trinh gidng
day phit hgp 1a thy & gidng vién, tuy nhién, thdi lugng mbi bai gidng &
day tinh cho 4 ti€t 1&én 16p (khong k€ ki€m tra va On luyén). Va dé
cling chi 12 khuyé&n nghi.

Nhitng ndi dung tap hgp trong tdp bai giang nay duge thyc hién
trén ¢d sd nhitng tai li€u cip nhap, néu trong muc “Tai Liéu tham
khido”, phit hgp véi nhitng bai gidng trén 16p theo chuong trinh, dé
cwong mdn hoc cda nha trudng. Tuy nhién, do nhitng han ché nhat
dinh, viéc tap hop trinh bay trong mot tdp sdch ¢6 thé con nhiéu khi€m
khuy&t. Rat mong cdc ddng sy, dong nghiép gitip d3 gép ¥ chinh 1y va
nhat 12 nhitng sinh vién ma tip bai giang nay nhim hudng 16i,

bao Thdi Diéu, 01.2008°.
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BAI 1
CO SG KY THUAT CAM BIEN PO LUONG.
Chuong 1. KHAI NIEM CHUNG.

Muc tiéu bai nay tip trung vao nhitng khii ni€ém cg bdn va
nhitng van dé t8ng qudt clia k¥ thuit cadm bi€n do ltdng Wng dung —
gbém chuong 1.

N§i dung co bdn ma SV phdi nim duge § bai nay 1a nhitng van
dé rong tAm sau:

» Khadi niém 18ng quat vé hé thdng thdng tin do ludng va diéu
khién cling nhitng phin tt cdu thanh ¢d bdn clda né, hoat dong
chitc nang, cdc dic tinh k¥ thuit, dac di€ém ng dung. Pic biét
can nim viing va hi€u dudc bin chat cdc dinh nghia khdi niém,
dic tinh vdn hanh, hé théng hod trong phan loai phan t{, tu duy
logic trong k¥ thudt dng dung.

e Cédc van dé Wng dung thyc tién cdc phan tf cdm bié€n trong hé
thong tin do ludng va diéu khién. C6 nhin thitc va rén k¥ ning
tdng hop, thi€t k€ va ché& tao hé thdng cu thé trong thuc t€ moi
trudng wng dung.

e Cdc tr khéa, thuit ngit vA ¥ nghia cda né trong phan nay (va
ti€p vé sau) déng vai trd quan trong trong nhitng bai ki€m tra
va thi tric nghiém ly thuy&t néi chung.

¢ Thoi lugng bai gidng 12 04 ti€1/45 ti€t 1én 1dp theo chuong trinh
moén hoc 12 03TC (45 ti€t) va 04 1i€t ty nghién citu.

1.1 — Kh4i niém hé théng do hudng va diéu khién.

Ngay nay, khé ¢6 mdt nganh k§ thuit nao khéng bao gébm k¥
thudt do ludng va diéu khién ty dong, ma trong d6 cdc phan tf cim
bién do ludng thudng déng vai trd tién quyét. Ung dung dién hinh 13
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trong cdc ddy chuyén cong nghé ¢d khi ché& tao, cac may tu dong trong
sdn xudt, gia cdng gb, kim loai, nhira plastics | may méce ¢hé bién thue
phim, céc loai mady in va déng géi san pham, vv .

Su phat tri€n cta ky thuat do luSng va diéu khié'n hién dai dira
trén ¢d s§ nhing ti€n bd khoa hoc cla nhiéu nganh ly thuyé€t co bian
cling nhu nhitng ti€n bd cdng nghé trong ky thuat itng dung. Pic biét,
ti€n bo ky thuit cong nghé da dua dé€n sy théng nhat chuidn hos trong
ch€ xui't cac linh kién, cdc phén tf ty dong, cac khéi chife ning module

.. Trong nhiéu linh vic khic nhau ciing ¢6 nhiéu trudng hop st dung
nhﬁ’ng bd phan, phan ti ty déng chitc nang nhu nhau. Vi du, cic hé cam
bi€n vi tri va diéu khién céc vit thé dich chuyén véi do chinh xédc cao
duge dng dung rong rii trong cdc nganh nhu giao thdng van tdi, hang
hdi, hang khoéng, ciu hd (dinh vi tau thuyén, xe may va mady bay, diéu
khién cac hé du phong va truyén tai nang ...), cing nhu trong cac nganh
théng tin lién lac vién théng, thién vin vi tru (ding d€ diéu chinh vi tri
cia cdc anatena radio, radar, cac hé vidn vong thién vin, ...).

N6i chung, cdc phdn t cdm bién khéng hoat ddng tu than.
Ching la mdt bé phin cda mét hé 16n bao gdm ca cdc b6 chuin hoi
tin hi€u va cdc mach xit 1y tin hiéu s va tuong tir khdc nhau. N6i vi
du, h¢ thdng c¢é thé 1a hé do ludng, hé thu thip dit liéu, hay hé diéu
khi€n qud trinh cOng nghé, G day, ching ta tip trung vio cac phan ti¥

cam bi€n trong hé do ludng va diéu khién qud trinh ¢Ong nghé. Hinh
1.1 gid1 thi€u md hinh diév khién ty ddng qud trinh cong nghé, duge
thue hién bdi mot hé théng tin do ludng didu khién.
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My tinh cd ag nghé
(vi x1? 1Y, vi didy khién, PC's, mang..)

o

C hyvog trinh
PROGRAM

Hinh 1.1 — M0 hinh di€u khi€n tw déng qud trinh cdng nghé.

Qua trinh ¢Ong nghé 14 m§t hé vit Iy dugec md tad bdi cic bién
trang thdi. Cdc bi€n nay dac trung dinh tinh gualitative va dinh lugng
quantative cho qud trinh cong nghé bdi cdc phuong trinh mo 3 quan hé
todn-1y va céc sd liéu do thyc nghiém. Qu4 trinh c6ng nghé dugc diéu
khién (hodc diéu chinh) bdi mot hé théng do ludng va didu khién tu
déng, hoat ddng theo mdt chuong trinh program dinh sdn, trén cd sd
cdc dif liéu thu nhin dudgc tif cdc bd phdn, phan tf cdm bi€n do ludng
transducers va tinh nidng cda cdc phan tif cd cfu tdc hoat chap hanh
actuators.

Nhu vay, hé théng théng tin do ludng va diéu khién 1a tap hgp
phuong ti€n ky thudt véi chic nidng chung va hoat ddng theo mdt
chuong trinh chung, thu nhdn thong tin tiY d6i tugng (do ludng, bién déi,
hi€n thi hay luu trit) va xi¥ ly (i€p theo d€ thyc hién nhitng muc tiéu
chifc ning hé théng (di€u khi€n, hiéu chinh hay theo d&i gidm sat).

Nhitng nim gan diy, sy phat trién cong nghé dién t¥-tin hoc—
vién théng di c6 nhitng budc ti€n cin ban vé& hiéu suat tinh todn, dung
Iwgng nhg, tdc d§ xi 1y va truyén din dif liéu ... cling nhy nhifng ph4t
trién phdn mém tng dung. Cing véi sy hinh thanh va phét trién mang
vién thdng Internet, cac mang mdy tinh (cuc bd va ci dién rong) ciing
dugc sit dung cho cdc hé do ludng va diéu khién, tng dung chi yé&u la
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thu thdp va xit ly dit liéu nham ty dong diéu chinh / diéu khién qua
trinh cong nghé cling nhu theo ddi gidm st trang thdi qué trinh.

Hinh 1.2 gidi thiéu c4u triic di€n hinh cia mot hé cam bi€n do
ludng va diéu khién.

Qué trinh fTin f;t‘é‘u vay iy ; I}n}ﬁh:‘gp g:‘e‘n (Tin Héu o6
vatly aralog ) d@ chudn hod ) ?’tgelai)xﬁ Iopifi bl vA K i

duge kidm tra,  Cémbi®n va chudn hda fin hidu

didu khi€n P s e e e e a6 | Ghi Sit dung
o ! Bign 38i tubng hap kot 2] Miy sl 27 —*ngoei e
Eai 1 1| Giao I ik :
J{ice] HaBensor| W T D L Loc i | tn
VATlg| o | | dien : LI digy :
T 1 Al =i Hign | ! | khién | Giao S& dung
" thi N dign tru'c tuyé'n
Gy Tach Tao
chip = chudn he
han ke SO

Hinh 1.2 — C&u tric di€n hinh m6t hé cdm bién do ludng va
diéu khién tr déng.

Ung dung cdm bi€n trong mot hé diéu khi€n qua trinh dién hinh
dudc trinh bay trong hinh 1.3. Gid thi€t thudc tinh vat 1y cin diéu khién
la nhiét d6. Pau ra cla cdm bi€n nhiét d dudc chuin hod va rdi s
hod bang chuyén ddi ADC. B vi diéu khi€n microcontroller hay may
tinh chi xdc dinh li€u nhiét dd ¢6 cao hon hay thap hon gig tri mong
mudén, va xudt tin hiéu tdi chuyén ddi sé-twang tv (DAC). Piu ra
DAC duge chudn hod va diéu khién cd cau chip hanh actuator, trong
trudng hdp nay 1a mdt bé gia nhiét heater. Luu ¢ ring giao dién giita
trung tim di€u khi€n va qua trinh diéu khién ti¥ xa 12 théng qua mang
tiéu chudn céng nghiép 4-20 mA.
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Hinh 1.3 — Mach diéu khién mdt qud trinh cdng nghiép dién hinh.

Ky thuat s& da ud thanh phd bié€n trong viéc xi Iy cdc ddu ra
cam bi&n trong thu thip dit liéu do ludng, diéu khién qud trinh va céc
phép do. N6i chung, cdc vi diéu khién 8-bit (vi du 8051) c6 tSc d6 va
dung lugng xi 1y thich ddng ddi vSi hdu hét cac ung dung. Bing cich
26p thém chuyén ddi A/D va tinh ning lap trinh vi diéu khi€n tif bén
trong cim bi€n, c¢6 th€ tao nén mdt cdm bi€n linh hoat “smart sensor”
v6i cdc tién ich ty chudn dinh va tuyé&n tinh hod trong s& nhi€u tién ich
khédc. Khi d6, mdt cdm bi€n linh hoat ¢é thé€ giao dién tryc t€p v8i mit
mang cdng nghiép nhu trinh bay trong hinh 1.4.

Hinh 1.5 tfinh bay cdc khdi ciu tao c¢d bdn ciia mdt “cam bién
linh hoat”, dugc c&u hinh véi cdc vi mach tich hgp da thanh phan. Loat
san phim MicroConverter clia hang Analog Devices bao gdbm on-chip
cdc bd ddi ndi multiplexers tinh nng hoat doéng cao, cdc chuyén ddi
tuong tr—sd (ADCs) va s6-tuong tu (DACs), ghép vdi bo nhd Flash va
mot 16i vi diéu khién tiéu chuan ¢Ong nghiép 8052, cling nhu gidi phdp
mach hd trg va vai cau tric ¢dng ndi Hép tiéu chudn.
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D6 1a nhifng vi mach tich hgp dau tién thyc sy 13 nhitng hé thu
thdp dit li€u cdm bi€n linh hoat (c4dc mach chuyén déi tin hiéu, vi diéu
khién, b6 nhd Flash tinh niang hoat ddng cao) trong moét con chip don
(xem hinh 1.6).

~ N — . AN '/ "
MANG NUT — NUT):J
N rd
) 5
H .o: i (,
SNa S o
T H g
EN PEN
] T .-" b ;" = 3
3 CB LN HOAT | B |
= s st T NS
a ) ’
L CAM BIEN LINH HOAT:
£ N e - . Ty higu chufn.
T b oe G
. CE LINH HOA'I‘ \: Tuyé/n tinh hod.
l o O S WO Cd khz ning 14p 13n.

Gizo dién digital tiéu chufn.

Hinh 1.4 — Tiéu chuin ho4 giao dién s& diing ¢cam bié€n linh hoat.

B dp su#t,

e I |
- CE nhiér dl.enrrd
(| FOwm seer

- P D3y 4o cfing;
¥V
| B& KB
' i chinb xdc cao

v & 5 2
mtcdfgtll ® Chuvén déi Sensor

controller ADC d8 phdn gidi cao

Hinh 1.5 — Cédc phdn tlt ¢d ban trong c4m bién linh hoat.

CB dp su4dt,

CB nhiex dién rrd

CH¥p nhistagdu;

Ddy do cing;
VN i

MicroConvener T Sensor

Hinh 1.6 — M&t cdm bi€n thim chi con linh hoat han.
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1.2 — Cdc phén ti chii y&u ciia hé théng.

Su gia ting yéu ciu vé d6 chinh xdc, d§ an toan chat lugng sdn
phim va hiéu qud céng nghé din t6i nhitng ti€n bd k¥ thudt cd ban
lam ting d% chinh xdc, dd tin cdy va tdc d9 tic hoat cao cia cic
phuong tién k¥ thuat do ludng va diéu khi€n. Phuong tién k¥ thuat
trong hé do ludng diéu khién 1a tap hgp cdc thi€t bi tr ddng do ludng,
tr ddng diéu khi€n va tr dong x\ 1y thdong tin theo mdt chuong trinh
nhat dinh, dudc goi chung 13 cdc phin tit oy dong.

& day ching ta phan biét ba dang phan tif tf déng chi y&u:

® Phin tlf cAm bi€n Transducer, trong d6 gdm cé:

o Phan t& cdm bi€n tham s8 (R,L,C);

o Phin tf cdm bi&n vat ly (nhiét-dién, quang-dién, 4p-dién, ...).
® Phin t chip hanh Acruator, trong d6 gém c6:

o Cic phin tf chdp hanh dang may dién;

Cic phin tif chdp hanh dang c¢d cdu dién-cd.

Céc phan tif chdp hanh thiy-khi.

® Phin u¥ thong tin, dic trung 1a:

o Tacho-generator;

o Selsyn;

o Bié€n 4p quay;

o Céc phin ti khuy&ch dai (khuy&ch dai ti, khuyéch dai may-
dién, khuyé&ch dai dién td, ...).

o

Phin t cdm bién Transducers. Cim bi€n do ludng, ngay nay
thudng goi la k¥ thudt cdm bién sensorstechnique, dudc hiéu nhu k§y
thuét thu nhan va bién d6i thong tin trang thdi, 12 mét bé phén thanh
phin quan trong trong hé diéu khién ty dong.

il
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Cdc bi€n trang thdi dic trung cho hé théng va gua trinh thudng
la cac dai Iwgng khéng dién, nhu nhi€t d6, 4p suat, dng luc, tdc ds,
moment vv.. Cdc phan t cdm bi€n nhay cam d&i vdi nhitng dai lugng
vat [y khdc nhau. Phan tit cdm bi€n thu nhéan gi4 tri cia dai lugng vat
1§, vSi sy bi€n thién theo thdi gian cia né, chuyén dSi thanh cic dai
ludgng di€n d€ ¢6 thé gia cdng xit 1y, hién thi hodc luu nhé, truyén dan
va X 1y ti€p nhdm diéu khi€n qua trinh. Chi y&u dai lugng diu ra cida
cdc sensor 1a dién dp hodc dong dién, nhung ciing ¢6 thé 1a tin s6 hay
dién trd, dién khang.

3 day, ta goi chung 1a phin tir cdm bi€n. Theo nghia réng, phin
ttr cdm bi€n transducer 1a thi&t bi hay bo phan thi€t bi cdm nhan va
ddp dng vdi cdc kich thich tir dai lugng do, duge dic trung nhu mot
khau chitc ning trong hé théng do ludng va diéu khién, mot mang hai
¢ta ndi chung (hinh 1.7).

Cdm bi€n va cdc mach k&t hgp cia né dirde diing d€ do ludng
cdc thude tinh vat ly khic nhau nhu nhiét d6, lire, dp suit, luu lugng
dong chay, vi tri, cudng dé sdng, vv.. Céc tinh chat nay tdc déng nhu
kich thich t&i ¢cdm bi€n, va diu ra clia caAm bién duge chuin hod va xir
1y @€ cung cip s6 do phd hop ciia thude tinh vat ly d6. Cac transducers
hi€n dai thuong duge phSi ghép b6 phin cam bién do ludng va3i bd
phan chudn hod tin hiéu conditioner vi cic bé phén vi tinh khdc (nhu
microprocessor hay microcontroller) d€ hiéu chinh hodc tuyén tinh
hod, xdc dinh cdc dnh hudng nhiu, xdc dinh ngudn sai s& va khit hoic
gidm thi€u ching, ciing nhu d€ dua tdi chc bdé phan diéu khién khéc
(nhif cdc phdn uf chdp hanh actuators ..).

Nhu vdy, diu ra cia cdc phdn tf transducers thudng 1a tin hiéu
da duge chudn hod, c6 thé tryc ti€p dua téi giao dién v6i cdc khdi can
thanh hé thdng khdc, thudng 13 qua cdc tuyén bus truyén din, hodc xi¥
1y, hién thi truc tiép.

N6i mGt cach nghiém chinh thi cdm bi€n sensor 13 mot dung cu
chuy€n d&i tin hiéu kich thich (thé hién m6t thudc tinh vat 1y ) thanh tin
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hiéu dién; trong khi bi€n cidm transducer 1a bd chuyén d8i mét dang
ning lugng thanh ning Iugng dang khic. Tuy nhién trong thuc t€, cdc
thuat ngit nay dugc s dung mot cach trdo ddi dugc.

Cédc phian n¥ cdm bién dugc phan loai theo nhiéu ti€u chuin
khac nhau.

Vé ban chat vat 1y, cdc cam bi&n dugce phédn loai 13 phin ti¥ cdm
bi€n tich cyc hay thu dong.

Cdc phdn ¥ tich cuc tdc hoat nhy mét ngudn (ngudn ap hay
ngudn dong), khdng phidi cung cip ngudn nang lwgng phy. Nhitng phan
t¥ nay dugc biéu di&n dusi dang mang hai clfa ¢6 ngudn trong. Cic
phan t¥ tich cite dién hinh 13 cdc phan tf ¢Am bi€n vat 1y nhu cadm bién
nhiét-dién thermoelements, cip nhiét ngiu thermocouples, cac hé dién-
dong electro-magnetic generators, phin t¥ quang-dién photoelements,
tinh thé dp-dién piezocristall, vv...

Cic phdn tf thu ddng tiéu thy ning lugng tif ngudn phu hoic 18y
tir bi€n kich thich didu vao d€ bi€n ddi thanh tin hiéu dau ra. Nhimng
phéan tf thu ddng dudc bi€u dién dudi dang mang hai cira khong ngudn,
¢6 rd khang trong phu thudc kich thich didu vao. Pién hinh la cdc phan
¥ cdm bié€n tham s6 nhur ddu do bién trd (chi€t dp potentiometers, bi€n
tr@d hé s& nhiét 4m hay duong NTC- / PTC-, bang do bi€n dang DMS,
bi€n ud quang photoresistances, ...); cdm bié€n dién dung (tu xoay / tu
ban cuc phdng ...); cdm bi€n dién cdm; cdm bién tif tinh, vv...

Nhur vay, chiing ta phan loai dang phan tif tich cyc hay thu ddng
12 theo quan di€m bi&n ddi nang ludng t thin cia phdn t¥ cAm bign.

Piéu cdn lvu ¥ 12 cho tJi nay, mic di sy phan biét vé tinh tich
cuc va tinh thy dong 1a rd rang va khd th6ng nhdt, nhung trong cdc tai
li€u khdc nhau ¢é nhiéu cich nhin nhin khdc nhau (tham chi ngudc lai)
khi phan loai d&i twgng 1a thy ddng hay tich cuec. Vi nhu ¢6 quan niém
phin ti¥ tich cuc hay thy dong nhu sau [000]: M&t cdm bién tich cuc ddi
hdi m&t ngudn kich thich ngoai. Cdc cdm bi€n trén cd sd dién trd nhu

13

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

thermistors, RTDs (Resistance Temperature Detectors — cidc bd cam
bi€n nhiét kiéu trd khdng), va cic day do cang (Strain Gages) la nhitng
vi du cdm bién tich cuc, bdi vi dong dién phadi chay qua ching va do
dién dp tuong Wng d€ xic dinh gid tri dién trd (cdch khdc 1a mic dung
cu vao mdt mach cau; tuy nhién, trong trudng hop khac, doi héi phat
cung ciAp dong dién hay dién 4p tir ngodi). Mit khédc, cdc cdm bi€n thu
ddng (passive hay self-generating) tao ra tin hi€u dién 4p ra cla chinh
ching ma khéng doi hdi dong hay dp tit ngodi. Cdc vi du vé ciAm bién
thu ddng la cdc cap nhiét nglu thermocouples va diodes quang
photodiodes tao ra dién ap nhiét-dién va dong quang-dién tudng dng,
khéng phu thude vao mach ngoai. Nhu vdy, ngudi ta phan loai cam
bi€n trén quan di€ém chuidn hod tin hiéu, theo nhu ciu cin thiét (hoic
khéng) gidi phdp mach tich cuc ngoai d€ tao tin hiéu dién ra tiY cam
bi€n. Ta néu hai cdch phan loai diic trung, chi d€ ¢6 thé hiéu logic van
dé (vé gquan niém, khoéng nén vi th€ ma nhim l4n vé thuat ngl trong
cdc tai liéu tham khao).
Bing 1.1 dudi ddy 1a mdt téng quan khdi qudt vé cidm bién.

- - 2 = A s 2 -~ N L. [N -~
Bang 1.1 — Cdc cam bién dién hinh va tin hi€u ra cda ching.

Thudc tinh Cdam bién Tin hiéu ra

Nhiét d6 Céap nhiét ngau Thermocouple Pién 4dp
Silicon Silicon Sensor Ap/ Dong
Ki€u dién tr§ RTD Pién trd

. |Thermistor  Thermistor Trd khang

Luc / Ap suil Day do cang  Strain Gage Bién trg
Ap-di€n piezo- Piezoelectric Dién ap

Gia t6c May do gia tdc Accelerometer Pié€n dung

Vi tri LVDT bién ap AC

Cudng do sdng Photodiode Photodiode Dong dién

Mot phuong cach logic khdc phin loai cdm bi€n 1a phian loai
theo thudc tinh vat Iy ma cdm bién duge thi€t k€ tng dung nhu cdm
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bi€n nhiét d6, cdm bién 4p suit, cdm bi€n chuyén ddng, vv .. Nhu viy,
theo nguyén 1y bi€n ddi c¢6 thé€ phan loai cdc cdm bi&n nhu sau:

o Phan tit cAm bi&n tham sd;

o Phan t& cdm bién vat ly.

Cédc phan tif cdm bi€n dya trén ¢d sd nguyén 1y hoat ddng tng
dung cac hiéu wWng vat Iy nhu dién-tlr, quang-dién, piezo, vv... bi€n ddi
cédc dai lugng théng s& trang thdi vt 1y cda qué trinh céng nghé thanh
nhitng thay d3i thong s& dién, dugc goi chung 1a cdc cdm bi€n vat ly
néi chung (xem thém Phu luc 2 ). Trong dé, dac biét thong dung céc
phin tif cdm bi€n bi€n d8i cdc dai lugng vat Iy (nhu nhiét d6 hay anh
sang, chuyén vi vat th€ hay tdc dung lyc va Ung suat ..) trire ti€p thanh
nhitng thay ddi tham s& dién (nhu dién trd hay dién dan, dién cdm hay
hé cam, dién dung, ..), dudc goi chung 1a cdc cdm bi€n tham s§ (xem
thém Phu luc 1).

Phin ti¥ (cd cin) tac hoat chidp hanh Actuators. Trong cdc hé
do hrdng va diéu khié€n, bén canh viéc thu nhén gid tri cdc dai hugng
vat 1y, gia cong x& 1y chiing thanh céc tin hiéu dién, 12 viéc bi€n ddi
tin hiéu thanh nhitng dai lugng khic (vi nhu cg hoc, am thanh hay dnh -
sdng ..) cho nhitng muc dich diéu khién khdng ch€ tiép theo. Cdc cd
cau bi€n d8i nay dudc goi 12 cd cdu chdp hanh. Ngay nay ciing goi
chung 12 cdc phin ti¥ tdc hoat chidp hanh actuators. Phan i tic hoat
chap hanh dudc dic trung nhu mét khau chife ning trong hé thdng cam
bi&€n do ludng va diéu khién, mdt mang hai ¢ita n6t chung (hinh 1.7).

Thong dung cdc dang phin td tdc hoat chdp hanh sau:

e Cdc phin tl¥ chap hanh dang may-dién, nhu déng cd / mdy ph4t
ddng bd / khoéng ddng bo, mdt chiéu / xoay chiéu..;

e Cdc phin ti¥ chip hanh dang ¢d ciu dién-cd, nhu rele, khdp ndi,
khdi dong tix, ...

e Cidc phan tf chap hanh thiy-khi.
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Phan t théng tin. Trong cdc hé do ludng va didu khién con cé
mét ki€u dang phin tf t déng kha dic biét la cdc phan uf thdng tin.
Nhifng phan tit nay c¢6 tinh ning khic nhau, trong nhiéu trudng hop
cing ¢6 tinh nang cam bi€n (nhu tachogenerators, selsyn, mot s& loai
bi€n dp quay, ..), nhung chung nhit 12 kha ning truyén dat thong tin
diéu khié€n tryc ti€p, ddng bd giwa cdc bd phan cla hé thdng. Dién
hinh la:

e Tacho-generator;

* Selsyn;

e Bi€n dp quay;

e Cdc phan tf khuyéch dai (nhw khuy&ch-dai-ti, khuyé&ch
dai mdy-di€n, khuyé&ch dai thuit todn,...)

Cung véi transducers va actuators, cac phan ti théng tin va
mach xi¥ ly ti€p theo néi chung taoc nén hé théng phuong tién biéu
trung frang thdi cia mdt qud trinh k§ thuit hay céng nghé ¢6 didu
khién nao dé trong mdt hé do ludng diéu khién théng nhat.

1.3 — Cdc dic tinh cd ban.

Cdm bi€n sensor [A mét dung cu chuy&n déi mot hién tugng vat
ly thanh tin hiéu dién. Nhu vdy, cdm bi€n 12 mdot phan cda giao dién
gita the gidi vat 1y va thé& gidi ky thudt dién, ciing nhu may tinh ( 13
mdt phan cda giao dién giita con ngudi va thé gidi todn tinh). Phin
khéc clia giao dién nay 1a cdc c¢d cdu chap hanh actuators, chuy&n déi
tin l€u di€n thanh tin higu vatly.

3 day ching ta quan tam dén khia canh giac dién cia th€ gidi
vatly va hé do ludng di€u khién ciing nhing phin tit cdu thanh cla né.
Ngay nay, nang lyc xut I§ mét khoi lugng thong tin khdng 18 di dudgce
phdt tri€n trong nganh dién ti—may tinh. Vi du cé ¥ nghia nhdt vé
nang luc nay la mdy tinh ¢4 nhdn va su ton tai cia cdc bd vi xit 1y
microprocessors, vi diéu khi€n microcontroller, dem lat kha nang thiét
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k€ ch€ tao nhitng san pham gdn k&t véi todn tinh, 6 cong nghé ché tao
616 d€n nhitng thiét bi dan dung nhu 10 vi séng, tdi db choi tré em. Vai
nim lai diy cdc phién bin clia nhitng sdn ph&m nay ding vi xi 1y
trong cdc bd phin diéu khién chifc niing da trd nén phd bi€n rong rai.
Trong nganh ché tao 6t6 nhitng kha ning nhu thé ra't can thi€t d€ dat
dugc nhitng tinh ning phit hgp vdi su han ché vé 6 nhiém méi trudng.
Trong nhitng trudng hgp khdc, mét cdch don gidn ning Iuc ay dem lai
nhiftng tién ich khéng miy 0n kém.

T4t c& nhifng mach xi¥ Iy tin hiéu, mach bién d8i tiong hgp tin
hiéu — chuin ho4 tin hiéu, k€ ca cdc mach todn tinh ti€p theo, déu cin
c6 tin hiéu dién didu vao d€ nhan mi lénh v3 dir liéu thong tin. Nh
vy, cing véi sy sdn ¢ cdc microprocessor ré ti€n, co hdi st dung cédc
sensor di khong ngirfng ting 1én trong hang loat san pham do ludng
diéu khi€n. Hon nita, bdi vi ddu ra cia sensor la tin hiéu dién, cho nén
cdc sensors ¢6 xu hudng dic trung nhu thé 14 cdc linh kién dién tif. Cac
ban ké dif liéu ctia nhiéu sensor da dugc 14p nén giSng nhu bdn ké cda
cdc linh kién dién ut.

Tuy nhién, déi vdi cdc phin t& cdm bi€n sensors cho tdi nay
chura ¢6 duge suf thdng nhat gin vdi mot tiéu chudn qudc t€ danh cho
cdc dic tinh k§ thuit clia sensors. Ngudi thi€t k&€ hé thdng s& bit gip
mot loat cdc cdch di&n gidi thong s& hoat ddng cia cdm bién, va né ¢6
thé giy nén 1dm Hn. Cho nén 3 day ching ta diém lai mét s§ dinh
nghia khdi niém cd bdn vé cic dac tinh clia hé do ludng di€u khién
cling cdc phan ¥ clia n6.

Trong cdc hé do ludng diéu khi€n, phan uf tw dng 12 khau chifc
ning c¢d bdn, dugc md td rén cd sd mé hinh mdt khéi kin véi vector tin
hiéu ddu vao %(¢) va vector tin hiéu dau ra y(¢) (hinh 1.7). Khi d6, bin
chat cia md hinh todn hoc nay s€& chinh la dnh xa:

T:%(0) — 3(1); (1.1)

hay c6 thé vi&t dudi dang: fr""—-m-_.m
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¥ty =T{E@)}. (1.2)

Trén quan di€m ky thuét, thay vi tin hiéu vao-ra clia phin td,
ngudi ta thudng sit dung khai niém kich thich va ddp dng véi nghia nhu
sau: né€u kich thich phan tif bing vector tin hiéu %(¢) thi s& ¢6 ddp Ung
3 7).

Viéc khéo sat, phin tich cdc dic tinh cia mot phan tf tu dbéng
thudng duge quy vé phan tich mé hinh todn hoc clia né. Nhu vay, chi
can phan tich, khdo sdt dap ing clta phan ti¥ véi mdt vai kich thich
di€n hinh, ching han nhu khio sat dap Wng cita phin ti véi kich thich
la tin hi€u xung Dirac &(¢) hay tin hiéu budc nhay don vi Heaviside
1{¢). Thy theo dang tin hi€u dugc biéu dién trong mién thdi gian hay
mién anh Fourier, Laplace thi mé hinh s& ¢6 dang la phuong trinh vi
phin, ham truyén dat hay ham dic tinh tn.

Ham truyén dat.

Ham truyén dat chi r5 quan hé chic ning giita tin hiéu vat Iy
dau vao va tin hiéu dién diu ra. Thong thudng, quan hé nay thudng
duge bi€u di€n biing db thi chi ra m&i quan hé giira tin hiéu diu vao va
dau ra, va nhitng chi ti€t cda quan hé d6 ¢6 thé tao thinh sy mé ta cdc
dac tinh k¥ thudt cia phan nt. BSi véi nhitng phan ti¥ chuyén dung, nhu
la nhitng sensor dit tién, vén duge ki€m chudn ci biét, né cé thé 3
dang dudng cong quy chuin.

Ham truyén dat cda mét phin tit duge xdy dung trén cd s& md
hinh md ta guan hé vat Iy bén trong phin t& va giao ti€p vdi mdi
trudng twong tdc bén ngoai. Cdc quan hé vao-ra nay cha phan ¥
thudng dudec mo ta dudi dang phucng trinh todn hoc, nhw biéu thic
(1.1) ching han. Ham truyén dat F(s) ctia mo6t phin tt tu déng dude
dinh nghia nhu 14 ty s& giita ddp @ng ¥(s) vdi kich thich X{s).

ey Y(s) _
£(s) X6 (1.3)
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3 day: Y(s) va X(s) la dnh Laplace cla ddp dng y(t) va kich thich
" x(t) tir trang thdi ban dau bing 0.

Ham truyén dat (1.3) dugce ddn xudt tif phudng trinh vi phin mé
td quan hé vao-ra clia phin td, bi€u dién theo todn t¥ Laplace thanh
mot phuong trinh dai s8, ¢6 thé ¢é dang tuy€n tinh, phi tuy€n, ham -
loga, ham liiy thiva hay ham mii vv..

Hinh 1.7 mé td md hinh m&t phan t¥ tu ddng bing ham truyén
dat F(s), ham trong lugng g(z) khi kich thich diu vao la tin hiéu Dirac
S5(t), hay ham qud d6 A(r) khi kich thich diu v2o 1a tin hiéu budc nhay
Heaviside 1(?).

Kich thich J, Papdng
5(t) T_ gt}
x(t)o—m{ Ffs5) =0 y{t)

1) Rt}

Hinh 1.7 — M6 hinh mdt phan tf tr dong dugc md td bdi ham
truyén dat F(s).

P&i vdi cdc phan tf cdm bi€n do ludng thi thong thudng kich
thich ddu vao 13 su tdc déng cha cdc dai lugng vat ly dic trung thdng
s& trang thdi cia qud trinh; con ddp ¥ng ddu ra 12 tin hiéu dién twong
itng. Quan hé ddp d@ng — kich thich cta bd cdm bi€n, dugc dic tring
bdi nhifng d3c tinh cd ban cda phin tf cdm bién trong dnh hudng clia
rit nhiéu y&u t& tdc dong, do vay rit phiic tap. G diy ching ta d& cép
dén nhitng dic tinh ¢d badn clda ﬁhﬁn tf cdm bi€n ndi chung, trudce ti€n
12 dé cé mot cdach nhin khdi qudt va hé thdng.

D¢ nhay. P66 nhay dugc xdc dinh theo cach ndi ri€ng li€n quan
tdi mSi quan hé giita tin hiéu vit ly ddu vao va tin hiéu dién dau ra.
N6i chung, né 1a ty s& giita sy thay d8i nhd trong tin hiéu dién ddi véi
mét su thay d8i nhd trong tin hidu vat 1y. Nhu thé, né c6 thé dude thé
hién nhv m6t din xudt ciia ham truyén dat lién quan véi tin higu vit
1¢. Bon vi do ludng di€n hinh 1a volts/kelvin, millivolts/kilopascal, vv ...
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Mot nhi¢t k€ ¢6 “dd nhay cao” néu nhu mat su thay ddi nhd ctia nhiét
d6 dat ket qud 14 mot sy thay ddi dién 4p 16n.

Trang thdi bén — Pac tinh tinh.

Céc dic tinh bén md 13 twong quan thudng dn Stationary giita
dai lugng dau ra va ddu vao ciia mdt phan trong hé do ludng diéu
khién, théng qua cdc bi€n trang thai vat ly & trang thdi tinh hay trang
thdi ditng. M&i tudng quan nay thudng dugc bi€u dién biing mét trudng
cac dudng dac tinh tinh. Khi dé tinh ning truyén dat cia phin ot duge
md tad bdi quan hé ham todn hoc gita dai lugng vat 1y ddu vio x (kich
thich ddu vao) va tin hiéu dau ra v (ddp @wng dau ra) dudi dang biéu
thite (1.1), hay dd thi, hay bang gia tri s6.

Chi c6 thé n6i dén tinh bén d6i vaéi cdc phan i ¢6 dic tinh tham
s& tinh, mach can bing ma trong dé quéd trinh bién thién dai lugng diu
vao x va dai lugng dau ra y ing vdi trang thdi tinh hay dung stationary,
V&i nhitng phan ut khong can bang (dai lugng diu ra thay dSi khi dai
lugng dau vao 13 hing nhu phan t&¥ doan mach ¢6 tinh tich phan) thi
khéng thudc dang nay.

D§ tuyén tinh. Mot phin tt 13 tuy€n tinh trong mot dai bién
thi€n trang thai dau vao néu trong dii d6 d6 nhay cda cdm bién (hay
chuyén dédi) khéng phu thude vao gid tri (d6 Ién) cda bién dau vao, ufc
la d6 nhay la hing s&8. Khi dé, & ché& do tinh dic tuyén tinh 13 tuyén
tinh. O ch& d6 dbng, dd tuyén tinh bao gdm su khéng ddi cda dd nhay
va cua cdc thong s8 ddp dng, nhu tin sd dao ddéng riéng, hé s& suy
giam cing khong phu thude vao bién diu vao.

Trong thuc 1€, d6 tuyén tinh dugc ding nhu 13 d6 phi tuyén. Ta
hi€u dé 1a sai l1&éch t6i da so vdi mét ham truyén dat tuy€n tinh bao
trim cd ddi ddéng hoc dic trung. C6 vai phép do sai 1&éch d6. Chung
nhat 13 so sdnh him truyén thuc t€ véi “dudng thang nhat” (xem hinh
1.9), nim gtlta hai dudng song song bao toan b6 ham truyén trong sudt
dat ddng hoc dic trung cuia dung cu. Su lya chon phuong phdp so sdnh
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nay la phd bi€n bdi vi né 1am cho da s& cdc cdm bi€n trong c6 vé 16t
hon. C6 thé dung nhitng dudng tham chi€u khdc, sao cho ngudi si
dung ciing s& cin than khi so sinh ma ding cling tham chiéu dy.

P I6n tin higu ddu vao. La gia tri 1dn nhat cla tin hiéu ddu vao
ma sai s& cia phdn t¥ khong vugt ngudng cho phép. Thong thudng
ngudng dong cia kich thich dau vao dugce bi€u dién bang dB, logarithm
clia ty s6 cong suat ho#c ty s& dién d4p (bdng 1.2).

1dB =101g 22 = 201g%2 . (1.4)
P, u,

Bang 1.2 — Quan hé gilta ty s6 cong sudt, dién dp theo dB.

Decibel, 8| 0,1 { 1,0 | 10 [20[ 30 |40 |50160| 70 | 80 [ 90 [100
P, /P |1,023|1,26| 10 {100} 10° | 10*| 10" | 10° | 107 | 10°| 10° |10"|

Uy U3/l o1a] 102 | 3,06 | 10 |31.6 | 100] 316 [10° | 3.067 | 10¢] 3.10* | 10°

P§ phén gidi. D6 phin gidi cia mot cam bi€n duge xdc dinh 12
dao ddng tin hiéu nhé nhit ¢6 thé phan biét duge. BSi vi nhiflng dao
dong that thudng 1a hién wgng tam thdi, ¢6 mSi quan hé nao d6 gitta
thang do thdi gian d6i véi dao déng va bién do nhd nhat ¢6 th€ phin
biét dudge. Do dé dinh nghia ciia d6 phin gidi phdi bao gdm thdng tin
nao dé vé ban chat ciia phép do dang thyc hién. Nhiéu loai cdm bi€n
bi gidi han bdi nhiu cé phian bd phd trdng. Trong nhitng trudng hdp
nhu vay, ¢6 th€ dic trung dd phan gidi theo don vi do cda tin higu vat
1y / root (Hz) (cin béc hai roor). Khi d6, ¢6 thé xdc dinh do phén gidi
thyc t&€ d8i vai titng phép do riéng biét biing cdch nhdn s& hrgng d6 véi
cin béc hai ciia bang tin do. C4c ban ké dit liéu cdm bién néi chung
xdc dinh @6 phin gidi ¢ don vi do tin hiéu / cin bic hai (Hz) hodc cho
tin higu nhd nhat c6 thé phan biét duge d5i véi phép do dic trung. N&u
dang nhi&u cfing dudc mo ta dic tinh thi c6 thé t8ng quét hod dd phan
gidi nay cho nhitng phép do bt ky.

Tinh th&i gian — Péc tinh dong.
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Tinh thdi gian md td mdi tuong quan bi€n thién theo thdi gian
gilta cdc dai hrgng ddu ra va dau vao cia phan tt hé. Cic phin t¥
trong hé do hedng diéu khi€n thudng bifu thi nhitng tinh chat ddp dng
rat khdc nhau déi vdi sy bi€n ddng dai lugng din vao (thudng kém
theo dai lugng nhiéu). Piéu nay c¢6 th€ dudge xdc dinh théng qua phan
tng d6i v4i sy bién doéng diu vio hoic dnh hudng nhiéu, sé& cho két
ludn vé cédc tinh nang truyén dat ciia nd — dac tinh d6ng clia mot phan
t¥ ty dong hay cam bi€n. Thudng thi dic tinh déng cilia phian t& duge
ddc trung bd1 ham dic tinh tan clia nd.

Hién tugng tré. Mot s§ phan t¥ cdm bi€n sensor khong trd vé
cing mdt tri s6 dau ra trong khi diu vao ¢6 xu huéng dao dong 1én
xudng. PGS rdng cda sai s6 ky vong d8i véi dai lugng do dudc xac dinh
nhu 1a hién tugng tré. Pon vi do ludng di€n hinh 13 kelvin hay 13 phan
tram cua toan thang do FSO.

Ddi dong hoc (hodc d¢ rong pham vi déng hoc). Pham vi bién
thién cda cdc tin hiéu vat ly ddu vao cé thé chuyén d8i thanh cdc tin
hi€u di€n clia cdm bi€n 14 ddi dong hoc hay 1a dé réng pham vi dong
hoc. Nhitng tin hiéu ngoai pham vi nay dude cho ring s& giy nén su
mét chinh xdc khong chdp nhan duge. Do réng hodc dii doéng hoc
thudng dugc nha cung cdp cam bi€n ddc trung nhu 13 pham vi bao tram
ma cdc dac tinh hoat déng cia phin tif cdm bi€n di néu trong ban ké
dit li€u ciand hy vong s& ¢6 tac dung. Cdc don vi do ludng dién hinh 12
kelvin, pascal, newton, vv ...

D¢ tdc djpng nhanh. La kha niang ddap itng theo thdi gian tdc
ddng cla bi€n ddu vao (thdi gian hdi ddp). Thdi gian dap tng r 1a
khoang thdi gian bi€n thién tin hiéu ddp ng diu ra, tir thdi diém 1dc
dong cda bién dau vao, cho dé€n khi chi con khic gid tri cudi mot
ngudng sai l€ch quy dinh &[%]. Hinh 1.8 bi€u dién ddp dng cda mot
phan ti ty dong khi dude kich thich bdi tin hiéu budc nhdy don vi
Heaviside 1(2): dang A la ddp ding tic thdi; B — ddp ng tré dang ham
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mii; C — ddp Wng tiic thdi ¢6 suy gidm; D — ddp wWng tré c6 suy gidm; E
— ddp dng dao ddng tdt din.

Ddp ung

Kich thich 1(t)

Hinh 1.8 — Cdc dang ddp Ung clia phdn ¥ ty d6ng
d61 vdi tdc ddng ddu vao dang budc nhay.

D¢ rong bdng tan. Moi phin ti déu c6 thdi gian ddp (tng nhit
dinh d6i vdi sy thay ddi lién tuc cta kich thich. Pdi v3i cdc cam bién
thi chiing phai c6 thdi gian d€ ddp Wtng vdi sy bi€n thién lién tuc cida
tin hiéu vat ly dau vao. Thém vao d6, nhiéu cdm bié€n ¢é thdi gian tdn
hao, 12 khodng thdi gian can thiét sau bi€n dong dang budc nhdy trong
tin hiéu vit Iy d€ diu ra cia cam bién dat t6i gia tri thuc cda né (hinh
1.8). Quan hé tuong hd ciia nhitng khodng thdi gian nay tiy theo tin s&
tuong Ung giGi han trén hay dudi. PJ rong bing tin cia mot cdm bién
1a pham vi tan s6 giifa hai tan s6 gidi han ay.

Nhiéu. Moi c¢dm bi€n déu ¢6 § dau ra mdt s6 nhiéu k&t hgp lai
trong tin hiéu ra. Trong vii trudng hop, nhiéu ciia cdm bi€n 12 nhd hon
nhi€u clia phin ti hé thng ké cin (phin t / linh kién dién t¥), hoic
nhdé hon nhitng dao ddng that thudng cda tin hiéu vat 1y, ma trong
trudng hop dé khéng miy quan trong. Tdn tai nhiéu trudng hdp hon,
khi nhiéu ciia ¢dm bi€n 12m han ché hoat ddng clia hé vén dua trén cd
s& cam bién.

Thdng thudng nhi€u dugc mo td théng qua phd tdn s6. Nhiéu
ngudn nhiéu thong thudng gy nén phan bd phd nhiéu tring ma c6 thé
néi ring mat d6 phd nhidu ciing gidéng nhu tit cd cdc tadn sd khdc.

23

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nhiéu Johnson trong dién trd 13 mot vi du di€n hinh cia md t3 nhiéu
dy. P61 v46i nhiéu tring, mat 46 phd nhiéu duge dac trung & don vi
volts/root-cidn bac hai(Hz). C6 m6t cach md td bdn chidt ty nhién iy la
g0p thém nhiéu vao phép do ¢6 bién @6 ty 1& véi cin bic hai cda dd
rong bang tin dai do. B3i quan hé giita d6 rong bang tdn va thdi gian
do 1a tri nghich dao cita nhau, nén cé thé néi ring nhiéu s& gidm theo
cdn bic hai cia thdi gian do.

B¢ chinh xac (hay d9 bat dinh) va sai s&.

N&i chung, d6 bat dinh dude dinh nghia nhu 12 sai 1éch 18n nhat
c6 thé xay ra giita cdc tin hiéu ra thyc t& va tin hiéu ra 1§ tudng. Pon vi
do ludng di€n hinh 1a kelvin. Pai khi dude din xui't nbu 13 mot phin
(phdn trdm) cda todn bd thang do diu ra hay 1a mdét phan cda chi thi
doc duge. Vi du, mdt nhiét k€ ddm bdo d6 chinh x4c trong khodng 5%
pham vi toan thang do FSO (Full Scale Output). “B5 chinh xdc” & day,
noi chung dugc cdc cdn bd do ludng cdng nhan, phdi 1a mdt thuat ngir
dinh tinh, trong khi “d6 bat dinh™ 13 thuit ng& ¢ tinh dinh lugng. Vi
du: mét cam bi€n ¢6 db chinh xdc cao hon cdm bi€n khiac néu nhu dé
bd't dinh ciia né 12 1% so v&i nhitng cdm bi€n khac ¢6 dd bat dinh 3%.
P& chinh xdc ctia cdc phan tit ty dong néi chung va cdc phian t¥ cadm
bi€n ndi riéng tdy thudc ching loai, nguyén 1y, phuong phap va
phuong ti€n ky thuit cho phép thu nhin, bi€n ddi hay tdi tao dai lugng
vat 1y gan véi gid tri thye t6i midc nao (hinh 1.9). D61 vdi cac phan it
cam bi€n trong thyc tién dng dung k¥ thuit, dé chinh xdc cdm bién
duge danh gida bdi cdc phep do dinh lugng, bdng k¥ thuat do ludng,
chiing didc trung bdi sai s& do hudng.
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Hinh 1.9 — Ham truyén va giSi han sai s6
cla cam bién ly wdng.

Ly thuyé&t sai s& xdy dyng cd sd d€ nhin biét va ddnh gid sai s6
clia cdc phép do thuc nghiém. Ly thuyé&t sai s6 12 mdt bd phdn cia
thong ké todn hoc, ¢6 nhiém vu xdc dinh tri s§ ciia nhitng dai ludng
chura bi€t theo k&t qua clia nhitng phép do thuc nghiém ¢6 chia sai s&
ngiu nhién. Coéng cu todn hoc xdc sudt thong ké 1a cd sd tim ra quy
ludt phan b8 cdc sai s6 ngau nhién, tim cdch ddnh gid cdc dai lugng
chura bi€t theo cdc k€t qud quan sit va xdc dinh sai s ctia cdc cdch
ddanh gii dinh lugng (lugng gid) ching.

Sai s& tuyét ddi ctia phép do dai lugng cdm bién X — 1a d6 1éch gifta
gid tri do dugc X, va gid tri thuyc X .

AX =X, - X,. (1.5)
Sai s& twong déi clia cdm bién:
e[%]:%—{.IOO%. (1.6)

T
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Da&i véi phuong tién do, thong thudng sai sd tuyét ddi duge xdc
dinh theo pham vi do ciia thiét bi (Pvd), duge goi ta thang do. Pham vi
do Pvd cda mot thi€t bi do 12 gid tri chuidn dinh cda thang do, bing
khodang khédc biét gitta gid tri dau va gi4 tri cudi thang do. Cdp chinh
xac Cl. (Class) cia phuong tién do dudgc dinh chudn theo sai s& tudng
d&i quy déi trén toan thang do Pvd:
AX

vV

-J00% ; €17

F[%] =

Po 16n £ duge ddnh gia nhu sai s& chuin dinh hay sai s nhd

nhit ctia thi€t bi do ¢6 thé dat t8i, do vdy ma cdp d6 chinh xdc cda
may do dugc dinh ky ki€m dinh theo muc sai s& £ d6.

Trong thuc t€, khi chua bi€t duge gia tri that X _va néu gia tri do

X, nhidn dugce theo gquan sdt trén mdt mdy do cd cdp chinh xdc CL

nao dé, {(khi sai s& do dd nhd |g| << 1, va phép do dudgc coi nhir khdng

chiu 4nh hudng cua sai s6 ngdu nhién), thi k€t qua do bing:

X=(X(,”i"AX)E[X‘,”i£YE'—g : (1.8)
100%
¢ day: X, — gia tri do thu dudgc trén médy do; Pvd — pham vi

thang do; CI. — cap chinh xdc may do, [%].

Khong thé loai trir hoan toan duoc sai s, ngudi ta chi ¢6 thé
ddnh gid sai s6 — néi ding hon 13 ddnh gid dugc gidi han trén cia sai
s6 — médc phai trong cdc phép do va dnh hudng clia né 15i két qua do.
Tiy tinh chat va nguyén nhin sai s&, thy theo cdch ddnh gid ma gidm
thi€u hay loai trit 4nh hudng cla sai s8, ngudi ta phan biét hai loai sai
s0: sai s& hé thdng va sai s& ngiu nhién.

Sai s6 hé théng - 1a nhitng sai 1éch ¢6 tri s& gdn nhu khong ddi
hodc thay ddi theo mét quy ludt nhit dinh, trong mét loat phép do
gibng nhau (khong phuy thudc s6 l1an do lap). Nguyén nhan ¢o thé Ia:
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e Do nguyén Iy cdm bi€n, bi€n ddi khdng phi hgp;

e Gia tri dai lugng chuin-so khong chinh xdc;

e Do dic tinh k¥ thudt cia cAm bi€n Khong tuong thich;
e Do diéu kién va ch€ d6 si¥ dung khéng phu hdp;

e Do xit 1y k€t qua do khong tot.

Sai s6 ngdu nhién — 1a sai s8 c6 tri s6 khong x4c dinh, bi€n
thién bit thudng, sinh ra do nhi€éu nguyén nhan khong r6 dich xdc.
Nhitng nguyén nhan thudng gip la:

e Do dic tinh k§ thuit cia cia cdm bién thay d8i ma
khéng dude chuin lai;

e Do tdc dong nhiéu.ngdu nhién;

e Do 4nh hudng nhitng thay ddi moi trudng (thudng [a dién
kién do).

Sai s6 hé thong thi ¢cé thé loai trir duge hoac c6 thé tinh duge dé€
hiéu chinh, b8 chinh k&t qua do mdt cdch thich hgp. Sai sd ngau nhién
lai khéng thé loai trit, nhung van ¢6 thé lugng gid dude dd 16n (tri sO)
va dnh hudng cia né dfi véi phép do. Viéc lugng gid gid tri sai s0
ngiu nhién dya trén cd s3 todn hoc xdc suit thdng ké, trong dé sai s6
ngiu nhién dugc dic trung bdi cdc dédc tinh cd bédn:

e DBinh luat phin bd sai s& vi ham mat dd phan bd xdc
suat sai sO;

e Do 1&ch trung binh binh phuong (phuong sai) va tr1 trung
binh s6 hoc;

e Khodng tin cdy va xdc sudt tin céSl.

Theo dinh ludt phin bd chuidn Gauss, thi tri trung binh s& hoc u
(goi 1a gid tri x4dc sudt ky vong) clia cdc k€t qué quan sit 1€ X, trong
mét phép do lap dai lugng cdm bién X cho ta két qué phép do X, dugc
coi 13 gin gid tri that X_ nhit, vdi @6 sai 1éch trung binh binh phuong
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(goi 1a sai 1éch chudn o, hay goi tit 1a phuong sai). Tir d6 tinh dwoc dd
tin cdy thong ké (téc 1a xdc suat P) xudt hién mot gia tri do 1&é X, trong

khodng gid tri (pham vi tin cdy) ndo dé cho trude X, <X, <X,

Gid tri thdat vOn khong nhin biét tryc ti€p va dich xdc dude. Di
cho ¢6 ti€n hanh do 14p nhiéu lan (Iy thuyét 1a vo s 1dn) gid tri do
bing mot phudng tién do trong ciing mét diéu kién do, thi ciing s& cho
cdc k&€t qud quan sat khdng gidng nhau, khdng phu thudc nhau va bién
d6i mot cach ngiu nhién. Tuy vay, trong thue t& phép do lap cho phép
ddanh gid dai lugng cdm bién theo cdc dic tinh ¢d bin néu trén clia
phép todn tinh xdc sudt théng ké.

Chuén tin hiéu giao dién cda cac bé cam bién. NGi chung, d&i
véi cdc phin t¢ cdm bi€n, tin hiéu diu ra ciia cic cam bién vat |y
thudng khong pha hgp, chua tuong thich vdi cdc bd phin cia cdc cdng
doan ké ti€p can thi€t, nhu x& ly dit li€u, lwu ghi hién thi, hay truyén
din ... Nhi't 13 ngay nay cac bd phdn nay chi y&u 1a cdc phan t¥ linh
kién k¥ thudt s& — mdy tinh. Do viy cin chudn ho4 tin hiéu, bi€n déi
tudng hgp trong mét hé do ludng va diéu khién chung (xem hinh 1.2,
1.3) va dugce thuc hién bdi bd conditioner chuin hosd giao dién gitta
cdm bi€n véi bd phan k& tiép.

Ngay nay cdc sensors va transducers ¢é tin hiéu diu ra 13 tin
hi¢u di€n (dong hay dp) dude xdc dinh bdi nhitng phép bién ddi tucng
hop tin hiéu chuan hoa, trong k¥ thuit diéu khién ty ddng thudng la:

Pigndp: 0..10[V]; £10[V];

Dong dién: 0 ... 10 [mA}; 4 ... 20 [mA];

Tin hiéu dong chudn hod (4+20) [mA] dudc chidp nhin nhu
mot chuan céng nghiép

Cdc dau ra toan thang do ctia hiu hét cAm bién 13 dién ap, dong
dién hay nhitng thay ddi dién trd tuong d6i nhd, va do d6 cdc diu ra
cda ching phai duge chuidn hod mét cich thich hgp trude khi cé thé xit
ly s6 hay tuong ty ti€p theo. Vi th&, di xuit hién cid mot Iép mach
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dién, néi chung dugc tham chiéu nhir 1a c4¢c mach chufn hod tin hiéu.
Khuyé&ch dai, chuyén mifc, dién ly, bi€n d8i trd khdng, tuyén tinh ho4,
va loc 1a nhitng chi¥c niing cd ban chudn ho4 tin hiéu c¢é thé can dén.

Tuy nhién, di ¢6 14y bat k¥ dang chuidn hod nao di nita thi gidi
phdp mach va viéc thuc hién s& dudc chi dao bdi dac tinh dién cda
cdm bi€n va diu ra ciia né. Sy dic trung hod chinh xdc cdm bi€n trong
cdch néi riéng vé cdc thoéng s6 ting dung, vi nhu d6 nhay, mifc dong va
dp, dd tuyén tinh, tré khdng, do khuyéch dai, thién dp, d6 r6i, hiing s6
thdi gian, cdc cuc tri vé dién, urd khdng tré va cdc dic tinh quan trong
khdc c6 thé néi 1&én su khéc biét gifta siéu chudn va su i¥ng dung thanh
c¢Ong cua dung cu, dic biét 1a trong trudng hgp dd phin gidi va dd
chinh xdc cao, hosic cdc phép do mdc dd thap dugce thure hién.

Mifc @6 tich hgp cao cia cdc vi mach tich hgp IC ngay nay cho
phép chiing déng vai trd diy ¥ nghia trong linh vyc chuin ho4 c3 tin
hiéu s& va tin hiéu wong tr. Ciac ADC (chuyén ddi tudng tr — s8) duge
thi€t k€ chuyén dung cho cdc itng dung do Iudng thudng bao gdm céc
b6 khuy&ch dai lap trinh dudc do khuyé€ch dai bén trong con chip
(PGAs — Programmable-Gain Amplifiers) va cdc mach tig€n ich khac
nht cdc ngudn dong dé diéu khién cic RTDs ddng thdi gidm thiéu
nhitng yéu ciu vé mach chuin hod tin hiéu ngoai.

HAu hét cdc dau ra cia cdm bién 12 phi tuyé&n ddi vai cdc kich
thich, va cdc ddu ra cha ching phdi dudc tuyé€n tinh hod nhim mang lai
phép do diing. C6 thé dung cdc k¥ thuit tuong tu analog d€ thuc hién
chifc ning d6. Tuy nhién, ngay nay di c6 cdc chuyén déi A/D c6 tinh
ning hoat ddng cao cho phép thyc hién tuyén tinh hod mdt cich hiéu
qia va chinh x4c hon nhiéu bing cic phdn mém va gidi han su can
thi€t phidi cé nhitng hiéu chuin biing tay phién phitc biing cdch st dung
b3 nhan va d6i khi 12 cdc mach cit tuong tac trimpots.

Céc phéin td tich cuc hay thy dgng. C6 thé phin loai cdc phan
it tu d6ng theo dang phan t¥ - linh kién tich cuc active hay thu ddng
passive. Nhu trén da néu, ¢6 hai cdch nhin khdc nhau vé viéc d6. O
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day chiing ta di theo c¢dch nhin nhin va cdch phan loal chung nhat, trén
cd s& nguyén 1y bi€n d8i ning lugng.

Céc phin tit tich cwe tdc hoat nhu mét ngudn (ngudn 4p hay
ngudn dong), khdng phai cung cAp ngudn ning lugng phy. Nhitng phan
t ndy duge bi€u didn dudi dang mang hai cda c6 ngudn trong. Cdc
phin t¥ tich cuc dién hinh 1 cdc phdn t¥ cdm bi€n v4t Iy nhu cdm bién
nhiét-dién thermoelements, cip nhiét ngau thermocouples, cic hé dién-
ddng electro-magnetic generators, phan t& quang-dién photoelements,
tinh thé 4ap-dién piezocristall, vv..

Céc phan tif thy dong tiéu thu nang lugng tir ngudn phu hodc 1dy
tit bi€n kich thich diu vio d€ bi€n ddi thinh tin hiéu dau ra. Nhitng
phin t&f thu dong dude biéu dién dudi dang mang hai cita khéng ngudn,
¢6 tré khang trong phu thudc kich thich ddu vio. Pi€n hinh 12 cdc phan
tf cdm bién tham s& nhu ddu do bién trd (chi€t 4p potentiometers, bi€n
tr3 hé s6 nhiét 4m hay duong NTC- / PTC-, bang do bi€n dang DMS,
bién trd quang photoresistances, ..); cam bi€n dién dung (tu xoay / tu
ban cyc phing ...); cAm bi€n dién cdm; cam bi€n tif tinh, vv..

Cac phin ti Iy tudng va thuc t€. Cac phan t tv ddong, nhit la
cdc phdn t& cim bién, vé nguyén 1y 12 itng dung cdc hiéu tng bién ddi
vat 19, Cdc phidn t& cdm bi€n ¢6 chite ning chung 1a bién ddi tin hiéu
ddu vao ¢6 ban chat nang lugng nhu ¢ ndng, dién ning, hdéa ning hay
nhiét ning, thanh tin hiéu diu ra dang nang lugng dién, Cdc phin ti 1y
twrdng thue hién bi€n d8i nay ma khoéng ton hao. Vi du, m6t phian tli¥
cdm bién 1y twéng ding do hay diéu chinh 4p luc thi khéng dudge d€ bi
bi€n dang, do d6 phdi ¢é do bén cifng 18n v6 cing. Mot phan tit cdm
bi€n d6 rung hay chin ddng phii ¢ d6 déo cao v6 cling, dé€ ¢ thé 1am
viéc ma khoéng bi tdn hao. P4 véi nhitng trudng hdp nhu vay, viéc ché
tao cdc phan t tur ddng (Iy tudng) twong thich v6i yéu cau kg thuat 1a
rat khé khin, nhung lai rdt can thiét cho cdc cdng viéc nghién cdu,
khao sat, phan tich, thi€t ké ...
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HAu nhu hét thdy cdc nguyén 1y vat ly 1y thuyét va tng dung
ma c6ng nghé dat téi déu duge dem ra Ung dung cho k¥ thuat thiét ké
va chf tao ching. M&i wng dung k¥ thudt lai doi hdi phdi cé nhifng
bién phdp cdu tnic phit hgp, do vay cdc dic tinh cla cdc phan t¥ wy
dong thuc t€ 1a rat da dang. NG6i chung, d6i véi titng ching loai hay
tifng phan t& ty ddng cé nhitng yéu ciu chuyén biét riéng, chi cé thé
thoa hiép gilrta yéu cdu ly twdng va ning lyc hién thye hod ching cia
k¥ ngh€ duong dai.

1.4 — Cd sé wng dung.

Sau khi d3 di€m qua nhitng khdi niém dinh nghia co bdn vé cdc
dic tinh hoat ddng ctia cdc phin tir ty dong néi chung va cdc phan ti¥
cdm bi&n néi riéng, ching ta hiy tham khdo méot vi du 18y di€n hinh
ban ké di liéu ciia mdt phan tlf cy thé minh hoa.

1.4.1 — Pac tinh van hanh ciia mét cAm bién cu thé,

P& minh hoa nhitng khii niém dinh nghia trén ta lya ra tri s&
clia cdc thong sd Ay doi véi mdét mdy do sdn ¢6, mdy do gia t6¢
ADXL150 cia hing Analog Devices.

Ham truyén.

Quan hé chifc ning giita dién dp va gia tdc duge néu ra la:

V(Ace) =15V + (Ace.167 ’”?V); (1.9)

3 day: Acc 12 tri s6 do gia toc¢; V12 tri s6 dién dp ra.

C6 thé ding biéu thifc nay d€ hiéu chinh dic tinh cfia cdm bié€n,
v bao 28m ci thong tin vé do nhay va dién 4p dinh thién offset & diu
ra ctia cdm bién.

bDé nhay.

P4 nhay ciia ¢Am bi€n duge cho bdi din xudt dién 4p doi véi
gia t6¢ tai mot diém van hanh nhit dinh. P61 v6i dung cu nay dd nhay
1a 167 mV/g.
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Ddi dong hoc.

Dai dong hoc dudc néu ra doi vdi ADXL322 la +2g. Ngoai
pham vi nay tin hiéu sé ti€p tuc ting 1&én hay ha xudng, nhung 46 nhay
khdng ¢dn dude nha san xudt ddm bdo 1a 167 mV/g nita. Cadm bié€n ¢6
thé€ chiu dung dudc tdi 3500g.

Po tré.

Trong dung cu nay khéng ¢é ngudn tré cd ban nao. Trong ban
ké dit liéu khoéng ndi gi d€n do tré.

Hé s6 nhiét dé.

Trong cam bién nay dd nhay thay ddi theo nhiét dd, va su thay
doi nay duge dam bdo nhd hon 0.025%/C. Pién 4p bu (dinbh thién
offset) khi khéng ¢é gia td¢ (dinh mitc 1a 1,5V) ciing thay ddi trong
khoiang 2 mg/C. Bi€u dién bing dién 4p, sy thay ddi dién 4p bl nay
khéng 1dn hon 0,3 mV/C.

Dé tuyén tinh,

O trudng hop nay, d6 tuy€n tinh 1a su khac biét gitta ham truyén
dat thuc t&€ va dudng thing nhit trong sudt pham vi hoat dong dic
trung. P61 véi dung cu nay, né duge néu 12 nhé hon 0.2% toan bd
thang do tin hiéu ra. Ban ké dit liéu cing cho dd sai l&ch khoi db
tuyé&n tinh ¢6 thé ¢4é.

Nhiéu.

Nhiéu duge bi€u dién nhu mat d6 nhiéu va khdng 16n hon 300
microg/root Hz. D€ bi€u thi s& 11éu d6 theo dién 4p, ta nhin né vdi do
nhay (167 mV/g) dudc 0,5 microV/RtL Hz. Khi d6, sit dung bd loc thdng
tan thap 10Hz, ta s& ¢6 nhiéu khodng 1,5 microV hiéu dung, va sai s&
vé gia toc khodng 1 milligr.

Do phan gidi.

Ban ké di¥ liéu cadm bién cho s6 liéu 1a 300 miroG/Rt Hz.
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B¢ rong bdng tan.
P06 rong bing tan clia cim bién nay phu thudc vao sy lua chon
cdc tu dién va dién rd mach ngoai.

1.4.2 — Cdc vAn dé iing dung.

C4m bié€n chit Wong cao nhit, cap nhit nhat, dugc hiéu chuin
chuin xdc nhat va dude Iwa chon k§ cang nhit vin c¢6 thé cho nhitng di
liéu hoan toan sai néu khoéng dude 4p dung phi hop. 0] day xem x&t mot
vai van dé vé nhian thitc d€ didm bdo sit dung cdm bi€n mot cach phi
hgp, ¢6 hiéu qud, trong khi dé cidp d€n cdc van d€ can phai tim hi€u va
gidi ddp trong qud trinh chon lya va 4p dung bat k¥ cdm bién nao.

Thuong thi mt trong nhitng nhi€m vu khé khdn ma mot k¥ s
do ludng diéu khi€n phdi d6i mat 1a viéc chon lya mdt hé do ludng
thich hgp. Tinh thyc dung vé kinh t€ va sific ép ctia nhu cidu déi vai
thi€t bi phan citng hoat ddng mot cdch thich @¥ng va an toan tao nén
mdt yéu ciu thi€t thirc vé viéc thu nhin dit liéu chinh x4c, thi€t yéu
ddi véi mbi mot phép do.

Mait khdc, mbi ng dung s& ¢6 nhitng dic trung khdc biét cla
nd, va chic s& thy thudc vao nhitng diéu kién moi trudng khac, véi
nhitng yéu ciu khdc vé dir lieu. Mot khi phép th nghiém hay cic
chuong trinh do lwGng dang chay, thi dir liéu thudng la thy thudc cdc
budce thao tdc, phidn tich va khao sdt tudng tdn. Trong mdi trudng nay,
c6 thé ngudi k¥ su do ludng khdng con phu thude vao cdc hé do ludng
chifc nang téng quat ctia minh nita ma hy vong ¢é duge dif liéu chip
nhian dugce, TAt nhién, anh ta phdi phéan tich k¥ lu8ng moi mat phép thi
d3a thyc hién, khodn muc thit nghiém, cdc diéu kién moi trudng, va,
néu nhu sin ¢6, cd nhitng dy bdo diing phép phén tich. Trong da s6 cdc -
trudng hgp, qud trinh nay s€ chi thi mdt s chon lya r6 rang ciac thanh
phan ciia moét hé chip nhian duge. Trong vai trudng hdp, nhitng phan
tich nay s& chi ra nhitng thod hiép khong th€ ranh khoi hodc su cin
ddi thod hiép giita hai bén va cdnh bdo cho ngudi k¥ su va khdch hang
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¢ta anh ta nhitng thi€u hut ¢6 kha ning xdy ra trong két qud. Phan
du6i day nhim trg giip trong qud trinh lya chon mot hé do ludng chap
nhin dudc.

Trong khi hy vong dat dugc muc tiéu, ta hiu ring khong thé
nhim tdi mot cach triet d€ moi tinh hudng c6 thé xdy ra. Ta hdy xem
xét mot vai trudng hop gid thi€t khi sy lwa chon dung cu da dudge lam
m&t cdch cin thin, nhung nhitng thit nghiém da hong.

1. Th nghiém dodi héi théng tin vé tin s& thdp, trong lire g thap
duge do trén truc & bi xe 1i¥a d€ ddnh gis trang thdi clia nén dudng sit.
Sau khi lugng gia dude pham vi nhitng diéu kién phdi do, d6 nhay cao,
cong hudng thip, ngudi ta di chon mdy do gia toc dp-dién
piezoelectric. Nhiing va dap dién ra khi banh xe cham cdc md&i ndi
gilfa cac phan dudng lam bd khuyéch dai bdo hoa, lam cho né khong
¢on kha nang thu nhan bat ky dir liéu ¢6 nghia ndo.

2. M6t muc thit nghiém phai bdc 10 sy k€t hgp moi trudng rung
ddng va nhiét d6 thay ddi nhanh. Ngudi k¥ su chon mot may do gia tde
cho pham vi nhiét d6 cao ma khdéng tham khdo ¥ ki€n nha sdn xuat.
Tin hiéu nhiét ddu ra lam trin ngap dit liéu vé d6 rung dong.

3. Su quan tdm cdc mach dién cd bdn nhic tdi st chon lra mét
may do gia tdc ¢b vd boc cdch ly. Cau tric thit nghiém duge lam timg
phin, tir cdc hgp chit nhe, va trudng hdp cia vdi mdy do gia tdc da
khong duge tham khido mdt cich ¢d ban. Pién dung ky sinh ctia nhi€u
giao thoa phdt xa lén dudng tin hiéu bao ph cé ludng dir liéu.

Tir nhitng vi du trén, ta hy vong nhdn manh dugc ring: doi véi
{4t ¢4 cdc hé do lusng, chi nhan thidc don thuan nhitng gi ta mudn do 1a
diéu khéng dd, khéng twong xitng. Trén thuc t€, mdi hién ugng vat 1y
va hién tugng dién hién hitu déu can phai duge nhan thite rang it ra
ching déu bi bao phd, hay té hon, lam & nhi€ém mdt cach tinh vi cdc di
liéu cia ta. Ngudi sif dung nén nhd ring mdoi hé do ludng phdi hoan
toan tugng wng véi moi trudng cia nd.
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Cdc dic tinh cAm bi€n. N6i chung, ngudi st dung nd Iyc tim
cach lua chon dua trén cd sd nhitng dac tinh ky thudt s&n ¢é trong ban
ké dir liéu sén phdm. Nhiéu dic tinh #ng dung dudge néu trong ban ké
dir liéu di€n hinh. Nhiéu nha sdn xudt cdm thiy ring ban ké dir liéu
phdi cung cap cang nhiéu théng tin cang t6t. Khéng may thay, su du
thira di¥ liéu ndy c6 thé tao ra sy hing ting nao d6 cho ngudi sé& st
dung ching, nhdt 12 ngudi mdi sit dung. Do dé ngudi k§ su phdi chic
chidn ring anh (hay ¢6 ta) hi€u bi&t nhitng dic tinh co bdn va chiing sé&
dnh hudng th€ nao t6di phép do. Néu diéu dé khong cdn nghi ngd gi
ni¥a, thl nén ti€p xuc vdi nha sdn xudt d€ 1am ré hon.

Céc dic tinh clia hé. Cdm bi€n va cdc bd chudn hod tin hiéu
phai dugc lwa chon d€ 1am viéc chung vSi nhau nhif trong mdt hé thong
nhdt. Hon nita, hé th6ng phdi dugce lwa chon dé hoat dong 5t trong
muc tiéu ng dung di dinh. P chinh x4c toan phan clia hé thudng bi
dnh hudng nhiéu nhidt bdi cdc dac tinh cia cam bi€n nhu cdc 4nh
hudng cia méi trudng va cdc dic tinh dong hoc. Cac dac tinh Khuyé&ch
dai nhu d¢ phi tuyén, d6 méo dang séng hai va do phing cla dudng
cong ddp wng tn s8 thudng 1a khong ddng k€ so vdi cdc sai s& cdm
bi€n.

Lua chon dung cu. Viéc lya chon mdt hé cdm bi€n (hay hé
chuin ho4 tin hiéu) cho nhitng phép do ¢6 d6 chinh xdc cao doi hdi
ngudi k§ su day k¥ niang va phdi k¥ udng. Phii nhin thifc dugc tat ci
nhitng di€u kién mdi trudng, cd hoc, k¥ thuit do. Viéc ldp dit phai
duge 1én k€ hoach va thuce hién k¥ ludng. ‘

Nhitng hudng din néu dudi diy nhu mot phuong tién d€ lua
chon va ldp dat cdc hé do ludong dé c6 thé dat duge dd chinh xdc cao
nhat. ‘ _

Cam bi€n. Phin t¥ quan trong nhat trong hé do ludng 1a cam
bi€n sensor. N&u dif liéu bi sai lac hodc hu héng bdi cim bi&n, thi
thudng rit hi€m ¢6 khd ning chinh stta lai.
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Liéu cam bi€n s€ hoat déng thod man trong mdi trudng do hay
khéng?

Ki€m thi:

- Pham vi nhiét 4.

- D6 va dap va rung ddng tdi da.

- b6 Am.

- Ap suit.

- Muc am thanh.

- B6 an mon day do.

- Tix trudng va trudng dién-tir RF.

- Phoéng xa hat nhan.

- Hdi bui mudi.

- Nhiét d4n.

- Suc cing trong bé mat ldp rép.

Li€u cdc dic tinh cam bi€n ¢6 cung cdp dir lidu v3i d6 chinh x4c
mong mudn hay khong?

Ki€m thik:

- BO6 nhay,

- Pdping tin so.

- Téan s6 ¢dng hudng.

- Cong hudng thi cap.

- DPién dung bén trong.

- P36 nhay xuyén ngang.

- Bién db6 d6 tuyén tinh va do tré.

- Dao ddng nhiét do.

- Trong lugng va kich thudce.
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- Trd khdng trong & nhiét do i da.

- D& chinh x4c hiéu chuin.

- DJ§ nhay sifc cing.

- Suy giam § cac cuc tri nhiét do.

- Di€m 0 s6 do diu ra.

- P tréi nhiét diém 0.

- Dép ting nhiét din.

Liéu phuong phdp lip dat diing cho ng dung nay c6é phil hop
hay khong?

Ki€m thit:

- C6 can I8p cdch ly (dién, nhiét) hay khong?

- Mach tiép dia.

- MO0 phdéng hiéu chuin.

- C6 cin chat k&t dinh lp rdp khdng?

- Kich thudc dai, do sdu va cap bac.

Cap ndi. Cdc dudng cable va diu ndi thudng 1a moi lién két
yé&u nhit trong chudi hé do ludng.

Liéu dudng cdp ¢6 hoat dong thod man trong mdi trudng do hay
khéng?

Kiém thir:

= Pham vi nhiét d6.

- Céc diéu kién dd am.

Li€éu cdc dic tinh k¥ thudt cla cdp ¢6 cung cdp dir liéu vdi do
chinh xd4¢ mong mudn hay khéng?

Ki€m thit:

- DO nhiéu tap thap,

- Kich thudc va trong ludgng.
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- Tinh linh hoat.

- Co6 doi héi ddu ndi niém kin hay khong?

Ngudn cung cip.

Liéu ngudn cung cap hoat dong ¢6 thod min trong mdi trudng
do hay khéng?

Ki€m thit:

- Pham vi nhiét dé.

- D6 va dip va rung dong t6i da.

1
v
.O>
a3,

m.

- Apsuat.

- Mudc Am thanh.

- B an mon day do.

- Tu trudng va trudng di€n-tix RF.

- Phong xa hat nhén.

- Hdi mudi.

Liéu do d3 phdi la ngudn cung cap phit hgp cho iwng dung nay
chua?

Kiém thi:

- Diéu chinh dién 4p.

~ Piéu chinh dong dién.

- Su tuin tha dién 4p.

- Dién dp ra ¢6 diéu chinh dude khong?

- Dong dién ra ¢é diéu chinh duge khong?

- Pudng truyén ra cé dai khéng?

- Su cin thi€t ciAm bi€n ngoai.

- Cach dién.
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4 l? - A’ ~ ;\\
Card ki€u thitc mode, n€u yéu cau.

Liéu cdc dic tinh clia ngudn ¢é cung cdp dit li€u v8i dd chinh
xdc mong mudn hay khong?
Kiém thit:

Piéu chinh tai.

Piéu chinh dudng din.

On dinh nhiét.

On dinh thai gian.

P06 gdn s6ng va nhiéu.

Trd khéng ra.

Pdp ttng dudng truyén.
Nhiéu t6i dat.

Céch ly dién mét chicu DC.

Bé khuyé&ch dai. B6 khuyéch dai phdi cung cdp d6 khuyé&ch
dai, phdi hdp trd khdang, dong diéu khién ra, va cdc xi¥ 1y tin hiéu khéc.

Li€éu bd khuyé’ch dai c6 hoat dong thda min trong moi trudng
do hay khong?
Ki€m thi:

Pham vi nhiét d4.
Po va dip va rung dong t6i da.
P6 dm.
Ap suat.
Muc 4m thanh.
P46 dn mon day do.
T trudng va trudng di€n-tir RF.
Phéng xa hat nhan.
Hdi mudi.
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Pay di 1a bd khuyé&ch dai phu hgp véi dng dung nay chuta?
Ki€m thi:

- Pudng day vao c6 dai khong?

- Su cin thi€t bd khuy&ch dai nap.

- Su can thi€t bd khuy&ch dai nap tir xa.

- Pudng diy ra dai.

. Sy cAn thi€t bd khuyé&ch dai cdng suat.

- Pudng truyén khong trung.

Céc gidi han vé kich thudc, trong lugng, ¢dng sudt.

Liéu cdc dic tinh khuyéch dai ¢é cung cdp cdc dif liéu v6i do
chinh xd¢ mong mudn hay khdng?

Kiém thu:

- D6 khuyéch dai va d6 6n dinh khuy&ch dai.

- Pdp ng tin s0.

- D6 tuyén tinh.

- Do On dinh.

- P6 dich pha,

- Dong va apra.

- Nhiéu dur.

- Tr& khdng vao.

- Pdép 1tng chuyén ti€p.

- Dién dung qua tai.

- Loai bd ki€u thitc mode chung.

- Hé s6 nhiét zero-.

- Hé s0 nhiét khuyé&ch dai.
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Thu nhén dit liéu va chi thi.

Liéu phan con lai cia hé, bao gébm ca cdc khuyé€ch dai phu, céc
bd loc, cdc thi€t bi thu dir liéu va chi thi, c6 han ch& n3o d6 1am mat
gid tri cdc dic tinh clia phdn cdm bién — khuy&ch dai hay khéng?
Ki€m thit: ALL cia cdc khodn muc thi nghiém trén, cdng cid giai thuat
tuong wng.

1.4.3 — Lip adat.

Tham chi mdt hé di dugc lwra chon va hiéu chuidn mét cdch cédn
thin va thdng sudt nhat van c¢6 th€ tao ra nhitng di¥ liéu t6i néu dugce
13p dat mot cdch kém hi€u bi€t va khéng can thin chu toan.

Cdam bi€n sensor.

Liéu bd phdn da & wrong tinh trang t6t va sin sang d€ sit dung?

Kiém thi:

Cap nhit hiéu chuin.

-  DPiéukién vat ly.
- Bao géi.

-  Bé matldp rdp.
- Piundi.

- Lip rdp phan citng.

« A2 A -~ .
Kiém tra dau lam sach.

Pién trd trong.

Liéu viéc ldp rdp phan cing da trong trang thdi tot va sdn sang
d€ sit dung?
Ki€m thi:
- Dbiéukién bé mat Hp rdp.
-  Piéukién dudng ren.

- P4y khoan ciia cdc khe cam.
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Paiu cédch ly.

- Dién trd cach ly.
- Hu hai dau ndi bdi luc xodn qud mikc.
- L& khoan va d6 siu dugc do du ludng.
- Hiéu chinh kich thudc ldp rédp.
- L3 dudc dit thing géc thich hop v&i bé mit 1dp rap.
- DPudng ren cia dau ndi da dudc bdi tron.
- Sensor di dudc rdp v&i do xodn khuyén nghi.
Gin két mai lap.
Kiém nghiém:
- Bé& mit lEp rdp sach va phing.
- Tram cement chd bé mit 181 16m.
-  Trdn cement mdt cach thich hdp.
- Sensor dugc rdp vao ddu gidn cement vdi luc xodn khuyé€n
nghi.
Pudng cap.
Pudng cap da trong tinh trang tot vasin sang d€ sit dung?
Kiém thi:
. Didukién vatly.
- Xoan day cap, ép dep.
- Cdc dudng ren cda dau ndi, cdc chin cdm.
- Kiém tra d6 sach c¢ia cdc dau ndi.
- Tinh lién tuc.
-  DBién trd cah ly.
-  Bién dung.

- Gianchittatcd cdc dau ndi cdp.
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Cép dugc rai cang thich hgp.
Quéan phan cap du va c6t lai.
Lip vong cudn cho thodt nudc dong.

Gin kin cdc dau ndi va boc kin, n€u cin.

Ngudn cung c4p, khuyé&ch dai, b phéan chi thi.
Cdc bd phédn nay di trong tinh trang t6t va s&n sang d€ sit dung?

Kiém thi:

Céap nhat hi€u chuin.

Diéu kién vat ly.

Céac daun ndi.

Hom hdp bao gaoi.

Cac capra.

Ki€m tra d6 sach cda cédc diu noi.
Lip rdp cing vitng.

G#n chit tdt cad c4ac ddu ndi cdp.

Gén kin vé hop khuyé&ch dai, né€u cin.

Nén ti€p dia trong qua trinh sit dung.

Mot khi cdc vAn dé trén da dugc gidi ddp médt cach thda ddng
dGi vSi ngud st dung, thi hé do ludng c¢6 kh3 ning cao cung cip cédc
di¥ liéu chinh xdc.

1.4.4 — K&t quad va chuin hod.

Cédc cdm bién duge dung mdt cdch thong dung nhat d€ 1am cho
cdc phép do c6 khd nang dinh lugng, ngugc lai véi sy khdm phd dinh
tinh hodc sy hién dién cdm bié€n. Do d6, rd rang 12 nhitng nhu ciu cia
phép do s& xdc dinh sy lya chon va ng dung cda cdm bi€n. Vay thi
biing cdch nio ta ¢6 thé dinh ludng duge nhitng yéu cdu cia phép do ?
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Trudc tién, ta phdi nhdn thic can do cdi gi. Trén thi trudng cb
sdn cdc cam bi€n d€ do bat ky nhitng gi ma anh ¢6 thé nghi ra, va ci
nhieu thit ma anh s& khdng bao gid nghi téi (nhung mét vai ngudi lai
nghi t&i!). Ap suat, nhiét d6 va luu lugng ¢6 1& 1a nhitng phép do théng
thudng nhat vi ching lién quan t8i viéc ki€m tra va diéu khién nhiéu
qua trinh cOng nghé va gia céng vat liéu. Mot chuyén tham quan ngin
vao tri€én 1am Sensors Expo hay ludt nhanh trén internet cling di dé keé
tén hang trdm, n€u khdng 12 hang ngan, cdc dai lugng, dic tinh hay
hién tugng ¢ thé do ludng duge bing cdc cdm bién sensors.

Picu thd hai, ta phai ltu ¥ quan tdm d&€n mdi rudng cim bién.
Cac hi¢u tng mdi trudng cd 1€ 1a dong gép 1dn nhat cho cdc sai s6
trong hau hét cdc hé do ludng. Cdc cdm bién, va dudng nhu 13 ¢ hé
thdng do ludng, phan Wng 1di mo6i trudng t3ng hop cla ching, khong
chi phdn ¢ng véi d6i trgng do. Trong nhitng trudng hop cuc doan, phan
dng doi v6i to hgp cdc mbi trudng ¢6 thé 19n hon phan @ng ddi véi d6i
tvgng do mong mudn. Mot trong nhifng théch thic 1én nhat cda nha
thi€t k& cam bi€n 1a gidm thi€u phin ¥ng téi moi trudng va 1am ting
t61 da phdn Wng d6i v4i doi tugng do mong mudn. Viée ddnh gid moi
trudng va ude lugng hig¢u dng ciia né 1én hé do ludng 1a mot phan dic
bi€t quan trong cuia qué trinh Iya chon va wng dung cam bién.

M6t trudng khéng chi bao gdém cdc thong s& nhu nhiét d6, dp
sudt va do rung dong, ma con ca viéc ldp rdp hay ghép kep cam biéh,
cdc hi€u Wng dién-tr va tinh dién, va t6c d6 thay d8i cda nhitng moi
trudng khdc nhau. Vi du: mdt cdm bi€n ¢6 thé€ bi anh hudng it bdi nhiét
dd cao tot do, nhung c¢6 th€ tao ra nhitng sai s& khing khi€p khi nhiét
d6 bi€n ddng nhanh (“d6 nhay bi€n thién nhiét thodng qua™).

Thit ba 13 ta phai xem xét cdc yéu ciau vé do chinh x4c (d6 bat
dinh}) ctia phép do. Thong thudng, ta mong dat tSi d6 bat dinh nhd nhat
¢6 thé, nhung diéu d6 cé thé khong kha thi vé mat kinh t&, hodc tham
chi 1a cin thi€t. Thong tin it ra tir phép do s& dude sit dung nhu thé
nao? Cudi ciung thi d6 bat dinh 1a 1% hay 1V2% c6 gi thite su khdc biét?
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Céc dit liéu cdm bién ¢6 dd chinh xdc cao liéu ¢6 bi che khuit bdi su
thi€u chinh x4c trong qu4 trinh chuin hod tin hiéu hay trong qu4 trinh
ghi nhan s6 do ? Mit khdc, nhiéu hé thu thip d liéu hién dai ¢S dung
lugng dd chinh xdc 16n hon nhiéu so vdi cdc sai s& do phép do giy ra.
Ngudi sit dung s& khdng bi lira d6i bdi ¥ nghi cho ring d6 phin gidi
cao trong hé thu thip dU li€u s€ tao ra di li€u c6 d§ chinh xac cao tr
mdt cdm bién ¢6 d6 chinh xdc thap.

Piéu cudi cung, ma khong phdi 1a hét, la ngudi st dung phdi
chic chdn riing toan bd hé da dudgc hiéu chuin va ¢6 khd niang duoc
cip chitng chi clia ¢d guan tiéu chuidn qudc gia (vi nhy Vién tiéu chuin
va cdng nghé qudc gia NIST 3 Hoaky). Khong ¢6 kha ning bing
chiing duge ¢ong nhén thi tinh bat dinh clia phép do bat k¥ cling khong
bi€t dugc. Hoic 12 mdi mot phan cia hé do ludng phdi dugc hiéu
chuin va tinh dé bat dinh & moi chd, hodc phdi hiéu chuian toan bd hé
nhu né sé& dugc dua vao s dung (“hiéu chuin hé théng” hay “hiéu
chuidn ddu nay tdi dau kia”). Bdi vi da sd cdc cam bi€n khdng c¢6 khi
ning hiéu chinh nao d€ “hiéu chuin” theo cOng udc, thong thudng
nhit ddi hdi phdi ¢6 mot sy dic tinh hod hay sif ddnh gid cdc thong s6
cia cAm bi€n sensor. Pdi v8i do bat dinh thdp nhit trong phép do, sy
dic tinh hod nén thyc hién véi su 1dp rdp va mdi uudng cang gidng vdi
céc diéu kién do ludng thyc t€ cang tot.

K&t cuc phian nay cé th€ néi ngdn gon: Cdm bi€n phdi duge
nhin nhan va gfn k&t mot cdch cin than vdi, va dugc tich hgp vao, véi
toan bd hé do ludng va moi trudng clia nd.

(G350 D
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Hinh 2.1 — Séng danh sang hdp véi vector cudng d6 dién trudng £

va cudng 44 tiY trudng H thanh mot tam dién vudng géc.

Anh sdang ¢é bdn chat 1a bitc xa dao dong (séng) dién-tir. Mat
trdi 12 ngudn sdng thién nhién 16n nhit. Pén dién s¢i dSt, dén neon,
dén LED hay laser ... 1a nhitng ngudn sang nhin tao, do ning lugng
dién chuyén héa thianh ning luwdng dnh sdng, hay con goi 13 ning
lugng bitc xa, theo nhiéu cdch khdc nhau (vi du: bidc xa nhiét cda dén
sgi d6t). Anh sdng nhin thdy dudgc (kha ki€n — loai 4nh siang thich hop
v3i mit ngudi) chi 12 mdt phdn nhd trong dai phd rat rong cia séng
dién-tir. Dai phé’ nay (goi la dai phd nhin thiy dudc — dai khd ki€n) ¢6
tan sO wr rat thdp (tuong dudng tan sd dién cdng nghiép), dén 1dn s8
cao ¢6 thé phatra vi tru.

Nhitng tinh chdt quagn trong clia 4nh sing 12 phan xa, khic xa.
giao thoa va phan cifc. Van t8¢ dnh sdng trong chin khong khodng ba
tram ngan killomet/gidy, tdc la ¢ = 299792 [km/s]
~3.10° (km/s]=3.10* [m/s]. V4n tdc lan truyén 4nh sdng trong moi
trudng c6 chi€t sui't # biing:

9== (2.1)
1

Quan hé gilta van tdc lan truyén dnh sdng ¢ véi tidn s§ v va

budc séng A cda dnh sdng la:
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BAI2
KY THUAT CAM BIEN ANH SANG
Chuong 2 |
CAM BIEN VA PO CAC PAI LUGNG ANH SANG

Muc tiéu bai nay tap trung vao nhitng khdi niém cd bdn vé k¥
* thudt d4nh sdng va cdm bi€n dnh sdng ing dung trong do ludng va diéu
khién — gém chuong 2.

Néi dung cg ban ma SV phdi nim dudc & bai nay l1a nhitng van
dé trong tim sau:

e Khdiniém cd badn vé 4nh sdng va nhifng thong s6 dic trung cda
né. Cédc loai phan tf cdm bi€n dnh sdng Wng dung trong k§
thuat do ludng diéu khién, k&t cau, hoat déng chitc ning, cdc
dic tinh k¥ thuit, dic di€ém tng dung.

e C4c van dé dng dung thuc tién cdc ngudn phdt xa dnh sdng va
phdn tit ¢im bi&€n 4nh sdng trong cdc hé thong tin do ludng va
diéu khién d€ c6 nhan thitc va k¥ ning tdng hgp, thi€t k&€ va
ché& tao hé thong cu thé trong thuc & mdi trudng ung dung.
Thdi Iugng bai gidng 12 04 (i€1/45 i€t 1é€n I6p theo chudng trinh

mdn hoc 1a 03TC (45 ti€1) va 04 tiét ur nghién cifu.

2.1 -~ Nhitng kh4éi niém cd ban vé dnh sdng.

Anh séng — 12 bic xa séng dién-tlt phing, c6 ban chdt séng va
hat (hinh 2.1).
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Hinh 2.1 — Séng 4nh sang hgp vdi vector cudng do dién trudng E

va cudng d6 tir trudng H thinh mdt tam dién vudng gée.

Anh sdng ¢6 ban chadt 1a bidc xa dao dong (séng) dién-1. Mit
trdi 12 ngudn sdng thién nhién 16n nhit. Bén dién sgi d6t, dén neon,
dén LED hay laser .. 1a nhitng ngudn sdng nhin tao, do ning lugng
dién chuyén héa thanh ning lugng dnh sing, hay con goi la ning
hrgng buc xa, theo nhi€u cich khic nhau (vi du: bitc xa nhiét cia dén
sgi dot). Anh sdng nhin thay dudgc (kha ki€n — loai 4nh sdng thich hgp
véi mat ngudi) chi 1a mot phan nhd trong dai phd rat réng cia séng
dién-tlr. DAi phd nay (goi la ddi phd nhin thdy duge — dai kha ki€n) ¢6
tdn sO tr rit thdp (twong dudng tin s& dién cong nghiép), dén tdn s&
cao ¢6 thé phat ra vi tru.

Nhirng tinh chdt quagn trong clia 4nh sdng 13 phan xa, khic xa,
giao thoa va phdn cyc. Van i8¢ 4nh sdng trong chan khong khodng ba
tram ngan killomet/gidy., tic 1la ¢ = 299792 [km/s]
~3.10° [km/s]=3.10" [m/s]. V4n t6c lan truyén 4nh siang trong moi
trudng c6 chiét suit # bang:

C

& = (2.1)

3 |

Quan hé gia van tdc lan truyén dnh sang & vdi tdn s v va

budc séng A ¢ia dnh sdng la:
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| %

A (2:2)
| %
va trong chian khdng thi 4nh séng cé budc séng:
c _3.10°
A=—= ;[m]. (2.3)
1% 1%

Phé bifc xa. Bic xa phéin ra:

e Biic xa don phd — biic xa ¢6 mdt d6 dai budc séng nhat dinh;
va:

e Bifc xa da ph8 — gdm nhiéu bifc xa thanh phin don phd, dang
rdi rac hay lién tuc.

D3i bitc xa dién-tir nim gilta bifc xa Roentgen (tia tif ngoai) va
bitc xa vO tuyén héng ngoai goi 1a bidc xa quang (370+770 [mm]), con
dude goi 1a dnh sdng nhin thiy (dai khd ki€n). Bic xa hdng ngoai ¢6
tic dung sdy néng, dot néng, dung trong k¥ thuit phim dnh ... Bifc xa o
ngoai ¢6 tdc dung sinh hod manh (bang 2.1).

Bdng 2.1 — Phé dnh sdng va cdc ddi mau cda phé.
0,01 0,358 0,370 0,435 0,490 0,575 0,580 0,650 0,760 0,770 um

Roentgen |Cuc tim] [Tim] [Lam] [Luc} [Vang) [Da cam] |P6]| |Héng ngoail V4 tuyén cyc ngdn
Tt ngogi Anh sdng nhin thdy (khd ki€n) Héng ngoai Vo tuyén

Tia d6 (hdng ngoai), va tia tim (1 ngoai) cling dugc phin loai 12
bic xa song 4nh sing, nhung 14 dnh sdng khong nhin thdy biang mit
thudng ctia ngudi duge. Ta thdy mau dnh sdang phu thudc d6 dai séng.
Tia dé (IR Infra-Red) c6 d6 dai budc séng A ti 780 [nm] d€n10° [nm],
séng anh sing nay c6 thé thiy duge dudi dang dnh sdng mau dé i,
gidp cdn dudi dii séng vo tuyén LW (Low Wave). Tia cyc tim (UV
Ultra-Violet) ¢6 d6 dai A wr 10 [nm] dén 380 [nm], tia sdng niy c6 thé
thdy dude dudi dang d4nh sdng mau tim tham, gidp cin trén cka séng
¢6 A ngdn hon (tia Roentgen).

Hinh 2.2 minh hoa dii phd bic xa dién-tif duge thé hién theo
thang d6 dai séng. Pon vi 40 dai thutng diung & day 12 micron
(1 (pm] = 1 x 1076 [m]).
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Hinh 2.2 — D4i phd bifc xa séng dién-tir.

Anh sang tuong tac vdi vat chdt théng qua tinh chat hat cda né

— hat photon, ma ning ludgng chi tiy thubc tin s6:
W =hv: (2.4)

& day: % - hiing s& Planck (%= 6,6256.107" [J s)).

Khi chi€u sdng vat chdt, cdc photon ¢6 nang lugng di cung cap
cho cdc dién tif hod tri trong nguyén tf¥ vat chat thi c6 thé gidi phéng
dién 6. Ning lwgng d6 tuong ducng budc séng ngudug mic chin cia
nguyén tir vat chat:

hc 1,237
oo =3 = W er]

Photon 12 m&t hat co bdn dic biét, ¢6 khdi lugng nghi bing 0
(nghia 1a ludn fudn chuyén dong véi van tée dnh sang). Photon ¢6 ning
lugng du 1dn khi va cham véi hat nhan ¢6 thé€ sinh ra cdp electron-
positron (sinh cap); ngugc lai, khi hat gip phan hat thi hiy thanh photon
(hay ciap). Photon ¢é thé bi nguyén ti hdp thy hoin toan (d€ chuyén
sang mét mifc nang lugng cao hon), v khi mdt nguyén t¥ chuyén ti
mdl mifc ndng lugng cao xudng mic thdp hon, né ciing bitc xa mobt
photon. B6 chinh 1a nguyén 1y cd ban dudgc wng dung trong tit cid cdc
phan tt cdm bi€n hay phét xa anh sang.

(2.3)
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2.1.2 - Pinh nghia khdi niém cac dai lugng quang.

e Quang ning Q; tinh bing don vi [J] Joule hoac [Im.s] — nang
ludng phdt xa, lan truyén ho#c bi hap thu dudi dang bic xa )
quang hoc. Quang ning la dai lugng dic trung phin ning lugng
dnh sdng c6 tdc dung kich thich thdn kinh thi gidc trong mét
chlim sdng, ¢é tri s6 bang tich clia quang théng vdi thdi gian.

s Quang théng P ; tinh bﬁhg [W] Watr hay [lm] Lumen — cdng
sudt phdt xa, lan truyén hogc bi hdp thu dudi dang ndng lugng
bitc xa quang hoc dugc phdt ra bdi ngudn sdng trong mot
don vi thdi gian, dugc xem 13 ¢dng sud't bic xa hay thdng
lugng bifc xa, dic trung cho c¢dng sudt dnh sdng toan phan
clia nguon.

D= 40 ;[m]. (2.6)
dt
Quang théng 12 dai luong dic trung cdm gidc v€ dnh sdng ma
chiim birc xa gdy cho mit ngudi, duge ddnh gia theo tdc dung cia dnh
sdng 1én thi gidc con ngudi, 12 hiéu suit dnh sdng pho twong di K(4).

N&u bifc xa 1a don phd thi:

O, =CQ,KQA)." )
N&u bifc xa 1a da phd rdi rac thi:
®, =CY 1 0,K(A) (2.8)
Né&u 1a bie xa da phd lién tuc, thi:
®,=C[ 0,K(A)dA. (2:9)

K (A)duge chufn hod véi 4nh sdng ban ngay, nén quy ddi quang
nang don phd sang quang thong sé la:
@, = 683.0,K(A). (2.10)
Thong lugng bifc xa ¢6 thit nguyén cla cOng suat, nén quang
thong ciing tuong dudng vdi cong suat, nhung khong hoan toan dong
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nhat v3i ¢ong suat, vi vay dude do bing mdt don vi riéng (lumen). Mot
béng dén sgi dot 40[W]/220[V] cung cdp mdt thong lugng anh sdng
(400 + 450) lumens. M4t dén huynh quang 40 [W]/220{V] xap xi 2000
dé&n 3000 lumens, thy ting loai.

e Cudng d6 4anh sang [ ; tinh biang [{W/sr] Watt/steradian hay
|cd] candela — 13 quang thOng phat xa theo mét hudng, dudi mét don vi
goc khdi Q:
D
-
M4t d6 phan bd quang théng trong khdng gian theo cdc hudng

I (2.11)

bing ty s& quang théng trén géc khdi khéng gian O (mit ciu) ¢6 dinh
tai ngudn sing di€m, ma trong pham vi gidi han khéng gian dé quang
thong dudc coi nhit phan bd déu, goi 1a cudng d6 sdng. Hinh 2.3 minh
hoa hinh kh&i mat cdu, dién tich mat cdu 1{m°], bdn kinh tdi

ngudn la 1[m].

Nguén sang

Hinh 2.3 — Minh hoa hinh kh&i mit cau.
Cudng d6 sdng clia mdt ngudn sang 13 dai lugng dic trung do
Ién clia quang théng do ngudn bifc xa ra, ¢6 d6 18n bing quang théng
bitc xa ti¥ ngudn trong mdt don vi géc khdi. Khdi niém nay chi ding
cho ngudn sdang di€m (s& néu & phan dudi). Géc cau 1a ty s& dién tich
mat cau gidi han bdi géc khdi va binh phuong ban kinh hinh cau:
S

-+
4

Q= [St]; Q. . =4r. {2:.12)

max
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Candela — 1a don vi cudng dd sing cia ngudn sdng diém theo
m&t hudng nao d6 vdi tan s6 bic xa f, = 540.10"% [Hz] va cudng dd
ning lugng bang 1/683 [W/St]. ‘

Khi khéng néu ré phudng thi thudt ng¥ “cudng 46 sdng” thudng
chi cudng do sdng trung binh (cudng dd sdng cda mdt ngudn ¢6 cing
quang thong nhy mét ngudn sdng di€m nhung bitc xa déu theo moi
phuong), tinh don gidn biing quang thdng toan phin cda ngudn sdng
chia cho 4 7.

e D6 chéi L; tinh biing [W/st. m?] hay [cd/m®] — 1a ty & cudng
d6 sing phit xa theo mot hudng nhit dinh bdi bé mit ngodi clia mt
ngudn sing kich thudc hitu han ¢6 dién tich quy chi€u vudng géc vdi
hudng phédt xa dA, , trén dién tich quy chi€u do.

L= dl
dA

n

(213

Do chéi dude ddnh gid theo tac dung thi gidc clia nd, bdi do roi
1én véng mac mit phu thudc vao mit d quang thong. Tudng ¥ng, dQ
1a quang thong phin bé mat sdng chi€u 1&€n con ngudi mit; dA 1a dién
tich anh ctia phidn b& mit nay trén vong mac; 7 1a hé s xuyén thiu
ciia thiy tinh thé.

T I
i. 0.8 et ”; A\
0.6 ——T— ]1 .Y
0.4 — ‘
0.2 / i N\
‘ N
o \5_ A

400 450 500 550 600 650 700 ans
BS dii budc séng AS

Hinh 2.4 — D6 nhay clia mit theo budc séng dnh sdng.
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Trong viing 4nh sdng nhin thid'y duge, mit ngudi cam nhin dé
nhay dnh sdng khac nhau déi véi nhitng mau sic khdc nhau. Hinh 2.4
la d6 nhay cla mit ngudi theo bude song dnh sdng; d6 nhay cuc dai
cia mdt ngudi 13 d6i véi dnh sdng ¢o budc séng A= 555 [nm], tuong
Ung vdi dnh sing mau xanh durong hodc mau vang. P§ nhay clia mit
tai A =555 [nm| dng v&i gid tri bing 1 nhu trong hinh vé. P&i véi bude
séng ngin hodc dai hon thi d6 nhay cdia m4t gidm va tién tdi 0.

P6 chéi 1a dai Iwgng dic trung cho mat d6 chidu sdang vé dién
tich va cd theo hudng. Quan hé gitra théng lugng dnh siang va dé chéi
dudc mo ta trong hinh 2.5.

® DO roi £; tinh biang [W/m? ) hay [Ix] lux - 13 ty 8 giita guang
théng hdp thu bdi madt dién tich bé mat, trén dién tich bé mat dé.

BBt (2.14)
dA

trong d6: 7 - hé s§ xuyén thau cia hé quang.

bBé roi 1a dai hrgng dic trung quang théng roi Ién bé mat duge
chi€u sdng. Vi bé mit thudng 16i [6m khong déu, nén d6 ro1 khéng dic
trung cho toan b bé mit ma chi han ché& do roi cia di€m trén bé mat
d6, con dbi v3i bé mat thi dac trung bdi do roi trung binh. Lux [1x] 1a
dé roi tao bdi ngudn sdng ¢ quang thong 1[lm] chi€u déu trén bé mat
¢d dién tich 1[m? ], tdc 1a: 1[lx] = 1{lm/m”]. Hinh 2.6 14 quan h¢ giira
quang thdng va d4 roi.

To=2xr

! Hinh 2.5 — Quan hé giita
thong lugng va dd chéi

@ {qui tic hinh vudng ngudgc).
Ngudn

bifc xa

E. Ecp=1ME,,
Eyy, = 1/4E ,,
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Hinh 2.6 — Quan hé giita quang théng va do roi.

Trén mat dit, 4nh sdng mit wdi cung cidp d6 chéi E =
(50+ 100).10° [1x]; ngay ndng thi ¢ thé hon mdt tram ngan lux. Nhung
mat tring chi cung cip E = 0,1{1x]; dém tring sdng c6 thé dén 0,25[1x].
Thudng thi 4nh sdng cia mdt ciin hd va nha xudng ¢6 db roi 1a 150[Ix];
trong phong 1am viéc E = 300[1x] va c6 thé dat mét ngan lux cho
nhifng ndi lam viéc t6t; cdn ngodi phd x4 thi chi khodng vai lux (2+4
[x]).

¢ DO trung M; tinh bing (Im/m’] — ty s8 quang théng bic xa
hay phan xa tif b& mit sdang hodc bé mat dugc chi€u sdng, trén dién
tich phan bé mit d6:

M=£{-Q—. (2.15)

D trung dic trung cho khd nang bdc xa clia mdt ngudn rong,
hién tugng bé mit sdng 1én do dnh sdng bic xa hay phdn xa bdi mat
dd quang thdng clia bé mit phdt sdng, chit khong phdi mit d§ quang
thong cia bé mit dugc chi€u sdng. M&i lién hé gitra d6 trung M va dd
roi E la:

o n€u bé mit hoan toan phan xa thi M = E;
o néu phadn xa mot phin (f[%] — hé s phdn xa) thi M = fE;
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o Né&u xuyén thau vdi hé s§ xuyén thdu 7 (%], thi M = 7 E.

o Nhung viéc thay d8i dién tich chi€u sdng cling ridt quan trong.
Piéu nay khing dinh d6 chiéu sing hodc do chdi cia bé mat
thay d8i ti 1& dién tich va khodng cdch bé mit t&i ngudn sdng.
Né&u ngudn ¢ dd chéi khéng phu thude phuong (vt bifc xa
toan phan) thi giita d6 trung M va d6 chéi L ¢6 hé thic don
giin: M = z.L . M&i quan hé nay dugc thé hién trong hinh 2.6

trén.

2.1.3 — Ngudn sang.

Ngudn siang 1a vat ty phat duge 4nh sing. VE ly thuyé&t thi cdce
ngudn bifc xa dnh sdng dude coi 13 ngudn sang di€ém — mdt ngudn sdng
¢6 ty 1& kich thude cia bdn thin ngudn so véi khodng cach tr nd téi
mdt vi tri nhdt dinh ndo d6 khéng qua 1/5 1an, duge coi 12 ngudn sdng
diém.

Tuy riang cdc ngudn sing khoéng 1A bd phidn cam bién, nhung
trong k¥ thuit ¢Ong nghé va nhdt 1a trong do ludng diéu khién, cdc
ngudn nay lai thudng dude sit dung nha mot bd phan phan ti tu dong.
Do dé & diay ching ta khdo sdt nhitng dic diém k¥ thuit va @¥ng dung
chi y€u cda chiing:

o Ngudn phat xa sgi dot (dén sgi dSt Lamp);
o Ngudn phéit xa ban din (dén LED — Light Emitting Diode);
o Ngudn bic xa quang hoc (LASER — Light Amplification by

Stimulated Emission Radiation).

Dén sgi ddt —~ Lamp. Cho téi nay, mac di da cé sy xuat hién
véi nhiéu uvu th€ hon cla cdc diodes LED, trong nhiéu dng dung k¥
thuat vin ding dén sgi ddt. Mdt phan, dé 1a do cdng nghé phat trién
di tao dugc nhitng dén sgi dot ¢d tudi tho d€n hon 100 nghin gid; két
qué 1a nhitng phdn bdc gay git nhat doi vai viée sit dung dén sgi dot 1a
tudi tho han ché clia chiing thi nay chi ding trong mét s& trudng hop.
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Viéc lua chon dén sdi dot thudng dude thuc hién theo nhitng
tiéu chuin sau:
e Tuditho hoat déng ctia dén;
e Hinh dang kich c¢@ Qdén;
e Cudng d§ phat xa; va
e Nhiét d0 mau cia den.
C6 cong thife tinh tudi tho hoat ddng L, cia dén wolfram tuong
quan véi dién 4p ngudn cung cdp U, so v&i tudi tho danh dinh L, khi

stit dung vdi ngudn dién 4p danh dinh U, 1a:

(13+14)
Ly = (gﬂ-] g (2.16)
LN UB

Trong cdng thic nay, s6 mi 13 tudng ttng véi trudng hgp dén
chan khong, con s& mii 14 — dén nap khi. Céng thitc nay ding cho
trudng hop ngudn dién dp cung ¢idp cho dén nam trong pham vi £ 20%
dién 4p danh dinh. Théng thudng, gidm dién dp lam viéc cla dén di
5% c6 nghid 12 ting tudi tho 1&n gap d6i, va néu gidm di 15% thi wdi
tho ting 1&én ¢4 chuc lan, trong khi d6 dong phdt sdng cling chi gidm
chiit it. Hinh 2.7 cho thdy mifc d6 thay ddi dién trd sgi dSt, cudng d6
dong dién va niang luc phat xa dnh sdng cia dén phu thudc vao dién
4p cung cip. Theo d6 ¢6 thé thiy 1a dong khdi dong clia deén sgi d6t ¢6
thé€ 16n gdp mudi 14n dong dién khi dén hoat dong, cho nén d&n sgi d6t
hay bi chdy khi mdi bat 1én. Su qud tdi ndy c6 thé khic phuc bing
cdch han dong, ddng thdi nhu vay cling lam ting tudi tho cla dén.
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Hinh 2.7 — Pdc tuyén cla dén sg¢i dt khi dién 4p cung cdp nhé hon
dién 4p danh dinh.

Vé hinh dang kich thudc ca dén thi ¢6 thé néi ring dén cang
nhé cang tot. Pidu nay dudc khich 1€ bdi sy phdt trién cic loai dén
dién dp thdp, 6 hay 12 [V], nap khi halogen vi ¢6 béng dén bing vat
lidu thiy tinh thach anh. Sgi dét dang didy cudén ngin cho phép tao
ngudn sing di€m véi do chinh xéc cao; ¢6 qudn tinh nhiét 16n hon va
do vdy ma trong nhiéu trudng hgp cé thé ding ngudn dién xoay chiéu
ma cudng dd sang van khong dao ddng nhiéu tdi mic nhin thay dudc
¢ di€m so. Ngoai ra, rd rang loat dén dién ap thdp ¢S d6 8n dinh cg
hoc cao hon 1a cac deén dién ap cao.

Pu&’ i xa tuong dai
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; 1 NN N
V% == ; A
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Hinh 2.8 — Quan hé phd bifc xa 4nh sang va nhiét do.
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Vin dé cudng dd phat sing phai tuong thich vdi b tach loc dnh
sdng ludn ludn phdi duge xem xét theo quan di€ém tuong thich phd.
Piéu nay ¢6 nghia nhiét d6 mau 12 mdt dai lugng quan trong. Mic dau
nhiét 46 mau chi md td in tugng vat ly vé€ mau sidc, nhung né cling cho
mdt sy md td chinh xdc vé phd hitc xa khi sit dung mét vat bifc xa
nhiét nhu sgi wolfram. Hinh 2.8 v& dic tuyén phin bd phd clia 4nh
sang phdt xa ddi vdi vat den, vt xdm hay 12 sgi d6t wolfram, & day sgi
d6t wolfram c6 thé€ coi 1a vt xdm. Pic tuyén phan bd phd dudc xéc
dinh theo dinh 1y chuyén vi Wien:

€ T =2,898.107{mK] = const. (2.17)

Piéu nay ndi 1&n ring khi nhiét do ting, cudng do phat xa dnh
sdng ¢6 di€m cuc dai ndm & viing budc séng thap.

LED — Light-Emitting-Diode. Khic vdi cdc dén sdi dot, thim
chi cd cdc loai dén neon, LED tao ra dnh sang bdt hi€u ing quang-di€n
bén trong vat liéu ban din. Hiéu ng quang-dién ndi trong ban dan 1a
hiéu Ung tai 18 hgp cdc hat mang dién trong ti€p gidp bdn dan p-n khi
phdt xa bitc xa. Budc séng bic xa cla cdc dén LED thy thude vat liéu
chdt bdn din va chat phu gia kich thich. V4t ligu chung 1&2 GaAs
(Gallium Arsenide), GaAsP (Gallium Asenide Phosphide), va GaP
(Gallium Phosphide). Diode GaAs phit xa dnh sdng trong mién hdng
ngoai infrared, c6 pham vi phé tir 0,88 dén 0,94 [ # m], ¢6 cyc dai 3 0,9
| ££ m] (hinh 2.9).

% % - 501 [mA]
100 . 100 ZiaN - |
7 T% St 7TV T=23°C
80 X T=25°C - 80 + v
60 \ 60 / 11 30
;'I \\ J \\
“H = R A /
N
20 20 16
- e 7 . /

a). 0.88 0.90 0,92 0.94 m».30° 20° 307 0° 10° 20° 30° <k 0 .5 1.0
Hinh 2.9 - Céc dic tuyén cla diode GaAs: a). Cudng dj phdt xa; b). Géc¢ € gilta tryc
quang cia diode va hudng do; ¢).Dic tuyén V-A theo hudng phdt xa.
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Phé bifc xa ctia LED niim trong viing nhay phd nhét cda cdc linh
kién cdm quang silicon (hinh 2.10). Cdc diodes GaAsP phat xa dnh
sang dé hodc vang, cdn cdc diode GaP thi phét xa dnh sdng do, vang
hodc xanh l4 cdy. B&i su phdt xa dugc tao ra tif hi¢u dng tai tS hgp céc
thanh phian mang dién trong chdt ban dan, nén cdc diode LED phat xa
4nh sang lanh (phin biét véi dnh sdng clia cac dén soi d6t). Hoat tinh
cda cdc den LED phu thudc vao nhiét dd moi trudng, cho nén do6 chinh
la 1y do khong 4p dung cdc bién phap tin nhiét cho cdc diode nay. O
trang thai dan, dién 4p trén diode 1a khodng (1 +2)[V], dong chay qua
khodng (5+ 10)[mA] & ch& d6 lam viéc lién tuc, nén cdng sudt tiéu thy
khoang (30+50)[mW]}. Song, cong sudt tiéu thy nhd so véi cdc den
phit xa sdgi d6t lai khong phai 13 wu the€ duy nhit cia cdc dén LED. Uu
di€m chinh 12 ddp ng hdu nhu tfc thdi phét xa khi ¢6 dong chay qua.
Thdi gian sdng va tdt ¢6 thé d€m c3 nano-gidy, ¢6 nghia 1a viéc dicu
bi€n ch€ d6 sang-tdt ¢ thé thuc hién vdi tan suit cd GHz.

100 ®
5 /'/?V\
\
80 - / .
| | L
50 A ' Ve Ne Ga-As Diode \\\
1 ) Laser / e Y
40 “/ 7 o Tungsten Lamp
207 ; ~Si photocell
AR\
: A
0 |I 1 T J h I I I 1 | I
0,4 ! 0'63280:8 1,2 1.6 (pem)

0,555
Hinh 2.10 — Phé cdc ngudn phit xa khdc nhau va do nhay cha céc linh
kién cdm quang silicon va mdt ngudi.
Tan suit sang-tit cda LED phu thudc trong pham vi réng vao
cdc chat phu gia kich thich. Vi du, cdc diode GaAs ¢6 thém chit kém
59
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zinc tic hoat nhanh hon 1a cédc diode ¢6 thém silicon. Pién hinh 1a tudi
tho ciia cdc dén LED khodng 100 000 gid, (han tudi tho duge xdc dinh
khi cudng d6 phat xa gidm xuéng dé€n mét nita tri 56 danh dinh). Cudng
d6 phat sing bi€n thién gin nhu tuyén tinh v6i cudng d6 dong dién,
cho nén s4 lidu trén cling ding cho cdc dén LED ndi chung. Tuy nhién,
nén nhd ring mitc dién 4p sut trén LED phuy thudc rdt nhi€u vao nhiét
d0, ¢6 nghia 1a tSt nhit nén diing ngudn cung cip 1a ngudn dong hing.
Nhung, thim chi ngay ¢ khi s& dung ngudn dong hing, ning lyc phét
xa s& thay ddi theo nhiét dd, sé gidm xudng khodng 1 [%/°C ] gan nhu
tuy€n tinh véi nhiét dj.

Ciing nén lwu ¥ t8i nhitng wu di€m cia LED la ¢6 kich thudc
nhd, kém nhay vdi nhifng va dap va rung dong.

LASER. Tia laser ¢cé tu th€ vuot trdi cdc ngudn sdng khic 1a né
hoan toan don sic, c6 bién d6 khéng ddi va gdn két chit ché& thdi gian
véi khong gian. Pon sic ¢6 nghia 1a chi tao ra bifc xa ¢6 mot tdn s6
nhdt dinh. P& cé thé hiéu dudc nguyén 1y va cdc dic tinh nay cla
laser, ta nén tim hi€u cdc wong quan vit ly laser trén co sd laser chat
khi — co c¢éu thi€t bi laser dau tién ma con ngudi tao ra.

Piém kh&i dau 12 miu hanh nguyén u¥ cia Bohr, md td cédc
trang thii nidng lugng ctia dién tif trong nguyén ti atom. Theo thuyét
nay, cdc dién t¥ chuyén dong theo cdc dudng cong quy dao quanh hat
nhan nguyén t¥ nucleus, vda mbi dudng quy dao tudng \ng v4i mot
trang thdi ning lugng dac trung cha dién . Pién tf cang & xa hat
nhan thi nidng lwgng clia né cang 16n. Bing cdch hdp thy thém ning
lugng, mot dién tiY ¢6 thé chuyén tif quy dao nay sang quy dao khic xa
hat nhan hon, nhung s& ning lugng ma dién t& hap thu dugc chi bing
mot s8 lugng nhat dinh cdc lugng t¥ Planck 4. Trang thdi kich thich ¢6
thé ¢6 dudc 1a do ti€p nhin bifc xa dién-t, do nhiét ltgng hay do va
dap trong khoang phéng khi. N€u dién tif dugc gia ting ndng lugng tur
mitc thap nhit clda né (trén quy dao nguyén thiiy clia né khi chua nhén
thém ning lygng) tdi mdc cao hon, thi né sé& chi & lai trong trang thdi
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ning lugng cao nay moét khodng thdi gian ngin (cd (107 =107")[s]).
Ro6i v6t trd lai trang thdi thudng 8n clia nd, phat ra niang lugng dudi
dang bifc xa dnh sdng. Tan s6 bic xa s& thy thudc hiéu s8 niang ludng
gifta hai mic chuyén dich dién tf néu trén. Khi mot nguyén t duge
kich nang lugng, rdi trd lai trang thdi thudng 6n cta né moét cdch tu
phat, thi khéng lién quan gi tdi phase truyén séng clia vat thé bic xa,
vi nhu d8i véi cdc loai dén sgi ddt. Hon nita, séng bitc xa d6 chi ¢6 mot
budc séng nhat dinh. Hiéu @ng laser tao nén dudce su k&t hop phase
truyén séng ddc trung 1a do nguyén tit bi kich ning lugng, roi trd lai
trang thai c¢O khéng chi mdt cdch ty phdt, ma con bdi cdc dnh hudng
bén ngoai tdc dong, vi nhu tuong tdc vdi mét trudng dién-tit nao dé
bén ngoat (bifc xa bdi kich nang lugng). Do d6, tan s& biic xa do kich
nang lugng £, s& tudng Wng vSi higu ndng gita hat mitec £, va £, cia
dién tf bi kich thich: '
Fsh=E —E;; (2.18)

3 day: A 1a s6 lugng tf Planck clia bitc xa.

L
L
B* _..’- .,.'
dk‘:e,n = {?/"f Khf He-Ne (~6:1; 1-2 mbac)
A =
v

ey & W3 L S—
Hinh 2.11 — C4u trdc nguyén 1y clia mét laser He-Ne.
a). Phan t electrostrictive; b). Gudng hinh ciu; ¢). Clta s8 ché tic:
d). Thanh két ndi thach anh hodc invar; ). B6 6n tin; f). Cathode;
g). Anode; R — Bd diéu chinh tu doéng.

Mot yéu cau nita ctia hiéu tng laser 1a phdi hap thu di ning
lugng d€ chic chdn ring di ddo dwge mic ning lugng cao hon, cho
nén phidn niing lugng tao biic xa lam phat sdng phdi Idn hon phan ning
hrgng bi hdp thy. Trong laser chat khi He-Ne, viéc ddo 1én cic mic
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niang lugng cao duge 1dy tir sy phéng khi. Vit liu tdc hoat la neon, ¢6
hai mic ning lugng va hiéu ning lugng gilta ching dat t6i bic xa 8
budc séng A=0,6328 [um] (tic 12 tin 8 bitc xa f=4,7.10" [Hz]). Mic
di nhu da biét, helium He ¢6 muc niang lugng da 6n metastable & cung
vi trf nhu neon, thi ciing khéng thé 1am rdng mic nay bing budc xa kich
thich. Tuy nhién, su va dap khong dan hdi gilta cdc nguyén td helium
bi kich thich va nguyén ti¥ neon c6 thé dem lai su chuyén hosd ning
lugng ma tir d6 tao thém nhifng nguyén ti¥ nita bi kich thich. Do vay
ma helium chi ding d€ tao ra nhitng ngudn kich thich mdéi, gdy nén
trang thdi ddo mic niang luong & neon. Ty 1€ hdp chdt He:Ne la
khoang 10:1.

Doi hdi bifc xa kich thich phidi ¢c6 mét d6 ning lugng cao 1a dé
dat dudc st nhin bdi cong sudt bic xa kich thich trén mifc bitc xa rdi
loan hién hitu (nhiu loan). Mat d6 ning lugng nay dat dugc bing cdch
hgp nhat khdi ltgng phéng khi trong mot bd cdng hudng quang hoc
gdm hai guong phan chi€u hdi tu tuong hé dat ddi dién nhau (hinh
2.11). M6t guong phan chi€u hdu nhu 100%, trong khi gudng kia cho
xuyén thau khodng (1+2)%. Khi laser dudc bat, thi thoat d4u c6 buc xa
ngiu nhién va vdé hudng dudc tao bdi su hgp nhdt ion hod phil hgp v6i
bitc xa roi loan ciia nguyén tif neon. Pa phin bic xa kich thich dy bi
mét di, ngoai tri mot phidn nhé rai vio guong phin chi€u hdi ty nim
song song vdi truc cia ching va do d6 bi phidn chi€u ngude g lai
Khoang phéng khi. Phin bitc xa n2y lai tao ra bifc xa dnh sdng ti€p
theo ¢6 ciing phase va ciing budc séng bing cdch gdy ra nhitng nguyén
ti¥ neon bi kich nang lugng. Trong khi bifc xa dnh sdng lan truyén song
song véi dudng buc xa kich thich, va do d6 cling song song vdi truc
khoang ¢dng hudng, qua trinh nay ting trudng theo ham mi exponent
cho t6i khi dat dudc sit cin bing gita nang lugng kich thich va nang
lwgng bi mat. Sy phong khi tic dong gidng nhu bd khuyéch dai dnh
sdng ¢é budc séng dic trung nhd nhitng phdn dUng dién ra trong bd
cong hudng quang hoc. Chiéu dai clia khoang cdng hudng xdc dinh d§
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chinh xdc¢ tan s6 ma laser dao dong trong d6, nhu mét vach phé ¢ dd
rong khoang 1.6 [GHz]. Vach phé nay thoat diu tréng cé vé cue ky
rng, ¢ nghia la d6 bat dinh twong déi vé tin s& 13 2,7.10°° . V& mit
nguyén 1y, di€u nay dugce xdc dinh bang twong tic giita céc nguyén tua
theo hi€u tng Doppler, Nhu 13 k&t qui su chuyén ddng lién tuc cda cic
phan wf khi, tan sudt chuyén dich khic nhau dién ra tuong Wng tdc do
va hudng chuyén dich cda cédc nguyén ti¥ khac nhau. Tuy nhién, cac
anh hudng bén ngoai, vi nhu nhi€t do, s& lam thay ddi budc séng bifc
xa mét ciach khong th€ chap nhan dudgc, thdm chi ca khi c¢6 bd -cong
hudng. Do vay, dsi véi cdce phép do tuyén tinh, cin d6 8n tin tucng ddi
cB3 107131107, chi c6 thé dat dugc bing nhitng bién phdp &n tin phu.
P6 6n dinh nay ¢6 thé dat dugc bang cdch thay déi co hoc khoang cach
gitta hai guong phan chiéu. Mot trong hai guong dugc 1ip trén mot
phan ¥ dp dién electrostrictive (vi du lam bidng gém ap dién
piezoelectric ceramics) ma do dai clia né cé thé thay ddi dugc bing
mot di€n trudng ngoai. Hai hiéu ing quang hoc duge sit dung Jam tiéu
chuan d€ hiéu chinh la: mot 13 ddu ra ciia tia laser thu hep t61 muc t6i
thi€u & dang tu nhién 14 tinh chinh chinh x4c vao gitta vach phé (lamp-
dip); hiéu tng thir hai 13 hiéu ing Zeeman. Chiu dnh hudng cda ti
trudng Kinh tuy€n, dnh sdng laser bi tach ra thinh hai thanh phin phin
cuc ngudc. Hai thanh phdn nay bing nhau vé cudng d6 néu tin so
cong hudng £, ndm giita vach neon nguyén thiy (hinh 2.12),

| Vach phd Neon
a ; i I N
PRan ce vong trdi . ;
rd

vach pho neon Phdn cxec vong phadi
theo Ridu iing vack phd neon
Zeemann theo higu Wng

S ZLeewmann

r

Hinh 2.12 — Hiéu tng Zeeman trén vach phd neon.
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Nén giSi thiéu k§ hon mét chiit vé€ bién phdp diéu chinh d6 &n
tin bing t&€ bao hap thu Zeeman. Mot phén tia bifc xa bj tich d6i &
phén sau ciia tia laser, phin cyc vong va rdi dugce thu nhin bdi t€ bao
hap thu Zeeman. T€ bao hip thy Zeeman gém mdt t€ bao neon, duge
cdp ti¥ trudng kinh tuyén lam tdch dudng cong thanh hai dudng cong
déi xitng, mot trong d6 chi diéu khién tia sdng phin cyc vdng vé phia
phadi, con dudng cong kia chi diéu khi€n 4nh sing phin cyc vong vé
phia trdi. Piéu nay c6 nghia 1a dudng cong hap thu tuong tng véi sy
phan tdch phd (hinh 2.12). N&u hudng tr trudng bi ddo ngugce thi sy
phit hgp quay trd lai hudng phian cuc. Néu ¥ truting dudc ti€p ning
luwgng bing cdch ding dién dp xoay chiéu thl sy hap thu s€ bi€n dong
tudn hoan nhu tin s8 cda 4nh sdng laser sai phan khdi tan s8 chinh f,.
Trong trudng hgp nay, mot bd cdm quang dit diing sau t&€ bao hip thu
cho ra mot dién 4p xoay chiéu. C6 thé dung mdt bd chinh luu nhay pha
dé nin sai phin xoay chiéu nay. Cudi ciing, tin hiéu ddu ra cia bd
chinh luu dong d€ diéu khién tinh thé 4p dién piezo va nhu vy di€u
chinh duge budc séng clia bd cdng hudng. Mot cdch ngidn han, c6 thé
gidm bi€n dong tin s8 wong d6i (Af/ f,) xudng ¢d 2.10°. Tuy nhién,
nhitng thay ddi dai han ¢6 thé din t6i nhitng bi€n dong tin s f, git &
muc dudi 100 [kHz] trong thdi gian mt ngay lam viéc.

Hinh 2.13 gidi thiéu nguyén ly LASER chit rdn dugc kich thich
bing dén Flash (hinh 2.13a) vd LASER bédn dan (hinh 2.13b).
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o Nguén O

' Guidng phdan xa
VLIS FA T L TAL LA E A

L OngFlash (O

Wit Mat
i N e bdn phdn xa
N Thanh héng ngoc ?
LA ASALAL AL LT,
Guting phan xa

Bindinloai p

Lép tich cutc

Bin dinloai »

Hinh 2.13 — Nguyén ly: a). LASER chitrin; b). LASER ban din.

2.2 — Cam bi&n quang.

2.2.1 — Nguyén Iy cdm bi&€n — Phin loai. Cdc phidn t@ quang-dién

dugc phan ra:

® Ngudn phat xa Radiation Sources : dudc ing dung trong nhidu
linh vire, nhat 1a trong k¥ thuit do ludng va diéu khién, dién hinh 13
cac deén sgi dot Incandescent Lamps, diode phat quang LED Light-
Emitting Diodes, laser ban dan Laser Diodes, LASER Light
Amplification by Stimulated Emission Radiation.

Nguyén ly, dic di€m dng dung clia cdc ngudn phdt xa nay di
dudc trinh bay & phan trén (muc 2.1.3 — Ngudn sang).
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® C4dm bién quang Photodetectors : Cac phan t cdm bi€n quang
dugc ché tao trén cd s3 \ing dung hi€u 1tng quang-dién trong c4c chat
ban din, theo hai hiéu ¢ng:

o Hi€u dng quang-di€n ndi; va
o Higu tng quang-di€n ngoali.

Trudng hgp hi€éu Ung quang di€n ndi, 12 hi€n tugng gidi phdng
cdc hat mang dién trong cdc chit ban dan dudi tdc dung 4nh sang: anh
sang chi€u xa tao nén cdc hat mang dién 1am ting dién din cda né,
giy nén sy thay ddi tinh chat (bdn din) clia vat liéu. Trudng hgp hiéu
ing quang dién ngoai, thi cdc dién ut duge gidi phéng khdi bé miit cia
vat1a do k€&t gqud cia viéc chiéu tia bifc xa.

Trén cd s& d6, ¢6 thé phin loai cdc cdm bi€n quang thanh hai
nhom:

e Cdc phin ti¥f cim quang — sif dung hiéu Wng quang-dién ndi
chd y&u la cdc linh kién quang-dién, khi chiu tdc déng tuong thich clia
dnh sdng (v€ tdn s&, cuding db ... bifc xa), tao nén cdc hat mang dién
bén trong chit bdn din lam thay d&i tinh chat vat liéu, thay d8i thong
sO trang thdi dién, chi y&u 12 tinh dién din cia phin t&f cdm bié&n.

Cdc phan tf cdm quang dién hinh 1a:

o dién trd quang photoresistor — phian tf cdm quang khong
¢6 ti€p gidp bdn din p-n;
t€ bao quang-voltaic photovoltaic cell;

diode-quang photodiode;

O O O

transistor-quang phototransistor; va
o thyristor-quang photothyristor.
® Cdc phan tf cdm bién phdt xa — dua trén co sd hiéu dng
quang-dién ngoai, hién tugng gidi phdng cdc dién tif hod tri khdi bé
mit vat chat khi bi chi€u xa tia sdéng. Cdc c¢dm bi€n phdt xa 1am viéc
theo cd ché€ ba giai doan: hidp thu photon gidi phéng dién t¥ — dién uY
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t¢i dude bé mait phat xa — dién tr phit xa khoi bé mat vat liéu
cathode.
Ung dung hiéu dng nay trong cdc cam bi€n phdt xa chi yéu la
dién t sd cap tao dong cathode, sau dé cé thé:
o dugc cathode thu nhan tryc ti€p — dugce \Wng dung trong cac
1€ bao quang-din chian khéng;
o 1am ion hod chit khi — dudc @ng dung trong cac den ion khi
(t&€ bao quang-dan nap khi);
o 1lam phét xa thi cap kém theo khuyé&ch dai dong thi cap -
dudce ing dung trong cac b nhédn quang-dié€n,
Cédc phdn tf cdAm bién phdt xa di€n hinh l1a:
o t& bao quang-din nap khi gas-filled photoconductive cell;
o t&€ bao quang-dan chin khéng vacuum photoconductive cell;

o bd nhin quang-dién bifc xa thd cip secondary-emission

multiplier; va

o mdt vai 6ng phéng tia 4m cyc TV-cathode ray tubes.

Ngoai nhitng vi du néu trén, con ¢6 mdt s6 phan tif dang ddc
biét nhu:

o photodiode p-i-n PIN;

o photodiode avalanche hi€u ing thac APD;

o photodiode Schottky

dudc ché xui't cho nhitng muc dich chuyén dung.

Hinh 2.14 trinh bay mot s8 dic tuyén V-A ciia cdc phan tr cdm
bién quang dién hinh va hinh 2.15 so sdnh théng s6 dO nhay s va hiing
s8 thdi gian T d4p \tng cla cdc phan tif cam quang. Quang-trd, diode-
quang, transitor-quang la linh kién thy déng, thay d6i ndi rd clia ching
dudi tic dung chi€u xa dnh sang. Trong khi d6, cdc t€ bao quang-
voltaic (nguyén ly cdu tao tuong ty pin-mit-trdi) va cdc phan ¥ cam
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quang hiéu ng quang-dién ngoai thi sinh dong dién khi nhén tia sang,
nén la nhitng linh kKi€n tich cuc.

Phororesistor [mA], Phowmulipler Anode-Dyn. 14

[mA]
100 [Ix] 0,5[alm])

& wixg  >* 04[#im]
2] 03 0,3 [4im]
4 0,2 0,2 [Him]
2 llix] g 0,1 [#im]
o 3 6 9 12 [V] 0 200 400 [V}
Phowormransisor 5ia-p-1
[mA] 2000=] ) yeqx] {ma) Ge-Phowdiode
10 125 [1x] 0,2 1600 [ix]
% 751l 01 800 [ix]
50[tx] 2004=)
0 2 4 6 ¥ o© 20 40 60 [V]
xA)] Fhowcel [2A]] Phowcel m
! ch?n kbhdag cao nap khi 90CG 0,025 [im]
w} 9o 0,5 [im] 2
0,015 [lm)

0,25 {im]

005 [lm
0,05 [im] % Lfes)

0 20 40 60 (M o AT 60 20 [V]
Hinh 2.14 — Bic tuyén V-A cda cdc phin tif cdm bi€n quang-dién.
2.2.2 — Cédc phin t¥ cdm quang.

Trong cdc ting dung k¥ thuit thudng phdi dic bi€t chu ¥y cdc
thong s8 ctia cdc phdn ti¥ cim bién quang nhu: kich thudc cau tric
phan t&, pham vi d6 nhay phd, tinh don gidn mach ttng dung (khuyé&ch
dai, bil 4nh hudng dong dién t8i ...) va cudi ciing (ma chua phdi da hét)
1a gid thanh.

e Dién trd t8i Dark Resistance R, clia cdc phan i qua~ng din phu
thudc ban chat ly-hod ctia vat liéu, hinh dang, kich thudc va
nhiét 6 cla t&€ bao.

e Quan hé R(E) 1a phi tuyén (hinh 2.16) — dién trd t3i gidm nhanh
khi dudc chiéu sdng. & nhiét d6 25 [°C], tri 8 R, ciia cdc chit
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quang dan PbS, CdS, CdSe 1a (10* +10°) [Q]; vdi cdc chit
Sbin, AbSs, CdHgTe la ¢3 (1010 [Q].

» B06 nhay phd cia cdc phin ti cdm quang:

A
S(A)=—, [A/W]; (2.19)
AD(A)
wA 5
o]
o CI::].; | Photodiode héy g thic
Bé nhian guang dién
108F |
10° F Quang trd
A
104 B Photoresistor
3|k
10 t Phototransi stor
102 } I (T€ bio gquang dén
l -
10 | T€ bio quang ddnchinkhéng  ™2P KA
Cl> Dicde i€ gidp cdch ly p-i-n
1 Lt 1 I 1

10° 107 107 10 107t 100 g
Hinh 2.15 — P% nhay s va hidng s6 thdi gian chuyén mach 7 cia
- A 7 hd
cdc phan it cam quang.

¢
PORETe? B
T T 7
"3{: 77 R _;__NM_ g ;A________; ....... s & ,,JI
3 H : ;
5 oY —
3 P ' :
' gor |,_. qr\M . I.—- i
lrﬂ6 \ :
‘4\ :
n? e, —
!
At':|‘? J -

a8 o1t 0 e oov
U7 ral sony (fuxl

Hinh 2.16 — Quan hé dién trd t€ bao quang din va do roi.

Vi du, vdi dién dap U = 10 [V], dién tich d = 1 [cm?® ] thi d6 nhay
phd ¢ (0,1+10) [A/W].

Do so sdnh cdc thdng s6 quan trong d6, trén thuc t& hau nhw moi

Iwa chon déu tip trung vao cdc t&€ bio quang-th€ voltaic, photodiodes
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va phototransistors. Cédc linh kién ban din nay c6 mét hay hai 18p tiép
gidp suy bién, trong d6 cdc hat mang dién dugc tao nén bdi chi€u xa .
lam ting dong dién & trang thdi khod. D6 nhay phd budc xa, ¢ thé c6
diém max & ving phd bitc xa khd kién (nhin thdy) hay khong nhin
thay, lai khéng phuy thude vao ciu tric thanh phan bdn din riéng 1€ ma
hoan toan chi tiy thudc chat ban din st dung. Cdc diodes-quang ding
trong k¥ thuat hiu hét dudc ché€ tao tir chat silic, con germanium chi
dudc dung trong cac trudng hgp chuyén dung. Ly do 1a bdi vi dd nhay
phd tuong ddi cha silic khong chi phi hgp nhd't d8i v8i phd bife xa cda
cdc ngudn sdng dung trong k¥ thuit (nhu dén s¢i dot wolfram, diodes
GaAs, laser khi He-Ne, ...) (xem hinh 2.10) ma gid tri 6 nhay phd 4y &
mién bifc xa kh3 ki€n la khd 16n. Ngodi ra, germanium c6 d nhay véi
phS hdng ngoai, trong nhiéu itng dung gy nén hién tugng cdm ng
nhidu [am ting dong t5i bdi Anh hudng cia nhiét 4 mdi trudng.

Quang trd Photoresistor.

Quang trd 12 phin t& cdm quang dugc ch€ xudt tir vt li€u ban
din da tinh th€ nhung khoéng ¢6 ti€p gidp ban dan p-n. Quang tr§ c6
thé 1am viéc véSi dién dp mot chidu hay xoay chiéu. Anh sdng roi 1én
photoresistor phéng thich cdc dién tf héa tri ti mang tinh thé ciia chat
bdn din va khi€n chiing di chuyén nhv nhitng dién tff ty do va 1am ting
d din dién, gidm dién trd khi chi€u xa 4nh sdng. Vit liéu ché tao
photoresistors 1a cdc chdt ban din, CdS Cadmium Sulphide va CdSe
Cadmium Selenium, rat nhay vdi phd dnh sdng kha ki€n. Mot s6 quang
trd dudc lam tir PbS (sulfure chi) va InSb (indium antimoine) c6 dd
nhay cao d8i v6i phd 4nh sang viing tia dé (Infrared), tuy nhién ngay
nay it dudc sif dung.

Pic tinh quan trong cla photoresistor 12 dién S t31 R, va dién
trd sdng R,,. Pic tinh nay thudng dugc cho trong tai liéu k¥ thuat cia
hing ch& xuit, dira trén do roi Ey, =100 [Ix). Pién trd sdng 6 d0 roi Ey

=1000 [Ix] dugc k¥ hi€éu R, trong tai liéu.
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* DBién trd t6i R, 12 tri s8 dién trd photoresistor sau 1 phiit sau khi
chdn toan bd dnh sdng roi 1én né; di€n hinh 12 R, > 10 [ MQ|.
 Dién tr§ sdng R, 1a tri s6 dién trd photoresistor tai Ey, = 100
[1x] hodc E,= 1000 [Ix]; di€n hinh 13 R, = 500 [Q] dé&n 50
{ £CQ2] tuy loai quang trd.
Hinh 2.17 cho thdy m&i lién hé d6 nhay quang trd loai CdS véi
mat ngudi. S thi cho thdy viing quang phd noi ma quang trd ¢6 d6
nhay tuong doi cao.

] P | 1 | H )|
Fred s I T : }
%) T
o —{ -
1 X
ey fn,
" ]
i
¥
L4
14
«a d T
:Juo May tunk bisgs cia md
INQUZi aks ki A& be chinde b
A3 phis nop v npudn Lin
b 1
23 X
" i+ + 4 :
0 500 a0 700 Linm} 8O0
: 7555 ARG M W S ——
hm, dumny  xingds U Yo R T a6 iR

Hinh 2.17 — D6 nhay tudng déi clia photoresistor.

Hinh 2.18 cho ddc tuyén cla photoresistor loai LDR 03 (hang
Valvo). P thi v& theo hé toa db logarithm, nén lun ¥ ring dac tuyén
tuy tuy€n tinh nhung khéng dién 14 mSi twong quan tuyén tinh gitta
cudng d6 sang Ey va dién rd R, Nhitng quang trd cung loai ciing ¢é
th€ thay d6i théng s& chit it. Theo dé thi 2.18, photoresistor LDR 03 ¢6
dién trd sang R, =1 [kQ]; con dién trd t61 dude qui dinh & gia tri R,
2 10 [ MQ]. Vi déc tinh dién 4p lam viéc thiap, quang trd LDR 03 két
hop vdi transistor chi yéu duge dung trong cic thi€t bi do ludng va

el
kiém tra.
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() day ta 14y vi du mot éng dung don gidn cda photoresistor:
mach phin 4dp diéu khi€n bdi 4nh sdng chi€u xa (hinh 2.20). Hay tinh
sao cho phan dp hinh 2.18 ¢6 dién dpra U,, ¢3 9 [V] khi d6 chiéu xa

dnh sang £, =30 [Ix] va ¢33 {V]) khi £, =500 [Ix].

—‘QU”--+12V

Fxar

< UOu!

DA 03 ,’//

i -

Hinh 2.20 — Mach phan 4dp diéu khién biing dnh sdng.

Trudng hop E,. =30 [Ix]:
. U(JMF(BO) _ 9[p]]

Lass = = =3.107°[4] = 3[mA] ;
(30) Rm 3.10;[Q] [ ] [ ]
Bl —EF. . P .
Rw{w} — s 2t {30) _ (1 9;)[V] _ ]0}[£2] _ ][kQ] .
' ' I.wr[BOi 310— [A]

Trudng hgp £,= 500 [Ix]:

] = (]rm!(SOO) = 3[V]
P Rysony  200[Q]

U=, 56, _ (12-3)[¥]

=1,5.1072[4] = 15[mA];

R —-_— = = 0,6.10°[Q] = 600[Q2] .
ser( 500} _[_w'_(s(m] 15 1 0_‘3 [A] [ ] [ ]
Chon R ,=820[€2]. Kiém tra lai diéu kién dién ap:
F i 8 gl 2V 3x10°[Q] = 9,4[7];
) K F R;m_w) ' (820+3-107)[€2]
U, 12[V
Um:l(SOO} = 4 X R - [ J = 2:4[V] *

R, + Ry M5 7 (8204 200)[Q2]
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Ki€m tra lai diéu kién cong suit: B3i véi photoresistor:

U 12[¥]
Py, = U gy X —————=94[V}x = 0,03[W] = 30[mW
{30} out{30) R“r + R,”(:;o] [ } (820 + 3'103 )[Q] 3[ ] [ ]
U 12[V]
P =/ = =24V =0,027[W}=2 W
(500) out(500) < R, + Ryso aV]x (820 + 200)[QY] 71 NmW]

D&i véi dién trd ndi tiép:

U 12[V}

P.o.=U. -U x—2 =2 6[F]x = 0,0082[#] = 8.2[mW
oo = Ve =Vouier) R R s ¥ (820 +3.10°)[Q2) Le [m#]
U 12(#]

P =(U. U, ssun— B sem OGP =0,1 13[W]=113[mW
esooy = lSOOI)x R +Rm:suo; [V]x (820 + 200)[QY) (W] [mW}]

Diode quang Photodiode va t& biao quang-th€& Photovoltaic Cell.
Céc diode quang va t€ bao quang-th€ 13 nhitng phin t& cdm
guang cé 18p ti€p gidp ban din p-n mdéng, c6 viing suy bi€n ti€p gidp
(ngheo dién tich) dd rong d€ hap thu t8i da bifc xa dnh sdng cé budc
séng A nhd hon budc séng ngudng A, (hinh 2.21). Khi d6, quang
thong @ thim thdu bé day x cia'vat liéu s& la:
O(x)=Pe™™; (2.20)
3 didy, a - hé s& xuyén thiu; khi lugng quang thong di qua vat
lidu day c3 10° [;1 ] gidm xudng 63% thi @ ~10° [1/cm].

i
~
i

Vﬁng nghéo { : N
,_,_m,v,m;}_ L -
E.E—mewmw,,wg:n ......... “—-‘} SEASEY P.,

Hinh 2.21 ~ Hiéu @ng quang-dién trong ti€p gidp bdn din p-n.
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Gdc phdniw thit ). P A Gdc phifniuw thi §

ChE A8 khod Ché ag ddn
E 3 (phdt =3)
It EEQ 10° [Ix]
do -0 E1
¢ m’%s Eq=0 U,
(khing tai)
Ug (8i€n dp khos) Up (dién dp
= — J

s N ———————me———— )
S ‘s, Pédctuyénud R~ \‘?\"\\ Ry,
¥ ""r"(RQ }Rl) I Y (dien s awoadi
—a— b3 mach)
her A\ ke Py N S
3 \
Pacmyfotd R\ O\ ; :
Q Y
I\ Iewm

\

Gdc phdnituw thd I\

CRE dY: protodiods I 3R1 Q\.
(dong khod) Ip

(ngsn | .

Gdc phdniu

(ngdn mach) it 1V
Ryg=0 € ré A4 pRotovouarc cell

Hinh 2.24 — Pic tuyén V-A cia photodiode.
Gée phan v th 111 — ch€ do photodiode; géc phan tu thif IV —
ch& do 1€ bao quang dién. Thong s6: E — d6 chi€u xa (E,=0; E;; E,;
E.). U, dién ép khod. U, — dién 4p m3. I,— dong khod. 7, — dong
m&. U, — dién 4p khong tdi. /,— dong ngdn mach. R, - dién trd mach
tdi ( R, =« — khong tai; R,;=0— ngin mach).

Céc géc phin tu thi TII (lam viéc nhu photodiode) va thd IV
(lam viéc nhu t& bdo quang-dién) mdi 13 nhitng phdn dic tuy€n déng
chd § trong trudng hop d6. & ch€ d6 1am viéc nhu t€ bao quang-dign,
cdc c¢dp dién tich donor—receipter s&€ duge hinh thanh trong viing dién-
nap space-charge region tao ra bdi ti€p gidp p-n khi bi chi€u xa do két
qua hiéu @ng quang dién ndi. Trudng di€n tich nay s€ diy cdc hat dién
tich ra khdi ti€p gidp p-n va giy ra dong ngdn mach 3 phin mach
ngoai. Dong ngin mach ty ¢ wong quan véi dé chi€u xa E l&n 1di
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hon10° [lux]. N&€u dong dién mach ngoai duge cung cdp cho tai dién
trd R, thi trén ti€p gidp bdn din p-a s& c¢6 moét dién dp quang-voltaic.
Khi lam viéc & ch& dd hd mach open-circuit, cidc hat mang dién dudgc
tao nén bdi hap thu dnh sang kich thich s& khéng thé thodt ra ngoai.
Diéu d6 1am thay déi cdc didu kién dién-nap va tao ra mot dién dp hd
mach (khéng tai) trén cdc dau ra. Qud trinh ndy ting trudng dang
logarithm theo dd chi€u xa. Bdi vi ving dién-nap bi phan rid § mot tri
s8 dic trung nao dé cia dd chi€u xa, dién d4p hd mach niy sé ting
nhanh t31 mét tri cye dai nao d6, dat tdi mot d6 16n bdo hoa (khdng
nhu viéc ting dong ngdn mach mdt cdch tuyén tinh theo dé chi&u Xxa
dé€ dat t6i mét @6 chi€u xa cuc 16n — hinh 2.25).

i} IIE."rUL
-~
~ Ix
~ E

Hinh 2.25 — Dong ngdn mach 7,
va dién ap khong tdi U, 1a ham cda dd chiéu xa E.

O ch€ d6 lam viéc nhir photodiode (géc phin tu tha I1I), mét
dién dp & hudng chan s& duge dit trén ti€p gidp p-n. PE ¢6 dude tin
hi¢u dd 16n khi d6 chi€u xa nhd (va do d6 ma dong quang dién cing
nhé), ddi hdi phdi cé dién trd tat R, cuc dat va dién ap cuc dai. Bdi
di¢n dung cilia 18p suy bién depletion layer ting lén theo chiéu hudng
ting dién 4p chidn, tan s& cdt cut-off sé ting lén theo dién 4p chan véi
dién trd tdi c6 tri s6 ddc trung ndo d6. Tuy nhién, bdi vi déng thdi tin
sO cdt cling ty 1€ nghich véi tri s6 dién trd tdi, cho nén do6i khi cin phai
thod hi€p giita bién do tin hiéu mong mudn va tan s& gidi han.
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Miic du bat k¥ photodiode nao ciing ¢6 th€ 1am viéc nhu mot t&
bao quang-th€ voltaic va ngudc lai, cling can phin biét rd c6 thé “phat
trién” dang dic tuyén nao, tly theo tirng ng dung cu thé. Vi duy: di
ring I8p suy bi€n ¢6 dién tich rong, c6 nghia 12 d6 nhay cdm quang
16n, nhung ddng thdi ciing ¢6 nghia 1 dién dung 18p ti€p gidp suy bién
va dong dién t8i cling 16n hon.

G céc photodiode, 16p ti€p gidp suy bién dugc git ¢ miic nhé dé
c6 dugc dong dién t8i nhd nhat va dién 4p chin cao. Piéu nay han ché&
dd nhay clia photodiode. Ngudc lai, truSng hgp t€ bao quang-dién 1am
viéc & ché dd quang-din, thi d6 nhay phd cing 1én cang t6t, din t&i
md rong 16p suy bi€n. G ché€ d6 t€ bao quang-dién khéng c6 dong dién
t5i. Do vdy dién dp chin cla t€ bao quang-dién thdp hon nhiéu
(khodng 1 d€n 20 [V]) so v6i trudng hdp photodiode (10 dén 100 [V]),
nhung trong ch€ dd lam viéc nay thi dién 4p chin nhd cling khdng may
quan trong. Su phu thudc nhiét Ao clia dién dp va dong dién duge kich
bdi 4nh sdng d6ng vai trd quan trong hon nhiéu trong cdc hé k¥ thuit
cdm bi&n do Iudng.

Nhur vay, dién d4p hd mach ciia cdc t&€ bao quang-dién di€n hinh
gidm xudng theo nhiét d6 1a khodng 2,3 (mV/°K ). Khi dién 4p bao
hoa khodng 400 [mV] thi dién 4p hd mach gidm theo nhiét dd xudng
hon 0,5%/°K . Ngudgc lai, dong ngdn mach ¢é hé s8 nhiét dd chi ¢3
0,1%/°K .

Thdi gian ddp @ng 12 m6t thong s& dic tinh khdc. P&i vSi cdc t€
bao quang-dién lam viéc § ch€ dé dong ngdn mach, thdi gian ddp dng
bi han ché& bdi thdi gian lan truyén cdc hat dién tich va & ch& dd hd
mach thi bi han ch& bdi dién dung I6p ti€p gisp suy bi€n va ndi trd. 3
ch& d6 hd mach, thdi gian ddp Wng ciing phu thudc nhiéu vao dd chi€u
xa. Tri s& di€n hinh thdi gian chuyén mach c6 thé ¢& vai micro-gidy
d5i v6i ch€ d6 ngdn mach va khodng 50 [ us ] dén 10 [ms] dSi v6i ché
dd hd& mach, tiy theo dé chi€u xa.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Transistor-quang Phototransisior.

Cdc phototransistor vé nguyén 1y 1a mach ghép hai diodes, mét
la E-B- diode (Emitter-Base-) va mét 1a C-B-diode (Collector-Base-),
modt diode lam viéc theo hudng din ddng con diode kia 1am viée &
hudng chidn. Collector-diode 1am viéc nhu mét photodiode. Trén quan
diém hoat déng chifc nang, phototransistor 13 mét transistor quy udc co
chua mét photodiode giita mach base va collector ciia né. Trén hinh
2.26 1a s0 d6 nguyén 1y cda mdt phototransistor silic n-p-n, chi€u sang
basic.

fiwge thi’
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e
:
'

Ay & ¢l S
Hinh 2.26 — Phototransistor:
a). S0 d6 mach;  Hinh 2.27 — Phototransistor trudng
b). So d6 twong duong; ¢). T4ch cip dién t.
PhotoFET.

Khi chiéu séng ti€p gidp BC thi phototransistor lam viée & ché&
d6 quang dan vdi dong dién ngude 7, :

s il s 2.21)

G diy: I, - dong ngude & ché do t81, ¢ 25 ['C] ¢6 tri s6 ¢& [nA],
nhung khi nhi€t d6 ting thém 10 [ 'C] thi gid tri d6 ting gap doi; I, -
dong quang di€n khi ¢6 quang thong chi€u qua bé day X.

Iy = 8,00 (2.22)

trong d6 S,; - d) nhay cta ti€p gidp cOng-kénh.
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Dong I, 1a dong basic, gdy nén dong collecter /.:

I, =(B+DI, =(B+DI, +(B+Dly; (2.23)

G day: B - hé s6 khuyé&ch dai dong 3 ch€ dd emitter chung.

D6 nhay phé:

S(Ae) = Al [AD, = f(Dy); (2.24)

12 ham phu thudéc @,. G budc séng tuong ng diém cuc dai
dudng cong dic tuyén phd clia phototransistor thi 43 nhay phd c6 gid
tri ¢8 (1 = 100) [A/W].

Hinh 2.27 1a so 45 nguyén ly cha phototransistor trudng —
Photo-FET. Hiéu Ung 4nh sdng 1am thay déi tr@ khdng ciia kénh, d
rong cia kénh dugc dat dinh bdi dién 4p U, giita cng gate va ngudn

source. Dong médng cia phototransistor s€ bing:

2
I, = 1055[1 +%ﬁ] ; (2.25)

@
& day: I, - dong méng khi U, = 0; U, - di€n 4p chédn keénh.

Nhy vday, mdt cdch gidn lugc vé nguyén ly, c6 thé coi
phototransistor thyc hién chifc ning nhu mot photodiode c¢6 mic k&
ti€p transistor dé khuyéch dai dong dién trang thdi khod cda
photodiode dugc diéu khién bdi bitc xa dnh sdng (xem hinh 2.26b).
Thudng thi phototransistor 1am viéc theo s¢ d6 emitter chung ma ciyc
base thuyng khong din.

Do tinh ning khuyé&ch dai cda transistor, d§ nhay cla cic
phototransistor 16n hdn d6 nhay ctia cdc photodiode tir 100 dén 500 lan.
Tuy nhién, ddng thdi dong dién t3i cia phan photodiode trong né ciing
duge khuy&ch dai 1én. M6t nhude di€m nita ciia phototransistor la thdi
gian chuyén mach ting [én khd nhi€u so v6i thdi gian ddp dng clia
photodiode va t€ bao quang-thé€ voltaic. Do nguyén nhin d6 nhay cao
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nén dién dung ISp suy bi€n vdn c6 1a twong d6i cao, 1am ting hiing s&
thdt gian cia phototransistor theo dd khuyé&ch dai dong .

Cudi ciing, ¢6 th€ két ludn ring nén sit dung t& bao quang-thé
voltaic & ch€ d6 ngdn mach, trong nhitng ng dung d5i hdi dé &n dinh
nhiét cao va tin s§ cit I6n. Béi tin hiéu thudng dugc khuyéch dai &
ch€ d6 A, nén phdi danh mot khodn chi phi tuong Ung cho bé khuyéch
dat kém theo mic sau nd.

V&1 cac photodiodes, va dic biét 14 véi cac phototransistors, do
nhay cao thudng di kém vdi cdi gid phdi trd 13 dong dién t3i I6n 18i
mifc khé chap nhin. Hon nita, & cdc phototransistors, thdi gian chuyén
mach tuong ddi cao con ¢6 thé gay nhidu cim dng.

Cac dang photodiodes dic biét 1a cdc photodiodes ti€p gisp
cdach ly p-i-n, photodiode hiéu ting thac, photodiode hi€u wng Schottky;
phéi lwu y d€n cdc ddc tuyén cla chiing. Can lwu ¥ cdc dic di€m hoat
ddng sau:

Photodiode p-i-n PIN 13 loai phin tif cdm quang gém ba 18p bén
din p, i, va n; trong d6 hai 16p p va » la nhirng Idp bdan dan pha tap
chat, con 18p i (Intrinsic — thudn chat) 1a 16p ban din thuin chat hay la
c6 ty 1€ pha tap rat nhé. Photodiode p-i-n ¢6 thdi gian chuyén mach ¢&
tir pico-gidy tdi nano-gidy. Chiing con ¢é dong dién t8i rat nhd (bién
d4 ¢8 1[A]). Do d6 chiing phit hgp v6i cdc b thu nhin xung 4nh sdng
nano-gidy (tia laser) va dung truyén din cédc tin hiéu dnh sdng diéu
bi€n tan s8 cao (ti 50 [MHz]).

O cdc photodiodes hiéu tng thic APD (Avalanche PhotoDiode),
tic ddng dnh sdng lam ting hiéu &ng diéu khién danh thing ki€u thic.
Tan s8 cdt clia diode hiu éng thic 3 gigaHerz (d6 rong bing tan
khuyéch dai c6 thé dat tdi 80 [GHz]). NhJ tinh ning diéu chinh tinh
di€n dp lam viéc va cdc dic tinh khac (nhyu dong dién t51), photodiodes
hi¢u ¥ng thdc thudng rat ddng gid trong nhitng tng dung chuyén mach.
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Cdc photodiodes Schottky duge wng dung rong rai hon bdi
chiing c6 th€ ch€ tao loat nhu cic diodes thudng va bdi cong nghé ay
cho phép ché& xudt dugc nhiing diodes ban rong. Chiing ¢6 thé dugc
ch€ xuat nhitng phdn t¥ cdn quang d€ do nhitng sai phdn dudng bién
ciia tia sdng so v6i truc quang ¢6 d6 dai bude séng t6i 20 [cm]. Phdn tf
ciAm quang c¢6 b& mit tron hay vudng, dién tich t8i 10 [cm? ], dugc chia
thanh 4 géc phin tr A€ phan biét nhitng sai 1&ch tir hai truc quang. Mdi
g6c phan tr c6 mot ddu ra, va mdt dién cuc chung § tAim mit sau. Néu
tia sdng t3i d4p ding vao tAm phin t¥ cdm guang nhu vay, s& khdng ¢6
tin hiéu ra. Nhung chi cdn tia sdng sai l&ch khdi tAm phan tf cdm
quang thi s& tao ra hai tin hi€u ty 1€ v48i d6 1€ch tim nay (theo hudng x
va y). Céc diodes loai nay duge diing trong cdc hé v& d6 bédn ty dong,
trong cdc hé do ludng va diéu khién vi tri va dich chuyén.

2.2.3 — Cam bié&n phat xa: T€& bao quang-dién.

Céc cdm bién phét xa hoat ddng theo nguyén Iy nhu nguyén ly
hoat dong ctia pin mat trdi, khi duge chi€u sdng céc t€ bao quang-dién
s& tao ra mot dong dién c6 dd Ion ty thudc vao dnh sdng chi€u xa. Vi
vy chiing cling duge xem nhu linh kién quang-di€n tich cyc.

Trong t€ bao quang-dién (va pin mit trdi), vt li€u bdn dan bao
gdm mot vang din loai n va mot ving din loai p. Gidng hét nhu diode
bian din, mot dién 4p khuyéch tén dudc tao ra 3 vang ti€p gidp bén
din, d6 13 k&t qua clia qué trinh khuyé&ch tdn. Pién 4p chdn nay ngan
can sy di chuyén sdu clia dién tf vao viing p va cda 15 tréng vao ving
n. Tai viing tréng rat méng nay — ving i€p gidp suy bi€n, ngheo dign
tich, hiu nhu khéng ¢6 sy di chuyén ciia cdéc hat mang di¢n. N€u ning
lugng birc xa (dudi dang dnh sdng chi€u xa) ddp vao ving tréng nay
thi cdc chudi tinh thé s& bi phd v3, tao ra hién tugng cung cip ning
lwgng, ddng thdi sinh ra cdc cip hat mang dién ty do. Dudi tdc dung
cia dién trudng giy ra bdi dién 4p khuyé&ch tdn trén ving tréng, céc
dién t& tr do di chuyén vao ving n va céc 18 trdng tf do sé di chuyén
vio viing p. Vi th€ mot lugng dién tich du s& xudt hign trong ving n va
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manh cang tot. Pin mit urdi ciing ¢é cdu tao tuwong tv , tuy nhién nd
dudgc thi€t k€ vdi dién tich 16n hon t€ bao quang-dién.

Hinh 2.30 v& dic tuyén dién dp khong tdi (hd mach) cla t&€ bao
quang-dién U,. phu thudc vao cudng do chi€u sdng Ev. N€u véi mot
t€ bao quang-dién, cudng d6 sdng ting tir Ey = 0 [I1x] ban dau thi dién
dp hd mach ciing ting theo tudng d8i nhanh t8i di€m cé cudng do
sang Ey = 100 [Ix]. Néu cubn.g do sdng ti€p tuc ting cao hdn, thi U,
ting trudng chim lai va ¢6 xu hudng ti€n tdi gid tri bdo hoa U, =~ 500
[mV] & cudng dd chi€u xa dnh sdng cyc dai. Vi vay U, .. ludn thdp
hon dién 4p khuyéch tan cla ti€p gidp p-n.

Pic tuyé€n dién dp hd mach trén thang do logarithm hinh 2.30
tudng tr cho moi t€ bao quang-dién. Ngoai ra, dién dp mach hd chi
phu thudc vao nhiét 9 va thudc tinh cida viat li¢u. Kich thudc ving
nhay sdng ciia t€ bdo quang dién khéng dnh hudng t6i A6 16n dién 4p
mach hd3 sinh ra.

w0}
i
2ol

10 t.n’ :n! w0 wg %_;
Hinh 2.30 — Pién dp hé mach cia t€ bao quang-dién
nhu mt ham cia E,.

Pic tinh ddng ngin mach ciia cdc 1€ bao quang-dién cling quan
trong trong céc ng dung thyc t€, N6 chi ra sy phu thudc cia dong
ngdn mach g}, vao cudng d6 chi€u sing Ev va dugc trinh bay ¢ hinh

2:31:
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P6 nhay sdng S ( dong ddp itng) ¢6 thé dugc tinh tr d§ dbc cia

dic tuy€n dong ngdn mach, tinh theo don vi [nA/Ix]:
N —Ai’f’—; nA/lx]. (2.26)
AE,

Dién tich viing nhay sdng cang 16n thi ddng ngdn mach /7, va
dd nhay sdng S cang cao. Dién hinh 12 cdc loai t€ bao quang-dién BPY
11 va BPY 64.

Pién 4p hd mach va dong ngdn mach cia t€ bao quang-dién
(hinh 2.32) cho thdy sy phu thudc vao nhiét do — hé s6 nhiét d6 TC
Temperature Constant. Vi du IC, =~-2,6lmV/°K] va

7C,, ~+12[%/°K] Wng vdi ki€u BPY 11 va BPY 64.

D0 nhay phd va dac tnh dinh hudng cling rat quan trong trong
cdc ng dung thuc t&€ cla té€ bao quang-dién. Hinh 2.33a 1a d$ nhay
phd tuong 451 ciia 1€ bao quang-dién ki€u BPY 11 va BPY 64. G day,
nhur véi hdu hét cdc t&€ bao quang-dién khdc, gid tri cyc dai la A = 850
[nm], nghia 12 nim trong dii héng ngoai.

MG&i quan hé gilta hudng biic xa ¢ va dong ngdn mach 7, c6
th€ xdc dinh 6 dic tuyén dinh hudng & hinh 2.33b. V3&i ciing mdt db
chi€u sdng, tia sdng cham vio t€ bao quang-dién v&i géc cang phing
thi dong ngdn mach cang nhd

> v o w
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~a | Y \ H fhudng comsiy
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"év v ! ‘i - 55 ’,)..x‘
L S O .i_.] i : : : .q:~
- W M A X WD W0 KE e POt e R

ST,

ki phding)

Hinh 2.33 — B0 nhay phd uren; ddi va dic tuyén chi thi Igy=f(¢) clia BPY11
va BPYo64.
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TE bao quang-dién chuyén d8i ning lugng bitc xa dnh sdng
thanh ning luong dién. N&u sit dung sy chuyén ddi nay trong thuc t€,
ta phai mdc dién wd tdi R, vao t€ bao quang-dién. Niang lugng ién
nhit ¢é thé 13y tif ngudn dp quang-thé 1a n€u R, = R, nghia la tuwong
thich dién trd tdi vSi ndi trd ngudn. Pién trd trong R, cia t€ bao
quang-dién ¢é thé xdc dinh tir dic tuyén hd mach va dong ngdn mach
theo cong thire:

U,

R = 7 vd1 E.=const. (2.27)
SA

Nhu ¢6 thé thay tif hai dac tuyén cla t&€ bao quang-dién BPY
64, dién trd trong khdong phdi la hing s& ma 1a mot ham cia d6 sdng
E,. Vivay véi ki€u t& bao quang-dién BPY 64 thi: R ~13 [#Q2] & Ev =
100 [Ix], R, = 3,3 [kQ] & 500 [1x] va R = 1,8 [£Q] & 1000 [1x]. Vi vay,
dién trd trong clia t€ bao quang-dién giam khi d6 sdng ting.

B3i cdc t&€ biao quang-dién dude tng dung chi yéu dé do do
sdng, s& 1a rit tién lgi néu c6 duge quan hé that tuyén tinh gita ludng
anh sang kich thich va hrong dién sinh ra. Piéu nay cé thé dat dudc
néu t&€ bao quang-dién hoat déng v&i ch€ dd dong tuong thich v4i dién
trd tai, nghia 12 n€u R, << R,, khi d6 thire t€ s€ x4y ra hién tugng gan
nhw ngin mach. Nhu vay, s€ dat dugc quan hé tuyén tinh mudén ¢é giita
dong quang-dién va d6 sing, ké ca véi do sdng ldn.

Cubi ciing, k&t thic gidi thiéu cdc phin t ¢dm bi€n quang,
ching ta so sdnh chung thdng s& cia chiing (bang 2.2).

Béing 2.2 — So sanh cdc cam bién quang-dién.

Cdm bién D6 nhay Ddi phé
1. T€ bao quang dan. 0,1 — 10 A/W 0,3 -30 um
2. Photodiode. 0,1 - 1A/W 04-1,2 um
3. Phototransistor. 1 - 100 A/W 04— 12 um
4. TE bao quang dién 10 — 100 mA/W
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chian khéng.

2.3 — Ung dung cédc phin tif cdm bién quang, do cdc dai lwgng dnh
sang.
2.3.1 — Khai quit. C6 hai phuong phdp chil y&€u do 4nh sdng:
e Truc quan (do bang mit, trén ¢o s& thi gidc);
e Khich quan (do ludng trén ¢d s3 cdm bi€n vt 1y).

Po cdc dai lwdng quang dua trén c¢d s& thi gidc ngudi (bing
mit), ¢ dic di€m 132 mit ngudi chi phdn tng rd rét véi do chéi. Cho
nén cic phuong phdp truc quan ¢6 nguyén 1y chung la so sanh dd chéi
ctia hai trudng (hai bé mat) d€ canh nhau. Vi viy, trong cdu triic céc
dung cu do d6 sdng bing phuong phdp tric quan ciing ¢6 nguyén ly
chung: thi€t bi tao trudng so sanh va thi€t bi thay ddi d6 chdi cla cédc
trudng do, cdn bing 4nh sdng cla trudng do véi trudng so, dung dinh
luat binh phuong khodng cdch d€ xdc dinh cdc dai lugng 4nh sdng
khéc, nhu d3 roi, cudng dd sang ..

Vi du: do d9 roi biing hop tric quang Lummer — Brodhunt:

! 0
E = Fcosqp; (2.28)

trong d6: I — cudng dd sang cia ngudn; [ — khodng cich ti
ngudn sdng téi kinh thlt; ¢ - goc t&i c¢la tia sdng.
Trong phuong phidp do quang thdng bing cdu quang k&, quang
théng duge xdc dinh:
Oy b,
D, I;’
trong dé6: [, - khodng cdch tit dén so tdi kinh thi¥, khi dit dén do
trong ciu k€&; /, - khodng céch tuong ing, khi dit d&n miu trong ciu

(2.29)

4

ke.
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2.3.2 — Cdc thi€t bi thong dung do dnh sing theo phuong phdp truc
quan.
3 diy ching ta khéng di sdu vao linh vuc cdc thi&t bi quang
hoc, nhung cé thé di€m qua céc thiét bi trdc quang théng dung nhat:

e Thiét bi tao trudng so sidnh bing hop tric quang Lummer—
Brodhunt:

e Cau quang k&, ¢6 dau tric quang di dong, hay c¢é t&€ bao quang
dién va dién th€ k€ galvanometer — do quang théng, cudng do
sang;

e Quang k€& vdi hé quang trirc tim d€ do cudng d6 4nh sdng cta
cdc ngudn bic xa, k€ cd ngudn bitc xa lam viéc & ché€ d6 xung
(ki€u FPIL, SMI, FIM, FIS),

e Luxmeter quang dién do d0 roi;

e Choi k€ kiéu FPI, FIM, ...

e Cdc mdy so mau sic k€ colorimeters (quang dién EKS-1, KNO-
3, ).

2.3.3 — Phuong phap do cac dai lugng quang theo k¥ thuit do dién.

Trong phén trén, ta di dé cdp dén cdc cidm bién 4dnh sdng nhu
nhitng phan ti¥ chdc ning ctia hé cdm bi€n do ludng va diéu khién,
dugce ddc trung bdi mang hai cita néi chung (xem hinh 1.3).

O day, cdc phin ti cAm bién dnh sdng cdm nhan kich thich diu
vao 1a cdc dai lugng dnh sdng va bi€n ddi thanh tin hiéu dién & dau ra.
Viéc do ludng cdc dai lugng dién dude thuc hi€n bdi nhitng phucng
tién va k¥ thuit do ludng dién, tdy theo nhiém vy va yéu cau ing dung
cu thé. Do dé trong khudn khd tai liéu nay khong thé bao gop. Tuy
nhién, ¢6 thé tim hi€u k§ va cu th€ hon trong nhing tai liéu tham khio
néu & muc twong wng.

OF <25 B

89

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

BAI3

KY THUAT CAM BIEN NHIET PO CONG NGHIEP.

Chuong 3. CAM BIEN PO NHIET PO. PHAN 1.

Muc tiéu bai nay tip trung vao nhitng khdi niém cd bdn va k§

thudt cdm bi€n nhiét d6 trong cic itng dung do ludng va diéu khién —
gdm 2 phin ctia chuong 3 (cAm bi€n nhiét d§ cao va nhiét do thdp).

Noéi dung c¢d bdn ma SV phdi nim duge & bai ndy 13 nhitng vadn

dé trong tAm sau:

Khédi niém c¢d bin vé nhiét d6 va thang do nhiét d6; cdc dic
trung phin tf cdm bi€n nhiét. C4c loai phan tf cdm bi€n nhiét
wng dung trong k¥ thuit cdng nghé, diung cho cdc hé do ludng
diéu khién: k&t cau, hoat dong chifc ning, cdc dic tinh k§ thuat,
dac diém @ng dung.

Céac van dé ¢ng dung thuc tién cdc phin t¥ cdm bi€n va di€u
chinh nhiét do trong hé thong tin do ludng diéu khién; c6 nhin
thite va k§ ning tdng hop, thi€t k€ va ché tao hé thdng cu thé
trong thuc t€ mdi trudng ng dung.

Bai 3 tdp trung trong tim la k§ thudt cdm bi€n nhiét 49 cao
bing cdc phin ti¥ cAm bi€n kim loai (chi y&u cdc nhigt dién trd
va nhiét ngau), Wng dung réng rii trong cong nghi¢p luyén kim
va xi¥ 1y vat liéu kim loai.

Thi higng bai gidng 14 04 ti€1/45 tiét 1€n 18p theo chuong trinh

mon hoc 12 03TC (45 tiét) va 04 i€t wy nghién ciiu.

3.1 — Khdi niém chung.

Nhiét d6 — Nhiét do 1a s6 do cudng d6 chuyén dong hdn don

ciia cdc phdn tf cdu tao nén vat thé. Nhiét do 1a mot dai lugng vat Iy
thé khoi extensive (phS gudt) nhu dnh sdng, nhung c6 dic trung quén
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tinh, do vay chi c6 thé xdc dinh gidn ti€p thong qua tinh chi't trang thai
da biét trude clia vat chat cé lién quan t&i nhiét 6. Vi nhiét luén ludén
tur dong truyén tir vt néng sang vit lanh cho nén ¢6 thé coi nhiét dd
ctia mdt vat 1a tinh chat xdc dinh hudng truyén nhiét gifta vat d6 vdi
cdc vat khdc ti€p xtic vdi no.

Thang nhiét d6 14 hé théng dinh ¢3 va tinh nhiét dé theo mdt quy
tic ndo d6. Trong k¥ thuat, dé€ cé thé xdc dinh gia tri nhiét d6 mot vat
ngudi ta dya vao cdc qué trinh c6 thé€ tai tao lai duge 1am cd sd 1ap thang
do nhiét d6. Vi nhu di€ém doéng va di€m sbi cia nude duge ding lam
nhitng diém din xuit xdc dinh thang nhiét a6 Celsius [ C ], chon 0 [ 'C ]
la nhiét d§ cda da dang tan va 100 [ C ] la nhiét dd cta nudc nguyén
chat dang s6i dudi 4p sudt 1 [atm]. Nhi vay, ¢ nhiét d6 1a 1/100 khodng
chénh 1éch nhiét dd gitta nudc da dang tan va nudc dang soi.

Thang nhiét d§ — theo dinh luat nhiét déng hoc:

e Thang nhiét d6 Hook (Hook Robert, 1664) — coi di€m 0 13 diém
dong clia nudc cat;
e Thang nhiét d6 Fahrenheit (D.G. Fahrenheit, ngudi Ha lan,

1706) — thang F: nudc da tan 8 32°F ,s61 G 212°F .

T(?=(TF—32)§; (3.1)
C .
TF =2T'C+32; (3.2)

e Thang nhiét dd Celsius (Celsius Andreas, ngudi Thuy dién,
1742) — thang bach phéan:
7I'C=TK-273,15; (3.3)
1'C =1°K; (3.4)
e Thang nhiét dé Kelvin (tudc hiéu cia William Thomson, ngudi
Anh, 1852) — thang nhiét-dong tuyét d6i: 0'C = 273,15°K -
nhi€t d6 cin bidng ba trang thai cia nudc.

0°K =-273,15 C - nhiét d6 khong tuyét déi. (3.5)
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e Thang nhiét do Rankine — thang nhiét d6 tuyét déi, trong dé
hiéu nhiét d6 gitta di€m sbéi va di€ém déng dic cha nudc 1a
212° R, va nhiét @6 0 1a d6 khong tuyét d6i. Pi€m déng dic cla
nudc dudi 4p suat tiéu chuin 1a 491,7° R. M6t dd Rankine (° R
) biing m{t A Fahrenheit (° F).

Nhiét dd tdc dong tdi vat chiat va cdc qud trinh vat ly d mic
phan ti¥, 12 bi€n trang th4i vit Iy dudc cdm bi€n rdng rii nhat trong s&
cdc bi€n hé théng. Nhiét dd duoc dinh nghia nhu 12 dic trung mic d§
néng lanh dugc tham chi€u theo mét thang do dic trung. N6 ciing ¢6
thé dugce dic trung nhu lugng nhiét ning trong mét dGi tugng hodc mot
hé vét ly. Nang lugng nhiét twong quan tryc ti€p véi ning lugng phan
t¥ (su rung dong, ma sdt va dao ddng clia cdc hat bén trong phéan ti).
Ning lugng nhiét cang cao, thi ning lugng phan tif cang Ién.

Bing 3.1 — Thang do nhiét d§ va tuong quan.

Fahr i
Nhiét d6 Kelvin ['K ] | celsius['c1 | *2 []if‘;‘e“
Di€m khong tuyét doi 0 -273,15 -459,67
Hoa hgp nudc — nudc 273.15 0 39
da
Cin bing _nu’dc-nudc 273.15 0,01 32,018
da-hoi nudc
Nudc soi 373,15 100 212
Rankine Fahrenheit Kelvin Celsius
(°R) (°F) ("K) {(°C)
672 212 373 - 100 | Bolling
492 32 273 0 - Freezing

0 - -460 ~ 0 - -273 < Absolute zero
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Nhiét d6 ctia vat chit la thong s6 dic trung trang thdi can bang
nhiét-déng-hoc ciia thé tich nhat dinh. Qué trinh cén bang la mdt qua
trinh quan tinh.

AT =T, =Ty; (3.6)

trong d6: T, — nhiét do (thuc) cia moi trudng cin do; T, - nhiét
dd (do) trén phan tlf cdm bi€n nhiét.

Nhiét lugng truyén thu t6i cam bi€n trong mot don vi thdi gian dt:
dO = aAATdt ; 3.7)

& diy: a — nhiét din xudt cia vat li¢u cam bi€n; A — ti€t dién
trao di nhiét.

Dua trén vit ly thong ké ngudi ta dinh nghia nhiét 46 cliia mot
vat thé 12 s6 do dong ning tinh tién trung binh ciia cdc phin tif cau tao
nén vit. Kich thudc va nhiéu tinh chat khdc cla vat nhu cdc tinh chat
cd hoc, dién hoc, quang hoc ... clia vat li€u va vat thé phu thudc vao
nhiét dé. Chinh tir sy phu thudc d6 ma ngudi ta da ché tao ra nhitng
phdn tif cAm bi€n va do ludng nhiét d6. Do ban chat vit ly thé khdi
phd quat clia nhiét dd, chi ¢6 thé xdc dinh nhigt do vat chét thong qua
tinh chit trang thai bi€t trudc clia vat chat phu thude vao nhiét d6. Vi
nhy tinh din nd trong nhiét k& lwdng kim, tinh phu thude nhiét do cua
dién trd trong nhiét-dién-trd kim loai, hay tia bic xa nhiét trong hoa-
ké bitc xa.

Trong nhiéu kha niang khic nhau, nhiét d6 duge bién ddi bai
cdc phan tif cam bi€n thanh dai lugng dién nhu dién dp, dong dién hay
dién trd, dién din; trong d6 cdc phan ¥ dién trd kim loai hay bdn dan,
cdc phan tif nhiét-ngdu, .. dong vai trd quan trong trong Ky thuat do
luding va diéu khién.

Phén loai cam bi&n nhiét. Cdc cim bi€n nhiét d phat hién sy
thay ddi trong mot thong s6 vat 1y (nhu dién tré hay dién dan, dién dp
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hay dong dién) tuong (tng vdi su thay ddi cia nhiét d6. C6 hai phuong
phdp c¢d bin cdm bi€n nhiét dd.

e Phudng phdp ti€p xiic nhiét; ddi hdi cdm bi€n phdi ti€p xuc vit
ly tryc ti€p véi mdi trudng hay déi tugng do, cé thé dung ki€m
tra nhiét A6 clia chat rdn, chat 16ng hay chat khi trong mot
pham vi nhiét d6 rit rong.

e Phuong phdp do khdng ti€p xtic; cdm nhén ning lugng bic xa
ctia ngudn nhiét & dang niang lugng thu nhén dugc trong phan
hdng ngoai clia phd dién-tiY. Phuong phdp nay c6 thé dung dé
ki€m tra cdc chdt rdn va cdc chit 16ng, nhung khdng c6 tac
dung v@8i cdc chat khi bdi bdn chidt trong sudt tu nhién cla
ching.

Phan loai cdc phdn t¥ cdm bi€n nhiét:
e Cam bi€n ti€p xic: ‘

o Nhiét k&€ dian nd (ludng kim);

o Nhiét k&€ 4p sudt (chat 16ng, chat khi);

o Nhiét ngiu;

o Nhiét dién trd:
- Pién trd nhiét kim loai;
- Nhiét dién trd ban din (silicon, diode, transistor)

e Cam bi€n bifc xa (khong ti€p xuc):

o C4am bié€n quang (hod quang k€&, hod k€& quang dién);
o C3m bién siéu dm;
o Quang phd.
Trong k¥ thuit do ludng-va di€éu khién nhiét dd chi y&u ing
dung cdc phan tf cdm bi€n ti€p xic nhiét, nhu:
e Phin u¥ cdm bi€n kim loai:
o Nhiét k€ din nd (ludng kim hay chat 16ng, chit khi);
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o Nhiét dién trd kim loai;
o Nhiét ngiu.

e Phin tif cdm bié€n ban dan:

Nhiét trd ban din (thermo-diode, thermo-transistor); vi mach
cam bién nhiét IC.

K¥ thuit @ng dung. Hinh 3.1 gidi thi¢u mdt mdy do nhi€t d§ va
cdc diu do — phdn tif cam bi€n nhiét d, dung cho nhiéu @ng dung
khéc nhau.

Lua chon cam bi&n do nhiét d. TruGe khi di vao chi tiét cac
loai phian ¥ cim bi€n nhiét, thi€t nghi cdn c¢6 nhitng nhédn thic ding
d4n tir quan di€m @ng dung cu thé. & day ta luu ¥ nhitng van dé chung
nhat trong k¥ thudt ing dung.

Nhén thitc chung. Lia chon th€ nao mdt cam bi€n nhiét do 5t nhat?
N6i chung, tat ca cdc ki€u cam bién 1a nhitng thy chon do Judng nhiét dd
¢6 ich, nhung mdi cdi déu ¢6 nhitng wu nhudc di€m cia né. Vi du:

= (Ciac thermistors ¢6 d phan giai cao, ¢6 pham vi @ng dung rong

rai nhat, ¢6 d6 nhay cao nhat va gid thanh thap, nhung khong

tuy€n tinh va ¢6 pham vi nhiét dé do gidi han.

= Ciap nhiét ngiu thermocouple ¢6 pham vi nhiét dé do cao va

bén chic ddi v4i nhitng ing dung ¢6 do rung ddng va shock va

dap cao, nhung doi hoéi phdi ¢6 dudng day ndi chuyén dung.

» Céc dién trd nhiét RTDs gan tuyén tinh, c6 d§ nhay cao va én

dinh, nhung ching c6 kich thudc 16n va dat tién.

= Cic kiéu silicon ¢6 gia thanh thip va gan tuyén tinh, nhung bi

han ch€ pham vi nhiét dé do.

Mot nhdn thitc quan trong trong viéc lya chon cdc cdm bién
nhiét 1a vat li€u dudgc sit dung, nhitng vat li€u nay cé gidi han nhiét dd.
Dung sai, d6 chinh xdc, va tinh thay th€ 1dp lan ciing l1a nhitng tinh
niang quan trong. Dung sai 12 yéu cdu didc trung, thudng 1a bing cdng
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hay triY (+ ) nhiét do ty d6i. PO chinh xdc 12 khd ning cla cdm bi€n do
gid tri thuc clia nhiét do trong sudt pham vi nhigt do do.

Bat k& lua chon cdng nghé cam bi€n nao di nita, ngudi st dung
vin phdi quan tim hang diu dé€n dj an toan tin cdy. Ping bao gid
chon mot dung cu don thudn chi vi né c6 gid ré. Hay chon dung cu
cung cip niang lyc thyc hién t6t nhat so véi gid thanh clia né va ludn
ludn ton trong triét d€ nhitng nguyén tic chi dao va nhitng khuyén cdo
clia nha sdan xuat.

M&bi @ng dung cim bi€n nhiét dd c6 thé hién dién mot tdng thé
nhifng yéu cdu va nhitng vdn dé cla n6, can phai ddnh gid trén mt cd
s nhan thitc cu thé. Dudi day 12 mdt s6 cau hoi can nhén thite:

Loai ddu c¢im, diy ddn ngin.

Il

I L T L LT R LR L

2 O T T O O L UL D LT L

Loai diy mém xo#n (kéo dai 1,5 [m])

—

—

Loai c6 tay cam, day dan teflon dai 1,5 [m].

C=

4 | &
! HHE T )
Pau cdm, diy nhya PVC cudn (dai 4 [m]).

Dang dau do Kiéu

—

D__: Pau do nhiét d6 bé malt.

C Pau do ki€u nhiing.
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~——— Pau do kiéu cim.

C:__ Péu do nhiét d6 ludng khi.

ty, — Khodng thdi gian t6i khi chi thi dat 99% gid tri dd.

Hinh 3.1 — Mday do nhiét d§ va phan ti caim bi€n nhiét
(hang Testotherm).

Ung dung da cho doi héi cam bién dang tiép xiic hay khéng
tiép xiic?

Néu la wng dung c6 tinh dong moving hodc né€u ti€p xic vat Iy
la khong thuc t&€ bdi nhitng tinh chdt vat liéu (dé bam bian hay moi
trudng nguy hi€m), thi cong nghé cam bi€n hdng ngoai (do khong ti€p
xuc) la lya chon thich hgp.

Qud trinh diéu khién hay kiém tra doi héi phéi cam bién trong
pham vi nhi¢t d¢ nhu thé nao?

Phai ndm dugc pham vi nhiét d6 lam viéc néi chung ctia céc
ki€u loai cAm bi€n nhiét d€ ¢6 dugc mét sy lwa chon phd hgp cho dng
dung cu thé dat ra. Cdc cap nhiét ngiu c¢6 pham vi nhiét do do rong
nhat, tr -200 C t81 +2315 ' C . Cdc thermistors thi tily theo miu thiét k&
va vit liéu, ¢6 pham vi st dung tir -100 t3i +500 C . Cédc nhiét ké
ludng kim ¢6 thé chiu dugc nhiét d6 tir -85 t6i +371 C .

P41 vdi cdc nhiét d6 déng lanh cryogenic, cdc dién trd nhiét
RTDs va mét s& dung cu cdm bi€n ban din silicon ¢é kha ning ti€p
can nhiét d6 khong tuyét déi (O[K ]). Pham vi nhiét d6 do t6i da 1a tx
150 C t61 200 C.

P&i véi cdc dung cu do khéng ti€p xic (cdm bi€n hdng ngoai)
thi nhitng nhiét d6 duéi -18 C hay 16n hon 538 C doi hoi phdi ¢6 don
dat hang riéng custom unit. Cic mach dién t hd trg phai dugc cich ly
nhiét vdi cam bi€n d€ khong dnh hudng d€n céc tinh ning mach.

Vdi tat ca cdc dung cu nay, c¢6 khd ning vugt ngudng do bing
cdch st dung cdc ngudn di€u nhiét thermowells hoic bing cich dit
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dung cu vao mot vj tri tuong ddi so véi ngudn nhiét. Tuy nhién, cich -
ti€p cdn nay c6 th€ dnh hudng t6i A6 chinh xdc va ddp (ng cia hé.

Téc dp thay doi nhigt dp (bién thién nhigt theo thoi gian) nhu
thé nao?

Pdi v8i nhitng @ng dung ma toc dd thay ddi nhiét dd nhanh (
>1,0[°C/min 1), vé boc cdm bién c6 thé trd thanh mo6t ngudn nhiét. PO
qudn tinh nhiét cia cdm bi€n Wy theo vé boc cia né. PGi v6i nhifng
thay d8i nhiét dé cyc nhanh, nén gilt sao cho v cam bi€n 12 t5i thi€u
dé cho phép né doi theo mdt cdch chinh xdc sy bi€n thién nhiét dé
nay. Piéu nay lién quan téi cd khdi vo boc va nhiét din cla ngudn
diéu nhiét hoidc cdc vit li€u bdo vé khdc.

P6i v6i nhitng @ng dung ma cdm bi€n dugce 14p dit xa cdc bd
phin x& 1y diéu khién va do ludng, thi nén sit dung viéc thit nghiém
mau thi€t k€ bi€n thé. PE gidi quy&t viéc nay, ngudi ta sit dung hai
hodc nhiéu cdm bi€n d€ ki€m tra nhiét 49 trong Wng dung, trong khi
mot cdm bién khédc ki€ém tra nhiét do tai vi tri dy dinh 14p cdm bién.
Biing cdch d6 vi tri cdm bi€n s& dudc ti wu hoda.

Cén phdi diéu khién hodc kiém tra nhigt dj chinh xdc téi mic
nao?

Pa&i vé8i nhitng tng dung hodc qud trinh y hoc thuc hi€n cac
phdn @ng hod hoc, c6 thé ddi hdi dung sai ¢ +£0,1"C hodc nhé hon.
D6i vdi @ng dung bat ky ddi hdi dung sai nhd hon +1,7°C, s& can dén
mdt hé dién tf phu trg. Cdc hé cdm bi€n bdn din silicon, dién trd nhiét
kim loai RTD, cap nhiét ngdu hodc thermistors hé&t thdy déu c6 thé
dudc thiét k&€ d€ ddm bio dé dung sai chiat ch& nhu vdy. N6i chung mét
c4ch dién hinh 12 cdc dién trd nhiét RTDs cho d§ chinh xdc 16n nhat.
Nén nhé rliing trong cdc @ng dung diéu khién, d6 chinh xdc cia ting
phin tif linh kién va d¢ chinh xdc clia toan hé 1a hai van dé khdc nhau.
Né&u db chinh x4c ctia hé khong cao hon +3°C, thi viéc mua mdt cdm
bi€n ¢6 do chinh xdc cao, dit tién, s& khéng mang lai hiéu ich. Trong
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trudng hdp ay, c6 khd nang ding mét nhiét k€ ludng kim ma dat dudc
d6 chinh xdc clia hé van nhu th€ v4i gia thanh ré hon nhiéu.

Gid thanh h¢ thong véi cam bién da chon quan trong nhu thé
nao?

Trong nhitng @ng dung ¢6 gid tri cao tot do, gid hang ngan
dollars, thi gid thanh cda cam bi€n nhiét d6 ¢6 ¥ nghia nhat dinh. Vi ly
do d6, viéc Iya chon dya trén cd s& d6 chinh xdc theo yéu ciu ciia hé
théng. Néu dd chinh xdc ¢d +3'C 1a chap nhan dugc, thi mét dung cu
cdm bi€n co-dién (ludng kim) hay mach thermistor gid thanh thip c6
thé sé& hiéu qua hon. B chinh xdc +0,1°C sé ddi hdi cach khic, tinh t&
hon (hodc dit tién hon).

Khi vi€¢c ¢é li€én quan tdi cdc khodan muc gia thanh thip nhu cédc
mat hang ti€u ding (mdy ndu caphé nhd giot, may rang hat bidp nd,
vv..) cdm bi€n ¢6 thé chi€m s& phan tram gia thanh 16n hon nhiéu gia
thanh toan bd. Trong nhitng \tng dung nhu vay, dd chinh xdc cda cam
bién it quan trong hon va gid thanh hiéu qua lai tré thinh cé ¥y nghia
hon. Vé lugng 13n, cdc nhiét k€ thermostat thuong mai ¢6 phan dd theo
nhiét d6 c6 thé thuc hién cong viéc hiéu qla vdi gia thanh toan bd it
hon 0,5 $. Vi gid thanh clia ca t8 hgp board mach, cdc bo phan thanh
phan, day han, vv.. gid thanh tdng céng cia mot cip nhiét ngiu hay
cia mach thermistor ¢6 th€ sé& 16n hon nhiéu, nhung hiéu qia thuc t&
¢6 thé thap hon bdi s6 lugng cdc bo phin phu trg va cdc ti€p gidp han
noi vv...

Cudi cling, cau héi ti hdu 1a d6 chinh x4dc cin phai 1a bao nhiéu
va ¢6 thé trd gid bao nhiéu? Ciing phai nhan thic duge cic diéu kién
moi trudng ma trong d6 cdm bi€n sé& dude sit dung va cin phai lam gi
dé€ chic chin su sdng con survival clia né.

Nhitng phit tri€n méi nhat va tri€n vong. Cdc nha sin xuat
cam bi€n nhiét hién dang 1am viéc v&i cdc cam bién nhiét do cé thé
chiu dung dudc nhiét d6 cao hon trong khodng thdi gtan hoat ddng lau
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bén hon. Vi du, hing Honeywell dang 1am viéc vdi cdc nha sdn xuit
cdc bd nap dién turbo d€ phat tri€n ca cdc loai dién trd nhiét kim loai
RTDs va cd cdm bi&n nhiét ban din thermistors d€ ddp ng yéu ciu do
nhiét dd caotdi 1100°C .

Sv ting trudng nhu ciu xe mdy ti€t kiém nhién liéu dang din
t6i syt phdt tri€n nay. VGi viéc dua vao dp dung tiéu chuin phat xa khi
thdi EURO 4 trong nim 2005 ciing nhu tiéu chuin LEV & My, cdc nha
san xuit ddéng cd may nd dang nd lyc gia ting cOng sudt ra ngdy cang
In hon tir cac ki€u mady ¢6 kich ¢3 ngay cang nhé hon. Xu hudng hién
nay hudng tdi ting cudng st dung cdc bd chargers turbo k&€t hgp véi
kich ¢ mdy nhd. Cdc cdm bi€n nhiét d6 cao cho phép cidc hé diéu
khi€n ki€m tra dudc lugng tiéu thu khi gas clia mdy nd vdn hanh va su
qué nhiét cda cdc bd nap turbo.

3.2 — C4c phin tif cdm bié&n nhiét kim loai.

3.2.1 — Phén tif cam bi€n nhiét dan nd.

Céc nhiét k€ 12 dung cu dung do nhiét A dua trén co s& do mft
dai lugng vat 1y ndo dé ¢6 mdi phu thudc nhiét d§ tudng minh theo
mdt dinh luit nhat dinh cda chat duge chon lam nhiét bi€u. Tuy theo
dai lugng (bi€n thién theo nhiét dj) va tuy theo vit nhiét biéu, cédc
nhiét k€ dan nd dudc phin loai dya trén nguyén ly didn nd chiéu dai
ciia vit rdn hay thé tich chat 1dng hoic chat khi khi thay d8i nhiét do
(ma 4p suit khéng d8i). Phan 16n ching c6 @6 chinh xdc thdp, khong
8n dinh, nhung do don gidn vé cdu tric va ché tao nén thudng dudc sif
dung d€ lay tin hi€u trong cdc qud trinh diéu khi€n, déng ngidt mach
dién, it dugc st dung 1am cdm bi€n do nhiét dd.

Cé4c phin t¥ cdm bi€n din nd thudng dugc x€p vao loai cdm
bi€n nhiét co-dién. Ching bao gém hai kiéu:

e Nhiét k& ludng kim (bi-metal thermostat) — dua trén nguyén ly
din nd vat liéu kim loai; va:
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e Nhiét dp ké — nhiét k&€ dang 6ng bulb va dang mao din
capillary, dua trén nguyén ly dan nd chat 1ong.

Nhiét ké& ludng kim. Cic phan tifr nhiét k& ludng kim la hai
phién kim loai khdc ban chat dudc ghép chat vai nhau dudi nhiét @6 va
ap sudt, d€ tao thanh m6t bang kim loai ¢6 d6 dan nd nhiét khic nhau,
nén khi ¢6 tdc dong nhiét thi s& bi bi€n dang (dan nd cong 1én ching
han).

DG bién dang phu thudc d6 dan nd va do d6 phu thudc nhiét do.
Béang cdch khai thac do dan nd khdc nhau ciia hai vat liéu, ning lugng
nhiét ¢6 thé duge chuyén ddi thanh dich chuyén co-dién. Trong k§
thudt thi cdc phan tif dan nd ludng kim dugc dng dung phd bién trong
cdc thi€t bi dién (1am rele nhiét, rele dong, vv...).

Mot vi du di€n hinh nguyén Iy hoat dong cia ki€u cim bién
nhiét ludng kim nay dung di€u khién mot contact chuyén mach thay
ngan (hinh 3.2). Cim bi€n nhiét ludng kim nay don giin 1a mot bing
ludng kim udn hinh xodn 6c. Bing ludng kim 1a mot tim ddt mdng cia
hai kim loai ¢6 hé s& dan nd nhiét khdac nhau, Khi nhiét d§ tang, kim
loai & mat trong dan nd nhi€u hon 1a kim loai & mit ngoai, va dudng
xodc 6¢ ¢6 xu hudng dudi thing ra. Cic cam bi€n ndy dudge st dung
mot cdch di€n hinh d€ diéu khién déng md tiép di€m dién, nhu trong
nhiét k€ gia dung ding chuyén mach thiy ngan. Trong hinh 3.2 khi
nhi€t d6 ting, 6ng chita thily ngan 16ng xoay theo chiéu kim ddng hd.
Khi 6ng xoay qua nim ngang, thily ngan chdy xudng phai va dién day
ti€p xic dién gilta cdc dién cyc. Mot vu di€m ndi bat cia hé nay 1a ¢
thé st dung tryc ti€p tin hiéu ra cda chuyén mach ma khong phai
chudn hod tin hiéu. Ngay nay, cic chuyén mach thiy ngan da bi loai
khoi @ng dung bdi nhitng Iy do méi trudng, nhung cdc chuyén mach
ki€u cd cdu ti€p di€m contact di chi€m vi tri dé.
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Metal &

(expands mors than
B with tempsealure)

Metal B Glob of mercury Mercury switoh
Hinh 3.2 — Cam bi€n nhiét ludng kim diéu khién chuy€n mach thiy
ngan (trong hinh la trang thdi “ngudi™).
C6 hai cong nghé nhiét k€ ludng kim co ban:
o Phan uf tdc dong nhanh snap-action, va:
o Phin tif rdo i tir creeper.

Phin tf nhiét k& tdc dong nhanh kiéu snap- dudc tao dang hinh
dia ludng kim, c6 tinh ning thay ddi trang thdi hau nhu tic thoi (W .
‘m&’ chuyén sang ‘déng’ va tr ‘déng’ sang ‘md’). Phin tif ki€u tdc
dong cham creeper c6 dang thanh ludng kim, ¢6 tinh ning md va dong
cdc ti€p diém tir tr. Téc d6 md duge xdc dinh bdi loai ludng kim da
chon va pham vi thay ddi nhiét do ciia ching. Nhiét k& ludng kim ciing
dude ché sén theo phuong dn diéu chinh duge. Bang cdch van vit, thay
ddi k&t cau hinh hoc bén trong lam thay ddi di€m dat nhiét do setpoint.

Mot cdch dién hinh, cdc cdm bi€n co-dién dang ludng kim nay
13 nhitng bd phan cidu thanh don gidn nhat trong giao dién véi cdc Ung
dung ctia chiing. Bi tinh niing md hay déng mach khi nhi¢t do ting,
chiing ¢6 khd ning ngdt mach ngudn cung cép cho diéu khién, tdt
mach hodc déng mach ngudén cung c¢dp dm thanh cdnh bdo, bat md
quat, vv... Trong da s& trudng hdp, cdc nhi¢t k& diéu nhiét thermostats
dudc k&t ndi vao mot chin clia mach ngudn cung cap. Khi dat dén
nhiét d6 do, dung cu sé& tdc dong lam md hay ngdt mach.
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Khi phu tdi dién can thi€t vugt quid kha ning chGa nhiét k€, ¢6
thé dung nhiét k& phdi hgp vdi mot relay, mot ti€p di€m hoic phan ti
bé phan nao khac tac dong mach.

Viéc lra chon dung cu 1a rat quan trong khi sit dung cdc dung
cu cd-dién. Trong nhitng moi trudng in mon hay ¢6 d6 4m cao phai
ding nhitng dung cu dudc bao boc kin. C6 thé dung nhitng dung cu
khong boc cho titng @ng dung cu thé dya trén thong tin cung cAp tif nha
san xuat. Tuy nhién, ching cling nén boc bing epoxy hay loai vé
ngoai dic khudén nao do.

Poi véi nhitng @ng dung c6 d rung dong hay va dap cao, viéc
thi€t k€ miu la quan trong. Cdc nhiét k&€ thudng mai phian do theo
nhiét d6 dién hinh chi dua vao dp suat 1o xo 16i dé giit ti€p diém déng.
Ti€p diém c6 thé bi rung dudi tic dong rung dong & mirc d6 cao va mat
ti€p xuc sém hon du dinh. Hay tham khdo ¥ ki€n v&i nha san xuat
trong sudt giai doan thi€t k€ cho ki€u tng dung nay.

Nhitng dung cu sé phdi d6i midt vSi nhiét d6 dudi -
17,8 C (0 F)can phai khai thic chat khi tro kho bén trong d€ han ché
ngung tu hdi &m t8i mitc t8i thi€u, hay hién tugng déng bing trén bé
mit ti€p xuc. Phu tdi mach dién phai tuin theo nhitng gidi han ma nha
san xuat quy dinh. Viéc st dung mot dung cu trén mifc gidi han quy
dinh ¢6 thé din tdi hu hong vinh vién va lam hdéng cd muc tiéu ¥ng
dung.

Su lua chon dung cu nén dua trén cd sd mdi trudng 16 nhiét,
khong phai nhiét d6 do. Mot dung cu doi hdi phai hoat ddng trong
pham vi phlt hdp véi cdc tinh chat vat liéu clia né, nhung phai ciing
phdi gan xap xi mifc ngudng nhiét do nhat dinh cao hon. Theo thdi
gian, lam viéc d mifc ngudng nay sé dan tdi su hu hdng dung cu.

Cac nhié€t k€ ludng kim da dugce sit dung hon 50 nim nay trong
nhitng #ng dung khidc nhau nhu mdy ndu caphé nhd giot hay trong tau
con thoi van chuyén vii tru Space Shuttle. Trong khi dude coi nhut mot
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gidi phdp gid thanh thdp d6i véi thi trudng cung cip, ching ciing 12
mst cong cu ¢6 d an toan tin cdy cao d€ st dung lau bén trong céc
Ung dung quéan sy hay v try.

Céc cdm bi€n nhiét k€ ludng kim déu c6 sdn theo cdc phudng
dn dung cu hd hay bao kin & nhiét d§ ting cao. Tuy theo ki€u loai
dung cu dugc lua chon, di€m dat nhiét dd c6 thé trong pham vi tf -85
t6i +371°C (tiY -120 t8i +700° F ). Mot s6 dung cu sif dung mét bd gia
nhiét bén trong d€ cung cip tinh ning chdng cd nhiét d qud ngudng
va qud dong.

Céc dung cu nhiét k& ludng kim dugc ché sdn theo nhiéu kich
c3, k€t cau va tinh ning khdc nhau. Bdi thudng phdi mang tdi @ng
dung thyc t&€, ching khong doi héi bat ky gidi phdp mach phu thém
nao d€ thuc hién chic ning clia minh. Céc tinh ning dong tdi thudng
¢ tir phu tdi thd cho tdi dong cao ¢3 25 A trén gidy [A/s]. P§ chinh xédc
clia cdc sdn pham tiéu chudn 1a khodng +1,7°C(£3°F).

Céc nhiét k& thermostats ¢6 tudi tho 14u bén mdt cdch di€n hinh
véi phu tdi dién dic trung va c6 thé bi€n ddng tuy thudc vao vige
ching dugc ding trong Wng dung diéu khién hay ki€m tra nhu thé nao

Uu diém:
» Giao dién tryc ti€p véi mach ¢ng dung d8i v4i nhitng ddp
Wng nhanh.

= Khoéng dodi hoéi nhitng linh kién / mach di€n phu trg.
= Pudc ché sin & ca hai miu thi€t k€ 12 c6 bao kin hay khong
vd boc.

» C6 tinh ning chiu dong tdi I6n.

* Pham vi nhiét d§ lam viéc rong.

* Pudc dinh gid dua trén cd sd thi trudng / (ng dung.

» Sin c6 nhitng phuong 4n tinh ning an toan tin cdy chat
lugng cao 1ng dung cho quan su va cho NASA.
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Nhudc diém:

= PO chinh xdc thap hon hau hét cdc hé cam bién khéc.

= 6 kich thude 18n hon so vdi cdc hé cam bi€n khiéc.

= Dung cu kiéu tdc dong chdm creepage-type khong thé giao

dién vdi cac bo phan dién tt thanh phan khéic.

= C6 thé tac dong sai “chdp mach” vao thdi ky cudi tudi tho.

Nhiét ap k& Mot dang nhiét k& khac, dua trén cd sd su phu
thudc vao nhiét d6 cla 4p suit chdt 16ng, chat khi trong thé tich kin.
D6 1a ki€u nhiét biéu chat khi theo su thay ddi 4p suat hay thé tich khi
Iy tudng, thudng ding 13 nhiét biéu khi ¢6 thé tich khong doi. Chat li¢u
thu nhiét ¢é thé€ 1a chat 16ng (rudu, thiy ngin), chat khi (nitro, heli),
chit hdi (acetone). Pudc tng dung rong rdi trong cdc modi rudng dé
chdy nd, chi thi tryc ti€p khong can ngudn dién, c6 thé truyén chi thi di
xa (10[m] — d6i vSi nhiét 4p k& chat 1ong, 60[m] — chat khi). Nhudc
diém 13 d6 chinh xdc thdp (£ 1,5% vdi chat 16ng va +2,5% vdi chat
hdi), quén tinh 16n, d& bi rd ri, ... Pién hinh 1a cdc nhiét k&€ dang ong
bulb vi dang mao din capillary st dung tinh chdt mao din cta chat
16ng co gian d€ déng md bo ti€p di€m dién. Chat 16ng dyng trong ong
¢6 thé dat cach chuyén mach (150 — 200) [mm]. Piéu d6 cho phép cam
bién dudc nhiét dd 1am viéc cao hon mot chit so véi hau hét cdc cam
bién ti€p xic truc ti€p khac. Bdi gidi phdp k€t cdu cong nghé nhu vy
nén tdc dong chuyén mach clia cdc dung cu nay la chdm so véi cac
dung cu ki€u tdc dong nhanh snap-.

Cic nhiét k&€ dang Ong bulb va capillary dugc ché sdn dudi dang
don cwc—nhay don SPST (single pole, single throw) hay don cyc—nhdy
kép SPDT (single pole, double throw) va mau thi€t k& di€u chinh dugc
di€ém dat nhiét 4o trong pham vi tr -35 t61 +400 C (-31 61 7527 F).
Chiing ciing dudc ch€ xudt dudi dang dat dinh nhiét do bing tay. Bdi
két hdp tinh ning chiu phu tdi dién cao véi cdc @ng dung dau cudi dién
hinh va tdc ddng chuyén mach tuong d8i chdm cia ching, ngudi ta
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ding nhitng vt liéu ti€p xiic cyc ky cing vitng. Piéu d6 dan t6i wd
khang ti€p xic ban ddu cao, khong cho phép si dung ching trong
nhitng @Ung dung dong nhd.

Uu diém:
= C6 thé 14p dat caAm bién & vi tri khd xa bd phén diéu khién
trung tam.

* C6 sdn cdc hé qué nhiét tich hdp bén trong cdm bién.
®*  Pham vi nhi€ét d§ van hanh ring.

= C6 tinh ning chiu dong tdi 16n.

Nhugc diém:

= (6 kich thudc Ién.

* Tuong d&i ddt tién.

= Pham vi ng dung han ch€,

= Khdéng c6 kha ning ldp trinh (bdi ngudi sif dung).

3.2.2 — Nhiét dién tr& kim loai Thermoresistances.

Nguyén 1y hoat déng cia cdc cdm bi€n nhiét dién trd dya trén
cd s& su thay d6i trd khdng cla vat liéu (ddy dan kim loai hay chdt ban
din) bdi thay d8i nhiét d6. Nhiét dién trd kim loai RTD (resistive
temperature devices), cling giong nhu cdc nhiét dién trd bdn din
thermistors, khai thdc su thay ddi dién trd theo nhiét do d€ do ludng
hoic diéu khié€n nhiét do.

Céc phin tif nhiét-dién-urd kim loai ¢6 sy phu thudc dién trd
day din vao nhiét do 1a tuong ddi 6n dinh:

R, =R,(1+a.AT); (3.8)

& day, R, — dién trd & nhiét d6 T [°C], tinh bing [Q]; R, -
dién trd & nhiét A6 (din xuit) 7, = 0[°C], tinh biing [Q]; @ — hé 50
nhiét cia vit liéu trong khodng bi€n thién nhi§t 4§ AT, tinh theo don
vi [1/°K ] — d8i vGi day din vit liéu 12 ddng, thi trong khodng (0 + 100)
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[ C] gia tr1 hé s& nhiét a dudgc xdc dinh nhu tri trung binh «, =
0.00428 [1/d4). Can luu ¥ tdi gia tri cia hé s0 a: trong khoang
(t, —1,)biét R, tai fy, d€ tinh R, tai 1, trong khodng (t, —t,). khong
thé thay:
R, = R[1 +a,(t; —15)]; (3.9)
ma phai tinh theo:
R, = R, + Ryay(t, —1,) ;3 (3.10)
con R, thi dugc tinh theo biu thie (3.11):
R, = R[1+a,(t; —1,)]. (3.11)
Mot cach dién hinh, céc dién trd nhi¢t kim Joai dugc ché€ xuat tir
céc vat lidu c6 hé s nhiét do duong (tang dién trd khi nhiét 40 ting)
va gia tri dién trd dac tinh lén. Yéu ciu nita 12 hé sO nhiét cang it phu

-

thude vao nhiét d6 cang tot, nhu vay thi tri s0
t& R, sé& bi€n thién theo AT tuy€n tinh hon. Cdc chat kim loai nhu

nhiét-dién-trd cGa phéan

nickel va platin dap Ung v4i yéu cau nay tot hon ca. Pai vai ching, tri
s6 dién trd ciing vin gilf nguyén sau nhiéu 14n gia nhiét néng-lanh
(tinh t4i lap lai), tic dung clia phuong phap xt 1y nhiét lam cho tinh
ning nay van giit dugc trong mot khoang thdi gian dai (tinh dn dinh
theo thdi gian). Tri s dién trd dac tinh cia nickel va platin tucng ddi
[6n nén cho phép ding diy trd tuong doi ngin, ch& duge nhitng phan
tif cam bi€n c6 kich thude nho.

Ciac dién trd nhiét kim loai ¢ dac di€m: hé sé nhiét dién trd 16n
va on dinh; d6 bén hoa hoc cao khi bi d6t néng hodc lam lanh; co thé
san xuét loat vdi cdc dac tinh ky thuit nhu nhau. Dién trd nhiét kim
loai rat én dinh theo thdi gian, va nhd ¢6 tinh ddn gian két cau, khong
chiu anh hudng mdt céch dién hinh bdi cdc diéu kién moi trudng. Vat
liéu thudng dung la dong, sdt, bach kim platin (platinum), nickel
(nickel c6 thé do téi 250 - 300 C), ¢o thé 1a nickel/sit hgp kim, va
woltram.
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Nhiét dién trd kim loai 12 mot loai cdm bi€n nhiét d§ dua trén
thuc t&€ l1a cdc kim loai ¢6 hé s6 nhiét dd dudng PTC, ting dién trd khi
nhiét d6 ting. Hinh 3.3 gidi thiéu mdt nhiét dién trd kim loai dién
hinh. Mat day ddn, nhu platinium, dudge quidn quanh mdt thanh gém
hay thiy tinh (d6i khi cudn day dugc kep gitta hai thanh gom). Day
platinium ¢6 hé sO nhiét do l1a 0,0039[Q/Q/"C ], ¢6 nghia la dién urd
s& gia ting thém 0,0039 [Q] cho mdi ohm diay ddn ng véi mbi do
nhiét do gia tang. Cdc nhiét dién trd kim loai s@n ¢6 véi nhi€u tri s6
dién trd, ma tri sO thong dung nhat 1a 100[Q]. Nhu vay, m{t nhiét
dién trd platin 100-Q (loai Pt-100) ¢6 dién trd danh dinh la 100[ Q2] &
0°C, va né ¢6 hé s6 nhiét Ao duong PTC ¢3 0,39[Q/°C].

Céic nhiét dién trd kim loai ¢6 wu diém la chinh xdc va &n dinh
(cdc dic tinh hiu nhy khong thay ddi theo thdi gian). Nhude diém l1a do
nhay thap (su thay ddi dién trd (ing v&i mdi dd 1a nhd), ddp dng thdi gian
d6i v&i nhitng thay ddi nhiét do 1a twong d6i cham, va gid thanh cao.

Coll of wire
Inside case

Hinh 3.3 — Nhiét dién trd kim loai RTD
(resistance temperature detector).

Cam bi€n nhiét dién trd platin va nickel. Cim bi€n nhiét dién
trs platin 1a loai ¢6 dd chinh xdc cao, dugce coi nhu chinh xdc nhit, én
dinh, thutng dugc dung lam mau chudn, gid thanh cao. RTD platin
thudng dudge dung do nhiét d6 trong khodng (-200++660) ['C ], cOn
RTD nickel ¢6 thé do t8i (250 +300) [ ‘C]. Cédc dién trd nhi€t nay co su
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thay d6i dién trd kha tuy€n tinh, cho phép dién dich mot cich d& dang
sang nhiét do.

Bdi dién trd suidt thap, cdm bi€n nhiét dién trd platinium cé két
cdu diy quadn manh (dudng kinh diy trd thudng 0,05 — 0,07 [mm]) va
dai quan quanh 16i gdm dé dat dién trd 100[ Q] (xem hinh 3.2). P6
thudng 1a tri s& dién trd danh dinh tiéu chuin & 0] C ]d&i v3i céc kiu
nhiét dién trd RTDs.

Céc phan tif thue t&€ can c¢6 kha ning thay thé 13p 1dn dudge. P&i
v3i cdc phan tif cAm bi€n nhiét nickel va platin thi tri s& dién trd danh
dinh & nhiét d6 0 [ 'C']1a R, =100[Q], nén dugc ky hiéu la Ni-100 va
Pt-100. Cédc thong s6 ky thudt dac trung cda ching dudc cho trong bang
3.2

Bang 3.2 — Thong sd k¥ thuat Ni-100 va Pt-100.

Pién trd nhiét nickel 100 [ Q] — ky hiéu: Ni-100.

Hé 5o nhiét dé a trung binh, trong khodng (0+100) [ C ):

a=0,00618[1/ K]

Pham vi nhiét dé do:

(-60++150)[ C]

Gid tri co bdn:

Nhiét do -60 [ C] O[C] +100[ C]

Piéntrd 695£1,0[Q] 100,0+0,2[Q] 161,8+0,8 [ Q2]

Pién trd nhiét platin 100 [ Q] — k¥ hiéu: Pt-100.

Hé sé nhi¢t dd « trung binh, trong khodng (0+100) [ C ]:

a=0,00385[1/ 'K |

Pham vi nhiét dé do: Class B: (-200 ++650) [ 'C]

Glid tri co ban:

Nhiét do
200 C) 0 C] +200[ C] +400 [ C |
109
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Dién tro A:

18,49+ 024 [€2] 100,00+0,13[€2] 175.84%£0,20[€2] 247,04+£033[ C]
Class B:

18,49+ 0,56[ Q2] 100,00+0,30[Q2] 17584+£048[€2] 247,0410,79[°C ]

Phan ti¥ nhiét Pt-100 ¢6 hai cdp chinh xdc A va B. Cdp chinh

xdc B ding 1am phén tf thyc nghiém. P3&i véi nhitng phép do yéu ciu
d6 chinh xdc cao thi phdi ding nhitng phan t¥ cdp chinh xdc cao hon,
pham vi nhi€t d6 cling c6 thé 16n hon, nhung bi gidi han & 650 [*C].
Ngay nay cé nhitng phan tf nhiét-dién-trd c6 tri danh dinh 16n hon hay
nhd hon (10, 46, 100 [ Q]), nhung viéc dién dich tin hiéu kho6 khan hon.

Cam bi&€n nhiét dién trd sit, déng. Trong k¥ thuat cdn dung
cdc cidm bi€n nhiét-dién-trd khdc nhu sdt, déng, dugc dung nhu cdc
ch& phim RTDs gid thip. Cdm bié€n nhiét-dién-rd ddng c6 su phu
thudc dién trd didy ddng vao nhiét d6 tuong d6i Sn dinh, dugec ding mét
cdch thong dung. Ngudi ta thudng san xuit dién trd dong tir day c6
dudng kinh 0,2 [mm] va ¢ 0 ['C] ¢6 dién trd danh dinh 1a 53 [Q] va
100 [Q], dung do nhiét d§ trong khodng (-50+-180) [°C], vi & nhiét
d6 cao ddng dé& bi oxy ho4.

Su thay d8i dién trd ddng thuc t&€ 1a tuyén tinh hon platinium.
Tuy nhién, pham vi nhi§t d ctia né bi han ché& hon va né nhay véi su
xdm thuc in mon ma khdéng cé_dsi vdi platinium. Cdc dung cu dong
hay nickel/sit hgp kim ¢6 thé bi 4nh hudng bdi xdm thuc hodc cdc moi
trudng d6 4m cao va phdi dugc cach ly khéi nhitng diéu kién moi
trudng nhu viy. Cdc diy din dung néi phdn tif cdm bié€n vdi thiét bi do
thudng dude 1am tir nickel, hgp kim nickel, ddng trdng thi€c, dong
tréng bac, hay trang nickel, va dugc cdch dién bing cédc chdt déo PVC,
FEP Teflon®, TFE Teflon®, va sg¢i thdy tinh. Cdc vt liéu dugc chon
cling 4nh hudng t6i nhiét 49 ma RTDs dudgc sif dung trong do6.

Cdc nha sdn xuit thudng chiao hang cdc két cdu cho nhiét dd
thdp va cho nhiét d6 cao. Cdc k&t cdu nhiét A thdp c6 pham vi tir 400
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tdi 500" F, va thudng ¢ cac didy quan nickel hay ddng trang bac, cdch
dién bang Teflon véi 16p boc epoxy. Céc két cidu nhiét dd cao ¢6 pham
vi tr 900 t8i 1200 F va sit dung cdch dién bing sgi thiy tinh, day
quan 1a déng trang nickel vdi chat gin két gom.

Cdc RTDs c6 thé dugce ldp rdp véi nhitng vat liéu khac nhau.
Thoéng thudng da s& trudng hgp thi phdn tf cdm bi€n va cic day din
dudge diit vao mot ong thép khong ri bit kin mot dau, dude boc trong
I8p gidm chdn hay vat liéu truyén nhiét nhu bot gom.

Béng 3.3 cho s6 li€u so sanh pham vi nhiét d6 itng dung cta cac
vat liéu cdm bi€n nhiét dién trd kim loai khic nhau.

Bing 3.3 — Cdc vat liéu phan tf cdm bi€n va gidi han nhiét do.

Vat liéu Pham vi nhiét do, [ F' |
Platinium -450 ++1200
Nickel -150 + +600
Pdng -100 + +300
Nickel/Sat +32 + +400

Két cdu cam bién. Cdc cdm bi€n nhiét RTD thudng c6 két cau
bao gom mot phin i nhiét dién trd, cdc diy ndi gita phan t¥ va mdy
do, va m{t g dd dinh vi phan tit trong qué trinh do. Phdn t nhiét dién
trd kim loai 1a mét dién trd thay d8i tri s6 dién trd theo nhiét d6. Phan
tf thudng 1a mét cudén day hodc mang dién din bing chat dién din
duge khdc hoac duge cdt hinh trén né. N6 thudng c6 vo boc bing gém
va dugce gin kin biing chat gdm cement hoic biing thiy tinh. (hinh 3.4).
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Hinh 3.4 — Cdc miu thi€t k€ phan tf cdm bi€n nhiét dién rd
kim loai RTD.

Cic cim bi€n nhiét dién trd kim loai dang day cudn va dang
mang moéng khic miu duge ch€ xudt dudi nhiéu cdu hinh tiéu chudn
khiac nhau. Pién hinh 12 dung cédc chat cdch dién loai Karton, caosu
silicon, Mylar hodc vat liéu dién moi polyester sach. Chiing c6 thé
duge 14p rdp 1én nhitng bé mat cong hodc bé mat hinh dang bat thudng
bing cdch sif dung chdt gdn k&t nhay dp sual, keo ddn nhigt din, bing
dai silicon hodc kep c¢d khi. Dang ciu tric nay dic biét thich hgp cho
viéc ki€m tra nhitng bé mit dién tich 16n nhu mat ngoai dudng ong
hoic bé chita. Chiing cling ¢6 thé dugce tich hgp thanh mdt mach dot
néng linh hoat ding trong k¥ thudt di€u khi€n 15i vu.

Trong k¥ thudt nhiét d§ dung day nhiét-tré kha manh, dudng
kinh ¢3 (0,05+0,3) [mm]. Day cuén theo nhiéu kiéu: ki€u don linear,
kiéu chdp ddi bifilare. Hinh 3.5 gidi thi¢u mot vai kiéu cudén diay nhu
vay.
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Hinh 3.5 — Ki€u dang cic phan ti nhiét-dién-trd kim loai:
a). Ki€u ddy cudn don; b). Ki€u diy cudn dbi; ¢). Ki€u mang méng.

Trong mot s6 ch& xud't cong nghiép, diy din nickel minh dudc
quin trén ban thiy tinh hay mica. Bin gid cudn diy dudc boc ci hai
phia bing bing mica. Lép phi duge ¢6 dinh bing dinh tdn hay bing keo
ddn. Mt ki€u khic c6 16i cudn day 1a 6ng thiy tinh, boc phi bing dng
mém bio vé. C6 loai 1a day platin quin trén 16i gdm va phd bing mot
Idp gom sit. Ki€u nay dic biét t6t cho nhitng iwng dung & nhiét d6 cao.

O nhiing ki€u néu trén ciing ¢6 thé quin day ki€u cudn dbi.
Ki€u day cudn d6i khong bi dong cim ¢ng khi dau dién, thém vio dé
¢6 th€ 1am viéc véi dién xoay chiéu. Chiing cho phép ddu mach nhu
hai phan tir bi€n trd doc 1ap, ¢ thé thyc hién phuong 4n mot phan ti¥
dung cho mach do — chi thi, con phén tif kia ding cho mach diéu khién
— khong ché. Cdch cuén day chip d6i ciing 1a d€ tuy&n tinh ho va ba
cdn biing gid tri do. M6t wu di€m nita 1a ¢4 hai phdn t¥ déu trong cing
nhitng di€u ki€n, mdi trudng nhu nhau, khi duge mic mach thich hgp
¢6 thé bu trit duge nhitng 4nh hudng moi trudng nhiéu.

Trong @ng dung thuc t& thudng can dé€n nhitng phin & cé kich
thude nhd, t€ vi. Piéu nay din tdi cong nghé ché€ xuat mdi. Thay vi
day ddn kim loai, ngudi ta ding bi€n trd mang moéng. Cdc I6p mang
moéng nay dude phi theo nhi€u phuong phiap cong nghé khéc nhau 1én
nén phing hay 16i hinh tru. Kich thudc hinh hoc dudc gia cdng, tinh
chinh chu@n xdc bing tia laser, nhitng mép ria mang mong va 1dp pha
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dudc tao dang chinh xdc. Nhu vady, dd chudn xdc gia céng rat cao.
Phin ti¥ bi€n trd nhiét ¢6 kich thudc nhd, va do d6 ma khdi lugng cling
nhé, cho phép ¢6 duge tdc do ddp Wng cao, gan nhu tic thdi. Hinh 3.3¢
gidi thiéu cdu tric mdt phan tif bi€n trd mang mdéng platin nhu vay.

Phin tif bi€n trd nhiét dugc 1p trong mét vd dng bdo vé§, ¢6 chi
ti€t ¢6 dinh 14p rdp (ddu ren) va & ddu day ra, cho nén nhirng dau do
nhu vy dudc goi 1a “nhiét k€ nhiét-dién-trd” (hinh 3.6).
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Hinh 3.6 — Hinh dang k&t cdu nhiét k& cong nghiép:
a). Nhiét k& dién trd kép, gé ldp bing ren vit;
b). Nhiét k& dién trd c¢6 & ndi day.

Phin ti nhiét dién trd trong RTD dugc ch€ tao cho mdt tri s&
dién trd dic trung & mdt nhiét dd nhat dinh. Cdc dudng cong dac tuyén
dién trd doi véi cdc RTDs dugc ti€u chuin hod bdi nhi€u hdang dai dién
khéc nhau, 1am cho RTDs d& dang thay th€ 14p 14n dugc trong s cic
ch& xuit loat. '

Kiéu dang k&t cdu, dic biét trudng hgp c6 v6 boc bdo vé, tat
nhién s& 4nh hudng nhiéu tdi dic tinh thdi gian cua phan ti¥ bi€n trd
nhiét. Hinh 3.7 1a d thi dic tuy€n ddp ing dSi vdi thay ddi nhiét do
trong pham vi 20 [ °C ] clia ba ki€u nhiét-dién-trd Pt-100 khdc nhau.
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Hinh 3.7 — Pdc tinh thdi gian ctia nhiét-dién-trd kim loai.

Hiéu chuin cam bié€n. P chinh xdc cia cdm bi€n 12 ham cia
dung sai ché€ pham va hiéu chuin phu trg bat k¥ nio ma cam bién ¢é
thé cé dudge. Hiéu chuin c¢6 thé ting cudng d6 chinh xdc ctia mot dién
trd nhiét gap 10 lan dung sai ché pham. Céc tri s& dd chinh xdc trong
bidng 3.4 cho dung sai ch€ pham chit ché& d€ tinh chinh cdc RTDs vdi
di€ém déng bing R, +0,1% . Tri s& cia dién trd mang mdng trong bang
3.5 danh cho diéu chinh tinh cdc RTDs platinium. Ca hai trudng hdp
mang mong va day quan tinh chinh RTDs véi 0,00385 tri alpha tuong
ung IEC751 Class B.

Trong viéc ddnh gid chit lugng loat 16n, cic RTDs ¢6 thé dugc
tinh chinh bing laser dat dién trd dinh chudn theo tinh ning thay thé&
ldp 1An & nhiét dd bat k¥ trong khodng tir 0 t&i 150 C hoidc & diém
déng biang 1a 100 hodc 1000Q. Viéc tinh chinh bing laser ciing cho
phép lam cho dién trd cia RTDs phu hdp véi cdc gid tri hiéu s& alpha
d nhiét dd muc tiéu do.
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Bédng 3.4 — D6 chinh xdc theo nhiét dd.

Pi€m déng bang, 1000 100 100
Tri alpha 0,00375 0,00385 0,003902
Nhiét dd, ["C ] Piéntrd £+ AR, [Q]
-200 5,1 0,5 0,5
-100 2,4 0.3 0,3
0 1,0 0,1 0,1
100 2.2 0,2 0,2
200 4,3 0,4 0,4
300 6.2 0,6 0,6
400 8,3 0,8 0,8
500 9,6 1,0 1,0
600 10,4 12 1,2
Nhiét dd, ["C ] Nhiét ddé £ AT ,[°C]
-200 L2 1,2 1,2
-100 0,6 0,6 0,6
0 0,3 0,3 0,3
100 0,6 0,6 0,6
200 1,2 1,2 1,2
300 1,8 1,8 1,8
400 2,5 2:9 2,5
500 3,0 3.0 3,0
600 3,3 3,6 3,6
Bdng 3.5 — Pién trd nhiét platinium theo nhiét dg.
Piém dong 1000 [2] 100 [ Q2] 100 [Q2] 100 [Q2]
bang, 0,00375 Pt | 0,00385 Pt 0,00385 0,003902
Tri s& alpha, |Mang méng|Mang méng| PtWW PtWW
Kiéu dang
Nhiét 49, [*C ] Pién trd, [Q ]
-200 199,49 18,10 18,10 19,76
-180 284,87 26,81 26,81 28,01
-160) 368,57 35,35 35,35 36,17
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-140 450,83 43,75 43,75 44,27
-120 531,83 52,04 52,04 52.31
-100 611,76 60,21 60,21 60,31
-80 690,78 68,30 68,30 68,27
-60 769,01 76,32 76,32 76,22
-40 846,58 84,27 84,27 84,15
-20 923,55 92,16 92,16 92,08
0 1000,00 100,00 100,00 100,00
20 1075,96 107,79 107,79 107,92
40 1151,44 115,54 115,54 115,84
60 1226.44 123,24 123,24 123,76
80 1300,96 130,89 130,89 131,69
100 1375,00 138,50 138,50 139,61
120 1448.56 146,06 146,06 147,53
140 1521,63 153,37 153,57 155,45
160 1594,22 161,04 161,04 163,37
180 1666,33 168,46 168,46 171,29
200 1737,96 175,83 175,83 179,21
220 1809,11 183,16 183,16 187,14
240 1879,78 190,43 190,43 195,06
260 1949,96 197,67 197.67 202,98
280 2019,67 204,85 204,85 210,90
300 2088,89 211,99 211,99 218,82
320 2157,63 219,08 219,08 226,74
340 2225,89 226,12 226,12 234,66
360 2293,66 233,12 233,12 242,59
380 2360,96 240,07 240,07 250,51
400 2427,78 246,98 246,98 258,43
420 2494,11 253,83 253,83 266,35
440 2559,96 260,65 260,65 274,27
460 2625,33 267,41 267,41 282,19
480 2690,22 274,13 274,13 290,11
500 2754,63 280,80 280,80 198,04
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520 2818,55 287,42 287,42 305,96
540 2881,99 294,00 294,00 313,88
560 294496 300,53 300,53 321,80
580 3007,44 307,01
600 3069,44 313,44
620 3130,96 319,83
640 3191,99 326,18
660 3252,55 332,47
680 3312,62 338,72
700 3372,21 344,92
720 3431,32 351,08
740 3489,95 357,18
750 3519,09 360,22

Mot s8 vAn dé \ng dung. Cdc di¢n trd nhiét kim loai dugc si
dung cho nhifng &ng dung dan dung khédc nhau k€& ca 6t6, cdc bd diéu
hoa nhiét do, cdc dd gia dung nhd, b&p 10, may lanh ti lanh, di€u hoa
khong khi, cdc loai 10 nudng, va may niu nudc néng. Chiing ciing phd
bi€n trong cdc @ng dung cong nghi€¢p nhu diéu khi€n qud trinh sdn
xuat, cdc mach va cdc t8 hdp dién ti¥, mdy in, mdy vi tinh xdch tay,
mdy tinh, bd ngudn cung cdp, cdc hop battery, do nhigt d§ dong cd va
8 a3, vong bi, HVAC, cédc thi€t bi va cdc budng thit nghiém mébi
trudng. Cédc @ng dung y t€ bao gdm binh hai thd (oxy) respiratory, 16ng
&p incubator, budng c&y khudn culture, va budng khi¥ tring
disposables.

Phan ti cdm bi€n nén dinh vi & chd ma né c¢6 thé nhanh chéng
dat téi nhiét d§ ctia qud trinh cin do. Céc dién trd day cudn phdi dugc
ghép chit mot cdch tuong ng trong cdc Ung dung ¢6 dd rung AGng va
shock va dap cao. Cdc day nGi phan tif cdm bi€n vdi mdy do cho phép
thuc hién phép do Y xa vdi khodng cdch 16n.
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Khi tich hop RTDs thanh cdc mach do, can phai tinh dén ca dién
trd ti€p xdc. PAi v8i mbi su gia ting 0,33 Q do dudng diy ndi, thi sé
tudng @ng saiso6 1 ' C.

Ciing can phai luu ¥ dén viéc ti€p mass va hién tudgng phat
nhiét ty thdan cia dung cu trong @¥ng dung. Bdi vi d6 1a linh kién dién
trd, ching tao nhiét ty than thém vao nhiét ludng can do. Bd ivi nhiét
dd do tang 1€n, dién trd cliia dung cu gidm xudng, hiéu ng phat nhiét
tu than sé€ ting lén. N€u vo mass va dé nhiét din ¢6 tic dung, thi hiéu
tng nay sé& c6 thé bd qua. Tuy nhién, yéu cau vé do chinh xédc ciia toan
hé doi hoi phéi luu ¥ téi viée nay.

Dudi day liét ké mét s& uu nhude di€m chinh cla cdc nhiét dién
trd kim loai RTDs.

Uu di€m:

= Ratchinh xdc va ¢6 tinh lip lai dac tinh k¥ thuat.

= Pham vi nhiét d6 rong tr -200 t3i +650 C (-328 t8i +1202° F
tay loai.

* Do 6n dinh cuc ky cao thdi gian: d6 tr6i >0,1 C /nam.

= Tin hiéu dién 4p ra 16n hon loai nhiét ngau.

* DO tuyén tinh dién trd tuyét voi.

= Dién trd ¢6 thé xdc dinh tyrong phong thi nghiém va sé khong
bi€n ddng dang k€ vdi thdi gian.

* C6 kha nidng cdm bi€n nhiét d6 dién réng hay nhiét do6 diém.

= (6 tinh thay thé€ ldp 1an t6t v@i bién ddng thap.

= C6 thé dung cdp ndi tiéu chuin d€ két ndi vdi thi€t bi diéu
khién.

= Dic tinh xuat xudng phi hgp vdi dudng cong dién trd.
Nhude diém:

Gia thanh cao hon thermistors va nhiét ngiu.
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* Hién trgng phat nhiét ty than cé thé dnh hudng d€n dé chinh
x4c toan phan clia hé.

» Kich thudc 16n hon thermistors va nhiét ngéu.

= Khong ldu bén nhy cép nhiét ngiu trong cdc mdi trudng rung
ddng cao va va dép 16n.
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Hinh 3.8 — C4c ki€u két ndi dau do nhiét-dién-trd.

Po nhiét d¢ biing nhiét dién trd. Cac dung cu do thif cip cla
nhiét k&€ dién trd thudng 12 cdc ciu do trd: cdu can bliing, cau l§ch,
logometer (cd cau do tir-dién khung day chéo) d€ chi thi tryc ti€p thang
" do nhiét d6, hodc mdy ty ghi, hay trong céc thi€t bi tu dong diéu khién,
diéu chinh.

Trong cdc phép do nhiét dd biing cdc ddu do nhigt-dig¢n-trd thi
dién trd day ndi s& dnh nhiéu tdi k€t qua do. D€ khdc phuc dnh hudng
d6 ngudi ta st dung nhiéu ki€u k&t ndi khdc nhau (hinh 3.8). J so dd
mach n&i hai ddy thi mach cdu do ti€p nhén toan bd trd khdng ciia dau
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do. Anh hudng dién trd diy ndi ¢6 thé dude hiéu chinh bing dién trd
diay dén cdn bing khong phu thudc nhiét d6 & mdi trudng nhiét do6
khong ddi. Sd d6 ndi mach ba diy cho phép thuc hién phép do &
khodng cdch xa tir ddu do t8i mdy do. Anh hudng nhiét d6 1én dudng
day n&i s€ bi giam thi€u. Phép do chinh xdc nhit dude thuc hién theo
s dd bon diy ndi. O day anh hudng dién trd diy ndi dude khdc phuc
bdi tich biét dudng dan dong va dudng din dién dp ra.

Trén cd s3 cac ki€u két ndi mach do nhiét dién trd nhu trén, ¢é
cdc dang mach @ng dung cu thé cho cdc RTDs dudi day.

Mach 2-ddy. Mach cau Wheastone 14 cdch ti€p cdn thong dung
nhat dé do dién trd nhiét kim loai RTD. Vi dién trd nhiét ting hay
giam theo nhiét d6, nén tin hiéu dién dp ra ¥, ciing ting hay gidm.

Dung m&t mach khuyéch dai thuit toin Op-Amp d€ theo doi V.

Pién trd day né1 L, va L, dugc din truc ti€p tif chin RTD ctia mach
cau (hinh 3.9).

Hinh 3.9 - Hinh 3.10 —
Mach do nhiét d 2-day. Mach do nhiét d6 3-day.

Mach 3-day. Trong cdch ti€p can nay, L, va L, tai dong dién
cau. Khi cau cén bing, khéng c¢6 dong chay qua L,, cho nén khéng
thdy c¢6 dién trd diy L,. Ciu sé mat can bing khi dién trd nhiét RTD
thay dGi tri s6. Ding mach Op-Amp dé€ quan sit V

aut

va ngan dong
chdy vao L,.Cac hiéu dngdiénrad L, va L, sé bi loai bé khi L,=1,

bdi ching nim & hai canh khdc nhau ctia mach cdu (hinh 3.10).
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Mach 4-diy. Cic ti€p cin mach do 4-diy dung mot ngudn dong
hiing d€ loai trit cdc hiéu ¥ng ddy dan thdm chi khi L, # L,. Ding
mach Op-Amp d€ quan sat ¥, va ngin dong chdy vao L, va L, (hinh
3:1.1).

L,
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Hinh 3.12 — Mach do nhiét d6 ki€u chuy€n mach.

Chuyén mach nhiét 4. Mach do hinh 3.12 1am dién 4p ra bi
chét lai khi nhiét d6 ctia RTD vufgt qua mot gid tri ¢8 dinh 7,. Piura
collector md 1am don gidn hod giao dién mach véi cdc by phin dién t¥
phu trg (hinh 3.12).

Chuyé&n mach nhiét d¢ cé tr&. Mach dién hinh 3.13 dung mach
phdn hdi duong tir diu ra d€ lam phdt nhiét ty than RTD di dé€ phat
tri€én mot khodng tré trong dic tinh cda chuyén mach. Mt khi m&
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mach, nhiét d6 phdi rét xuéng di thip d€ dinh thién offset tu phat
nhiét truGe khi chuyén mach mat hiéu luc (hinh 3.13).

-

} e
T, 1.

Hinh 3.13 — Mach do nhiét d6 kiéu chuyén mach c6 tré.

3.2.3 — Cap nhiét-ngdu Thermocouple.

Nguyén ly hoat dong. Phan tif cam bi€n theo nguyén 1y nhiét
ngau ¢6 k€t cdu dau do 1a cip nhiét-ngiu, tao & ddu ra mdt nhiét-dién-
dong (tir day vi€t tdt 12 nhdd. thermoelectromotive force) tuy thudc téc
dong cua nhiét do.

Nguyén ly nhiét ngiu dua trén ¢o sd hiéu ng Seebeck (T.
Seebeck, ngudi Bitc, 1770 — 1831): su phdt sinh thé-dién-ddng nhiét-
dién trong mdt mach kin bao gdm cdc vat din khdc loai han ndi véi
nhau va cdc mdi han dugce gitt & nhiét dd khac nhau (hinh 3.14). Mach
dién d6 goi 1a cap nhiét-ngdu (thermocouple).

Moi cap nhiét ngdu déu ¢é6 m6t mai ndi dude tham chi€u nhu 13
“dau néng” (hodc goi la diu do, ddu 1am viéc), va ddu ndi kia 13 “diu
ngudi” (dau tham chi€u). Mot dau cla nhiét ngiu (diu do) dude dua
vao moi trudng nhiét dd can do, trong khi dau kia dude gitt 3 mot nhiét
do bi€t trude — nhiét d6 tham chi€u (hinh 3.15). Pau ngudi ¢6 thé hoic
la mét ué€p gidp tham chi€u duge gitt & nhiét d6 0°C (32°F), hodc ¢cb
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thé duge mic vdi mot giao dién dién tir bu trir nhig¢t d§ mdi trudng
xung quanh.

N

~
<
Il
N\

Hinh 3.14 Hinh 3.15
Sd db nguyén ly nhiét ngau. Cap nhiét ngdu thermocoupler.

Khi hai ddu ndi phdi chiu nhitng nhiét d6 khdc nhau, thi dong
dién chay trong cdc diy din ty 1€ v6i hiéu s6 nhigt d cia ching. C6
thé xdc dinh dugc nhiét dd ddu do mét khi bi€t ki€u cap nhigt ngiu sir
dung (vt liéu), dd 16n nhiét dién dong (thudng tinh bing millivolt), va
nhiét d6 cia ddu tham chi€u.

Céc cap nhiét ngdu dugc phan loai theo dang hi¢u chudn bdi
dién dp (hay goi tit th€ dién ddng EMF electromotive force) khdc nhau
ctia chiing, cling tifc 12 dic tinh ddp @ng nhi¢t 4. Pién th& millivolt 1a
ham ctia hdp chdt vat liéu va ciu tric luyén kim dién dan cda ching.
Trong thuc t€ ng dung, thudng thi thay vi dugc ky hi¢u bing tri s6 &
mot nhiét dd dic trung (nhu Pt-100, Ni-100,...), cdc cdp nhiét ngiu dugc
cho theo tiéu chuin hay theo c4dc gidi han dic bigt sai sO bao trim mot
khodng pham vi nhi€t dg.

Néu nhiét d6 dau tr do duge gitt & nhiét d§ khong ddi T,=
const, thi nhdd. trong mach 1a ham cGa nhiét d6 ddu kia, tifc 12 dau lam
viéc. Nhdd. s& biing O [V] néu cdc diu ty do va ddu lam viéc c6 cung
nhiét d6. Sai léch nhiét d§ gilra diu lam viéc T va dau wy do 7, ma

cang 16n thi nhdd. U, sinhra trong mach s& cang Idn:
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Upm =k(T -T,)=k.AT; (3.12)

¢ day: U,, — nhdd. clia phin t& nhiét-dién; 7 — nhiét d6 diu
lam viéc (& di€m do); 7, ~ nhiét d6 ddu tr do (nhiét d6 tham chiéu &
di€m can bing); k — hiing sd vit liéu, phu thudc bdn chat diy nhiét-
dién.

Hing s6 vat liéu & néi chung 1a hé s phu thudc nhiét d6, cho
nén dic tuy€n bi€n thién cliia nhdd. khéng hoan toin tuyén tinh. Hon
nta, nhdd. phu thudc vao chénh 1éch nhiét d6 di€m do va di€m cin
bing, do d6 phdi bi€t trudc nhiét d6 dau tr do & di€m can bdng va phai
gi cho n6 khoéng déi trong sudt thai gian do (dung lam nhiét d6 tham
chi€u). Khi d6, phép do nhiét d6 don thuin chi 1a mot phép do dién dp.

oo op]  Ddy nhiérdién(+) | T
Phdnwp |l F S R
nhiét-ngdu { A €% _ R @
wiie il Diy nhiét-dién (-
Biémdeo Diémcdn bd‘ng nhiéy Mdy do

Hinh 3.16 — Nguyén Iy do nhiét d6 biing cip nhiét-ngiu.

Hinh 3.16 gidi thi€u nguyén ly sg dd phép do nhiét d6 bing
phan tir nhiét- ngiu trong pham vi (-200++1800) [ C ]. Uu diém ctia sd
dd nay la khéng can cé thém ngudn dién phu nao (do d6 cap nhiét
ngau dugc coi 1a phan t tich cuc, khdc véi nhiét dién trd — phian tf thu
dong, lam viéc vSi mach ngudn cung cap tir ngoai).

Pham vi nhi¢t d6 lam viéc cla cdc phan tf nhiét-ngiu chi yé&u
tay thudc & vat liéu nhiét-dién. PE ¢6 dudc 46 chinh xdc cao, can luu y
d€n d6 tuyén tinh va tinh nang tdi lap dic tuyén clia phan ti.

Phin loai va dic diém Wng dung. Trong ting dung ky thuit,
phé bién cdc cap nhiét ngiu sau:

e Platin—PlatinoRhodi (90% Pt. 10% Rh) — dién cuc 1a kim loai
quy, dé chinh xdc cao (107 [mV]), 46 bén ho4 hoc cao, thudng
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dung lam cap nhiét miu dé€ ki€ém chudn cdc nhiét-ngiu thyc
nghiém, s dung do nhi€t d cao (ch€ d6 lam viéc lau bén:
1300 [°C], do nhanh: 1600 [°C]). Tuy ¢6 dd chinh xdc cao nhit
va tinh 8n nhiét cao, nhung so vdi nhitng cdp nhiét-ngiu khac
thi PtRh-Pt c6 gid tri nhdd. nhé hon, tic 12 mic tin hiéu dau ra
nhd. Ngay nay c¢6 nhitng ch€ pham géc platin dung d nhiét d
do cao hon.

e Cromen—Alumen, lam viéc bén vitng trong mdi trudng kiém,
kh4 bén trong moi trudng axit, do nhiét d§ tr -50 [*C] t&i 1100
[ 'C], do nhanh ¢6 thé t6i 1300 [°C;

e Cromen—Copen, lam viéc bén trong cd mdi trudng ki€ém va
axit, do nhiét dd tir -50 [°C ] tdi 600 [°C ], do nhanh c6 thé (6i
800 [C].

e Nickel-Nichrom Ni-NiCr c6 thé 1am viéc t6i 1000 [*C ].

Loai cd
cdch dién

cich dién ,Béuhdn |

Diém do
Hinh 3.17 — Ciu tric nhiét-ngiu.

Ngoai ra cdn c6: (ddng) Cu—Constantan (nay khong ding nira).
(sit) Fe—Constantan ¢6 nhiét-dién-déng cao, va Fe—Copen.
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Day nhiét-ngiu c6 ti€t di¢n nho, do d6 diém do cé 46 dan nd
ah. ¢6 thé thie hién phép do nhiét do diém. C4u tric phin ti nhiét-

ngau gidi thiéu trong hinh 3.17.

Bang 3.6 ké thong sd cdc loai nhiét-ngiu thong dung trong Ky

thuat. P&i véi cdc loai day nhiét-ngiu thi phadi ddp @ng nhiing yéu cau
ddi hoi vé tinh chat, thanh phin vt liéu. Trong bang c6 néu nhiting d¥

liéu do.

Bang 3.6 — Thong s6 k¥ thudt chi y€u cta cdp nhiét-ngau.

Pham vi
s g lL.viéc
L°"‘n’g';:é" T { C 1|Diy nhiét-dién ﬁ;’: Vit liéu Phu liéu
Liu [Ngdn
Cu-Constantan (700 |900 |Pdng (+) |Pdng dién phian -
Constantan (=) |100%.
Cu 53%, N1 45%, Mn |AlSi,
1,2%. Co, Mg. |
Fe-Constantan |700 |900 |[Sit (+) [S4tky thuart, nguyén
chat, pha <0,1% (S, Si,
Constantan (=) [Mn, C). Al, Si,
Cu 53%, Ni45%, Mn |Co,Mg.
1,2%.
NiCr-Ni 1000 11300 |Nickel Chrom | (+) |Ni 89%, Cr 10%. Si, Al
Nickel -) |Ni 95%, Mn 3%, Al Mg, Co.
2%.
PIRh-Pt 1500 (1800 |PlatinRhodium | (+) |Pt90%, Rh 10%.
Platin (=) |P1100% nguyén chat.
PtRh 30-PtRh 6 [1500 [1800 |PlatinRhodium | (+) |Pt70%, Rh 30%.
Platin (=) |Pt94%, Rh 6%.
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Hinh 3.18 — Pic tuyén ciia cdc phan tif nhiét-ngau.

Bén canh d6, dic tuyén cda céc cap nhiét-ngiu c6 4o phi tuyén
trong pham vi nhiét d¢ rong, diéu nay c6 thé nhin thdy trén hinh 3.18.
Phai khdc phuc dd phi tuy€n bing bién phdp hoan thién thi€t bi hay xi
1y tin hiéu d€ c6 thé dat d6 chinh xdc cao.

Bing cach ing dung nhiing td hgp vat liéu khdc nhau cho ra tin
hiéu dién dp cao hon &ng vdi Hiéu nhiét do, chiing cho tin hi¢u phu
hgp v6i dudng cong dic tuy&n dién 4p gan tuyén tinh. Piéu d6 lam cho
cdc nhiét nglu giao ti€p don gidn hon v6i bd phén chi thi hay diéu
khién controller.

Cic cip nhiét ngiu thuong mai ¢6 sdn vdi nhirng pham vi nhiét
d6 va do nhay khdc nhau (49 nhay dugc do bing V/dg). Hinh 3.19 gidi
thiéu dic tuyén dién 4p theo nhigt do cia cdc kiéu class nhiét ngiu
thuong mai c6 s&n trén thi trudng. Nhu ta c6 thé thdy, ki€u J (Fe-
Constantan) c6 4o nhay cao nh4t, nhung pham vi nhiét d6 do thap nhat;
ki€u K (Chromel-Alumel) ¢c6 pham vi nhiét d do cao hon nhung dd
nhay thdp hon; va ki€u R (Platinum-Rhodium) c¢6 d§ nhay thdm chi
con thdp hon nita, nhung ¢6 th€ 1am viéc & nhitng nhiét do cao.

Céc bang tra c6 sin cho quan h¢ di¢n dp — nhiét do cua cap
nhiét ngiu chinh x4c (3 ¢ hai thang nhi¢tdd "C va " F).
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Hinh 3.19 — Piu ra thermocouples ing véi cdc ki€u diy nhiét ngiu
(tham chiéu 0 C).

Cac cap nhiét ngiu c¢6 két cdu don gidn va thdé nhung doi hoi
phdi ¢6 nhitng bd phéan dién tir d€ gidi quyét nhitng thudc tinh vén cé
clia ching nhu d6 nhay thdp va cdc van dé nhiét do ti€p giap ngudi.
Tuy nhién, bdi 12 nhitng cadm bi€n nhiét khi tuy€n tinh (trong mot
pham vi gidi han), an toan tin cay, va on dinh, chiing vin chi€m dugc
tng dung réng rai trong cidc phép do nhiét d6 cao, nhat 1a trong cic 1o
luyén kim va 10 nung.

Vi du 3.1. Gia thi€t ¢6 mdt 10 nung dude gitt & 1000[° F ] bing
mot hé diéu khi€n, nhung ¢6 kha ning ddng ngd 1a nhiét dd c¢6 thé con
thip hon mic d6 nhiéu. Ta ¢6 trong tay mot cip nhiét ngdu kiéu J va
mot volt-k€. Lam sao ¢d thé diing cdc thi€t bi nay d€ ki€m tra nhiét d6
16 nung ?

Trudce khi di vao gidi bai toan ldy lam vi du nay, ta hiy khdo sit
trudng hdp modt cdap nhiét ngidu Fe-Constantan (lam tr st va
constantan, hgp kim cia ddng, nickel vd mangan) tao ra dién dp x4p xi
35 V' /" C]. Hinh 3.20a minh hoa trudng hdp nay.
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Hinh 3.20 — Mach nhiét ngiu (loai Fe-Constantan): a). Nguyén ly;
b). Cap nhiét ngiu mic mach véi day ndi bing dong.
Ta c6 thé nghi vé céc ti€p gidp & mdi dau day kim loai khic
nhau khi tao ra dién 4p, cho nén dién 4dp toan phan V,,, thuc sy la hi¢u

s& giita hai dién 4p ti€p gidp. M6t ti€p gidp & trén dau do va dudc goi
la “ddu néng”. Ti€p gidp kia dugc gilt & mot nhiét do tham chi€u bi€t
trude va duge goi 12 “ddu ngudi”, hoac 1a ti€p gidp tham chi€u. Dién
4p ra tif hé nay c6 thé dugc bi€u dién nhy sau:

AR S (3.13)

Trong thuc t&, cdc diy nhiét nghu phai n6i v6i nhitng diy dong
& diém niao d6 nhu vé trén hinh 3.20b, cho nén thyc t&€ c6 ba ti€p gidp.
Tuy nhién, thuc ra la di€n dp toan phan tir hai ti€p gidp day ddng ciing
giong nhu dién 4p ti€p gidp ngudi don V,,, trong hinh 3.20a (gid thiét
ring céc ti€p gidp ddng & cuing nhiét d§), cho nén phan tich trén khong
c6 gi thay ddi.

Gidi. Trudc tién, hay dua cap nhiét ngdu vao 10 va ndi cdc day
din ra cta cap nhiét ngdu vdi volt-k€ (hinh 3.21). Hay rdng lam sao
cho céc ti€p gidp ngudi cla cip nhiét ngdu ndi vdi cdc ddu diy mdy do
& cing mot nhiét d6 clia mdi trudng xung quanh, né khodng
90[° F J(nhu chi thi ciia nhiét k€ treo trén tudng).
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Volt-k€ chi thi khoang 17[mV], ma theo biéu thic (3.13) d6 la
gid tri cia ¥V, ,. Trén dd thi hinh 3.19 (d6i vdi nhiét ngiu ki€u J) dudc
lap cho triGng hop ti€p gidp ngudi & nhiét dd déng biang (0 '), khdong
hoan toan ding nhu trudng hop nay. Tir do thi ta thiay ring 90 F sé cho

ra khodng 2,0[mV]. Ta ¢6 thay tir bi€u thic (3.13) ring néu V

cota 1ANE
1€n thi s& giam V. cho nén néu ta dinh ding d6 thi hinh 3.19 thi phai
bu trif bing cdch ting chi s do ctia ta tir 17[mV] 1&én 19[mV].

Bay gid dung do thi hinh 3.19 d&i véi 19[mV] ta doc nhiét do
tuong dng la 660[ F]. Nhu vdy, nhiét dé thip hon midc 1000[ 7]
nhiéu, cho nén rd rang la ¢é van dé gi hu hong trong hé diéu khién
nhiét do.

— 17 mV
— Voltmeter | )

oven il I T 90°F

e e e

RErT

(e T,]

Hinh 3.21 — Po nhiét dé 10 nung biing cap nhiét ngau (vi du 3.1).

Diy ndi nhiét-ngidu. Diy nhiét-ngiu cia phan tf¥ nhiét-dién
thuding ¢6 dau ndi din ra ngay canh diém do, va nhu vay ¢é sur can
thi€t phai ndi dai diay din tdi mdy do. Day din ndi dai nay ciing phéi
lam tr vat li¢u cing loai véi day nhiét-ngdu. Poan diy néi nay cé
nhitng yéu cau nhit dinh, bdi néu khong chiing s€ tao ra hiéu dng
nhiét-dién nhu bidn thin phan tf nhiét-ngau, gay sai sd do. Trén cdc sd
d6 ndi day thi doan day ndi nay duge goi la diay can biing nhiét. Céc
day can biang nhiét nay dugc lam tir diy don hay cip do61 hodc cap
nhiéu sdi, ¢6 ciach dién tudng tng. BE dé phan biét khi rap noi giita
diy nhiét-ngdu va diy ndi cin bing nhiét, ching ¢6 ky hiéu mau
(bang 3.7).
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Bang 3.7 — Ky hiéu mau cla cép nhiét-ngau.

B Mau day — : Mau diy ndi
Cipnhigt-dien nhiét-dien | oy hieuloal | o blng nhiet
Cu-Constantan Nau Typ T Néau
Fe-Constantan Xanh da trdi TypJ Xanh da trdi
Ni-NiCr Xanh 14 cay TypK Xanh la cay
Pt-PtRh Tring Typ S Tring

Cuc tinh duong (+) & day nhiét-ngiu hay day ndi déu dudc ky
hiéu mau dd. Piém cudi cdc ddu diy ndi cin bing nhiét (goi 12 di€m
can biing nhiét) dugc ndi vao thi€t bi do thit cap (hoic t6i mdy do hoic
t3i didu vao mach khuy&ch dai tin hiéu). Poan day ndi tdi thi€t bi thi
cip nay khong 1a vdn dé nifa, ¢6 thé chi 1a day dong, bdi & doan xa
diém do (tir di€ém cin bing nhiét trd ra) nhiét dd da c6 thé€ coi 1a nhu
nhau.

Thdi gian ddp @ng. Ciing nhy d8i véi cdc phan tif nhigt-di¢n-trd
RTDs, thdi gian ddp @ng clia cdc phén tif nhig¢t-ngiu phu thuge vao két
¢&u cia ching. Khi phii hién dién trong mdi trudng dn mon hay oxide
hod manh, phin t¥ nhiét ngiu phdi dugc bdo vé bdi ngudn di€u nhiét
thermowell, c6 vd thép khong i, va cép boc dién khodng chat.

Hinh 3.22 giGi thiéu ciu tric cdc dang k&t cdu phan tif nhiét
ngiu c6 vé boc. Céc cip nhiét ngdu duge ch€ xuat vdi ba ki€u mdi ndi
kKhdc nhau:

e MO0inoi d€ trin. PAu cdm bi€n gém hai day vat liéu khdc nhau
dugc han ndi véi nhau, tao thanh “dau n6ng”. Dang nay c6 thdi
gian d4p @ng nhanh nhét trong s6 ba dang.

e MGi ndi ti€p ddt. Pdu néng dugc han vao mit trong cla I6p vé
kim loai bdo vé (hinh 3.22, kiéu TM, TMS). Viéc nay bdo v¢
dugc m8i ndi nhung lai anh hudng dén ddp (ng nhigt. N6 ciing
lam cho dung cu nhay cim hon véi nhiéu giao thoa dién tit EMI
(electromagnetic interference).
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e MJ&i ndi khong ti€p dat (hinh 3.22, ki€u TI, TIS). Piu néng
dugce cach dién vai 16p vo kim loai bdo vé bing vt li€u nhiét
dan. Viéc nay lam ting tinh niang ti€p nhiét nhung cich ly mdi
ndi khoi nhiéu giao thoa dién tirt EMI.

@ ﬁ Kidu T™ Kiéu TI

Nhidi-ngdu han néi vdé

)
i o I A

Kiéu TMS Kiéu TIS
Hinh 3.22 —~ Dang k€t cdu ctia phan tif nhiét-ngau ¢6 vo boc
(hang Philips).

Cap nhiét-ngiu tran, t¥c 1a phian tf nhiét-ngiu chi gdm hai day
khong vo boc, la loai ¢6 dédp &ng nhanh nhat. Khi cho vao vé boc bdo
vé, thi thdi gian ddp @ng sé kéo dai hon. P€ gidi han dnh hudng nay,
ti€t dién vo boc dau do & gan diém do dudc 1am bé hon (ki€u TMS,
TIS trong hinh 3.22). Ti€p xic nhiét cang t6t (gita moi trudng do va
dau han cia cdp nhiét-ngiu) thi thdi gian ddp @ng s& cang gidam; cho
nén c6 ki€u ddu han cla cap nhiét-ngiu dugc gin truc ti€p véi vd
(ki€u TM, TMS). Tuy nhién, trong nhiéu trudng hop, diu han ¢6 thé
chiu dnh hudng qua lai véi méi trudng do, nén lai phai ¢é cach ly véi
vO.

Cdc dau néng d€ hd nhay véi oxy hod va dn mon. Ching ¢ thé
dugc bdao vé bing cdach ding ngudn diéu nhiét thermowells hodc 16p
vé boc biang thép khong ri & cd hai dang c6 ti€p dit hay khdng tiép
dat. Tuy nhién, diéu nay c6 thé dnh hudng nghiém trong tdi d6 chinh
xdc cia hé. Pau ndng ti€p dat sé bao vé cam bi€n, tuy nhién né sé
lam tang thdi gian ddp @ng nhi€t va 1am cam bi€n nhay ciam hon véi
nhiéu giao thoa EMI. N6 ciing lam ting sai s bifc xa va sai s6 dién
dan.
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Piu ndi khong ti€p dat ciing sé bdo vé cdm bi€n. Tuy nhién,
bdi vi cdm bi€n dugc cdch dién khdi ngudn diéu nhiét hay vé boc, dnh
hudng ctia nhi€u giao thoa dién-tit it hon nhiéu. Sy thdt thiét 3 miu
thi€t k€ nay l1a sai s6 dién ddn va sai s6 bifc xa thdm chi con 16n hon
va ddp @ng chim hon nhiéu.

Po nhiét d6 biing nhiét ngiu. Trong k¥ thuit do nhiét dj bing
phan t& nhiét-ngiu c¢6é nhitng phuong phdp do khac nhau:

e Phép do ddnh gid (chi thi) truc ti€p;
e Phép do c6 khuyéch dai;
e Phép do theo phudng phdp bu.

Trén thuc t&€, phd bi€n phudng phdp ddnh gid tryc ti€p véi co
cdu do tir-dién khung day quay, dl‘mg dic dung cho tirng loai cdp nhiét-
ngau, thang do chi thi millivolt [mV] hodc khdc vach theo nhiét do cho
diing loai cap nhiét-ngidu d6. Dung cu thit cap do nhdd. cla cidp nhiét
ngiu thudng la:

e Millivolt-k€ tir-dién;
e Dién th€ k&€ galvanometer.

Mdy do khdng chi doi hdi ddap wng dd chinh xdc phép do ma con
phéi ¢6 ndi trd di 16n d€ khong lam qud tdi phan dong & phan tl cap
nhiét-dién; cho nén ciing khong dugc mic thém mdy do thi hai song

song vao mach nhiét-ngiu.

Bg chuybndéi/  Mdy do Mdy Khuyéchdzi/
KPdp chl thi twghi Giaodién

Tin hiéu do Xyao S e Yo it

Ura <

— —————

—
b—-

B chuybn 461/ Miydo Midydo Mdy Khuyé&chdai/
KD dong chilthi chi thi tvghi Giaodién

A\
Tin biéu do |Xrao o_@ @, Q .

I
b—

o J

Hinh 3.23 — Phép do dung mach khuyéch dai do ludng.
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Phuong phdp do ¢6 @ng dung mach khuyéch dai cho phép thuc
hién phép do nhiét d6 bing cdp nhiét-ngiu khéng phu thude vao do
dai cia dudng day dan va thi€t bi do thit cap. Tin hiéu do khong chi
dudgc khuyéch dai 1én ma con duge gia cOng tuong dng mifc tin hiéu
chuin hoi. Vi nhu vay, viéc chuin hod tin hiéu trong hé do ludng—
di¢u khi€n xa ciing khong 1a van dé nita. Hinh 3.23 vé so dé nguyén ly
cac phép do ding mach khuy&€ch dai do ludng. Trong cdc mach
khuyé&ch dai do ludng, con c¢é mach bu ty ddng. Ngoai ra, ching con ¢é
nhitng gidi phdp mach dé€ tuyén tinh hod dic tuy&n phin t nhiét-ngiu.

Nhi¢t d di€m cin biing nhiét. Viéc xdc dinh nhiét d6 bing
cdp nhiét-ngau luén ludn kéo theo van dé nhiét d6 diém can biing, titc
nhiét d6 dau ngudi (dau tr do). Trong thuc t€, nhiét d6 nay khoang 20
[ €] (nhi¢t d§ trong phong). Trudc diy, d€ phép do chinh xdc¢ hon,
ngudi ta gilt nhiét d6 di€m can bing nhiét 30 [ 'C] - nhiét dé nudce da
tan, nhu 12 ngudn nhiét d6 tham chi€u. Ciing ¢6 thé ding bo &n nhiét
thermostater d€ giit nhiét do6 di€m can bing & mdt mitc nhat dinh biét
trude. Song ngay nay chii y&u sit dung b6 bu ty déng nhiét dé dau
ngudi cua cap nhiét-ngiu. Vi du dién hinh 12 vi mach khuyéch dai AD
594 / AD 595 ding cho phan tir nhiét-dién Fe-Constantan (ki€u J)
pham vi do (-200 ++750) [ C'], hay Ni-NiCr (ki€u K) trong pham vi (-
200++1250) [ C]. Pién dp ra (d6i v8i ca hai kiéu) 1a 10 [mV/ (g 1
Pién trd dau ra nhd. Pién dp cung cap la U,=+5[V], thim chi ¢6 thé
la = 15 [V]. P$ chinh xdc dat t8i 1 d3, c6 mach ba nhiét d6 di€m can
bang ¢ 0 [ C']). C6 mach bdo déng ddt mach nhiét-ngau. Tuy nhién,
khong ¢6 tuy€n tinh hod dic tuyén phin tif nhiét-ngiu. Hinh 3.24 gidi
thi¢u mét so d6 wng dung don gidn.
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O (+5 ... +30) [V]

Pbdn t?
nhiét-ngiu
Yimzch
AD SS9 /AD 595
Ura
Fe-Constantan — 10 [mV/°C]
NiCr-Ni
3
O (0..-250)[V]

Hinh 3.24 — Khuyéch dai do ludng AD 594 / AD 595
(hdng Analog Devices).

Thong thudng, ti€p gidp ngudi dugc git & 0°C (32° F ) trong mot
binh chita nudc d4, tic 12 c¢6 nudc va d4 dang tan. Nudc dd dudgc diung
bdi vi d6 12 mdt cach dé€ tao ra nhiét dd biét trudc, va cho nén V,, trd
thanh hiing s& trong bi€u thitc (3.13), din tSi quan hé truc ti€p giita
Vi 'N& ¥z

nef hat

V., =V _ +cons.; (3.14)

hot net

3 day s hang const. 12 gid tri V,,,, =cons. § 0°C (32" F) hay
mot nhiét dd tham chi€u nao dé biét trudc.

Cédc hé thong hién dai han ch€ nhu cdu st dung nudc d4 tan.
Mot phuong phdp gilf tiép gidp ngudi & nhiét d khong d6i bing mot
hé diéu khién. Piéu nay rit c6 1gi khi trong hé c6 nhiéu cip nhiét ngiu
— chiing ¢6 thé dugc tham chi€u tdi cing mot nhiét do.

Phuong phép khic (dugc ding bdi bo vi diéu khi€n mdy tinh)
don gian 12 tra bang (dugc luu trong bd nhd vi tinh) tri s6 V,,, d6i véi
nhiét d6 méi trudng chung quanh va cdng né vao véi V,,, dé tim ra
Vi s

Con c4ch khdc d€ han ché viéc sit dung binh nu6c d4 tan 1a si
dung mdt diode nhay nhiét dé (trong mdt mach dién giao di¢én) lam
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cho ddu ra clia cdp nhiét ngiu c6 tinh chi't nhu thé tiép gidp ngudi vin
& nhiét d déng bang, mac di khong phai th€. Hinh 3.25 gisi thidu mot
mach nhu vdy ding cho cdp nhiét ngiu Fe-Constantan. Cic ti€p gidp
ngudi dugce git & cing nhiét dd nhu nhiét d6 diode bing cich 1dp rip
tat cd ching vao mot khéi ding nhiét isothermal. Khi nhiét 46 moi
trudng ting I€n, dién dp thudn roi trén diode (khoang 0,6 [V]) gidm
xudng vdi ty 1& khoang 1,1 [mV/ C].

bién dp nay dudc phan dp (bing R, va R,) xubng c3
28 4V /7 C'], 46 chinh la ty 1€ ma dién 4p ti€p gidp ngudi thuc t& ting
lén theo nhiét d6 moi trudng. Bing cich trit (bdi mot khuyéch dai
thudt todn op-amp) hiéu @ng thay déi nhiét dé6 moi trudng 1én ti€p giap
ngudi, ta nhdn dugc dién dp nhiét ngau don thuin ty 1é thudn vai nhiét
do do.

Ve
A,

Diode R, 2Kk{} ——AAA—
compensates
for amblent AA iz
temperature | ~—f-—————---—- x Ll 0 Vi

53 kQ Z

Al .

"Hot" junction
Hinh 3.25 — Bu dién 4p ti€p gidp ngudi bing diode.
M4t s& sai s6 cd ban khi do nhiét d$ biing ciip nhiét ngiu.

e Saisd do gd datdiu lam viéc khong hdp 1y, khong dud sdu trong
moi trudng nhi€t dd can do (thudng thi khodng 100 [mm]), gin
nguon lanh, dat doc dong Iuu théng nhiét ciia moi trudng do,
gan bé mit bic xa, ...
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e Nhiét d6 dau wr do (dau ngudi) bi thay ddi (so vdi nhiét d§ tham
chi&u ciia cip nhiét-ngau);
e Do thay d8i dién trd phan diy ndi, day bu, ..;
e Do thay d8i, dao dong nhiét d§ mdi trudng ngoai.
Kh#c phuc sai s& do thay ddi nhiét d¢ diu ty do.
Gia sit mdy do dude khic vach tryc ti€p theo nhigt dd véi gid tri
nhiét d6 diu ty do (nhiét d6 tham chi€u) 1a 7,=0 ['C], tic la vach chi

thi cda millivolt-k€ Wng v&i tri s6 nhdd. cho trong bdng 3.6, va cédp
nhiét-ngiu la Fe-Constantan c¢6 ddc tuyén phu thugc nhi¢t 4§ hinh
3.26.

Né&u nhiét dd6 mdi trudng do (ddu lam viéc) la T = 600 [°C ], khi
d6 nhdd. cia ciap nhiét-ngiu & nhigt 46 T 1a E, (T, T,) = E,.(600,0)=

33,096 [mV]. N€u ddu ty do ¢6 nhiét dd 16n hon nhiét d6 tham chi€u
(T, > T,), gid s& T, =25["C]), thl nhdd. @¥ng vGi diém T, s& bing

E, (7,.T,)= 1,293 [mV].
e(T 4

Er

I I ¥
/|

To To TT
Hinh 3.26 — Diac tuyén nhiét-ngiu va nhiét 6 dau s do.
Nhu viy nhdd. do dugc E, (T,T,) s€ la:

E;' (T’To.) = E.(T.T)) - E;;; (T(;’To)

T(°C]

= (33,096 — 1,293) = 31,803 [mV]; (3.15)
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titc 12 nho hon nhdd. thuc E, , bdi khi d6 hiéu nhiét dd hai dau
nhiét-ngau la AT =(T'-Ty) ¢ nho hon AT =(T-1,) . (xem biéu thic

(3.9)-). Nhiét d§ tng vdi tri sO nhdd. E; g T") sela T #T, a6 1a bdi
sai s& do thay ddi nhiét d tham chi€u (nhiét d6 dau ty do).
Titc 1a khi d6 nhdd. thyc s€ bang:

E(T.T,) = E(T ., T,) + E(T,,1,); (3.16)

N&u b6 chi thi dude khidc do theo nhiét do thi:

(T, -T,)tana = (' —T )tana ; (3.17)

(T =Tyl =Ty, = RUT T (3.18)
tan o

& day, K — hé s6 bu nhiét d6:

tana

K = (3.19)

tana

Piéu nay c6 nghia 1a sai l¢ch nhié€t dd do do thay ddi nhiét do
tham chi€u ty 1€ vdéi su thay d6i d6 theo hé s6 bu K.

B&i nhdd. cta nhiét-ngdu phu thudc vao chénh léch nhiét dd
diém do va diém cin bing nhiét, cho nén trong thuc t€ dng dung
thudng ngudi ta phai xdc dinh thém nhiét d6 dau ty do & di€ém can
bing nhiét va phai giit cho né khong ddi trong sudt thdi gian do (xem
hinh 3.16 — nguyén ly sd dd phép do nhiét d6 bing phan t nhiét-
ngiu), hoic tao cho di€ém cén bing nhi¢t c6 nhi¢t do tham chiéu
T. = 0[ C]. Khi d6. phép do nhiét dd c6 thé ding mot mdy do dién dp
don thudn thuc hién phép do nhdd. cda nhiét-ngau. Véi moi loai cap
nhiét-ngiu sé xay dyng mdt hé s6 K dé tién 1¢i khi khdc vach mdy do
chi thi truc ti€p nhiét do, vi du vdi cap nhiét ngiu Pt-PtRh (Platin—
PlatinoRhodi) K = (0,5 - 6); Cr-Al (Cromen—Alumen) va Co-Al
(Constantan—Alumen) — K = (0,8 — 0,1).
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Khéc phyuc dnh hudng cia dao dgng nhi¢t 4§ mdi trudng
ngoai. Nhu néu & trén, sai s6 phép do nhig¢t d mot phén 12 do nhi§t do
diu ty do khdc véi nhiét do tham chi€u cia cadp nhiét-ngiu, bdi dau
ngudi ciia cap nhiét-ngdu dugc dit trong moi trudng bén ngoai, nhiét
6 1udn c6 thé bi thay ddi, dao dong. Thong thudng, ngudi ta sif dung
hop b ty dong mEc ndi ti€p véi cip nhigt-ngdu (hinh 3.27).

Hop b nhiét d6 mdi trudng ngoai thuc chit 12 mdt cau trd,
trong d6 R, 1a dién trd day ddng thay ddi theo nhigt do moi trudng;
R,, R, va R, 1a cdc dién trd 8 dinh. Pién dp dudng chéo ciu bu cho
lugng nhiét dién ddng Wng v4i nhiét d0 moi trudng ngoai (so véi nhiét
d6 tham chi€u cla cép nhiét-ngiu). Lugng dién 4p bl nay dudc dat
dinh bling chi€t 4p ngudn cung cap cho cAu. Nhanh cidu R, ¢6 dién trd
day ddng thay ddi theo nhi¢t d moi trudng, nhu mot phin tf nhiét-
dién-trd, nén dao déng nhiét do moi trudng s€ lam thay d8i tri sO dién
trd R, va nhu vdy s€ lam thay ddi dién 4p bl mdt cdch tong Wng.

Céc cap nhiét ngdu c6 pham vi nhiét d6 lam vigc rong nhat
trong tit cd cdc cong nghé cdm bi€n nhiét, tr -200 tdi +2315°C (1 -
328 t3i +4200° F), va c¢6 thé dung trong pham vi mdi trudng rit khdc .
nhau (xem bang 3.8). K&t cdu von don gidn ciia chiing cho phép chiu
dung dugc mic d§ va ddp va rung dong cd khi 16n. Kich thuéc nhd cho
phép dép ing hiu nhu t¥c thdi di véi nhitng thay d38i nhiét do nhd.

Phdn il cdmbiln | Hép b tu déng |
nhidi-ngdu II nhiéi dé ddu ngugi)\ Mdydo

mV-ké&

Hinh 3.27 — Sd 43 bu tr dong nhiét d§ ngoai.
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Béing 3.8 — Ung dung cap nhiét ngiu.

Class

Thdng tin ¢ng dung

Khuyé&n nghi sit dung cho khi quyén oxy hod lién tuc hoic khi tro.
Khéng xdc lap cdc gidi han sai s dudi 0. Tin hiéu nhiét dién dong
ra cao nhit cia cdc ki€u nhiét ngiu thong dung.

Thich hgp vdi chian khoéng, khi trd hay khi quyén gidm dp, khi
quyén oxy hod véi tudi tho gidm. Sit bi oxy hod mau chéng trén
538 C (1000 F), cho nén khuyén nghi chi ding cdc diy do to
chdc cho nhiét d cao. Phin tr cim bién dang trin khéng nén
dung trong chat khi sulfurous trén 538 'C (1000° F).

Khuyén nghi st dung cho chit khi oxy hod lién tuc hay khi tro.
Chi y€u dung trén 538 'C (1000° F'). C6 khi ning sai hdng néu
bdc 16 trong khi sulfur. Sy oxy hod wu tién chat chromium & chin
dudng trong mit dd oxy thap & mitc nhit dinh s& tao ra hién tugng
“xanh d6” va sy tréi hiéu chuan am 16n da phin 14 nghiém trong
trong pham vi (816+1038) C (tdc 1500-1900° F'). Viéc thdong gi6
hodc bit kin bén trong dng bdo vé cé thé ngin ngita hién tugng
nay.

Cé thé sit dung trong nhitng @ng dung ma phin ¥ loai K ¢6 tudi
tho ngdn hon va ¢6 van dé vdi dé 6n dinh bdi sy oxy hod va xu
hudng phdt tri€n hién tugng “xanh do6 ™.

Stt dung dudc trong nhitng méi trudng oxy hod, khi tro hgac giam
dp cing nhu trong chin khéng. Khéng bi an mon trong méi trudng
d&m. Cdc gidi han sai s6 dudc cong bd cho pham vi nhiét dé dudi 0.

R&S

Khuyén nghi st dung cho nhiét dd cao. Phii duge bio vé trong
ong phi kim loai va chdt cich dién gém. Sif dung lién tuc & nhiét
d6 cao s€ giy nén sy phdt tri€n hat 16n ¢6 thé din t3i hu hdng co
khi. 6 tréi hiéu chudn am giy ra bdi sy khuy€ch tan rhodium vao
chidn nghe¢o platinium cling nhu do bd¢ hdi rhodium. Loai R diing
trong c6ng nghi¢p, con loai S dung trong phong thi nghiém.

Ciing nhu loai R&S nhung ¢é d4u ra thip hon. Ciing cé nhiét dd
tdi da cao hon va kém nhay ddi vdi hién tugng tao hat 16n trong
tinh thé. |
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Cudi cing, c6 thé t6m tit mot s8 wu nhuge di€m chi yéu cda
cdc phan td nhiét ngdu dudi day.
Uu diém:
» Kich thudc nhd cho phép ddp ttng nhiét nhanh.
» Tuong dGi khong a4t tién.
=  Pham vi nhi€t 4§ rong.
= C6 tinh bén chic 1au dai hon loai RTDs dé€ dung trong cédc (ng
dung cé rung dong Idn va do va dap cao.
* La cédc ki€u c6 hiéu chudn theo ANSL
Nhugc diém:
e Phai dugc bdo vé trong mdi trudng xam thuc.
e Kich thudc diy do manh hon s& it n dinh hon va c6 tudi tho
van hanh ngidn hon.
e Sit dung day do dong tam plated-copper instrumentation wire s€
gy ra sai s0 kjhi nhiét 46 moi trudng xung quanh thay ddi.
e Doi hdi phdi ¢6 didy ddn ndi mach chuyén dung.
e Doi hdi c6 ddu ndi tham chiéu.
e Kém 8n dinh hon cdc RTDs trong cdc bién thé hodc & nhigt dd
cao.
e Nén dugc thit nghiém cho hién thuc bi€n thé dudi nhitng diéu
kién c6 diéu khién d&i v6i nhitng \¥ng dung nghiém trong.
e Doi hdi cdc bd phan thanh phidn hodc mach phu trg dé diéu
khién phu tdi @ng dung.
Nhu vay, bai nay chiing ta tap trung vao cic vin dé cdm bién .
va do ludng cdc nhiét cao trong cdng nghi€p (dén 1800° C). P&i vdi
dai nhiét d6 cao hon, thudng ngudi ta ding céc loai cdm bi€n bifc xa
(xem muc 3.4). Phin ti€p theo s& chu trong vao dai nhiét d thdp hon,
phd bi€n trong cdc Wng dung ky ﬁghé moi trudng va dan dung.
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BAI 4
KY THUAT CAM BIEN NHIET PO THAP.
Chudng 3. CAM BIEN PO NHIET PO. PHAN 2.

Muc tiéu bai nay tap trung vao nhitng khdi niém co ban va ky
thudt cam bi€n nhiét dd trong cdc ng dung do ludng va diéu khién —
gom 2 phan cia chuong 3 (cdm bién nhiét d6 cao va nhiét d6 thap).

N§i dung ¢d ban ma SV phdi nim dugc & bai nay 1a nhitng van
dé trong tim sau:

e Khai niém co ban vé nhiét dé va thang do nhiét do; cic dic
trung phan tf cdm bié€n nhiét. Cédc loai phan tit cAm bi€n nhiét
ing dung trong k¥ thudt cdng nghé, dung cho cdac hé do ludng
diéu khi€n: k€t ciu, hoat ddéng chitc nang, cdc dic tinh k¥ thuét,
dic diém ng dung.

e (Cdc vian dé ung dung thuc tién cdc phan t cam bi€n va diéu
chinh nhiét dé trong hé thong tin do ludng di€éu khi€n; ¢6 nhin
thitc va rén k§ ning tong hop, thi€t k&€ va ché tao hé théng cu
th€ trong thuc t&€ mdi trudng ng dung.

e Bai 4 tap trung trong tAm 1a k§y thudt cim bi€n nhiét dd thip
biing cdc phin tif cim bi€n ban din va vi mach, &ng dung rong
rai trong cong nghi€p va dan dung.

Thai lugng bai gidng 12 04 ti€t/45 ti€t 1én 16p theo chuong trinh
mon hoc 14 03TC (45 ti€t) va 04 tiét tr nghién citu.

3.3 — Phan tif cam bién nhiét ban dan.

3.3.1 — Nhiét dién tré bian din Thermistor. Thermistor (thermal
sensitive resistor — dién trd nhay nhiét), 1a linh kién nhiét dién
trd ban dan, lam tir vit liéu ban din c¢é dién trd phu thudc vio
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nhiét d§. Trong tng dung thermistors dugc coi nhu dung cu hai

cira, hoat ddng theo nguyén ly thay ddi dién trd theo nhiét do,

Thermistor l1a nhitng dung cu thay d6i dién trd trong tudng guan
vdi nhiét d6 clia né. Pi€n hinh 1a ching bao gdm t8 hgp hai hodc ba
I6p oxide kim loai dugc dung két sintered trong mét vat liéu nén gdm
va c¢6 cic diy din ra dugc han vao chit liéu ban din semiconductor
wafer hodc chip vi mach, ¢6 phi I8p vé boc epoxy hoéc thiy tinh.

Ngoai cong nghé oxide kim loai, linh kién PTC ciing ¢6 thé
dudc ch€ xudt biing chdt polymer dién din. Nhitng linh kién ndy @ng -
dung hiéu ng thay ddi phase trong vit liéu d€ cung c4p sy ting trudng
nhanh dién trd. Piéu d6 cho phép st dung chiing d8i vdi hién tugng
qua dong cling nhu qué nhiét.

Gidng nhu cdc dién trd nhiét kim loai RTD, tri s6 dién trd cla
thermistor dugc cho v8i dung sai cOng hay trir (+) & nhiét d6 ty doi.
Cédc thermistors thudng dudce dic trung 3 25[°C]. C6 thé 1am dién trd
ctia thermistors thyc su tuyén tinh bang cdch ding mach hd trg nhu
mach cdu Wheastone. C6 thé dién dich dién trd thermistor bing c4dch
ding cdc badng tra, ding d€ thyc hién chifc ning chuy&n mach hoic dé
din t8i mdy do, hay ciing c6 thé diing trong céc tng dung cdm bi€n do
mifc chdt 16ng. Trong cdc mach dién tl¥, thermistors dugc ding dé€ b
su tr6i nhiét d§ cla cdc linh kién mach dién ¥, dé€ do ludng nhiét d§
hodc ding trong mach bdo vé dong khdi dong m4y dién ...

Cdc thermistors phin biét hai loai theo hé s& nhiét do
Temperature Coefficient. ‘

e NTC-thermistor (con goi 12 “phdn ti¥ din néng”), c6 hé
s0 nhiét dd am negative-; va:

e PTC-thermistor (“phin t&¥ din ngudi”), c6 hé s& nhiét do
duong positive-.
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Ung v6i sy thay dSi nhiét d6 theo huéng ting thi cdc linh kién
PTC cé tinh chat thay d&i duong (ting dién trd), con linh kién NTC ¢6
tinh thay d6i Am (giam dién trd).

Piéu d6 ¢6 nghiala khi nhiét dd ting, cdc NTC-thermistor giam
dién tr3, cho dong dién chay qua 16n hon, cho nén chiing la phan ti
din dong khi néng 1én va dudc goi la phdn t¢ “dan néng”. Ngudc lai,
cdc phan tt PTC-thermistor s€ ting gia tri dién trd khi nhiét d§ tang,
vi nhu vay, phan ti& PTC s& din dong 16n hon khi & nhiét do thap, nén
dugc goi la phan tir “ddn ngudi”.

Cic thermistors dudc 1am tir cdc vat liéu ban dan trén cd sd
oxyde va dugc ché xuat vdi nhiéu kich ¢3 ki€u dang khic nhau. Kiéu
dang cdu tric cdac phan uf thermistor dugc dinh huéng tuy theo ng
dung cu thé. Phin 1dn nhitng phan tif nay ¢6 dang hat (thdy tinh). Dang
két c&u hat cho phép do nhiét do di€m, khi nhiét do thay ddi dot ngot
din t6i nhitng bién ddng ngdn han. Nhitng phan ti thermistor @ng dung
cho cdc chite ning diéu khi€n nhu han dong hay han luu chuyén mach,
thi vi phai lam viéc v6i dong 16n nén thermistor cling phdi c6 ti€t dién
16n hon. P6 1a két cau dang dia (hinh 3.28).

— @ oI

a). Thermistordang hat b). Thermistordang dia
Hinh 3.28 — Thermistor dang hat va dang dia.

Céc thermistors khong tuyén tinh, do dé, ching thudng khong
dude ding d€ cung cip chi s& do nhiét d§ véi d6 chinh xdc cao, nhung
dé€ chi thi nhitng thay d&i nhiét dd, néi vi du nhu qua nhiét. Hon nira,
phan 16n cac thermistors ¢6 hé s nhiét d am, c6 nghia la dién trd
giam khi nhiét d6 ting, nhu minh hoa bang dudng ké dam trong db thi
dic tuy&n dién dp-nhiét dd hinh 3.29a. M4t tién ich rit ddng mong udc
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& nhitng dung cu nay la dj nhay cao clia chiing. Mgt sy thay ddi nhd
nhiét d6 c6 thé tao ra mot thay ddi 16n vé dién trd.

Hinh 3.29b gidi thiéu mdt mach giao di¢n thermistor don gian.
Bing cdch dat thermistor 1€n diu mot mach phan 4p, dién 4p dugce 1dy -
ra khd 12 tuyén tinh va dic tuyén c6 do doc duong (dudng ké dit
quang trén hinh 3.29a). Tri sO dién trd R (xem hinh 3.29b) nén chon
sao cho gin véi tri s& danh dinh cla thermistor. Cdc thermistors dugc
ch& xuat vdi mdt pham vi tri s6 dién trd rong, tir vai ohm téi megaohm,
viéc lra chon ching tdy theo pham vi nhi¢t d§ quan tam. Cic mau
dién trd cao duge ding cho nhirng nhiét dd cao, d€ ting do nhay, va dé
gitt cho cdm bi€n khong hiit dong qud 16n. Vi dy, hay gid thi€t cdi gi s&
x3y ra néu ta dung thermistor hinh 3.29 trong phamvi nhiét d6 (150 -
200)(° F ], 46 nhaychi bang 0,1{Q /°C], va tri sG dién tré danh dinh
rdt thdp (15-20)[Q]. N&u ta cho thermistor &y hoat dyng chi trong
pham vi nhiét 4§ (50-100)[° F], thi d0 nhay s& cao hon nhiéu
(2,6[Q/°C)), va tri s8 dién trd danh dinh cao hon (gilta 50 va 80[Q2]).

Vi du 3.2. M6t dién trd nhiét kim loai platinum Pt-100 dudgc suf
dung trong hé. SG do dién trd hién thai la 110[Q]. X4c dinh nhiét dg.
Gidi. S6 do nhén dugc 1a 110[Q] c6 nghia 1a dién trd da ting
thém 10[ Q] tiY tri s6 clia né & 0°C . Do d6, néu bi€t hé sd nhiét dd cla
thermistor 1a 0,39[Q2/°C ], ta c6 thé tinh todn ra nhiét d hién hitu la:
100 L)~ 2561°C) .
0,39[2]
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Hinh 3.29 — Thermistor:
a). Pac tuyén nhiét do—dién trd; b). Mach giao dién.

Mach do dng dung diung dién trd nhiét bdn din thermistor
thudng 1a mach ciu trd. Hinh 3.30 gidi thiéu nguyén ly mach cau do
vdi thermistor va cau can biang ty dong trong ¥ng dung thermistor.

Exén wd

Exén trd i
s Déy nst | ttép xlc Clu odn bdng et dong

cén bdng T hermistor
PN

Thermictor

Ry

Hinh 3.30 - So db nguyén 1y mach cau do dung thermistor.

Thermistor NTC. Nhiét dién trd din néng NTC c¢6 hé s& nhiét
ddé am tir -0,030 dén -0,055 [//°K ). Khdc vdi cdc nhiét dién trd kim

147

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

loai, khé ¢6 thé bi€u di&n mot cich don gidn méi lién quan tri s8 dién
trd & mot nhiét dd nhat dinh véi tri s6 dién trd & nhiét d6 tham chi€u
ctia thermistors. O day ta so luge khdo st ching.

Sy phu thudc nhiét dé ciia dién trd phan tir thermistor NTC dan
néng c6 thé bi€u dién theo coéng thic:

A “"""]
R, =R,e (’ */,  hodc: (3.20)
Tw
R, =R,e™" T, aaay: (3.21)
—B
a; = —T—z“; ‘ (3.22)

& diy: R, — dién trd phan tlf thermistor NTC & nhi¢t d§ T, tinh
bing [‘K]); R, — dién w3 thermistor NTC & nhiét d6 ddn xuat
T, =293['K]=20["C]; B — hing s6 vat liéu, xdc dinh sy phu thudc
nhiét d6 din néng; @, — hé s& nhiét ciia phan tif thermistor NTC.

Cic lugng nhiét dd T trong nhitng bi€u thic nay dudc tinh theo
don vi Kelvin [°K ], (tuy réing don vi chinh thic [K] khong c6 ddu dd
(*)nhu [*C]hay [° F), & day biéu dién vy chi d€ khong 1in v8i hé s§
(hay hiing s6) K trong cdc bi€u thifc tinh todn). . |

Cic biéu thic trén md td sy phuy thudc nhiét dd cia nhiét di€n
tr& thermistor NTC & dang gin ding. P3i v8i nhitng phép do chinh xdc
hon trong mdt pham vi bi€n thién nhiét d6 réng hon thi it nhiéu sé c6
sai 1éch. Cho nén phéi coi hing s B 1a ham bién thién theo nhiét dd.
Hinh 3.31 vé& cdc dic tuyén bién trd phu thudc nhiét do d6i véi céc tri
$0 dién trd din xuat va gid tri B khdc nhau.
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bac tuyén dién trd phin it din néng. Pic tuy€n volt-ampere trang théi tinh
(thudng Gn).

Trong tng dung cdc phan & nhiét dién tré din n6ng thi nhiét do
moi trudng duge xdc dinh theo tri 6 di€n trd, vi nhu trong cdc phép do
nhiét d6 hay trong ky thuat diéu chinh nhiét, cho nén cin luu y khong
duge dé phan tr thermistor NTC bi lam nong lén do dong dién chay
qua (hi¢n tugng phat nhiét tu thin). So véi cdc s liéu gidi han cla
thermistor NTC, khong dudge dé€ bi dong qua tai.

Khi nhi¢t dé moi trudng thay déi, sau mot thdi gian ngin
thermistor NTC s& c6 nhiét d6 bing nhiét d6 moi trudng. Tri s6 dién
trd s€ dugce xdc dinh theo dutng cong dac tuyén R,, =f(7,, ) cho trong
tai li¢u ky thudt cia hiang sian xudl (tng vdi nhitng tri s6 dién trd danh
dinh khdc nhau (xem hinh 3.31).

Trudng hgp dong dién hay di€n dap cia thermistor NTC Ién hon
binh thudng s€ lam néng thermistor 1€n dén nhiét dé cao hon nhiét d6
cia moi trudng. Viée nay dan i trang thai thudng On stationare, khi
t6n hao cong suit dién ning do ting dong hay dp sé bling cong suit
ma phin tit din néng tod ra moi trudng dudi dang do néng gia ting dy.
Nhiam nghién citu cdc dic tinh nay ngudi ta xdc dinh dic tuy&n tinh
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ciia phan tf . Hinh 3.32 vé& dic tuy€n nhu vdy clia m§t thermistor NTC
din néng.
Bing 3.9 — Cac théng s& khdi quat
ctia phin tlf bi€n trd din néng (Siemens).

Kiéu | Pud | Dung | Hé s6 | Chju [Nhd$| Phvi
danh sai B, td1 |danh| nhdd
Sare et dinh | AR, A1 K 1| Pys |00 [ (°C)
Ry | (o mwy|UC
L e Q)] °K) J
' K276 |330 | £ 3.5|3950 |1000 [100 [-10
330 3950 d&n
950 3760 +100
950 3 760
K252 |500 +10 {3410 |400 | 20 |-55
I k 3 560 dén
e 6 k 3950 +125
= 40 k 4 250
o 500 |+20 [3410 [400 | 20 |-55
1k 3 560 aén
6 k 3950 +125
40 k 4250
M822 | 1 k| 5 [3730 {750 | 25 |-55
: 1,5 |+ 10 {3900 dén
2.2k 3900 +125
3,3k 3950
4,7k 3950
Me2 6,8k 4200
F0,6 { . @ﬂ 10 k 4 300
) " 1% | F 15 k 4250
e 22 k 4300
33 k 4 450
47 k 4 600
68 k 4 600
100 k 4 830
150 k 5000
220 k 5000
330 k
470 k

Vi tri di€m cyc dai trén dac tuyén volt-ampere ty thudc di€n
trd ngudi ciia thermistor NTC, nhig¢t d§ moi trudng va ca dién tich bé
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mat clia phan ti¥ din néng. Phan ti c6 dién tich bé mit 16n hon, do dé
tin nhi€t t6t hon, s& phdt tin cong suit ra mdi trudng nhiéu hon so vdi
phén ti ¢6 dién tich bé mat nhd. Trong trudng hdp dé diém cuc dai sé
x€ dich vé phia tri s& dong va 4p 16n hon. Cic phin tir nhiét dién trd
din néng dung trong do ludng va mach diéu khi€n b can bing
compensation chi nén chiu tdi nhe, sao cho khong bi phat nhiét tu than,
nhu vay tri s6 dién trd cla ching mdi thit sy chi tdy thudc nhiét do
moi trudng.

Do di€n trd ngudi va hé sb nhiét ¢é thé khdc nhau cho nhi’ng
phan tif cing loai, dén mic thudng phdi chinh dinh cin bing tri s&
phan tit bing cdch mic ndi ti€p hay song song mét dién trd khéng phu
thudc nhiét d6. D€ tuyén tinh hod dic tuyén, ngudi ta ding sd dé mic
phan tlt din néng vao mdt bd phan 4p (hinh 3.33). Pién trd R, ¢4 tri s8
sao cho phan t¥ nhiét dién trd NTC chi thi vao khodng gitta pham vi
nhi€t d6 1am viéc. Tri s6 dién trd R, 16n gip 10 1dn dién trd R,.

10
8
e —
6 \\
4
Ty
2 o
T[C)
0 20 40 60 80 100

Hinh 3.33 — Tuy€n tinh hod dic tuyén phan t& bién trd NTC.

Céc phan t nhiét dién tr& thermistor din néng NTC dudc phin
loai theo nhitng \@ng dung chii y&€u ctia ching va dugc goi tén theo dé.
Ki€u phan tit K276 dung cho nhitng mach chic nang do va diéu chinh
nhi¢t d6 lam viéc trong moéi trudng khong khi ty nhién hay trong chat
16ng. Kiéu K252 dic biét dung cho cdc mach ridp trén chassis (khung,
gam, vo mdy, ..).
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Tuy nhién, ciing c6 thé dung vao nhitng (tng dung khdc nhu la
trudng hdp riéng ciia né vdy. Néi vi du, mot phan ti bi€n trd khdi
dong, hoan toan c6 thé diung cho mach do ludng, nhung khi dé can
phdi tinh todn lai dung sai toan phan ctia dac tuyén volt-ampere va cla
dic tuy€n nhiét mot cdch riéng 1é va ky ludng.

Trén thi trudng ¢6 sdn vo6 sO linh kién phan tif nhiét dién trd dan
néng ciia nhiéu hang khdc nhau, § diay chi néu 1én mét s& phén ti, linh
kién nhiét dién trd din néng cta hiang Siemens dung trong k¥ thudt do
ludng va diéu khién (bdng 3.9).

Thermistor PTC. Phin tf nhiét dién trd PTC ddn ngudi dugc
ché& tir gdm pha titanat da tinh thé. Chiing c6 hé s6 nhiét 46 duong PTC
rat 16n trong mot pham vi nhiét d6 dic trung. Trong khodng nhiét do
nay dién trd thermistor gia ting hon mudi phan tram (hinh 3.34). Sy
gia ting dién trd 1a do tdc dong chdl bdn din va hiéu ng sdt-dién. o}
ving lan cdn hat nhédn tinh thé c¢6 mot 16p chan ma dd 16n mic dién
thé ctia né ty thudc hiing s& dién mdi clia vat li€u quanh n6. Sy hinh
thanh 16p chan quyé&t dinh mic gia ting dién trd. O mién dién trd thdp,
16p chian dan ra twong d6i y€u, hiing s§ dién moi 16n, nhi¢t dd lam vigc
clia phdn t thdp hon nhiét d6 chuyén pha, dudc coi nhu tri s gidi han
hay con goi 1a nhiét d§ Curie. Trén mifc ngudng nhi¢t do chuyén pha
thi hiing s& dién méi gidm xudng, 16p chin manh 1&n, va nhu vy di¢n
trd phdn 1 ting 1&€n ¢6 dang d6c ditng. Sy hoat hod nhiét clia tdi gdy ra -
sur sut gidm dién tr8 & chat ban dén, s&€ dugc b hoan, mic du van con
¢6 thé nhin thady & mién nhiét d6 thdp hon nhiét do Curie (xem hinh
3.34). ;

Di€m didu pham vi lam viéc goi 12 nhiét do ban dau T, dién trd
tuong ng v4i nhiét d§ dé la dién trd ban didu R, — 14 tri sO dién trd
nhé nhat ciia phin ti nhiét dién trd PTC. Pién tr tuong itng di€m dau
doan ting trudng d6c ding dudgc coi 1a tri s6 danh dinh R, & nhiét d§

danh dinh 7, .
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Nhiét d§ danh dinh gan nhu twong ng nhiét dd6 Curie ctia vat
liéu phan tif nhiét dién trd din ngudi. PE tri danh dinh trd thinh gia tri
c6 thé tdi lap lai, ngudi ta thdng nhit ring tri s6 dién trd danh dinh R,
¢6 d0 16n gdp d6i tri dién trd ban dau R, .

R, =2.R,. (3.23)

Day s6 nhiét d6 danh dinh d&i véi cdc phan ti din ngudi la: -30;
1 0; +20; +40; +60; +80; +110; +120; +130; +160; va +180 [ C ]. Dung
satla £5[°K].

R d [R] Thermisior PTC _ Ky hi€u so 48
7 N
RE_——--~—-"——-—_-_-— 3
I
e
Fhr
1 T
i
i
A+
7 T
/ I
’
RvE-=1=1-11-1-¢
RA I ;
+ ' 4
| 1 l 3
u i
|| HEG
Ta Ty Te

Hinh 3.34 — Bié€n thién dién trd 12 ham nhiét d6 phan ¥ din ngudi.

4_/(—‘ 6 max 13 max
- AT
\

208
N !

Amax Divar

Hinh 3.35 — Cau tric cdc phian tif bién trd PTC (Siemens).
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Trong cdc @ng dung han dong (vi du nhu bdo v¢ dong cd) nhiét
d6 danh dinh clia cdc phan tf din ngudi nim trong pham vi (60 +180)
[°C ] chia thanh nic, mdi ndc 10 [*K ]. Tri s6 nhiét d ddp @ng danh
dinh lai khong phdi 12 nhiét d§ danh dinh cia phan tf ma 1a nhiét d§
ng v4&i dién trd bing 570 [ Q] (d6i khi cling chon tY 600 [Q] dén 1,7
[k )). Nhiét d6 cudi T, 1a di€m cudi doan ting trudng di¢n trd doc
ditng. Nhu thdy ti¥ sy bi€n thién dién trd ciia phan tlf dan ngudi phuy
thuéc vao nhiét dd, cdc gid tri nhiét d6 cudi 7, va dién trd cudi R,
khong phai la nhitng thong s0 dic trung ciia phdn tf cdm bi€n nhigt
dién trd.

Do phin ¥ din ngudi dugc thit nghiém & cudng dd dién trudng
khodng 1 [V/mm), nh trudng hgp 1y dic tuy€n tinh ctia phan tif cdm
bi€n dién trd PTC, nén c6 thé bd qua sy phét nhiét tr than va tinh chat
dién trd phu thudc dién dp. Clng tdn tai mdi li€n quan giira dién trd
phdn t¥ din ngudi va nhiét d6 trong pham vi khodng dién trd ting
trudng déc ding. Dya trén cd s mdi lién quan d6 ma phéan ti dén
ngudi PTC dugc dung lam cdm bi€n nhiét dd. M4t linh vye (ng dung
quan trong clia phdn tif d4n ngudi 1a duge ghép vao cudn diy mdy dién
dé theo doi nhiét d6 bdi diy dong cd. Bdi phdi lam vigc trong cudng
d6 dién trudng khodng 10 [V/mm] nén né bi gia nhigt cao hon tri nhiét
d6 danh dinh.

Hinh 3.35 gi6i thiéu cu tric va bang 3.10 néu thong s& mot vai
phin tlf cdm bi€n dién trd din ngudi dung trong ky thudt do ludng va
diéu khién.
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Bing 3.10 — Thong s6 ky thuat phan ti bién wrd PTC (Siemens).

Rianan ., Nhd ,
Ui btrd . N Ciu tric
Dung sai| dau R, Ty, . %
(V] Ry, (%] T s A4 (hinh | Kiéu
@25 | [Q] [.(‘,’] [£2) 1 '€l | 3.28)
[ CD »
20 130 - 10 115 40 1) P310
80 + 100 |+ 20 80 60 P330
80 - 50 |+ 40 76 80 P350
80 + 80 74 120 P390
30 > 100k - - 70 700 -30 P240
> 5k - - 40 600 0 2) P270
110 + 25 0 95 40 P310
80 + 25 [+ 20 80 60 P330
80 + 25 + 40 80 80 3) P350
85 + 25 |+ 80 i~ 120 P390
110 + 25 |+ 120 80 160 4) P430
110 + 25 |+ 140 70 180 P450
250 1 100 + 20 1 000 60 5) P330
1 100 +100 [+ 40 1 000 80 P350
1 100 - 50 |+ 80 1 000 120 P390

K§ thuit Wng dung. K&t cdu thermistors 1am cho ching trd
thanh cim bi€n nhay nhit hon tit ci cdc cdm bi€n nhiét khic ddi véi
su thay ddi nhiét d6. BGi khong chira nhitng vét liéu nhu platinium,
chiing tuong d6i ré tién so vdi nhitng dién trd nhiét kim loai day quan
khdc. Kich thudc nhd cho phép ching sit dung dude trong nhi€u dng
dung khac nhau. Cong vao dé la ching ¢6 thé dugc dic khudén dé dang
thanh nhitng géi ¢6 vo boc bdo vé ding ldu bén.

Tuy nhién, bdi vi nhitng vat liéu sit dung, ching hoat dong trong
pham vi nhiét dé hep hon (tit -100 tdi +300 ' C ) so vdi cic RTDs hay
cap nhiét ngiu. Va bdi vi cdc ddc tinh nhiét dién trd cla ching la
khong tuy€n tinh nén @ng dung cia ching bi han ch€ trong mot pham
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vi nhiét d hep A€ gidm thi€u dnh hudng do phi tuy&n. Cac thermistors
PTC c6 pham vi nhiét dd sit dung hep hon loai NTC.

Nhudce di€m khdc gin lidn véi thermistors 1a ching c6 thé sai
s6t trong ki€u “chép mach”. Mot cach tiém tang, diéu nay c6 thé tao
nén mot dién trd ma hé thdng c6 thé dién dich nhu 1a chi s6 do nhigt
d6 chit khong phai 12 linh kién cdm bi€n bi héng.

Ciing nhu v8i cdc RTDs, thermistors 1a dung cu dudc cip ngudn.
Chiing ddi hdi ¢6 dién ddu vao d€ hoat dong. Trong nhitng Wng dung
ma ngudn ning lugng cung cdp 12 vin dé nghiém trong hodc ddi hdi
phai c¢6 giao dién vi mach IC, ¢6 thé ddi hoi phidi c6 ngudn battery dy
phong.

Ciing cdn phai Iwu ¥ d€n viéc ti€p mass va hi¢n tugng phat
nhiét tr than clia dung cu trong (ng dung. B&i vi d6 1a linh kigén di€n
trd, ching tao nhiét ty thin thém vao nhiét lugng can do. Bd&i vi nhiét
d6 do ting 1én, dién trd clia dung cu gidm xudng, hiéu ng phat nhit
tv thin s€ tang lén. N&u vé mass va do nhiét din c6 tdc dung, thi higu
ng nay sé& c6 thé bd qua. Tuy nhién, yéu cdu vé dd chinh xdc ciia toan
hé doi hoi phai luu y t6i viée nay.

Cic thermistors khong ¢6 cdc dic tuyén nhiét d va dién trd
tiéu chudn, cho nén tinh nang thay thé& 14p 14n c6 thé la cd vdn dé. B6
¢6 thé yéu cdu thi€t k&€ lai hé mét cdch phi ton khi xem xét vige thay
a8i nha san xuit. Phan I6n cdc nha sdn xuit c6 nhitng dudng cong dic
tuy€n dién trd déc quyén ciia minh, thudng dugc cong bd nhu nhifng
lwrgng ty doi dya trén tri s6 dién trd § 25°C .

Céc thermistors hodc ¢6 thé 12 loai manh chdc robust hodc cuc
k¥ manh mai. Pi€n hinh 12 cic thermistors ki€u chudi bead thermistors
¢6 cdc dudng diy din cuc ky mdnh, phdi dugc bdo v€ an toan mot
cdch wwong Ung trong nhitng moi trudng ¢6 dd rung dong cao hay d6 va
dap 16n. Bén than chudi ciing phdi dugc ghép chat vao vi tri ng dung
trong nhitng mdi trudng nhu the.
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Su hi€n dién trong nhiét d6 cao ¢é inh hudng nhiéu tdi d6 6n
dinh 1du bén clia cdm bién. Pic biét 1a nhitrng vit liéu gém chon st
dung cho nhirng tri s& trd khdng thdp, luén c6 xu huéng bi€n déng khoi
dudng cong dac tuyén dién trd ban diu.

Trong nhiing (tng dung nghiém trong, nha sin xu4t phai dugc
tham khdo trong giai doan thi€t k& d€ dim bio chdc chin viéc lva
chon dung cu. Trong nhitng méi trudng xdm thuc, nhitng chudi phd
epoxy ¢6 th€ bi mat pham chat trong mét khodng thdi gian tudng déi
ngin. BSi véi nhitng kiéu ng dung nhu vdy, nén ding loai dung cu cé6
I6p boc thiy tinh hodc t& hgp ddu do thim chi néu gi4 thanh c6 cao
hon chiit it.

Uu diém:

= Gi4 thanh bd phan thap.

® Dap ing nhiét nhanh.

* C6 su thay d6i nhiét d6 1én d8i vai thay ddi nhiét d6 cho dé
phan giai cao.

* Kich thude cyc ky nhé c6 nghia 1a tdc dong nhanh d&i véi
nhitng thay d6i nhiét d6 va kha nidng sit dung trong nhitng t&
hdp khac nhau.

* C6 sdn ki€u dién trd da dude tuyén tinh hod.

* Tris6 dién trd cao nén khong cin bu dién trd diy néi.

Nhuge di€m:

* Pham vinhiét d6 do bi han ché,

®* Nhi€t d6 bdce 16 thap hon so vdi cic RTDs hay nhiét ngau.

* Khong ¢6 dinh chuan dién trd tiéu chuin.

* Su phdt nhiét ty than c6 th€ dnh hudng t6i d6 chinh xac.

= Su thay déi dién trd khong tuyén tinh doi hoi nhirng b phan
phu trg d€ dién dich chinh x4c.
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* Sy gia ting s lugng bo phin thanh phan lam gidm dd an toan
tin cdy cila toan hé.
= Poi hdi phai c6 cdc bd phan thanh phan hay mach phu trg aé
diéu khién phu tdi @ng dung.
3.3.2 - Phéin ti cdm bi&n nhiét ban din silicon.

6] day st dung tinh chit phu thudc nhiét 46 cda vat liéu ban dan
silicon — chinh 1a sy phu thudc vao nhiét d§ cta dién trd tinh thé hop -
chd't silicon. Mgt khd niing nita 12 ddnh gid sy sut dp trén ti€p gidp p-n
@ hudng thudn. T nguyén 1y d6 ma ngudi ta ché€ tao cdc phdn td ban
dan cdm bi€n nhiét silicon.

Céc cdm bién silicon @ng dung cdc tinh chit dién trd thé khdi
bulk cia vat liéu ban din, néi chinh xdc hon 1a ti€p gidp cla hai dién
tich ghép ndi dugc pha tap chat khdac nhau. Pic biét & nhiét d thap,
cdc cam bi&n silicon ¢6 dic tinh ting dién trd gan nhu tuyén tinh ddi
v8i nhiét do ting hodc hé s6 nhiét dd duong PTC.

C4c cdm bién silicon dudce ch€ sin theo cdc miu thi€t k€& ki€u
dang phong phi, cdc diu tin hiéu ra va gid thanh khdc nhau. Pham vi
nhiét @6 tr nhiét d6 doéng lanh (1,4K) t8i 200°C . V@i d§ nhay cao va
dudng cong dic tuy€n dién trd gin tuyén tinh, ching 1a dung cu ly .
tudng ddi v6i nhi€u @ng dung.

Tuy theo @ng dung, cdc cdm bién silicon c6 thé dugc thi€t k&
nhu m6t phin tif nim trong t8 hgp 6ng nghiém hodc tich hgp truc ti€p
trén board mach in trong két ciu 14p dat bé mit. Trong miu thi€t k€ vi
mach st dung c6ng nghé silicon cin rat cén trong d6i véi hién tugng
qud dong c6 thé gay ra sy phat nhiét ty than cia phan ti cdm bién.
Piéu d6 ¢6 thé 1am gidm d6 chinh xdc cia hé mdt cdch trim trong.

Mot s& nha sdn xuat da phat trién cdc miu thi€t k€ cam bién vi
mach IC d€ diing thay th€ cédc nhiét k€ thermostats trong mét s8 \fng
dung. Ching c6 tién ich dudc ldp trinh sfn khi xuat xudng hodc lap
trinh bdi ngudi s& dung ddi vdi di€ém dit nhiét d6 setpoint va dd tré.
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Ching dude ché€ sin theo cdc cau hinh tiéu chuidn JEDEC (Joint
Electron Device Engineering Council). Cac phuong dn vi mach IC dudc
ch& xud't c¢6 bd phin chuin hod tin hiéu bén trong chip truc ti€p dua ra
tin hiéu dong hoic dp téi bd diéu khién hoac bd chi thi. B3i ¢é6 bé nhd
trong, cdc cam bién dang IC ¢6 thé dugce hiéu chuin rat chinh xdc.
Chiing hoat dong rat hiéu qua trong nhitng méi trudng da cam bién
multi-sensor environments nhu cic mang truyén thong.

Tri s tin hi€éu ddu ra clia hau hét ciac cdm bi€n IC ty 1€ vdi
nhiét d6 trong m6t pham vi dac trung. Thudng thi ngudi ta ¢cong nhin
d6 chinh xdc tiéu chuidn (itng v4i mot pham vi nhiét do nhdt dinh),
nhung ciing thudng cé thé hiéu chuidn lai & mdt nhiét do didc trung nao
d6. Cung vdi chidc ning cd ban diéu khi€én va chi thi nhiét dd, trong
mach in ciing thudng t& hdp thém nhitng tinh ning khdc nhau nhu bu
nhiét.

Céc théng s6 van hanh clia miu thi€t k€ dang lap trinh dugc bdi
ngudi sit dung, thuc hién bing ciach dung cdc dién trd mic ngoai hoic
dudc lap trinh s6 thong qua giao dién hai day lién thong véi bd vi xir 1y
Processor.

Uu dié€m:

= Ré tién hon cédc dién trd nhiét kim loai RTDs.

= C6 d6 tuyén tinh t6t hon cdc nhiét dién trd bdan dan
thermistors.

= D& sit dung hon RTDs va cidp nhiét ngadu thermocouple bdi tin
hiéu ra 1dn hon.

= Céc kiéu cdm bién vi mach IC c6 tién ich chuan ho4 tin hiéu
tich hgp bén trong chip.

*» Nhiéu dang cdm bi€n IC bao gém ca cédc giao thic lién lac
v&i hé thu thap dir liéu kiéu bus.

Nhudc diém:
= Khong tuyén tinh bing cdc RTDs.
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* Kém chinh x4c hon c4c hé cdm bi€n nhiét khéc.

» P4t tién hon thermistors hay nhiét ngu.

* Pham vi nhiét d6 1am viéc han ché€.

* Pdp (@ng nhiét chdm hon cdc hé cdm bi€n nhiét khdc.

» Kich thudc di€n hinh I3n hon so véi cdc RTDs va thermistors.

* Doi hdi bao géi kich thudc 16n hon ddi véi ki€u nhing.

* DPoi hdi phii ¢6 cdc bd phén thanh phan hay mach phy trg aé
diéu khi€n tdi (ng dung.

Cam bi&€n nhiét bin din loat KTY10 - KTY16. Phan tif cdm
bi€n nhiét KTY10 dén KTY16 c6 chita I8p tinh thé silic n ch€ theo
cong nghé planart, khong c6 ti€p gidp ban din, chi ¢6 hai diu cyc din
ra. D€ do nhiét dd, ngudi ta tin dung tinh phu thudc nhit dd cla di¢n
trd gitta hai dién cyc. Pic tuyén dién ud R=f(T) chi gin tuyén tinh,
con phdi tuy€n tinh ho4 ti€p bing mdt mach dién trd ngoai. C4c linh .
kién cdm bi€n nay v8n c6 tinh ning phy thudc chiéu dong dién chay
gua dién trd, bing cich bd tri thich Wng dién cuc ciia phin ti¥ cling c6
thé gidm thiu dugc inh hudng nay dén mic c6 thé bé qua. Phin t
bi€n trd loat nay 1am viéc trong di nhiét d t -50 d&€n +150 [*C].
Pién trd danh dinh cia KTY 10 § nhiét d6 25 [°C ] khodng tir 1890
[Q)dén2110[Q].

Cidc phdn tf khdc thudce loat nay c¢6 dién trd danh dinh 1a 2000
[ ]. Dung sai dugc tinh theo phin tram dién trd danh dinh, chia thanh
cdc nhém. Bang 3.11 cho thong s& k¥ thuit clia phdn tf bién trd ban
din loat nay, h¥ng sO thdi gian ddp ng clia ddu do d6i véi thay ddi
nhiét d6 moi trudng. Hing s& thdi gian phy thudc vao dang két cau
diu do, su truyén nhiét gitta moi trudng va ddu do, bing khodng thdi
gian ma qud trinh thich @ng nhi§t dat t6i khodng ~63%. Qu4 trinh thich '
ng nhiét dién ra theo dang ham mi e ¢ nhién.
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Bang 3.11 — Thong s6 k¥ thudt phan uf cdm bién loat KTY 10— 16
(hang Siemens).

. Ry . [Q1| ARy, (%] | 1,0 [mA) | HingsS T [s1| T, e s
Kiu | 1 =1imAD| (I, =1(mA)) | 325['C]| Khi | DAu | ['C}

KTY 10 1890 ..2110 - 5 20 4 -50.. +150
KTY 11-1A 2 000 + 1 3 95| 1.3 [-50..+150
KTY L1-1B 2 000 +2 3 95| 1,3 |-50..+150
KTY 11-1C 2 000 +5 3 95| 1,3 [-50..+150
KTY 11-2A 2 000 +1 3 11 1.5 |-50..+150
KTY 11-2B 2 000 +2 3 11 1,5 |-50..+150
KTY 11-2C 2 000 +5 3 11 1,5 |-50.. +150
KTY 14-6 2 000 + 1 5 30 4 -30.. +125
KTY 15-6 2 000 +1 5 30 4 -50 ... +150
KTY 16A 2 000 +1 3 10 2 25 .. +125
KTY 16B 2 000 +2 3 10 2 38 . AX25

Hinh 3.36 1a hai dang linh ki€én ban din KTY 11. Cdc day dan
k&t ndi cam bién vdi d€ nén dudce thuc hién sao cho su truyén tdi nhiét
niang la tdt nhat va thdi gian ddp &ng clia ddu do 1a nho nhat.

-)I 1,6
0,5 4 —D
> 7 T\—f— S fy e, BN
0,4 0,6 *
< ST ca (s
13,5 1,9 e
2,4
> . B e =
0,54
0;4I J L : e i 24
¥ r S -Q—- 4 —t-3.-
* 7 L o e ro——
< > 3 > T 0,6
13,5 1,9 4 -

Hinh 3.36 — K&t cdu phan t cdm bi€n nhiét KTY 11.

Hinh 3.37 1a @5 thi dic tuyén phan tif cdm bi€n KTY 11. Pic
tuy€n clia cdc phin tif cim bi€n nay hdi cong. P&i v6i nhitng tng dung
thuc tién thi viéc tuy€n tinh hod dic tuyén la rat ¢ ich. Viéc tuyén
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tinh hod duge thuc hién bing mot dién trd mic ndi ti€p khi ngudn cung
cdp 1a ngudn 4p hay mic song song khi ngudn cung cap la ngudn dong
(hinh 3.38).

Su phu thudc nhiét dd ciia phan tif bi€n

rd R, = f(T,); I, =1 [mA]

Vi du 3.3: Phuong dn 1 vdi R, = f(T,):

R,s=2000[Q];

Tinh R, =a,T; +a,.T, +a,.
a,=2,881.107"

Ry 3
[Q/°K?) (k<]
@, = 1,349.10' ! B4
[Q/K) ? oz
a,=1,646.10’ il
[Q] 4
Vi du 3.4: Phuong dn 2 vdi Ryp=" 5
R, = f(AT,); Rys=2000[€2] i E Toc]
vi -5 0 +50 100 130

AT, =T,-25C
Tinh R, = Rys.(1+@.AT, + B.ATS).
a=17461.10"
[1/°K]
B =1,440.10"°
(1/°K?]
Hinh 3.37 — Pic tuy€n va vi du tinh dién trd R(T)
ciia phdn tf KTY 11.
Viéc tinh todn dién tr§ tuyén tinh hod R, trong cd hai trudng
hop dudc thye hién theo bi€u thic:
_R,(R,+R)-2R,.R,

R, = : 3.24
L R, +R.-2R, L
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G day: R, — dién trd tuyén tinh héa, [Q]; R,, R, va R_— dién
trd clia phan tif bi€n trd wng vdi nhiét @6 diém dau, gita va di€m cudi
khodng pham vi do, tinh biang [Q]. Cdc tri s6 R,, R, va R_dudc lay
tit dic tuyén cda phan tf (xem hinh 3.37).

Céc phan tf cdm bién nhiét do hing Valvo ch€ xuat cling tudng
tu, nhung dudc ky hiéu la KTY 81/83, va tri s& dién trd danh dinh la
1000 [Q].

Hinh 3.38 — Tuyén tinh hoa dic tuyén phin tif bié€n trd nhiét KTY:
a). V&i ngudn dp; b). V&i ngudn dong.
3.3.3 - Vi mach cam bi&n nhiét bdn din.

Vi mach AD 590. Phan tif cam bi€n nhiét AD 590 la vi mach
ban din. Cdc phép do nhiét do sit dung sy phu thudc dién dp thuin roi
trén ti€p gidp p-n cla ching. Vi mach AD 590 vé ban chat 1a ngudn
dong phu thudc nhiét dd, gia tri dong dién dau ra cé tri sd tinh bing
[ uA] s& tuong Wng nhiét dd tuyét doi tinh biang ['K |. Pham vi 1am
viéc 1a tr -55 d€n +150 [ C ] tuong dng 218,2 dén 423,2 [ 'K ). Pién trd
mang mong trong vi mach ndy dudc gia cong chinh xdc bing tia laser,
sao cho dong dién & nhi€t d6 25 [ 'C ] ¢6 gia tri la 298,2 [ 4 ]. Pién 4p
1am viéc ctia vi mach AD 590 ¢6 thé trong khodng U, = (4 +30)[V].

Céam bi€n nhiét AD 590 dudc phan theo c¢idp chinh xdc. Bing
3.12 1a nhitng thong s ky thuit chd yéu cia AD 590.
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Bang 3.12 — Thong s6 ky thuit chi y&u ciia phin ¥ cdm bi€n AD 590.

Pic tinh AD 590 J |AD 590 K|AD 590 L{AD 590 M
Dong ra dinh midc & 25 298,2 298,2 298,2 298,2
['Cl [pud] |
Hé s6 nhiét 46, [u/°K] 1
Saisd chinh dinh & 25 5k 2,5k 1 k 0,5k
[°C ], (max.)
Sai s6 trong pham vi do
(max.): +10 k +55k +3 k + 1,7k
- khong bién phép cin + 3 k| +2 k| +1,6k | £1,0k
bing nhiét:
- ¢6 bién phdp cdn bang
nhiét:
P4 phi tuyén (max.) + 15k | 08k | *04k + 0,3k

K&t cdu ¢6 dang nhu linh kién transistor tron hay det, dang vi
mach hay dang cé vd boc hinh tru tdy theo Ung dung k¥ thuit. Cdm
bi€n loai nay vé nguyén ly 1a ngudn dong, nén cho phép dudng diy
k&t ndi dai gitta phan ti va mach dién tif x¥ 1y tin hi¢u. La ngudn dong
trd khdng cao, viéc thay d8i dién 4p ngudn cung cdp khong lam dnh
hudng t3i tin hiéu ra. D€ gilt cho sy phét nhiét ty than nhd, nén chon
dién 4p ngudn cung cip khong qué 16n. Hinh 3.39 gidi thi¢u sd d6 dng
dung AD 590 c6 tin hi¢u diu ra 12 dong dién 1 [ u4/°K ] hay 1a di€n dp

1[mV/K].
Ira " e
ro—l]—o—@«— +S5V) =z
,_j — AD 590
AD 590 '
Py
e R;
‘|‘°_‘”_c 1o Ura
R,
e, 950
Pham vi nhiét d4: (55 ... +150) [°C] 1L o— 3 O
Pham vidénglrg: (218 .. 4?3)[)1” Pham vidién dpU, 4 (218 .. 423)[mV]

1 (MA/OK)

! (mV/9K]

Hinh 3.39 — So d8 ¢ng dung cdm bi€n nhiét AD 590 (hdang Analog Devices):
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Hiang sidn xudt linh kién d3 ki€m chuidn xuat xudng cdc cam
bién nhiét trong mdt pham vi dung sai nhdt dinh. Song ngudi st dung
ciing c6 thé ti€p tuc gidm sai s& cho linh kién da chon bing cdch ding
cdc bién phdp mach. Trong hinh 3.32b gidi thiéu sd d6 ma trong d6 ¢6
chi€t ap trimmer tinh chinh cin-bing-mo6t-diém don gian. Can-bing-
mot-di€ém cé nghiia 1a viée can bing chi thue hién & mot di€m do. Céc
phan tf cdm bié€n nhiét nay ciing cin mot thdi gian nhit dinh mdi ti€p
nhin dugc nhitng thay d6i nhiét d6 mdi trudng. Hing s6 thdi gian 7
dugc xdc dinh theo qud trinh bién thién dang ham mi e nim trong
khoang 0,6 [s} khi gidn truc ti€p 1én bé miat nhdém (nhu vé ddng co 6-
td, xe mdy, ...), d trong dau thi ¢3 1,4 [s], trong khéng khi ling thi biing
60 [s].

C6 thé chi thi tri s& do theo don vi [ C ), khi d6 gid tri dong phai
trir di 273,2 [ 14 ]. Nha san xuat dua ra cdc dang mdy do ba khdi thanh
phian ding do nhiét dd, dudc chuin dinh thang do ca cho nhiét dd
Celsius 1an thang Kelvin mot cach don gidn thuin tién.

MGt vi mach khac, loat AD7414 (Analog Devices), 13 mdt hé
ki€m tra nhiét dd s hoan toan. Trén mot vi mach nho, 6 chin, né ¢b
mdt cdm bi€n nhiét, bd chuyén ddi ADC 10-bit, va giao dién ndi tiép.
N6 ciing ¢é thé 1ap trinh duge vdi gidi han nhiét dd cao va thip; mot
chin ra dung d€ chi thi khi vugt ngudng gidi han di lap trinh.

Vi mach cam bi&n bidn din LM35. Cac vi mach IC cam bién
nhiét dd c¢6 nhiéu cdu hinh khdc nhau. Dang thong dung nhat 1a loat
LM34 va LM35. Vi mach LM34 tao tin hi€u dién 4p ra ty 1& véi nhiét
dé Fahrembheit, con vi mach LM35 ¢6 diu ra ty 1& véi nhiét do Celsius.
Vi mach LM35 la mét vi mach cim bién nhiét rit thuin tién bdi dién
ap ra tuong dng truc ti€p nhiét d6 Celsius. MOt s6 vi mach, vi nhu
[.LM135, cho dién 4p ra theo d6 Kelvin. M6t @6 Kelvin hay Celsius biéu
dién cung mdt khoang nhiét do, nhung thang do Kelvin bdt diu ti
nhiét d6 0 tuyét dsi, titc 13 273 C dudi di€m déng bang.
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Cam bi€n ban din LM35 la loai ding do nhiét d6 theo thang do
Celsius trong pham vi -55 dén +150 [*C]. B§ chinh xdc d25([°C]la
+1,5 d6, & doan diu va cudi khodng do thi d chinh xdc la +2 d6. B
tuy€n tinh trong pham vi nhi€t d§ 1am vi€c c6 sai 1éch khodng 0,5 d§.
Tin hiéu ra ciia phin t¥ cdm bién 1a 10 [mV'/°K ]; di¢n 4p 1lam vigc la
trong khodng 4 t6i 30 [V]. Cdm bi€n LLM35 khong doi hdi cdc bign
phdp chinh dinh cin biing. S dé ng dung khi chi ding do nhiét do
duong (trén O [°C]) thi don gidn (hinh 3.40a). Pé do dudc ca nhiét Ao
duong va nhiét dd 4m thi cidn ¢6 thém ngudn dién 4p am (hinh 3.40b).

Pién 4p ra cia LM35 ty 1€ thudn véi “C, ¢6 nghia la:

V. =10[mV/° C].

Ping thitc nay néu lén ring d8i véi mbi 4§ gia ting nhigt dg,
dién 4p ra ting 1é€n 10[mV]. Luu y riing c6 ba céng terminals tich cuc:
ngudn cung cap V,,dat,va v, ,.

Us T.['C} | *]Us T.1'¢)
T(-rd L4200 V] U, T U, mv]
M3s Ur  |mV] L3S Ur +150
omvl+ | * 2 ) ©  |+1500
+100mV/°K] |+ 20 ¥ i + 25
l + 25 l - 50 [uAl [+ 250
+ 250 I =58
+150 - 550
+1500 b). Pham
a). Pham vi do:
vi do: (-55 ..
(+2 ... +150)
+150) [°C1]
['C]

Hinh 3.40 — SO d8 nguyén ly &ng dung cdm bi€n ban din LM 35 (hdng
National Semiconductor).
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Hinh 3.41 gidi thiéu cdc dang két cdu vd vi mach LM35. Loat vi
mach LM35 ¢6 sdn dang ché xuidt vé boc kin TO-46 kiéu transitors,
con cdc loai LM35C. LM35CA, va LM35D dudc ché sin dang
transistors cé vO chat déo. Loai LM35D ciing ¢6 ché& xuat dang lidp rap
bé mit 8-chidn va dang vo chat déo TO-202.

- 280 v o | IFCT
- 550 mWwt ~580C

TO-44 TO-- SO
Mutat Can Packege” Flasrc Pack age Small Quting Motded Pachags
® ® | R Your =41 e 8= ovy
N Yan ne =42 4 ol K
o ne.—43 sheuc
901 roms yee N0~ + shuc
T v TS -1
TLASS 8. Y TN/
TO-202
Plastie Puckinge Typical Applications
*%N +n
e 0..‘.)
[ I e o
U ewmenswre
™ 4, L]
350p ‘
" -
m:.l-ue-uu'vunw:u A
Termpersture Chroowe Ry = —VgiS0 wA
Jemsor (+2'Cto + 180°C)
Vounr= 4 1500 mv m 4+ 50T
0“' [~ -3
Your

Hinh 3.41 — Vi mach cam bi€n nhiét LM35
(Courtesy of National Semiconductor).

Uu diém cia vi mach cdm bi€n hiét LM35:

* Pudgc hiéu chudn tryc tiép theo nhiét d6 Celsius.
* Hé s6 thang do tuyén tinh +10,0[mV/ C ].

* DG chinh xdc duge bao hanh 0,5[ C | & +25[ C].

* Pic tuyén phing trén sudt pham vi nhiét do -55 tdi
+150[ C].

= Phu hdp cho nhitng tng dung diéu khién xa.

* Gid thanh thap do tinh chinh ngay trong giai doan gia cdng
nén wafer.

= Hoat ddng v3i ngudn cung cap tir 4 tdi 30[ V).
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* Dong tiéu thu nhd hon 60 24 |.
* PO phi tuyé€n dién hinh chicd £1/4["C .
= Trd khdng ra thip, 0,1 Q ddi vdi tdi 1[mA].

90 K
5V — A
| 10 K
A AA -
= Y¥YVv
= —0 V,
Lo >— -

Hinh 3.42 — Mach cdm bi€n nhiét d6 dung IC (vi du 3.5).

Vi du 3.5. C4u tric mdtcam bié€n nhiét dd dung vi mach LM35
¢6 nhitng thdng s6 sau:

Pham vi: 5-100[°C ].

Ngudn cung cap: 5[V].

bién dpra: 0,1[V/"C].

Giai. Pham vi nhiét d6 do theo yéu ciu 1a khéng vin dé, bdi vi
mach LM35 ¢6 pham vi hoat dfng tir -55 t8i +150°C . Bai todn quy lai
chi con dic trung mach va khuyé&ch dai dau ra cho phd hgp véi nhitng
dic tinh yéu ciu. _

Bdi vi pham vi nhiét dé 1a dudng, ta ¢6 thé dung so d6 mach
don gidn trong hinh 3.40a, sit dung ngudn 5V lam dién dp cung cap.

Cic dic tinh yéu cdu ciing cho 0,1[V]=1[*C], I6n gip 10 lan
dién dp ra cia vi mach LM35. Yéu cdu nay c6 thé ddp d@ng bing mach
op-amp minh hoa trén hinh 3.42. P§ khuyéch dai clia op-amp c6 thé
dit dinh bing 10 bing cdch lya chon dién trd thich hgp:

R
Gain=A=—L+1= 201 3]
R 10[4C2]

a

+1=10
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Con dang vi mach c¢dm bi€n nhiét nita 1a TMPO1 (Analog
Devices), dudc thi€t k& dic biét cho vi mach chip don nhiét k€. Ba
dién trd ngoai thi€t ldp di€ém dat ngudng nhiét dd trén va nhiét do
dudi. Cac diu ra cia TMPOI1 ¢6 thé truc ti€p din dong céc relay dé tit
md may lanh hay mdy néng khi can.

3.4 — Cam bié&n bic xa.

3.4.1 — Khai niém buc xa nhiét.

Cd s phuong phap do nhiét do bing bic xa ctia vat thé 1a su
phu thudc gitta mat do6 phd ning lugng birc xa va nhiét do cia vat den
tuyét ddi, bi€u thi theo dinh luat Planck vé su phan bd theo nhiét do
ctia mét d6 phd bitc xa £, , hay g, , clia bitc xa cén bing do mdt don
vi dién tich bé mit ciia vit den tuyét d6i phdt ra trong géc khdi 2 7 :
27h v?

2 hv/ _
¢ “exp(Vjp—1)
- tinh theo tan s6 v bing don vi, hay: (3.25)

8v,7' o

e - 27he’ 1
A A e =D
- tinh theo budc séng A bing don vi; (3.26)

& day: h — hing s Planck — h = (6,626196 + 0,00050).10™
[J.5], hay h = zi = (1,0545919 + 0,0000080).107** [J.s] — hiing s&
T

lién hé niang lugng E clia mo6t photon véi tin s& v cia né; k — hiing s6
Boltzmann, k& = (1,380622 + 0,000059).10 % [J/d$]; ¢ — vaAn t&c 4nh
siang trong chan khoéng, ¢ = 299792 [km/s]~ 3.10° [km/s]; v - tdn sO
dnh sdng; A - budc séng dnh sang.

Bi€u thitc (3.26) c6 thé bi€n déi thanh:

-5
Eir = e - ; (3.27)

- Y A
exp(cyﬂw -1)

169

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

trong d6: C, = 2mhc’ ; C, = he/k - 1a céc hling s0.
Trong gidi phd 4nh sing AT <<(C,, cdng thic Planck (3.27) c6
th€ tinh gdn ding:
E,; =CAexp(-C,/AT). (3.28)

Con trong gidi phd AT >>C,, thi cong thitc Planck @ng vdi cOng
thic dinh luit Rayleigh—Jeans — dinh ludt gin ding vé sy phan b8 phd
ning ludng theo budc séng, trén phd bifc xa clda vat den tuyét dbi &
nhiét A6 7. Theo d6, d6 chdi nang lugng cda vat den wng vdi bude
song A ¢ nhi€tdd T:

2c G T

EA,T =7kT= 7z‘C2 ?.

(3.29)

Mat d6 phd niang lugng bic xa cia cdc vt thuc E, , khdc véi
mat d6 phd ning lugng bifc xa cla vat den tuyét ddi £, ,:
E,r=6&r; (3.30)

& diy, ¢, - hé s6 phd birc xa: ham ciia budc séng bic xa 4 va

nhiét d6 7T, x4c dinh cho ting trudng hgp cu thé (vi néi chung, khdng
thé x4dc dinh dugce tit ca cdc y&u td anh hudng téi ning suit bifc xa clia
bé mat vat thé). '

Ham thyc nghiém ¢, = f(A,7) dng dung trong nguyén ly hoat
adng clia cdac dung cu do nhiét d§ birc xa.

3.4.2 - Hoa k€& bifc xa.
Cic mdy do bitc xa nhiét thong dung thudng dugc goi la hod-
quang-ké&. C6 ba loai hod quang ké:
e Hoa quang k€ biic xa toan phan;
e Ho4 quang k& bitc xa m6t phdn (phd); phan biét theo ba phuong
an thuc hién:

* Po tryc ti€p tin hiéu dién trén bd cdm quang;
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* Theo sd do bu v@i ngudn bitc xa chuin c6 nhiét do thay ddi
duge. Tin hiéu dién ctia bd cdm quang ty 1& v8i hi€u quang
ndng cia vat do va mau thit, ding d€ hiéu chinh nhiét do bic
xa ctia mau thit cho d€n khi quang ning cia hai ngudn bing
nhau.

* Theo sd d6 b, nhung nhiét d6 ngudn bitc xa miu git ¢4 dinh.
Viéc cin bing quang ning cla hai kénh so bdi cac phin tit hdp
thu dua vao gita ngudn miu va bd thu.

e Hod quang ké ty 1é phd; ciing dudc thuc hién dudi ba dang:

* Ty 1é quang ning ¢ hai phd dugc xdc dinh truc ti€p theo tin
hiéu dién ciia cam bién;

* Xac dinh ty 1€ quang ning & phé khédc nhau theo vi tri cia phin
tir hap thu dua vao mot trong hai kénh do;

* Bic xa & hai gidi phd clia vat do dudc so sdnh véi bitc xa mau.
Sai s6 do ludng trong cdc cam bi€n bic xa. Gom sai s6

phuong phap va sai s6 dung cu do.

Sai s6 phuong phdp & ddy 1a do anh hudng cdc thong s& quang
nidng ¢ khoang cach nhat dinh so véi vat thé bi danh hudng khéng chi do
nhi€t dd ma con do hé s6 birc xa clia bé mit vit can do va su hap thu
cia moéi trudng trung gian. C6 thé coi do nhiét dd bing cac hod k& bitc
xa la phuong phdp gidn ti€p do nhiét do, bdi vi ngoai nhiét do cia vat
do, con ¢6 cac y€u td khdc dnh hudng 1é€n thong so bitc xa:

e Tinh chidt cda vat bitc xa (tinh chat quang hoc, nhiét trd ..),
trang thdi pha, 46 nhdn bé mit, 16p oxyt trung gian trén bé mat
.. Cdch khdc phuc sy thay d&i dong bitc xa do nguyén nhin nay
1a dua vao cdc tinh todn hé s6 phé bifc xa ctia vat thue ¢, dng

vdi trudng hdp vat thue cu thé dé. Hé s ¢, <l.
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e Su hdp thu clia mdi trudng trung gian. C6 thé khdc phuc dnh
hudng clia mdi trudng trung gian bang cdch dua vao tinh todn
hé s8 xuyén thiu r,, cla kinh loc. Hé s8 7, <1.

e Su phidn xa tir vit d6i vdi dnh sdng ngoai. C6 thé tinh t6i dnh
hudng ciia ngudn dnh sdng ngoai biing cich dua vao tinh todn
hé s8 wong duong (g, )..,. cia bifc xa, do nhiét d§ hod k€& do

duge khong phai 1a nhiét dd thuc, ma l1a nhi€t dé quy udc, goi
1a nhiét dd bitc xa, nhiét dé chéi, hay nhiét d§ mau khi si¥ dung
hod quang ké& thu bic xa trong gidi phd rong, phd hep hay trong
nhiéu vach phd, trong khi thdng thudng thi cdc hod quang '
dude khic vach theo ngudn bifc xa méu véi &, da biét.

wywv

Sai s& dung cu do do d9 chinh xdc do ludng cdc thong s6 dong '
bitc xa. Sai s& twong ddi cia hod quang k€ thong dung 1a:

Oy = -'lT-JF = l5,,.; (3.31)
C n

2

& day, &, - sai sO do dong bic xa.

3.4.3 — Hoa k& héng ngoai IR Infrared Pyrometry.

Moi d6i tugng phat xa ning lugng hdng ngoai tuong (ng nhigt
d6 cua ching trén nhiét d§ khdong tuyét dsi (0 dd Kelvin). C6 mdt sy
tuong quan tryc ti€p giita nang lugng hdng ngoai ma mdt dSi tugng
phdt xa va nhiét d6 cia no.

Cic cim bi€n IR do ning lugng bifc xa hdng ngoai phat xa ti
d6i tugng & budc séng 4-20 micron va chuyén ddi chi s& do bic xa -
thanh dién dp. Cong nghé IR dién hinh sif dung mdt thau kinh dé€ hoi
tu ning ludng bic xa 1én pile nhiét dién thermopile. Di€n dp ra dudc
khuyé&ch dai va dudc chuidn hod d€ cung cap chi thi s& do nhiét dd.

Cé4c y&u t8 4nh hudng t6i d chinh xdc ca cim bién IR la:

e Hé s6 phin xa thermopile — s6 do tinh ning vét li¢u phdn xa
nang lugng bic xa hdng ngoai.
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e Hé s0 truyén transmissivity — s& do tinh ning vit liéu truyén
ddn niing lugng héng ngoai; va:
e D¢ phat xa emissivity — ty 1€ nang lugng ma mot doi tugng phat

Xa trén nang lugng phat xa toan phan tit m6t ngudn bic xa bé

mat dudc do.

Mot déi tugng ¢6 dd phdt xa bing 0 1a vait phan xa hoan toan,
trong khi d&i tugng c¢6 d§ phét xa biing 1,0 sé phat xa (hodc hdp thu)
100% ning lugng hdng ngoai duge cung cdp tdi né. (MOt d6 phat xa
biang 1,0 dugc goi la “vat den” va khong tdn tai trong thé gidi thuc).

Hoa k&€ hong ngoai IR, dasd 1a & dang dung cu x4ch tay, ngudn
nudi battery, cdc by cam tay cung cap chi thi sd do nhiét d6 dang sé.
Ching ciing dudc ché xudt dang thi€t bi ldp dat ¢d dinh, ¢6 thé dung
vdi cdp quang d€ cdm bi€n tir xa. Cdc tin hiéu ra c6 thé dung dé€ diéu
khi€n bd chi thi hay mach diéu khién vong kin (c6 phan hdi).

Piéu quan trong la phdi sit dung cam bi€n vdi quan niém ding
do1 véi ing dung cu thé can do. PE dam bao chic chin d6 chinh xdc
ctia cac chi s& do, ddi tugng do phai dude nhin nhian hoin toan trén cd
sd cia m{t hé¢ do ludng hoan chinh. Hé théng do ludng sé xdc dinh
pham vi nhiét dd cia tat cd cdc dung cu thi€t bi trén quan di€m toan
cdnh k€ cd phan hau trudng.

Mot 86 yé€u t8 c6 thé ¢6 dnh hudng d6i véi van hanh cda ca
dung cu thi€t bi 1an hé thdng néi chung. Céc chit bui bam trong khi
quyén gita cdm bi€n va muc tiéu do sé hip thu hay tin xa mot so
nang ludng bitc xa va gay nén nhitng bi€n dong 16n trong phép do. Cic
dudng cdp quang c6 thé ding d€ giam khodng cich giita cam bi€n va
muc tiéu target d€ gidm thi€u sai s&, nhung khi d6 phéi tinh dén ca
nhitng thude tinh nhiét d6 méi trudng cia dudng cap.

Uu di€m:

* Cho phép thuc hi€n phép do khéng ti€p xic cdc dbi tugng
chuyé?n ddng hodc cdc vit liéu ddc hai nguy hiém.
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C6 thé dang phdi hgp véi cdp quang dé thyc hién cdm bi€n tir
Xxa.

Pham vi nhiét d¢ dién hinh la wr -18 t8i +538°C (tr O tSi
1000° F).

b6 chinh xdc £1%.

Nhudc di€m:

Po6 chinh xdc c6 thé bi dnh hudng bdi cdc y€u td bé mit.
Trudng ngdm phdi phu hgp véi kich thude muc tiéu.

Nhiét d6 mdi trudng c¢6 th€ dnh hudng t8i chi s6 do.

Bd loc bifc xa vdi budc 'séng phi hdp phdi thich hgp véi dng
dung cu thé.

Gid thanh cao (200%+), tham chi ¢co6 thé con cao hon né€u doi hdi
mach diéu khién.

Viéc hiéu chudn khé khin hon va dit tién hon.

Poi hdi cdc bd phan thanh phin hoic mach phu trg d€ diéu
khién tdi ing dung.

Cic chat bui bam, chat khi hodc hoi nudc trong mdi trudng cé
thé dnh hudng t8i dd chinh xdc clia hé do.
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BAIS

KY THUAT CAM BIEN VI TRf VA KHOANG CACH.

Chuong 4

CAM BIEN VA PO CAC CHUYEN VI VAT THE.

PHAN 1.

Muc tiéu bai nay tap trung vao nhitng khdi niém cd ban va k¥

thudt cdm bi€n vi tri, khoang cich va cic chuy€n dich vit thé trong
khong gian (phan 1) va thdi gian (phin 2).; cédc ing dung trong do
ludng, dinh vi va diéu khi€n — gém 2 phin cla chuong 4.

Ngi dung cd ban ma SV phdi nim dugc & bai nay la nhitng vdn

dé trong tim sau:

Khéi ni€ém dai cuong vé vi tri va chuyén vi vat thé va nhitng
dic di€m xac dinh chiing. Cdc loai phan ti cim bién ing dung
trong ky thudt do ludng diéu khi€n dinh vi, két ciu, hoat dong
chifc nang, cic dic tinh ky thuit, dic di€m @ng dung.

Cic van dé wng dung thuc tién cdc phan ¥ cam bi€n va diéu
khi€n dinh vi vit thé trong céng nghiép d€ c6 nhén thic va rén
ky ning tdng hop, thi€t k& va ché tao hé théng cu thé trong
thue t&€ moi trudng (ng dung.

Bai 5 tdp trung trong tdm la ky thudt cdm bi€n vi tri, khodng
cdch va cdc chuyén dich vat thé trong khéng gian (phan 1) bing
cdc phan tif cdm bié€n @ng dung réng rdi trong c6ng nghiép va
dan dung.

Thoi lugng bai gidng 1a 04 tiét/45 (i€t 1én 16p theo chuong trinh

mon hoc 1a 03TC (45 ti€t) va 04 ti€t tu nghién citu.
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4.1 - Khai niém chung.

4.1.1 — Pai cuong vé chuyén vi vét thé.

Viéc dinh vi vi tri, xdc dinh kich thudc hinh hoc cla vat thé
trong bd tri khéng gian vt chat, cling nhu sy chuyén dich clia n6 trong
khong gian 12 mdt trong nhitng nhi€ém vu cla ky thudt thdng tin do
ludng va diéu khién. Céc thi€t bi s cdp nhim thyc hi¢n nhiém vu d6
12 cdc cdm bi€n chuyén vi.

Trong phdn chuong muc nay chiing ta coi nhitng vdn dé lién
quan t8i vi tri, kich thudc va khodng cdch (khdng gian), chuyén dich
(chuyén ddéng trong khong gian theo thdi gian, v8i van toc va gia td¢
niao dé) ciia cdc vat thé 1a s chuyén vi ciia vat thé (ding yén hay
trong vin ddng). Mic di & day chiing ta chi trong cdc phuong phdp va
phuong tién k¥ thudt xdc dinh nhitng dai lugng nay trong ky nghé, tuy
nhién, dé ¢6 nhitng quan niém tr duy k¥ thudt @ng dung, thi€t nghi
ciing nén nhic lai mot s khdi niém vat ly cd ban lién quan dén
chuyén vi vt thé.

Trudc tién, d3 néi d€n vi tri va chuyén dich vit thé trong khong
gian va thoi gian. B6 chinh la hinh thic tdn tai cla vat chat va vdn
ddng. Cédc qud trinh vat 1y ludn ludn xdy ra trong khéng gian ba chiéu
va trong thdi gian. Khong gian va thdi gian khong tdn tai ngoai vat
chit va khong thé ddc lap véi vat chat. Khédi niém khong gian bi€u
hién sy song song tn tai va téch rdi ciia cdc vat thé, vi tri va sy bo tri
cla ching d8i v8i nhau. Cédc dic trung khong gian 1a: toa dd vi tri clia
vat thé, khodng cdch gilta cdc vat thé, géc giffa cdc phuong. Khdi ni¢m
thdi gian bi€u hién tinh trudc sau va sy ti€p ndi ciia cdc hién tugng
(tinh nhdn qud causal). Céc dic trung thdi gian la thdi di€m tai d6 hién
tugng xay ra, khodng kéo dai clia hi¢n tugng (qué trinh).

Chuyén ddng cia vat thé trong khong gian theo thdi gian 1a doi
twgng nghién cfu clia ¢d hoc, mdt nganh quan trong va rit rong 1én
caa vat ly. Chuyén ddng co hoc l1a sy bié€n thién theo thdi gian cda vi
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tri tuong d6i cla cdc vat thé hodc cdc phan khdc nhau ciia cing mot
vit thé.,

Vian tdc 1a dai lugng vector dic trung cho phudng, chiéu va su
nhanh chim ctia chuyén dong. Tai mi thdi di€m van tdc v duge dinh
nghia la:

g hin O (4.1)

trong d6: A7 la s gia clia ban kinh vector ctia vat thé van déng
sau khodng thdi gian Ar.

La dai lugng vector, vin tdc cé d6 18n va c¢é6 hudng; hudng van
toc 1a hudng ti€p tuyén vdi qiy dao chuyén ddng, cung chiéu vdi
chuyén dong. V& d6 16n, van tdc ¢6 tri s6 bing:
-— ds .

e

trong do ds 13 quing dudng vat thé di dudc sau khodng thdi gian
nho dt. Trong hé SI don vi van t6c 1a [m/s].

Téc dd 1a dd 18n cia vector van téc. Toc dd titc thdi dac trung
cho sy nhanh cham ctia chuyén déng tai titng thdi di€m. Toc d6 trung
binh dic trung cho sy nhanh chim trong mot khodng thdi gian. Vé tri
s0, toc d6 bing quing dudng vat thé di dude trong mdt don vi thdi
gian. Toéc d6 dnh sdng trong chin khéng 1a dai ludng tri s& van toc 16n
hon van tdc clia moi chuyén ddng va moi qua trinh trong thé gidi thyc.
Toéc dd 4nh sdng trong chian khong 1a tdc d6 gidi han ma ngoai photon
khong vit nao dat tdi dudc. P6 1a mot hiing sé vil tru, khdng phu thude
toc dd ngudn va mdy thu, khéng phu thudc tin s& bic xa. Ky thuat
thong thudng xdac dinh ¢ = 299 792 458 + 1 [ms].

Gia tdc 1a dai lugng vector diac trung cho sy bién thién cia
vector van téc theo thdi gian. Vector gia té¢ bing dao ham ctia vector
vin toc theo bié€n thdi gian 18y tai diém dé:

v (4.2)
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av
il
Theo dinh luit hai Newton, gia toc clia chit di€ém ty 1€ véi luc
tdc dung va c6 phuong tring v3i phuong tdc dung; do dé né dugc phan
thanh hai thanh phdn theo hai phuong ti€p tuy€n va phdp tuyén (hudng

a= (4.3)

tam) véi qiiy dao chuyén dong, tuong @ng goi 12 gia tdc ti€p tuy€n hay
gia t6c phap tuy&n. Trong hé SI, gia tc duge do bing [m/s? ].

Trong céc dai lugng gia tdc, ngoai gia tc ti€p tuyén, gia tdc
huéng tim (phdp tuyén), ta cling bi€t gia t6¢ trong trudng (gia t8c¢ rdi
tr do). P6 12 gia td¢ ma trong luc truyén cho mot chdt di€m ty do. Gia
tée roi tw do tai mdi di€ém phu thudc vao d6 cao so v6i mat bién, vi dd
dia ly va dic di€m dja chdt vang d6. Thong thudng, néu bd qua cdc sai
s6, ngudi ta tinh gia toc trong luc tiéu chudn bing g = 9,80665 [m/s® ].

Trong k§ thudt ngudi ta phan biét cic dang chuyén dong thing
(tinh ti€n) va chuyén dong quay. Trong chuyén dong tinh ti€n, tat cd
cdc di€m cla vit rdn ludn ludn c¢6 cing mot vector van toc va vach
nén nhitng qily dao nhu nhau (khéng nhat thi€t 1a qily dao thdng).
Chuyén ddng quay la mdt trong nhitng dang chuyén doéng don gidn
nhit cia vt rin. Chuyén déng quay dudc xic dinh biing vector vén tdc
géc @, c¢6 d6 16n bing t8c d6 quay @, c¢6 phudng nim trén truc quay
va ¢6 chiéu x4c dinh theo quy tic vin niit chai. Ly thuy&t chuyén dong
quay ¢6 nhiéu ng dung trong cd hoc ché tao mdy va nguyén ly cd cdu
mdy, trong 1y thuy&t con quay hdi chuyén hay vit Iy thién thé ... D&i
v6i Iwu chat (chdt 16ng hay chét khi) dang chuyén ddng tuong ing 12
chuyén d6ng xody c6 kém theo sy quay cla cdc hat moi trudng quanh
cdc truc quay ti¥c thdi di qua chinh cdc hat dy. Khi chat 16ng va khi
chuyén dong trong cdc Ong hay vong qua céc vét thé rin (cdnh mdy
bay, cdnh tuabin, ..) thi di 1a chdy ting hay chdy rdi thi & cdc 16p bién
cling déu c6 chuyén ddng xody.
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4.1.2 — Phén loai cac phan ti cam bi€n chuyén vi.

Nhu da néu, phan biét cic dang chuyén dich thing (linear-,
chuyén déng thing theo mdt hudng), chuyén dich géc (angular-,
chuyén déng xoay quanh mot tim di€m) va chuyén dich hdn hgp. Céc
chuyén dich thing va chuyén dich géc ¢6 thé xdc dinh bing mot phan
tf cam bi€n, nhung chuyén dich hdn hgp lai can dén nhiéu phan ti
hon.

P& xdc dinh cdc chuyén dich thing ¢é nhitng phin t cAm bién
nhu:

= c4dm bién chi€t dp potentiometer — phan tit bién trd;
* cam bi€n dién dung — phan tir bién dung;

* cam bi€n dién cam — phin t¥ bi€n cam;

* cam bi€n ¥ tinh va bién 4p do;

* c¢dm bi€n quang;

* cdm bi€n bi€n dang dan hdi.

Céc phuong phdp do chuyén dich géc chi y&u bi€n thé tit nhitng
phuong phdp do khodng cdch hay khodng dich chuyén, chi khic l1a ¢6
s phu thudc vao géc quay chit khong phdi 1a chuyén dong thing,
tuy€n tinh. Cdc phan tif cdm bién chuyén dich géc ¢6 thé la:

= cam bi€n chi€t dp potentiometer;

* cam bi€n dién dung — phin tir bi€n dung;
* c¢dm bi€n dién cdm — phan t¥ bién cam;
= cam bi€n quang.

Cédc cadm bi€n bi€n dang dan hdi khéng truc ti€p do chuyén dich
goc; trong mdt s6 trudng hgp, phdi bi€n thé mdi do dude cdc chuyén
dich géc.

Ciing c6 thé phén loai cdc cam bién chuyén vi theo nguyén ly
bi€n déi:

179

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

* Phin tf cdAm bi€n tham sd;
* Phin tif cim bié€n vat ly.

Cic phén tif cdm bi€n nhu bi€n trd, bi€n dung hay bi€n cim ... 1a
nhitng cdm bi&n bi€n ddi cdc dai lugng thong s3 trang thédi vat ly cia
qué trinh cong nghé (vi du nhu vi trf, chuyén dich — kich thudc,
khodng cdch, ...) thanh nhifng thay ddi tham s6 dién (nhu dién trd hay '
dién din, dién cdm hay hd cdm, dién dung, ...) dugc goi chung la cdc
cAm bién tham s& (xem thém Phu luc 1 — Co 53 ly thuy€t phan tlf cdm
bién tham s3). :

Cic phdn tf cdm bi€n nhv cdm bi€n dién-tl¥, cim bi€n quang
hay quang-dién, cim bi€n dan hdi .. 1a nhitng cdm bién bi€n ddi céc
dai lugng chuyén vi vat thé thanh nhitng thay ddi thong s& vat ly ky
thudt (trung gian, hodc sau dé dugc chuyén ddi thanh thong s6 dién),
dudc goi chung 1a cdc cdm bién vat ly (xem thém Phu luc 2 — Phan t
mdy dién thong tin).

Phén loai phdn tif cdm bi€n tham s3:

» Bién tr& Resistance Transducers;
» Bié€n cam Inductance Transducers;

» Bié&n dung Capacitance Transducers.

Viéc phin loai khdo sit & day chi 1a tudng dsi. Trong nhirng
phin ti€p theo chiing ta s& xem xét nhitng phan t&f tyr dong trong hé do
ludng va diéu khién tuong wWng v4i tinh nidng cda ching trong hé. Vi
nhu mot phdn tif cdm bi€n chuyén vi ki€u bi€n dp vi sai Differential-
Transformer ciing c6 thé xem nhu ghép hai phin t&f bi€n cdm
Inductance-Transducers, vé mdt phuong di€n nao dé.

K¢ thuit do chuyén dich thing va chuyén dich géc cling dugc
#ng dung d€ do cédc dai lugng vat ly nhu tdc dung luc, ap suit, ung
suit, hay d6 xofn (torsion) .. vd nhat 1a cdc @ng dung trong ky nghé
mdy cdng cu.
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4.1.3 — Phudng phap xac dinh kich thuéc hinh hoc va chuyén vi.

Khi nhiém vu cia ta la do kich thudc hinh hoc, chuyén dich
(thing hay géc quay) thi viéc diu tién ma ta nghi té1 la so sanh truc
ti€p v8i mdt miu chudn étalon nio d6. Trudng hdp do gée thi miu
chufin ¢6 thé 1a mot dia khic vach protractor chinh xac véi nhitng diu
vach ndm cdch nhau diing theo gi4 tri géc da cho. P3i vai kich thudc
thing ciing vdy, vi nhu dung thudc metre-rod. Phép do nay goi la phép
do truc ti€p direct hay 1a phép do tuyét d6i absolute, bdi kich thude cin
do vd miu chudn dudc so tryc ti€p, miu chuidn c6 di€m zero ‘0’ ¢6
dinh va cho s6 liéu gid tri tuyét ddi cia s6 do. Pdng thdi, phuong phap
do nay lién quan véi viéc s6 hod digitizing kich thudc do, titc 13 chuyén
d6i cdc kich thude vat 1y analog thanh cédc gia lugng increments, vi du
thanh millimetre hay dé goc, va cho sd do 1a s6 lugng cdc increments,
nhi€u it tuy theo kich thude do.

Ngoai cdc phép do kich thudc thing hay géc dd, thudng phai
xdc dinh vi tri. Vi du nhu khi khdi déng mdy cong cu, ¢6 thé cin phdi
bit dau hay ti€p tuc gia cdng vit pham tit mot vi tri nhat dinh nao d6.
Trong trudng hdp nay, ciing can dén cdc di€ém mdc do tuyét ddi
absolute mearusement bases, bdi ching cho phép nhan dang tim ra mdi
vi tri v8i m$t ma tuong ng, vi du bing mdt bd ky tu s4.

D3i ngau véi phép do tuyét ddi l1a phép do ty ddi relative hay
phép do gia lugng incremental. Theo phudng phdp nay, s& ludng céc
increments trén mét ludi manh grid (dia vach hay thudc vach) tuong
ing vdi s6 do d€m dudgc. Piém khdi dé€m, tic 1a diém ‘0’ trén manh,
c6 th€ chon mét cach ngiu nhién vi khéng ¢6 diém nio khic véi diém
nao. Tuy nhién, trén thuc t&€, cdc qua trinh do vi tri theo phudng phap
gia lugng lai thudng ¢6 thém di€ém dau mdc zero, sao cho may d€m c6
thé dit dinh diém ‘0’ tai mdt vi tri nhat dinh, va nhu vay phép do
chuy€n vi thing hay chuyén vi géc ciing c6 thé x4c dinh thém dudc vi

tri.
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Né&u dem so sdanh hai phuong phdp do tuyét ddi va ty dai, ta -
thdy rd nhitng wu di€m va nhudc di€m cla ching. Phép do tuyét dei
cho d6 an toan cao hon vé sai s& do va sai s& truyén dat, dic biét 1a khi
viéc nhén biét sai s6 ¢6 thé thyc hién bliing cdc tin hiéu thir phu thém
(nhut bits-chdn-18). Mot wu di€ém nira 1a hé tuyét ddi c6 di€m zero cd
dinh, ¢6 thé tim ra khi bi 16i hay khi mdy bi ngdt do su ¢d. Nhitng uu
th& nay cang ndi bat khi tinh phitc hgp ting va do d6 ma gia thanh cao
hon. N&u cdn thém phép xdc dinh vi tri thi qué trinh do tuyét doi phdi
c6 bd tinh s8 arithmetic unit dé cdng vao hay trir di s& chuyén vi zero
trong tri s0 do dudc.

Céc hé do gia lugng incremental c¢6 dic trung 1a gid thanh thip
hon trong viéc nhén bi&t va truyén dat dir liéu két hgp véi viéc lya va
dich di€m zero mot cdch don gidn. Tuy nhién, ching cé nhugc di€m 1a |
khong th€ nhin bi€t tim ra sai s§ do bdi cdc xung nhiéu cdm ng va sai
s& d€m. Trudng hgp xdy ra sy ¢d ngudn cung cdp, hay khi khdi dong
lai qud trinh do thi s& khong c6 thong tin gl vé vi tri hién hitu cd. Phdi
khdi dong phép do trd lai tir di€m so ban dau.

Céc qué trinh do ma trong d6 thyc hién 13p lai tudn hoan mdt
pham vi tuyét d8i nhd — duge goi la cdc hé tuyét ddi tudn hoan. Mot vi
du dién hinh 12 bd ma hod géc quay Angle Encoder (xem thém Phu luc
2) dang mot dia don dé€ do géc 16n hon 360 , titc 16n hon mét vong
quay. Ph3di d€m s& vong quay va do d6 ma phép do la gia ludng
incremental. M6t vi du nita 12 qud trinh do dién cdm trong mdy do
Inductorsyn (xem thém Phu luc 2). 3 day 13p lai mot khodng s§ do
analog 1a 2 [mm]. N6i mdt cdch chinh xdc, thi trudng hdp nay vin dé 1a
cdc hé gia lugng incremental ¢6 ndi suy gilta céc s gia increments
riéng 1é.

N6i chung, phép do dua trén cd sd so sdnh truc ti€p kich thudc
do v3i mdt miu chudn éralon nao d6 khdng phdi 1a phudng phdp duy
nhit. Phép do chuyén vi ciing ¢6 thé thuc hién bliing cdch chuyén doi
chuyén dong doc longitudinal thanh chuyén dong quay bing truc quay
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spindle hay truc vit screw nut hodc st dung gid d3d thudc do rack va
pinhdéng pinion (hinh 4.1).

Bénges  Con trwgh Truc\vit din hudng BXng cd Co\n gt Twc\din hudng vi do
\ 1 | \\ \ ‘!s \\
_@E- + e s TR PRI
1 1
] i
a) = c) Ma hod gdc
Vi TS
Thude do By doc
'\t‘.
Bonged Contnsgt  Trye vitdin hvdng
ot A k
N
-@E*—ﬁ--- oo s sd.  Truc quay =
— ! fo=zlA
— ! Hé do gdc \-— s et
b N s
I 3> R
M1 bod d6 gdc Pinhdng Gid thvdedo d)

Hinh 4.1 — Hé cdm bi€n chuyén vi trong k¥ nghé mdy cong cu:

a). Phan ti do thiang, truc uép;

b). Phan tit do thing gidn ti€p, ding gid d3 va pinion pinhdng;

¢). Phan tf do thing gidn ti€p, ding truc quay;

d). Phan tlt do géc truc ti€p.

Trong k§ nghé ché€ tao may cong cu, thudng khong c6 su phan
biét rach roi phuong phap do truc ti€p va gidn ti€p, bdi trong khi gia
c6ng hi€m khi thue sy do kich thuéc ban than vat phdm. Phép do kich
thudc vat pham hay san phim thudng phdi ding nhitng phuong phédp
do khédc hon 1a do truc ti€p trén may gia cdng, bdi vat liéu, dau ma,
chat lam ngudi va hinh dang phitc tap clia vit phdm lam trd ngai phép
do truc ti€p. Thay vi d6, ngudi ta thudng do dudng trudt gia cong. Ca
vat phim gia cOong va cdng cu do déu dudc gilr cht tai vi tri cia ching
bing dung cu kep hay mam cip ma khong bi sai 1éch vi thé trong sudt
céng doan gia c¢ong. Su bi€n dang vit thé, dung cu hay cdc bd phan
mady khédc, déu dnh hudng tdi d6 chinh xdc gia cong, do d6 phai dugc
gilt trong mot gidi han nhd nhat ¢6 thé. Theo dé, phép do truc ti€p
chuyén vi vat thé duy nhi't dudc thuc hién & diy 1a do truc ti€p cdc bd
phin mdy chuyén dong.
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Phép do gia lugng duge ting dung rong rdi trong cac thi€t bi do
ludng cong nghé ngay nay theo ky thuit sO (nhu cdc mdy CNC, robotic
céng nghiép, ...). Cho nén thi€t nghi & ddy ching ta di sdu hon mdt chut
vé cd sd k¥ thuit cla phép do gia lugng incremental.

Cd sé phép do gia lugng ky thuit sd Digital Incremental
Measurement Base. Thuidt ngir “digital” xudt phdt tir gdc ti€ng latine
“digitus” — ¢6 nghia 1a “ngén tay”. P6 1a cd sd thoat didu cia phép
d€m, d€m ngén tay hay d€m d6t ngén tay — diung dén bay gid. Tuy
nhién, diéu d6 cling c6 nghia 12 s6 d€m da dugc chia ra thanh nhitng
phin hay nhitng gia lugng bing nhau, c6 s&n va dém dugc. D€ lam
duge phép d€m s8 gia lugng nhu vay, can c6 hai budc: phan chia (hay
lugng tif hod) thanh cdc giai lugng va d€m. Viéc lugng tif hod sd duge
thuc hién ngay khi ch€ ra vit thé€ dung cu do — vi nhu thude chia vach
hay cdn can. Viéc d€m chi 1a mdt phdn cia phép do. Phép do gia lugng
1a qud trinh do theo k¥ thudt sO don gidn nhdt theo nguyén ly do ludng
vat thé, thu nhdn va x 1y dir liéu do. Budc ti€n ti€p theo la tao khd
ning lura chon diém khdng zero ‘0°tuy ¥, bing cach dit dinh preset hay
t4i dinh reset bd d€m khi todn tinh dodi hdi chi thi s& tuyét doi. Nhugc
diém trim trong 12 mdt khi mat ngudn dién cung cap thi c6 thé bi mat
dir liéu vé vi tri di€ém din xuat. G diy nhuge di€m nay dugc han ché
nhd ¢6 b6 nhé ¢d dinh EEPROM ré tién. Ngay nay, an toan dir li¢u .
truyén din 1a ci v&n dé, viéc sl dung ngdy cang nhi€u cdc hé gia
lugng la mét minh ching.

A B
A V. 2 V4 V %
%%?Jjgjzz 11|
R S "

Hinh 4.2 — Lugng tf hoa chiéu dai do.
S — chiéu dai; T — chu ky phdn doan; 7 — giai lugng.
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Thudc do dang manh bao gdm cédc phan doan c6 dic tinh vatly
khiac nhau (hinh 4.2), vi nht nhitng vung sang-tdi trong hé quang.
Khodng cach gita titng phan doan riéng 1€ 1a khoang T trén thang do.
P&m s6 phan doan nim doc theo chiéu dai do A-B s& cho tri sO ng
vdi vi tri cia vat. Po vit thé dudi dang thudc manh hay thude vach la
b6 nhd nhi phan read-only ROM dudgce k&t ndi giao dién theo ham chic
ning chuyén vi thing hay chuyén vi gée. Ngudi ta ¢ thé nghi ra nhiéu
nguyén ly vat ly thich @ng v&i hai trang thai cia bd nhd nay va co thé
tao dudc giao dién két ndi cho n6. Tuy nhién, trong vd sO thi€t k€ &
linh vuc nay chi ¢6 vai nd Iuc dem lai k€t qud (xem bang 4.1).

Bang 4.1 — Thudc tinh cd s8 phép do va qua trinh trich mau.

Cd sd phép do Qui trinh trich mau
Bién s6 dién dan: Trich miu cd hoc bing ti€p di€m;

Lo xo hay chdt dan hoi;
Trich mau dién dung;
Trich miu biing linh kién tdn s6 gidi han trong mach

Bi€n s0 (i tinh dao dong.

Bi€n s mau sic Piu dd hiéu wng Hall hoac ddu do c6 16 ferrite.
Bi&n s& d6 trong sudt |Trich miu quang hoc bing tia phdn xa.

Bi€n s6 do day Trich miu quang hoc bing tia xuyén thiu.

Do sai pha giifa cic chim tia.

Counter

Hinh 4.3 — Hé do chuyén dich don gidan (mdt xung/vong).

Vi du dién hinh 12 phép do chuyén vi géc don gian (hinh 4.3).
M6t banh xe cam 1am contact ti€p dién mdi vong quay, tao mot giai
lwgng xung dua t6i bd d€m cdng. Chitng nao chua phédi phan biét
huéng quay thi dung c¢d cdu do nay tao ra mgt chudi xung don gian, ¢6
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thé thyc hién phép do mét cdch chinh x4dc. Nguyén ly nay dudc wWng
dung trong cdc hé dién hinh nhu cic mdy d€m sdn phim chi chay theo
mot chi€u, trong dé chuyén dong thing ¢6 thé chuyén thanh chuyén
dong quay (vi du bing banh xe ma sdt). Viéc dat dinh b6 d€m c6 thé
bdt dau tlr zero cho tdi khi dat s dit trude, khi d6 sé& ti€p nhén tin hiéu
(hodc ma lénh theo giao thitc dinh sin) va cudi cing bd d€m sé tr
dong trd vé zero, khdi dong lai.qud trinh. Vi du di€n hinh loai nay l1a
mdy cua ty dong, cua x€ sic gd thanh nhitng phan ¢6 chiéu dai hay do
day nhat dinh. Ciing ¢6 thé dit dinh bd d€m ngudc, tic 1a dat may & tri
s6 nhat dinh khi b4t didu chay, ngitng qud trinh d€m khi dat tri s& zero
va cudi cing dat lai tri s& dit trudc ban dau. Tuy nhién, khi ddi huéng
quay né€u phdi thyc hién phép do chinh x4dc y nhu vay thi lai cin dén
tin hiéu thit hai d€ nhin dang huéng quay. Hai tin hiéu A va B phai
dugc phan ly bing m{t khodng dich pha. Tuy theo huéng quay (hinh
4.4) tin hi¢u A s6m pha hay mudn pha hon tin hiéu B. Khodng di pha
nay thudng duge chon ¢d ( % +nT), sao cho dd phan gidi gdp d6i hay

gdp bdn l1an d€ ¢6 thé nhin dang hudng quay. T 1a chu ky lip lai cla
tin hiéu A va B.

Al | | |
a), B L_I L
AL 1
b, BT LI LI

Hinh 4.4 — Tao tin hi€éu A va B dich pha:
a). quay ngudc chiéu kim ddng hd; b). quay theo chiéu kim déng hd.
Chi ti€t hon vé k§ thuidt nhin dang hudng quay néu trong tai
ligu [2].
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4.2 — Cam bi€n chuyén dich (thing linear-, va chuyén dich géc
angular-).

4.2.1 — Khai niém chung.

Ung dung dién hinh cla cdc phin tif cdm bi€n tham s& 1a viéc
dinh vi vat thé trong bd tri khong gian, ciing nhu viéc diéu khién,
khong ché su dich chuyén ciia né trong khong gian, xdc dinh khodng
cach tuong ddi gitta cac vat thé. Ching 1a cdc thi€t bi s6 cdp nhim thuc
hién nhiém vu dé. Lién hé gita phan tif cdm bi€n va doi tugng dich
chuyén thudng dudc thuc hién bing lién két ¢d hoc tryc ti€p hay gidn
ti€p thong qua cdc trudng dién, trudng tit, 4nh sdng ... tic ddng lén cdc
tham s& mach cadm bién (trd khang R, L, C, hd cdm M, strc dién dong E
ENPE

C6 hai phudng phédp c¢d ban d€ xac dinh vi tri va dich chuyén:

e Tin hiéu 13 ham phu thudc vi tri cia mot trong nhitng phan tr

cam bién ¢6 lién hé vdi vat di ddng can xdc dinh chuyén vi;

e Thoéng qua s6 xung dé€m tng vdi chuyén vi ¢d ban cia cam bié€n
lién quan tdi vi tri va dich chuyén vit thé.
4.2.2 — Phan t bién tré Resistance Transducer.

Céc phan tf bi€n trd thudng dude ché xudt dudi dang chiét dp

potentiometer. Tri s6 dién trd thuin Ohm clia bién trd kim loai day

cudn la:
&
R =P;,IQ]; (4.4)

mm’

& day: p - dién trd suat vit liéu dién trd, [Q ]; | — chiéu
dai day cudn dién trd; A — ti€t dién day trd, [mm’].

Vé cau tric, cdc chi€t 4p ¢ ti€p di€m con trugt: chuyén dong
thing linear- hay vong (arc-shaped-) (hinh 4.5), mét vong hay nhiéu
vong. Ki€u théng dung 1a ¢6 bd phan truyén ddng truc quay con trudt
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(quay tay hay ding mdy dién). Bi€n tr§ dudc thyc hién bang dién trd
day cudn, hoic mang dién trd film resistor bing mét 16p carbon hay
chat déo din dién. Mdi chi€t 4p thyc t€ khong trdnh khdi ¢6 nhitng
thanh phin dién cdm va dién dung. Tuy nhién, c6 thé bd qua nhitng
thanh phin d6, n€u dang dién mot chiéu hay xoay chiéu tidn s thap.
Hién nay dang phdt trién loai bi€n trd W — magnetic field resistors,
lam viéc khong ti€p xic va do d6 khdng bi dnh hudng ma sit con trugt.

Ux$ Bictuyénthw

- — — —— ——

P T—

i —I_ Ro [ Ly tng

&%
Ry Yo = o \
113
¥ Usx Ux

x v

fr - — ———— - ——e —

o
[ R

Hinh 4.5 — C4m bién dién tr3: Hinh 4.6 — Sai 1éch tuyé&n tinh cta

a). Chi€t 4p thing; chié&t 4p do dung sai ché€ tao.

b). Chi€t 4p vOng (amular).
Cdc théng sé dic trung cda bién trd.
e Tri s8 dién trd (danh dinh): Tri s6 dién trd dién hinh 12 100[ Q]
va 100 [kQ2].

e Mifc t8n hao cOng suit cho phép: Tén hao s& ting ty theo mic
ting dién 4p n€u dién trd nhd. VEi dién trd 16n thi khong chi
lam ting dnh hudng thanh phin dién cdm va dién dung ma con '
c6 nguy cd lam ting nhiéu dién-tlr. Do d6, tuy trudng hgp ung
dung cu th€ ma tim phudng 4n thod hiép. Do d6, dién dp l6n
nhit U,,,, c6 thé cung cdp cho chi€t 4p dugc tinh bang:

Upmex = ,/P,,,R y [V (4.5)
& day: P, — cbng suit t3n hao cho phép cia chiét 4p, [W]; R -
tri O dién trd, [Q].
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Dung sai cho phép: Dung sai 1a sai s0 16n nhat ¢6 thé cho phép.
Dung sai cda chiét 4p 1a sai 1éch gii¥a tri s thuc t&€ va tri s&
danh dinh, tinh bang [%] tri danh dinh, ti¥c 1A sai sG tudng doi
ctia bi€n trd chi€t 4p. N6 nim trong pham vi + (1 +10)[%]. Tri
s& di€n hinh 13 trong khodng +3[%] va + 5[%)].

P4 tuyén tinh: D6 tuyén tinh 13 dic tinh dic biét quan trong ddi
vGi cdc phdn tif tv ddng. Thim chi trong diéu kién khong tai, vi
du khi dién dp ddu ra dugc xdc dinh theo phuong phap bu (cin
biang), coi nhu khong c6 sut d4p trén dau do, thi thay ddi dién dp
dau ra ciing van khong that tuy€n tinh véi dudng trugt hay goc
quay cua con trugt. B sai 1éch dién trd thuc t€ so vdi dudng
cong 1y tudng thudng la trong khodng 0,05[%] va 1{%] (hinh
4.6). Chi€t 4p day cudn c6 d6 tuyén tinh t5t hon ca, nhung ¢
nhude di€m 1a gid tri bi€n trd thay ddi ding bing d6 16n vong
day, tr vong nay sang vong khédc. N6i cdch khic, dd phan gidi
bing dd 16n dién trd mo6t vong day. Trong thuc t&, c6 thé ché
tao chi€t 4p v6i 25 vong trén 1 [mm], titc 1a d6 phan giai gidi
han trong khodang 40 [ u m].

D6 phan gidi: B6 phan gidi cia chi€t dp vong don dudng kinh
25 [mm] la khodng 0,2°. V& 1y thuyét, cdc chi€t dp ki€u mang
carbon hay mang déo dién din ¢6 d6 phan gidi vo dinh. Trén
thuc t€, ¢6 thé dat 0,01 [mm] khi do dich chuy&n thing va 0.01°
khi do di géc. Tuy nhién d6 tuyé€n tinh ctia nhitng cdm bién nay
kém hon cédc chiét 4p day cudn.

Trong khi d6, cdc chi€t 4p con trugt lai phdi han ch€ dong dién

qua ti€p di€m trugt t6i da 1a 1 [mA] d€ tranh hao mon 1am gidm tudi
tho thi€t bi. Bién phdp khdc phuc trd ngai nay 12 ph&i hdp hai phuong
phap két cau: dién trd ddy 12 diy cudn va diy cuén dudc phi mot 16p
chit déo dién din trén bé mat ti€p xic vdi con trugt. K§ thuat day
cudn cho dd tuyén tinh tdt, trong khi mang chat déo dién din dim bao
dd phdn gidi cao. Thém vao dé, con trugt ¢é thé ti€p xidc tét hon,
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khong chi cho phép gidm dién trd ti€p xdc ma cdn ¢é cdc dic tinh
chdng rung ddng va shock dién t5t hon.

Do tuyén tinh khong chi phu thudc vao ban than phan t chiét
4p R, ma con phu thudc tdi — ddu ra cda chi€t 4p mic tdi 1a phan
mach tiéu thu ddong. Hinh 4.7 cho thdy d phi tuyén cia dic tuyén
dién 4p ra sé& tang lén khi dién trd tdi R, gidm :

tar

U, _ I .
U, %+R% (1_%).

& day: x — khodng chay ciia ti€p di€m con trudgt; / — d dai toan

(4.6)

phan cda bi€n trd.
Trudng hgp 1y tudng, chiét 4p khong tdi (R, — ), thi biéu
thitc (4.3) c6 dang:

c

X

x
— 4.7
7 (4.7)

2

Néu R, =R, thi sai s6 cuc dai 12 12[%] tri cudi thang do, néu
R, = 10R, thi tuong ng sai s6 s& gidm xubng con 1,5[%]. Van dé

al
ph6i hgp dién trd tdi gidi quy€t khong may khé khiin khi sit dung mach
khuyé&ch dai thuit todn Op-Amp 1am bi€n ddi trd khédng.

Uyx #

b — —— — — ——

Chidu hung

b — — —_———

| B

Hinh 4.7 — Sai léch tuy&n tinh cla chi€t 4p do trd khdng tai.

D3i véi chi€t 4p tuyén tinh, pham vi bié€n trd c6 thé dat dugc chi
tdy thudc d6 dai cha phin tlf bi€n trd. Trén thyc t€, da sd cdc chiét 4p
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tuyén tinh ¢6 chiéu dai khodng (25 +300) [mm], nhung ciing ¢6 nhitng
bién trd ¢6 d6 dai tdi 2000 [mm]. BSi véi cdac chiét dp vong, cdc san
phiam tiéu chudn dudge ché tao tir mét d€n mudi vong.

Ciing ¢6 nhitng cd cau két ndi mic ndi ti€p. C6 nhitng trudng
hdp can phdi md& rong pham vi dich chuyén géc qud nho bing banh
ring, hodc pham vi Idn hon, vi nhu 10 vong — thi bing chiét 4p 10
vong. Hinh 4.8 gidi thiéu mdt chi€t 4p phi hgp véi nhitng diéu kién ky
thuit dich chuyén thing va géc, ¢6 v boce thép chic chin, truc quay &
bi va m6t hop ndi 6 trugt bén trong.

Hinh 4.8 — Chiét dp ¢6 ¢d ciu truyén dong. Hinh 4.9 — Bién trd khong ti€p xiic.

Bién tré khéng ti€p xic. PE khidc phuc nhuge diém cia con
trugt ti€p diém, bién trd chi€t dp dang mang mdng chat déo dién din
duge thyc hién phdi hgp véi mang mong bing chit liéu quang din
(bdn dan) hodc mang tir-trd (hinh 4.9).

S¢ dé do iing dung — s¢ d6 mach ciu. Phuong phip xdc dinh tri
s& dién trd chinh xdc nhat la si dung sd d6 cau do. Hinh 4.10 gidi thiéu
nguyén ly s6 dé mach cau ing dung cho phan ti bi€n trd.

Sd d6 mach ciu d@ng dung cho phin tit bi€n trd ¢é thé thuc hién
theo nguyén 1y sd do cau cin bing, khi d6 s¢ do hinh 4.10 dude chinh
dinh sao cho dién dp dudng chéo cau U, =0 [V], tfc la dung dién k&
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galvanometer chi thi “0”. Khi cdu cin bing, cé thé xdc dinh tri sO dién
tr& chua bi€t R, = R, theo gid tri bi€t trudc clia cdc dién trd kia. '
RJ

Ry = Ry
4

(4.8)

Ciing ¢6 thé si& dung sd d6 cdu theo nguyén ly cau l¢ch dé xu ly
gia cong tin hi¢u do, khi d6 déng hd chi thi dién dp dudng chéo ciu
U, 1a dién dp diu ra. Thong thudng phan uf bi€n trd R, trong so dd
cdu 1éch hinh 4.11 thay d6i theo chuy€n vi x dang R, = R(1+ x).

P&i véi nhitng chuyén dich nhd, tifc 1a x <<1, thi:

R(+x 1 U x U
UD ) Uo {E:‘—(}a(T*")-x_)- - E] - 40 . 1+% = 40 5 f(x)|x<<l * (4'9)
+%
Nhut vdy, dién dp dudng chéo cdu U, — chinh la dién 4p ra, ty
1& v8i dd chuyén dich x.

Hinh 4.11 — SJ a8 mach cdu véi hai phdn ti¥ cdm bién.
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Trong cdc so do cau 1éch, dién 4p ra con phu thude dién ap cung
cap cho mach cdu U,. Xét trudng hop U,= 10 [V]. N&u chuyén vi 151
da c@ x =+0,002, thi dién dp didura U, = +5 [mV]; 46 sai 1éch tuyén
tinh nhé hon 0,1{%]. N€u chuyén vi x =+0,02, twong @ng dién ap ra
bi€n dong tir 0 d€n 50 [mV], thi sai 1éch tuyén tinh nhd hon 1[%]. PO
nhay cua hai trudng hgp d6 sé la:
U, _5mV]
U,  10[]

=0,512Y]; hayna: Lo 30V _so0mV. o 40)
v U, 10[/] v

D¢ tang d6 nhay, c6 thé dung so dé hai phin t& cim bi&n (hinh
4.11). Khi d6 dién 4p ra sé bing:

oo o . Ui (S = Yo . v6ixexi: (4.11)
R+R(1+x) R+ R(l+x) 2

tic 1a dién ap dau ra ting gap d6i so v8i sd dd hinh 4.10.
Hinh 4.12 gidi thiéu sd d6 mach cdu c¢6 4 phin t cam bién,
di€n hinh 1a diing hai bi€n trd vi sai. Khi dé:

4y R(1+ x) B R(l—-x) =U 2Rx i (4.12)
UM RO+ )+ RU-x) R+ x)+ R(1—x) “RA+x)+R(-x) 7
O
R; R3
R(1-x) 1| ®i+x)
Ug
R2 ? Ry
“’Hﬂ) D ¥ ri-x

O
Hinh 4.12 — Sg d6 mach cidu véi bén phan tif caAm bién.
Hinh 4.13 1a phuong dn sd d6 mach cau ding cho bién trd chiét

dp tuyén tinh. G day U, = %.x.
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Hinh 4.13 — Sd d6 mach cau dung cho bi€n trd chi€t 4p tuyé&n tinh.
Dai v3i cdc so do cau léch, anh hudng cia dién 4p cung cap cho
ciu 1a tuong d6i 16n. N6 phdi dudc giit sao cho khdng ddi, 1a ngudn
hing. Piéu nay c6 thé thuc hién bing mach diéu chinh dién 4p.

Chloh d31 U &?"I

—_—
+ wi h é
5 g "oechnsn [
1 —
+15V L 15V
Ry Rj
U
i -
Vi mach ki yéch dai Un
f' 5 (0 .. F1O)V
R R,

Chinh ¢é khuydch dai. Thd Tinh

Hinh 4.14 — S¢ d6 dung vi mach ngudn cung cap cho cau.

Hinh 4.14 gidi thiéu sd d6 dung vi mach ngudn cung cdp cho
cau. Nguén cung cdp cho ciu c6 thé 1a mét ngudn dién dp hiing hay la
mdt ngudn dong hiing. Khong ¢6 mot hudng din tdng quiat 1a nén ding
dang ngudn cung cap nao, ngudn dp hing hay ngudn dong hiing. G day
tay thudc nhi€ém vu, muc tiéu cu thé.
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(P'I.—F
4

Up

Ry

.3

X
lx h L8 U!
v _ 4 J{ R

[ On —C)
Hinh 4.15 — S d6 chi€t 4p potentiometer nhu m6t phin tif cim bién
dich chuyén.

Phuong phdp don gidn nhdt d€ chuyén d8i chuyén déng thing
thanh dai lugng dién ty 1&€ 1a ding hé bi€n trd chi€t 4p. Ching dua ta
trd lai nguyén 1y cam bié€n tham s& clda phan tf bién tr& diay do (day
trd) cé con trugt Resistance Transducer. Hinh 4.15 gidi thiéu cau tao
nguyén ly phan t bi€n trd do chuyén vi thing.

Ty 1é gitta dd dai chuyén dich cla con trudt trén bi€n trd x va
dd 16n dién dp U, roi trén phan bi€n tr§ dy tudng tu nhu trong s dd
mGOt by phan dp. Quan hé ty 1€:

'lmax
B = —p—;—‘--; (4.13)
I= Yy : (4.14)
R,
U.sR pel Doy sy =) (4.15)
x 2 A 2 RN et 3 X x/71 "

& day: /.. . I, — 46 dai toan phan va d6 dai khodang dich chuyén
x cua con trugt bi€n trd; R, va R, — dién trd toan phan (danh dinh) va
dién trd phan chi€t d4p cta bi€n trd; p va A — dién trd xudt cha vit
lig¢u day din va ti€t dién day; U,, / — dién dp va dong dién trén phin
ti; U, — dié€n 4p phan chi€t dp con trudt — ciing chinh 1a dién ap ra
ctia phan tif; kK — hé s& ty 16.Nhu thay tir bi€u thitc (4.12), mbi chuyén
vi con trudt Wng véi mot dién dp ty 1€ nhadt dinh. Pd ty 1€ chi diing khi
phan t bi€n trd lam viéc nhu m6t bo phéan 4p khong tai. Nhu di néu &
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phan trén, d6 tuyén tinh khéng chi phu thudc vao bin thin phan ty
chi€t 4p ma con phu thude tai — diu ra cta chi€t 4p mic tai 1a phin
mach ti€u thu dong. P6 phi tuy€n cia dic tuy€n dién 4p ra sé ting 1én
khi dién trd tdi R, gidm. Hinh 4.16 chi r6 dnh hudng tai 1én phan t
phan dp. T d6 ta thay ring phai thuc hién phép do dién 4dp & day sao
cho phan tif bi€n trd khong bi tai phin dong (d€ dnh hudng tii 1a nho
nhat).

U 1,0
v, [ B0 R 4
.‘@_‘_
110 327
e Zi MV
0.5 7 /
s ]
A1 K
~ a1 KT
e s TH
10,1 tmazy,
0 0,5 1,0

Hinh 4.16 — Anh hudng t3i d5i véi phan w¥ bi€n trd chiét ap.

La mét bi€n trd ddy din nén phin ti cam bi€n dang nay ¢6 tri
6 dién trd nhd. Hon nita, théng thudng diay do dude cudn x€p vong
trén 16i. Va nhu vay, bdi con trudt chi cé thé dich chuyén tir vong day
nay sang vong khdc, dién trd R_ bi€n thién gi4 tri s& thanh nhitng nac
nhé tuong dng dién trd mdi vong day. Néi cach khic, d6 phan gidi
bing dd 16n dién trd mot vong day. Trong nhiéu itng dung, diéu nay sé
1a tr& ngai, bi€n thién dién trd khong tron. Th€ nhung cdc phin ti¥ bién
trd diy cudn lai ¢6 wu diém la dac tinh nhiét t6t, va khi lua chon vit
li€u diy dan phu hgp thi tri s§ dién tr§ sé& it phu thudec vao nhiét do.
Trong cdu tric phan ti chiét dp ki€u vong, nhir di néu & trén, néu lam
bing vat liéu than carbon thi bién trd con trugt khdng phdi di thich
hop. Chi t3i khi ¢6 dang ch& xuat mdi 1a mang déo dién din mdi ¢6
nhitng dac tinh dung dudc. Chat déo dién dan 1a mét loai vit liéu nhan
tao dudc trén thém hat than 1am cho né ¢é tinh dién dan. Vat liéu bﬁng
chat déo dién din nhu vay dude phi 1én d€ nén hay 161 thanh mot 16p
196

https://fb.com/tailieudientucntt
CuuDuongThanCong.com


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

mang mong. O trén di néu bién phap phdi hop hai phuong phap két
cdu: dién trd day la day cudn va didy cudn dudc phii mot 16p chat déo
dién din trén bé mat ti€p xic véi con trugt. Ky thuat diy cudn cho dd
tuy€n tinh tét, trong khi mang déo dién din dam bdo d6 phan gidi cao.
Thém vao d6, con trugt c¢é thé ti€p xic tdt hon, khéng chi cho phép
giam dién trd ti€p xtdc ma codn cé cac dic tinh chong rung déng va
shock dién t&t hon.

Tly theo hing sdn xudt, cdc phan tf bi€n trd khic nhau kha
nhiéu vé ciu tric, mang phi va vat liéu nén. Con trugt cia phan ¥
bién trd ki€u mang dudce lam dang chdi, quét nhiéu ti€p di€m, dé€ giam
tdi cd hoc va ti€p xdc t6t hon. Mang chat déo dién din, gidng nhu
trudng hgp day dién trd dit thing chiéu dai, ¢6 dd phan gidi gin nhu
vé cling, tite 1a dich chuyén con trugt sé tao dién 4p ra ty 1& vi tri con
trugt trén bi€n trd, nhung khéng bi€n thién theo nic nhu ki€u day
cudn.

Bié€n trd mang chat déo dién din dudc ché tao rit chinh xdc, ¢é
thé gidm thi€u sai s6 tuyén tinh tdi +0,1%. Tudi tho vdn hanh ¢6 thé
dat 10* 1dn chinh dinh (vdn hanh con trugt) va téc d6 chuyén dich con
trugt toi da ¢6 thé dat 400 [mm/s). Phan it bién trd ki€u nay dudce gidi
thiéu sd ludge trong hinh 4.17.

Phan t¢ bi€n trd khong cé vo boc ¢é loai chiéu dai téi 1000
[mm]. Cic san pham ch€ sin c¢6 thé ¢6 chiéu dai toi da tdi 2,5 [m]. Tri
sO dién trd ctia phan tif bién trd do khoang dich chuyén tuy theo do dai
12 khodng (2 ... 200) [ k€2] vé&i dung sai ¢c8 * 20 [%] dién trd toan phan
ctia phian tf. Trong mét s6 ché€ xuat dic biét ciing ¢ thé dat + 10 [%].
Sai s tuy€n tinh néi chung 1a +0,5 [%], va ¢6 thé gidam titng nic t6i
+ 0,1 [%].
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Gi4 nhdm N Cdc chdt han
— \‘

Miéng g4 con truct (cdch dié;)
Chidu dii pham vi do

Con trugt nhidu tié€p diém %
Bién trd mang 1ié€p xic
Hinh 4.17 — Calu triic phan tif bi€n trd do khodng chuyén dich thing

ding mang chat déo dién dan.

P4i véi nhitng ng dung thuc t€ cdc phin tl bi€n trd ki€u mang
¢6 nhiéu ki€u vé boc khac nhau. Cau tric trudc kia 1am biing vé thiéc,
cdc phan t ki€u mdi ¢6 vé boc dang 8ng hay dang thép dic dinh hinh.
Truc dich chuyén con trugt dugce 1ip 6 bi mdt ddu hay cd hai ddu. Hinh
4.18 gidi thiéu hai ki€u khédc nhau.

Tryc (guay duge)

:ﬂ-.-.q e e e O =R
e
AR S ST E £ oW

Hinh 4.18 — Phan tf bi€n trd do khoang dich chuyén.

S g7 625_*_ 92 RE _[_] L& }odan héi(da:g bi nén)
4. — L. " K& o M= _
=17 s e

= L b
5> gzl b
- A - - — = -

c) E \ d)

Hinh 4.19 — Céc cdu tric phan tr do khoang chuyén dich.
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DPdi vdi cac bién trd dich chuyén loai mang chat déo dién din
¢6 hé s6 nhiét do cd +400 [ppm/ K| (& ddy ky hiéu ppm la “phan
triéu” parts per million, tic 13 +0,4.107°[1/°K1]), trong pham vi nhiét do
thu hep khodng (0 ... 70) [ C ] ¢6 thé coi nhu bing + 200 [ppm/ K |. Do
nhitng @ng dung khac nhau nén ¢6 hai ki€u phan tif chinh. M6t ki€u ¢6
mit ngdm v&i & trugt gdn true ti€p trén phan dich chuyén ctia phén ti.
Ki€u th hai thi chi ¢6 riéng phan dich chuyén. Viéc din déng dudgc
thuc hién bing m6t ¢d cau 10 xo (hinh 4.19).

Vé nguyén 1y thi mach dién dp ra k€t néi véi phan it bién trd
phai 1a mach ¢6 dién trd cang 16n cang (ot Pé tranh dao dong dién 4p
lam viéc ctia phian t& cdm bi€n, ngudn cung cip cho phan ti bi€n trd
phin 16n ding ngudn dong hing, chi hi€m khi m&i ding ngudn dp
hing. Cac vi mach nguon chuyén dung giip don gian hoa viéc cung
cidp ngudn cho phan i bi€n trd. Chd yé&u 1a cdc vi mach nay tich hgp
nguon dong hing vdi néi trd c3 5 [ MQ ]. Mach cap dong cho phan ut
bi€n trd dugce tach khoi mach do dién dp. Linh kién chinh dinh dién trd
cho phép chinh diém khong va diém cudi thang do. Vi mach ngudn SIF
cua hang dién tt TWK-Electronics ¢6 tham s& dién trd toan phin la |
[ K] (ngudn dong hing 2,5 [mA]) va 5 [kQ] (ngudn ddong hing 0.5
[mA]). Vi mach cOn tich hgp bd phan gia cong chuan hoa tin hiéu. Co6
thé chon tin hiéu ra nim trong khodng (0 ... 20) [mA]; (4 ... 20) [mA] hay
+ 10 [mA]. Ciing ¢6 vi mach ngudn cung cap la dp hing véi thong sd
k¥ thudt tuong tu. Hinh 4.20 gidi thi€u mach nguyén Iy @ng dung vi
mach nhu vay.
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220 V/50Hz

Quy 0°

Fhdn af dién od
cdne J:’r?n
chuyén dick
P1Y

S1 So S3 Sy NjNaNj
Nyto
(is - SIF -4
A
PJ+ Al I A)
Bt |—1 T
O— 94 kRuyéch dar

Hinh 4.20 — Phan tt bién trd do dich chuyén ¢6 vi mach ngudn cung
cap (hing TWK).
4.2.3 — Phan t\¥ bién dung Capacitance Transducers.
Pién dung cia moét tu dién phing ty 1& véi dién tich bé mat ban
cuc A, v3i khoang cach ban cuc d va véi chat dién moi:

=554, (g (4.16)
d
g didy: ¢ - hing s6 dién modi clha khdéng khi, & =

8,854.1077 [F/m]; &, — hing s& dién méi tuong ddi cia vat liéu chat
dién mdi so vSi khdng khi; d6i véi dién moi 14 khodng khong (khdng
khi) thi g, = 1.

Do d6, dién dung 1a ham cida vi tri twong doi trong khong gian
va chdt dién mdi s dung. P6i véi cau tric ddng tim chiéu dai / (tu
dién hinh tru), bi€u thic sé la:

C = g,e, 2—”1/ 2 (4.17)
r
In"¢/
/T

3 day: r, - ban kinh tru ngoai; 7, - ban kinh tru trong.

Tuy nhién, hi€m khi ngudi ta x4c dinh dién dung theo cdng thiic
(4.13), chi trong mdt s& trudng hgp nhat dinh mdi tinh tri s6 dién dung
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trén cd s& nhitng dai lugng trén. Thong thudng, dién dung dugc xdc
dinh bing cdc phép do tri hi¢u dung dong dién I va dién dp U dién
xoay chiéu tin s0 f trén tu:

2nf U

CAim bi€n dién dung tao nén mot dién trudng, con cdm bi€n
dién cdm tao nén mot Y trudng. Né€u dua mot vit thé din dién lai gin
dién trudng nay, thi vat tdc dong nhu mot bdn cuc va lam thay adi
phéan bd dién trudng. Sy thay doi dién trudng s€ dugc phén tif cAm bi€n
thdu nhan va lugng gid — cho nén & day goi chung la phan t bién
dung.

Phin ti¥ bi€n dung gdm hai ban cyc dan dién cdch ly nhau nhung
¢6 thé chuyén dich so vdi nhau. Hai bdn cuc dat song song, nén c6 thé
tinh dién dung ctia phin tif bi€n dung bing:

C=:-:,ao.£; (4.19)
ly

& diy: C - dién dung phin t¥, tinh bing [F]; &, — hiing s& dién
moi tuong ddi; &, — hiing s6 dién moi khong khi, &, = 8,8854184.107"
[F/m]; A — dién tich bdn cuc, [m®]; I, — khodng cédch gilta hai bdn cuc,
tinh bing [m].

M@i quan hé rd rang gilta cdc dai lugng kich thude va dién dung
tao cd s& ché& xudt phin tif bi€n dung c6 khi nang lugng gid tin higu do
theo khodng céch (hinh 4.21).

</
o c - Co
3
,oi_J_“JLA_z_L_
Tels 1 A,
= ¥ A 3

Hinh 4.21 — Nguyén ly phan uf bié€n dung do khodng cdch.
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3 trang thdi ban diu thi:

P . (4.20)
ly
Khi ting khodng cdch giita hai dién cyc (/, =/, + Al) thi:
& =giggts 4.21)
l,
Bi&u thifc c¢d s ciia phan ti bién dung do khodng cédch sé la:
¢ a
= : (4.22)
CO 1+ él
Iy

P&i v6i nhitng chuyén dich nhd Also véi khodng cdch [ thi ty
s& bi€n dong khodng cdch c6 thé coi 1a khd nhd (AI/ <<1) va nhu
0

vay:
(C;_; =1~ 11301 : (4.23)

Pic tuyé&n phin tif ciing ¢6 thé coi gin ding 1 tuyén tinh trong
mdt pham vi nhat dinh.

Sy md rong dién trudng ciia phdn ti bi€n dung bing cdch ting
dién tich ban cuc dién din bi han ch&, dii ¢6 nhitng uu di€m cdu tric
nhit dinh. Phin ¥ bi€n dung c6 dic diém:

o D6 tuyén tinh cao (hon 0,01%);

o C6 kha nang boc chin chdng dnh hudng dién trudng nhiéu;
o Nhay v6i nhi€u ti¥ trudng;

o Chuyén d8i tryc ti€p thanh dai lugng di¢n.

Vi bdi su thay ddi dién dung 12 rdt nhé (thudng nhd hon 10
[pF]), ddi hdi phdi dung mach khuy&ch dai mic ndi ti€p, nhung c6 thé
dung khuyé&ch dai thudt toin FET-OpAm. Chiing dugc wng dung lam tu
dién chuin so hay phan tf bi€n dung vi sai.
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Phin t¥ bi€n dung khong ti€p di€m cé duding kinh khodng (10 ...
15) [mm)}. Pham vi do nim trong khoing (2 — 3) [mm]. P) tuyén tinh
cao, hon 1% va d6 phan gidi tdi da nh6 hon 1 [ wm ).

Trong nganh ché tao mdy, ngudi ta sit dung cac phuong tién do
dira trén cd s& phan tif bi€n dung do khodng cdch hay chi€u dai c6 cic
thong s& ky thudt cao (tuy nhién & dé ciing gip phdi vdn dé khuyéch -
dai va boc chdn chdng nhiéu cho hé do ludng).

Trong k¥ thudt ty dong sit dung rong rai mach bi€n dung do ti€p
cin, phdn ng nhanh nhay v&i dai lugng khodng cdch chuyén dich, thi
gid tri dién dung theo tri tuyét d6i khong phai chinh y€u, cdi chinh lai
12 sy bi€n ddng, thay ddi clia né.

Cic phdn tif cdm bi€n dién dung Ung dung sy thay ddi dién
dung theo bi€n dong clia mot trong nhifng dai lugng & bi€u thirc (4.13).
Hinh 4.22 trinh bay sd db nguyén ly cdc phuong 4n bi€n dung dé. Hinh
4.22a — phdn ti¥ bi€n dung do thay ddi khodng cdch giita cdc ban cyc
mot lugng bing Ad ; hinh 4.22b — do thay ddi dién tich d8i @ng cla cdc
ban cuc (bdi chuyén dich Al); hinh 4.22¢ — do thay d8i tinh chat dién
mdi (bdi twong tdc dién moi khdng gian &, va g, gilta cdc bdn cyc vai

xé dich Al).

d

" F a) a4
Hinh 4.22 — Nguyén ly cdu triic c¢d bdn ctia cdc phdn tif bi€n dung.
Sy thay d8i khodng cdch badn cuc, dién tich bé mét bdn cyc hay
chit dién méi lam thay adi dién dung va s& dugc lugng gid bling so dd
mach ciu (hinh 4.23). & day cdc phdn tif cdm bi€n dién dung ki€u bi€n
dung vi sai, mad mdi nifa nhu mgt ty dig¢n. Cédc tu dign C, mic song
song 12 d€ khic phuc dnh hudng ky sinh va tdn xa.

203
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Hinh 4.23 — Sd d4 mach ciu v@i phdn tf bi€n dung.

Trudng hgp don gidn nhit thi phdn t¥ cdm bi€n dién dung la tu
bi€n dung C,, cdn C, 1a m6t tu c& dinh. Ni¥a ciu kia 1a cdc bi€n urd
chiét 4p, ciing c6 thé thay biing cic tu dién. Céc bi€n tr8 trong sd dd
hinh 4.23 thudng dudc chon tri s& bing nhau. C6 thé ding mach céu
theo nguyén 1y ciu can biing (cin bing cdu cho dién dp dudng chéo
ciu u,= 0 [V]), hay theo nguyén 1y cau léch. Phuong phdp cau I§ch
dua trén mdi quan hé gitra dién 4p dudng chéo ciu vdi sy thay ddi
dién dung clia phdn tif cAm bié€n. Dién 4p cung cdp 1a dién xoay chiéu
¢6 tin sO trong khodng 50 [Hz] d€n 10 [kHZz], cho nén dién dp u,, la
dién 4p xoay chiéu. N6 s& dugc khuyéch dai 1én va chinh luu bing mdt
bd chinh lvu nhay pha dé€ chi thj hay diéu khi€n. Viéc sif dung bd chinh
luu nhay pha 3 cdu xoay chiéu l1a d€ nhan biét sy d6i dau tin hi¢u & lan
cdn di€m céin bling. Bing cdch d6, viéc lugng gid dién dp dudng chéo
cdu & trang thdi 1an cdn di€m can biing s& dugc thyc hién khong chi vé
d6 16n sai 1éch ma cdn cd theo xu hudng ti€ém céan.

Hinh 4.24 vé sd d nguyén Iy mach cdu bi€n dung. Khi mach do
dién 4p dudng chéo cdu U, ¢6 ndi trd di 16n thi ta c6:

— U, C-G,
e TC,_-*-C—I

So dd hinh 4.25 dung cho phin tf cim bién dién dung vi sai. O
day k&t hop cd hai tu dién C, va C, trong hinh 4.24 trong mét phén t
vi sai, c6 céc tu dién phu C, nhim khdc phuc dién dung ky sinh va tan

(4.24)

Xa.
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Ngudn dién 4p
xoay chidu g

(50 Hz - 10 kHz)

Chint lvu
nh3y pha

D+
D ¢ Chl thj

1 —
2 Tco Up R
: T
Hinh 4.25

— SO dd mach cau dung cho phan tif cim bi€n dién dung vi sai.

Tuong quan giita sy chuyén dich cla bdn cyc gilta va dién 4p
dudng chéo ciu 1a khong tuyé&n tinh. Tuy nhién, & lan cin diém cin
bling thi c6 thé tuy&n tinh hod gan ding, ta c6:

U, = %i-fl'-.(“fo; (4.25)

& day: | — khodng cédch cdc ban cyc tu bién dung.

Khong chi thay ddi khodng cdch ban cyc tu bi€n dung, ma cdn
¢6 thé thay d8i dién tich d6i ing ctia cdc ban cuc. Viéc nay ¢6 thé thuc

hién biing cdch tdch mdt ban cuc thanh hai tu di€n hinh tru (hinh 4.26).
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T, s i

al Co
=

U | [R

Te

Hinh 4.26 — SJ d6 ciu léch vdi phian i bi€n dung vi sai thay ddi dién
tich ban cuc.

J

Tuong ty nhu vy d8i vdi phuong dn thay ddi tinh chat dién moi
(hinh 4.27). (o} day 16i di dong giita cdc bdn cuc tu dién sé& lam thay ddi
tinh chat dién mdi.

~y> JﬂL TCOTS TR

Hinh 4.27 — Sd dd cdu léch vdi phan tif bi€n dung vi sai thay ddi tinh
chat dién moi.

Nhu néu & trén, dién dung 12 ham clda vi tri tudng d6i trong
khong gian va chit dién mdi sif dung. P3i v6i cdu tric dong tAm chiéu
dai / (tu dién hinh try, m6t phin tif dang ndy ma ki€u vi sai dugc thé
hién trong hinh 4.26, 4.27), biéu thitc s& 1a:

C = g,¢, —2"1 ; (4.26)
ln%
3 day: r, — béan kinh tru ngoai; r, — bdn kinh tru trong.

Trong k¥ thudt thudng sﬁ.dung cdc tu vi sai d€ tranh tinh khéng
thuin nhat non-homogeneity cia dién trudng tai cdc ria ban cuc. Hon
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nita, con c6 thé khai thic t6t nhitng wu diém ciia sd dé mach cdu do vé
dd chinh x4dc, do nhay, vv..

Trong cdc cAm bi€n dd 4m, 1¢i dung sy thay d6i dién dung theo
d6 m moi trudng, ngudi ta dung phudng phdp xung vi sai d€ xdc dinh
bi€n dung. Hinh 4.28 gidi thi¢u nguyén ly do.

U A ¥ Bidu khién ddng bd
Unmnax
A . M1 ——- —5e- 1
0u Bléll khle‘n CO+AC -stl.-
v ddng bd | F bR |
A M?2 =1
Flip-Flop Flip-Flop ty
—
Mt — M?2 T Ue v
—0 \.I° P — —p- 1
- 5 -

Hinh 4.28 — Nguyén ly phuong phap
xung vi sai xdc¢ dinh bi€n dung.

Mach Flip-Flop ludng 6n M1 dugc dat dinh sao cho & trang thdi
tinh d6 rong xung ¢, cda tin hiéu ddu ra clia né tuong ¥ng v4i d§ rdng
xung #, cia mach ludng 6n M2. b6 rong xung ctia mach Flip-Flop M2
lai phu thudc vao dién dung clia phan tf cdm bi€n d6 am C, . Khi bién
dong 46 4m, dién dung cda phan ti bi€n dung sé& thay ddi mot lugng
AC , thi xung tin hiéu diu ra clia M2 ciing s& bi€n ddng d6 réng xung
t,, din t8i 1am thay dGi d$ rong xung /5. Né&u chinh dinh truSe chu ky
13p lai xung ddu ra cia M1 1a 7 = 2¢,, thi tri trung binh s& hoc ciia xung
vi sai c6 d6 rong 1a 1, s& ty 18 véi diéndpra U:

o t
u,==U__; 4.27
0 T max ( )

g day: U, la bién dd xung.
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3 céc mach Flip-Flop thi d§ rfng xung dau ra ty 1€ vdi dién
dung ctia tu dién mic vao mach, va nhu vdy ta ¢6 mdi lién quan gitra
dién dp ra va sy thay doi bi€n dung:

g by o AC

U (4.28)

= —3 « e B .
71 max 2 C‘o max

Trén thuc t€, cdc phan tf cdm bi€n dién dung do khodng cdch
va dich chuyén géc ¢é dién dung bién thién trong khodng (1+500)
(pF). Nhim ngin ngita rd khing qud 1dn, thudng chon tan s& dién
ngudn cung cip khodng (0,1 + 1) [MHz]. Ngoai ra, phdi ddm bdo dién
trd cdch dién da 16n d€ gidm thi€u sai s6 dién trd shunt phin dong.
Yéu ciu nay thudng khé dam bao duge khi ti€n hanh phép do & d6 4m
cao. Uu th€ ctia cdm bién dién dung so vdi cdm bién dién trd va dién
cidm 1a it bi 4nh hudng bdi nhiét dd va ¢6 thé dat duge do chinh xdc
cao.

Hinh 4.29 gidi thiéu mot ki€u tu vi sai ghép kép dung trong do
ludng chinh xdc. V& k€t cau, mdi ty dién c6 hai hodc bon phian ¢d dinh
stators va mot phdn xoay rotor. Vi la tu vi sai, dién dung gilta phin
xoay va toan bd phdn ¢d dinh vin gif nguyén khong d8i bat k€ vi tri
géc do clia phin xoay.

o1
—.
ey

23 o

Hinh 4.29 — Tu dién xoay vi sai ghép kép.
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C6 thé néi thém ring trong cdc bd phdn k¥ thuit tinh analog, tu
vi phian ¢6 phdn xoay dinh hinh dugc ding dé€ thyc hién cdc phép tinh
vi phdn va cdc ham x&p xi hod phu thudc géc xoay a, vi du cdc ham
tuyé€n tinh, binh phuong va ham lugng gidc (sin, cos, @/2). Cin nhin
manh 12 ¢6 thé dat dd chinh xdc cao khi (fng dung cdc cdm bién dién
dung vi sai nay. Vi dy, & cdp chinh xdc cao nhit dGi véi cdc ham tuyén
tinh va ham lugng gidc, c6 thé dim bdo sai s& cho phép 0,05% tri cuc
dai ca cdc ham nay. Hé s6 nhiét do 1a ¢3 30.10° + 60. 10™° [1/°C].

4.2.4 — Phan ti& bi€n cdm Inductance Transducers.
Pién cdm cla cudn diy dugc xdc dinh bing:

2

3 diy: N — s6 vong day; u, - d6 wr thim cla khodng khong,
y=4m.107 (H/m); u, — d6 tir thim tuong d6i; A — dién tich va [ — d§
dai cia cufn day.

Trén thuc t€, viéc tinh todn dién cdm cudn didy theo cdc dai
lrgng nay néi chung 12 khong thé. Thudng thi ngudi ta xdc dinh dién
cdm theo phép do tri hiéu dung dong va 4p xoay chiéu tan s3 f trén
cudn day.

L= —U—_ . (4.30)
2nf .1

Tuy nhién, t8n hao trd khdng (dién trd thudn cia day cudn), tén
hao tif hod va dong xody trong cpén day c6 16i sit sé lam sai léch két
qua do (dong va 4p). Trong trudng hdp nay thi xdc dinh dién trd day
cudn ctia cudn day 16i khong khi béing cdch thuc hién phép do dién
mét chiéu thi chinh xdc hon nhiéu (xem so d6 tuong dudng cla cudn
cam diy cudn, Phu luc 1). Con d8i v6i cudn diy c¢6 15i sdt thi ddi héi

phéi xdc dinh thanh phan dién khdng tdc dung.
Ciing nhu d6i vdi cdc phan i cdm bi€n dién dung, nguyén ly
chung dG6i v6i cdc phdn tlf cdm bién dién cdm la lam thay ddi mot
209
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trong nhitng dai lugng xdc dinh dién cdm cda cudn cdm (xem biéu thic
(4.26), ¢6 thé bi€n thién c4c thanh phidn N, g, , A va | d€ dung 1am bi€n
cim. Trén cd s A6 ¢6 thé cé nhitng phuong 4n hién thyc hod phén ti
bi€n cam nhu trong hinh (4.30).

C6 thé bi€n thién s& vong diy N bing cdch ding két cdu con
trudt (hinh 4.30a). Tuy nhién, khé ¢6 thé 1am thay d8i kich thudc hinh
hoc ciia trng vong diy riéng 1&. Cdch khdc, néu chia cuén day thanh
hai nira va l1am thay d8i khodng khdng gitta chiing (hinh 4.30b), thi sy
ghép tir tinh s€ thay d8i va lam thay d8i dién cdm toan phan. Bdi véi
cudn cam c6 15i sit thi sy dich chuyén cia 15i sdt-tir trong long cudn
day lam thay d8i @6 tir thim u, (ki€u phan ng doc, hinh 4.30c -
nguyén ly va két cdu). Ki€u khdc — ki€u phan @ng ngang, thi m$t bén
cuc dién din duge dua lai gan cudn day, hodc & than boc dién din dat
trén cudn diy, khi d6 trong phi€n dién din s& cdm itng dOong xody
Foucoult. Pién trudng tao bdi dong Foucoult 8y tuong tdc v8i tif trudng
cudn diy lam thay d8i dién cdm (hinh 4.30d — nguyén 1§ va két cau).

— {al

Phién diéndin I
d)

Hinh 4.30 — Nguyén 1y bi€n cdm theo phuong 4n bi€n thién:

a). s6 vong day N;

b). bd tri hinh hoc;

¢). Ao tr thim (16i sdt tir — ki€u phan tng doc);
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d). t6n hao dong xody (phi€n dién din — ki€u phan @ng ngang).

Nhu vy, phin tif cim bi€n dién cim ndi chung c¢6 hai dang két
cdu cd ban:

e Cudn cdm khong 161 sit, va:
e Cubn cam 1oi sdt-ur.

Vé nguyén ly thi két cau bi€n cdm ¢ 16i sdt-tir lam viéc chu
y&u trén cd s& ghép tir tinh, d6 1a nguyén 1y bi€n dp, vdi hé sG ghép
nhi 12 hé s6 bi€n dp. Do d6 dang két cau ¢6 16i sdt ¢6 hai ki€u c¢d ban:

o Kiéu phan ing doc longitudinal armature , Va:
o Kiéu phan Wng ngang transverse armature.

G day, ciing nhu trong ky thudt dién-tit, bd phan dong goi la
phan dng.

Mot dang phdn tif bién cdm ki€u phan @ng ngang dugc thyc
hién biing cdch thay ddi do tir thim cilia khodng khong trong 1ong cudn
cdm bing 161 sdt ¢é ngam (hinh 4.31a). Hinh 4.31b gidi thi€u sd dd
nguyén ly phan tif bi€n cam vi sai véi mach cau.

Hinh 4.31 - Phan tf bi€n cdm ki€u phian ng ngang:

a). ki€u ngam; b). ki€u vi sai mdc vao mach cau.

211
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Dang ing dung ¢6 161 sat-u mém di dong trong 1ong cudn cdm
day cudn 1a phan tf bi€n cdm phan ng doc (xem hinh 4.30c) — mot
dang phin tf bi€n cdm theo nguyén 1y bi€n thé. Cau tric thong dung
nhat 1a cudn chin iron-core choke vi sai mic mach nita cdu — phan uf
bién cdm ghép hai cudn day ¢o6 161 sdt-tir di dong ki€u vi sai (hinh 4.32).
Con trén hinh 4.33 la phuodng dn @ng dung nguyén ly bi€n dp vi sai.

_______ - T[—JD
N
S
W,
Oa a) b

Hinh 4.32 — Phan tlf bi€n cdm vi sai:
a). Sd dd ndi mach cau do; b). Pac tuyén.

Cu6n chin vi sai hinh 4.32a ¢6 k&t cdu phan tng doc (161 sat-ur
doc). Néu cudn diy di dong, tir trudng ghép s€ thay ddi va cung vdi né
la thay déi hd cdm. Pién cdm cia hai nhdnh cdu bi€n d6i nghich va
dién 4p dudng chéo cidu U, s& dudc hién thi nhu la ham cla khodng
chuyén dich x (dac tuy&n hinh 4.32b). Khodng dac tuyén di qua diém 0
trén dd thi c6 thé coi nhu tuy&n tinh. So vdi cdc phin t cim bi€n dién
cam ddn, vé ¢d ban, hai cudn day mic vi sai kém nhay hon doi vdi tap .
nhidu strays i trudng, doi vdi bién dong nhiét do va bién dong vé
bién do hodc tan s6 ngudn cung cap.

Cic bi€n 4p vi sai thim chi cdn duge st dung phd bién han cudn
chan (kiéu ngam dich chuyén doc truc) mic mach kiéu vi sai (hinh
4.31) hay ciu nira véi cim bién dién cdm (hinh 4.32). Hinh 4.33 gidi
thiéu mot kiéu bién dp vi sai ¢6 mot cudn sd cap va hai cudn thi cap

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

duge 1dp 16ng vao nhau (ddng truc trén cing mdt khung day cudn),
trong long ¢6 16i sdt-tir mém di dong.

Cuén thi c4]
: P A ‘“$

Hinh 4.33 — Nguyén Iy bi€n ap vi sai: a). K&t cau; b). Ki€u 16i doc;
¢). Kiéu 16i doc mdc mach c¢du do; d). Ki€u 16i ngang.

Cudn sd ciap dude cip mot dién 4p xoay chiéu. Khi 161 sat-tir &
vi tri gitfa (vi tri d6i xdng) thi sy ghép tr tinh (hé s6 bién dp) gitta cudn
s va hai cudén thi 12 nhu nhau; va néu nhu cdc thong sO cta hai cudn
tht cAp 1a y nhu nhau thi dién dp cdm ting & hai cudn thi cling s& bing
nhau. N&u 18i sdt-tir bi dich chuyén ra khéi vi tri d&i xing thi dién dp
ra ctia cdc cudn thit cip s& khdc nhau.

Hai cudn thi cdp trong phin uf bi€n cdm ki€u 16i doc (hinh
4.33b) mic mach ngude diu véi nhau, tao thanh dién 4p vi sai dau ra. '
Ciing ¢6 thé ding sd dd mach ciu (hinh 4.33c), mdc hai cudn thit cap
vao hai nhdnh mach cau.

P3&i vGi sd dd hinh 4.33b thi dién dp ddu ra clia mach U, s&
bing:

U,=KU.A; (4.31)

& day: K — hling s6 ghép (hé so bi€n dp): U, — dién dp cudn sd
c4p (tri hiéu dung); Al - chuyé€n vi clia 16i sdt-tir khoi vi tr ddi xitng.

3 so dd mach cdu hinh 4.33c, thi dién dp dau ra (dién ¢p dudng
chéo ciu) sé bing:

&, = %K.U, Al (4.32)

ra
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Nhu viy, néu dich chuyén 16i sdt-tir 1a nhv nhau  ca hai sd d4,
thi sd d6 hinh 4.33b s& cho dién dp dau ra I6n hon.

Thudng thi cdc phép do dién cdm dugc thyc hién bing phuong
phép cidu do. @ day, ciing nhv mach ciu ding cho cdc phin t¥ bi€n
dung da néu & phin trén, dién 4p cung cdp cho ciu 1a dién 4p xoay
chiéu c6 tin s6 trong khodng 50 [Hz] dén 10 [kHZz]. Trong so dd mach .
cau ¢6 cudn cdm, viéc x¥ Iy dién trd diy cudn clia cudn diy khéng don
gidn nhu sd @6 mach cidu dung vdi phdn tf bi€n dung. Hon nita, trong
cdc phan ti bi€n cdm c6 16i sft-t thi sy thay ddi dién cdm chi yé&u
chiu dnh hudng cia 15i sdt, cé hién tugng tir héa va bao hoa tir. Do tinh
phi tuyén cda cdc dnh hudng nay ma trong dién 4p dudng chéo ciu
bén canh tan s& cd bdn — tin sd dién dp cung cdp cho cidu, ¢dn cé
nhitng thanh phdn tdn s bdc cao khdac. Ma sd dd mach cdu chi c6 thé
di€u chinh can bing & mot tan s6 ma thdi, can phdi loc bd nhitng thanh
phin hai cao tdn, d€ chi thi khéng qu4 sai lac. 6] diy cliing dung bd
chinh luu nhay pha. Bing cdch lugng gid mot cdch phil hgp c6 thé xdc
dinh ddu (hay xu hudng) thay ddi dién cdm.

Trong thyc t€, cdc phian tf bi€n cdm vi sai déng vai trd quan
trong. Trén thi trudng cling ¢é sdn nhitng linh kién vi mach dang cho '
cdc phan t¥ bi€n cdm vi sai nay. Hinh 4.34 giGi thiéu sd d6 nguyén ly
chung xédc dinh dién cdm cla phin tf bi€n cam.

Trong @ng dung k¥ thuit dung cdc phan tf cdm bién dién cdm
¢6 thé do cdc di chuyén s trong pham vi tir 1.107* [mm] dé€n hon 1 [m].
C6 thé lam cho sai s& phép do nhd hon 0,1%. C6 thé dat d6 chinh xdc
va d6 nhay cao khi sif dung hé két cdu phan @ng doc. Cudn sd cidp va
hai cudn thi cdp dudc quan quanh mét khung diy hinh tru biing chat
déo ¢6 18 trdng gitra. Ty theo @ng dung, vat liéu chat déo plastic phii
c6 do 6n dinh nhiét cao va phdi rdt kém nhay véi d6 4m. P6 1a 1y do
cudn diy phdi dugc tim hdn hgp chat déo trong chin khong. Thém
vao dé, t6 hdp cudn diy cé thé duge 1dp trong mot Gng thép cao cip va
boc kin biing mot 18p nhyra epoxy. P6i v6i nhitng diéu kién méi trudng
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dic biét khic nghiét, 6ng thép cao cdp con dugc dat trong mdt 16
khoan bén trong va cdc 6ng dugce han vao bé mat trudc bing cdc tim
thép cao cdp, tao thanh mot 18p vd boc duge gén kin. Ngoai viéc bdo
vé khdi nhitng tdc nhin xam thuc, 16p vé boc con tao thanh man chin
chéng nhiéu tir trudng va dién trudng. Cling nhu véi cugn chin vi sai,
dich chuyén cdn do dugc bién d6i thanh dai lugng dién bdi 1561 sit di
déng trong 1ong khung day. Nguén cung cip cho cudn sd cap c6 séng
mang tin s& khodng (10+20) [kHz]. Thy theo vi tri ctia 16i sat, su ghép
tif tinh gitta cudn so cdp va thit cdp s& thay ddi. Trong hai cudn thit cap
s& cdm ng dién 4p xoay chiéu ngugc hudng, cé cung hoidc khdc nhau .
vé d6 16n. B3i hai cudn thit cip dudc mic ngude diu nhau, nén dién dp
diu ra biing hiéu dién 4p hai cudn, dugc dua téi bd khuyéch dai.

Chinh d&d nhay Quy "0"
5 71 3 2 4
OV 15-2
+68 -68
H (Vi V]
8¢ dao ddng [i -
| 10fkHz] H Bo 6rdp
Bidn cdmyvi sat
IT 108/8
13
B& chinh luu e + _—
14 nhay pha ~

Tdi

is F [ .
Pham vidd: =4 [(mm] I

= LE k&
B nhay: 1 [V/mm] 61 :k:oT
)

Hinh 4.34 — Sd dd nguyén 1y x4c dinh dién cdm cia phdn ti bién cdm.

Hinh 4.35 gidi thiéu phan ¥ diéu khién dung trong cong nghiép.
B6 tao song G tao ra dién dp ngudn 10 [kHz] cho cudn sd cap LP cuia
bi€n 4p vi sai DWG82. Hai cudn thit cap LS1 va LS2 la cdc nhdnh cau
do, dién 4p dudng chéo ciu dugc dua qua mdt bo bi€n doi trd khing
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dén b chinh Iuu do ludng. BO chuyén d8i U/I tao ra tin hiéu chudn hod
0(4) ... 20 [mA].

R o e ST} -
| TDW(;82|
[ [
_S
3 | Le | |
R | z |
p ) Jus2] | |
i i i
v e ¥: ¥ ¥ Y Y
EDWG 82 LW T
; U U const, C?GVVDC
| | HC 0
USSR GREA:

Hinh 4.35 — Phin tf bi€n cdm vi sai v4i mach tao dién 4p ddu ra va tin
hiéu nhan dang.

Nguyén ly do a4y ciing dugc dung dé€ do géc (hinh 4.36). G6c
quay dugce bién ddi thanh chuyén dong thdng thdng qua mdt truc quay
chinh xdc (bing cdch chuyén dich 15i ferrite trong bi€n 4p vi sai). Tat
ca cdc bd phan dién tif cAn dé tao ngudn dién dp 10 [kHz] va d€ tich
loc tin hiéu déu dugc 14p trong vd boc chat déo gén kin. N€u 15i sdt va
tr khdng dién cdm so cdp trong bi€n 4p vi sai dugc thi€t k& thich hop,
thi ¢6 thé gidm cong suit phdn khdng trén 16i sit dé€n mic bd qua
dugc. Pudng cong dic tuyén dién dp dau ra 12 ham cia khodng dich
chuyén x tuong ty nhu cda cudn chin vi sai.
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Hinh 4.36 — M4y do di géc @ng dung phén t¥ bi€n cdm (phdi),
ngudn va mach nhidn dang (trdi).

TG hop cudn diy c6 16i sit hay khéng 16i sdt déu duge dung lam
cam bi€n dién cadm do dich chuyén. Méc du cudn day 16i khong khi ¢6 -
dién cam thap hon, ching vin duge sif dung thdm chi § tan s6 cao. Cdc
16i sdt tao nén dudc su thay dSi 16n hon vé dién cam va do d6 c6 do
nhay cao hon. Tuy nhién, cdc cam bi€n dién cam c¢¢ 161 sdt lai phy
thudc dong dién va bi tén hao phu thudc tan so.

Cic bi€n cdm vi sai ¢6 hang loat dac tinh ma cdc cdm bién dich
chuyén khdc khong ¢6, do dé dic biét phu hdp cho nhitng ting dung
chuyén dung. Phép do dudc ti€n hanh khong bi dnh hudng ma sdt, vi
khong c6 ti€p xic ¢d hoc gitta 16i sdt phian dong va cudn diy. B cich
dién 16n gitta cudén ddu vao va cudn dau ra cho phép @ng dung trong
nhitng hé cdch ly dién hod galvanic v6i hiéu dién thé cao. Ngoai ra,
ching con ¢6 dac tinh kém nhay ddi vGi nhitng tdc dong e ngoai, ng
dung t8t trong cdc mdy do gia tdc.

Céc dic tinh k¥ thudt chi yéu:

e Pham vi nhiét d6 1am viéc cho phép (=200 + +600) [ C|;
e Chiu va dap shock (11 [ms]) t6i 1000 [g];
e Chiu rung ddng tdi 20 [g] vdi tan sb rung 2 [kHz);
217
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e Chiu dp luc téi 70 [bar];
e Sai s6 tuyén tinh 0,1 [%).

Nhitng théng s6 nay hidu nhu khéng loai cdm bi€n nao khdc cé
dudc.

Phin ti¥ bi€n cam ki€u phidn i*ng ngang - (nguyén ly xem
hinh 4.33d) mdt dia bing vit liéu dién din duge dua vao iy trudng, tiY
thdng cdm Wng gy ra dong xody Foucoult bén trong dia, tao nén dich
chuyén dong chdy. Pia ¢6 th€ nim & ddu truc cta cudn diy, & géc phdi .
clia né, hodc dudi dang mot vong ngdn mach ¢6 thé di dong déng truc
v8i truc cudn diy. N6i chung, do nhay cla cdm bi€n c6 phdn ng
ngang thap hon so véi hé phan tng doc.

M6t dang cdm bién do di chuyén gin vdi ki€u bié€n 4p vi sai két
cdu phan tng ngang, duing mot vong ngdn mach duge dit di dong trén
canh doc ciia 16i tit mém khép kin dang cira s6.

Trén hinh 4.37a, hai cudn sd cip va hai cudn thit cdp dugc dat &
canh ngdn cida 16i. Viéc ghép tiY tinh giita cdc cudn so cdp va thit cdp
dugc x4c dinh bdi sy phin bd ti thong, gdm tir thong trong 16i va théng
lugng nhiéu bat ky. N€u khéng ¢6 vong ngdn mach thi hai cidp cudn
day trdi va phdi 12 d8i xing. Khi d6 dién d4p U, va U, cdm @ng trong
cd hai cudn thif cdp sé& biing nhau va do d6 dién d4p dudng chéo cdu
U,=0.

Vong ngdn mach, dudc dit di dong trén mdt trong hai canh dai
ma khoéng ti€p xic tryc ti€p v6i canh Ay, lam cho né c¢6 thé thay ddi
phdn bd tir thong trong cita s6 156i, do d6 thay d8i cd sy ghép i tinh
gilta cdc cudn so cip va thit cdp & mot vi tri ddc biét. Trong hoan cdnh
Iy tudng, vong ngdn mach ¢6 tac dung cia mét tir-khdang phic, 16n dén
ndi tir thong khép kin qua 16i khong khi hai bén phdi trdi vong ngin
mach. N6i cdch khdc, vong ngéin mach tdc ddng nhu mdt 16i khdong khi
40. Bi€n thién dién d4p ddura U, va U, v& trén hinh 4.38.
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Hinh 4.37 — Phin t¥ bi€n cdm do dich chuyén ki€u bi€n 4p vi
sai ¢6 vong ngdn mach:

a — Loi tir mém khép kin; b — Vong ngdn mach;
¢ — Céc cudn sd cap; d — Cdc cudn thif cdp.

Voltage 4

Dismnce:

Hinh 4.38 — Pudng cong dién 4p c4c cudn thif cap.

Tuy nhién, c¢6 thé gidm sai s§ tuy€n tinh (16n nhét 1a 5 [%]) cia
dién dp visai U, xudng dén +0,5 [%] bing mdOt mach hi€u chinh dién
t&. B&i vi vong ngdn mach ¢6 trong lugng rat nhd nén ¢6 the ng dung
trong nhitng thi€t bi do ma ddi twgng do phdi chiu rung dong gia to¢
dén 300 [g). Cdu tric bao plastic bén trong vé boc kim loai cho phép
st dung & nhiét do moi trudng xung quanh dén 180 ['C] trong mdi
trudng khi quyén xam thyc hoidic trong chit 16ng &n mon. Khodng cdch
do la 280 [mm].
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Trong k¥ thudt xdc dinh vi tri va do dd dai dich chuyén, thi cdc
phin t¥ bi€n dung capacitive it thong dung hon 1a cdc phan tif cdm bié€n
dién cadm inductive. Phin tif bién cdm c6 16i s#t-tlr bén trong cudn day
n vong. Chuyén dich 16i sit-ti s& lam thay d8i dién cdm cia phén tif
(hinh 4.39a). Pién cdm cida phin tif cdm bi€n phu thudc vao s vong
day n, d6 tif thim x va kich thudc hinh hoc clia phan ti.

L=f(nuAl; (4.33)
Mre Cudn cdm
AreYr——==-- Y e |
v < +| Lai
Mo ~ ] Mgy
Ao = *Alo't ) A
e | Phién dién din |
lwdﬂ aay

Hinh 4.39 — Nguyén ly cdu tao phan tlf bi€n cdm.

a). Cdu tric 16i trugt (phan ng doc truc);

b). C4u triic phdn ¥ng ngang theo nguyén ly thay ddi tiY thdng.

C#u triic phin ti¥ bi€n cdm nhy vdy dude goi 12 phin tf 15i trugt
(phdn tif cAm bi€n dién cdm c6 phén Wng doc). Dang bi€n cdm khic 1a
theo nguyén 1y thay d8i tir thong (phdn ng ngang). 3 day c6 mot
phi&€n dién din nim cdch cudén cdm mot khodng A/. Khi cung cip cho
cudn cdm mot dién 4p xoay chiéu, s€ tao ra tr trudng xuyén qua phi€n
dién dan. Khi d6 bén trong phi€n sé ¢6 dong xody Foucaut, tao nén
mot trudng ddi ngdu lam ting mdt phdn dién trudng clia cudn cdm hay
12 1am gidm dién cdm ban dau cta cuén cdm (hinh 4.39b).

O phin trén di néu cic dang phdn uf bi€n cdm. V€ mit ky
thuit thl ng dung c6 ¥ nghid dic biét 12 phan t cdm bi€n ti€p cén
loai bi€n cdm c6 tin hiéu ra analog va phan tif cdm bién khodng cdch
theo nguyén 1y 15i trugt (phdn 1ing doc) hay bi€n 4p vi sai.

Phin ti¥ bi€n cdm do ti€p cén. Phin ti bi€n cdm ti€p cdn lam
viéc khong ti€p xic. Ching c6 by dao ddng hai ting, mach trigger
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Schmidt vi mach khuy&ch dai. Hinh 4.40 gidi thi¢u loai phan tif bi€n
cam nay.

B6 dao dong tao ra mdt trudng dién-ur bi€n thién lan truyén
trong phidn 16i va tdn xa ra moi trudng xung quanh. Khi c6 vt thé din
dién nao dé lot vao trudng dién-tif nay thi bén trong né s€ cdm ng
dong dién xody, rit mot phan nang lugng dao dong séng di€n-tur.
Thong qua mic thay ddi dude tao nén & dau ra bd dao dong lam bd 1at
trigger Schmidt nhdy bac va ddi nac tin hiéu ddu ra cia phan w, tao sy
thay d&i trang théi ti€p cin. Hinh 4.41 gidi thiéu nhitng cdu tric thong
dung.

@ Cd didu khién
(hwdng ti€p cin)

Mit tdc dung [ P E:: - T __ ::jl
\ {
D ; TY trdng tdn x3
B dao déng == Vo 4 2
/‘ i | i \ / Khodng cdch
Trigger 7 / /,A =l A . :
Schmidt I % 2T TR / %hédl vy .
) mac
RaRbnd | | B f// AN VS boc
aiddura < ' _
3 Khoang chifa, (th\j’dng 12 hinh trw)
linh kién dién nf* [\ Cudn ddy L1
: ]| wlL2
¥

Hinh 4.40 — Phan tif bi€n cam do ti€p cin, cdu tao va nguyén ly.

Hinh 4.41 — Dang cau tric cdc ki€u phin uf bién cdm ti€p cén.
Khodng cdch ti€p cdn danh dinh S, doi véi phién do ¢d bé day
1 [mm], hinh vudng, ¢6 chiéu dai canh bén twong ng dudng kinh bé
miit tich cuc ctia cdm bi€n. VAt liéu phi€n do la thép, ky hi¢u 5137. B6
221
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12 mo6t vt liéu sdt-t, c6 dd suy bién mach tr dic biét I6n. Khoang
cdch chuyén trang th4i 12 khdc nhau d6i v8i nhitng vt li€u khdc nhau,
s& giam né€u khoéng phdi 1a vat liéu sdt-tr. B8i véi nhom thi khodng
ti€p cén bi rit ngdn 50%, cOn v4i dong thi 55% (hinh 4.42).

Anh hudng vat liéu dién din phdi dugc luu ¥ d€n trong khi thiét
k& ch€ tao phin tif cdm bi€n. Ly do 1a bdi cé sy khdc nhau gilta cau
tric két hgp hay khong két hgp (xem hinh 4.42).

Do tré giita cdc di€ém md va ngdt trang thdi ti€p cdn tly theo
ciu tric, thudng trong khodng (5 ... 20) [%] khodng chuyén vi. Céc tri
s8 dac tinh, ma khi sit dung phadi lvu ¥ tdi, 1a khd ning tdi ldp chi sd,
pham vi nhiét 4§ 1am viéc va tdn s& chuyén t8i da. Nhitng tham s6 nay -

dudc cho trong tai liéu k¥ thuit cda phan tuf cdm bi€n.

St37 MHe¢ s6” 1,0
Ming nhém ~- 0,95

— Thépkbongd ~.07 Ki€u ké1 hop Kifu khéng k€t hgp
— Bdng thau ~. 0,55 [ = [ )
= Nhdm ’\'0,5 A~ 35 A 3S

Bdngdd ~. 0,45 n n
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Hinh 4.42 — Hé s6 nit ngdn va cdc kiéu dang cau tric.
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Hinh 4.43 — Pac tuy&€n phin tif cdm bién khodng cdch loai bi€n cdm
(hang Baumer).
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Trong s6 cdc phin tlf bién cdm ti€p cin véi khodng cdch chuyén
trang théi ti€p cdn nhat dinh, thi ngudi ta wu tién ch€ xudt nhitng phan
t¥ c6 ty 1& giita khodng cdch clia phi€n suy bi€n mach tr véi d6 I6n
dién 4p ra. Pién dp ra cla cdc phan tf bi€n cdm loai nay gidm mot
cdch tuyé€n tinh trong pham vi khodng cdch nhat dinh va c6 thé dng
dung 1am phin tif cdm bién khodng cdch vat thé. P on nhiét va tinh
tdi 1ap cia dic tinh chuyén trang thdi phdi duge ddnh gid tot xdu tuong
ng vGi tirng ki€u phdn . Vi tri doan tuy€n tinh cla dic tuy€n dién dp
ra phu thudc vao dudng kinh phdn tir. Anh hudng cla vat li¢u déi véi
trudng dién-tlr xoay chiéu ciing phdi chi y dac biét. Hinh 4.43 vé dac
tuyén cia nhitng phin tf cdm bi€n loai nay.

[mV] '\:
)
602% ] }
*Te 7
20|25/
%r
20 P
-3 =2 -1 Al
1=4[mm) 4771 1 2 3
AN L0 T
/ —40 ¢
7 {1 [
¢ fiZ3[mm ~0
.80 -4l +A4l [rm]

Hinh 4.44 — Phin tif bi€n cdm ti€p cidn analog (hang Vibrometer) dung
cam bi€n chuyén dich.

Trong hinh 14y 1am vi du phdn tif cdm bi€n IWA 30 U 9001
(hdng Baumer) c¢6 dudng kinh 30 [mm], pham vi lam viéc tuyén tinh 12
(5 .. 10) [mm]. P$ sai léch tayén tinh khodng + 0,2 [mm]. B$ d6c dic
tuy€n ddu ra 12 1,6 [V/mm]. Dién 4p cung cdp c6 thé trong khodng
(13,5 ... 30)[ V] ma khong dnh hudng 18i ¢h€ d6 van hanh ctia cdm bién. .
Piu ra la transistor pnp theo sd db collector md, ... Cdc phan tlf cim
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bi€n loat nay dugc ddu ngdn mach. Tinh tdi ldp vi tri 1a £ 0,01 [mm].
Khi vin hanh, nhiét 46 phai trong khoang (0..60) [ C].

Phén t& bi€n cdm vi sai. Bing cdch st dung hai phan tf bién
cAm ti€p cdn ¢6 tin hiéu ra analog va mdt ngdm kim loai ¢6 thé tao
thanh phin t bi€n cdm do chuyén dich ki€u vi sai (hinh 4.44). Viéc sif
dung hai bi€n cdm din t6i s 46 mach ciu d€ lugng gid tin hig¢u ddura -
clia phdn ti cdm bi€n. Va cdu dugc cung cap dign dp xoay chiéu, nén
dién 4p dudng chéo cdu phdi dugc chinh lvu nhay pha aé c6 thé lugng
gid theo ddu cdia tin hiéu. Sy thay d6i dién cdm cudn ddy ciing c6 thé
thuc hién biing cdch chuyén dich 13i sit-tir trong ldong cudn cdm. G day
chi y€u dung hai cudn day, 15i ¢6 vi tri ban dau & di€m can bing gita
hai cudn (hinh 4.45).

Bén canh inh hudng dién cdm cla hai cuén day lén phin ti
cam bi€n, & day con c6 4nh hudng ctia hd cdm. Bing cdch bd tri cdu
triic phdn tif mdt céch t8i vy, c6 thé€ ch€ xudt phan ti¥ loai nay dé do
chuyén dich c6 dd dai tdi 100 [mm). Uu th€ cia nhitng phian tlf cdm
bi€n loai nay Ia cdu tric khong c6 bd phin ma sét trugt nhur & cdc phén
t& bi€n trd chiét 4p. Can luu ¥ dnh hudng nhiét do va pham vi tuy€n
tinh clia dic tuy&€n phén tif.

U%-’o
Cudndiy Ll wil?2 [m]
| ‘amm |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -Al| +4l
At (]
T R f——p— p——ts
N Las -40 =30 -20 -10 10 20 40

Lewgn aay A2 L

Hinh 4.45 — Phin t cim bi&n dich chuyén theo nguyén 1y bi€n cdm c6
18i trugt.
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Hinh 4.46 — Phin tif bi€n 4p vi sai bién thién thidng — (LVTD).
Mot phuong 4n khéc 12 phdn tf bi€n cdm ki€u bi€n 4p, hinh '
4.46 giGi thiéu nguyén 1y d6. Phin tif cim bi€n dang nay ¢6 thé coi la
bi€n 4p vi sai bi€n thién thing. Cdc phin tf cim bi€n nay thudng Ky
hiéu LVTD (Linear-Variable Differential-Transformator).
Pién 4p ra ti 1& vdi chuyén dich:
U, = K,U.Al (4.34)

& day: K — 15i sft-tit mém; P 1a cudn diy sd cdp; S’ va S” Ia
cdc cudn thit cdp; Al — a6 dich chuyén cia 16i; U,, U, — dién 4p sd
cdp va thit cap; K, — hé soty I&.

Cubn so cip duge cung cip mot dién dp xoay chi¢u. Cdc cudn
thit ciAp ddu ngugc pha, dién dp bi di pha di 180 nghich hudng nhau.
Diéu d6 c6 nghia 1a khi 15i nim yén ca hai di¢n 4p s& tdng trudng -
nghich huéng nhau. N&u 13i bi dich chuyén, thi d§ ghép tif cdm cdc
cudn day s& khdc nhau. Nhu vay, hi¢u dién 4p diu ra hai cufn day s€
12 s& do d8i vdi do 1éch ciia 16i sdt-tiy mém khoi vi tri ¢dn biang. Theo
su lugng gid dién dp vi sai nay bdi mot bo chinh luu nhay pha sé c¢6 tin
hiéu dién mot chidu véi ddu theo hudng dich chuyén.

Pham vi do théng thudng la +200 [mm]. D6 tuyén tinh cé thé
¢3 +0,25%. P6 phan gidi § day — cling nhu trudng hdp phdn tf bién
trd mang chit déo dién din — la v cing, d6 tré do hudng dich chuyén
Ia rat nho. Cac phan mach dién tif can thi€t duge 1dp rdp ludn trong
phén . .
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Vi du: Hinh 4.47 12 mdy do chuyén dich GCD-121-1000 (hdng .
Schaennitz). Phin tif cdm bi€n nay ¢6 bd phin dién tf x 1y tin higu.
Pién 4p lam viéc 1a * 15 [V], Nhiét 46 moi trudng cho phép nim trong
khodng (-18 .. +70) [ C ]. o] trang thdi tinh, dién dp ra 1a O [V]. Pham vi
do *25 [mm] va@i sai s6 tuyén tinh + 0,25%. Tinh tai lap 1a 0,6 [ um].
Tin hiéu dau ra c6 thé ¢d + 10 [V], khi d6 dién trd tdi phdi ¢d 200 [Q].

5 ¢ i Ddu vao Tin hi€u ddu ra
o B e GCD 1 oL +15VvDC 4
A = e 7 = E D | +10 VDC
- 207 1t -15VDC — A
_ = 287,5 }_o
- 358 -

Hinh 4.47 — M4y do d6 chuyén dich (hdng Schaenitz)

4.2.5 — Céac phin tif cAm bi&én chuyén vi khéc.

Trong cdc muc trén chi y&u chiing ta khio st cdc phan tif cdm
bi€n chuyén vi thing theo nguyén ly cdm bi€n tham s&: bi€n trd, bi€n
cAm va bién dung. O day chiing ta sé khdo sdt cdc dang phan tt cdm
bi€n chuyén vi dua trén cd sd cdc nguyén ly vitly khéc.

Phin tf cdm bi€n dich chuyén theo hiéu 1tng Hall. Phin ti
cdm bié€n Hall ¢6 tich hgp bén trong mét bd tao dao dong Hall, bd diéu
chinh dién 4p va bd khuy€ch dai do ludng. Hing Honeywell ky hi¢u
phdn t& cdm bi€n chuyén dich thing nay 12 LOHET (Linear Output
Hall Effect Transductor). Trong pham vi médt d¢ tir thong + 40 [mT] n6
¢6 sai s6 tuy€n tinh ¢8 1,5% va d6 nhay 75 [mV/mT] vGi di€n 4p ngudn
1a +12 [V]. Hinh 4.48 biéu dién dién 4p ra nhu 1a ham cla mét 4§ tr
thong.
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Ura [V] 4

- -

Di¢ndp lamvi€c: g |

Up=12[V] Yo

2004 | _002-00L 0 001002 004
Hinh 4.48 — Pién 4p ra clia phin tf cdm bi€n Hall LOHET

(hang Honeywell).
Mdi 46 1k théng -—> Mdy d& 1 théng -—
A ) '

= B | . 3

N S S N Namchdm

Namchdmi Namchdm2 i L vink cdu

LOHET ° | || vomeT
a) Chuyén dich  b) Chuyén dich

Hinh 4.49 — Ung dung cdm bién Hall lam phén tf cim bi€n
dich chuyén.

Cic thong s8 ky thuit khd cao nhu do tuy€n tinh di¢n 4p dau ra
va d6 phan gidi cao, dat dugc do ciu tric phin ti (hinh 4.4%). Khi
dich chuyén vé phia phdi thi nam cham (2) tac d6ng 1én cdm bi€n .
manh hon nam cham (1) va cho dién 4p ra nhé hon so véi khi ching
nim & vi tri gitta cdn bing. Cau tric hinh 4.49b ¢6 ddc tuyén dién dp ra
c6 doan tuyén tinh dai hon.

Phidn ti cam bi&€n dich chuyén siéu Am. Phin tf ¢dm bi€n
khodng cdch ki€u siéu 4m dugc dng dung d€ nhan biét d6i tugng bing
tin s§ s6ng siéu am cao hon 200 [kHz). Phin tif cdm bi€n phét ra s¢ng
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xung siéu 4m vdi téc do lan truyén c, bi phdn xa lai tir dGi tugng ndm
trong viing chiim tia bitc xa hinh chép nén. S6ng phét xa ngdt quang.
Trong khodng thdi gian gilta nhitng lan phdt xa siéu 4m, b phéan thu
tdc hoat va thu nhin séng phan xa. Tir khodng thdi gian ¢, lan truyén
séng siéu am tir ngudn phét xa t§i ddi tugng va phdn xa lai téi b§ thu
séng c6 thé tinh ra khodng cdch t6i d6i tugng x, bing:

x, = %.C.IL. (4.35)

Khodng thdi gian giita thdi di€ém k€t thic xung phat xa va thdi
diém c6 xung tao ra tir bd phin thu khi nhin dugc séng phdn xa, dudc
d€m biing mdy d€m dién tif va coi la lugng 7, . Trong cdc phan tf cdm
bi€n siéu 4m loai méi thi viéc ilr()ng gid tin hiéu va diéu khién dugc
thuc hién b3i mach vi x{t ly microprocessor. Pham vi do thudng 1a (150
... 1500) [mm]. B phan gidi cao hon 1 [mm].

Phén t& cadm bi&n dich chuyé€n quang. Cdc phin t¥ cdm bi€n
quang Wng dung trong ky thudt do dich chuyén chii y€u dva trén co sd
nguyén ly dugc trinh bay & hinh 4.50.

Hinh 4.50 — Nguyén ly phan t& quang do dich chuyén.

Theo phuong phdp nay, dich chuyén can do dugc phin thanh
nhitng doan nhé. Mt manh quang hoc duge tao thanh nhu vay s€ dudc
chi€u tia sdng cho xuyén qua hoic phidn xa lai. Mdi chuyén dich ciia
manh quang hoc nay dugc diéu khién bdi nhitng xung trich miu va s&
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duge d€m. S lugng xung d€m dudgc 1a s do khodng dich chuyén. Mot
trong nhitng phuong phdp nhu vdy dudc goi 1a phuong phap gia lugng
Incremental-, b&i n6é gdbm tirng ndc do gdp lai. P chinh xdc khong cao
hon d6 rong mdi ndc clia manh quang. Theo nguyén ly, day la phuong
phép do wong ddi, bdi co thé bt diu tir mot di€ém bat ky nao d6. Bing -
cdch dua ra mot diém ddu moc ¢é thé bién phuong phdp do nay thanh
phuong phdp do tuyét doi. BE c6 thé dat do chinh xdc cao hdn, phéi
ch& manh quang hoc thét 1a tinh. Dia thiy tinh khdc vach cho phép tao
cdc vach cach nhau 0,005 [mm].

Pé khi ddanh gid so do tranh khdi dong di€m mdc, ngudi ta chon
phuong phdp ma hod véi dbng thdi trich miu nhiéu manh quang. Theo
ky thudt s8 digital-, mdi nic wong ing mot s6 nhi phan (hinh 4.51).

10

ST S AR EEHE BiEE .... £ x
1 i e e e RS i i ! NMSB

— e

01001 ) = Sao
Hinh 4.51 — Thude ma nhi phan do chuyén dich.

Trong phuong phdp nay thi diéu khé khan gdp phdi 12 viée thu
nhan chinh xdc manh quang ciing nhu sy bi€n ddi rd nét sdng-t8i. D&
trénh sai s6 doc nay ngudi ta chii yéu ding phuong phép trich mau V-
(hinh 4.52). Trong ki€u trich mau chir V moi budc duge thuc hi€n téi
va lui. C6 mot logic trich mau ddm bdo ring mdi gid tri t6i s& duge
dem so c¢in bing vdi gid tri lbi.

Bén canh ma nhi phin ngudi ta con dung thudc ma BCD Hinh
4.53a gidi thiéu thudéc ma BCD dung do dich chuyén. Né&u chi trich
mAu ma nhi phan mdt cdch thuin tiy (hinh 4.53b), thi rdt ¢6 thé gép
phdi sai s& doc, cho thong tin sai lac. P& trdnh nhitng sai s8.trich maiu
nhu viy ngudi ta sif dung nhitng ma ma trong d6 mdi budc chi thay déi
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mot s6. Chi y&u dé 12 ma Gray (hinh 4.53¢). R6 rang & day khdc vdéi
trudsng hgp ma nhi phan ngudi ta khic phuc duge sai s6 dién dich s&
(hinh 4.53d).

> Budc 1di

| a)
20
i 7
‘ o
?‘ 23 — — —
3 10x2° S—
...... 10x2)
41 [ 10x22
T 10x2?
s 5 i 02 4 6 & 101214 1618 202224 26283032
T 2ao
6 lslﬁHI o
7 OIOH(:) 20 - - — ——
i = 1110) 2t ——
: E&‘ o T
| 31
9 ?’?‘-m 50100 2°
ol = 4010 2® =
10 fi it b 072 46 8101214 1618 20222426283032 d)

Hinh 4.53 — Thudc ma ding do dich chuyén:
a). Thudc ma BCD; b). Sai s& trich miu theo ma nhi phén;
¢). Thudc ma Gray;  d). Trich mdu ma Gray.

Phian tif laser do khoang cdch. Laser la ngudén phdt xa
Radiation Sources, dudc ting dung trong nhiéu linh vyc, nhit 1a trong
ky thuit do ludng va diéu khién — laser ban din Laser Diodes hay
LASER Light Amplification by Stimulated Emission Radiation. Nguyén
1y, dic diém @ng dung clia cdc ngudn phdt xa nay thudc loai cdc phin
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t¥ cdm bi€n quang hoc da dugc trinh bay & phin trén (chuong 2, phdn
t¥ cdm bi€n 4nh sdng, ngudn sang).

Trong k¥ thuit robotics ngudi ta @ng dung phuong phiap quang
hoc do khodng cdch dang ky thudt laser. Mdy phat laser chi€u ra mdt
tia sdng, phan chi€u lai tit d6i tugng. Qua mot thiu kinh tia phdn xa s&
duge hoi tu vao phin tf cdm bi€n tuy€n tinh nhay quang. Vi tri cia
diém sdng tao nén trén phan t¥ cdm bi€n 1a s& do khodng cich. (hinh
4.54). Nhung ciing nhu trong cdc phuong phdp trich mau, & day 4
chinh xdc khdng cao.

Vitri3 Vitri2 Vitdl
Phit ¢ £ :

LED ..__{ S —— ) e i — —

Thu

e Ve
XJI Qurl'*: 23

= & a
| |}

Hinh 4.54 — Nguyén ly quang hoc do khodng céch.

PSD

a2

Bén canh cdc phdn tf cdm bi€n quang theo nhitng nguyén ly
c&u tao néu trén, cdn cé phuong 4n cdu tric hinh 4.55, ngudn sdng
phédt ra mot tia sdng va ciling trong by phan nay thu lai tia sdng phdn
xa. Khi d6 ngudi ta do cudng d6 dnh sdng laser tdn xa. Cudng dd tdn
xa nay phu thudc vao khodng cdch va d6 nhin béng ciia bé miit phin
xa. Bing hai phép do vGi do diéu tiéu khdc nhau sé tach biét dugc hai
higu @ng do.

Db nimg

Sensor Gudng phin xa
Diode thu | nda xuyén qua

=t Hinh 4.55 — Phin ti¥
2‘::"1" [ SOt cdm bi€n quang hoc
o ,_ Pt xa s s40g do khodng cdch.

(Laser bin din)
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4.2.6 — Cam bi€n chuyé&n dich géc angular-.

Cic phdn tf cdm bi€n do géc chi y€u Wng dung cdc nguyén ly
nhv nhitng phdn tf do s6 vong quay va goéc chuyén vi.

Phin t¥ bi€n trd chiét dp potentiometer. Pon gidn nhit 1a
phuong in do géc quay dung phin t bi€n trd potentiometer. Nhifng
phin t&¥ bi€n trd nay dugc ch€ xuat dang bién trd didy cudn, mang
carbon hay mang mdng dién din (xem muc 4.2.2). Cdc bi€n trd duge
tao dang hinh dudng tron. G tam di€m c6 truc gén con trugt va tay
quay hay bd phin g4 din dong, sao cho con trugt ¢S thé dich chuyén
gifta hai ddu bi€n trd. V3Gi bi€n trd day cudn thi phdi tinh d&€n sy bi€n
thién dién trd theo nac, trong khi loai mang than hay chit déo dién ddn
thi d6 phan gidi gin nhu 1a “v6 cdp”. Tudi tho v4n hanh cla cdc phdn
1 cdm bi€n gbéc quay nay cé thé tdi 100x10° 1an trugt, tinh ning tdi
ldp gia tri do cao va ¢6 dd tré nhd. C6 thé dat d6 khdng tuyén tinh c3
0,025 [%].

Cic phdn ¥ bién trd do géc duge méc theo so dd phan dp. B§
8n dinh ngudn dién 4p cung cap cho phan dp c6 dnh hudng tryc ti€p
dén k&t qua do, nén § diy dat ra nhitng yéu cdu khd cao d8i véi ngudn
cung c&p. Do 16n dién 4p ngudn cung cip phu thudc vao cdp cong suit
t8n hao clia phan tif chi€t 4p.

Thong thudng, tri s8 dién trd clia cdc phin tf bi€n trd do goéc 1a
(1 — 4,7 — 10) [k¥Q]. Do nhitng @ng dung cu thé khdc nhau nén trén
thye t€ ngay cang c¢6 nhiéu loai c6 tri sO dién trd phong phi hon. Cdc |
phén tif bi€n trd do géc quay & dang don gidn ¢6 pham vi vén hanh la
tir 0 dén 350° (hinh 4.56), tirc 1a khong hét cd dudng tron.

D3Ji véi pham vi géc do 18n hon, ¢6 thé dung loai bi€n trd nhicu
cdp, nhidu vong. Thong thudng l1a cdc dang ch€ xuit c6 2, 5, 10 va
20x 360 (tdc la 2, 5, 10, va 20 vong).

K&t cfu vd boc ciia phdn tl do ¢6 thé thuc hién theo nhiéu cdch
rit khdc nhau. D& xi¥ 1§ tin hiéu ra ciia cdc phdn ti¥ bi€n rd do chuyén
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dich thing hay géc quay, ¢6 linh kién vi mach chifc ning chuyén dung,
ngudn cung cip ¢6 thé 12 ngudn 4p hiing 2,5 (V] hay ngudn dong hing
¢3 0,5 va 2,5 [mA]. Tin hiéu ra thudng la tin hiéu chudn ho4 c3 0 hay 4
dé€n 20 [mA] hoidc 1a tin hiéu d8i xing *+ 10 [mA]. C6 thé dat wrude
di€m 0 va pham vi lam viéc.

Hinh 4.56 — Phéan tif bi€n trd chiét 4p do géc.
Loai chi€t 4p sin-cos ¢6 thé quay cd vong tron. Hinh 4.57 gidi |
thiéu mét dang cdu tric va dd thj bi€n thién dién dp dau ra.

Chidu
\ quay

V
= S E & +
é o <L 6 o 6 =360°
sin@ cos @

_ Hinh 4.57 — Phén t¥ bi€n trd sin-cos- do géc.

Phin ti bi€n cam inductive- do géc quay. G cdc phin t¥ bi€n
cim do géc quay 16i sit khong dich chuyén thing ma c6 thé xoay.
Hinh 4.58 gidi thi¢u nguyén ly mot phin t¥ bién cdm do géc nhu viy.
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Hinh 4.58 — Nguyén ly chifc ning mot phan tif bié€n cdm inductive-
do goc.

Thudng thi hai cudn cdm ciia phdn t dude cung cdp ngudn dién
dp xoay chiéu. Trong mach do (mach cau) cdc cudn diy tao thanh mot
ciu nita dién cdm. Bing bo gidi diéu ché demodulator ¢4 thé nhin
dang ddu cla tin hiéu dién dp mot chi¢u & dau ra (dién dp dudng chéo
ciu). Tin hiéu ra khong bi€n thién theo nic, ma tron va 6n dinh. J day
tinh t4i lap gid tri do la rdt kha di, khong gap phdi hiéu wng tré
hysteresis. Khodng gan diém 0 ciing nhu khi 161 sdt & vi tri gilta thi sai
s& tuy€n tinh 12 nhé nhat. Do ciu tric ddi xdng nén di€ém 0 nim chinh
gitta khodng pham vi lam vié€c, bing cdch xi 1y tin hiéu tuwong ng ¢6
thé dich di€ém khong nay. Phin tif bi€n cdm do géc ¢6 thé do dén +45
véi d6 nhay ¢d 60 [mV] mdi d goc.

Microsyn. Hinh 4.59 gidi thiéu nguyén Iy mdy do goc chuyén vi
microsyn. Microsyn la mdy do theo nguyén ly bi€n dp vi sai ¢6 phin
dng 12 16 sdt-tir. Phin tinh la stator 4 cue mic cdc cudn ddy sd cap va
thit cip. Cdc cudn sd cip mic ndi tiép, duge cung cdp dién dp tan s6
10 [kHz), dd 16n vai chuc volt. Cdc cudn thi ¢ip duge mic ndi ti€p sao
cho tir thong trén cdc cdp cuc stator va sic dién dong cdm dng trén cdc
cudn thit cAp la xung ddi so véi so cdp. Khi 16i sdt-tif phan dong & vi tri
truc doi xitng clia hai cip cuc stator, tir thong cia cdc cdp cuc va suc
dién dong cdm tng 1a bing nhau nén dién dp dau ra biang 0, twong ng
diém 0 clia caAm bi€n. Khi 16i sdt-tit phin ddong dich chuyén di mot géc,
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tir thong va dién dp cam itng trong cdc cudn thit cdp s& bién thién va
dién dp dau ra ty 1&é véi dich chuyén goéc.

Hinh 4.59 — Mdy do microsyn.
Chi ti€t hon vé nguyén 1y, ciu tao cla microsyn s& dudc néu &
phin sau (Phu luc 2 — Phan tf cim bi€n thong tin).

Phian tif chi thi s6 gia lugng Incremental- do géc quay.
Phuong phdp do vi tri va dich chuyén incrementall- (gia lugng) la
phudng phép chi thi s6. O diy cdc vach ddu hay phin sdng-t6i cla
phan tf cAm bi€n géc quay duge tao hinh mot cich phi hgp (hinh
4.60).

Phin 11 trich miy
(Quang ted silicon)
Lvdi vach trich miu

Pia khic vach
(bvdng tdm)

Pén chidy

Thiu kinh héi tv

Truc quay

DAy so

Hinh 4.60 — Cau triic phan t& cdm bi€n goc gia lugng Incremental-.
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S6 xung tao ra sé& dudce cong vao mdt bd d€m va dua ra dd 16n
clia géc do tir s& budc dat ngude. Mdi di€m clia did xung ¢6 thé xdc
dinh di€m diu phép do. Khi dé bé dém sé& dudc dit vé 0. Sau mdi lan
ngung lam viéc thi phdi xdc dinh lai vi tri di€ém 0 nhu da gidi thich
trong phian hoat dong clia phin uf gia lugng thing. Viéc nay dién ra
bing cdch di t8i di€m din xudt hay didu so va quy “0” bd dém. PE
nhin bi€t hudng quay ¢6 thé trd lai cdc phuong phdp thong thudng cilia
hai dang phan tf do géc quay da néu. 6] day ciing ¢6 thé dat dd phan
gidi cao bing cdch d€m xung nhiéu lan vdi hai chudi xung trong mdi
nita chu ky. Khi s6 xung cho mdi vong quay la khodng 5000 xung thi
biing cdch nhian bon ¢é thé dat s6 xung cho mdi vong quay 1a 20000
xung.

Phin t¥ cdm bi€n do goéc loai tuyét dbi absolution- phdi cho
théng tin tudng minh ddi véi mdi vi tri gée. (6] day cin ¢6 dia ma dé tao -
xung. Ma géc gdm nhiéu dudng c¢6 ving sdng-t8i. SG dudng s& xdc
dinh d6 phén gidi, dugc in thinh budc mdi 360 . Hinh 4.61 gidi thiéu
loai dia ma nhu vay. Mdi ma gdc duge bit diu tir ving 0. Khdc véi
loai did xung, sau khi ngung lam viéc cdc loai did ma ¢6 thé rd lai vi
tri nay ngay lap ufc. O day chi y&€u dung ma Gray. Theo mdt dang
chuyén ddi, ma Gray cling ¢6 thé chia theo ki€u thdp phan, vi du 1000
bude cho mdi 360 , hay chia theo do géc, vi du 3600 budc cho mdi
360 . Bing mdt b6 chuyén mi cé thé chuyén ddi, vi du trd lai ma
BCD ching han.

Hinh 4.61 — Cdc dia ma do goéc.
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Ciing ¢6 thé do géc 16n hon 360°. G diy, bén canh dia ma diu
tién dude din dong truc ti€p, cdc dia ma ti€p theo s& dugc din ddng
theo nhitng dién dich khdc nhau. Bing cdch d6 ¢6 thé ting dung lugng
ciia dia ma, von c6 s8 bude toan phin xdc dinh theo s& bude nhét dinh
cho mdi vong quay. Cdch ma hoa dé géc nhu viy ciing duge diang dé
do khodng cdch dai (chuyén vi thing).

Hinh 4.62 gidi thiéu mot thi€t bi chuyén déi dich chuyén thing
thanh chuyén déng quay. Phuong phdp nay dac biét dugc wng dung &
nhirng ndi chuyén ddng quay tao ra nhitng dich chuyén thdng, vi nhu
dich chuyén ban mam m4y céng cu nhu mdy phay, may khoan ...

Thanh ddn budng ddu khoan

Pbdn 1? cdm bién vdng quay

Hinh 4.62 — Mot ing dung phén tif cim bién gbéc quay.

BHE
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BAI6

KY THUAT CAM BIEN VAN TOC VA GIA TOC.

Chuong 4

CAM BIEN VA PO CAC CHUYEN VI VAT THE

PHAN 2

Muc tiéu bai nay tdp trung vao nhitng khdi ni€ém cd ban va ky -

thudt cdm bi&€n chuyén dich vat thé trong khdng gian theo thdi gian,
cdc (ng dung do ludng vin téc, gia tdc, dé chdn dong (d6 rung) — gém
2 phin ciia chuong 4.

Néi dung c¢d ban ma SV phdi nim dugc & bai ndy 12 nhitng vin

dé trong tim sau:

Khéi niém dai cuong vé vi tri va chuyén vi vat th€ va nhifng
dic diém xdc dinh ching. Cdc loai phdn tif cdm bi€n tng dung
trong k¥ thudt do ludng diéu khi€n dinh vi, két cdu, hoat ddng
chite ning, cdc dic tinh k¥ thuit, dic di€m ng dung.

Céc van dé ung dung thuc tién cdc phin tf cdm bi€n va diéu
khi€n chuyén dich, dinh vi vét thé trong cong nghiép dé c6
nhin thitc va ky ning tdng hgp, thi€t k&€ va ché€ tao hé théng cy -
thé€ trong thyc t€ moi trudng Wng dung.

Bai 6 tdp trung trong tam la k¥ thudt cdm bi€n cdc chuyén dich
vit th€ van dong theo thdi gian (phdn 2): vén tdc va gia tdc,
bing cdc phidn tf cdm bién ng dung réng rii trong cdng
nghiép va dan dung.

Thoi lugng bai gidng 1a 04 ti€/45 ti€t 1€n 16p theo chuong trinh

mon hoc 1a 03TC (45 ti€t) va 04 ti€t tw nghién ciu.
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4.3 — Cam bié&n téc d va gia téc chuyén vi.

4.3.1 - Khai ni¢m chung.

Nhu ta bi€t, phan biét van tdc géc va van tdc thing (tinh ti€n).

Vin t6c géc 1a vector dic trung cho chuyén dong quay clia mot vat:
dp _ .
= E.n . _ (4.36)

trong d6: de 1a géc quay trong khodng thdi gian dt; n 1a vector
don vi nim trén truc quay va cé hudng (sao cho khi ta ding canh truc
quay va néu cho vector &y hudng tir chin 1én dau thi thdy vat quay ti
phdi sang trdi). Pon vi vdn tdc goc la [rad /s], trong k§ thudt thudng do
biing [vong/phiit].

Ngudi ta cling phin biét gia téc géc véi gia tdc dai. Gia tdc géc
1a dai lugng vector dic trung cho sy thay d8i van tdc géc cla vat rdn
trong chuyén ddéng quay quanh mot truc. Gia t6c géc £ biang dao ham
clia van toc géc @ theo thdi gian:
do
gt—'-

Gia toc g6c lién hé v6i moment luc M tic dung lén vit va
moment quan tinh 7 clia vat theo bi€u thitc:

M=1E. (4.38)
Pon vi ciia gia téc géc theo hé SI 1a [rad/ s’ ].

£ = (4.37)

4.3.2 — Cam bi€n do vén téc.

Trong k¥ thuit cdng nghé, cdc dai lugng vén tc va gia toc dugc
quan tim chii y&u 12 thong s6 dic trung trang thdi tuong Wng clia méy
~ do d6 thong thudng 1a tdc d6 quay — va cdc cdm bi€n do ludng & ddy
thong dung 12 cdm bi€n t8c dd géc. Nguyén Iy hoat dong chung cla .
cdc cdm bi€n loai nay 12 nguyén ly chung cia mdy dién — sitc di€n
dong ty 1& véi van tdc hé truyén dong. Pai lugng gia toc & day tép
trung vao cdc dang cdm bi€n d6 rung, chan dong.
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Ciac phuong phép do td¢ dd quay cia phian ddng rotor:

e Sir dung mdy phit tdc — ¢6 d6 chinh xdc thdp, cAn chuyén ddi
A/D dé€ s6 hod tin hiéu do. V& nguyén 1y, cdc mdy phat tdc 1a
phédn t¥ thong tin trong hé do ludng va diéu khién — khido sdtcy
thé hon dugc néu trong Phu luc 2.

e St dung cdm bi€n quang véi dia md hod — theo phudng phdp
ma hod gia lugng Incremental Encoder.

e Sit dung mdy do géc tuyét ddi — theo phuong phdp do absolute-,
dang mdy do Resolver.

e Do gidn ti€p dong va 4p phin tinh stator d€ xdc dinh téc dd
quay. Pay 12 phuong phip khong ¢6 cadm bién tdc d6. Y tudng
cia phudng phédp 12 t6¢ dd ddng cd dugc lugng gia tir dién dp va
dong stator (trén cd sd tinh todn tdc d) tir hé phuong trinh déng
hoc clia ddng cd) va dung lam tin hiéu phdn hdi cia mach vong
diéu chinh t8c d6 (trén cd s& mod hinh hé ddng clia ddng cd).
Phén tif cadm bi&€n Incremental Encoder. 1.3 phin t¥ cdm bi€n ‘

toc d6 quay ding cdm bi€n quang véi dia mad hod. Tdc dd quay dudgc
x4c dinh theo nguyén 1y ciia mot trong hai phuong phdp cd bdn xdc
dinh vi tri va dich chuyén: thong qua s& xung d€m ng v&i chuyén vi
cd bdn clia cdm bi€n.

+5[V] +5[V]

Tim tryc cd

N
d Ry R,

Pudng tdm dnbhsdng  180(()] 2,2[kQ

N I
ki |

| PHOTO — e _f;..
TRANSISTOR

bnnd

Hinh 4.63 — Cim bi&€n quang do téc do véi dia ma hod:
a). Nguyén ly cdm bi€n; b). Nguyén 1y photo-transistor.
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So dd st dung bd cdm bi€n quang: mdt dia ma hod dugc dat
giita ngudn phat tia hdng ngoai (diode quang LED) va dau thu (photo-
transistor) (hinh 4.63). T6¢ d6 quay n dugc xdc dinh theo bi€u thifc:

60N
n= , lvong/phiit]; 4.39
aN.T, [vong/phiit] (4.39)
& day: T, - chu ky diéu chinh t6c d6 = chu ky d€m xung, [s];

N, - s8 xung trong mot vong quay = 40 phén gidi ciia cdm bi€n; N —

s& xung d€m trong khoang thdi gian 7, .D€ xdc dinh chi€u quay, cAnstt
dung bd cam bi€n kép (hai dia ma hod, hai LED va hai photo-
transistors, hinh 4.64).
Khi dia quay ta nhan dugc hai chudi xung léch pha nhau 90°,
chiéu quay dudgc xdc dinh bang cach so pha hai tin hi€u.
Pé ting 46 phan gidi ¢6 hai gidi phdp:
e Ting s6 16 (2" 18) trong mot ranh trén dia ma hod (n ranh);
Ph&i hgp d€m xung vdi do thdi gian: trong pham vi xung chot
chu ky T, déng thdi d€m chudi xung thdi gian c6 tan s6 dat trude (hinh
4.65).
Al | T T R
Bl | | .
S e
Q A et LI
B [ L[ _L_T

A
O :u R Fom—=F
Hinh 4.64 — Cam bi&n quang do tdc d6 quay hai chiéu.
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-

Chudi xung 1hdi gian

Hinh 4.65 — Bi€u d6 tin hiéu phuong phap phdi hgp d€m xung
thdi gian.
Pdng thdi do khodng thdi gian #,, gilta hai sudn xung lan cin
thdi diém bt ddu va k€&t thic chu ky dém 7, = ¢,,, bi€n ddi biéu thitc
(4.38) va 1dy dao ham riéng clia n (theo N va Ar), ta c6:

60 dN 60N

dn = -
4N, At 4N, (A1)

d(Ar) = —id(m); (4.40)

trong d6 s6 hang diu cé6. thé bd qua vi sai s6 d€m xung chdt
dN=~0. Khi 46, n€u n = 3000 [vong/phut], A phdn gidi thdi gian la
d(Ar) = 50 [ns], thi A phan gidi dn = 0,15 [vong/phit]. Nhu vy,
phuong phdp phdi hgp do thdi gian ¢6 d§ phdn gidi khong phu thudc
dia ma hod ma chi phu thudc tin sd chudi xung thdi gian. Hinh 4.66
gidi thi€u mdt phuong 4n do nhu vay vdi hai kénh phdt xung dang sin.

A TR Trn Ateu A
N % ot
Bl TN TR il 2

../ \_/
A—«h o=
B AD N o ucuna%
'E —
E =
— 3

Hinh 4.66 — Phuong 4n k€t hgp dém xung tdc dd va xung thdi gian tin
hiéu dang sin: a). Tin hiéu hai kénh; b). Sd dd nguyén Iy mach do.
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Chi ti€t hon vé nguyén ly, ciu tao clia cdc dang Encoder s&
dugc néu & phan sau (Phu lyc 2).

Msdy do géc tuyét ddi (Resolver). Ciu tao: phin dong (ké&t ndi
v6i truc quay cian do géc quay hay téc dd) ¢6 cudn sd cdp duge kich
thich biing séng mang tan s& khodng (2 — 10) [kHz] qua bi€n dp quay,
phén tinh ¢6 hai cudn thi cadp (cudn sin va cudn cos) dat 1éch nhau 90°
(hinh 4.67).

Pau ra 1a tin hiéu diéu bién cia hai cudn thif cap, chita thong tin
vé vi tri tuyét di cla rotor may do, tudng ng vi tri tuyét dSi cla rotor
déng cd cin do. Bing cdch 14y dao ham géc quay ta c6 tdc dd quay
cia dong cd. PO phin gidi cia mdy do phu thudc khd ning phan gidi
ctia bd chuyén d8i A/D mic trong mach do.

Nhude di€m cla cdc phuong phédp do trén 1a 1am hé truyén dong
khong ddng nhit do phdi tdi thém phan dong clia cdm bié€n (ma khdng
phéi trong trudng hgp nao ciing ¢6 thé két ndi vao truc quay dudc). Dé
khic phuc, ngudsi ta t'ng dung phuong phap khong ¢6 cdm bi€n.

Kich thich
sin (2 -10) [kHz]

7

sin

Trye

Bién 4p

Kich thich
UlUysinwi sintt Ugsinol

= U

28

cos I l_
.~ Rotor

VU, sin wt cosP '
; Hinh 4.67 — M4y do géc tuyét doi resolver:
a). Nguyén Iy cdu tao; b). Nguyén Iy hoat dong; ¢). Hai kénh tin hiéu ra.
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Chi ti€t hon vé nguyén ly, cdu tao cia may do Resolver sé&
dugc néu & phin sau (Phu luc 2).

Selsyn. La phin tif mdy dién do dich chuyén géc. Mdy do phdn
ly ddng bd, phdi hgp hai mdy dién gidng nhau — may phat Transmitting
Selsyn va mdy thu Receiving Selsyn. M&i mdy 1a mét mdy dién ba pha,
cdc cudn diy dudc ndi hinh sao va hai mdy dugc ndi v4éi nhau nhu hinh -
4.68. Selsyn dugc diung do dich chuyén géc, tao dién dp ddu ra c6 dd
16n ty 1& v8i géc 1éch gitta vi tri truc do két ndi v4i mdy phadt va vi tri
dit trude clia phan dong mdy thu.

Truc phd: Tryc thu

Hinh 4.68 — Nguyén ly mdy do selsyn (ch€ dd chi bdo).
Chi ti€t hon vé& nguyén 1y, ciu tao ctia selsyn s& dudc néu & phin sau
(Phu luc 2).
4.3.3 - Cam bi€n do gia tdc.

Gia t6c k&€ 1a cdc dung cu do gia tdoc , dung trong nghién ciu
chuyén ddng va dao ddng clia cdc by phdn mdy. C6 loai do gia t6¢
géce, gia t8c dai, gia tdc cyc dai, gia t6c ham thdi gian va quiang dudng,
..; hay theo nguyén Iy cdu tao c6: gia tdc k€ co hoc, gia t6c¢ k€ dién co,
gia toc k€& quang, ...

Gia t&c k€ rung. Khdi niém gia 8¢ & day hiéu 1a gia t3c chin
dong, cia dao ddng rung cd hoc. Cdc cam bi€n do gia tdc cling dua
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trén ¢d s& dao dong rung cd hoc clia vat thé theo mét bac ty do quanh

vi tri chudn. Phuong trinh dao déng ciia mot hé duge bi€u dién dudi
dang bi€n ddi Laplace:

— A(s) A(s) |

57+ 28w, + v} "Gk’

3 day: X(s) va A(s) — bi€n ddi Laplace clia x(t) va d’y/dt*; @, -

tdn s6 dao dong ty nhién clia hé; & - hé s6 tdt dan cia dao dong.

X(s) = (4.41)

Bing cdch bi€n d8i nguge Laplace phuong trinh trén, xdc dinh
dudc dao d6ng chuyén dich cia vat:

x(t) = L'[G(s), A(5)]. (4.42)

Gia toc k€ rung c6 khad niang nhin dang ding tan sd cng hudng.
Tan s6 rung diu ra dic trung déc tinh tdn cha cdm bi€n. P nhay cia
gia toc k€ 1a ty s6 dién 4p diu ra v6i dai lugng dao dong cd hoc dau
vao, tinh bing volt trén ddn vi gia tdc (VD: [V/g]; 1 g = 9,81 m/s?),
v6i tin 58 chudn (Chau Au: 160 Hz; My: 100 Hz).

3ia téc k& dién dung.

Cam bién trong gia tdc k€& dién dung 12 tu dién c6 dién dung
phu thudc gia t8c: hai ban cyc tu dién, mot gdn v4i phédn tinh cla gia
toc k€, ban cuc kia gdn vdi vat rung. Hinh 4.69 gidi thiéu nguyén ly
cia bd cam bién gia ¢ k& dién dung vi sai va sd d6 mach bién ddi
thuc hién trén vi mach tich hgp silicon, trong d6 C,,. 1a di€n dung do
giita vat rung va ndp vo, va C,,, la dién dung do gilta vat rung va ae
c6 lbxo.silic, C, - dién dung mach phan hdi clia khuy&ch dai thuat vodn

chuyén ddi dién dung sang dién dp diu ra:
i
CM(' - C.w; .

V,=2E
A c,

(4.43)
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Ban trén

AN -
\/ \ Vaétrung / \ — Cue ®2l J_CDJ
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a) P& sdlic l—i B 1»——”—c
—_— 24 i Cumg 4
- ! } 2
Vit \Loxo ! >_4__,
U rung ” silic T, ¢|;|’ = 52 Via

b) | —— c) l

Hinh 4.69 — Gia toc k€ dién dung vdi tu dién vi sai:
a). Mt cdt cdm bi€n; b). LO xo gilf vat rung;
¢). S6 d6 vi mach tich hdp bién ddi tin hiéu ra.
Tdc 1a dién dp diu ra phu thudce dién dung vi sai ctia cim bién,
tuong Wng gia toc chuyén vi dao dong cia vit thé cian do. Gia toc k&
dién dung vi sai cho phép do nhitng dich chuyén nhd (cdc gia toc k&
dién dung thudng cé thé do dugc dich chuyén cuc dai 1a 20 [ x m]).

Gia téc k& dp dién. Ung dung hiéu ttng ap-dién do Pierre va
Jacques Curie phdt hién nam 1880. Trong cdm bi€n gia tdc dp dién,
vit rung dugc dit trén phan tir dp dién piezo, sinh ra dién tich khi chiu
tic dung cla \@ng suit tuong (ng chuyén dong cia vat rung, do dé ty
1é véi gia tdc cta vat. Thong thudng st dung hai bién dang tinh thé
piezo: ki€u nén va ki€u uén (hinh 4.70).

Phidn .
dpdidn & ‘:

7t | Kb lvgng
¥ ng

358
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BAI7
KY THUAT CAM BIEN LUC.
Chudng 5. — CAM BIEN PO LUC VA TAC DUNG LUC.
PHAN 1.

Muc tiéu bai nay tip trung vao nhitng khdi ni€ém cd ban va k¥
thuft cadm bi€n luc (phin 1) va tiac dung lyc: 4p sudt, (ng suit (phan
2); cdc ng dung trong k¥ thuit do ludng va diéu khién — gém 2 phin
cua chuong 5.

Néi dung cd bdn ma SV phii nim dugc & bai nay 1a nhitng van
dé trong tim sau:

e Kh4i niém dai cuong vé.luc, tic dung Iyc va nhifng dic diém
xdc dinh ching. Cac loai phin tf cdm bi€n lye va 4p sudt dng
dung trong ky thuit do ludng diéu khi€n, két cdu, hoat dong
chifc ning, cdc dic tinh k¥ thuat, dic diém dng dung.

e Cic van dé ung dung thuc ti€n cdc phin ti cdm bi€n trong cong
aghiép dé c6 nhan thic va k§ ning tdng hgp, thi€t k&€ va ché
tao hé thdng cu thé trong thuc t&€ mdi trudng Wng dung.

e Bai 7 tip trung trong tam-1a k§ thudt cdm bi€n Iyc (phdn 1)
bing cdc phin ti¥ cim bi€n ng dung rong rdi trong cdng
nghié€p va din dung.

Thési Iigng bai gidng 12 04 1igv45 ti€t 1én 16p theo chudng trinh
mén hoc 12 03TC (45 ti€t) va 04 ti€t ty nghién ciu.

Khai niém chung.

Pai cuong vé Iuc va tdc dung lyc.

Luc 1a dai lugng vector, s do tuong tdc gilta cdc vat. Tuong tdc
ndy ¢6 thé thuc hién khi cdc vat ti€p xiic tryc ti€p v4i nhau (luc nén,
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lue kéo, luwc ddy, lwc ma sat) hodc thuc hién gidn ti€p thong qua tic
dung trudng vat Iy ma cdc vit tao ra (trudng hdp dan, trudng dién-
tir,..). LA mot vector, luc ¢6 dd 16n (modul), huéng tic dung va di€m
dat.

Piéu quan trong & diy 12 phidi nhan thitc dugc sy khdc biét giira
luc, trong lyc — trong lugng, luc tdi va tdi trong, vi cdc thudt ngil nay
thudng dudce hi€u va diung trdo ddi mot cdch khdng rd nghia.

Luc: S8 do ciia sy tuong tdc giita cac vat thé — (Force).

Trong luc: S8 do trong lugng cia vat thé tdc dung 1€n ban cin
— (Weight)

Luc tdi (tdi trong): S& do lyc tdc dung 1&n vit thé — (Load)

Trong lyc 1a lyc tdng hgp cia luc hdp din do trdi dat tic dung
1én vat va Iluc ly tim ma vit phdi chiu do chuyén ddng quay cia trai
dat. Trong luc hudng theo phuong thing ditng & di€m quan sat. Bdi luc
ly tim ma vit phdi chiu (do chuyén dong quay cia trdi dit) 1a nho so
v6i lue hap din (luc ly tdm cuc dai & xich dao, nhung ciing chi bing
1/288 trong luc), nén c6 thé néi trong luc 1a s8 do luc hap dan tdc dung
1€n vat.

Trong lugng cliia mdt vat 1a lyc ma vit tdc dung 1€n gia d3
(hoic hé thdng treo) do d6 vat khdng bi rdi ty do méc du bi hiit vé phia
tam trdi dat. N&u vat va gid d3 (ban cin) déu bat dong A8i vai trdi dat
thi trong lugng vat (do dugc bing ban cdn) bing trong Iuc cda no.
Trong lugng riéng la trong lugng cia mdt don vi thé tich, tinh bdng
[N/m’). )

Khdi lugng 12 mot dic trung vat 1y quan trong ciia vat chdt, 12
s& do ddng thdi clia tinh hdp din va quén tinh cia vat chat. La s do
tinh hap din, khdi lugng dudge xdc dinh theo dinh ludt van vt hap din
ctia Newton :

F =y =5[] (5.1)
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trong d6: m,, m, 1a khdi lugng cla hai vat wwong tic; r la
khodng cdch giita hai vdt d6; » 1a hiing s6 hap ddn. La s§ do quén
tinh, khoi lugng duge xdc dinh theo phuong trinh cg bdn cda ddng luc
hoc: F = ma ;trong d6 a la gia tdc ma vit thé nhian dugc dudi tdc dung
lyc F. Khoi lugng riéng clia vat chdt ¢6 tri s6 bing khdi lugng clia mét
don vi thé tich:

dm
2= v’
Pdn vi khéi lugng trong hé SI 1a [kg].

(5.2)

Nhu vy, trong lugng ctia mot vat thé 13 luc ma vat thé tdc dung
1én ban cin (hay cdn céin); trong lugng riéng 1a trong lugng clia mdt
don vi thé tich cta vit. Trong khi d6, khdi lugng riéng cling 1a kh&i
lugng ciia mot don vi thé tich — tuy nhién, v8i cdch chon don vi thich
hop (kg luc / kg kh&i lugng) thi tri s6 clia khéi lugng riéng c6 thé bing
ty trong clia chdt d6. P6 1a bdn chdt quan hé giita khdi lugng va trong
Iugng clia mdt vat thé.

Tai (hay tdi trong) 1a tdc dung luc 1én mot vat thé. Bdi luc 1a s&
do tuong tdc gilta cdc vat thé, luc tdi (hay tdi trong) chinh 12 tdc dung
lyc ma mot vat phdi chiu tr mot hodac cdc vat thé khic trong t6ng thé
cdc lyc tdc dung 1€n né (nhu trong luc, trong lugng va cdc lyc tudng tac
khdc). Trong thuc t€ ng dung, cdc phép do luc néi chung 1a do luc tai,
phin nio bd qua tdc ddng ngudc clia vat chiu tdc dong 1€n vat tic dong
(tinh tuong tac luc).

Cac phuong phdp do lyc. C6 thé do luc theo cdc phuong phép:

e Phuong phép tinh: Dya vao su ¢dn biing luc can do vé1 mét lyc
d6i khdng, sao cho tdng cdc lyc va tong moment cia ching
biing 0; hodc cdn bing lyc cin do véi mdt lyc khdc (nhu luc
trong trudng, luc dién-tir) ¢6 thé do dugc.

e Phuong phdp dong: Dya vao phuong trinh co bdn clia dong-luc-
hoc chat di€m (dinh luat hai Newton):
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F =ma , [N]; (5.3)

trong d6: m — kKhéi lugng clia vit chiu tdc dung luc, tinh bing
[kg); a — gia t&c chuyén déng clia vat dudi tdc dong luc, [m/s°]). Theo
nguyén ly phuong phdp nay, ngudi ta do gia tdc a cia vit (c6 khoi
lugng m da bi€t) d€ xdc dinh lyc tic dung F; hoidc bi€n ddi lyc tdc
dung F thanh 4p sudt P clia chat 1dng, chit khi hay ng suit p bién
dang clia chdt rdn va do cdc dai lugng nay.

Luc-k€ 1a dung cu do cudng dd cia luc. C6 nhiéu loai lyc-k€&
cdu tao khdc nhau, phd bién nhat la luc-k€ dua trén sy bi€n dang dan
hdi ciia vat rdn. Luc-k€ ¢6 cac bd phén chinh:

o b phén chiu lyc, thudng 12 mdt chi ti€t dan hodi, 1a phan u¥

bi€n dang dan héi;

o bd phan truyén dong, thudng 12 mdt hé ddon bady hoidc banh

xe ring cua d€ khuyé&ch dai dd dich chuyén, va:

o b6 phin doc hodc ghi tri s& cudng d6 lyc, ciing c¢6 thé 1a

giao dién cho cdc bo phan xit 1y ti€p theo.

Luc-k& dugce dung dé€ do sitc kéo cia dong cd, do lyc tdc dung
1én cdc bd phdn mdy mdéce, d€ thif sitc bén ctlia vat ligu vv... Trong nhiéu
cong nghé cdm bién luc khdc, ngdy nay cdc cdm bi€n thdng dung nhat
trong k¥ thuit do ludng va diéu khién @ng dung hodc nguyén ly day do
bi€n dang strain gauge, hoidc dua trén cd sd tinh thé 4p-dién thach anh
piezoelectric quartz crystal.

Trong hé don vi quéc t€ SI, luc tinh bing don vi Newton [N]. C6
nhitng don vi ngoai hé nhu 1 [dyn] = 107 [N] hay 1 [kg luc] = 9,80665
[N]. Trong cdc mdy do lyc (va 4p sudt) dugc ché& xudt ¥ My va nhiéu
nudc Chiu Au vin ding cdc don vi khong theo théng udc qudc t€ (hé
SI), nhung ¢6 thé dé dang quy ddi nhu: 1[kg]=2,205pounds[/b]; pound
ky hiéu la 1[/b] =0,45359237[kg]; ounce 1[oz]=0,0283495[kg]; pound
Iuc (force) ky hi€u la 1{/bf]=4,44822[N]; vv...
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Pai cuong vé tdc dung lyc (ng sudt va dp suit.

Ung sudt (cd hoc) 1a s6 do ndi luc xud't hién trong vat bi€n dang
dudi 4nh hudng clia cdc tdc dung luc tr bén ngoai. Tuong tdc gilta cac
phin vit ti€p xidc v8i nhau theo ti€t dién di qua di€ém ng sudt, duge
thay bliing cdc lyc tic dung d6. Khdi niém d@ng suit nay (co hoc) khic
v4i ttng sudt nhiét, xuit hién trong mot vat bdi sy phan bd nhiét khdng
déu trong nhitng phan khdc nhau cia vit va bdi khd ning co dan vi
nhiét bi can trd do bi nhitng phin lin c4n bén trong hay nhitng vat ké
canh bén ngoai chén ép. Trong hiu hét cdc cdm bi€n luc va dp suit,
thi @ng sud't nhiét 1a nguyén nhan chi yéu giy sai s6 cdm bién.

Trong khi d6, 4p suit la dai lugng vat 1y dac trung cho cudng d6
clia luc bén ngoai dat thing géc 1én bé mat cia mot vat. Néu luc F
phan b8 déu trén dién tich A clia bé mat S thi 4p sudt 1a p = F/A. PGi
véi méi trudng chat 1dng va tinh thi 4p suit tai mdi di€m 1a nhu nhau
theo moi phuong. P&i v4i méi trudng chat khi, d4p sudt 1a do cdc phin
ti khi chuy&n dong hdn dén truyén xung lugng cho bé mit vat ti€p xic
vdi chat khi. Cdc chit 16ng va chat khi duge goi chung 1a luu chat.
Trong thuc t&, thudng néi dé€n 4p sudt clia luwu chat, hi€m khi néi dén
ap sudt chit rin.

Nhu viy, c6 thé coi 4p sudt va (ng sudt 1a hai mit cla tdc dung
luc. Ap sudt gdy nén bdi tic dung luc tif ngoai, con Wng sudt 1a tdc
dung no6i luc bén trong vidt, gy nén bdi nhitng tdc dung ¥ ngoai.

Pon vi do 4p suat ¢6 thit nguyén luc chia cho dién tich, trong hé
SI1a [ N/m?). Ngoai ra cdn ¢6 cdc don vi ngoai hé SI nhu atmosphere
vt ly (twong duong atmosphere tiéu chudn, ky higu [arm]), atmosphere
k¥ thudt [at], millimet ¢t nudc [mm cOt nudc), millimet thiy ngan (hay
ky hiéu [tor]), [bar]. Trong mot s& tai liéu, va nhat 12 cdc ch€ phim ti
M§ va Chau Au, vin ding cdc don vi do ludng khong theo thdng udc
SI, nhu pound trén inch vudng (square) [psi] dé do dp suit, (ciing viy,
ngudi ta ky hiéu don vi do dp suat vi sai (differential-) 1a [psid], ap suat
tuyét d6i (absolute-) 12 [psial). Hién nhién nhitng don vi do ndy c6 thé
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dugc chuyén ddi sang hé SI hay nhitng don vi do thong dung khdc nhu
1[mmHg]|=1[tor]=133,322[N/m?*], Pascal 1[Pa)=1[N/m?); [bar] hay
millibar 1[mbar]=100[N/m?*], vv..

Po dp suiit. Dung cu dé€ do 4p sudt 1a 4p-k€. Ngudi ta phan biét
ap-k& dé€ do 4p sudt tuyét ddi (tinh tir s6 khong) va dp-k€& d€ do 4p sudt
du (tifc 12 hiéu giita 4p suit tuyét ddi va dp sudt khi quy€n) khi 4p suit
tuyét d&i 16n hon 4p suit khi quyén. Ap-k€ vi sai do hiéu hai 4p suat.
Pé& do 4ap sudt khi quyén, ngudi ta diung khi-4p-k&, dé€ do dp sudt gan
s6 khéng ngudi ta dung 4dp-ké-chin-khéng. Ty theo nguyén ly hoat
d6ng, ngudi ta chia ra: 4p-k& chat 18ng, 4p-k€ piston, 4p-k€ bién dang
(ki€u 6ng, ki€u mang, ki€u hép x€p). Ap-k€ c6 thé chia dd theo céc
don vi khiac nhau: [kgl/m?®], [kgl/cm®], [bar], millimet cdt nudc,
millimet thiy ngén, hay theo hé don vi quoc t&€ SI 1a [N/m?].

C6 thé ding bat cif phuong phdp nao dé do 4p suat dua trén sy
thay d8i cdc dic tinh vat 1y cla cdc chit khi thay d&i dp sudt, do d6 céc
phuong tién do dp sudt 1a rat da dang. Tuy nhién, trong cdc may do dp
sudt ngudi ta chi y&u si dung cdc phin t¥ cdm bi€n lyc. G day,
nguyén ly phuong phép l1a do luc tdc dung lI€n mét dién tich giéi han -
nhu gi4 tri 4p sudt trung binh P :

F

P=—, 5.4
7 (5.4)

Ty s& clia Iuc tdc dung F trén dién tich A dugc bi€u dién nhu 1a
4p suit p:

P = —ZE. (55)

Va bdi vi trén mat dit luén chiu mdt 4p sudt khi quyén nhit
dinh, nén trong khéi niém 4p suat phan biét 4p sudt tuyét ddi va 4p
suit du lién quan vGi 4p suat khi quyén.

Phin 16n cdc phdn tif cim bi€n 4p sudt c6 nguyén ly hoat dong
dua trén cd sd:
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e 4p suit tdc dung 1én bé mat dién tich, do lyc can bing 4p sudt
do6; hodc:

e 4p suit tdc dung lén mot phan tlf cdu tric nhay vai dp luc (vi
nhu bi€n trd R thay ddi dién trd theo 4p sudt, hay phan tif tao
ra dién 4p ¢6 dd 16n phu thudc dp sudt).

5.1 - CAM BIEN PO LUC.

Phéan loai.
® Phin tf bi€n trd bién dang dan hoi:
o Kim loai (diy trd, mang trd, mang rung bi€n dung, ...);
o Bén din (dién trd bi€n dang silicon, mang dién din chat
déo, ...).

® Cdc phan tif cdm bi€n vit ly khdc: cdm bi€n dién dung, dién
cdm, cdm bi€n dp-dién piezoelectric, cdm bién tir-gido, ...

Cdc phan t¥ bi€n trd ki€u day do bi€n dang dan hoéi dugc dng
dung & nhitng chd ¢6 thé ¢6 bi€n dang tir ¢d vira tdi 16n (0,001% - 1%),
& nhitng noi cAn d€n nhitng thi€t bi ré tién, nhitng dung cu c6 kich ¢3
nhd nhv silicon t& vi, va & ndi tin hiéu ra c¢6 thé bi€n thién & tin s8 tY 0
(dién mét chiéu) tdi vai kHz. Gidi han tan s6 xudt hién & day la bdi vi
k€&t cdu cdc dung cu nay néi chung ¢é dién dung tdn 16n, ¢6 xu hudng
loc bd nhitng tin hi€u bi€n thién nhanh.

Céc phan tif cdm bi€n vit ly dya trén nhitng hiéu @ng vat ly, vi
nhu dién trd 4p-dién 12 mot linh kién thay ddi dién trd khi bi bi€n
dang. Trong hdu hét cdc vt liéu dién trd, hi€u @ng trd khdng dp-dién
bi€u hién du6i hai dang thanh phin — thanh phdn hinh dang hoc
geometric va thanh phin dién ud resistive. Thanh phan hinh dang hinh
hoc ctia phidn tf trd khdng 4p-dién xuat phat tir hién tugng 12 phan t
bi€n dang chiu suf thay ddi vé kich thudc. Nhitng thay d8i nay 1am dnh
hudng dén dién trd clia cdm bi€n trong ti€t dién mit cdt va theo chiéu
dai.
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5.1.1 Phin tif bi&n dang dan héi ki€u bién trg.
Cdc phan t¥ bi€n dang dan hdi phd bi€n nhat ding trong céc
phép do luc la:
e DAy do bi€n dang dién trd;
e Day do bi€n dang bédn din, va:
e Bién cam dp-dién piezoelectric transducers.

Diy do bi€n dang do luc mot cdch gidn ti€p bing cdach do d6
uén cong ma lyc tdc dung tao ra trong mdt vit mang carrier di dugc
hiéu chudn. C6 thé dung k¥ thuat diy do bi€n dang dé€ do 4p suit, rdi
chuyén d8i 4p sudt thanh luc, sit dung mot bo bi€n cadm xap xi hoa
appropriate transducer. Cé thé do luu lugng dong chdy bing cach dung
cdc phép do 4p suat vi sai @Ung dung cong nghé diy do bi€n dang.

Bédng 5.1 — Cdc phép do dya trén diy do bién dang.

Bi€n dang | DAy do bi€n dang; Bi€n cdm 4p-dién.

Luc T€ bao tdi trong.
Ap suit Maing ngin lyc cho diy do bi€n dang.

Luu lugng | Po 4p sudt vi sai.

Diy do bi€n dang dién trd 12 mot phan t bi€n dang dién trd
kim loai, khi ¢6 luc tdc dung lén d€ ma né dugce 1dp trén d6 1am né
thay d8i d6 dai, bi kéo din ra hay nén lai, do dé lam thay ddi dién trd.
D6 ¢6 1€ 1a mdt bi€n cdm quen thudc nhidt bi€n ddi luc thanh tin hiéu
dién.

Nguyén Iy chung. Phuong phdp phd bi€n nhat dé xdc dinh lyc
12 tao mdt luc ¢o hoc cdn bing v8i n6é. Khi ¢6 lyc F tdc dung, 1am vat
thé bi€n dang chuyén dich, vat thé dan héi bi nén lai (hinh 5.1a) hay
gidn ra.
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D€ vit thé ndm yén & trang thdi nén nay, luc tdc dung F phai
can bang véi lyc dan hdi co hoc clia vat bi€n dang F,, :

F=F,_,. (5.6)

Néu dic tuy€n cia vat thé dan hdi 13 tuyé&n tinh, tic 12 luc tdc
dung va dd bi€n dang clia vit ty 1& vdi nhau, thi ta c6:

P =055 (5.7)

mech
¢ day: C ~hé s6 dan hdi clia vat bién dang; s — do dich chuyén
vit thé. '

N\
N

ANNRRRRRRN

g

Hinh 5.1 - a). Po luc F bing luc cin bing clia vit thé bi€n dang dan
hdi F,,,.b). Nguyén 1y phan tf bi€n dang dan hdi.

Hinh 5.1b gidi thi€éu nguyén Iy ciia mdt phan tf bi€n dang dan
hdi. Lyc F lam udn cong vt thé dan hdi. D6 cong s clia vt c6 thé xdc
dinh bing mét phin tif cdm bi€n chuyén dich, vi nhu phin t& bién trd
chi€t 4p potentiometer (nhi€u tai liéu goi tit phan t¥ cé con trugt ndy
12 “pot”) hodc phan ¥ bi€n cdm inductive (xem chuong 4). C6 phuong
phip khdc 12 do d6 dan dai & bé mit rén hay d6 ép nén & mat dudi
bdi su udn cong cla phdn t&. Pd co din lai 1a tinh nidng cia phan tf
cam bi€n dan hdi ndy va qua d6 ma thé€ hién s6 do clia lyc tdc dung F.
Fhép do d6 co din dudc thuc hién bing cdch sit dung phin tlf day trd,
¢6 khd jniing thay d&i dién trd do bi€n dang co din. Theo nguyén ly d6
ngudi ta ch€ xudt cdc phin tf cdm bi€n dang diay do bi€n dang strain
gage hay mang bi€n trd co dan foil-gage.
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Bang 5.2 cho c4c thdng s k¥ thudt chi y&u clia cdc ki€u phin .
tf cdm bi€n bi€n dang dan hdi strain gauge dudi dang diy trd, mang
trd hay bin dan silicon.

Bing 5.2 — Pac tinh cdc phin tif cdm bi€n bi€n dang dan héi.

Kiéu phdn nz bién dang dan hoi

[ i s P Higu: Do} Day ird _ |Mang trd |Bdn dén
Tri s6 dién trd danh R O : 120; 300; .
dinh. o [€2] [120;600 |, ¢ 0. 600|120 600
Dung sai dién trd. + AR/R, . (%] 0.25..05 |02 0.5
Chiéu dai tich cyc. . (mm] |3..6..150]0,6..6..30[1..5
Dé nhay bi€n dang. K 2 2 100 ... 160
Dung sai 4§ nhay. + F.s, [%] |05 1 2
Tén s8 gidi han. Jai's [kHz] |0.. 100 0..100
Dong dién cho phép. |7, . [mA]  [10..40 20... 40 10...20
Pi¢n dp cung cdpcho |, s (V1 [2..60 2..20 1.2
mach ciu max.
D6 biéndang 1§ida. |Epy, 107 [m/m] |5..50 50..80 [3..5
Pham vi bi€n dang
tuyé€n tinh i 4000 ... 4000
véisaiss uyéntinh |~ oM LAMIMI L0000 |.io000  [1O0°
+0,1 %.
Pham vi bu nhi¢t d6. [T, ['C1 |-10..+150 |-10..+130 |-
Hé s& nhiét 46 (khi c6 /°
ba nhiét). Tag L(um/m) K11 :
Do sai bi€n trong thdi

ian mdt gid 2 2
S Ag/e 1..10.107 |1..10.107 |1..10.107°
£ =1000{zm/m].

Phén tif cdm bi&n bi€n dang dan héi bi&n trd kim loai.

Nguyén ly diy do bi€n dang Strain Gage.

Bi€n trd ddn nd 1a mot dang day wd, c6 thé co hay din, nhung
trong pham vi dan hdi, d€ dang nguyén thiy cia né khong thay ddi.
Pé x4c dinh dd co din clia mot vat thé, ngudi ta ddn day do 1é€n vit.
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Khi co lai hay dén ra, vt thé truyén sy bi€n dang d6 cho diy do. Bién
dang cd hoc din t6i sy thay di dién rd clia day do bdi xuidt hién @ng
suit cd hoc bén trong day. Sy thay ddi dién trd nay dudc do biing phép
do tong itng — do dién trd (ma do nhiing yéu cau dic biét clia phép do
ding diy do bién dang, s€& danh mot chuyén muc riéng phin sau néu
cu thé€ hon vé mach cau do dién trd dién hinh, nhu mdt mach chitc
niang chudn hod tin higu).

D6i v6i day trd kim loai dan hdi, 46 nhay bi&€n dang cé thé tinh
nhu sau:

Rsz=pL=4pL.

: 5.8

A m? D’ =)

dk =L aow P _gr- 328 4p, (5.9)
D° D D"

aR 8P L %0 ° (5.10)

& day: R — dién trd day do bi€n dang theo chiéu dai day (&
20°C); p — dién trd sudt cia day do (mdt hiing s6 phu thudc vao vat
liéu); L — chiéu dai day do; A — ti€t dién ddy; D - dudng kinh day do.

Pé&i véi day do bi€n dang ta quan tam h¢ s& day do gage factor
K — sy thay d8i dién trd ty dGi cla day do ung v4i su thay ddi ty doi
chiéu dai diy do (sy bi€n dang day do):
_dR/R _dp/p | _,dD/D

K= = : . (5.11)
dL/L _ dL/L dL/L
S& hang cudi trong biéu thic (5.9) dugc goi la ty sO Poisson v :
dD/D
=|=-——1, 5.12
. ( aL/L ) e
khi d6 ta ¢6:
dp/p
K=l+204+———7. 5.13
v dL/L (5.13)
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D4i véi nhitng kim loai khdac nhau, dai lugng nay phu thudc vao
tinh chat vat li€u, va vao dic tinh dién dan. N6i chung, kim loai c6 gid
tri hé s6 day do giita 2 va 4.

Tur bi€u thite (5.5), d6 bi€n dang cla vat ty 1& véi luc tdc dung,
ta cu thé hon d6i véi trudng hgp diy do bién dang dan hdi. Bdi Wng
suidto bén trong diy do biing luc F tic dung 1én bé mit dién tich A cia
day do; gdy nén sy thay ddi dién trd day do, su thay d8i dién trd ty doi
ndy dR/R bing hé s diy do K nhin véi su thay ddi do dai ty d6i
dL/L (tic 1a sy bi€n dang, & day d€ don gian ta chi tinh bi&€n dang theo
chiéu dai — sy din dai diy do); ma ng suat o bing modul dan hdi
Young E nhin véi dd bién dang, ta c6:

dL _E.A dR

F=0cA=E.A. = 2 : (5.14)
L K R
hay la:
dR FK (5.15)
‘R EA’

Nhu vay, su thay ddi dién trd ty ddi clia ddy do bi€n dang ty 1€
v6i luc tdc dung va ty 1é v8i hé sd diay do chia cho modul dan hdi
Young ciia vit liéu. RS rang 12 cin c6 sy thay ddi 16n vé dién trd dé
don gidn hod viéc thi€t k€ cdc phan con lai clia dung cu cdm bi€n, nén
néi chung ta ¢d géng chon nhitng diy do dudng kinh nhd, ¢6 modul dan '
héi Young nhd, va hé s6 diay do cang 16n cang t&t. Tinh dan hdi clia da
s6 cdc vat liéu thudng han ch&€ dudi 1%, cho nén ta thudng néi vé
nhitng thay d8i dién trd trong pham vi 1% - 0,001%. R& rang do nhitng
dién trd nhu vay khong phdi la d&, va thudng phii ki€m cdc cdu do trd
dudc thiét k& d€ tao ra dién dp di cung cip cho cdc mach khuyech dai
va xit 1y ti€p theo (xem muc 5.1.1.4).

Trong thyc €, bi€u thic (5.13) cho ty s& bi€n trd AR/R, dugc
x4c dinh theo bi€u thitc:
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ﬁ =K.eg; (5.16)
R,

3 didy: AR - d6 16n thay d8i dién trd do bi€n dang; R, — tri s& .
dién trd danh dinh (trudc khi bi bi€n dang); K — hiing s6 ty 1€, & diy
chinh 1a hé s& day do gauger factor (mdt hiing s6 do nha sin xuit cung
cap, la ty s6 (AR/R)/(AL/L)); & — s8 do dan nd, & day 1a do gidn dai
cla d6i tugng trén don vi chiéu dai (AL/L), goi 1a 46 bién dang strain.

Hing s6 ty 1€ K 12 hding s& vat liéu din dién cia diy trd. Tri s6
K d6i v3i cac vat liéu dién trd kim loai nim trong khodng tir 2 dén 4.

Pién trd danh dinh R, clia phan t¥ bi€n trd dan hdi 12 tri sG dién
tr@ gitta hai dau ra cla phin t, thudng chon trong diy s&: (120; 350;
600; 700) [Q2].

D4i v8i nhitng phin tif diy trd din dai, thay vi gid tri £ ¢6 thé
dung ty s& dd dai AL/L, (xem biéu thiic (5.9)-):

Ak kAL, (5.17)
RD LO

& day: AL — A9 co din chiéu dai cla diy wd; L, — chiéu dai
cia ddy do trudc khi bi€n dang. N6i chung, hé s6 K chiu dnh hudag
clia bi€n d6ng chiéu dai, ti€t dién va dién trd suit ciia day trd.

Tdc dung lyc ddu vao duge chuyén ddi thanh dién 4p bing su
thay ddi dién trd cla cdc diy do bi€n dang c6 lién quan mait thiét v6i
k&t cau bi€n cam transducer.

Su thay ddi dién trd diy do chi thi dd 16n bi€n dang trong két
ciu bi€n cdm va do d6 ciing chi thi do 16n cia tdi trong tdc dung.

Co sJ cong nghé ché tao diy do bi€n dang.

Diay do bi€n dang ki€u day trd c¢6 thé ding dé€ do luc trong mot '
pham vi rdng, tr 10 [/b] tdi nhiéu tdn. N6 gdm mdt sgi diy mdnh
(0,001 [in'.j) dudge quin vong téi va lui vai ldn rdi duge gdn chit vao
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mot bin nén dang tdim mdng (hinh 5.2a). Ngay nay c6 nhiéu phuong
4n ding c¢6ng nghé mach in d€ tao ra nhitng miu day trd. Toan bd day
do bi€n dang dugc ghép chat mdt cdch tin cdy vao mdt dbi tugng két
cdu nao dé va s& phat hién dugce bat ky bi€n dang k€&t cdu ndo c6 thé -
xdy ra. Diy do dugc dinh hudng sao cho cdc sgi diy ndm cing hudng
vdi hudng bi€n dang chd dgi. Nguyén 1y hoat déng nhu sau: néu ddi
tugng bi dat dudi luc cing, diy do s€ gian ra va bi bién dang dai. Sgi
day khong chi hoi dai ra ma cdn mdnh hon. Cd hai tdc dng d6 gay
nén viéc tang dién trd toan phan cla diy, nhu c6 thé thay tir ding thirc
cd ban ctia dién trd (xem bié€u thic 5.8).

Force

o 5 A

Compensation gauge
Hinh 5.2 — Day do bi€n dang.

Su thay d8i dién trd ctia diy do bi€n dang cé thé diung dé€ tinh
todn d6 giin dai cia diay do bi€n dang (va cia ddi tugng ma né dugc
gdn chit vao). N€u anh bi€t duge dd gidn dai va hiing s6 dan hdi clia
thanh phin g4 d3, thi nhitng nguyén tic cda dinh luat Hook ¢6 thé
dugc dung d€ tinh todn Iyc tdc dung.

Su thay d8i dién trd trong diy do bi€n dang 12 nhé. Mgt cach
dién hinh, n6 chi khodng vai phin tram, tifc 12 ¢6 thé nhd hon mot
ohm. Po ludng mdt gi4 tri dién trd nhd nhu vy thudng dodi héi phdi cé
m&t mach cdu do (hinh 5.2b). Vi mach cdu nay, sy thay d8i nhé trong
mot dién trd c6 thé gy nén mot mot sy thay d3i ty 1€ phin trim twong
d&i 16n hon trong dién 4p dudng chéo cdu. Ban dau, cau dudc can bing
(hoac dugc “quy 0”) bing cdch diéu chinh cdc dién trd sao cho
V, =V, . Sau d6, khi dién trd diy do thay d8i, hiéu dién thé (V, —V,) sé&
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thay d8i. Cau do ciing cho phép ta khif nhitng bi€n ddng do nhiét dj,
bing cdch n8i mdt diy bu (goi 12 dummy) th€ vao chd mét trong nhitng
dién trd mach cdu. Nhu trong hinh 5.2 va 5.3, thyc t€ diay bd dugc mic
gin k& diy do chinh sao cho chiing ti€p nhdn ciing nhiét d§, nhung né
dugc dinh hudng vudéng gbéc véi diy do chinh nén lyc tic dung sé
khong 1am cdc sgi diy trd cia né bi bién dang dai.

Bing cdch phan tich mach cdu trong hinh 5.2, thoat ti€n ta tinh
riéng cdc dién dp ¥, va V,, dung dinh ly phén 4p:

Rl +R(;
V..R

oS0 (5.19)
R, +R,,

Pién dp dudng chéo ciu ¢ thé biéu dién bing (V, - V,):

(v, -V,)=AV =V, R e ] (5.20)
R +R; Ry+Ry

Bling cdch s dung dai s6 todn hoc, ta ¢6 thé chuyén ddi bi€u

thitc (5.20) thanh dang:
(RG ~Rz — RD'RI)

(R, +R; )R, +R))

Ta c6 thé don gidn hod viéc phan tich mach bing cdch dic trung
ring tit cd cdc dién trd trong mach cdu (bao gdm cd R, va R,) déu
¢6 cing tri s6 (R) khi cdu can bing. Khi d6, n€u diy do bi gian dai, R,
s& ting 1én mot it, thanh (R + AR), & ddy AR 12 sG ohm ma R,; ting
lén bdi gian dai. S dung nhirng diéu kién do, biéu thic (5.21) duge
gidn udc thanh:

AV:V.\'

(5.21)

AV = V\..—AR—— : v8i moi dién trd bing R khi cducan bing. (5.22)
" 4R+ 2AR
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Nhin miu s trong biéu thitc (5.22), ta thay ¢6 tdng cia 4R va
2 AR, nhung trong moi cdnh hudng thuc t&€ 4R s& 16n, 16n hon nhiéu so
vG3i 2 AR, nén ta ¢6 thé ndi ring (4R+2AR)=4R. V§i gid thi€t do va
mot vai bi€n ddi todn hoc ta tdi bi€u thife (5.23) ma ta ¢6 thé dung dé
tinh todn su thay ddi trong dién trd day do bién dang trén cd sd clia su
thay ddi dién dp dudng chéo ciu do dugce.

4RAV

AR = : 5.23
v ( )

& didy: AR — sy thay ddi trong dién trd day do bi€n dang; R — tri
s6 dinh mifc ctia moi dién trd trong mach ciu; AV — Dién dp dudng
chéo ciu nhin duge; V, - dién dp ngudn cung cdp cho cau.

Bdi diy do bi€n dang bi gidn ra, dién trd ctia né tang lé€n. Tuong
quan chinh xdc gitta d gidn dai va dién trd ¢6 thé tinh todn bing cdch
ding bi€u thic (5.16) va dya trén hé s day do K (gauge factor), do
nha sdn xudt diy do bi€n dang cung cap (xem bi€u thic (5.16)).

<
Actlive :.

»
Compensating i,

Hinh 5.3 — Cdc cdu tric diy do bi€n dang.

Cin c6 mot bi€u thic nita trude khi ta ¢6 thé gidi quy€t van dé
day do bién dang — m6t ding thite quan hé ng sudt stress va sy bién
dang strain trong mdt d6i tugng. Ung sudt la luc trén dién tich mat cdt
ngang; vi du, n€u mot chan ban ¢6 dién tich mat citla 2 [in?] va 43
mot tdi trong 1a 100 [/b], khi d6 ung sudt la 50 [/b/in?]. Su bién dang
1a lugng chiéu dai (trén don vi chiéu dai) ma d6i wgng bi gidn ra nhu
k&l qia clia (tng suat tic dong Gi né; vi du, mot dSi wong ¢6 chiéu dai
10 [in.] gidn ra 1 [in.], khi d6 mdi inche clia doi twgng da gidn ra 0,1
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[in.] va nhu vay sy bi€n dang sé 1a 0,1 [in./in.]. I.'fng sudt va bi€n dang
tuong quan véi nhau bing mdt hing sd dugc goi 12 modul Young (con
£0i 1a modul dan hdi), nhu trong bi€u thife (5.24). Modul Young (E) la
s6 do mdt vit liéu citng d€n bao nhiéu va cé thé coi nhu mot dang
hdng s0 10 xo dan hdi spring constant.

E=£, (5.24)
£

d day: E — modul Young (mét hiing sd ddi vdi mdi loai vat liéu);
P - ing sudt (luc trén ti€t dién); & - dd bi€n dang (dd co gidn trén don
vi d§ dai).

Bdang 5.3 cung cdp mdt vai gid tri cda E d8i vdi cdc vit liéu
thong dung.

Bing 5.3 — Modul Young (E) ctia cdc vat liéu thong dung.

Vit liéu x10°[Ib/in?.] | x10° [N/cm?)
Thép 30 . 20,7 ﬂ
Pdng 15 10,7
Nhom 10 6.9
P4 séi 7.3 5,0
G cing 1.5 1,0

Vide 5.1.1

Mot diy do bi€n dang va mach ciu dugce diing do Iyc cing trong
md: thanh dim thép (hinh 5.4). Thanh dim cé ti€t dién ngang la
2[in*]. Day do bi€n dang c6 dién trd dinh mitc 12 120[ Q] va hing s& .
K bing 2. Mach cdu dugc cung cidp dién 4p 10[V]. Khi thanh dim
khong chiu tdi, ciu dugc cian bing nén dién 4p ra bing O[V]. Khi dé
lye duge cung cdp 1én thanh dam, va dién 4p cdu dat téi 0,0005[V].
Xdc dinh luc tdc dung 1én thanh dam.
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Giai.
Piu tién, dung bi€u thitc (5.21) dé€ tinh sy thay ddi dién trd cia
day do bi€n dang bdi luc tdc dung:
= 4R.AV _ 4.120[€2].0,0005[V]
Vs 10[V]

AR = 0,024[Q] .

Ti€p theo, dung bi€u thifc (5.14) d€ tinh do gian dai (bi€n dang)
cuia diay do (n6 bi gian dai ra bao nhiéu):
. AR/R _ 0.024/120
K 2
Cudi ciing, ding bi€u thic (5.22) d€ tinh luc luc tic dung lén
thanh dim. Viéc nay doi hdi phdi tra bidng tri s6 modul Young. Tir
bdng 5.3 ta tim dugc né 1a 30.000.000 [/b/in®] d6i véi vat liéu thép.
Thé& né vao bi€u thitc (5.22) ta ¢6:
p=E.&g=30.10°[/b/in"1.0,0001[in/in] = 3000[/b/ in’].

= 0,0001[in./in.].

K&t qua nay cho ta thdy ring luc kéo cing trén thanh dim la
3000 [/b/in? ], va bdi thanh dAm c6 ti€t dién ngang 1a 2 [in’] nén luc
cing toan phan trén thanh dam la 6000 [/b/in? ].

2-In.2 crass-sectional area

Ny 1200
Vou = 00005 V

120 2

S A jov—b

!

6000 Ib

Hinh 5.4 — Phép do luc cing trong thanh dim thép bing diy do bi€n
dang (vidu 5.1.1).
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Vidu 5.1.2 (lam lai véi don vi do SI)

Mot day do bi€n dang va mach cau dugc dung do Iyc cing trong
mot thanh ddm thép c6 i€t dién ngang 12 13[cm?]. Day do bi€n dang
¢6 dién trd dinh muc 1a 120[ Q] va hiing s6 K biing 2. Mach cau dugc
cung cidp 10[V]. N&u thanh dim khéng phai chiu tdi thi cdu cdn biing
va dién dp ra biing O[V]. Khi tdc dung luc 1én thanh dam thi dién dp
ciu dat d€n 0,0005 [V]. Tim luc tdc dung 1én thanh dam.

Gidi.

Pau tién hay tinh sy thay ddi dién trd day do bi€n dang do tic
dung luc.

_4RAV _ 4.120[].0,0005[V']

AR = 0,024[].
V, 10[/]
Ti€p theo, hay tinh d gidn dai (bi€n dang) cla day do bi€n
dang:
g ARIR o 0024139, 66001 cm ch)
K
Cudi ciing, sif dung bi€u thitc (5.24):
w s
8 ’

d€ tinh todn luc trén thanh dam. Viéc nay doi hdi phdi tra tim tri
s6 ctia modul Young. T bdng 5.3 ta tim dudc né bing 20,7.10°
[N/em? ] 461 véi thép. Bi€n ddi biéu thic (5.24) ta c6:

p = E.g =20,7.10°[N / em?).0,0001[cm / cm] = 2070[N / cm*].

K&t qud ndy c6 nghia 12 lyc kéo cing trén thanh dam 1a 2070
[M/cm? ], va bdi thanh dim c6 ti€t dién 12 13[cm’ ], nén lyc cing toan
phin trong thanh dam 1a 26.910 [N].

V& mit cong nghé ché tao va 14p dit, c6 hai dang phén tir day
do bié€n dang:

e Day do bi€n dang ki€u ghép chit bounded wire; va:
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e Kiéu khong ghép chat unbounded-.

Cdc didy do bi€n dang ki€u ghép chit ¢6 thé & dang sdi diy trd
hay dang mang mdng dién trd hay dién din (hinh 5.5). Phin ti¥ diy do
ki€u khong ghép chat gdm mot sgi day trd cing giita hai di€ém (xem
hinh 5.7), va cé thé dugc tao hinh ngay trong qua trinh 1dp diat cdm
bi€n, nhat la d8i v3i nhitng tng dung chuyén biét.

Trong @ng dung thuc t€, cdc diy do bién dang thudng khong trdi
thing cd chiéu dai ma x€&p theo hinh nhu trong hinh 5.5. Viéc ch€ xuit
nhitng cdm bi€n co dian dan hdi ki€u day trd strain gauge nhu viy la
twong ddi tién dung. Cong nghé dn mon dién hod cho phép thuc hién
nhitng phan ti¥ bi€n trd dang mang, ¢6 nhiéu hinh ddng tdy theo nhirng
ng dung khdc nhau. Diy do bi€n dang ki€u nay bao gébm médt diy kim
loai dudc tao miu sao cho d6 nhay din dai elongation wu tién theo mot
hudng. Cdc diy do bi€n dang sfn c6 tir mdt vai nha thi€t k€ miu
vendors, va in 4n thanh hang trim hinh midu mang mdng ¢6 thé chon
lwa, cdc miu hinh khdc nhau cho ta do nhay bi€n dang theo nhitng
huéng khdc nhau. Hinh 5.5b gidi thiéu mdt s6 mau mang dién trd bién
dang.

]
! =3 RARRRRRAAR 3K

| | EEe
W

71T

1

Hinh 5.5 — a). Nguyén 1y bi€n trd dan hdi ki€u diy rd: (a) — Nén cdm bi€n;
(b) — Day trd; (c) — Diy ndi ra; (d) - B€; (¢) — Vit liéu k&t dinh.

b). Phian tf mang bi€n trd bién dang dan hdi.

L

bl

[emEe: (ommy TS
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D€ 1am vit liéu bi€n trd dan hdi, ngudi ta chon nhitng hgp kim
c6 hé s& nhiét cla dién trd dic trung rat nhd. D6 1a céc hgp kim déng-
nickel (constantan), nickel-chromium (nichrom), sdt-nickel, platin-
wolfram, vv... B&n canh nhitng ¢6 géng loai trit anh hudng nhiét do 1én
dién rd day do, ngudi ta ciing ¢d gidng khic phuc dnh hudng sy thay
ddi kich thude clia vat thé do bi€n ddng nhiét dd, nhung viéc nay khé
l1a khé khin, chi c6 thé thuc hién trong mdt pham vi nhd. PS&i véi
nhitng trudng hgp tdi ddng, vi nhu viéc ghi nhdn nhitng rung ddng,
ngudi ta sit dung nhitng hgp kim dic biét. VAt liéu nén va chit keo ddn
la da dang, doi hdi phdi c¢6 kinh nghiém lua chon va sif dung.

C6 1& phuong 4n phd bi€n nhat 1a diy do ki€u mang mdng foil-
type, dudc ché tao bing k¥ thuit quang-khdc photo-etching, ding cing
loai vit liéu hgp kim nhu ki€u diy sgi (nhu constantan, nichrom, sit-
nickel, platin-wolfram, vv...).

Cédc cdm bi€n dua trén cd s& cong nghé mang bi€n dang foil
strain gage dugc thi€t ké theo y ni€ém danh cho phép do chinh xdc
trong lugng tinh hay luc hoéc tdi trong chudn dong hoc quasi-dynamic.
Thiét k&€ cic cdm bi€n ki€u mang bi€n dang bao gédm nhitng két cdu
dugc thi€t k€ diac dung d€ van hanh theo ki€u ¢6 thé€ du bdo trude va
c6 kha nidng lap lai khi tdc dung luc, tdi trong hay trong lugng.

Cic ki€u cam bi&€n bi€n dang dan héi.

Bo phéan cd khi thi€t y€u nhat clia moi cdm bi€n didy do bi€n
dang 12 phin tit dan hdi “spring element” . Theo thuit ng® chung, phan
t&r dan hdi 1am viéc nhy ¢d cdu phdn @ng lai v4i tdc dung luc, tdi trong
hay trong lugng. C6 nhitng nd lyc nhit thé hod uniform phan ti, tinh
todn dudng diay bi€n dang cho phép do chinh xdc bdi diy do bi€n dang
gin két bonded. C6 ba dang két cdu thi€t k&€ sit dung trong cdng
nghiép, 1a dang thanh dim bending beam, dang cdt column va dang
trurdt shear, ching ta sé& khao sdt cu thé hon & phan sau.
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Hinh 5.6a gidi thi€éu mot cach khdi quat phép do lyc dung cac
cdm bi€n bi€n dang dan hdi. (o) day luc tdc dung dudc ti€p nhan bdi
mot Sng hinh tru (1), dit rén d€ citng (2). Pi€m dat cda luc tdc dung
1én diu do phai sao cho thich hgp, cang tip trung thanh di€m cang t5t.
Tuy nhién mdy do ding phén tif bi€n dang dan hdi (A va C, B va D)
ciing phai duge dit xa di€m tdc dung luc, bdi n€u khdng thi dd ép nén
s& khong trung thyc. Hinh 5.6b la cdu tric nguyén ly mot phdn tif cdm
bi€n luc kéo. Hinh 5.6¢ giGi thiéu mot ki€u cdu triic mdy do luc c6
phén tif cdm bi€n dan hdi dang vong. Trong d6, vat thé dan hdi (1) ¢6
dang vong tron gin cdc phin 1 bi€n dang dan hdi (2), (3), (4), (5).

Hinh 5.6 — Phép do lyc dung phdn uf bi€n dang dan héi.

Diy do bién dang ki€u khéng ghép chit unbounded wire (hinh
5.7) gdm mot sgi ddy dan cing gilra hai diém. Luc tdc dung l1én sgi
day (ti€t dién = A; chiéu dai = L; dién trd sudt = p) s€ lam day gidnra
hay co ng#n lai, 1am dién trd ting hay gidm mot cdch ty 1& (xem bi€u
thife (5.6) va (5.15)). O diy, hé sd diy do K bing 2,0 — 4,5 d3i v6i kim
loai, va hon 150 d8i vdi cdc chat ban dan.

Pai lugng vi sai ty d5i (khong don vi) AL/LI1a s6 do lyc téc
dung 1&én day va dudc bi€u dién & microstrain (1 #e =10 “ em/m), cling
nhu cdch bi€u dién phan triéu parts-per-million (ppm). T bi€u thic
trén, lvu ¥ ring hé s& diay do Idn hon thi k€t glia tuong (ng la dién trd
s& thay ddi nhiéu hon — do d6 d¢ nhay ciing cao hon.

Day do bién dang kiéu ghép chit bonded wire (hinh 5.8) gém
mdt s¢i diy manh hay mang méng dién din duge x€p theo méiu hinh

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

ddng dién coplanar (thanh hinh det trén mot mat phing) va duge d8
chit gin cemented thanh nén d€ base hay vit mang carrier. Thong
thudng, day do dugc 14p dit sao cho chiéu dai clia phan dién din cang
thing hiang cang t8t véi hudng dng suidt cin do. Cdc day din ndi ra
dugc kep vSi d€ nén va dua ra ngoai d€ mic mach. Cdc dung cu ghép
chat 12 ki€u dudc coi ¢6 tinh thic dung hon va duge st dung réng rai
hon so vdi cdc dung cu ki€u khong ghép chat.

Phuong 4n diy do ghép chit ki€u mang méng foil-type (hinh
5.9), dude ché tao bing ky thudt quang-khdc photo-etching, diung cic
mang hop kim (constantan, nichrom, sdt-nickel, platin-wolfram, vv..).
Céc diy do c¢6 phan tif cdm bi€n dang sgi c6 dién tich bé mit nhd so
véi miu thit specimen, di€u d6 han ch€ dong ro d nhiét d§ cao va cho
phép dién thé& cich dién cao hon gifta phdn tlf cdm bi€n va miu thi.
Ngudc lai, cdc phin tf mang mdng c6 ty 1& dién tich bé mat va thi€t
dién (mat cit) 16n hon va ¢6 dic tinh 6n dinh hon du6i di€u kién nhiét
d6 cuc tri (cuc cao hay cuc thip) va khd ning chiu tdi lau bén hon.
Dién tich bé mit 16n hon va thi€t dién manh hon ciing cho phép dung
cu c6 khad ning ddi theo nhiét d6 clia mau thir va gia ting d¢ tan nhigt
tu thian cia né.

FORCE
d,) !
A= PL
A

STRAIN o GF - ®  SMALL SURFACE AREA
/&E&uw * % u LOW LEAKAGE
:2531.";‘“ ?’m"z:?g; % e u HGH [SOLAION
ST
\[/ A5 = MICROBTRAINS )
FORCE 1pe = 1=10¥om /om = 1 ppm l m
Hinh 5.7 — Day do kifu Hinh 5.8 — Day do kiéu
khong ghép chat. ghép chit.
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PHOTO ETCHING TECHNIQUE
LARGE AREA

STABLE OVER TEMPERATURE
THIN CROSS SECTION

GOOD HEAD DISSIPATION

l FORCE
Hinh 5.9 — Day do bi€n dang ki€u mang mdng kim loai.

Ciéc day do bi€n dang bdan din st dung hiéu iing trd khdng 4p-
dién trong mdt s6 chit ban ddn nhat dinh nhu silicon va germanium, ¢6
d6 nhay cao hon va mic tin hi¢u ra 16n hdn. Cdc day do ban ddn c6 thé
dudc ché tao dé€ cé nhitng thay d6i hoic dudng hodc am khi bi€n dang
(¢ng dung mang vit li¢u bdn dan silicon hay germanium khong ti€p
gidp loai p- hay loai n-). Ching ¢6 thé dugc ch€ xuat & dang vat ly
kich ¢ nhé (t€ vi) nhung van gilr dugc tri s dién trd dinh mifc. Day do
bi€n dang ban din véi ciu do c6 thé c6 d nhay gdp 30 14n so véi cdc
ciu do dung cho mang mdng kim loai, nhung chiing cling nhay vdi thay
d8i nhiét 46 moi trudng va khé bu. Sy thay ddi dién trd cla cdu do véi
day do ciing khong tuyén tinh. Chiing khéng dudc (ng dung rong rai
bing cdc dung cu mang mong kim loai, &n dinh hon d6i véi cdc muc
tiéu cdn dd chinh xdc cao. Tuy nhién, & nhitng chd dé nhay mdi quan
trong va nhitng bi€n déng nhiét d 1a nhd thi ching ¢6 thé dugc wu tién
hon. Viéc trién khai do ludng ciing duge thyc hién tuong wr nhu ddi véi
cdc cAu do mang mdng kim loai, nhung it nghi€m ngit hon, bdi chiing
c6 mifc tin hiéu ra cao hon va d6 chinh xdc bién cdm gidm.

Bing 5.4 dua ra nhitng s& liéu so sdnh thong s6 ciia hai ki€u diy
do bi€n dang thong dung nhit hién nay: d6 1a day do bién dang kim
loai va diy do bdn din trén nén silicon (ma phéan trén da néu sd luge
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vé cdc diy do bi€n dang bdn din silicon d€ so sdnh, chi ti€t hon s&
duge khio sat & phdan sau, muc 5.1.2).

Bing 5.4 — So sdnh day do bi€n dang mang mdng kim loai va
bdn dén.

Théng s& Diy do bi€n dang Day do bién

kim loai dang bdn din

Pham vi do, 0,1 +40.000 0,001 + 3000
[uc]

Hé s6 day do 2.0 +.4.5 50 + 200
Pién trd, [nn] 120; 350; 600; ..; 1000 + 5000
5000
Dung sai dién 0,1 = 0,2 1 =2

trd, [%]
Kich thudc, 0,4 <150 (tiéu 1 +5
[mm] chuidn: 3 +6)

Céc day do bi€n dang do lyc, nhu trong hinh 5.10, trong két ciu
thanh didm beam c6 khung gd cantilever, khi chiu tic dung luc s& bi
1éch nhe hay udn cong. Bén diy do bi€n dang dudc ding d€ do do udén
clia thanh dim, hai diy & mait trén, hai ddy & mat dudi. Cic day do
dugc ndi véi mét mach cidu do toan phian. Cau tric mach cdu nay cho
d6 nhay t3i da va von 1a tuyén tinh. C4u triic mach cdu nay ciing cho
phép hiéu chinh bic nhdt first-order d6i véi hign tugng troi nhiét do
trong tifng diy do riéng 1é.Cdc ddy do bi€n dang la dung cu trd khdng
thip; ching ddi hdi phai c¢6 ngudn kich thich c¢ong sudt 16n d€ cg duge
mitc dién 4p ra thich hgp. Mot cdu do t&€ bao tdi trong dua trén cd sd
4ay do bi€n dang dién hinh ¢6 trd khdng 1a 350Q (di€n hinh) va dugc
dic trung 1a ¢6 dd nhay cd vai millivolts trén toan thang do ddi vaéi
dién 4p kich thich mét volt.
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Hinh 5.10 — Day do bi€n dang trong cdm bi€n lyc dang thanh dim.

TE& bao tdi trong dudgc t8 hgp tiY bon diy do bi€n cdm mic thanh
mach cdu nhu trong hinh 5.11. P&i véi dién 4p kich thich cho cdu bing
10 [V], thi cdu do vGi dd nhay 3 [mV/V] sé& c¢6 tin hi¢u 30 [mV] khi tdi
hét thang do. C6 thé 1am ting tin hiéu ra bing cach ting dién 4p ngudn
cung cip cho ciu, nhung hiéu l’rhg phat nhiét tu than s€ gidi han cach
tiép can d6: ching ¢6 thé gay nén cic chi s6 do sai hodc thim chi 1am
hu hdng mdy do. Nhiéu t€ bao tai trong ¢6 nhitng ddu ndi “nhay” cho
phép mic cdc mach dién chudn ho4 tin hiéu dé bu trir dién ap mot
chiéu DC rét trén dudng day. Mot vai t€ bao tdi trong ¢é thém nhitng
dién trd trong c6 thé diéu chinh d€ b nhiét.

FORCE

+WVp O "' - 1
+SENSE o e e -
+Vou O X/\l}\
- \v/
-SENSE © E— N
-V, ©- \ 3

Hinh 5.11 — Tea bago taiii troing 6-dady.
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Cic dang k&t cAu cam bi€n cd ban.
Cam bi&n dang thanh dim Bending Beam.

Cic phén tit dan hdi cia cdm bi€n dung két cau thanh dam la
thong dung nhat (hinh 5.12). B6 ia bdi vi thanh dam 12 di€én hinh k€t
¢Au bi€n dang cao, thanh phin k&t cdu lyc thap, c6 hai bé mat ddi dién
nhu nhau dé gén diy do bién dang. Thi€t k€ dang thanh dam dugc st
dung mot cdch di€n hinh trong cdc t€ bao tai trong load cell cudng do
thap.

Hinh 5.12 — K&t cdu dang thanh udn. Hinh 5.13 — Xdc dinh truc
clia t€ bao tai trong.

Cic ché& xudt cong nghiép ddi vai t€ bao tdi trong tudn thi cdc
dinh nghia vé truc cdm bi€n Axis and Sense Definitions ctia NAS-938
(National Aerospace Standard-Machine Axis and Motion), thudt ngit tén
goi va cdc hudng dan cla Uy ban diy do bi€n dang mién Viér Tay
(Western Regional Strain Gage Committee). Cdc truc nay dude xdc dinh
theo nghia hé toa d§ vudng goc 1a “ban tay phdi” nhu sau: MGt dau (+)
ky hiéu luc theo hudng tao ca tin hi¢u dién 4p duong (+) va n6i chung -
luc tdc dung xdc dinh 12 luc kéo. Truc quay ban dau hoac trug doi xuag
huéng ban kinh clia mdt t€ bao tdi trong 1a tryc z, minh hoa trong hich
5.13.

Dang cdt Column.

T& bao tai trong dang c¢ot (hinh 5.14) 1a ki€u bi€n cdm day do
¢6 sdm nhat. Miac du k&t ¢du don gidn, phdn uf dan hoi dang cdt doi
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hdi mdt s& nhéan thic vé thiét k€ va tng dung. Cot phdi di dai so vdi
ti€t dién clia né sao cho diy bi€n dang clia cdm bi€n c6 dang nhat thé
héa. Trong ng dung, ngudi sif dung cudi ciing phdi bi€t dudc cdc hiéu
ng phu, bdi t&€ bao tdi trong dang cHt nhay cam vdi cdc hiéu wng tai
trong ngoai truc off-axis loading.

Dang mang trugt Shear-Web.

Nguyén ly ciia t€ bao tdi trong dang mang trugt shear-web dién
hinh ¢6 dang thanh beam ¢6 g& cantilever duge thiét ké vdi tiét dién
16n hon binh thudng so véi tdi trong dinh mic phdi mang, nhim han
ch€& uén cong két cau (hinh 5.15). Trong diéu kién nhu vay, bi€n dang
bé mit doc theo ddu thanh dim s& qud thip dé day do bién dang ¢6
thé tao mot tin hiéu dién ra twrong xing. Tuy nhién, né€u cdc diy do
bi€n dang dugc dit trén hai mat thanh dim & truc giita, noi dng suit
udn bing O thi trang thdi @ng suit trén mat thanh dim 1a dang trugt
don thuan, tic dong theo hudng ding va hudng ngang.

e
H

3 |

|

¥ [ - -
Hinh 5.14 — K€t cdu dang ¢6t. Hinh 5.15 — K&t cau dang mang trudt.
Trén ¢d s cdc nguyén ly két cdu néu trén, cdc cdm bién do luc
ki€u day do bié€n trd dugc hién thuc hod trong ing dung theo cdc dang
néu dudi diy. Viéc chon lya va dic trung mot cam bién ki€u day do
bién dang 1a viéc ddu tién phdi lam. Cdc nhin thifc (ing dung dién hinh
bao gdm nhitng quan tim vé mdi trudng, do 16n tdc dung lyc, tai trong
hay trong lugng cin do, dd chinh xdc, nhitng han ché& rang budc vé
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kich thudc, tinh tich hgp co hoc, sy hién dién ctia nhitng luc hay tdi
ngoai lai, v nhitng yéu cau k¥ thuidt ¢ng dung dic trung khdc.

K¥ thuit @ng dung.

Dang chice ning chung.

Ciéc t€ bao tdi trong chifc ning chung (hinh 5.16) dugc thi€t ké
cho nhitng rng dung da dang trong céng nghiép 616, hang khéng, va
cong nghiép hang dian dung. T€ bao tdi trong chifc nang chung, nhu tén
goi cho thdy, dugc thi€t k€ thiét thyc ty nhién. Trong thi trudng t€ bao
tdi trong chifc ning chung ¢6 mdt vai tiéu chudn phan biét, d6 la: dd
chinh xdc, tinh da nang, thang do trong lugng, va ng dung chuyén
biét.

Cic t& bao tdi trong da nang la loai thong dung nhat trong cdc
ch€ xuit cong nghiép. Cdc (€ bao tdi trong tinh nang chung phil hgp
cho nhitng Wng dung do luc trong pham vi rdng, ké cd can do, thir
nghiém mdy do ddong hoc dynamometer, va cdc mdy thi nghiém vat
liéu. Pa s6 cdc thi€t k€ nay lam viéc véi cd luc kéo va luc nén, va cho
dod chinh xdc va gia tri do cao.

Hinh 5.16 — T¢€ bao tai trong tinh ning chung. Hinh 5.17 — T€ bao tdi
trong dinh lugng moi.
Dang dinh lugng d§ méi Fatigue Rated.
Cic t€ bao tdi trong dinh lugng dé mai (hinh 5.17) dic biét dugc
thi€t k€ va ch& xuidt dé c¢é thé chiu dung hang triéu chu ky chiu tai.
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Nhiéu nha sdn xuat 1oi dung cdc loai thép ¢6 khd ning khdang mdi cao .
va cong nghé x& Iy vat liéu dic biét dé bdo ddm tich hgp nhitng tinh
nang k¥ thuit dién va c¢d hoc cao, cling nhu d chinh xdc. Cédc t€ bao
tdi trong dinh lugng d6 madi dién hinh ddm bdo trong sudt 100 triéu chu
ky nghich ddo hoan toan (kéo cing hoan toan qua 0 téi nén hoan
toan). Mot tién ich nita clia cdc t&€ bao tdi trong dang dinh lugng mai 12
chiing doi khang cuc k¥ t0t vdi sir udn cong ngoai lai va cdc luc tdi bén
ngoail.

Cic t€ bao tii trong dang dinh ludng méi dudc thi€t k€ dac biét
dé thit nghiém dé mdi clia cdc bd phin mdy méc hay sdn phidm gia
cong, hodc trong @ng dung bat ky khi c¢6 nhitng tdi trong cao ¢é tinh
chu ky. Tat c3 cdc t€ bao tdi trong dinh lugng mdi déu duge ddm bio
chong tdi hédng héc do mdi sudt hon 100 triéu chu ky nghich dédo lap
lai. Nhitng t€ bao tdi trong thoé nay duge ch€ xudt bing cdch sit dung
nhitng loai thép nhiét luyén, ¢6 khd ning chong mdi, kim loai quy
hi€m. Cédc chd udn bén trong dudc thiét k€ k¥ cang nhim han ché dién
tich tip trung Wng sudt. Su chi trong diac biét duge danh riéng cho viéc
Iwa chon va ldp dat thich hgp day do bién dang bén trong va viéc quan
diy d€ dim bdo tudi tho 15i da. Cdc (€ bao tdi trong dinh lugng mdi c6
nhiéu ki€u dang két cau khdc nhau.

Hinh 5.18 — Cdc dang di€n hinh: a).T€ bao tdi trong rc".’mg;
b). T€ bao tdi dém; ¢). T€ bao tdi nhdn.
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Dang réng Hollow, dang vong dém Washer, dang mit nhan
Button — Cidc t& bao dang tdi nén réng hollow compression load, dang
tdi dém load washer va dang tdi nhin load buttons 1a nhitng chon lua
thong dung khi @ng dung doi héi mdt cdm bi€n nhd gon compact.
Nhitng cdm bi€n nay sdn ¢6 trong mdt pham vi rong kich ¢d va tinh
ning. Cidc (€ bao tdi trong dang nén rong ¢6 ich trong nhitng Ung dung
ddi hdi tdi trong xuyén qua truc G€p t&€ bao. Dang tdi dém c6 thé dung
xdc dinh luc kep d8i v6i moment xoin trén cdc ki€u diu kep. Dang tdi
nhan c6 mot bé mit tdi trong tich hgp hinh cdu va néi chung duge dung -
do tdi nén trong cong nghiép ché tao va trong cdc thit nghiém.

Dang da thanh phin — Nhitng cim bi€n nay diung do dong thdi
cdc luc da thanh phan multiple forces va moments lyc chi bing mdt
bi€n cdm. Cédc ng dung da thanh phan bao gdm thir nghiém dé moi
clia mdy, thif nghiém tinh déng déu vanh banh xe tire uniformity va
nhitng yéu cau thit nghiém 0616, Pién hinh 12 ¢6 nhiing by phén thu
nhin hay cdp n6i riéng 1& duge cung cap cho tifng truc, hodc ting kénh
do. Poi hoi phdi ¢6 mot sy phin tich cdu tric k¥ ludng d€ cdch ly cdc
lyc tic dung va moments tao ra trong giao thoa nhiéu cross-talk. Cac
phin tif cdm bi€n dang nay sdn ¢6 mot loat cdc k&t cau va td hdp cdc
phép do lyc va moments.

Hinh 5.19 — T& bao tai trong da thanh phan di€n hinh.

Dang chuyén dung Special Application..

Cic t&€ bao tdi trong chuyén dung 1a nhitng t€ bao tén trong dudc
thi€t k&€ cho nhitng nhiém vu do lyc dac biét, duy nhat. Céc (€ bao tdi
trong chuyén dung c6 thé ¢6 truc don hay nhi€u truc.
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Cdc cam bi€n do lyc thap. Phin tif cam bién dién din.

Cdc cdm bién tdi trong do luc ¢d hoc. Cic Iuc ¢6 thé 1dn hay
nhd — 1dn thi nhu trong cin do cdc doi tugng nang (can c¢d bon chira,
xem hinh ...), hay nhd nhu trong viéc phdt hién cdc dp suat xic gidc luc
thap.

Bi€n cam do luc kiéu diy do bién dang (goi 1a t&€ bao tdi trong
load cells) dude ch€ sin nhu m6t khdi doc 14p ¢6 thé 1dp rdp vao bat
k¥ chd nao trong hé. Mot (€ bao tdi trong c6 thé bao gédm hai day do -
bi€n dang (day tich cuc va day bi) va mdt mach ciu (xem cdc hinh
5.3;5.4;5.10; 5.11). Ung dung dién hinh d&i vai cdc 1€ bao tdi trong la
ki€m tra trong lugng cla bon chiya. Bon chita duge dat 1én ba hodc bon
t&€ bao tdi trong, nén trong ludng cia bon 1a tdng tin hiéu ra clda cdc t€
bao tdi trong (xem hinh 5.20).

Load sensors

Hinh 5.20 — Can bé chita diing bd t€ bao tdi trong..

Trong cdc trudng hgp do. luc tdc dung nhd nhu trong cdc cdm
bi€n xuc gidc, ¢6 sur bién dang nhe bdi luc tdc dung thap, thi phép do
ma cdc cam bién do luc thuc hién, thudng khéng phii 1a do luec mot
cdch truc ti€p. Pién hinh 13 sy bién dang nay rat nhé. Mot khi lugng
chuyén dich sitc ciing tension (gian nd stretching) hodc chuyén dich luc
nén compression (€p nén squeezing) dudge do ludng, thi ¢6 thé tinh todn
dudce lyc giy ra né bing cach dung cdc thdong s c¢d hoc ctia hé. Ty 1€
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ciia Iuc trén bi€n dang 12 hiing s& d6i v6i mdi loai vét li¢u, nhu dinh
luat Hook x4c dinh bing:

F=KX; (5.25)

& day: K — hiing s6 dan hdi spring constant clia vat liu; F — lyc
tdc dung; X — do din nd hay d6 ép nén nhu két qua tac dung luc.

Vi du, n€u mot bd phin co khi ¢6 hiing s3 dan hdi 1a 1000
[lb/in.] va né bi nén 0,5 [in.] dudi mdt lyc, khi dé tai trong phai la 500
[{b].

Cam bi€n xic gidc thudc loai cdm bi€n dién din, loai bi€n cdm
chuyén déi luc va 4p sudt dac biét, c6 bé mat rat mdng, dang & nhifng
chd luc va 4p sudt gilta hai mat cdch bigt lan cdn nhau, vi du nhu trong
tay mdy, ban phim mdy tinh, man hinh ti€p xic, trong y sinh, vv..

Hinh 5.21 gidi thiéu mot cdm bi€n xdc gidc don gidn, theo
nguyén ly bi€n i dién din, bing hai 14 mdéng dan di¢n ghép trén mot
mi€ng dém c6 16 hinh ddng thich hgdp. Khi ¢c6 luc tdc dung 1én 14 dan
trén, né bi uén xudng cham 14 dudi va ti€p xic din dién ndi mach dat,
dién 4p diu ra bling 0 ching t3 c6 lyc tdc dung. L dan c6 thé ch€ tao
dang mach in trén nén chit déo (nhu ban phim mdy tinh).

Lgn kénh
{

,-'. v5¥

%,7K

o D;um

Hinh 5.21 — Cdm bi€n xic gidc b?mg mang chuyén mach dién dan.
Hinh 5.22 gidi thi€¢u mdt dang khidc ciia cdm bién xic gidc dién-

din dan hdi, dua trén cd sd nguyén ly la dién trd ti€p xiic thay déi theo
dién tich bé mat ti€p xuc dan hdi dudi tdc dung cla luc nén. Chat
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dién-din dan hdi la nhitng vat li€éu dan hdi ¢6 cdc hat hodc sdi dan
dién nhu cao-su silicon, polyurethan, ... hay chidt 16ng nhay dp suat.
Nhudc di€ém ctia né 12 bé day cdm bi€n phdi ¢ 1 [mm].

AERSOBNES

Hinh 5.22 — Cam bién xic gidc dan hdi: a). Cdm bién; b). Pic tuyén.

Ngay cang ¢6 nhiéu ing dung ddi hdi cdm bién lyc thap. Vi du,
hdy hinh dung yéu cdu do nhay ddi véi mot tay gdp robot d€ giir ly -
nudc ma khong trugt tay va khong hit d6 né. Cdc diy do bién dang c6
thé do cédc lvc nhé né€u ching duge ldp trén mdt chit nén déo elastic
substrate, giong nhu cao su — khi d6 mét luc nhd s& gay ra mot sy udin
léch diang k€ va 1am thay ddi dién trd. Gidi phdp khdc la phdi cau tric
mo6t cdm bi€n luc nhd ¢6 10 xo va mot chi€t dp dich chuyén thing
(hinh 5.23). Lo xo0 bi nén m6t khodng ty 1€ vdi luc tic dung, va khodng
cich nay dugc do bing con trudgt por.

Linear motion pot

\ @

—AMWWWWWWWA—

§

Hinh 5.23 — Cam bi&n xiic gidc diing con trugt thing tai trong 10 xo.
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Vidu 5.1.3

Xiy dung k&t cdAu mot cdm bi€n luc vdi nhitng thong s6 k¥ thudt
sau:

Pham vi do: 0 — 30 [/b];

PO bién dang: 0,5 [in.] (161 da);

Tin hiéu ra: 0,1 [V/Ib]

Chuyén dich thdng con trugt mot khodng bing [in.] tudng Ung
1[AkQ2].

Giai.

St dung minh hga hinh 5.23, thoat ti€n ta can dic trung 10 xo.
Pic tinh 10 xo 12 bi€n dang 0,5 [in.] véi luc tdc dung 30 [/b]. Nhu viy,
hing s6 10 xo dan hdi K bing:

30[/b]
~ 0.5in.]

Biét ring ta cAn mot 10 xo c¢6 hé s& dan hdi K=60(Ib/in.], c6 thé
tra s3 tay tra citu 10 xo d€ chon.

Do nhay mong mudn la 0,1 [V/b] dit diéu kig¢n cho ta la tin
hiéu dién 4p ra t6i da phai ¢3d 3 [V] khi tdc dung lyc 1a 30 [/b]: dién 4p
3 ti cuc dai bing 30[/5].0,1[V/Ib]=3[V].

Cudi ciing, ta phii xdc dinh dién 4p ngudn cung cip trén con
trugt. Con trugt dua ra 3[V] khi né dich chuyén 0,5[in.] (mdt nira
khodne chay con trugt). Mot ty s6 c6 thé dung d€ tim ra dién 4p cung
cdp cho con trugt chay mét khodng 1[in.] la:

W] X
0,5[in.] Iin] "

Tir d6, dién 4p ngudn cung cdp phai 12 6[V]. Hinh 5.24 minh hoa
ciu hinh cdm bi€n nay.

= 60[/b/in] .

X =6[V].
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Spring K =860 Ib/in.

N -

0.5 in.

-— Stroke

Hinh 5.24 — P4t dinh mdt cdm bi€n xic gidc (vi du 6.1.3).

Mot cdm bi€n do luc nhd dang xic gidc c¢6 thé dudc ché tao
biing cdch ding chit x6p dién din. D6 1a nguyén 1y dugce dung trong
c4dc ban phim ki€u mang minh hoa trén hinh 5.25. Chit x6p dién dinla .
chit liéu cao su x6p nhe bao hoa cdc hat carbon rat nhd. Khi chit xdp
bi ép, cdc hat carbon bi nén lai véi nhau, va dién trd vit liéu gidm
xudng. Nhu vdy, theo mot ki€u nao do, dién trd ty 1€ vai luc. Hién thdi
thi khdi niém nay da tim dudc (tng dung han ché trong nhitng thi¥ nhu
ban phim mdy tinh; bdi tinh don gidn va gid thanh thidp cda né, tuy
nhién, dé ciing 1a phuong cdch séng dong cho nhitng tng dung khdc
nhu cdc cim bi€n xuc gidc cla robot.

Cudi cing, mdt cdm bi€n xic gidc rit don gidn c6 thé ché tao
bing hai hay nhiéu hon cdc chuyén mach gidi han (contact cit) dugc
rdp ké cin vGi cdc co cdu chap hanh 10 xo dugc dit dinh d€ md &
nhitng 4p suit khdc nhau. Khi 4p sudt ting lén, chuyén mach ddu déng
mach, rdi khi 4p suit 16n hon thi chuy€n mach ti€p theo s& déng, va cif
vay ti€p tuc. '

Membrane

ol Carbon
" granules

l— wigh s | |

Hinh 5.25 — Cdm bi€n xic gidc ki€u mang x6p dién din.

Low A
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P6 thudc dang phdn tif cim bi€n bdn din dan hdi silicon, ma
phén ti€p sau sé& trinh bay chi tiét hon.

5.1.2 — Phéin ti¥ bi&€n dang dan héi bian din.

Phén ti¥ cAm bi&€n dang bdn din silicon.

Bén canh nhitng phan tif bi€n trd dang ddy do bi€n dang Strain
Gage va mang tr3 bién dang Thin Film Strain Gages, thi nhitng bi€n trd
b4n din Silicon Strain Gage ciing rat phé bién. G diy @ng dung thude
tinh thay d8i dién trd theo bi€n dang cd hoc cia mang vat liéu ban din
silicon loai p- hay loai n-. C4c phan tif dang nay ph& bi€n 1a vi mach
bié&n trd silicon (silicon chip) dung do 4p suat.

Nhitng kh6i cdm bi€n nay thay dgi dién trd khi c6 lyc tdc dung
va ¢3 25 — 100 14n nhay hon ddy do bi€n dang ki€u day dién trd kim
loai ghép chit. M6t diy do bi€n dang bdn dan la mgt vach don vit li€u
silicon dudc gin k&t thanh mot két cdu. Khi két cau bi dan ra, silicon bi
gidn dai va dién trd t diu no t8i dau kia s& ting 1€n (tuy nhién, sy
thay ddi dién trd khong tuyé€n tinh).

Phan biét hai dang bdn déan:

e Phidn t&f vi mach silicon dugc khuyé&ch tdn hay cdy (plana) 16p
dién trd;

e Phin tif vi mach silicon 4p & mat sau cia mang dan héi bing
kim loai quy.

Loai th hai c6 dic di€m 12 ban than linh kién vi mach silicon -
khong ti€p xic tryc ti€p v6i mdi trudng do, dic bigt 12 khi dung trong
mdi trudng xam thire, in mon, dugc mang kim loai quy ngan cich dé
bio vé tinh ning bi€n d8i dién trd cia phan tlif cAm bi€n.

P&i v6i phin tif vi mach bién trd, lyc tdc dung lam bi€n dang
mang silicon — bd phan cdu thanh co bdn clia phan tif cdm bi€n. Hinh
5.26 gi6i thiéu nguyén 1y cdu tric phin tif cdm bi€n nay. Phan sau, khi
néi vé cdc phin ti cdm bi€n do cdc dang dp suat khdc nhau s& néu chi
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ti€t hon vé k&t cdu cdc cdm bién theo nguyén ly nay (xem thém cdc
hinh 5.65 — 5.69).

Tifp Jifm {} Ldp Tndp diém

PG Ap sudt :i,hl quyén ’;Q

Khoanukmchin khong F--c Bién 1od piezo e — .
(Ap suft wyét d8i) P, 2 : ; ERRER PR\
s 7777 TPV N\; Ldp thly unh Khoang kin P{}

k&t udl chin khéng
’
’ o ’ ’ o ’ (Polysilicsium) x5 <udt wyét ddi f::;‘g‘:;‘; ;‘; ;g.:‘ Ap sudt visai

/I/ ##y| Thdytnh

Ld ad bén dudi
(Ap sudt tuyét ddi va 4p sudt visaid

Hinh 5.26 — Nguyén ly cdu tric phin tif vi mach bi€n trd silicon.

BACKING
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COPPER-COATED TABS

Hinh 5.27 — Diy do bién dang mang mong. (Courtesy of Vishay).

Trong nhitng nim lai diy da phat trién nganh cdng nghiép ché
tao va thi trudng cédc loai diy do bié€n dang mang mdng va c¢d nhitng
cong cu va thi€t bi can thi€t d€ ghép ndi nhitng day do nay véi cdc két
cau cd khi khdc nhau. Hinh 5.27 1a dnh chup mot diy do bi€n dang
ki€u mang méng. Diay do bién dang kiéu nay bao gdm mot day kim
loai dudc tao mau sao cho dd nhay dan dai elongation uu ti€n theo mdt
hudng. Cédc diay do bi€n dang sdn c¢6 tir mdt vai nha thi€t k€ mau
vendors, va in an thanh hang tram hinh miu mang mdéng ¢6 thé chon
lya. Cdc miu hinh khdc nhau cho ta dé nhay bién dang theo nhitng
hudng khdc nhau. Vai nam lai diy, nhiéu 1gi ich da dugc rit ra t thyc
t& 1a chal silicon ¢6 phu gia doped silicon 1a chat dién din c6 hé s6 day
do 16n hon 200 tdy theo lugng phu gia pha tap. Piéu nay tao cd hdi ch&

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

tao cdc day do bi€n dang dién din silicon va ding ching d€ tao ra céc
cdm bi€n nhay hon 1a ché tir bat ky vat li€u nao khac.

Phén ti&f cdm bi&n 4p-dién piezoelectric.

Nguyén Iy cdm bi€n dang khdi tinh thé. M6t dang phan
bién dang dan hdi ban din 1a cdm bién dp-dién piezo, ng dung hi¢u
ng dp-dién trong tinh thé piezo — su phin cyc cla cédc tinh thé c6 tinh
ddi xing nao d6 khi chiu tic dung Wng sudt, thé€ hién & sy xudt hién
cac dién tich trdi ddu trén cdc mit ddi dién cta tinh thé khi bi 1am bi€n
dang (nén hay kéo) theo phudng vudng géc véi cdc mit. Sy bi€n dang
tinh thé din d&€n su xudt hién cdc dién tich bé mat. Do vy, nguyén ly
do & day 1a do dién tich trén b& mat ban tinh thé dp-dién piezo khi tic
dung lyc 1én bé mit vudng géc cia no.

Trong hon 100 chidt 4p-dién, cdc tinh thé dp-dién phS dung
trong ky thudt la thach-anh, tinh thé 4p-dién ty nhién tuamalin, cdc
mudi senhet, ...

Hinh 5.28 gidi thiéu nguyén ly mot phan tif cdm bi€n lyc thach-
anh. Phi€n thach-anh dudc ndi v6i bd khuyéch dai c6 phdn hdi duong
tao dao ddng tinh thé thach-anh vdi tdn s& cd ban f, va a6 léch tan

khi ¢6 tdi Af

2
A 0. (5.26)
D
& day: K — hiing s3; n — s6 mode; D — kich thuGc tinh the.
= .
9
Y
X
Mat cét Phién thach anh

phi€n thach anh
Hinh 5.28 — Nguyén 1y phan tif cdm bi€n 4p-dién thach-anh.
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P& bl dnh hudng nhiét d6 1én bi€n thién tan s0, ¢6 thé sif dung -
tinh thé kép, trong d6 mdt nira dung d€ bl nhiét do. Mdi bo cdng
hudng dude ndi véi mach dao déng clia né va tin s6 tdng dudc trir cho
nhau.

Cédc cdm bi€n Iuc ki€u thach anh dp-dién dugc thi€t k€ theo ¥
ni¢m pht hgp cho phép do ddng hoc cdc dao ddng luc, luc va dap
impact, hay cdc luc kéo/nén tan suit cao. Cd sd thi€t k€ dua trén
nguyén ly hiéu @ng dp-dién, cdc ng sudt cd hoc hién dién dugce
chuyén ddi thanh dién tich tinh dién tich tu trén bé mit tinh thé (hinh
95.29).

Hinh 5.29 — Hiéu ing ap-dié€n piezoelectric.

Ciéc tinh thé thach anh ap-dién chi tao ra dién tich tinh dién khi
dude cung cdp lyc hay luc tdc dung bi 1y ra khoi ching. Néi cdch
khic, n€u cung cip mdt luc tinh 1én mot cdm bi€n luc ki€u dp-dién, thi
dién tich tinh dién ban ddu dude tao nén & diu ra két cuc 12 sé& rd thodt
va ddu ra cdm bi€n cudi cung lai trd vé 0.

Tée dd ro thodt dién tich trd vé 0 bién thién dang ham mi va
tdy thudc hiing s thdi gian phéng dién DTC discharge time constant
clia cAm bi€n. Hiing sd thdi gian DTC la khodng thdi gian cin thiét dé
cdm bi€n va hé do ludng phéng tin hiéu xudng téi 37% gid tri ban dau,
n&u kich thich didu vao dang budc nhay don vi. Tri s6 nay (tinh bing
gidy s) thudng biét trude va dude xdc dinh bing cdch nhén tri sd thap
nhit cla dién trd 18p cdch dién (tinh bing ohm) vé6i dién dung toan
phin (tinh bing farad) cia hé mic trtéec mach khuyé&ch dai. (Piéu nay
ding d6i véi moi cdm bién dp-dién, bat k€ van hanh 1a do tic dung
luc, do dp sudt hay rung dong).
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Hiling s6 thdi gian DTC clia mdt hé ¢6 lién quan truc ti€p t6i kha
ning ki€m sodt tin s& thap cla hé. Chinh vi dic tinh nay ma cdc cdm
bi€n luc ki€u dp-dién chi dude st dung trong cdc phép do chuin tinh
“quasi-static” ma khong thé dung cho cdc @ng dung do trong lugng.

Pé€ giip minh hoa ban chit dic tinh hing s& thdi gian phéng
dién DTC, gia thi€t ring mot trong lugng nao A6 dat 1én dau mot cam
bi€n lyc 4p-dién. Thoat tién, cdc tinh th€ cdm bi€n 4p-dién s& tao ra
dién tich Q, nhin ra ngay lap tfc & diu vao clia bd khuyéch dai (mic
ngoai hodc tich hgp bén trong cdm bi€n). Tuy nhién, sau tin hiéu vao
ban ddu dang budc nhay nay, tin hiéu dién tich s& gidm din theo bi€u
thitc:

g=0Qe"*; (5.27)

3 day: g — dié€n tich tdc thdi (tinh bing Coulomb [C)); Q — dién
lugng ban diu (tinh bing Coulomb [C]); R — dién ud vao clha bd
khuy&ch dai (tinh biing ohm [ Q]); C — dién dung todn phan ci¥a vao bd
khuy&€ch dai (tinh biing Farad [F)); t — khodng thdi gian tinh ti¥ thdi
di€m O (tinh bing gidy [s]); e — s8 t nhién (= 2,718).

Hinh 5.30 12 d8 thi minh hoa biéu thifc nay. Tich s& RC th€ hién
hiing s6 thdi gian DTC (tinh bing gidy [s]) ciia cdm bi€n. B thi cho
thdy hiing s6 thdi gian DTC cang dai thi cdm bi€n cang c6 khd ning
ddi theo nhitng sy kién 1au hon mét cach chinh xdc hon. N6i chung, cdc
cam bién luc kiéu 4p-dién c6 tich hgp bén trong cdc bd phan dién ti
c6 thé c6 hiing s6 thdi gian bi€n thién tir vai gidy tdi hon 2000 gidy. C6
th€ diéu chinh dudc hiing s& thdi gian biing cdch thay déi tri s8 dién trd
R mach tich hgp trong ctia cdm'bi€n.
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Tine Constant (RC)

Hinh 5.30 — Suy giam do hiing s0 thdi gian.

C4c cdm bi€n kiéu dién tich ma khéng ¢é mach dién tf tich hgp
bén trong doi hdi phdi c6 bd khuy&ch dai ngoai (bd khuyé&ch dai dién
tich) d€ dat dinh hiing s& thdi gian DTC. Mot s6 bd khuyéch dai dién
tich ¢6 sdn kha nang diéu chinh dugc hiing sé DTC.

Mot trong nhitng wu thé khdc cia silicon 1a vai nam lai day da
¢6 sut phat tri€n ky thuit cham khidc erching cho phép ché€ tao cdc cd
ciu vi-cd 1 nhitng chit nén silicon wafers. N6i chung, dudc néi téi nhu
cong nghé ché tao silicon vi-cd-dién i, cOng ngh¢ nay st dung k¥
thuit tao miu va ky thudt xir Iy cia nganh cong nghiép dién tir dé
dinh dang va ché€ tao cdc cau tric vi-cd.

Hinh 5.31 — B0 luvu trir dir liéu cd-nhiét AFM.
(Thesis ctia Ben Chui, PhD, ¢ong bo 1998).

Cong nghé vi-cd ¢6 thé ding d€ ché tao cdc cdm bién dién trd

ap-dién dang khung g3 cantilever \ing dung trong pham vi rong.
Nghién cifu gian diy (ctia Ben Chui ¢ Stanford va John Mamin & IBM
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Almaden) da tip trung phit tri€n cdc cdm bi€n dién trd piezo dang .
khung gd cho nhitng Wng dung luu trit dir liéu. Trong thi€t k€ nay, mot
khung g& dién trd 4p dién dai 100 micron dugc kéo doc theo mot dia
bing polycarbonate véi van tdc 10 [mm/s], bat 1&n bat xudng khi di qua
nhifng v&t in t& vi ¢8 micron trén bé mat dia. Y tudng nay thyc sy cin
thi€t cho chay kim mdy hdt chit lugng cao. M6 hinh thi€t bi gidi thi¢u
trong hinh 5.31 minh hoa cdc khung g& cantilevers thi€t k& cho ng
dung luu iy dir ligu.

Ciing nén luu ¥ cdch xdc dinh pham vi do clia cdm bién lyc
thach anh dp-dién. P&i vGi cdc cdm bi€n c¢6 mach dién u¥ tich hgp
trong thl nha sin xuit dit dinh sin pham vi do va c6 th€ xdc dinh bing
c4dch ki€m thi cdc dic tinh k¥ thuit clia cdm bién. P61 v8i cdc cdm
bi&n khéng cé mach tich hgp trong thi pham vi do dugc dit dinh bdi
mach khuy&ch dai ngoai. C6 mot loat cdc thda hiép gitra mbi kiéu loai,
do d6 phdi c¢6 nhitng luu ¥ nhét dinh trong viéc chon lya cim bi€n cho
moit Ing dung cu thé (néu & ph?in sau).

Ngay nay, trong ky thudt do ludng va diéu khi€n @ng dung mot
cdch phd bi€n hai dang cdm bié€n luc ki€u dp-dién thach anh:

e Kiéu dién tich trd khdng cao Charge Mode, High-Impedance.
e Kiéu dién 4p trd khdng thap Voltage Mode, Low-Impedance.

3 day chiing ta s& di sadu khdo sdt nhitng dic di€m chi y€u cia
hai dang cam bi&n lyc nay, k& ci nhitng vdn dé lya chon va dic di€m
itng dung cia ching. _

Cam bi€n Iuc dp-dién ki€u dién tich trd khdang cao Charge Mode,
High-Impedance.

Cam bi&n luc (loai dp-dién) ki€u dién tich khi bi nén tinh thé s&
tao ra mot dién tich tinh dién. P&i véi nhitng muc dich phdn tich hay
Itu ghi chinh x4c, dién tich trd khdng cao nay phdi dugc truyén dan
theo tuy&n cdp c6 d6 nhi&u tap thap, téi mot bd khuy&ch dai phéi hop
trd khéng impedance converting amplifier vi nhu b khuy€ch dai dign
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tich thi nghiém laboratory charge amplifier hoic bé ngudn tiy ddng
source follower. (C6 thé két n6i cdm bi€n tryc ti€p tdi thi€t bi chi thi
nhu médy hién séng d€ khdo sdt cdc tic dung luc tin suit cao, nhung
khoéng thich hgp ddi véi nhitng phép do lyc ¢6 tinh dinh lugng hon). .
Chifc ning dau tién clia bd khuy€ch dai ngoai 1a chuyén ddi diu ra
dién tich trd khdng cao thanh tin hiéu dién dp trd khdng thap, sif dung
dugc cho nhi'ng muc ti€u phén tich hay luu ghi.

Hinh 5.32 1a sd d6 mdt hé cdm bi€n ki€u dién tich dién hinh,
bao gdm: cdm bi€n, cdp truyén tap nhiéu thap, va bo khuyéch dai dién
tich.

Nhu d3 n6i 3§ trén, trong hé cdm bi€n ki€u dién tich, cdc cdm
bi€n khong tich hgp bd khuyé&ch dai trong. Do d6, pham vi do va hiing
sO thdi gian DTC c6 thé xdc dinh bing cdch dat dinh bo khuyéch dai
dién tich ngoai. M6t dién trd phdn héi 1am viéc cing v8i mot tu dién
trong mach khuyé&ch dai thuét todn operational amplifier quyé&t dinh
nhitng dac tinh nay. Cdc bd khuy&ch dai dién tich ki€u phong thi
nghiém n6i chung 1a ¢6 tién ich thay ddi cdc tiy chon options pham vi
do ciing nhu lua chon hiing sd thdi gian ngdn, vira hodc dai. (Gia thiét
ring dién trd cdch dién clia cadm bi€n luc va dudng cdp ndi tdi bd
khuy&ch dai dién tich phdi 16n hon dién trd mach phdn hdi, bdi né€u
khong thi ¢ thé xdy ra hién tugng suy gidm chat lugng van hanh nhu
a6 troi tin hiéu. Do d6, d€ chic chidn, phdi giit cho cdc di€m két ndi
cdm bi€n v@i dudng cdp sach va khd).
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Hinh 5.32 — Hé cdm bi€n ki€u dién tich.  Hinh 5.33 — H& cdm bi€n ki€u dién 4p.
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Cam bi€n lyc d4p-dién ki€u dién dp trd khdng thdp Voltage Mode,
Low-Impedance.

Céc cdm bi€n do lyc ki€u dién dp trd khdang thap ciing thuc hién
theo cing nguyén 1y nhu cdm bi€n ki€u dién tich, nhung ¢6 tich hdp b6
khuyé&ch dai vi dién tf bén trong. B6 khuyé&ch dai nay ding dé chuyén
ddi trd khdng cao clia tin hiéu dién tich 14y ra tir cdc tinh thé thach anh
thanh tin hi§¢u dién dp trd khdang thap dung cho nhitng @ng dung phin
tich hay luu ghi. Cdm bién ki€u nay, dugc nudi bdi mdt ngudn dong
hing riéng biét, hoat ddng trén dudng cap ddng truc dai thong thudng
hay bing cdp ribbon ma khoéng bi suy giam tin hiéu. Thém vao dd, tin
hi€u dién dp trd khdng thdp khong bi dnh hudng bdi nhiéu dién ma sat
trong cdp triboelectric cable noise (nhiéu giy ra bdi nhitng chuyén dich
hay rung dong dudng cdp) hodc cdc chdt bim bdn trong moi trudng.

Hinh 5.33 trinh bay sd d6 mdt hé cdm bién ki€u dién dp hoan
chinh.

Pham vi cdm bi€n va hing s thdi gian DTC dudgc xdc lip bdi
cdc linh kién mach khuyé€ch dai trong clia cdm bi€n. (Gid thi€t ring
hing s& thdi gian DTC clia by chudn ho4 tin hiéu 16n hon hiing s& thdi
gian ctia cdm bién).

CAu tric cda cam bién luc ki€u dp-dién. Hinh 5.34 md t3 ciu
triic di€n hinh clia m6t cdm bi€n Iuc thach anh 4p-dién thong dung.
K&t cdu cd hoc ¢d badn clia cdc-cdm bié€n luc ki€u thach anh dp-dién
théng dung bao gdm cdc dia mang mdng thach anh dugc “kep”
(“sandwiched”) gilta cdc tim nén trén va tim nén duSi. Mot dau kep
stud (ho#c Ad6i khi goi 1a dng ndi sleeve) bing hgp kim dong-beryllium
tudng d6i déo, dan hdi, dé€ kep gilt tdm trén va tam dudi lai v6i nhau
va lam tdi sd bd preload cho cdc tinh thé. Viéc tdi sd bd cho tinh thé 1a
cin thi€t d€ chic chin riing cdc ban trén va ban dudi ti€p xic truc ti€p
véi cdc tinh thé dp-dién thach anh, ddm bdo dd tuyén tinh tdt va c6
khd nidng thuc hién cdc phép do cd luc kéo ciing nhu lyc nén. Sau dé
toan bd két cdu “phdn tf cdm bi€n” nay dugc bao trong modt v boc
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citng bliing thép khong ri va han kin d€ bdo vé cdc by phan bén trong
khong bi bAm bin.

FORCE
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Hinh 5.34 — Mit ciit cia mdt cdm bi€n lyc thong dung.

Lua chon va dic trung cdm bi€n lyc ki€u dp-di¢n thach anh.

Viéc chon lya va dic trung ky thuat mot cdm bi€n lyc ki€u 4p-
dién thach anh la c6ng viéc ky thudt dau tién dudc thyc hién. Cdc nhén
thic ng dung dién hinh k& c4 do I6n, tin sO va hudng tdc dung lyc va
céc luc cin do. Nhitng nhin thifc phu thém c6 thé ké ca nhitng han ché
vé kich thudc, cic diéu kién mdi trudng va nhitng yéu cau két hgp co
hoc. Tinh dé&n tinh da dang cilia cdc @ng dung va céac yéu ciu ky thudt,
phan 16n cdc nha sdn xudt dua ra gidi thiéu mot loat cdc miu kiéu
dang nhim phl hgp véi cdc \ing dung di€n hinh. Ching c6 thé bao
gbém:

Dang cdm bi&€n chic ning téng qudt — thyc hién tdi so b bén -
trong cho phép do cdc Itc nén va/hodc lyc kéo (hinh 5.35). Cac ung
dung di€n hinh bao gém thit nghiém lyc va ddp impact, duc 16
punching va tao hinh forming, thit nghi¢m rdi nén drop, thif nghi€ém vit
liéu, thit nghiém d6 moi fatigue, hién tugng gdy vat li¢u fracture, cdc
nghién cifu mdy, phén tich hinh thdi lyc tic dung modal analysic force
input va cd-sinh hoc biomechanics.
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Hinh 5.35 — Cam bié&n luc dang chifc ning téng quat dién hinh.

Cam bién dang xuyén thiu — Cédc cdm bién dang xuyén thau
penetration (hinh 5.36) dudc thiét k& chuyén dung cho cic phép do luc
va dip va luc nén trong cdc ng dung thir nghiém vit liéu nhu thif
nghiém mi sit helmet. C6 vd boc hinh tru, nhdn tron va ndp chup caps
dudge 1am cong ngin ngita cit thiing cdc mau thif cho phép thuc hién
cdc phép do hiéu suit, do bi€n dang, va do di€m gdy cta cdc chat
polymer, composite va cdc vit liéu khdc.

il
‘:%‘-;?
a4

€2 bt s

Hinh 5.36 ~ Cim bi€n luc xuyén thiu. Hinh 5.37 — Cdm bién luc ¢3 nho.

Cam bié&n kich ¢& thu nhé — K&t ciau thu nhé cia cdm bi€n cho
phép thyc hién cdc phép do luc va dap, luc kéo, luc nén cudng do thap .
va ¢6 dong nang cao (hinh 5.37). Dién hinh la hai cdu tric, mt ¢6 16
1ip rdp dang khéa tapped va dau va dip impact cap; cdu tric khdc ¢6
cdc 18 khod tapped holes & ca hai dau cim bi€n. Péu c6 thé cdc dang
ghép ndi link, ghép ndi tich hdp integrated link, va 1ap dat & trang thdi
tv do freestanding installations. Cdc \@ng dung bao gdbm cd nhiing
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nghién cttu diu in matrix, ndi day, va thit nghiém xung mic thap hay
xung tan sd cao.

Cam bi&n lyc va dip — Cdc cdm bién luc va dép (hinh 5.38)
dudc thi€t k&€ chuyén dung cho cdc phép do luc va dap. Mot cdch dién
hinh, cam bié€n dugc 1dp dat theo ki€u gd d3 ty do ¢6 diu chup va ddp
hudng thing t8i di twgng ma né s& va cham. Nhitng ng dung k€ cd
thir nghiém phd v3 crash, udn day wire crimping va tao hinh kim loai,
nghién cifu mdy, thi nghiém va dédp, thit nghiém rdi, va cic may thi
nghiém va dip shock.

Hinh 5.38 — Cidm bié€n lyc va dap. Hinh 5.39 — Cim bién lyc dang vong.

Cam bién dang vong — Cédc cau tric cdm bién dang vong ring
(hinh 5.39) do luc nén ddng hoc dynamic compression. Cac phép do lyc
kéo ciing ¢6 thé c6 dang vong, né€u mdy duge 1dp dit véi tdi sd bd phi
hop. Gid d3 1dp rdp ba 15 xuyén sudt, ghép ndi tich hgp, va cdc ldp dat
ki€u hd trg st dung hodc buléng xuyén sudt hodc diau cdp phoi
supplied stud. DO kéo (stc cing tension range) phu thuge vao lugng tdi
s bo da dat va dd cing clia dau lip sit dung. Cdc (ng dung bao gém
ép vién tablet presses, cic nguyén cong dap khudn stamping, duc 16
punching, vi tao hinh forming, cin bang balancing, nghién cifu may
machinery studies, va thit nghiém rung dong luc diéu khién force-
controlled vibration testing.
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Hinh 5.40 — Cam bi€n luc ghép ndi. Hinh 5.41 — Cam bi€n luc da thanh phan.
Cam bi€n dang ghép ndi — Cdc cam bién ki€u ghép ndi link
(hinh 5.40) do luc kéo nén dong hoc. Chiing dude cdu tric biang cdch
stt dung mot vong lwe ma cé luc tdi nén sd bd gitra cac phan cing ldp
ren. Viéc 14p rdp bling ren & ¢i hai diu cdm bi€n hd rg ki€u ldp rdp
ghép ndi tich hgp. Cdc wng dung bao gdbm €p vién, thif nghi¢m stic
cing tensile testing, ddp khuon, duc 16 va cdc nguyén cong tao hinh,
cin bing, nghién cifu mdy, va thir nghiém rung dong lyc diéu khién.
Dang da thanh phin — Cic cidm bi€n dang da thanh phan
multi-component (hinh 5.41) cho phép do dong thdi cdc thanh phian
vector luc déng hoc & ca ba chiéu. Thém vao dé. mot sé cdm bi€n
ciing dugc thi€t k& d€ do cd cdc moments lyc. Gid dd ba 16 xuyén sudt,
thanh phin tich hgp, va cdc ki€u ldp dat hd trg sit dung hodc buldng
xuyén sudt hodc dau cdp phdi. Cdc dng dung bao gbdbm cdc lyc cdt &
cdc mdy cong cu cit got, dip khuodn, duc 16 va cdc nguyén cOng tao
hinh, nghién cifu mdy, va cdc thif nghiém rung dong luc ¢6 diéu khién.

Phén ti¥ cam bi&n dang mang. Mang dp-dién chat déo.

Hinh 5.42 trinh bay nguyén ly cdm bi€n mang dp-dién chat déo,
bi€n d8i truc ti€p Wng sudt cd thanh tin hi¢u dién. B cdm bi€n ¢6 ba
I6p: 16p mang polyvinylidene flourid PVDF nam gilfa 16p nén bing cao-
su silicon va 16p ép bing mang chiat déo. Khi tic dung luc, mang
PVDF chiu @ng suit va tao dién tich trén bé mat. Pién tich thay asi
tao nén dién 4p ddu ra. Bién do dién dp ra ty 1€ véi lyc téc dong. Do '
d6 bd cdm bién loai nay chi nhay vdi sy thay d6i cha luc tdc ddong chit

295

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

khong nhay véi Iuc tinh hiing, thudng dude dung trong y t€ d€ chi thi
truc ti€p nhip thd.

Hinh 5.42 — Cim bié€n dp-dién do ng suit:
a). Phan tf cim bi€n; b). Sd dd twong duong mach do.

Hinh 5.43 gidi thiéu nguyén 1y cdm bi€n xic gidc bing mang
mdng dp-dién PVDF c¢6 ba 16p: hai Idp ngoai la mang PVDF, I6p gitta
la mang nén ghép ndi am thanh vd§i hai I6p kia. Tin hiéu kich thich tao
tng sudt c¢d hoc trong mang nén lam cho mang dp-dién @ng tdc nhu bd
phan thu tin hiéu. Theo hiéu \ing dp-dién, mang trén sinh ra di€n ap
xoay chidu ty 1& véi dao ddng c¢d clia mang nén. Cidm bi€n nay c6 thé
do nhitng chuyén vi nhd, do chinh xdc hon + 2 [« m] vdi tin hiéu dau
vao ¢ gidi tan millimet. Uu di€m la ciu trie don gidn, ddp @ng dudc cd
ddi vai luce tinh.
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inh 5.43 — Cam bié€n xiic gidc bing mang mong dp-dién.
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Hinh 5.44 — Cdm bién xuc gidc bing mang polymer ban din.
Dang mang polymer bdn din. Hinh 5.44 gidi thiéu phan t
cdm bi€n xic gidc c6 dién trd thay ddi theo dp suat, khic phuc dude
nhugce di€ém cda phin tif xic gidc dién-din d3a néu & muc trén (hinh .
5.22) vé bé day: bé day ctia né chi ¢ 0,25 [mm].
Bang 5.5 — Pham vi do va wng dung phin tif cdm bién 4p suidt ban dan

piezo.

Pham vi

dp sudt, Ung dung
x10° [Pa]
< 0,04 Trang thdi day trong cdc mdy giat va mdy rita chén.
0,1 Mady hit bui, canh bdo may loc, do thong lugng dong chay.
0,2 Po ap luc mau.

1 Mady do dp sudt barometer, bd chinh ddnh Itta va phun dau
2 Kfz.
10 Kfz (ap luc hat).
50 Kfz (4p sudt diu, dp luc khi nén phanh thing), mdy lanh.
500 Khi nén, robot ¢cong nghiép.
Thily luc, ché tao may.

5.1.3 — Cdc phdn tf cam bi€n vat 1y khéc.

Phian tf cdm bién dién-cam. Phuong phidp do lyc khoéng chi
theo nguyén 1y bién dang dan hdi. Hinh 5.45 giGi thiéu nguyén 1y mdy
do luc sif dung phan tit cdm bi€n dién-cdm c¢6 16i sdt trugt. Nguyén 1y
phan tf bi€n cdm nay di néu & phan trén (cdm bi€n tham s&). Trong

297

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

hinh: (1) 1a vé mdy, (2) — mang dan hdi, (3) — thanh ndi vdi 161 sdt (4),
(5) — cdc cudn cdm vi sai.

N

Hinh 5.45 — M4y do lyc dang phidn tf bi€n cdm 15i sit.

Phin t¥ cdm bi€n dién-dung ki€u mang rung. Cic phuong
phdp cidm bi€n dién dung do 4p suat chi y€u dua trén cd s ddnh gid
st thay d8i dién dung giita mdt dién cuc chudn so va mdt dién cyc
dang mang rung. Tly theo dp sudt tdc dung ma khodng cédch gilta dién
cuc vd mang bi thay ddi, do d6 ma dién dung cla phdn tif cdm bién
ciing thay ddi tuong tng. Phin tif tich cyc ¢ day chinh 1a mang rung —
mot ki€u mang bi€n dang dan hdi. Mac dd phdn tf bi€n dung mang
rung thudng cé dién dung nhd va cid dd thay ddi cla né 1a rdt nhd,
nhung bling cdch thi€t k& cdu tric thi€t bi do mét cach phd hgp vén cé
thé c6 duge do phan gidi va tinh 13p lai cdc chi s& do khé tSt. Cdc phin
t¥ bi€n dung vén ding do cdc chuyén vi (néu & chuong 4) & diy dung
do 4p sudt trong nhitng diéu kién nhat dinh s& cho nhitng dic tuyén
kh4 tuy€n tinh.

Hinh 5.46 — Nguyén Iy ciu tric phidn tf bi€n dung do 4p suit.
Hinh 5.46 giGi thiéu cdu tric nguyén ly cia mét phan tf cdm
bi€n 4p suit bi€n dung hién dai.
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Su tinh chinh tirng phdn caAm bi€n riéng 1é s& dat do tuy€n tinh
cao hon 0,5%. Tinh phu thudc nhiét dé dat tGi tri s& 0,015 [%/"K]
trong pham vi nhiét d (-20 ... +70) [ °C ]. Tay theo pham vi do, d6 day
cia mang dan hdi ndm trong khodng (0,03 .. 3) [mm]. Khodng cdch
giita ban cuc chudn so va mang dan hdi ¢d 100 [ wm]. Su chuyén ti€p
trang thdi tinh tdi trang thdi nén lam thay ddi khodng cdch dién cuc
khodng mot phan .

Phin tif cam bi€n ti-gido. Dua trén hiéu (ng tir-gido — hién
tugng mdt vat didt trong trudng t s€ chiu tac dung ung sudt kéo hoic
nén, thay ddi tinh chat hinh hoc hoic tinh chit ¢ hoc clia mot s vat
liéu sdt-tir dudi tdc dong clia L ruding. POi vai cac chat sat-twr, khi lue
tic dung dd 16n thi ¢6 thé lam vt bi€n dang. Hiéu ng tir-gido dudgc
ting dung trong k§ thuit d€ ch€ tao cdc ngudn phit siéu dm; hoac dung
dong dién cao tan d€ sinh ra tr trudng bi€n thién nhanh giy ra bién
dang cd hoc trén mot 16i sit-tir, & ch€ dd cong hudng c¢o hoc s& bi€n nd
thanh ngudn phat siéu 4m ¢6 tin sd cho trude.

Hinh 5.47 — Cam bié&n tir gido: a). Cdm bién;
b). Bi€n dang dudng cong tir hod dudi tdc dung luc nén.
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Trong cdm bi€n ti¥-gido do lyc (hinh 5.47), ng luc trong vit
liéu cAm bi€n 1am thay ddi dudng cong tir hod, do d6 c¢6 thé xdc dinh
lvc tdc dung biing su bi€n thién ciia d6 tir-thim hay tr-du. Su thay ddi
dd tif thim x dudi dnh hudng clia lyc tdic dung lam thay di dién cdm

L cda cufn day:
A'u=-AR=AL=Ka; (5.28)
y7i R L

3 diy: o — @ng luc can do.

Cam bi€n ng suit siéu 4m. Nguyén ly cdm bi€n ng sudt siéu
am dua trén hién tudng vit 1y 1a sy lan truyén s6ng 4m trong mau vit
thay d8i khi Wng sudt trong miu thay ddi.
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Hinh 5.48 — Cam bié€n ng suit ddng bing si€u am.

Cam bién vector tng sudt ddng siéu am UDVSS Ultrasonic
Dynamic Vector Stress Sensor dung do sy thay ddi @ng suat ddng c6
hudng trong vét li€u hay cédu tric chiu tdi trong chu ky (hinh 5.48).
UDVSS gdm diu dd, hé dién t¥ ndi v6i miu do va ngudn tin hi¢u
chuén. Piu do ¢6 bd chuyén ddi, may phét siéu 4m, mdy thu, dng dén
séng thu phat bi€n ddi tin hiéu dién thanh chuyén ddng co hoc va
ngugc lai. Khi ddu do ti€p xdc vdi mdu véat, mdy phét siéu am truyén
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séng 4m qua miu vit t6i mdy thu rdi duge chuyén ddi thanh tin hiéu
sOng dién.

Nhitng phét tri€n méi va tri€n vong.

Thi€t k€ co ban clia cdc can bié€n ki€u day do bi€n dang do luc,
tdi trong, hay trong lugng khong ¢é nhitng thay ddi ddng k€ tif nhitng
phédt tri€n ban diu vao nhitng nim 1950. M3t vai nha sdn xudt ngay
nay di bd sung nhitng bd phén dién tif trong board mach d€ chuin hod
tin hiéu ngay tai chinh cdm bi€n. Piéu nay lam ting chat lugng cia
cdm bi€n néi chung va lam gidm gid thanh cia toan hé. Cdc dau tin
hiéu ra dudgc chudn hod bao gém ¢ kha ning lua chon tin hiéu ra la tin
hi€u di€én ap hay dong.

TEDS — (Transducer Electronics Data Sheet) ban dir 1iéu bién
cdm dién tf — trén cd s& tiéu chudn IEEE P1451 la mdt tiéu chuin nhit
thi€c, xdc dinh ki€n tric va giao thitc dGi vdi viéc bién dich compiling
va dia chi hod b nhé khong ddi non-volatile gin két bén trong bd cdm
bi€n do analog. TEDS cho phép ngudi st dung truy cdp nhitng thong
tin dic dung nhu tén hiang sdn xuit, loai cdm bi€n, s& hiéu miu model
number, s hiéu loat serial, va dit liéu hiéu chuin cling nhu vi€t nhitng
thong tin nhy ma danh kénh ID, dia phuong, vi tri, hudng, nhan hi¢u
tag number, vv...

MGt s6 nha sdn xudt cung cap nhitng cdm bién kém nhhitng tién
ich TEDS véi du dinh néi chung 12 1am don gidn hod va gidm thi€u
thdi* gian dit dinh hiéu chinh mdy cho ngudi st dung va gidm thiéu
nhitng sai s6t c6 thé.

Nhitng phat tri€n trong tuong lai ddi véi cdc t€ bao tai trong va
cdc cdm bi€n luc c6 thé 1a bao gém cd cdng nghé khdng diy wireless
technology d€ truyén didn dir liéu da s6 hod qua khodng khong gian
ngdn. Sy phdt tri€n clia ¢dng nghé nay dang dugc xdc ti€n. Tuy nhién,
£id thanh s& 12 rao cdn dau tién phai vugt qua. Nhirng phat trién tuong
lai kh4c c6 thé 1a bu nhiét d6 bing k¥ thuit sd.

301

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

5.1.4 - Mach céu do 1wng dung di€n hinh va chufin ho4 tin hiéu.

Mach ciu do ¥ng dung.

Mot diéu ¢6 lién quan mat thi€t t8i cdc diy do bi€n dang 1a d6
chinh xdc cia phép do dién trd. N6i chung, dd chinh xdc dudgc gia ting
bing cdch ding ngudn dong 16n va tao ra dugc nhitng thay ddi dién 4p
ra 16n. Tuy nhién, giéi han thyc t€ cudng dd dong dién cé thé sit dung
nim trong pham vi céng sudt tiéu hao trén phan t¥ dién trd. Vi 1y do
d6 ma cdc cdng nghé lién k€t diy do bi€n dang mang mdéng da dugc
t8i wu hoa d€ ting cudng t5i da tinh nhiét din tif mang mdng tdi chat
nén. Viéc ting cudng nhi¢t din cho phép st dung dong dién 16n hon
trong phép do. :

Nhiéu diy do bi€n dang, va dic biét 1a cdc diy do bi€n dang
silicon ¢6 phu gia, ¢6 tinh nhay cdm vdi bi€n ddng nhiét d6. Trong vai
trudng hgp, d6 1a mot hiéu @ng hitu ich — dic biét néu Wng dung codn
déng thdi do nhiét d6 nita. Song néi chung, d6 khoéng phdi 1a trudng
hgp phé bi€n, do d6 cian phdi bd tr d nhay nhiét nay. Cdch dé nhait
d€ 1am viéc d6 1a ch& tao cédc dién trd tham chi&u reference resistors
1am tif cing loai vit liéu va lip dit chiing sao cho chiing khong nhay
cdm bién dang.

D6 16n thay ddi dién trd clia phan tf bi€n dang dan hdi thudng
duge x4c dinh bing so dd mach cau Wheatstone. C6 thé dé dang bd tri
ciu tnic mach cdu do d€ gii¥ nguyén d6 nhay bi€n dang trong khi loai
bd dudc tinh nhay nhiét cia chudi diy bién dang. Cdch bd tri nhu vay
1 rdt quan trong va dé thyc hién cho nén rdt phd bié€n.

Ug

Hinh 5.49 — C&u triic ciu Wheatstone, Hinh 5.50 — SJd dd cdu cdm bién
dién trd silicon.
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Hinh 5.49 gidi thiéu nguyén Iy mo6t mach ciu do Wheatstone
dién hinh cho nhitng @ng dung nay. Cdc diy do bi€n dang dugc mic
vao bdn nhdnh mach ciu, hoat ddng nhu mang dién thém va bdt (phdn
dp), cho phép bu tri¥ cdc hiéu tng nhiét dé cing nhu loai bd cédc tin
hiéu gdy nén bdi nhitng lyc ngoai khéng cd ban. Can ¢é dién dp cung
cdp mot chiéu (thudng 1a tir 5 t6i 20 VDC) hodc dién 4p xoay chiéu AC
dua t8i cdc diém A va D ctia cau. Khi ¢6 luc tdc dung 1én két cau bi€n
cdm, cAu Wheatstone mat cin bing, tao dién ap ra giita cdc di€m B va
C clia cau, ty 1& vdi tdi trong tdc dung.

Hinh 5.50 1a so dd mach cdu do \ng dung cho cdc phan ti vi
mach bi€n trd dugc mic vao bon nhdnh ciu do. Phdn tlf cdm bién chiu
tdc dong dp sudt, sy bi€n dang cla mang vi mach lam thay déi ud
khdng cia n6, bi€n dbi dién dp dudng chéo ciu thanh tin hiéu dién
tuyén tinh & ddu ra. Viéc dinh vi cdc phan ti bi€n trd dugce lya chon
sao cho khi mang bi bi€n dang udén thi hai phan tf bi€n trd trén hai
nhdnh d6i dién clia cau bi bién dang ngudc hudng.

Ciéc bi€n trd ¢6 tri s6 nhu nhau, mot cach gin ding c6 thé coi
dién 4p ra bing:

U S o (5.29)
R,

3 day: U, — dién dp cung cdp cho cdu; U, — dién 4p md.

|

Ty s bi€n thién dién trd AR trén tri s§ dién trd danh dinh trude
khi bi€n dang R, dugc xdc dinh theo bi€u thitc (5.16):

AR
—=K.e(p);
R, (P)
& diy: K — hé sty 1&; £(p)— d6 nén cd hoc (ham cia 4p suit p).

P6 nén cd hoc phu thudc tuyén tinh v6i 4p suét trong mdt pham
vi gi6i han. Hinh 5.51 1a dic tuyén dién 4p dau ra va dnh hudrg clia
nhiét d6 méi trudng xung quanh. Anh hudng nhiét do c6 thé khdc phuc
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bing gidi phdp mach (vi nhu ding mét bi€n trd nhiét ban din loat
KTY trong hinh 5.52, bi€n tré nhiét KTY xem & chuodng 3).

Urg $ [mV] 251°C] .~
100
125[°C)
50
1 2 3 P lbar)
Hinh 5.51 — Péc tuyén dién dp ra va Hinh 5.52 — Bl nhiét d6
dnh hudng nhiét 4. trong phan tir cdm bi€n 4p sudt bin din

Trong thuc t€ @ng dung, nhdt 12 d6i véi trudng hgp cédc t€ bao
tdi trong load cells ch€ xudt cong nghiép, thi thudng chiing dudgc bd tri
1ip dat thanh mach cau do k&t ndi vGi cdc mach (vi mach dién tif)
chudn ho4 tin hiéu ra dé c¢6 thé dua tSi cdc bd phin xif 1y hay diéu
khién ti€p theo. Cdc phan t cdm bié€n luc dang t€ bao tdi trong nay
dudce ché xudt theo md hod day do cia Uy ban diy do bi€n dang mién
Vién TAy Western Regional Strain Gage Committee (da dudc sita doi
thdng Nam 1960). Ma hod mau ddy néi nht trong hinh 5.46 sau:

- ~———eC] - SIG WHITE
T wn e D] - EXC BLACK
W e8] » SIG GREEN

* EXC RED
Hinh 5.53 — M2 mau k&t ndi dién tiéu chudn.

Hinh 5.54 giSi thiéu mdt sd dé dién hinh va don gidn, tuy nhién
ddp @ng dugc nhitng yéu ciu k¥ thuit do khd cao. Sd dd mach cdu gém
mot phin tlf bi€n dang dan hdi — 1am phan t chinh, mdt cdm bién thd
hai 12 bi€n trd bu nhiét (nhung khong phdi chiu tdi bi€n dang), va hai
phin i bi€n dang phu — ¢6 dd chinh xdc¢ 0,1% tri danh dinh. Céc linh
kién khdc trong mach cdu ddm bdo d6i xifng cau.
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Hinh 5.54 — M4y do bi€n dang biing phdn t bi€n dang dan hi.

Do nhitng muc tiéu yéu ciu ky thuit cao, d6i véi mach ngudn
cung cip cho ciu ngudi ta diing vi mach ngudn chuyén dung, ¢6 nhirng
tinh nang t8i wu (vi du Analog Devices 2B35). Dién dp cau c6 thé diéu
chinh dugc, cdc théng s8 ky thuit dugce cho trong thuy€t minh ky thudt
liah kién ciia hang sdn xudt. D& gilt cho dién dp cdu 1a hing, khong
¢3i bdi dnh hudng clia dong tdi, mach diy din dp va din dong dugc
‘dch biét. Viéc xdc dinh di¢n dp dudng ché€o cau dugc thuc hién don -
gidn ciing bing mot vi mach (vi nhu Analog Devices 2B30). Vi mach
nay c6 bd khuy&ch dai tin hiéu diéu chinh dudc va b khuyéch dai loc
tAn s& gidi han & 100 [Hz].
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Mach chufn ho4 tin hiéu ciu do.

Hinh 5.55 minh hoa viéc chuin hod tin hiéu clia mach cau do
toan phan bi€n thién, ng dung cho mdy ki€ém tra d0 moi fatigue
monitoring mach cdm bi€n bién dang. C6 khd nang thuc hién do ludng
va diéu khién tir xa bdi tin hiéu cdm bién ra da dugc chudn hoi dé
truyén xa remote sensing.

10mMA v
- ouv
-3.5V = -3500pe
1k 1k +5.0 V = +5000p¢
P +15V
P \
. )
)
1k 1k (.
\\ p
STRAIN SENSOR:
Columbia Research Labs 2682 —Wy——4+15V
Range: -3500ue 10 —5000us 30 1k62 S 12402

ADS&as | +1.23s5V

v

Hinh 5.55 — B0 khuyé&ch dai cdm bi€n ddy do bi€n dang chinh xdc.

Ciu do toan phdn 12 mot bo tich hgp c6 thé ghép ndi v6i bé mit
cin do mot su bi€n dang hay udn cong. Nhiim tao diéu kién cdm bi€n
tY xa, ngudi ta dung ngudn cung cip 1a ngudn dong. Vi mach OP177
1am ddo chiéu servos dong dién trong mah cau tdi 10 [mA] quanh dién
ap tham chi€u c3 1,235 [V]. Day do bi€n dang tao mft tin hi¢u ra cd
10,25 [mV])/1000 [ue)]. Tin hiéu dugc khuyéch dai bdi vi mach
khuyé&ch dai do ludng AD620 dugc cdu hinh vdi do khuyé&ch dai 100.
C6 thé dit dinh toan thang do dién dp bi€n dang bang cdch hiéu chinh
chi€t 4p d6 khuyéch dai 100[ Q] sao cho d@ng vdi d bi€n dang la -

Qutpre: 10.25mV/1000u¢
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3500[ 1E |, chi s6 dau ra doc duge la -3,500(V]; va ung vdi sy bi€n
dang +5000[ uE ], ddu ra ghi nhdn +5,000[V]. Khi d6 ¢6 thé thuc hién

s6 hos phép do bing mdt bd chuyén ddi ADC ¢6 pham vi dau vao toan
thang do 1a 10[V]. M6t tu dién 0,1[ 4F ] dudc mdc qua cdc chin dau
vao ctia b6 ADC 1am viéc nhu bd loc EMI/RFI dé k&t noi véi dién trd
cdu 1[kQ]. Tan s8 goc clia bo loc 1a xap xi 1,6 [kHz].

Mot vi du khdc 1a mach khuy€ch dai t€ bao tdi trong gidi thiéu
trén hinh 5.56. Mot t&€ bao tdi trong dién hinh c¢6 dién trd mach ciu 1a
350[ Q]. M6t dién 4p cung cip cho cidu 10.000[V] duge 18y tiY vi mach
ngudn dién 4p chinh xdc AD588 c6 cdc vi mach OP177 va 2N2219A
lam bd dém. Vi mach 2N2219A nidm trong mach phédn héi clia OP177
va cung cip dong dién cin thi€t din ddng mach ciu (28,57 [mA]). D€
chic chin riing diéu nay ddm bdo d) tuy€n tinh, ngudi ta dung bd
khuy&ch dai do ludng. Thi€t k& nay c6 s& lugng t3i thi€u cdc dién trd
va khuyé&ch dai c¢6 tinh quyé&t dinh, 1am cho toan mach do dém bdo do
chinh x4c, dd 8n dinh va hiéu gla gia thanh. Yéu cdu duy nhat 1a dién
trd 475[ Q] va chi€t 4p 100[ 2] phdi c6 hé s6 nhiét dj thap, sao cho dd
khuyé&ch dai cia b6 khuyé&ch dai khong bi trdi theo bién dong nhiét dd.

+15v -15V

2| 16 |
+10.000V ¢ 13

4 o [E

‘l;‘uueuo_l
+15 V4750 1000

B¢ v

o

6 0 TO +10.000V FS

350Q LOAD CELL
100mV F8

Hinh 5.56 — B6 khuy&ch dai t& bao tai trong chinh x4c.
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Nhir dd néu & phan trén, mot t€ bao tdi trong chinh xdc thudng
dugc k€t cdu véi mach ciu 350[Q]). Hinh 5.57 giSi thi€éu mdt bd
khuy&ch dai t&€ bao tdi trong chinh xdc dudge cidp ngudn tif mét ngudn
don (don cuc). Pién 4p kich thich t8i ciu phdi chinh x4dc va 8n dinh,
né€u khong s€ gay ra sai sd phép do. Trong mach nay, vi mach nguén
tham chi€u 5[V] chinh x4c¢ REF195 dudc sit dung din déng cau. Ngudn
tham chi€u REF195 ¢6 thé cung cdp ddong hon 30[mA] t8i tdi, nén né
c6 thé din d6ng mach cdu 35052 ma khdng cian bd khuyé&ch dai dém.

19642 28.70

Hinh 5.57 — B6 khuyé&ch dai t&€ bao tdi trong ding ngudn cung
¢ap cuc tinh don.

Vi mach kép OP 213 dugc c&u hinh nhu hai vi mach khuyé&ch
dai thuit todn op-amp-in-amp c6 46 khuyéch dai bing 100. Mang dién
trd dit dinh d6 khuyéch dai G theo cdng thic:
100kQ)  200kQ]  _

kQ] | 196[Q] + 28,7[Q]

G=1+

P3&i véi ki€u midc mach thodt dit rejection chung t8i uu, ty 1é
dién trd phdi chinh xdc. Nén dung cdc dién trd c6 dd dung sai cao
(£0,5% hoic tdt hon).

Pa3i vdi tin hiéu ra cda cdu 1a 0 [V], b khuyéch dai s& dao dfng
trong pham vi 2,5 [mV] quanh mitc O[V]. P6 1a gidi han ddu ra t5i thiéu
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cia OP213. Do d6, n€u ddi hdi diéu chinh thién dp offset, thi viéc diéu
chinh nén bit ddu tr dién 4p duong & V. va diéu chinh V,,, xudng
cho t8i dién dp ra (V,,, ) nging bi€n ddng thay ddi. P6 la diém giGi
han khuy&ch dai dao dong. Bdi thi€t k€ la ngudn cung cip don, bd
khuy&ch dai khong thé nhay cdm v&i nhitng tin hiéu c¢6 cyc tinh am.
Né&u ddi hoi d6 tuyé€n tinh ddu vao & 0 [V], hodc n&u phai x 1y tin hig¢u
cuc tinh 4m, thi V. ¢6 thé ndi vao diém gitra dién 4p (2,5[V]) han la
ndi vao diém dit. Luu ¥ ring khi ¥V, khong ndi ddt thi diu ra phai
tham chié€u téi V..

Trong viéc s& hod tin hiéu thi b chuyén d8i ADC sigma-delta
24-bit ki€u AD7730 1a 1y wdng d€ chudn hod tin hiéu tryc ti€p ti¥ dau
ra clia ciu do va khong dodi hdi phdi c6 mach giao dién. Hinh 5.58 trinh '
bay sd dd két nSi don gidn nhéat. Toan mach hoat dong & ngudn cung
cdp don +5[V], cling dung lam di¢n 4p kich thich cau. Lru y rang phép
do 1a ty 1& ratiometric bdi dién dp kich thich cau cdm bi€n cling dung
lam ngudn tham chi€u cia chuyén d6i ADC. Nhifng bi€n ddéng trong
ngudn +5(V] khong dnh hudng t6i do chinh xdc phép do.

-~

+FORCE 7y \n v +5V | +5Vi+aV
e ' Rueo ". AVpp DVoo
LOAD ; v
CELL + SGNEE : AN~ ‘r 1 + Vegr
1
‘ % AD7730
) v° + ~. ADC
- R A 24 BITS
— SENSE ". T ." ™|~ Vaer
\ '
- FORCE ‘\ Rmo ‘l' G?D

DS AN L
N ’
\\’l

Hinh 5.58 — Ung dung t€ bao tdi trong dung chuyén ddi AD7730.
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Vi mach AD7730 c6 bo khuyéch dai trong 14p trinh dé khuyé&ch
dai dudc, cho phép tin hiéu ra toan thang do cda cdu + 10[V] c6 thé s8
hod thanh d6 chinh xdc 16-bit. AD7730 c6 cac ti€n ich ty thin va hé
hiéu chudn, cho phép gidm thiéu cic sai s& dinh thién offset va sai s8
d6 khuyé€ch dai gain bing cdch tdi hiéu chuidn dinh ky. Tuy chon
option ki€u “chop” lam gidm dién dp dinh thi€n va d¢ trdi, hoat ddng
tuong ty nhu mdt bd khuyéch dai 6n dinh ki€u chopper. Pién dp nhiéu
hiéu dung diu vao RTI xap xi ¢d 40 [#V] hiéu dung rms, hodc 264 [nV]
dinh-dinh. Piéu nay tuodng @ng vSi d6 phin gidi c8 13 [ppm], hodc xdp
xi 16,5-bits. P6 tuy€n tinh khuy&ch dai cling xap xi 16-bit. Bing 5.6
néu cdc thdng s8 ch€ dd chuyén ddi ADC AC7730 lam viéc vdi mang
t&€ bao tdi trong 6 day.

Bang 5.6 — Ch€ d6 van hanh AC7730 chuyén d3i ADC t€ bao

tai trong.
Gia thiét Thuc hién
Tin hiéu ra toan{+10 mV, k.thich +5 V |[Nhiéu RTI 40 nV rms, 264 nVp-p
thang do .
Ki€u “chop” |Puyc kich hoat P$ phin gidi khéng 80,000 di€m (16.5 bits)
nhiéu
Hiéu chuin hé |Zero va toan thang do !P$ phi tuyén khuyéch |18ppm
dai
Do chinh xdc khuyéch |< 1 pV
dai
Pién dp offset <] pVv
D$ udi offset 0.5puV/°C
P§ udi khuyé€ch dai 2 ppm/° C
Luu ¥: P trdi khuy&ch dai va do trdi offset c6 thé gd bd dugc bling hé tdi hi¢u chudn.

BEHED
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BAI S ] )
KY THUAT CAM BIEN AP SUAT.
Chuong 5. —- CAM BIEN PO LUC VA TAC DUNG LUC.
PHAN 2.

Muc tiéu bai nay tdp trung vao nhifng khdi ni€m cd bdn va ky
thuit cdm bi&€n luc (phdn 1) va tdc dung lyc: 4p sudt, ing sudt (phan
2); cdc ng dung trong k¥ thuit do ludng va diéu khién — gdm 2 phin
ctia chuong 5.

Néi dung cd badn ma SV phdi nim dugc & bai nay la nhitng van
dé trong tim sau:

e Khdi niém dai cuong vé luc, tic dung luc: @ng sudt va dp suat;
va nhitng dic diém x4c dinh ching. Cdc loai phdn tit cim bién
4p sut ing dung trong k¥ thuat do ludng diéu khién, két cau,
hoat dong chifc ning, cdc dic tinh k¥ thuat, dic di€m Wng dung.

e Cic vidn dé @ng dung thyc tién cdc phan tif cAm bi€n trong cong
nghiép d€ c6 nhin thic va k¥ ning tdng hgp, thi€t k& va ch€
tao hé théng cu thé€ trong thyc t&€ mdi trudng \ng dung.

e Bai 8 tap trung trong tim la k§ thudt cdm bi€n ng suat va dp

* sudt (phin 2) bing cdc phan tf cdm bi€n Wng dung rong rai
trong cong nghi€p va dian dung.

Thoi lugng bai gidng 12 04 i€/45 ti€t 1€n 16p theo chucng trinh
mén hoc 1a 03TC (45 ti€1) va 04 tiét ty nghién ctu.

52 CAM BIEN PO AP SUAT.

Kh#i nié¢m chung.

Ciéc cim bi€n do 4p sudt chuyén ddi dp sudt ddu vao thanh tin
hiéu dién diu ra @€ do 4p sudt, lyc va luu lugng chat 1éng, chat khi
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(luu chit). Nhitng phép do nay dugc ding d€ diéu khi€n nhiéu thd, tr
mic nudc trong may gidt dé€n cdc chat khi thodt & hé khi thdi xe ot6.
Cédc cam bi€n ap sudt duge sif dung trong cac thi€t bi y t&€ d€ ki€m tra
huyé€t dp, thinh gidc va thi gidc, cd bénh ting nhdn 4p glaucoma. Trong
cdc nganh céng nghiép ch€ tao va ch€ bi€n, ngudi ta dya vao cdc cdm
bi€n 4p sudt d€ diéu khi€n cdc mdy méc cdng nghé. Ching 12 nhitng
phan tf thi€t y&u ddi v4i viéc van hanh cdc hé HVAC, cdc xe nang tdi
tv dd hang, mdy xidc. Ching do dd cao va d6 vAn may mu turbidity
trong hang khoéng va 1a mdt phuong ti€n quan trong ctia cdc mdy ghi
dir liéu bay nha't thi€t phdi ¢6 trén moi chuyén bay thuong mai.

3 ndi ndo ¢6 nhu ciu diéu khién chinh xdc 4p suit, Iyc va Iuu
lugng luu chit, thi ¢6 khd ning phdi ing dung cdm bi€n 4p sudt. Céc
cdm bi€n dp sudt ngdy nay cung cdp tinh nang ldp lai cdc dic tinh ky
thudt & mic dd cao, c6 d6 tré thiap, va d6 On dinh lau bén trong céc
tng dung v6i pham vi 4p sudt didu vao ti¥ ¢ nhé hon mdt pound trén
mo6t inch vudng 4p suit (pounds per square inch gauge — 3 diy Ky hiéu
12 don vi 4p sudt [psig]) cho téi hang ngan psig.

Ap suit duge do theo phuong phdp dién bing cdc bi€n cdm 4p
sudt khdc nhau. Tén tai cdc chuyén ddi co hoc da dang (k€ c¢d mang
ngin diaphragms, hdp kin capsules, dng x€p bellows, 6ng manometer,
va 6ng Bourdon) ding do 4p sudt bing cdch do két hgp chiéu dai,
khodng cdch, hay chuyén dich, va do nhitng thay ddi 4p suat biing cdch
tao chuyén dong.

Hinh 5.59 cho so dd tdng quédt cdc phuong phdp cdm bién do 4p
suit, § day dic trung cdm bi€n 4p sudt dang mang ngin. Khi dé, tin
hiéu dau ra clia cdc giao dién nay dudc dua téi mdt bd chuyén ddi nhu
diy do bi€n dang Strain Gauge hay bd bi€n trd dp-dién Piezoelectric
Transducers. DAu ra dugc chuyén ddi thanh tin hiéu dién va chudn hod
bing mach dién u¥ signal conditioning. Khong nhu day do bién dang,
céc bi€n cdm dp-dién dugc sit dung di€n hinh cho cdc phép do dp suit
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tan sudt cao (chdng han nhu cédc ng dung dinh vi bing 4m thanh sonar
hay microphon tinh thé).

PRESSURE
SOURCE /—' STRAIN GAGE
MECHANICAL
ouUTPUT
A
PRESSURE / SIGNAL
SENSOR CONDITIONING
(DIAPHRAGM) ELECTRONICS

Hinh 5.59 — Cdm bié€n do 4dp suit.

Ap suit dugc dinh nghia nhu 1a luc trén mot don vi dién tich ma
mot vat tdc dung 1én vat khdc. Vi du, ¢é mot khéi vudéng 10[/b] ndm
trén ban. N€u dién tich mdi mit khdi la 4[in.*], thi 10[/b] s& phin bd
trén dién tich 4[in.? ], nén khdi vudng tic dung 1én ban mét 4p suat 2,5
[/b/in?] (hay 2,5 [psi]). Trong hé don vi SI, 4p suit dudc tinh bing
newton trén met vudng ([ N/m?]), goi la Pascal ([Pa]). P6i véi chit
16ng, dp sudt tdc dung lén cdc thanh bén ciia b€ chira cung nhu lén day
b€. Cam bi€n dp sudt thudng gém hai phin: bo phin diu chuyén déi
dp suat thanh lyc hay dich chuyén, con bd phén thit hai chuyén ddi luc
hay dich chuyén d6 thanh tin hiéu dién. Céc phép do dp suit chi dugc
thuc hi€n véi cdc chit 16ng hay chdt khi (luu chat). Phép do 4p suit
don gidn nhdt s& cho mot dp sudt 4p k€ gauge pressure, 12 hiéu s& giita
ap sudt o duge va dp suit moi trudng. G mic nudc bién, 4p suit moi _
trudng bing 4p sud't khi quyén, dudc thira nhdn 12 biing 14,7 [psi], hodc
12 101,5 [kPa]. Cadm bién phitc hgp hon moét chiit c6 thé do 4p suat vi
sai — hiéu sG 4p sudt & hai di€m ma khéng di€m nao cin do 4p suat khi
quyén. Dang cdm bi€n 4p suit thit ba do 4p suat tuyét ddi, dude do
birg mot cdm bi€n dp sudt vi sai ma mot bén dude tham chi€u véi 0
[psi] (gdn v&i chan khong tuyét doi).

G day ching ta khdo sdt hai dang cdm bi&n 4p suat thong dung
nhat hién.nay, d6 1a cdc cdm bi€n ban din silicon va cdm bié€n dién trd
dp dién v4i sy da dang két cdu cong nghé 1dn nhitng dic tinh k¥ thuat

313

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

khdc nhau ciia chiing. Nhung trude tién cling nén khdo sdt hai dang
cdm bi€n do dp suidt van con thong dung dén nay trong cdc hé do ludng
diéu khi€n, bdi k€t cdu don gidn va van hanh hiéu gia: d6 1a dp k& .
dang 6ng Bourdon va dang dng x&p.

Dang 6ng Bourdon.

Ong Bourdon 12 mdt dng cong ngin, mot diu bit kin. Khi 6ng bi
tdc dung dp suit, né ¢6 xu hudng dudii thing ra. Chuyén déng nay ty
1& v&i dp sudt tac dung. Hinh 5.60 minh hoa vai ciu tric 6ng Bourdon
(dang uén va dang xodn). Hay luu vy ring sy dich chuyén cé thé la
chuy€n dong thing hay chuyén dong géc quay. M6t cdm bi€n vi tri nhu
chiét 4p bi€n trd con trugt pot (potentiometers) hodc bién trd mang
méng LVTD (xem phéin sau) ¢6 thé chuyén ddi su dich chuyén nay
thanh tin hiéu dién. Cdc cdm bi€n dang 6ng Bourdon sdn ¢6 v§i pham
vi do tir 30 dén 100.000 [psi]. Cédc ng dung dién hinh 1a cdc diu do 4p
sudt hoi hay dp suit nudc.

High-prassure pratile

No-pressurs

=\

Pressure

Hinh 5.60 — Cam bién dang 6ng Bourdon: a). Dang uén "Unbend*; b).
Dang xodn "Untwist*.

Dang ong x&p Bellows.

Cém bi€n nay ding mét éng x&p kim loai nhd dé€ chuyén déi dp
suit thanh chuyén dong thing (hinh 5.61a). Khi dp sudt bén trong ting -
1én, Ong x€p gidn ra chdng lai khdang lyc cha 10 xo (thudng thi 10 xo
chinh 12 cdc nép gap cia dng x€p). Chuyén dong nay duge phat hién
bing mdt cam bién vi tri (vi nhu bién trd con trugt potr). Hinh 5.61b
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minh hoa mot cdm bién 4p sudt vi sai, ¢6 thé dude ché tao bang cich
ghép mot ng x€p véi mot binh chita. G diy dp sudt tif bén ngoai dng
x€p (4p suit 2) ¢6 xu hudng lam 6ng xEp bi nén, trong khi dp sudt 1 lai
¢6 xu hudng lam 6ng x€p gidn ra. Vi tri clia hinh gdp la ham cia hiu
6 4p sudt bén trong va bén ngoai 6ng xép. Cdc ong x€p c6 dd nhay
16n hon cdc 6ng Bourdon & pham vi dp sudt thap ¢d 0 — 30 [psi].

Inchcator
(®) shaft

f Pressure f Fressurs 2
Hinh 5.61 — Cam bi€n dang 6ng x&p: a). Ki€u dp sudt don;
b). Ki€u dp suat vi sai.
5.2.1 Cam bi&n 4p sudt ki€u dién trd ban dén silicon.

Co sd cong nghé ché& tao. Ngay nay phin 16n cdc cdm bién do
4p suat, luc va do luu lugng luu chat duge ché tao biing cdch dung ky
nghé silicon trong cdng nghiép ch& tao chdt ban din. Do d6, nhicu
thuét ngir diing trong cdng nghé chat ban dan cling dugc dung cho cdng
nghé cam bi€n dp sudt. Hon nifa, ngay nay cong nghé cdc hé vi co-
dién tt MEMS (microelectromechanical systems) dang phat trién theo
hudng nay.

Cong nghé cdy ion ban din dién trd dp-dién chi€m linh thi phan
linh kién cdm bi€n dp suit véi nhiéu ly do tich cyc. Nhitng cdch ti€p
cin khdc, k€ ci bi€n trd tir variable reluctance, tu bi€n dung, sgi
quang va dién dan dp-dién, cling sdn ¢ thi phan itng dung. Tuy nhién,
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& day chiing ta chi y€u chi trong cdm bi€n 4p sudt dp-dién trén nén
cOng nghé silicon.

Cédc cdm bi€n dp sudit 4p-dién (cdm bi€n diy do bi€n dang)
thudng duge tham chi€u d€n nhu cdc cdm bi€n dang vi mach IC
(integrated circuit), cdm bi€n chit rin thé cing solid-state, cAm bién
don tinh thé (dugc hinh thanh tiY chat silicon don tinh thé) hay chinh 1a
cadm bi€n silicon. Ching dugc ché€ xuat & dang nguyén liéu wafer, mdi
wafer gdm vai trim tGi vai ngan ling két die, tby theo kich ¢ khudn
miu ling k€t cdm bi€n. Mot chip vi mach cdm bién dién hinh ¢6 kich
thu6c 80x80 mils hay 2mmx2mm. Cdc cdm bi€n dp sudt 4dp-dién
(silicon) bao gdm mot phan tr cdm bi€n lam tlY chip vi mach silicon v8i
m@t mang ngan diaphragm silicon méng cong va bén dién trd 4p-dién
(d6 gin nhu 1a cdc dién rd thé cing duge cdy ghép 1én bé mit chat
silicon). L

Cdc dién trd dp-dién clGa chit ban din ¢6 xu hudng thay ddi
dién trd gay ra bdi sy bi€n dang khi ¢6 dp suit hay ¢ luc tdic dong 1én
mang ngin. Ap suit lam mang ngin bi uén cong, tao ra mdt \Wng suit
trong mang va vay la ciing tdc dong 1én cdc dién trd cay ghép. Sy thay
d8i tri s6 dién trd phu thudc vao d6 16n 4p lwc cung cdp cho mang
ngin. Nhu viy, su thay ddi trong 4p suit (tdic dong cd didu vao) dude
chuyén ddi thanh sy thay d8i dién trd (tin hiéu dién ddu ra). Phdn t¥
cdm bi€n chuy€n ddi hay bi€n cdm ning lugng tir dang nay sang dang
khéc, vi vAy c6 thudt nglt “bi€n cdm 4p suit pressure transducer™. Céc -
cdm bi€n dp sudt dugc ch€ tao biing cdch thoat tién cidy ion bén dién
trd dp-di€n vao chat silicon. Viéc cdy ghép ion dugc ting cudng sif
dung nhdm cung cdp tinh ning hoat dong cao hon so v3di cdc cdm bién
ch€ xuit theo ¢ong nghé khuyéch tdn.

Sau khi bon dién trd 4p-dién di hinh thanh, mang ngin dugc tao
ra biing cdch cham khic dién hod mot hinh miu c6 thé diéu chinh dudgc
1én chat silicon tir mit sau clia né (trén bé mat d&i dién véi cac dién
trd dp-dién). Phan khong khic hinh trén mi€ng silicon cung cdp mdt
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dudng bién, gidi han ghép ndi citng cho mang ngin va tao bé mat ldp
rdp né vao mot vat thé thanh phdn niao d6 khac.

P day clia mang ngin xdc dinh pham vi 4p sudt (4§ nhay) cia
cdm bi€n. Tuy nhién, quan hé d6 1a ham khéng tuyén tinh. Vi dy, né€u
ting gdp d6i d6 day clia mang ngin sé& lam gidm d6 nhay di bon lan.
Bé day di€n hinh clia mang ngin 12 ¢ 5 t6i 200 micron (Mt mang
khd mdng), thy theo pham vi dp sudt clia n6. Qud dp overpressure la -
thuat ngif dang d€ dic trung dp suat t8i da ¢6 thé cung cdp cho phan ¥
cdm bi€n ma khoéng giy nén nhitng thay déi vinh vién cdc dac tinh ra
cia né.

D6 nhay (hay hé s6 diy do gauge factor) cia mdt diy do bié€n
dang silicon 12 kha cao, gdp khodng 100 1dn do nhay cta day do bié€n
dang kim loai.

Bing cdch cdy ghép cic dién trd dp-dién vao mdi trudng chit
silicon don tinh thé thuin nhit, chiing dudc tich hgp thanh mét phin ¥
cam bié€n luc silicon.

M6t cdch dién hinh, cdc ki€u day do bi€n dang c6 badn chat vit
liéu khdc nhau dudce ghép lai thanh cdc thanh phin cdm bi€n lyc, thu
dugce trong bién dang nhiét dan hdi va trong cdc qud trinh ch€ tao phitc
hgp. Trong d6, nhiéu diy do riéng 1é vén khdng 8n dinh bdi mébi ghép
kém phim chit, c6 tinh nhay nhiét va tinh w€ giy nén bdi sy bi€n
dang nhiét dan hdi. Cdc cdm bi€n 4p sudt ki€u mang ngin silicon la
loai cuc ky an toan tin cdy ddm bdo chdc chin, bdi vi silicon la vt ligu
ly wdng ti€p nhdn lyc tdc dung, va cdc diay do dugc cdy ghép theo
cong nghé cdy ghép ion nhu vdy khong bi dnh hudng ciia mGi ldp
ghép.
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Hinh 5.62 — Mic¢ mach cdm bi€n 4p suit silicon.

Nhu mot tinh th€ dan hdi hoan hdo, silicon khéng trd nén vinh
vién bi ddn ép ma trd lai hinh thl ban ddu cia né. Cdc khdi liéu
wafers silicon t6t hon kim loai d€ lam cdc mang ngin cdm bi€n, bdi
silicon ¢6 tinh dan hdi cyc ky 6t trong pham vi hoat déng ciia né.
Thong thudng mang ngin silicon chi sai hdng bdi gay dit, thudng 1a vi
bi quéd 4p sudt qud 16n. Ngay nay, cong nghé ché tao vi cd va k§ thuit
tinh chinh laser s& gitip cong nghiép ch€ tao cdc cdm bi€n an toan tin
cdy c6 tinh ndng d§ chinh xdc cuc ky cao.

Céc dién trd cdm bi€n c6 thé dugce két ndi hodc vao m6t mach
cdu n¥a hoidc mach cdu toan phin ki€u ciu Wheatstone, trong dé hai
dién trd tAng tri s& vdi d4p sudt duong trong khi hai dién trd kia gidm tri
s8 clia ching. Khi 4p sudt cung cdp 1én dung cu nhu trong hinh 5.62,
cdc dién trd trong cdc nhdnh ciu sé thay d6i mot lugng bing AR . Su
dinh hudng dién trd song hanh trén nén silicon s& xdc dinh liéu dién
trd s€ ting hay gidm tri s6 khi tdc dung dp suat.

Dién 4p vi sai ddura ¥, , nhu dé thdy tir hinh 5.62, s& biing:

: (5.28)

3 day V, 1a dién dp cung cip cho mach cau (Bridge).

Bdi vi su thay d8i dién trd ty 1€ thudn vé&i 4p sudt, c6 thé tinh
dién d4pra V,,, cla cau bing:
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Ve =(S+P+V,)2V,, ; (5.29)

6 dﬁy Vonl
[mV/V] ing v&i mbi [psi]; P 1a 4p sudl, tinh bling [psi]; ¥V, 1a dién dp

cung cap cho cau, tinh bing [V]; V,, 1a sai s& dinh thién offset (dién dp

l1a di€én dp ra, tinh bing [mV]; S 1a d6 nhay, tinh biing

vi sai ddu ra khi 4p sudt cung cap biing 0).

Tuy nhién, tin hi€u dau ra vi sai cia mot cdm bién dp sudt “thd”
1a khong chinh xdc theo nghia hiéu chudn va cdc hiéu wng nhiét d6. Pé
mot phin 1a do cdc nha sdn xuit cdm bi€n chao haing mét loat cdc cdm
bi€n ¢6 mifc dd chudn hod tin hiéu khdc nhau trén cd sd trang thai thod
ctia ching, cho tdi nhitng bd truyén phit so bit va hiéu chuin hoan
chinh vdi cdc didu ra duge khuyéch dai va cdc vi mach tich hgp chuyén -
dung ASIC (Application-Specific Integrated Circuits).

MGt sO6 cdm bién dp sudt thuong mai sidn ¢6 sif dung tinh chat
trd khdng dp-dién cuda silicon (hinh 5.63). Phan t dién trd dp-dién
chuyén ddi truc ti€p dp sudt thinh dién trd, va dién trd c6 thé duge
chuyén déi thanh dién dp. Nhitng cidm bién nay ¢6 wu di€ém “khong ¢6
bd phdan dong”™ va c6 sd@n v3i pham vi dp sudt tr 0-15 [psi] t8i 0-5000

[psi].

Flazorselsive slament

Pressurs

~

Hinh 5.63 — Cim bién dp sudt ban dan.
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Hinh 5.64 — Cim bién dp suidt ban din ST2000
(Courtesy of SenSym Inc.).

Mot vi du cdm bi€n dp sudt ban din thuong mai la loat ST2000
ctia hing SenSym Inc. (hinh 5.64). C6 thé dung khd&i do nay cho chat
16ng hay chat khi, ¢6 by khuyéch dai trong, cho dién dp ra ty 1€ thudn .
v@i 4p sudt tuyét doi.

Phén loai cam bi&n do dp sudt. Nhr dia néu & phan trén khi dé
cip tdi nhitng ki€u dang cdm bi€n do lue (muc 5.1.2), ¢6 mdt phan 16n
danh cho cdc phin tif cdm bién lyc bi€n dang dan hdi ban din dua trén
nén chalt liéu silicon (xem thém hinh 5.26). 0] diay ching ta di sdu hon
vao nhitng khia canh @ng dung do dp sudt.

Cédc cadm bién dp sudt duge x€p hang tiéu chudn, theo loai dp
suit ma chiing do. Phin 16n cdm bi€n dugc chao hang nhu ch€ phim
sdn xuat loat vdi liét ké khdc nhau dé do cdc loai d4p sudt khdc nhau:
dp sudt dp k&, dp k€ vi sai, dp k€ tuyét d6i, hay dp k€& chdan khong.
Nhiéu ngudi dia quen véi cdch trao d6i dau do dp sudt dp k€ gauge
pressure — d6 1a dp sudt tuong doi so v46i dp sudt khi quy€n binh thudng
quanh ta. Nhu viy ¢6 thé bi 1in 16n giita 4p sudt tuyét di va cdm bi€n
do 4p sudt tuyét ddi, von do dp sudt twong quan véi chin khong tuyét
dai, vai ddu do dp suat thong thudng, do d4p sudt wong doi so vdi dp
sudt khi quyén. Bdi vi dp sudt 0 tuyét ddi cliia chdan khong tuyét doi
von khong thé dat tdi, phép do dp sudt tuyét ddi khé khian hon nhiéu.
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Sé& d& hiéu hon vé phdp do dp suit tuyét d6i, mot khi da hi€u bi€t vé
cdc ddu do 4p sudt va 4p sudt vi sai, von quen thude hon vdi moi ngudi
(xem thén hinh .

Ap sudt vi sai 12 sy sai biét vé 4dp sudt gitta hai ngudn 4p sudt —
néi vi du, do hai ngudn 4p suit dé xdac dinh trang thdi cia mt bd loc.
Dang phép do 4p suit nay thudng dugc thé hién & dang pound trén
inch vudng vi sai (& didy ky hiéu don vi 4p sudt vi sai 1a [psid] — pounds
per square inch differential). '

Cdc cdm bi€n 4p suit vi sai dugce thi€t k&€ d€ déng thdi ti€p
nhidn hai ngudn dp sudt ddc 1ap, cho nén ching cé hai c¢dng 4p suit.
Pau ra ty 1& v6i 4p sudt vi sai gita hai ngudn, cho nén ta ¢6 thé dung
diu ra nay d€ xdc dinh liéu bd loc ¢6 cian phdi lam sach hay phdi thay
thé€ hoan toan. Cdc cdm bié€n dp suit vi sai hai hudng 1a nhitng cdm
bi€n 4p sudt vi sai cho phép dp suat didu vao 16n hon dua tdi cdng dp
suit ndo ciing dugc.

Trong cdm bi€n 4p sudt vi sai gii thiéu trén hinh 5.65, dai
lwrgng cdn do (c4c théng sd vat Iy duge dinh lugng bing phép do) dudc
cung cp t6i cd hai c6ng. Khi mdt trong s& hai ngudn dp sudt 1a 4p sudt
moi trudng, thi d6 goi 1a dp k& gauge pressure. Do d6, 4p k€& 1a mot
dang phép do 4p suit vi sai ma trong d6 dp suat khi quyén dugc ding
lam tham chi€u. Phép do 4p sudt 13p banh xe (616, xe mdy), khi cdn
mot 4p sudt I6n hon 4p sudt khi quyén d€ cho 16p xe gilt dugc tinh
ning hoat djng ciia nd, 1a mdt vi du.

$P

e SENSCH CHF

aea Hinh 5.65 — Nguyén ly
) cadm bi€n 4p sudt vi sai
va tin hiéu ra chuin ho4.
(Tin hiéu ra 1 V s& xuit
hién khi 4p sudt & ca hai
cdng bling nhau).

-

A 0 ) ) U= !
SCAEL1T Ui IREE
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V6i dung cu do 4p k€&, nhu vé trong hinh 5.66, cdng P1 théng
cho 4p sudt khi quyén, va dai lugng cidn do duge dua vao cdng P2. Tin
hi€u ra 1 [V] bi€u thi 4p suat moi trudng.

LA {ATMOSPHERIC REFERENCE)
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inh 5.66 — Piu ra cdm bi€n dp k€ mic cao.

Ap suit tuyét d8i dudc do vai tham chi€u t8i chan khéng. Cic
cdm bi&n 4p sudt tuyét d6i thudng ding dé€ do nhitng thay d8i 4p sudt
trong khi 4p k& barometer hodc nhu trong mdy do dd cao altimeter.
Nhitng ng dung nay ddi hdi tham chi€u t6i mét 4p sudt cS dinh, bdi
ching khdong thé don gidn tham chi€u t6i 4p sudt mdi trudng chung
quanh.

i'. /—SINW!DI‘

I et Hinh 5.67 — Tin hiéu ra
| e clia cam bi€n 4p suat
i ey tuyét d6i da duge chudn

hod.
possm |
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Cédc cdm bi€n 4p sudt tuyét d6i phai do 4p sudt ddu vao trong
quan v@i 4p suat zero (hoan toan chin khoéng & mét phia mang ngin).
Vi du, 10 pound trén mét inch vudng tuyét dSi (& day dung don vi dp
suat tuyét doi la [psia]) s€ bing 10 [psi] trén chan khong tuyét dsi. P6
la khodng chirng 4,7 [psi] thap hon dp suit khi quyén tiéu chuin & mifc
nudc bién (1a 14,7 [psi]). Khi d6, ‘0 psi’ 12 dp sudt chin khoéng tuyét
doi.

Trong cdm bi€n dp suit tuyét ddi hinh 5.67, ¢éng P2 dugc danh
cho chdn khéng, bi€u thi mét ngudn tham chi€u c¢§ dinh. Sai biét 4p
sudt gitta chan khong tham chi€u va dp suit cidn do dua vao cdng Pl
lam l¢ch mang ngin, tao nén sy thay ddi dién 4p ra. Tin hiéu ra 1[V]
bi€u thi chan khéng tuyét ddi.

Cédc cdm bi€n dp sudt tuyét ddi ¢6 hop boc kin chian khéng tham
chi€u trong phdn tf cdm bi€n, ¢6 thé dude ché tao bing cdch bit kin
mot hép chian khdng tham chi€u vao mdt bén cia phin ti¥ cAm bién
(hinh 5.68, xem thém hinh 5.26). Khi d6, cdc dp suat dugc do d8i vdi
tham chi€u chan khéng d6. “Chéan khong™ thuc su, ma dudc bit kin bén
trong cam bi€n, 12 khodng 0,0005 [psi] (25 [millitor]). Néu khong khi
bi bdy trong hdp kin chian khong tham chiéu, lugng khi bi by d6 sé&
cho 4p sudt tdc dung trong qué trinh co gidn v6i nhiét dd tuong dng
theo dinh luat Boyle, cho nén d$ chan khong gin tuyét d6i nay s& dugc
dung nhu mot tham chi€u d€ han ché& bat ky sai s6 nhiét ndo c6 kha
ning xuat nién. Mot trong nhitng wu di€m cla cdc vi mach tich hdp
cdm bi€n dién trd piezo 1a bidy chin khéng tham chi€u thé tich nhd,
ma, trong su giao hdi v8i mt boc kin silicon-to-silicon ¢6 chit Iugng,
s& 1am cho cdc dung cu nay 8n dinh theo thdi gian va nhiét do.
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Hinh 5.68 — C4dm bi€n dp suit tuyét déi.

Cudi ciing, mdy do d4p k€ chian khoéng 12 mo6t dang do dp suit
ma trong d6 dp sudt chan khong duge cdm nhén vdi tham chi€u t&i dp
sudt mdi trudng. Hinh 5.69 gidi thiéu dau ra cda mot cdm bi€n chin
khong nhu th€. Tin hiéu ra 1[V] bi€u thi 4p suidt mdi trudng.

*P. (ATMOSPHERIC REFERENCE)
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Hinh 5.69 — Piu ra clia m§t cdm bi€n chian khéng muc cao.

Luu y: Trong nhiéu ngudn tham khdo, & nhiéu nudc vin ding
don vi pound trén inch vudng square [psi] € do 4p sudt. Hi€n nhién
don vi do nay c6 thé duge chuyén Adi sang nhitng don vi do thong dung
khdc nhu [mmHg], [kPal, [bar], vv... Cling nhu th€, & ddy dung ky hiéu
don vi do 4p suilt vi sai differential 12 [psid), 4p suit tuyét dGi absolute
l1a [psia].

Liua chon va diic trung cdc cam bi€n 4p suit. Khi di c¢6 dy
dinh vé loai hoidc cédc loai 4p sudt cin phdi do, ¢6 thé bit didu thu hep
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pham vi tim ki€m cdc cdm bi€n thich hgp bing cdch nhdn thifc cdc
théng s& van hanh quan trong d8i vdi titng wng dung cu thé.

Cic nha sdn xuid't cdm bi€n muén chic chin ring cdc cdm bi€n
dudc giao hang 1a thich hdp vdi Wng dung cliakhdch hang, va phdn 16n
cdc nha cung cdp chao hang mot vai loai bin ké dit liéu Ung dung dé
giip ngudi sit dung thu thiap théng tin cidn thi€t nhim dic trung ding
cdc cdm bi€n cho tng dung clia minh. Vi du, truy nhap vao dia chi
web:
http://content.honeywell.com/sensing/prodinfo/pressure/technical/c15_7. pdf

dé tim dang bdn ké& nhitng dic tinh thich hgp nhat d€ lva chon cim
bi€n 4p sudt, bao gdm ca loai 4p sudt, d6 chinh x4c, linh kién dién
kém theo, va nhitng yéu ciau vé mdi trudng.

Ap sudit nao ma bién cam phai do?

Nhin thitc ddu tién 12 dp suat t6i da clia hé. N6i chung, thudng
thi ngudi mua chon ding bién cdm ¢6 pham vi do Idn nhit phai ¢3 1,5
lan dp sudt t8i da mong dgi trong hé ciia minh. Lugng du nay la
khuyén cdo, bdi vi nhiéu hé, dic biét 1a cac hé diéu khién qua trinh
sdn xudt va thly luc, ¢6 4p suat dinh hay 1a xung d6ng dp sudt lién tuc.
Céc dinh dp sudt ndy c6 thé 16n hon 5 t6i 10 1an 4p sudt “maximum”.
G 4p sudt cao nhu vy, cdc dinh 4p sut tifc thdi c6 thé pha hiy bd
phin bi€n cdm 4p suat. Nhitng xung déng 4p sudt cao lién tuc, gin
hodc vugt hon mdt chut gid tri cuc dai gidi han clia bi€n cdm, ciing c6
th€ 1am bi€n cdm gidm tudi tho phuc vu. N&€u céc tin sG xung dong dat
t6i tin s ty nhién (tin s6 cOng hudng) clia bi€n cdm, thi thdm chi
nhitng xung ddng bi€n 46 thap ciing c6 thé gidy nén kich thich c6ng
hudng va 1am hdng bi€n cdm. Tuy nhién, viéc dic trung mot pham vi
hoat ddng cao hon khdng phdi ludn ludn 1a gidi phdp, bdi vi nhu thé sé&
hy sinh d phan gidi cia phép do. Ciing c6 thé ding mdt bd phén xén
snubber d€ gidm c4c dinh dp suit, nhung diéu d6 ciing phai thoa hiép
v8i viéc né 1am chim thdi gian ddp @ng ctia bi€n cam.
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Trong cdc dic tinh k§ thuat clia cdm bi€n, pham vi do hay tin
hi€u ra toan thang do 12 khodng sai biét daisd giira cdc gidi han trén va
giGi han dudi cia pham vi 4p suat cdm bi€n (sai biét gilta cdc di€m tén
cing duding cong tin hi€u ra). Thong thudng cac di€ém tdn cing nay la
di€m ‘0’ va diém cudi thang do. Pinh thién 0 (zero measurand offset
ZMO - tin hiéu ra zero cuia dai lugng do) la tin hi¢u dién diu ra dat
t6i, khi 4p sudt hay lgc trén cd hai mit mang ngdn cdm bi€n bing
nhau. “0 awll” tham chi€u tdi 4p sult tuong dng, con “0 offser dinh
thién” tham chi€u t6i tin hiéu diu ra nhian dugc khi 4p suit 3 di€ém 0.

Phin 16n cdc nha sdn xuidt c6 th€ cho bi€t sdn phdm cia ho |
dudc thi&t k€ sic chiu dung trong bao nhiéu chu ky lam vi¢c ma khong
bi mit tinh ning hoat dong. Vi dy, hing Honeywell thi€t k&€ cho 200
triéu chu ky chiu dung 4p suit toan phin. Hiy nhan thic vé dp suat hé
théng mdt cdch cdn than khi lta chon mot bi€n cidm. S& phdi thod hiép
d6 chinh x4c hé thdng d6i nghich vdi tudi tho clia bi€n cam.

Méi truong dp sudt la gi?

Mot y€u t8 then chét khdc phdi nhan thifc duge khi lya chon
mdt bi€n cam 1a moi trudng do. Liéu d6 ¢6 phdi 1a mdt chidt 16ng nhét
hay chat ddc sét c6 thé 1am nghet cdng dp sudt ? Li¢u d6 1a mdt chat
dung méi hay &n mon c6 thé xam thyc vat li¢u bi€n cdm khi ti€p xic
v8i ching, hay lai 12 chat khi sach va kho ?

Nhitng cau héi nhu th€ sé x4c dinh liéu c6 cin d€n m{t dungcu |
rita mang ngin va vat liéu gi ¢6 thé ti€p xdc véi moi rudng do. Mot s&
miu ¢6 cdc mang ngin ty rifa, con nhifng miu khédc ¢6 cdc cOng dp
suit. C6 thé chon loai mang ngin thép khong ri khi c6 ti€p xidc vdéi
mbi trudng A€ han ch& vin dé xay ra bdi cdc yé&u td c6 tinh xam thyc
(xem hinh 5.70).
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Hinh 5.70 — P3&i véi cdc moi trudng khic nghiét va 4m uat,
c6 thé dic trung mot hoc dp sudt biing thép khong ri d€ bdo vé.

DPé chinh xdc ciia bién cam phai nhu thé nao?

P6 chinh xdce 12 mdt thudt ngit chung duge s dung bdi nhiéu
nha sdan xuat bién cdm, dé mo ta sai sd do ludng hodc d bat dinh trong
tin hiéu diu ra cda bi€n cdm. Cédc ngudn sai s6 nay ¢6 thé bao gom ca
d6 khong tuy€n tinh, dd tré€, tinh khong lap lai dac tinh, nhié€t dg, diém
can biing zero, hiéu chuidn va cdc hiéu ing d6 am. Phan I6n cdc nha
sdn xuat dic trung “do chinh xdc” nhu 1a cdc hiéu wng dudge 6 hgp lai,
tir 46 phi tuy€n, tinh khong trung lap, va do wé. Nhitng sai s6 khdc ¢6
thé dudc dic trung riéng.

Sai s8 tuyén tinh 12 d6 sai Jéch dudng cong dic tinh ra cla cdm
bi€n so vdi dudng thing dic trung trong sudt pham vi dp suat da thi€t
k& (mifc dd sai 1€ch tin hiéu ra clia mdt dung cu tuyén tinh so vdi ché&
d6 van hanh ly wdng). N6 thudng duge bi€u dién biing s phan tram
tin hiéu ra trén toan thang do. Mgt phuong phdp tinh todn sai sO tuyén
tinh 12 tinh tri s8 binh phudng nhd nhdt, vé mat todn hoc cho ta mgt
dudng thing phtt hgp nhat BESL (best fit straight line) d5i véi cdc di€ém
dit liéu (hinh 5.71). Khi lura chon mét bién cdm dp suat, ngudi st dung
phdi cdn thin xdc dinh phuong phdp dung dé€ tinh todn sai s& tuyén
tinh.
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Hinh 5.71 — Pudng thing BFSL tuyén tinh phi hgp nhat

Best Fit Straight Line.
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Hinh 5.72 Hinh 5.73
D6 tuyén tinh co sd gidi han TBL. Sai s8 tinh lap lai.

Phuong phép khéc xdc dinh d6 tuy€n tinh 12 d6 tuyén tinh cd sd
gidi han TBL (terminal base linearity) hodc di€m cubi dd tuyén tinh
(end point linearity) (hinh 5.72). TBL dudc xdc dinh bing cdch v& mét
dudng thing (L1) giita cdc di€m dir liéu tdn cing trén dudng cong dic
tuyén ra. Di€m dir liéu dugc chon d€ dat chiéu dai t8i da clia dudng
vudng géc. Po dai clia dudng vudng géc thé hién sai s6 do tuyén tinh
¢0 s gidi han TBL. TBL c6 d6 16n gin gip d6i bién dd ciia BFSL.

Sai s& tinh lap lai 12 sy sai léch trong cdc chi s6 tin hiéu ra d6i
v6i cdc @ng dung thanh cong cla dp sudt ddu vao bat ky da cho, so véi
cdc diéu kién khdc vin git dugc khong ddi (xem hinh 5.73).
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Hinh 5.74 - D0 tré.

Sai s& d0 tré thudng bi€u thi nhu mot t8 hgp clia dd tré cd hoc
va do tré nhiét. Hinh 5.74 biéu didn do tré nhu 8 hop hai hiéu dng
nay. P6 tré cd hoc 1a sai 1&ch tin hiéu diu ra & mét 4p sudt dau vao
nhat dinh, khi ddu vao nay dat dugc tSi 4p sudt d6 thoat tién biing cach
ting 4p suat rdi sau d6 lai giam dp suit. P&i vdi nhiéu bi€n cdm, cdc
sai s6 “dd chinh xdc” nhd hon nhitng sai 1éch d6 nhd ¢6 cdn biing diém
0 hay céin biing nhiét dd. Cdc bi€n cdm cé d6 chinh xdc cao néi chung
12 ¢6 gid thanh cao hon. Liéu hé thdng c6 thuc su cin d€n do chinh xdc
cao hon ? Gidi phdp st dung m6t bién cdm c¢é dd chinh xdc cao, 1am
viéc vdi thi€t bi do c6 d6 phan gidi thdp, sé 12 mot gidi phdp kém hiéu
gua.

-
-~

Nhiitng nhi¢t dp nao ma bién cam sé phdi chiju?

Cdc bi€n cdm 4p sudt, ciing gidng nhu moi hé do ludng vit 1y
khéc, 12 d6i tugng c6 sai s& va hdng héc do nhitng cuc tri nhiét dd cuc
doan. Thong thudng c¢é hai pham vi nhiét d§ dugc diac trung cho mdt
bi€n cdm. P6 12 pham vi vdn hanh va pham vi so bl. Pham vi so bl 1a
tip hgp con cia pham vi van hanh. Pham vi nhiét d§ van hanh 12 pham
vi nhiét 40 ma bi€n cdm c6 thé van hanh trong d6, mot khi duge kich
hoat ma khoéng bi hu hai. Tuy nhién, né s& khéng trung hgp véi céc
dic tinh hoat ddéng da dudgc cong bd clia n6é (cdc hé s§ nhiét dd) khi
chiu nhitng nhiét dd ngoai pham vi nhiét d§ so bu. Pham vi nhiét d§ so
bt 12 mot pham vi hep di€n hinh bén trong pham vi van hanh. Trong
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dai nhiét dd d6 cdm bi€n dugc ddm bido tring hgp vdi nhitng dic tinh -
da cong ba.

Sy thay d8i nhiét d6 dnh hudng t4i tin hiéu ra ctia bi€n cam theo
hai cdch. Chiing ¢6 thé 1am thay ddi dau ra zero va ciing c¢6 th€ dnh
hudng t6i diu ra toan thang do. Nhitng sai s& nhiét d6 nay trong dic
tinh hoat dong ciia bi€n cdm dudgc liét ké nhu sau:

e +x % cta toan thang do /" C;

e +x%ctasdchithi/'C;

e +x % cia toan thang do trong sudt pham vi nhiét d6 so ba /° C;
e +x % cida sd chi thi ddi véi toan pham vi nhiét dd sobl /°C

Khoéng ¢6 nhitng dic tinh liét ké nhu th€ sé 1am ting tinh bat
dinh khi sif dung bi€n cdm.

Li¢u su thay déi ddu ra bién cam la do thay déi dp sudt hay do
thay doi nhigt dp ?

Nhi€u hang sdn xuat dic trung cdc pham vi vin hanh va pham
vi so bl, cdc hé s6 nhiét do cia di€m 0 va khodng pham vi thang do
d6i v8i mdi sdn phdm. Cac hiéu @ng nhiét dd tdc dong 1&én bi€n cdm
thudng 1a phan phic tap nhét trong ki€n thitc vé khai thdc sit dung bi€n
cam.

Hi¢n tugng tréi diém 0 nhi¢t dj (thermal zero shift).

Hi¢n tugng trdi di€m 0 nhiét 1a sy thay d8i trong tin hiéu diu ra
& 4p sudt 0, gdy ra bdi mot sy thay ddi nhiét dé nao d6. Trdi di€m 0
nhiét d6 12 sai s6 khong thé dodn trudc dugc, bdi n6 c6 thé dich
chuyén 1én hay xu6ng, di bi€n tif bd phdn nay sang bd phin khdc. Sy
thay d8i nhiét @6 s& lam cho toan b dudng cong dic tuyé€n ra bi dich
1én hay trdi xudng doc truc dién 4p (xem hinh 5.75).
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Hinh 5.75 — Sai s6 tr6i di€m 0. Hinh 5.76 — Sai s0 tr6i d nhay.

D6 nhay trdi di€m 0 1a sy thay déi do nhay bdi nhiét do thay
d6i. Thay ddi nhiét d6 gdy nén thay ddi do ddc dudng cong dic tuyén
ra (xem hinh 5.76). M&t cdch t6ng qudt hon, sai s& tréi dd nhay quy
chi€u t6i sy thay d8i d6 nhay bdi nhitng thay ddi bat ky ciia moi
trudng.

P$ tré nhiét do 1a sai léch tin hiéu ddu ra 3 m6t didu vao nhat
dinh, trudc va sau m§t chu ky nhiét d6. Trong mét s6 wng dung, mt
vai s8 li¢u dic tinh dudc nha sdn xud't cdng bs c6 thé bi cit gidm hay
han ch€. Vi du, n€u st dung mdt cdm bién trong pham vi nhiét d6 chi
bing hoic hon nita pham vi nhiét d6 dudc dic trung, thi c6 thé gidm
sai s& nhiét Ao dac trung di mot niva.

Nén ding tin hi¢u ra nao ?

Héau nhu moi bi€n cdm déu c6 s&n vdi sy lya chon diu ra dang
tin hiéu dié€n dp millivolt, tin hi¢u dién dp qua khuyéch dai, tin hiéu
dong milliampere, hodc tan sd ra. Tin hiéu ra phu thudc vao khodng
cdch giira bi€n cdm va bod diéu khi€n hay bd phan hién thi trong hé, su
hién dién cla nhiéu hodc cdc giao thoa dién-tr khdc, liéu c6 cén
khuy€&ch dai hay khdng, va néu can thi dau 1a ndi thich hgp nhat 1{p
dat by khuyé&ch dai. P§i v6i nhiéu sdn phdm OEM véi khodng cdch
ngdn gita by bi€n cdm va bd diéu khi€n, thl diu ra ¢d millivolt thudng
12 twong thich va ré tién hon.

Né&u cin khuyé&ch dai tin hiéu diu ra clia bi€n cdm, thi ¢6 thé
ding bd bi€n cdm vi sai ¢6 bd khuyé€ch dai tich hgp bén trong d& dang
hon. D€ chay cdp dudng dai, hoic & nhitng dién tich c¢6 nhi&u dién ti
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16n, thi tin hiéu ra 12 tin hiéu dong ¢3 milliampere hay 1a tin s& thi phi
hgp hon. P&i v6i nhitng méi trudng ¢6 mitc dd nhiéu giao thoa tin s&
radio rat 16n hodc giao thoa dién-tr (EEl environment electrical
interference hay EMI electromagnetic interference), thi phdi nhan thifc
dudc sif can thi€t boc man chian bido vé va loc nhidu hd trg cho cdc ddu
ra milliampere hay tan s6.

Dié¢n dp kich thich la gi?

Loai tin hiéu diu ra c6 thé xdc dinh dang dién 4p kich thich cdn
thi€t. Nhiéu b$ bi€n cdm transducer c6 khuyé&ch dai ciing ¢6 tich hgp
bén trong mdt bd diéu chinh dién 4p, va hoat ddng trong modt pham vi
dién 4p rong tr mot ngudn dién dp khéng duge diéu chinh. Mot s&
bi€n cdm thudc loai ty 1€ ratiometic ddi hdi ngudn kich thich diéu
chinh dugc. Piéu khi€n ty 1é ¢6 nghia 1a ddu ra cdm bi€n ty 1 vdi dién
4p cung cap khi nhitng diéu kién khdc van git khong ddi. Sai s6 ty 1&
12 sy thay d6i trong ty 1&€ 4y va thudng bi€u thi nhu s6 phin trim cla
pham vi do. Ngudn cung cap c¢6 sdn ¢6 thé dit diéu kién cho viéc liéu
¢6 dung loai transducer c6 diéu chinh hay khong diéu chinh. Hiy nhén
thic tinh thod hiép giita ngudn kich thich c6 sfn va gi4 thanh hé théng.
Nhiéu bd khuy&ch dai bi€n cdm hay diy do bién dang ¢é ngudn cung
cip kich thich ho#c 12 dién dp di€u chinh dugc hodc 12 dong diéu chinh
dugc.

Li¢u c6 cdn logi bién cam cé thé thay thé nhau dugc?

Piéu quan trong 12 cdc bi€n cdm transducers thay thé nhau dugc
tir hé nay sang hé khdc, hodc s€ phai hiéu chuén titng transducer mot
nhu mdt bd phédn riéng 1€ trong toan hé thdng? Piéu d6 quan trong,
dic biét 1a d6i v6i OEM. Mdt khi hdng sdn xuat da chuyén sdn phim
clia minh t8i khdach hang, thi chi phi hiéu chuin tai hién trudng 12 rit
16n. N€u cdc bi€n cdm thuc sy 12 thay thé nhau dugc, thi ¢6 khid ning
thay thé€ bi€n cdm tai ché va hy vong ring hé thdng s€ van gilt dugc
dic tinh hoat déng nhu cii ma khéng can phai hiéu chudn lai bi€n cdm.
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Bién cam cén &n dinh nhu thé nao vdi théi gian?

Phin 16n cdc cam bi€n s& “udi” cdch nao d6 theo thdi gian.
Piéu quan trong 1a phdi thdo ludn vé& d6 8n dinh l1au bén vdi nha cung
cdp. Cong viéc lam trudc sé trd gid cho nhing van dé xdy ra sau tai
hién trudng.

Viéc két néi bién cam vao hé thong thuc hign nhi thé nao?

Mot dudng day cdp ngdn ndi bi€n cdm c6 thich hdp ching? Hay
la, trong trudng hgp phéi chay dudng day cép dai, lidu ¢6 cin diu ndi
cho ¢am bi&n? Nhiéu loai bi&n cidm 4p suit c6 thé duge cung cip vdi
day cép ndi hay cdc dau ndi thich hgp keém theo.

Bién cam phdi bén chdc dén mic nao?

Mot y€u 16 thudng bi bd qua, nhieu hon mic d9 thit vong cda
ngudi sit dung, 12 do bén chic cia bi€n cam, dic biét 1a vo boc cia nd.
Piéu quyé€t dinh l1a nhédn thic modi trudng van hanh tuong lai clia bi€n
cam. Liéu moi trudng d6 ¢6 dd &m hay hdi &m cao? Bién cam sé& dudgc
14p dat nhu thé nao? Ligu & day s& c6 rung dong hay va dip mic do
cao? T4t ci nhitng cau hdi 4y nén dugc nhdn thic khi lva chon mét
ki€u vé boc.

Bdi cdc cam bi€n 4p sudt dude sif dung trong mot pham vi Ung
dung rong rdi va rat khac nhau nhu th€, ching dugc ché€ sdn dudi dang
nhitng khdi chic ning nhe trong vo boc plastic gid thanh hi¢u qud, cho
t6i nhitng dang thi€t bi boc kin dugc bao trong vd boc bing thép khdng
ri cho nhitng mdi trudng khic nghiét hay nguy hi€m, nhifng chd c6 hod
ch&t An mon, va nhitng @ng dung vdi quan tim chi y€u 1a khit tring,
nhu trong ché bién thytc phdm, hay sdn xuat dung cu y té.

Giao dién va ky thuit @ng dung cam bi€n 4p sudt.

Khi thiét k&€ @ng dung, diéu quan trong phdi hi€u 13 cdc cdm
bi€n 4p suat khong 1y twdng. Viéc tinh chinh biing laser chc cdc cdm
bi€n tich hgp d6 khuyé&ch dai cao, n6i chung 1a 1am giam cdc sai sd
di€ém O va toan thang do t6i tri s& xdp xi 1 hay 2 phan tram Xhodng
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pham vi do, nhung khdng hoan toan triét tiéu dudc ching. Viéc thi€t
k€ mach hiéu chinh hd trg d6i lic 1a cin thi€t, nhi't 13 cho nhitng @ng
dung chi cho phép dung sai b6 hep trong mdt pham vi cuc nhd.

Hinh 5.77 minh hoa dic tuyén mot cdm bi€n 4p suit “ly tdng”.
DP§ trdi tin hi€u ra theo thdi gian, viéc tinh chinh dung sai, va nhitng
thay d8i nhiét d6 méi trudng ... tat thiy gép phin vao sai s& dinh thién
offset hiing (sai s8 dang chung common-mode error), ky hiéu 1a AV, .
Nhitng thay ddi nhiét d6 moi trudng ciing gdp thém sai léch dang khic,
dugc bi€t nhu tréi A nhay, 1am thay ddi d6 ddc dudng cong dic tuyén
dién dp theo 4p suat.

Cédc phuong phdp dugc biét nhu ky thuit tham chi€u ty dong
auto-referencing 1a modt cong cu manh d€ bl triy nhitng sai s& d6.
Nhitng k¥ su thi€t ké hé th6ng nhin thdy phuong phdp nay riat hdp din,
bdi vi gid thanh thyc hién nhd hon so v8i cdc cdm bi€n 4p suit siéu
bén. Va nhu viy, thuc t€ dd chinh xdc clia dung cu ciing ting l1én. C6
thé thyc hién tham chi€u ty dong theo phuong phdp tuong tu analog -
hay ca digital. Phuong phdp s6 digital 12 phuong phdp ¢6 hi€u qla gia
thanh nhat va dé thyc hién. Néu gidi han d6 chinh x4c cia mach tham
chi€u ty dong dugc thé hién bing sai s6, thi sai s6 ¢6 thé gidm xubng it
nhit 12 250 1an, chi con van dé sai sO tr6i dd nhay (dang thudng
normal-mode).

)

O] ————— -

Hinh 5.77 — Cé4c sai s6 cdm bi€n.
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D6 1a ti€n bd ¢c6 ¥y nghia ma gid thanh phu tr6i dem lai. Trong
Ung dung bat ky, khi viéc ting d6 chinh xdc cim bi€n t5i da 1a c6 gia
tri, thi hdy c6ng nhdn gidi phdp s& dung mach tham chi€u ur déng.
Vi€éc tham chi€u ty ddng (dang chung common-mode) 1am thay ddi cdc
ngudn sai s (dang chung). Céc sai s6 dang chung hién dién & mot s6
4p sudt tham chi€u va gép phin vao dién 4p hidng dinh thién offset nhu
minh hoa trén hinh 5.77. Nhitng sai s6 nay noi chung 16n hon sai sé troi
d6 nhay, ddc biét 1a & nhitng dp sudt gin biing 4p sudt tham chi€u. Do
do, ching cho phép do dat d§ chinh xdc cao nhdt khi duge tham chiéu
tr dfng.

Cdc sai s6 dang chung d& hiéu chinh. Hay trich miu sample
di¢n dp ra & dp suat tham chi€u va so sdnh né véi dién 4p tham chiéu
mong mudn. Tao mdt dién 4dp hiéu chinh sai s& rdi dem né b trir cho
tin hi€u ra & dp sud't do bat ky (xem hinh 5.78).

v
b ; ¥
| A | o o o
4"' ) ERROR i
-7 1 (COMMON I
e | YooE} !
v"pm :pwﬁ' K~ "'w
Hinh 5.78 ~ ' Hinh 5.79 -
Céc sai s6 dang chung. Tin hi§¢u tham chi€u ty dong.

Viéc tham chi€u ty dong dang chung dugc biéu thi bdi cong
thie:
V. =V

corr out

-AV,; (5.30)
3 day: V,, — tin hiéu do diu ra; AV,— sai sG dang chung; V., —
tin hi€u ra dugc hiéu chinh.
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Luu ¥ ring khong c6 hiéu chinh d6 d6c dic tuyén nao dugc thuc
hién A8i v4i sai s6 tréi dd nhay; va tin hiéu ra thuc t&€ s& ¢6 dang nhu
trén hinh 5.79.

Viéc thuc hién tr ddng tham chi€u dang chung ddi hdi phdi si¥
dung nhitng kh&i chifc ning c¢d bdn nhu so dd hinh 5.80 minh hoa.
Ching bao gbém cdc chuyén mach tuong ty, mach 1dy mau va dirng
S&H, bd cdng, va logic ddng bd hoa chuyén mach giita cdc chu ky doc
va tham chi€u & ddu vao va ddu ra ciia cidm bi€n. P€ vin gilt dugc 4o
chinh xdc t8i wu cho hé théng, nén ty ddng tham chi€u cang thudng
xuyén cang t6t A€ han ch€ nhitng bi€n ddng ngudn cung cdp va trdi tin
hi¢u ra theo thdi gian.

Pé chic chidn ring phép do 4p suit s& dugc thuc hién mdt cach
chinh xdc nhit, sd A3 thyc hién 14p tifc 1énh ty ddng tham chi€u. Mic
db viéc tham chi€u ty dong dang chung hdu nhu 1a k¥ thudt van ning,
vin c6 nhitng tinh huéng ma ng dung ching it mang lai hiéu gia: nhu
& cdc hé ¢6 chu ky do ludng ngdn han, & noi ma cdc diém tham chi€u
dugce doc hay dugce hi€éu chinh bang tay trude khi khdi dong chu ky,
hoic & chd ma cam bi€n dugc ghép vdi ngudn dién xoay chiéu AC va
d4p Wng thanh phin dién mot chiéu DC sé& bi loai trir.

p—————

+
v
o—*@——o Vars
\EASURE s
REFERENCE

Par s m———)
REy
REFERENCE
Vs AV,
av,

SANE
ARO HOLD

Yy '__ (13

Hinh 5.80 — Nguyén ly tu dong tham chiéu dang chung.
Nhitng ki€u chu ky do nhdt dinh von thich hgp véi “quy khdng
tr d6ng” (4p sudt tham chi€u thuc t€ 1a ‘0’). Mét cdch 1y tudng, c6 mot
loat cdc chu ky ngdn han c6 thé c¢6 khodng tham chi€u nhanh chén vao
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trudc mdi chu k. Mot chu ky do ngin duge dit trinh ty thye hién diém
tham chiéu trude, k€ theo 12 khodng thdi gian khong tdc dong dé€ do,
cling rat thich hgp.

Nhiéu @ng dung dua trén mot trong nhitng tiéu chuin nay. Mot
s& @Wng dung khong thé chuyén ddi dugc theo khudn khd chu ky lap lai
ngdn han, thi sé dugc thi€t k€ c¢6 tinh sdng tao mdt chit. Nhitng vi du
ting dung quy khoéng tr ddng auto-zeroing “ly tudng” la: thang can do,
boén nudc toilet, mdy gidt; va cdc binh trit 4p sudt nhu 4p sudt 16p xe,
dp suit ddu, va 4p suit binh chita khi LP. Piéu kién tham chi€u dugc
cung cap trudc khi do. Nhitng trudng hgp khédc 1a do luu lugng dong
chdy va nhitng Wng dung diéu khién, vi nhu cdc hé dién tif phun nhién
liéu (ddng cd dbt trong), cdc dp k& sphygmomanometers, va cdc hé dot
néng khong khi cudng bic. Luu lugng bing 0 tai mot di€ém nao do6,
thudng 12 khi hé bi ngdt ngudn dién. N€u c6 dung ky thudt quy khéng
trr déng, thi c6 thé han ch€ sai s6 dinh thién di€m 0 va tr6i di€m 0.

Chia kiéa d&i véi mach tham chiéu ty dong 1a 4p dung tin hiéu
kich khdi trigger signal d€ ra lénh cho viéc tham chi€u xuit hién vao
thdi di€m thich hgp. P6 goi 1a 1énh tham chi€u ty dong.

Viéc tham chi&u tr ddng doi hdi xdc ldp mot hé cdc diém tham
chi€u. Viéc xit 1y theo gbéi bafch processing va x& ly lién tuc
continuous processing 1a hai tiéu chudn chinh ctia chu ky do. Trong qua
trinh xi¥ 17 g6i, diéu kién tham chi€u xuat hién vao mét thdi-di€m nao
dé, thudng 1a khi hé duge mC ngudn dién. Vi du, mot bdn chira toilet
¢6 mic nuSe cao trude khi xd, tuong @ng véi mdt dp suit tham chi€u
nao d6. Khi chu ky x3 hoan thanh, bén nudc lai duge dién diy téi mic
cii. Ei€ém tham chi€u ti ddng hién nhién 12 dlé m ngay trudc khi x3, khi
nuc¢e dang &imot mie da biét.

Trong qué trinh x& 1y lién tuc thi khong dé gi ti€p can dugc vabi
diéu kién tham chi€u. Vi du, can ki€m tra khdi lugng chit 16ng trong
mot thap nudc. P6 1a chic ning dd sdu cla nude va ¢6 thé cdm nhan
bing mdt:cdm bi€n 4p sudt. Khdng gidng nhu toilet, & ddy khéng thuc

337

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

su phdi lam m6t phép do dp suit, khong ¢c6 modt di€m nao trong thdi
gian ma & dé bi€t duge dd sdu. Hé “cdm bi€n / tham chi€u ty ddng / cd
cdu chdp hanh” ¢6 thé dung cho trudng hgp don gidn, khi mdt tham
chi€u bié€t trudc xuit hién moét ciach dinh ky. Nhu vay, ¢6 thé€ si dung
mot ¢d cau chip hanh diéu kién tham chi€u ki€u nhu van cdm ng
dién tir valve solenoid. N6 c6 thé chuyén mach ra cia cdm bi€n, ti¥ 4p

sudt do sang mot dp suit tham chi€u nao d6 khic. '

Cudn diy cadm d@ng solenoid c6 thé dugc kich hoat bdi ngudi sl
dung, theo mét diéu kién nao d6, nhu bat md ngudn dién, hodc bing
mot mach khdi dong theo thdi gian (xem hinh 5.81).

P, — ALTO-
WEAS ACTUAGR |oo REFERENCE, |t OUTPUT
P‘*, — CIRCUY
l s v | ERNAB_E

CIRCul® Clwrcun

Hinh 5.81 — Tham chi€u ty doéng ¢6 cdc cd cidu chdp hanh di€u kién
tham chiéu.

Valve phdi dugc kich hoat @i lau d€ 4p sudt c6 c¢d hdi dn lap
trang thdi, sao cho c6 thé ghi nhdn chi s§ do tin cdy. Lay thdp nudc
l1am vi du. Mot cdm bi€n 4p-k& dit gin d4y sé cdm nh4n do siu nudc.
M6t 6ng venture dit & bé mit dung l1am 4p sudt tham chi€u.

MGt van cdm ng ba dudng dung lam cd cdu chdp hanh, két ndi
nudc va dng venture véi cdng vao ciia cdm bi€n. M6t mach dinh thdi
dung lam bd diéu hanh enabler (xem hinh 5.82).

R,
ATC- ©
Prns > SOLENODLE, REFERENCE +——a OLTPUT v s
Prgg—o| VALE CIRCUIT o CRCUIT
P,

4 rrneis
- e RELAY ey
suPPLY SupPLY
Hinh 5.82 Hinh 5.83

Mach dinh thdi, cng don. Mach dinh thdi, c8ng kép.
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Ti€p theo, gid thi€t nudc chdy qua duding Sng don c¢6 dudng kinh
khong ddi. C6 thé do vén t6c chdy bing mdt cAm bi€n 4p suit vi sai.
Cudn day solenid hai dudng duge mic gifta hai c¢dng vao, ding lam cd
cdu chip hanh tham chi€u nhu trong hinh 5.83.

Nhitng phit tri€n méi va tri€n vong. Nhiéu ph4t trién mdi két
hgp v6i ky thudt cdm bi€n dp sudt tao ra cdc cdm bién cung cdp nhiéu
chic nang hon 1a chi ding do dp suit. Ngay cang nhiéu hé thong diéu
khi€n ty déng trd thanh cdc mang dua trén cd sd CAN va cédc hé tu né
thanh “linh hoat hon”. Cdc nha sdn xudt cdm bi€n dang gia tang cd hoi
cung cap nhi€u “théng tin™ hon, ngudce vai viéc chi dua nhitng tin hiéu
ra don gian.

Cong nghé CAN da dan 18i cac cdm bi€n linh hoat chio mdi
mot loat nhitng chitc ndng phén tich cdc qud trinh lién quan va tu phén
tich. Chung dang dugc vdn hanh trong cdc trang thiét bj thdng minh
“intelligent”, trén san xudng san xuit, trong khoang mdy bay, va trong
cabin xe mdy.

M{t nd luc khdc bao ham viéc ghép cham céc ki€u phan tif cAm
bién khdc nhau bén trong vé mot chip vi mach don. Hing Honeywell
ding céch ti€p can nay khi ho ding cdm bi€n luu Irgng khdi khi d€ tao
ra mdt vi cdm bi€n microsensor d€ do lién tuc nhiét 46 moi trudng, 4p
sudt, nhiét dan va nhiét dung riéng cia chit 16ng. Cong nghé nay c6
thé 4p dung cho cdc nha mdy hod chil, cdc phuong tién lwu trir hod
chat, va trong cong nghé sdn xudt xe 616, ndi ma néi vi du, né cho
phép ddng co xe mdy ty di€u chinh d6i véi nhitng thay ddi tinh chat
nhién liéu mdi 14n bdn nhién liéu dude nap lai, 1am cho chat khi gas
dudc cdi thi¢n khodng cdch tinh ra dim mileage v 1am sach kh? thdi.

Cung céch ti€p cdn nhu vy duge thuc hién d€ phat trién cong
nghé dién trd d4p-dién, chat silicon trén nén cdch dién SOI (Silicen-On-
Insulator), c¢6 d nhay cao, chiu nhiét d6 cao, ding cdm bié€n 4p suat,
cdm bi€n nhigt do, va cdc mang dién trd phan hdi feedback va dién tré
dinh thién bias déu dugc tich hql_) bén trong mdt chip vi mach don t& vi
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90 millimet vuéng. Céng nghé nay dudc thi€t k€ cho nhitng Ung dung &
cd 4p suit cao l4n nhiét dd cao. Hé s& day do cao cla ching l1a rat
quan trong trong nhitng @ng dung c6 ty s6 “tin hiéu trén nhiéu “
(“signal-to-noise” ratio) 16n dé€ dat dugc dd chinh xdc hoat ddng cao,
dic biét 1a trong mot pham vi bi€n thién nhiét dd réng nhu ddi hdi &
dong cd turbine va trong bé chita ddu cong nghiép ngam. Cdc két qua
thf nghiém trich mau chi ra ring thi€t k€ cdm bi€n da han ch€ thanh
cdng va/hodc gidm thi€u mot cich thanh cdng cdc ngudn sai s§ 4o tré
cd hoc va tré nhiét d mirc tuyét vdsi ddi vdi nang luc do ludng hién dai
da “thanh nghé thuat™.

5.2.2 Céc cdm bi&n 4p suit ki€u dién trd dp-dién piezo-.

Hai anh em Pierre va Jacques Curie da phat hi€n hi¢u ng 4p-
dién piezoelectric tiY nidm 1880. Ho tim ra ring m{t sO vit liéu tinh thé
k€t tinh tao ra su phin cuc dién khi chiu mot luc tdi co hoc doc theo
mot hitong tinh thé€ nao d6. Trong s8 cdc vat liéu ho da khdo sit thi
thach anh quartz va tourmaline 1a hai tinh th€ ma ngay nay van thudng
ding trong cdc cdm bi€n dién trd dp-dién. CAm bi&n 4p suit dang dién
trd dp-dién didu tién da dugc cdng bd khodng nim 1920, nhung cédc
cam bi€n thuong mai vin chua sdn ¢6 trén thi trudng cho mai téi nhitng
nim 1950, khi cdc 6ng do tinh dién electrometer tubes c6 chit lugng
dam bio trd thanh phS bi€n. Ngay nay, cdc cdm bi€n 4p sudt duge sif
dung rong rii trong cdc phong thi nghiém va trong sdn xuit. Nhitng
ng dung chi y&u dugc nhin thiy trong cdc mdy nd ddng cd dt trong
combustion engines, cdng nghé dic khudn phun injection molding va
dan dao ballistics, nhung chiing ciing ¢6 thé @ng dung trong nhifng linh
vuc bat ky, ddi hdi d6 chinh xdc do ludng hoic ki€m tra cdc bi€n thé
ap suAt.

Céc wu diém chi y&u clia cdm bi€n dp-dién la:
e Pham vi do rong (ty sd khodng do trén ngudng do dat t8i 108).

e D0 cing vitng cao (tdn sO ty nhién cao).
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e DJ tuy€n tinh cao giira tin hiéu ra va tdi trong tac dung.

e (6 tinh nidng 1ip lai va &n dinh dic tinh (khi dang cdc don
tinh thé).

e Pham vi nhi€t d§ lam viéc rong.

* Khong nhay véi cdc trudng dién va dién-tir.

Ngudi ta thudng néi ring cdc bi€n cdm 4dp-dién dua rén hiéu
ing 4p dién thudn chi c6 thé ding do 4p sudt d6ng hoc. Piéu d6 diing
mdt phan, vi chiing chi phdn tng véi sy thay di trong tdi trong vA vi
vdy khong thé thuc hién cdc phép do thuc sy tinh. Tuy nhién, mét cim
bi€n tot v&i phan tf cdm bi€n lam tir vat liéu don tinh thé, két hgp véi
cdc by phdan dién t& tuong thich, cé thé dung cho nhitng phép do chinh
xdc dp sudt tinh xudng t6i ¢3 0,1 [mHz]. N6i cdch khdc, c6 thé thuc
hién dudc cdc phép do chudn tinh quasistatic kéo dai t6i c3 vai gid.

Cédc cdm bi€n dp sudt ki€u dp-dién dua trén hiéu @ng dp dién
thuén (tao ra dién tich dudi tac dung cla tdi cg hoc) dude coi 12 cédc
cdm bién tich cue, vi ching khong can ¢6 ngudn cung cip nao bén
ngoai. Chiing ¢6 dau ra 1a dién tich, nén ddi héi phdi mic thém bén
ngoai mdt by chuyén ddi dién tich thanh dién 4p.

Vé bdn chit, c¢6 hai loai chuyén da8i, dién k& tinh dién
electrometer va khuy&ch dai dién tich charge amvlifier. B6 khuyé&ch
dai dién tich dugc'sdng ch€ bdi W.P. Kistler nim 1950 va din din thay
th€ cdc di¢n k&€ tinh dién trong nhitng nim 1960. Sy din nhdp céc
mach MOSFET va JFET va su phdt trién cdc vit liéu c4ch dién cao
nhu teflon va kapton da ting cudng tinh ning van hanh va thic diy k§
thudt do ludng dp-dién ng dung trong moi linh vuc cdng nghé hién
da..

Cdc vAn dé cdng nghé ng dung cd ban.

Hi¢u Wng dp-dién Piezoelectricity. Hiéu @ng 4dp-dién dugc
dinh nghia mét cdch cd bin 1a mét tudng tdc dién-co tuyén tinh trong
mot vat li¢u khdng c6 tdm d6i xing. Ngudi ta phan biét hiéu @ng 4p-
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dién thuin va hiéu @wng dp-dién nghich. Trong trudng hgp hi§u @ng dp-
dién thuin, mot tdi trong cd hoc hay su bién dang tinh thé tao nén mot
dién tich ty 1&€ hay mdt thé€ dién déng. Trong trudng hgp hi€u Wng 4p-
dién nghich thi m{t di€n trudng tdc dong l€n tinh thé tao nén mot sy
bi€n dang c¢d hoc hodc tao ra mdt tdi trong ty 1€ vdi trudng tdc dung.
P&i vai k§ thudt cdm bi€n do ludng cdc dai lugng bién dang thi tng
dung chd yé&u hiéu @ng 4p-dién thuln. 3 day c6 thé md td hiéu dng
piezo- nhu sau:
D=¢cE+dX; (5.31)

& day: D 1a sy dich chuyén do dién trudng tao nén; E 1a cudng d6
dién trudng; X 12 @ng suit cd cung cap cho vat liéu. Hing s dién moi €
va hé s& 4p-dién d md td tinh chdt cia vt liu. D va E 1a nhiing
vectors, € 1a tenxd hang 2, 4 12 tenxo hang 3 va X 1a tenxd hang 4.
Piéu nay c6 nghia céc tinh chat 4p-dién la di huéng anisotropic, cdc hé
s8 tich cuc d6i vdi d va € dudc xdc dinh bing tinh ddi xing cla tinh
thé. Do d6 sy dinh hudng ciia phin tif do ludng dang tinh thé két tinh 12
quan trong va c6 tinh quyét dinh cac thudc tinh cia nd. (6] day dung
khdi niém tenxo bi€n dang, m6 td sy bi€n dang cla mdt vit, trong dé
cdc dai lugng l1a cac thanh phin tenxd bién dang ciia d§ dich chuyén D.

Mt céit doc va ngang, hiéu ng th€ khéi. Trong mit cit doc,
bé mit 4, ma trén d6 c6 dién tich Q dudc tao ra, ciing nhu bé mat A4,
ma trén d6 c6 tdi trong (luc) F tdc dung. PO nhay dp-dién chi phu
thudc duy nhdt vao hé sd dp-dién doc dL. Ngugc lai, trong mit cit
ngang, dién tich tao ra va tdi trong cung cap khong tdc dung trén cing
mot bé mat. P nhay phu thudc vao cd hé sd dp-dién ngang dT va vao
ty sd dién tich b€ mat A4, /4, (hinh 5.84).

Mitcdtdoc: Q=d,.F; (5.32)

A
Mit cit ngang: Q=d,.F.—% = d,..F.I

-3 3.33
79 ” (3.33)
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& ddy: [ 1a chiéu dai va r1a d6 day clia tim 4p-dién.

Uu di€m clia mit c4t ngang 12 ¢6 thé gia ting dd nhay bing hé
s6 hinh hoc I/, gid thi€t 1a cdc hé s& 4p-dién doc va ngang la nhu
nhau. Diéu d6 ludn ding ddi véi trudng hgp thach anh vd moi tinh thé
¢6 tinh th€ ddi xing nhu thach. anh. Con d8i v8i tourmaline, lithium
niobate, lithium tantalate va gdm 4p-dién piezoceramics thi hé s&
ngang chi bing 1/10 hay 1/3 hé s& doc, vi viy ma d&i vdi cdc tinh thé
nay mat cdt ngang it khi dugc sit dung.

longiudical fransvoerse volurme:
I ¢ F ip
‘ ‘. v
Pl
i o
% + > © ‘, ”
. * o+ >
T s " * P
&1 * 7 5
e _/’ v
! 4 4

T - ? ]

L F
Hinh 5.84 — Mt cit doc (trdi): dién tich tao ra va luc tic dung trén
ciing mot bé mat.

Mit cit ngang (gilta): dién tich tao ra khong trén cing bé mait
v@i lyc tdc dung.

Hi¢u wng thé khdi (phii): Ap suit thiy tinh cung cdp lén mdt
mau thy, dién tica tao ra trén hai bé mat ddi dién.

C4 hai hiéu ng doc va ngang déu dua trén cd sd truc don
uniaxial. Ap suat can do dugc chuyén d6i thanh Iuc tic dung don truc
bdi mt mang ngin.

Hiéu tng thé khoi khdc véi hi€u 1tng don truc 1a lyc duge cung
cdp lén moi bé mit cia phin ti¥ cAm bi€n. PO nhay 12 t8ng cda cdc
thanh phin doc va ngang. _

Hi¢u ing thé khGi: Q=(d,.p+2.4d,.p)A, =d,.pA,;  (534)

& day: d, la hé sG 4p-dién thiy tinh va p 12 dp suit cung cap.
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Luu y ring hé s6 dp-dién thiy tinh d, ludn bing 0 d5i véi thach
anh va 1t cd cdc tinh thé ¢6 cung d&i xitng tinh thé nhu thach anh.
Hiéu tng thé khéi dudc s dung chl y€u trong cdc cdm bi€n s6ng va
dap hoiac trong cdc Wng dung thily 4m hoc hydrophone, ndi ma hudéng
lan truyén séng 4p suét chua biét trudc.

P61 v8i cdc hiéu wng doc, ngang va thé khdi, tdi trong dudgc
cung cdp vudbng géc véi bé mat dp-dién tich cuc. V& nguyén tic ciing
c6 thé sit dung dudc cdc mat cdt bién dang trugt shear cuts, ndi ma tai
trong dudc cung cidp song song vdi bé mit, nhung s& khéng gia ting
ding ké cdc thubc tinh dp-dién.

Vit liéu dp-dién. Phin tif cAm bi€n 12 trdi tim cuda transducer
vad nén lva chon mét cach ky ludng. Cdc phuong cidch bl trir bing
mach dién ¥ hoic bing phin mém dGi v3i cdc tinh thé ¢6 thudc tinh
“tdi” kh6é ma thuc hién dugc. P9 nhay cao, dién trd cdch dién cao, dd
bén cd hoc cao, dd citng vitng cao, tinh phu thudc nhiét dd thip (cla
cédc dic tinh k§ thuit) trong mdt pham vi bi€n thién nhiét d réng, tinh
di huéng thap, quan hé tuyén tinh giita dién tich va tng suit cd, khong
bi ldo hod, khoéng ¢6 tinh hod di€n no pyroelectricity (khong nhay véi
thay ddi nhiét d6), chiu gia cong ché€ tao, gid thanh ché& xuit thip — d6
chi 12 mét s6 it nhitng yéu cidu ddi véi mot vat liéu dp-dién 16t. Tat
nhién, khong t6n tai thit vt liéu ly tudng ddp tng thod min hét nhitng
tiéu chuin néu trén.

Thach anh dd dudc sit dung mot cach phd bién trong nhitng nim
trude va van con 1a vat liéu dude lua chon cho hiau hét cdc cdm bi€n
4p sudt ngay nay. N6 rit 8n dinh, c6 sitc bén cd hoc rit cao, c¢6 thé si
dung t6i 400°C, c6 céc tinh chat cdch dién tuyét vdi, c6 sai 1éch dd
nhay t&i thi€u t6i tin 350°C (v6i mat c4t tinh thé dic biét), khong c6
tinh hod dién va gi4d thanh sidn phim thip. Nhugc di€m duy nhit cia
thach anh 12 d§ nhay ciia né tuong doi thap va ¢6 xu hudng sinh d6i -
tinh thé rwin dudi tdi trong qud cao.
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Tourmaline ¢6 d6 nhay thdp hon thach anh, nhung pham vi
nhié¢t do ciia né khuy&ch truong t3i thi€u tdi 600° C. Tuy nhién né cé
tinh hod dién va chi ¢6 sdn dudi dang tinh thé tu nhién. Lithium
niobate va lithium tantalate ¢6 d6 nhay cao hon, nhung chiing c¢6 tinh
hod di¢n manh va dién trd cdch dién clia ching rdt thap, chi s dung
han ch€ trong nhitng {ng dung don thuin déng hoc.

Cidc tinh th€ nhém CGG (dién hinh 12 cdc tinh thé
Ca,Ga,Ge,0,, va langasite, néi vi du) 1a vat liéu mdi dugc tich cuc
nghién ciu 20 nim qua. Chiing thudc loai cé tinh thé d&i xung nhu
thach anh, khoéng c¢6 tinh hda di€n va c6 d§ nhay cao. Khong giéng nhu
thach anh hay gallium orthophosphate, ching khéng cé sy chuyén pha
cho t6i di€ém néng chdy (trén 1300° C), cho nén cic dic tinh cia chiing
van gitt dugce rat 8n dinh cho t8i nhiét d6 rit cao va khong xdy ra sinh
doi tinh th€. Tuy nhién sy ting trudng cdc tinh thé 16n khé khin hon
nhiéu so v&i thach anh, mic du tinh thé langasite da ting trudng dudc
dé€n ¢3 4 inch dudng kinh.

Gallium orthophosphate ciing ¢6 ciing dang cau tric tinh thé nhu
thach anh. B§ nhay cia né gdp hai 1an thach anh va thyc t&€ khéng d8i
cho t6i 500° C. Sy chuyén pha clia né niim trong hkodng 970°C (d&i
véi thach anh Ia 573 ° C), 1am pham vi nhiét d6 ¢6 ich md rong 1én dén
600° C. Tuy nhién né rat khé phdt tri€n tinh thé (sy ting trudng kéo
dai vai thang téi mgt nam) va khong s&n c¢6 dudi dang tinh thé 16n.

Céc chat gdm dp-dién piezoceramics trén cd s& PZT va Lead-
Metaniobate ¢6 dd nhay dp-dién rM 16n (18i 100 1an so v3i thach anh),
nhung bj 130 hod (phu thugc thdi gian khif phan cyc), dd tuyén tinh y&u
va hi€u ing héa di€n 16n, 1am han ch€ pham vi sit dung, chi nhifrg ng
dung ma d§ chinh xdc khéng quan trong 1{m. ;

Cdc chdt gém dp-dién nhiét d6 cao (cdc vat liéu dua irén
bismuth titanate) c6 thé sit dung tdi 500 — 600" C, nhung phaii chiu
dung nhitng vdn dé tuong ty nhu PZT (mic dd khong dén ndi nghiém
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trong 1dm). P nhay clia ching cao hon thach anh khodng 5 dén 10
lin. Chiing dugc dung trong nhitng @ng dung nhiét dj cao (vi du cdc
mdy do gia t8¢ hoat dong duge dén 600" C).

Ciéc b phan dién tif. Nhu da néu trong phan gidi thiéu, cdc
bi€n cam 4dp-dién 1a nhitng hé tich cuc (ching khéng ddi hdi ngudn
cung cidp ngoai nao) ma ¢6 tin hi¢u ra la dién tich (ddu ra rd kKhang
cao). P& thu thiap dir liéu va phén tich tin hiéu, dau ra dién tich phai
duge chuyén ddi thanh dién dp, vi du bing cdc phuong tién dién k&
tinh dién hay khuyé&ch dai dién tich.

Hinh 5.85 — a). BO khuyéch dai dién tich phong thi nghiém;
b). B6 khuyéch dai dién tich cong nghiép. (Courtesy of Kistler).

Bé khuy&ch dai dién tich. Hinh 5.85 minh hoa cdc bd khuyé&ch
dai dién tich ding trong phong thi nghiém va trong cong nghiép. B§
khuy&ch dai dién tich phong thi nghiém, hau nhu ding dugc cho cic
cim bi€n dang bt ky nao (bao gdm cd cdm bi€n lyc va mdy do gia
t6c) ma ¢6 diu ra dién tich, ¢6 thé k&t ndi tryc ti€p cdm bi€n véi dau
vao khuy&ch dai. B6 khuyéch dai dién tich cong nghiép c6 hai dadi
pham vi do, ¢6 thé thue hién chuy@n mach chon pham vi do tir xa.

V& ¢d bin, khuyé&ch dai dién tich 1a bo khuyéch dai chuyén ddi
dién 4p ¢é dd khuyé&ch dai cao vdi trd khdng vao rit cao, dugc cdu
hinh nhu mdt bd tich phan.
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Hinh 5.86 gidi thi€éu mdt chudi do ludng c6 bd khuyéch dai dién
tich. Cdm bi€n dugc mo t3 wong duong mdt ngudn dong (ngudn dién
tich) midc song song vdi dién dung C, va dién trd R, clia cdm bién.

Céc tinh cha't ciia dudng cdp ndi duge mo t3 twong duong tu C, va dién
trd cdch dién R_. B$ khuy&ch dai dién tich gdm bd khuy&ch dai (c6 a6
khuy€&ch dai cao) va tu di€u chinh pham vi do C,, dién trd hiing s& thdi

gian R, va chuyén mach R/O (reset/operate).

:FEC:}—/_—,:
Fa—
:»._._/_@..O_*'
sensor catto f 1
g 22 AR W S By U..
i 1, :¢°}.1:L‘g_ ;
i P :2lejz:
o 1 J7 o charge ampiifier
v

Hinh 5.86 ~ Chudi do c6 khuy&ch dai dién tich.

bPi¢n dp ra U, thong dung nhdt la +10V. Pham vi dién dung
C, thudng dugc chuyén mach gitta 10 [pF] tdi 100 [nF], cho phén thuc
hi¢n phér do trong mdt khodng dién tich rdng. Hing s& thdi gian ¢é
thé bat chuy€n mach bing dién trd R, (thudng 1a 1 [GQ] t6i 100
[GQ ). Chuy&n mach R/O Reset/Operate cho phép dit dinh diém 0 cia
b6 khuy€ch dai dién tich.

Dién 4p ra clia mét khuyéch dai dién tich ly tudng (46 khuyé&ch
dai mach hd 1a vo tdn, khong dong rd, khdéng dién 4p offset diu vao),
chi phu thudc vao dién tich dugc tao ra va pham vi dién dung, ndi ma
trd khdng dau vao khong bi 4nh hudng.

Tin hiéura: U, =-Q/C, ; (5.35)

Tan s6 giGi han thap nhat (-3 dB): f, =1/22R,C,.  (5.36)
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Néu khong chon dién trd R, thi bd khuy€&ch dai dién tich hoat
d6ng ki€u DC (khuyé€ch dai dong mét chiéu) va dic tinh trang thdi
dirng s& dudgc diéu khi€n bdi dd troi.

Nhitng quan hé nay la ding cho phan 18n cdc @ng dung. Trong
mot s8 trudng hgp cyc doan, cdc tinh chit clia mot bd khuyé&ch dai dién
tich thuc t€ phdi dugc tinh todn nhu sau:

Gidi han tin s& trén: £, = (200 ... 500) [kHz];

Khi hoat dong & cédc tdn s6 trén 100 [kHz], khong thé€ ti€p tuc bd
qua trd khdng vao, bdi vi khi dé dd khuyéch dai mach hd cia bd
khuyé&ch dai phu thudc vao tan so.

Do troi bdi dong ro: [, < 10 [fA] (d6i véi MOS-FET);

< 100 [fA] (d8i v6i J-FET).

Dong o giy nén d6 trdi dién 4p ra, hdu gia la ¢6 thé 1am bd

khuyé&ch dai bi bdo hoa. Di€n tich phu thudc thoi gian:

Q =1,1; (5.37)
tao nén dién 4p ra phu thudc thdi gian:
U, m==-1,1/C,. (5.38)

D6 trdi bdi dién 4p offset va trd khdng vao thap: U, ~ vai
[mV]. .
Dién 4p offset & ddu vao khuyé&ch dai tao ra dong:
1,=U, [(R]R.). (5.39)

B3i ¢6 dong ro, dong 7, c¢6 thé s& lam b khuy&ch dai bi bdo
hda. Mot s& bd khuy&ch dai dién tich c6 b quy 0 bén trong dé giir Ao
trdi & muc rit nhd. N&u trd khdng vao phdi rdt nhd (vi nhu trong phép
do & nhiét d6 cao) thi viéc bt dién trd hing s6 thdi gian R, hodc mic

thém mot tu ghép ndi ti€p vao gita cim bi€n va b khuy&ch dai c6 thé
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s€ gidi quy€t duge van dé do tréi. Trong ci hai trudng hgp, s€ ting
dugc gidi han tan s§ thdp f;.

Dién dung vaocao (>1[uF): U, =- v . (5.40)

C‘r 1+l+£~" +_C_“€~
A AC,

Trong nhitng Wing dung cin phdi dung dudng cdp dai, khong thé
bd qua dién dung clia dudng cdp, dic biét 1a néu d6 khuyéch dai mach
hd clia bo khuy&ch dai can phdi rdt cao. K&t qua 12 lam gidm tin hi¢u ra.

Chuyén d8i trd khdng (dién k& tinh dién Electrometer).
Chuyén d6i trd khdng bao gdm mot vi mach MOSFET ¢6 tinh cdch
dién cao (>10 [TQ]) va dong rd nhd lam viéc v8i mdt transistor ludng
cyc c6 40 khuyé&ch dai quy uGe va dién trd ra nhé (¢d 100[ Q2 ]). Khong
nhu khuy€ch dai dién tich, ddu ra ciia by chuyén ddi trd khang bi phu
thu$c bdi dién dung toan phan dau vao (hinh 5.87):

Upw =- Q ; (5.41)
C, +CFC +

& day: C, - dién dung ctia MOSFET.

Chuyén d8i trd khdng dudc cung cdp bing mét ngudn dong
hiing, (bing phuong tién goi 1a mach ghép coupler), tao ra mot dién ap
offset & diu ra cla bd chuyén déi. Ngoai viéc cdp ngudn cho chuyén
afi urd khdng, mach coupler con phii tdch tin hiéu do khoi dién 4dp
o‘fset.

Hing s0 thdi gian (gidi han tin s6 thip nhat) cda hé dudc tinh
bing:

t=R.[C, +C, +C. +C,) (5.42)

Gidi han tin s6 trén dugc xdc dinh bdi tan s6 tu nhién cla cdm
bién.
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Hinh 5.87 — Chudi do ¢6 bd chuyén déi trd khang.

Trong hinh 5.87, cdm bi€n dugc dic trung nhu mdt ngudn dong
(ngudn dién tich) mic song song v6i tu dién C, va dién trd R,. Cdc
tinh chit clia dudng cdp dudc mo td bing tu dién C, va dién trd cach
dién R_. B chuyén d6i trd khdng bao gdm mdt bd khuy€ch dai ¢6 hé
s6 khuy&ch dai thdng nhit, ¢6 dién dung C, diéu chinh pham vi do va
dién trd hiing s6 thdi gian R,. Mach ghép cung cip ngudn cho chuyén
d8i tré khdng bing mot dong hiing ¢3 4 [mA]. Tu dién C, tdch tin hiéu
do khdi dién 4p offset.

Cic b chuyén d8i trd khang rat thong dung trong céc cdm bi&n
v8i mach dién uf tich hgp (cdc cdm bi€n ¢6 tin hiéu ra 12 dién 4dp hodc
cdc cdm bién trd khdng thap). So sdnh vdi bd khuyéch dai dién tich, thi
cdc bd chuyén d6i trd khdang 1a gidi phdp ¢6 gid thanh hiéu gia va
thudng thiy trong cdc @ng dung cong nghiép. Ngugc lai, by khuyéch
dai dién tich ¢6 tinh linh hoat cao hon: dién dp ra khéng phu thugc dién
dung ddu vao, dién 4p ra ty 1& vdi tdi trong cung cdp, c6 thé dé dang
chuyén mach pham vi 4p suit do, cho phép k&t ndi cdm bi&n bat ky
vao cling khdi thiét bi.

Triét nhiu. C4c bd khuy&ch dai dién tich ddu don single-ended
charge amplifiers thudng dudc sit dung mdt cdch thong dung. Ching ¢6
mot tuyén chung commeon path cho tin hiéu clia mgt trong cdc mit cit.
Nhim ngin ngita mach khép vong nGi dét, hé thGng “cdm bi€n + bd
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khuy&ch dai” nén ndi dat chi & mot di€m. Gidi phdp nay thudng cho ty
1€ tinhi€u—trén—nhiéu tot.

DP3&i vGi cdc phép do tin hiéu mifc thdp, khi hién dién trudng
dién-tir manh hay khi cdn duding cdp ndi dai, c6 thé cin dé€n mot bd
khuyé&ch dai dién tich vi sai.

Vé c¢d ban, bo khuyéch dai dién tich vi sai tich khi nhirng tin
hiéu khéng mong mudén hién dién trén cd hai vat din (cdch tich khit
chung), vi chiing chi khuyéch dai tin hiéu vi sai. Viéc nay doi hdi cdc
cam bién c6 dién dung cin biing nhu nhau trén mdi dudng tin hiéu.

K&t cdu cam bién va \ng dung.

Thiét ké& co ban.

crystal element

spacer ring

Hinh 5.88 — K&t cdu cd ban mdt cdm bi€n dp suit ing dung tdng quat.

Vé boc cdm bién. V6 boc clia cdm bi€n bdo vé phin t dp-dién
chéng lai d6 4m va hién tugng bam ban. V3 boc ciing dung lam mdt
man chin dién chong nhi€u. Hon nita, né cung cip phuong tién 1¥p rdp
va boc kin cidm bi€n khdi cdc dnh hudng d4p suit moi trudng ngoai.
Dién boc kin ctia cdm bién dude thi€t k& ddp dng nhitng yéu ciu ting
dung dic trung. Chi ¢6 thé ddp wng thod min tit cd nhitng yéu ciu ni y
biing cdch ding vé boc bit kin. Vit liéu vd boe dién hinh 1a thép khony
ri dugc gia cudng dd cing.
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Ong boc tdi trong so by. Viéc dat tdi sd bd cho phan t& cdm
bi€n dim bdo dd tuy&n tinh t&t va d6 nhay &n dinh sudt toan bd pham
vi hoat dong clia cdm bi€n. T4i sd b phdi ddm bdo trén toan by pham
vi nhiét d6 van hanh. V3 &ng boc tdi sd bd c6 thé day ¢3 mot phan
mudi millimet d€ t6i uwu hod 46 mém déo dan hdi va gidm sy phén tdn
Iuc. Vat liéu cia v boc tdi sd bd thudng duge lam t¥ cung loai vat li€u
nhu vé boc cdm bi€n. Khong phdi tit ¢d cdc cdm bi€n déu c6 vd boc
tdi so bd. P6i khi, tdi sd bd dude cung cdp bdi chinh mang ngin
diaphragm.

Mang ngdn Diaphragm. Dién tich tich cuc clia mang ngin
chuyén d8i 4p suit thanh luc ty 1& tdc dung 1é€n phédn ti do. Lyc nay
tao ra mdt Ung suit trong tinh thé, tng sudt tao ra mot dién tich ty 1&.
Ngay nay nhiéu mang ngin dugc han kin trong v6 boc cdm bié€n va
dudc dat tdi sd bd nhe, hay dugec han vao mit diu clia phan t¥ cdm
bi€n. Mang ngin 1a bd phin quan trong nhat clia cdm bién dp sudt. N6
x4c dinh tinh 1au bén cta cdm bi€n va d6 chinh xdc ctia phép do. N6
phdi khong nhay véi nhitng xung dong nhiét ngdn han (nhu & cdc dong
cd A6t trong) sao cho khdng gdy nén sai sG do ludng. Nhim dat dudc
két qua tot, cdc mang ngin phadi dugce t8i tu hod cho nhitng ng dung
khdc nhau.

Péu néi. Cdc diu ndi dién dGi v6i cdc cdm bi€n dp-dién phdi c6
dién trd cdch dién rit cao. Ty theo pham vi nhiét dd vén hanh, chat
cach dién dudc lam tiy PTFE hay oxide nhom.

Vong dém. Vong dém nay bu trit sy khdc biét gilta sy nd nhigt
ctia tinh th€ va vat liéu v boc tdi sd bd. Biing cich tinh gan ding kich
thudc va lua chon vt liéu, vong dém s€ giam thi€u mot cdch ¢ hiéu
qia dnh hudng nhiét d6 gay nén hién tugng trdi tin hiu dau ra.

Phdén ti% tinh thé. Hinh dang va kich thudc cda tinh thé 4p-dién
bi€n thién tay theo thi€t k& va @ng dung clia cdm bi€n. Vi du néu trén
hinh 5.88 va 5.89b sif dung mot miu thi€t k& c6 ba phéan tf tinh thé véi
hiéu ng ngang. Cdc bé mit khong chiu tdi cd hoc duge boc bing kim
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loai chin khdéng va dugc cdch dién vdi nhau d€ tao thanh cdc dién cuc
thu gom dién tich. M6t 10 xo hinh xo#n dc ti€p xic vdi cdc bé mit
phing va mang dién tich t6i ddu ndi. Mit hinh tru ti€p xtc vdi vo boc
tdi sd bo.

Thiét k& phdn ti cim bién dp-dién. Ngay nay, cic miu thiét ké
phan tf cim bién c6 thé thay ddi cd bian dé ddp Wng nhitng yéu ciu
dic trung nhu pham vi dp sudt, nhiét dd van hanh va cdc nhian thire vé
mdi truding.

Cdc dia mdt cdt tinh thé theo hi¢u itng doc. Cic phan tf cim
bién dung cdc bdn tdm nay c¢o thé bao gobm mdt hodc vai tam tinh thé
(hinh 5.89a). D& nhay ctlia cdc phin tf ty 1& thudn vdi s6 taAm tinh thé
dugc st dung. Hon nifa, cdc tam nay Khong doi héi bé mat kim loai
héa. Pién tich dugc cdc dién cyc thu gom tryc ti€p tir b€ mit chiu tdi.
Nhitng phan tif nhu vy dugce sit dung cho cdc cdm bién dp sudt tin s6
cao (thdi gian ting trudng dp suidt ngin) hodc & nhiét do cao.

71

a b c d
Hinh 5.89 — Thiét ké phan tif tinh thé vi sai:
a). mit cit doc; b). ¢). va d). mit cit ngang.

Bé mdt cdt tinh thé theo hi¢u iwng ngang. Trong hiéu Ung
ngeng, luc tdc dung 1én cdc mit diu va dién tich xuidt hién trén cdc bé
mat tinh thé khong chiu tdi trong ¢d hoc (hinh 5.89b). Nhitfng mit nay
dugce phti kim loai va dudgc cdach di€én véi nhau. Tuy theo kich thude
ctia chiing, mot bd ba tinh thé tao ra dién tich biing 5 dén 15 dia dp-
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dién theo hiéu @ng doc. Nhitng phin tf nay la ly wdng ddi v6i dp suat
¢3 vira va nhd, hoidc cdc cdm bién luc va c6 db nhay cao.

Mt cdt tinh thé danh thanh theo hi¢u iing ngang. Trong cau
tric nay (hinh 5.89c¢), viéc phii kim loai cdc bé mit khéng phdi chiu tai
md rong d€n mot trong cdc mat dau. Tinh thé kich ¢3 nhé hon, tao ra
mot dién tich biing 4 dén 6 dia 4p-dién theo hiéu Wng doc. Nhitng tinh
thé nay cho phép thi€t k&€ nhitng. mdu phan tif cdm bi&n rat nho.

B¢ ban tam tinh thé theo hi¢u ing ngang. Mbi tam trong s6 bon
t&m (hinh 5.89d) ciing gidng nhu thanh tinh thé mé td § wrén. Cd bd c6
d6 nhay xap xi 7 dén 10 dia dp-dién theo hi€u ing doc. Tuy nhién, vai
tim c6 do day chi bing vai phan mudi millimet thi mdt vai tim dugc
diung song song d€ ting khd niang chiu tdi. Ciu tric nay 1a 1y tudng cho
nhitng cdm bi€n rat nhé gon.

Sensor with longitudinal cryetad cuts Sensor with transverse crystal cuts

ey en ey

{
|
.’
|
a
r
:

Hinh 5.90 — Cédc cam bié€n do dp suat tdng quat.

Trdai: Miu thi€t k€ mit cdt doc (cdc dia tinh thé); Phdi: Mau
thi€t k&€ mat cit ngang (cdc tim tinh thé).

Cdc cam bién tiéu chudn cho nhiing iing dung téng qudt. Ci hai
cim bi€n trong hinh 5.90 ¢6 ciing d6 nhay. Trong khi cim bi€n bén trdi
diing tinh thé theo hiéu @ng doc va ¢ tan so cong hudng cao (khodng
300 kHz), thi ciAm bién bén phai ding tinh thé theo hiéu \ng ngang, va
do d6 vé ban chd't khong nhay véi hiéu tng sinh doi tinh th€ trong thach
anh. C6 thé cit tinh thé mdt cdch nhat dinh theo cdc mat cit dé 8i uu
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hod hé s& nhiét dd ciia d6 nhay. Cdc cdm bi€n dung hiéu ¢ng doc cia
thach anh khoéng nén dang cho nhirng tng dung nhiét dé cao.

Cic nha sdn xudt cdm bi€n cung tng mdt su lua chon rong rai
cac phan cirng 1dp rdp thy chon nhu cdc bd phdi hdp adaptors, kep ndi
connecting nipples, vv... Chiing cho phép mdt s6 ki€u cdm bién sit dung
duge mot cdch hiéu qia d6i vSi nhiéu @ng dung. Trong tinh hudng
khéng gian han hep, cdc cdm bi€n c6 thé dugc 1dp dit tryc ti€p ma
khéng cin ddu phdi hgp.

Cdc cdm bi€n c6 sdn nhiéu kich ¢3. Cdc phuong 4n ¢d nhd c6
dudng kinh ngoai 6 [mm], ¢d 16n 11 [mm]. Trong khi cdc cdm bi€n ¢3
nhd ¢é dd nhay 16 [pC/bar], c3 16n tao ra 80 [pC/bar] v8i pham vi do
tir 250 [bar] d€n 1000 [bar]. Piéu ding luu y & diy 12 cdc cdm bi€n 4p-
dién c6 pham vi do dong rat rong. Cing mdt cdm bi€n ¢6 thé ditng cho
pham vi do ty ddi 1 [bar] cling nhu cho toan thang do 1000 [bar].

B gia téc. Moi cdm bién 4p suat déu nhay véi gia tdc, dic biét
12 gia tdc hudng truc. Trong mdi trudng ¢6 d6 rung ddng 16n véi midc dp
sudt nho, gia téc tao ra tin hiéu cé thé dat t8i vai mbar/g. Trong khi & da
s cdc ng dung sai s& gia toc c6 thé bd qua, thi dGi v6i nhitng phép do
ap sudt nhé trong moi trudng ¢6 dd rung ddng 16n, né c6 thé lam nging
tré phép do. Trong nhitng ng dung nhu vdy, (vi du thim do mifc 4m
thanh hay trong 4m hoc), nén didng cdc cdm bi€n ¢6 b triy gia tSc.

Céc cim bi€n dp sud't c6 bi trir gia tc c6 thé dung cac hiéu tng -
tinh thé doc hay ngang.

Miu thiét k& truyén théng.
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wang | Hinh 5.91 — Miu thiét k&
cadm bi&€n 4p sudt c6 b Y
gia t0c¢:
o 2 a). Miu thi€t k& truyén
w2 thong; b). Miu thiét k&
mdi.

Trong hinh 5.91a, 16 xo hinh xodn &8¢ helical-shaped spring két
ndi dién tich tf mot bd cdc tAm tinh thé xudng vd mass. Vong tinh thé
dudgce 1dp dat ngudge cuc tinh vdi hiéu ng tinh thé ngang, do d6 lam
gidm d6 nhay dp sudt ciia cdm bi€n. Khéi vé bu duge thi€t k€& kich
thude sao cho vong tinh thé tao ra cung tin hi¢u nhung ngudc ddu tdc
dong 1én hiéu @ng ngang cia tinh thé. Dudi tic déng clia gia tdc, hai
tin hiéu c¢6 ngudn gdc tir hai bo tinh thé sé loai trif 1an nhau. Sy bu trir
gia to¢ gop thém tinh phitc hgp vao cdm bi€n, nhung mau thiét k&
ngay nay dat dugc sy b triY gia t5¢ ma khong cdn ¢6 vong tinh thé.

MAau thi€t k&€ méi. Trong miu thi€t k€ mdi (hinh 5.91b) da
dugc cdp patent nay, hai hé 10 xo dang khdi duge diéu chinh nhu nhau
lam han ché cdc luc bat ky do gia tdc tao ra tdc dung 1én tinh thé. PO
nhay rung dong cla nhitng thi€t k€ nay dién hinh 1a nhé hon
100[ u bar/g).

Cdc cam bi€n dp suiit cach dién doi dat.

Cidc cdm bi€n cdch dién doi dat giam ti€ng 0 mach ti€p dia
khép vong, ti€ng 0 s& ting 1&én khi hi¢u dién th€ 16n xdc lap gilta cdm
bi€n va chudi do (mach dién tir): Viéc nay c6 th€ xdy ra khi mach di¢n
tif va cam bi€n dudc ndi v6i nhau biing dudng cdp rat dai. Trong mau
thi€t k& ¢6 cdp ddng truc (hinh 5.92a), man chdn ngoai clia cdp dong
truc khong ndi dién véi vé cdm bién. H¢ 2-day (hinh 5.92b) doi hoi
thi€t k& vi sai cdc phdn tf do ludng dp-dién va ciing can c6 bd
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khuy€ch dai dién tich vi sai. Nhitng ¢cdm bi€n nay uu tién dung cho
nhitng ing dung nhiét dd tir cao tdi rat cao, trong cdc turbine khi, trong
cdc ing dung hang khéng va du hanh vii tru. Pa s cdc cdm bi€n nay -
ciing dugc bu trir gia tdc.
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Hinh 5.92 — Cdc cam bi€n cdch dién doi dat:
a). Mau thi€t k€ cdp ddng truc; b). Miu thiét k& 2-day.

Cac cam bi€n do dan dao (4p suit cao ballistics).

Hinh 5.93 — Miu thiét k€ dién hinh d6i véi cdm bién dan dao.
(Courtesy of Kistler).
Cdc cdm bién huc, dp sudt va gia tdc ki€u dp-dién da dudgc st
dung nhiéu nim cho cdc phép .do dan dao. Gan 40 ndm trudec, cdm
357
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bi€n dp suit 4p-dién diu tién dung do dan dao c6 mét piston cd khi
thay vi mang ngan. Cdc cdm bi€n nay phdi thdo rdi va lam sach sau
mdi 14n bin. Ngay nay, cdc cdm bi€n dp sudt cao ki€u dp-dién dugc
ding rong rii toan cau d€ thi nghiém, nghi¢m thu dan duge va phun
bot. Cdc phép thit ndy ddm bdo ring dan dugc da trdi qua nhitng yéu
cdu chit ché vé dp sudt dudc dic trung bdi nha sdn xuat.

Ngay nay, cdc cdm bi€n dugc bao kin mit trudc da thay th€ cic
cim bi€n dudc boc vai. Hinh 5.93 gidi thiéu mét cdm bi€n 4p suit
“ch&ng bién dang” ¢6 boc mat trudc. Trong hinh, duding ren tich biét
khéi phin tif tinh thé (thi€t k&€ chdng bi€n dang), s&n c6 cdc ren M10
va M12. Thi€t k€ nay han ch€ céc sai s& do gy nén bdi bi€n dang cd
hoc do l4p rdp tao ra. Hon nita, thi€t k&€ chdng bi€n dang ciing han ché
bi€n thién d6 nhay bdi bi€n thién moment xodn ldp rdp. Pham vi do
ddi véi cdc cam bi€n dan dao 4p sudt cao tif 5000 [bar] dén 10.000
[bar] v6i A6 tuyé€n tinh nhé hon + 5% toan thang do véi Ao 8n dinh d6
nhay 1au bén tuyét v3i. Ky vong tudi tho la vai ngan chu ky 4p suit.
Nhit v8i cdc cdm bi€n 4p-dién bat ky, cdm bi€n 4p suit dan dao ciing
ki€u c¢6 kha niang do ti¥ vai trim bar dén 10 nghin bar.

Cic thi€t k€ ki€u cii ddi hdi cung cdp mdt cdch dinh ky mét 16p
m3 bio vé cho mang ngan A€ chdng lai cdc chdt khi néng. Céc thi€t k&
cdm bi€n mdi c6 khad ning do mét cich chinh xdc vdi ky vong tudi tho
tuyét vdi ma khong can I8p phii bdo v¢.

Cam bi&n 4p sudt dang héc Cavity-. Viéc do dp suit hoc trong
cdc khuon dic may phun chit déo 1am tang chat lugng va gidm thdi
gian chu k¥ sdn phdm. Viéc tGi wu hod qué trinh nay ddm bdo ring cdc
b6 phéan thanh phin c6 trong lugng khong d8i va gir duge kich thudc
8n dinh. Viéc ki€m tra lién tuc cdc dang 4p sudt trong qud trinh dic
khuén lam ting hiéu sud't bdi gidm gid thanh sdn phim.
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Hinh 5.94 — Cdc cim bi€n do 4p suat hdc:
a). dudng Kinh mat truéde 6 mm;
b). va ¢). dudng kinh mat trude 2,5 mm. (Courtesy of Kistler).

Cdc cam bi€n dp sudt chuyén dung di dugc phdt trién cho
nhitng @ng dung nay. Ngugce vdi nhitng cdm bién quy ude, ching
khéng ¢6 mang ngin (hinh 5.94). Khi vit liéu chit déo néng ti€p xic
véi héc khuon dic twong doi ngydi, chat déo 1ap uic hinh thanh mot
16p v6 da ¢d tic dung nhu mixng‘hgén, do d6 ngan vit liéu nong khi
xAm nhap it nhat 1a 0,03-mm bé rdng khe hd gita phan tif do va khudn
dic. Piéu nay cho phép khong phdi ding mang ngan, mang ngin trong
trudng hgp nay sé han ché€ tudi tho ky vong ciia cdm bi€n. Hon nira,
mit didu cda cdc ciAm bi€n nay c¢é thé dudge tao ddng phi hgp vdi bé -
mat khuon dic.

Nhiéu cdm bién dugc lip rdp tryc ti€p vao khudn dic ma khong
cidn c6 thém tay boc protective sleeve bdo vé. Piéu nay gidm kich
thude ctia ¢dm bi€n, 1am no phlt hgp trong cdc khudn dung cdc bd
phdn thanh phdn rat nhd. Cdc cdm bi€n 1dp rdp truc i€p c¢6 dudng kinh
dié€n hinh'1a tr 4 ti 8 [mm] (hinh 5.95a), cdi nhd nhdt chi ¢6 dudng
kinh 1[mm].

Cidc cdm bi€n dp sudt dang hoc hoat ddng tin cdy & nhiét dj tdi
200° C. Mic di nhiét d6 khudn dic han ch€ tinh ning clia cdm bién,
nhiét d6 dic thuc t€ cta vt liéu €6 thé 16n hon (400° C). Phan I6n cdc
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cdm bi€n ¢6 kém theo mot vong tich hgp dang chir O d€ gidm bam
ban (thudng dong gitta phdn tf cam bién va khudn), nhung d6 khong
phdi bién phdp thi€t thuc cho cdm bié€n van hanh ding cach.
::
=

i

-

o

Hinh 5.95 — a). Cdm bi€n dp suit chdy c6 ddu ren ldp rdp MS5.
(Courtesy of Kistler); b). Cam bién dp suit nhé c¢é tich hdp dau cuc
ddanh Itra M 12. (Courtesy of Kistler).

Cidc cam bi€n cho dong cd dét trong. Cdc cdm bi€n dp suit
ki€u dp-dién dugc dung tir rat sém vao phép do 4p suit chdy
combustion pressure trong dong co dot trong. Ngay nay, phin 16n cdc
cdm bié€n 4p suat ki€u 4p dién dugc diung trong cdc dong cd 6td cdi
ti€n. Cdc cdm bi€n mdi dang dugc phdt tri€n lién tuc dé ddp ung
nhitng nhu cau cao hon ddi vdi cdc dong ¢d nhd gon hon ma dd chinh
xdc lai cao hon.

Nhiét d6 lam viéc di€én hinh bién thién trong khodng tir 150 dén
350° C thy theo vi tri do va cdc diéu kién thif nghiém. Tuy nhién, nhiét
dd mang ngidn ¢6 thé cao hon nhiéu. Mang ngiin bi ti€p xic truc ti€p
vdi cdc chat khi chdy néng mdt cach tuan hoan chu Ky, nhiét dg xap xi
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2.500° C. Cdc miu thi€t k€ va vit liéu mang ngan dic biét gidm thi€u
dudc sai s& do do nhiét va ddm bio chu ky tudi tho lau bén. Viéc ddp
tng cdc yéu ciu nay dit ra nhitng thach thic dac bigt d6i véi nhitng
miu thi€t k€ mang ngian va v6i yéu cdu cdc cdm bi€n phdi dudc t5i vu
ho4 cho nhitng tng dung dic biét.

Cic dong co d8t trong ngay nay trd nén nhé gon hon va ¢ boén
hay nhidu valve cho mdi cylinder. Pi€éu nay lam han ch& khodng
khong danh cho cdm bi€n dp sudt chdy. Cdc cdm bi€n c6 dudng ren
lip rdp M5 vdi dudng kinh mat ddu 4 [mm] lam cho cdch 1dp dat nay
kha thi (hinh 5.95a). P38i vdi cdc (tng dung trong khdng gian bé hep
hon, cdc cam bi€n c6 thé tich hgp tryc ti€p thanh cdc diu cuc ddnh hira
spark plugs va ddu cuc phdt sing glow plugs dudc thi€t k€ dac biét
(hinh 5.95b).

Céc cam bi€n dude 1am lanh bling nuéc ting cudng dd 6n dinh
diém 0 zero (hinh 5.96a). Ban diu, c6 nhu cdu nuéc 1am lanh cdm bién
dé bdo vé cim bi€n khdi nhiét do cao clia déng co ddt rong. Cidm bi€n
1am lanh biing nudc nhd nhat hién nay c6 mdt dau ren ldp rdp M8. Cic
cidm bi€n hién dai c¢6 thé st dung ma khoéng cidn nudc lam lanh, do d6
sé& khong bi hu hdng néu vi mot 1y do nao dé6 ma viéc lam lanh bi
ngung.

Pé %i€m tra cdc dong cd diesel va cdc dong cd chit khi cho cdc
tram nang lugng va tau thuyén, ngudi ta ding cdc cim bi€n 4p sudt
khong phéi lam lanh, va manh chic robust. Nhiing cam bién nay dudgc
thi€t k& d€ van hanh lién tuc va c6 twdi tho 1au bén (hinh 5.96b).
Thong, thudng, cdc hé do ludng bao gdbm mot bd khuy€ch dai di€n tich
dudc tich hgp bén trong lam theo don dat hang cho nhitng Ung dung
dic biét.
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Hinh 5.96 — a). Cam bi€n 4p suit lam lanh bing nudc M8 ki€m tra
dong cd d6t trong. b). Cam bi€n Robust khong lam lanh M10.
(Courtesy of Kistler).

Cam bi€n 4p suidt nhiét d§ cao. Cdc nha sdn xudt turbine khi
¢An cdc ciim bi€n dp suit nhiét do cao ¢6 khd nang lam viéc & nhiét d6
hon 400 C dé ki€m tra nhitng xung dong nho clia dp sudt chdy nd. Sin
¢6 cdc cam bi€n lam viéc t3i 650° C véi pham vi dp sudt tr 0 ... 250
[bar] (hinh 5.97). Pé ¢6 thé chiu duge nhiét dé cao nhu vy, bd phin
cidm bi€n dudc 1am bing mdt dia tourmaline va cdm bi€n dugc lam
vira khit véi mdt dudng cdp hai diy c6 cdch dién bing chat khodng.
Thiét k& cAm bién tudng t nhu hinh 5.92b.

Hinh 5.97 — B6 bién cdm lam viéc v46i nhiét dd t6i 650° C (Courtesy of
Vibro-Meter SA.).
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Lua chon cam bién.

Cédc nha sdn xudt cdm bi€n c6 thé giip ngudi sit dung tim dudc
cdm bi€n thich hgp nhit cho tng dung cia minh. Ngay nay ban ké dir
liéu sin ¢6 trén Internet va cung vdi nhitng chidc ning tim ki€m hoidc
nhitng c¢oéng cu dinh hudng Wng dung, hd tr¢g rdt nhiéu cho viéc tim
ki€m mo6t cdm bié€n ding. Dudi diy liét ké nhirng théng tin cdm bi€n
thich hgp va nhitng thudc tinh dién tlf can biét, trudc khi bdt ddu cudc
tim ki€m.

Cam bién.

Pham vi dp sudt — 4p sudt t8i da ma cdm bi€n s& phaii do.

Pham vi hiéu chuén titng phan — ¢6 ich d8i v8i nhitng phép do
trong pham vi 4p sudt nhd. Luu y ring cdc cdm bi€n dp-dién dua ra vai
dai decades pham vi do ma khdéng bi mat d6 chinh xdc.

Qud tdi — d4p suidt t8i da ma cdm bi€n phdi chiu dung dugc.

Tan s6 tr nhién — né xédc dinh gidi han tin s& trén cila tin hi€u
dp sudt ddng hoc.

D¢ nhay — d6 nhay ciia cdm bi€n (thudng dudc tinh bing
[pC/bar] hay [mV/bar)).

Troi nhiét clia d6 nhay — sy bi€n thién d§ nhay nhu 1a ham cida
nhigt ¢6.

D6 tuyén tinh — thudng tinh biing + %FS (toan thang do Full
Scale). P6 sai 1éch so v8i quan hé tuyén tinh thuc gilfa tin hléu ra va
ap sudt.

PO tré — thudng tinh bing %FS. Su sai biét tin hiéu dau ra khi
tac dong ciing 4p sudt tang rdi gidm lién tiép.

Dién trd cach dién — mdt cdm bi€n ¢6 cdc thude tinh cdach dién
tot s& cho phép thyc hién nhitng phép do xudng d€n cd [mHz]. Luu y
ring d6 cdch dién cia cdm bi€n gidm khi nhiét d6 tang.
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Pham vi nhiét d0 — nhiét d¢ lam viéc t6i da va toi thi€u. N&u
nhiét d6 vugt qua 300°C, thi phai chd y dac biét d€n diu ndi va cdp
dién.

Kich thudc cdm bi€n — cédc kich thuSc 16n nhat cho phép clia
mot cdm bi€n (16 1dp rdp).

D6 khdng va dip — d0 khdng cy va ddp 16n nhat (thudng tinh
bing [g]). :

P6 nhay gia t8¢c — dé cdp dé€n né la thich hgp néu cdm bién
dugce 1Ep rdp trén mot ciu tric von rung dong (vi du dong co). Phan
biét d6 nhay gia té¢c hudng truc va hudng tam.

Shock nhiét — bi€n ddng tin hiéu ra (thudng tinh bing [bar]) bdi
shock nhiét trén cdm bi€n. Quan trong trong nhitng phép do ddng cd
dét trong.

Moi trudng — thong thudng cdc cdm bi€n duge boc kin bing vo
boc thép khong ri. Tuy nhién cin chi y dic biét n€u anh dinh ding
cdm bi€n trong nhitng moi trudng c¢6 tinh chit 4n mdn va mai mon,
hodc néu cdm bi€n sé& bi chi€u bifc xa hat nhan.

Piu ndi va dudng cdp — cdc cdp ddng truc 46 nhiéu thdp (ddu ra
la dién tich), cdp ddng truc tiéu chudn (ddu ra 1a dign dp). Cdc ung
dung nhiét a9 cao (>300° C) doi hdi dudng cdp va dau ndi dic biét.

PAiu ra cam bi€n — tin hiéu ra 12 dién tich hay dién dp. C6 thé
nhin dugc dién 4p ra bing cich tich hgp trong cdm bi€n mdt mach
dién ti¥. Uu diém 1a nhu vay khong can by phin dién tif ndo phu thém
(bd khuy&ch dai dién tich), nhung tinh limh hoat bi gidm nhiéu, bdi chi
¢6 s&n mot pham vi thang do va mot hing s6 thdi gian. Nhi¢t dd bi han
ch€ khodng 150° C.

Gidi han tin s6 thap hon phu thudc vé cd ban & pham vi di€u
chinh tri s& dién dung va dién trd. Gid sit hé thdng c¢6 cdu hinh sau:

P06 nhay clia cdm bi€n dp sudt: 20 [pC/barl;

Pham vi 4p sudt: 200 [bar];
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Pau ra toan thang do: 10 [V].

Trudc tién phdi chon pham vi dién dung. P& nhay dau ra (40
nhay ctia b khuyé&ch dai dién tich) dugc cho bing:

20[ pC / bar].20{bar]/10[V'] = 400[pC / V). (5.43)

D6 ciing 1a tri s8 1y thuyét cia dién dung C,=400 [pF]. Tat
nhién, thuc 1€ khong ¢é kha nang cdu hinh mdt by khuyé&ch dai dién
tich v&i hing ngan tri s& dién dung, ma chi véi 4 hay 5 ddi dién dung
nhit dinh (néi vi du: 100 pF, 1,10,100 nF, ...). Trong vi du cu thé nay,
pham vi dién dung hiéu dung Ia tri dién dung 16n nhat trong chudi s&
ti€p theo tri s6 1y thuy€t vira tinh dudgc, tifc 1a 1 [nF].

3 ki€u dién xoay chiéu AC, hiing s& thdi gian 7z phu thudc vao -
tich s¢ R,.C, Gia thi€tring R, =100[GS], hiing sG thdi gian s& bing:
r=R.C, =100[s]; (5.44)
V2 gidi han tdn s6 thip nhat (gidm 3dB bién do séng sin) dudc
tinh ra tudng duong:
fy =Y o =16lmHz]. (5.45)

3 ki€u dién mot chiéu DC, khéng ¢6 dién trd R, va cdc dic tinh
cdm Hi€n dai han dugc diéu khi€n bdi d6 troi. Viée gid thi€t mot dién
4p oifset U,, ¢35 [mV] & tang dau vao cla bd khuy€ch dai dién tich
va 6 cdch dién clia cim bi€n c3 10[TQ], d6 trdi s& bling:

SimV'1/10°[Q)/1[nF] = 0,5[uV / 5] ; c6 th€ bd qua. (5.46)

o] nﬂiét dd cao hon, kh'éng con ¢c6 thé bd qua dd trdi dugce nira.
3 400° C, cdch dién ctia cAm bi€n rdt xudng con 107[Q], tao ra df trdi
¢3 500 [mV/s] & ddu ra. N&u khong chuyén mach dién trd hiing s& thdi
gian tht bd khuy€ch dai dién tich s& bdo hoa, chdm nhat 1a 20[s] sau !
M0t ¢dch khdc dé€ han ché& do tréi 1a mic nbi ti€p tu dién C,, rat 1dn
vao gitta cdm bi€n vi bd khuyéch dai di¢n tich (w ghép ndi). Trong
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trudng hop d6, khong xdy ra hién tugng trdi va hiing s6 thdi gian bay
gis duge xdc dinh bdi R, .C), .

Cdc bé phén di¢n ti.

Mach dién tif tich hgp — cung cdp mdt gidi phdp gid thanh hi€u
quiia cho nhitng ng dung ddi hdi nhitng thay dGi rat it trong cdch dat
dinh bi€n cdm. Bi gidi han nhiét d§ lam viéc dudi 150° C.

B6 khuyé&ch dai dién tich — cung cip d¢ linh hoat cao nhit, vi cé
thé khai thdc toan bd pham vi 4p suit clia cdm bi€n va c6 thé diéu
chinh hiing s6 thdi gian. Hon nita, diu ra khéng phu thugc § di¢n dung
diu vao.

B6 chuyén ddi trd khdang — 1a lya chon gid thanh hi¢u qua, khdc *
v3i cdch chon bd khuyéch dai dién tich. Tuy nhién, diu ra phu thudc
dién dung ddu vao (dién dung cdp ndi) va néi chung c¢6 khd nidng
chudn ho4 tin hiéu han ch€& hon. -

Khuyé&ch dai dién tich vi sai — danh cho nhitng @ng dung v@i cdc
tin hiéu nhd trong modi trudng rat nhiéu.

Nhifng phat tri€n méi va tri€n vong. Sy phit tri€n ngay nay
chii y&€u din t6i hai y€u t6: t€ vi héa va nhi¢t d6 cao. Hai y€u td nay
da thic ddy viéc nghién cifu nhitng vat lig¢u dp-dién mdi v6i nhitng tinh
chét t&t hon: d6 nhay cao va d6 &n dinh t6t & nhigt do cao (>300° C).
Nhu 12 hé quad, vét li¢u mdi thudc vé nhom CGG dang thay th& cdc vat
liéu tiéu chudn (thach anh va tourmaline) trong cdc cdm bién t€ vi hay
trong cdc cdm bi€n nhiét d§ cao.

T& vi hod. C4c cAm bién phai nhd gon hon. B6 1a h§ qua cia xu
hitong quan sat dugc trong nhiéu linh vuc @ng dung. Vi duy, cdc déng co
ngay cang nhd gon, ddi hdi cdc cdm bi€n c¢6 dudng kinh cd M5 va nhd
hon. Trong cdng nghé dic khudn cic chdt déo, ngay nay thong dung
cdc cAm bi€n c6 dudng kinh 2,5 [mm] danh cho nhitng phép do t6i
2.000 [bar]. Gidm thi€u kich thuéc cdm bi€n la mét qud trinh day
thach thic. Ngoai nhitng khé khin trong sédn xudt cdc by phidn thanh
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phan cdm bi€n nhd gon, vdn con van dé dé nhay gidm ty 1& vdi kich
thu6c mang ngin. Tuong ng, viéc ti€t gidm dudng kinh cdm bién
(mang ngin diaphragm) xuéng con mdt ni¥a thl d6 nhay tut xuéng con
mét phdn tr. C6 thé khic phuc duge vin dé nay bing cdch cit ban tinh
thé rdt mdng va ding hé s& hinh dang trong cdc miu thi€t k& tinh thé
theo hiéu ng ngang dé€ c6 duge d6 nhay hodc/va bling cdch sit dung
nhitng vat liéu ¢6 dd nhay cao hon.

Nhigt dp cao. Cic cim bi€n dp sudt tiéu chuin ngay nay c6 thé
hoat ddng t6i 350° C. Vugt qud ngudng nhiét dé nay nhiéu van dé phdi
vugt qua: phan tif 4p-dién phdi 6n dinh ma vin gitr duge dod cach dién
cao, ¢6 thé trdnh 4n mon bing cach dung cdc hgp kim dua trén nickel
(nhung ching khé gia cong trén mdy, hay khé han), day cdp quy udc
phdi dugc thay thé€ bing cdp kim loai tich hgp, vv.. TAt nhién, cim
bi€n phdi chiu dung dugc nhitng nhiét d cao nay thudng xuyén, qua
hang ngan gid¥, vi mdy mdéce (vi nhy turbine) khéng thé lic nao mudn
thi ngitng (d€ thay th& ciAm bi€n bi hi héng). M6t s nha sin xudt chao
hang nhirng cam bi€n hoat dong t6i 600 hay 700°C, dva trén cd s§
tourmaline, lithium niobate hodc piezoceramics nhiét dé cao.

Ban ké di¥ liéu ky thudt (chitng chi) cdm bié&n. M3i cam bién
dudc hiéu chuin bdi nha sdn xudt va xuit xudng vdi cdi goi 1a ban ké
thong s6 hi€u chuén. Trudc khi sif dung cdm bi€n, ngudi vin hanh phai
bdt ddu hi¢u chinh d§ nhay cda ¢dm bi€n trong bd khuyé&ch dai dién
tich. P81 v6i nhitng itng dung doi hdi nhiéu cdm bi€n, thi dé6 co thé l1a
mot cong viéc budn té va dé mic sai sét. Ching chi cdm bién, kém
theo co s3 dit liéu Bao gém tat cd nhitng thoéng tin cin thi€t (ma danh
ID, mic tré6i d§ nhay theo nhiét dd, vv ..) bdy gid dd trd thanh sdn ¢6
va hd trg 16n chorviéc thuc thi mot s& lugng 16n cdm bi€n. Mot cdch 1a
tich hgp mét TEDS (Transducer Electronic Data Sheet, tuong ing IEEE
1451.4 Standard -) dang chip vi mach, vao cim bi€n ho#c trong diu .
ndi clia né. Khi cim cdm bié€n vad b6 khuyéch dai dién tich, thi dit liéu
dudc doc q?f TEDS va bd khuyé'ch‘ dai dién tich tr d6ng diéu chinh céc
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thong s6 clia né phd hgp véi db nhay cla cdm bi€n. TEDS c6 thé viét
lai, theo nhifng bi€n thdi twin tu hodc nhitng phéi hgp tuong thich
thudc tinh ctia cdm bién.

Mot cdch khéc, 1a tich hgp mét chip ID (vi du mdt bdng ddu ma
hod s6ng am bé mit SAW surface acoustic wave) vao cdm bi€n. Bo
khuy&ch dai dién tich nhin dang cdm bi€n va ¢6 th€ nhin nhitng thong .
tin tin cdy trong cd s& dif liéu, dugc cung cdp ¥ mang k&t ndi vdi mot
may tinh PC.

B ED
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BAI9
KY THUAT CAM BIEN LUU LUONG CHAT LUU

CHUONG 6. CAM BIEN LUU LUGNG, MUC VA PO AM
PHAN 1

Muc tiéu bai nay tip trung vao nhitng kh4i ni€m co ban va ky
thudt cdm bi€n luu lugng cdc chat 18ng va khi (luu chat) (phan 1); cdc
ing dung trong k¥ thudt do ludng va diéu khién — chuong 6.

N§i dung co bdn ma SV phdi ndm dugc & bai nay 1a nhitng van
dé trong tam sau:

e Khdi niém dai cudng vé-luu lugng chat luu (chat 16ng va chat
khi), nhitng dic di€m k§y thuét xdc dinh ching. Céc loai phan ti
cdm bi€n lwu lugng va mdy do lwu lugng dng dung trong k§
thudt do ludng diéu khién, két cau, hoat déng chifc nang, cdc
dac tinh ky thuat, dic di€ém dng dung.

e Cdc vdn dé @ng dung thuc tién cdc phdn tif cdm bién trong cong
nghi¢p d€ c6 nhin thic va k¥ ning t8ng hogp, thi€t k& va ché
tao hé théng cu thé trong thuc t&€ moi trudng Wng dung.

e Bai 9 tdp trung trong tim la ky thudt cdm bi€n luu Iugng chat
16ng va khi (phdn 1) bling cdc phin tf cdm bién @ng dung rong -
rad: trong cong nghi€p va dan dung.

Thdi lugng bai gidng 13 04 ti€t/45 ti€t 1€n 16p theo chuong trinh
mon hoc 1a 03TC (45 ti€t) va 04 tiét e nghién citu.

Khai niém chung.

Pai cudng vé ¢d luu chit va luu lugng.
Chat'luu (hay luu chat) 1a tén goi chung chat 16ng va khi. Cd luu
chit 12 bd phdn cia cd hoc nghin citu chuyén dong cia cdc méi
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trudng 16ng va khi va tuong tic cda chiing vdi cdc vat rdn c6 bién gidi
chung. Trong cd hoc chét luu, cdu tric phan ti thuc cla cdc chat 16ng
va khi dudc thay th€ biing khdi niém 1y tudng héa vé mdt mdi trudng
vt chit ¢6 hai tinh chdt cd bdn: tinh lién tuc va tinh linh ddng (tinh
chady). )

Luu lugng 1a lugng chat 16ng hay chat khi chdy qua ti€t dién
ngang clia dong trong mot don vi thdi gian. Luu lugng c6 thé do bing
[kg/s] n€u tinh theo khdi lugng chat (lwu lugng thé khdi), hodc bing
[m*/s] néu tinh theo thé tich (luu lugng thé tich) cla lwu chat (16ng,
khi hay hoi) luu thong qua dudng Sng dian. N&u tinh theo thé tich thi
luvu lugng Q bing:

Q=vS; (6.1)

trong d6 v 1a véan t&c chdt 10ng tai ti€t dién dang x€t va Sla dién |
tich ti€t dién clia dong chdy. N&€u chat 16ng chdy theo &ng va khong
chiu nén thi lvu lugng Q 1a khéng ddi & moi ti€t dién.

Luu lugng chat (ky hiéu & day 1a O, [m’/s), [m’/h] hay [kg/s),
[tan/h]). Khéi Iugng chat (ky hiéu m, don vi do 1a [m], [lir] hay {kg])
va thé tich chat (ky hiéu V, tinh bing [m"]) & diy dugc hiéu 1a lugng
vit chat luu thong qua may do luwu lugng (luu lugng k€, cdng-td) trong
mdt khoang thdi gian Afnao d6, tinh bing giay [s] hay gi¥ [h].

Midy do luu lugng chat luu théng qua dudng dan dude goi 1a luu
lugng k& hay cng-td lvu lugng, chi thi Iuwu lugng trung binh chdy trong
mot khodng thdi gian (tic tri hiéu dung hay tri trung binh tich phén).
M4y do c6 hiing sG cong-td 12 g, — xdc dinh lugng chat qua may do
tng vGi mot chit s6 chi thi may.

S& do cda cdc may do lwu lugng phu thudc nhiéu vao cdc tinh
ché't hod/ly ciia Iuu chit & trang thdi moi trudng do, thudng phdi dugc
quy d3i vé diéu kién tiéu chudn:,

- nhiét d6 do T°C = 20[°C];
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- 4p sudt khi quyén P=101325 [Pa]= 760 [mm thiy ngan];
- dd Am tuong d6i RH%=0[%])). (6.2)

Cidc cam bi€n Ivu lugng duge ng dung nhiéu trong do ludng
ki€m tra va diéu khién, do lvu lugng ciia ca chat 1dng va chdt khi. C6
nhiéu cdch xdc dinh lwu lugng dong chdy (luu lugng thé khéi mass
flow, luu lugng thé tich volume flow, luvu lugng chdy 18p (ting) laminar
flow, lwu lugng chdy r6i turbulent flow). Thong thudng s& lugng luu
chdt (Iuvu lugng thé khdi) 1a quan trong nhidt, va néu mit dd chit 1dng
1a khong déi, thi phép do luu lugng thé tich 1a cdch thay th€ tdt nhat
cho phép do luu Iugng thé khdi, néi chung d& thuc hién hon. Ngay nay
¢6 khd nhiéu céng nghé va cédc ki€u dang cdm bi€n danh cho muc tiéu
nay. Mot s6 cdng nghé dp dung dudc cho ca cdc phép do luu lugng
chit 16ng 14n cia chat khi, vi nguyén 1y hoat 46ng déu nhu nhau tron?
cd hai trudng hgp. Cdc cong nghé khdc chi didc trung cho luu lugng |
chat khi hay Iuu lugng chat 16ng ma théi. Trong chuong nay ta sé ban
thio mot s3 k¥ thuit thudng diung nhat d€ do luu lugng cla cd chat
1dng va chat khi. Phdn bd sung cho phép do lvu lugng 12 phép do muic,
va & mdt phuong dién nao dé la ca phép do d3 am. Cdc qua trinh do
lusng nay déu ndi bat 1a khd phifc tap.

6.1 Cam bié&n do luu lugng.

Fhuong phdp dién hinh xdc dinh luu lygng dong chdy Ia trudi::
tién do toc d6 chat 1dng chdy qua mot dudng dng, ot doan 6ng dén,
hodc céc cau tric khdc, rdi nhdn vdi dién tich mat cdt tai diém do.

Céac phuong phédp do luu lugng chat khi bao gom:
Phong vii bi€u nhiét thermal anemometers,

Hé do 4p suit vi sai, va:

e Cam bi€n chdy xody vortex sheading sensors.
Cic phuong phédp do luu lugng chat 16ng bao gdm:

Hé do dp suit vi sai,
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e Cam bién chdy xody,

e Cim bi€n luu lugng chuyén dich tich cuec,

e Cam bi€n lvu lugng ki€u turbine,
e Cam bién luu lugng ki€u tif trudng, va:
e Cam bi€n Iuu lugng ki€u siéu am.

Trén cd sd cdc phuodng phdp do nay phd bién cdc loai mdy do
Iuu lugng sau:

e Theo nguyén Iy cdm bi€n khdi lugng thé tich:

o

Cam bi€n lvu lugng thé tich chuyén dich tich cuc: mdy do
lwu lugng thé tich (thudng goi cong-to thé tich);

Cam bi€n luu lugng thé khdi: mdy do tdc d chuyén dich
thé khoi luu chat (thudng goi céng-to téc df hay cong-to
tuabin).

e Theo nguyén ly thay d6i d6 gidm dp trong dudng luu thdng:

]

Hé cim bi€n 4p suit vi sai: luu lugng k& kiéu bi€n ddi 4p
SUat;

CAm bién chdy xody: luu lugng k€ Reynol nhd, lvu lugng
k€& mao din.

e Theo nguyén ly bi€n ddi dién:

(o]

O

o

Cam bi&n luu lugng kiéu tir trudng: Iuwu lugng ké tir -dién.
Cam bi€n luu lugng ki€u siéu am: lvu lugng k€ siéu 4m.
Cam bién luu lugng theo hiéu w@ng laser Doppler: luu
lugng ké LDA.

6.1.1 Phong vii bi€u nhiét Thermal Anemometer.

Céac phong vi bi€u nhiét st dung nguyén ly: nhiét lugng cida
mot cAm bi€n da dude nung néng bi dong chdt 16ng chdy qua 1dy di c6
lién quan v6i vén tdc dong chay dé. Piém dac trung trong phuong phdp
nay 1a c¢6 sif dung cdm bi€n thif hai, cdm bién nhiét do khong bi nung
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néng, d€ b triy sy bi€n dong trong nhi¢t do khong khi, do vdy ma
phudng phdp con dugc goi la “day néng™ “hot wire™.

Céc cim bi€n diy néng dugc ché tao sin nhu mdt may do di€m
don danh cho cdc muc dich thit nghiém test, hodc nhiéu dung cu dugc
b& tri tai nhidu diém 1ip dat ¢d dinh. Cdc cdm bi€n nay ding do céc
ludng khi chdy cham t8t hon cdc ki€u cdm bi€n dp suit vi sai, va n6i
chung dude st dung cho cédc ludng khi c6 van toc tir 50 t6i 12000 feet -
trén phiit (tfc 1a tir 1 +200 km/h).

Thong thudng dé€ do chat khi ngudi ta ding cdc manometers.
Hinh 6.1 cho mdt vi du phép do.4p sudt thiy dfng ctia ludng khi bing
manometer dang ng hinh chit U. G day si dung nguyén ly cdm bi€n
lvu lugng ki€u dp sudt vi sai.

6.1.2 Hé cam bi€n do ap suit vi sai.

Ci4c cong nghé cdm bién do dp suit vi sai ¢6 thé dung cho cdc
phép do lwu lugng cia cd ludng chit khi va dong chat 186ng theo
nguyén ly thay a8i d6 gidm 4p trong dudng luu thong. Trén thi trudng
¢6 s&n nhiéu ki€u dang cdm bi€n chuyén dung dung do dp sudt va
ding do ca luu lugng khi, cling nhu cdc cdm bi€n 4p sudt vi sai ding
cho céc phép do chat 18ng. Cdc may do lwu lugng ki€u dp sudt visai la -
ki€u mdy do théng dung, nhit 1a cdc mdy dung cho chit 16ng.

Velocity Prassura
1.0'Wwce

Hink 6.1 — Phép do 4p suilt thiy dOng ding manometer dang ong
hinh chit U.
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Nguyén ly hoat ddng cla cdc mdy do luu lugng ki€u dp sudt vi
sai dua trén cd s& 4p sudt rdi trén mdy do ty 1€ véi binh phuong luu
lugng; luu lugng dong chdy duge xdc dinh biing cdch do dp sudt vi sai
rbi 18y can béc hai tri s6 d6. Cdc mdy do lwu lugng ki€u dp suat vi sai,
gidng nhu hdu hé&t cdc mdy do luu lugng khdc, ¢6 cdc phdn tf so cdp va
thit cdp. Phin tif so cdp giy ra sy thay d8i trong ning lugng ddng hoc,
dé€ tao ra 4p sudt vi sai trong dudng 6ng. Cdu tric mdy phdi vira khit
v6i kich thude 8ng, cdc diéu kién dong chdy, va cédc tinh chat cia chat
I16ng duge do. Thém vao d6, d6 chinh xdc do ludng cia phan uf phai
dam bao trong mdt pham vi chdp nhdn dugc. Phan w¥ thi cap do dp
sudt vi sai va cac tin hiéu diu ra dugc chuyén déi thanh gid tri luu
lugng thuc t€ ctia dong chay.

C6 nhiéu cdch xdc dinh lvu lugng dong chdy (luu lugng thé khdi
mass flow, Ivu lugng thé tich volume-, Iuu Iugng chay tAng laminar-, Iuu
lwgng chdy r8i turbulent-). Thong thudng, khdi lugng chdt chdy (luwu
lugng khéi) 1a quan trong nhdt, va n€u mét d6 chat 16ng 1a khong ddi,
thi phép do Iwu lugng thé tich 12 thay thé€ t6t nhdt ma lai d€ thuc hi¢n
hon. M6t 16p cdc bi€n cadm transducers dugc st dung mot cdch phd
bi€n do tryc ti€p luu lugng dong chdy, ciing cdn dén phép do dp suit.
Hinh 6.2 gidi thi€u mét canh ngin dinh hudng bending vane c6 1dp
ghép mot day do bién dang nhiing trong dong chdy dé do luu lugng.

FLOW
— BENDING VANE —_—
R WITH STRAIN GAGE —
-
i3 CONDITIONING
ELECTRONICS

Hinh 6.2 —Cénh hudng c6 diy do bi€n dang dung do luu lugng
dong chdy
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D6i vai cdc phép do luu lugng ludng khi, cic mdy do luu lugng
ki€u 4p sudt vi sai théng thudng bao gdm cdc ong pitot (xem hinh 6.3)
va nhiéu ki€u dang khdc nhau cdm bi€n dp sudt thiy dong velocity
pressure-sensing dang 6ng tubes (xem hinh 6.1 — ng chir U), dang lu6i
grids, vi dang manh arrays. Til ¢i cdc phdn tif cdm bi€n nay déu két
hdp vdi bd phat din dp sudt vi sai cudng dé thdp low differential
pressure transmitter dé tao ra tin hiéu ty 1& véi cin bic hai cia toc dod
chat 16ng.

Mot 8ng pitot bao gdm hai dng do dp sudt & hai vi tri khdc nhau
bén trong dudng 6ng. Mot Gng do dp sudt tinh, thudng dét trén thanh
dudng Sng, con ong kia do dp sudt tic dung impact pressure (dp suat
tinh static pressure cong vSi dap sudt thiy dong velocicity pressure).
Luu lugng dong chay cang nhanh thi dp suit tdc dung cang 16n. Cdc
&ng pitot sit dung sy khdc biét gilta dp sudt tinh va dp sudt tic dung aé
tinh t6¢ d6 dong chdy.

Cic Ong pitot 1a nhitng dung cu ré tién, nhung chiing ¢6 nhudgc
diém 1a chi do dong chdy tai mot diém va can phéi ldp dat 1ai di€m 15i
da tdc d6 dong chdy. Nhirng thay ddi trong hinh dang van toc dong
chdy c6 thé giy nén nhifng sai 56 nghiém trong. Ching cling ¢4 xu
huéng lam nghet dong chdy. Viéc ddanh gid trung binh cdc 6ng pitot ¢6
vai c8ng dé€ do dong chay tai nhiéu'vi tri khdc nhau, cho phép tinh dén
st thay ddi hinh dang van toc dong chay.

—
Stad:
) = Prasssn
o
! S 4 Preosure
| I Hinh 6.3 — Ong Pitot.
..+ 8 Holes - 0.04" DIA s Pressure
i
trea from Buin

Cutetr Tubing -
515" 00w 18 B85 GA Lot
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Cdc h€ do Ivu lugng dong chdy dua trén c¢d sd dp suit vi sai bao
gom cdc bd truyén din c6 kha ning nit ra cin bic hai ciia 4p suit do
dugc bdi phuong tién dién tr va cung cdp tin hiéu ty 1&é tuy&n tinh véi
téc d§. Cdc phuong phdp khdc cung cdp tin hiéu ty 1& véi 4p suit do
dugce va phu thudc vao hé diéu khi€n d€ tinh todn cin bic hai. M&t khi
c6 dugc tri s6 toc df, c6 thé tinh duge lwu lugng bing cdch nhan véi
dién tich mat cit ctia 6ng din.

Pham vi do t6c d¢ thiiy dong bi han ch& bdi pham vi va d6 phan
gidi clia bg truyén din dugce sit dung. Pa s8 cdc mdy do 4p sudt vi sai
déu bi han ch€ & tdc d6 t5i thi€u ¢d 400 d&én 600 feet trén phit. Téc d6
toi da chi bi han ch€ bdi dé bén clia cdm bién. PE do dong nudc, dién
hinh 13 cdc dung cu do lvu lugng ki€u 4p suit vi sai hodc 1a do 4p suit l
thiy dong (dang 8ng nhing), hodc do sy sut d4p trén mot vach ngin
bi€t trudc nao d6. Cdc tim ngin c6 15 orifice plates, cic 6ng phut gich-
10 flow nozzles, cdc 6ng pitot, Gng venturis 12 nhitng kiéu vich ngan
thudng dudc sir dung.

Cdc cdm bi€n luu lugng ki€u éng nhiing dudc ch€ tao mot cdch
di€n hinh tir mgt 6ng din c6 nhiéu nhanh md multiple openings chay
sudt bé rong dong chdy, dé€ cho ta tri trung binh vi sai t8c d6 dong qua
ong; va mot vit cdn bén trong ndm giffa cdc cita md & phia trén va
phia dudi dong chdy d€ nhdn dugc 4p suat vi sai. Cac may do kiéu &ng
nhiing c¢6 d6 t6n hao dp suit bén permanent pressure loss thip va c6
th€ ddp tng thda man nhiéu \ng dung théng thudng.

Loai tdim ngin c6 16 ddng tdm concentric orifice plate 1a dang -
don gidn nhat va ré tién nhit trong s6 cdc dung cu 4p suit vi sai. TAm
ngin c6 16 lam dong chdt 16ng chdy theo dang ddng tim va tao nén 4p
sudt vi sai trén tdm 13 (xem hinh 6.4). Piéu d6 tao ra 4p suit cao trong
dong chdy trén va dp suat thdp & dong chdy dudi, ty 1€ vdi binh
phuong téc dé dong chdy. TAm ngin c¢6 16 thudng tao ra t8n hao 4p
suat toan phan 16n hon la cdc phin tif luvu lugng khdac. Mot vu diém cia
dung cu nay la gid thanh khong ting may vdéi kich ¢3 dng.
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Hinh 6.4 — Tam ngin ¢6 186 déng tam.

Cic ong venturi (hinh 6.5) 1a dung cu dp sudt vi sai I6n nhat va
ddt tién nhdt. Chiing hoat dong theo duding kinh hep din lai ctia duding
ong gradually narrowing the diameter, va do su sut ap bdi dd hep dan
dy. Phan nd ra sau d6 cia dung cu 4p sudt vi sai s& lam cho dp suil
dong chdy trd lai gan nhu dp sudt ban dau cia né. Ciing nhu vdi tim
ngan ¢6 16. phép do dp suit vi sai dudc chuyén ddi thanh luu lugng
thiy dong tudng @ng. Mot cach di€n hinh, cdc dng venturi chi dude sir
dung trong nhitng wng dung doi héi dé sut gidm dp sudt thap va do
chinh xdc clia cdc s6 do cao. Chiing thudng duge dung trong cdc dudng
ong ¢6 dudng kinh 1dn.

Hinh 5.5 — Ong venturi.
Cédc cdm bi€n dang &ng phut gich-1d flow nozzles thuc t&€ 1a mot
bi€n dang ciia ki€u 6ng venturi, ¢é gich-I6 md ra lam vt can hinh ellip

trong dong chdy nozzle opening being an elliptical restriction, nhung
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khong c¢6 khodng nd ra d€ bu trd lai d4p sudt (hinh 6.6). Cdc gich-1d dp
suat taps duge dinh vi & khodng Y2 dudng kinh Ong dong dudi
downstream va bing khodang 1 dudng kinh Ong dong trén upstream.

Cac 6ng phut gich-16 12 mdy do dong chdy t6c d cao, thudng
dude st dung khi ¢6 d6 rdi turbulence cao (s6 Reynold trén 50.000),
nhu trong cdc ng dung do luu lugng ludng hdi. PO sut dp sudt cla cdc
ong phut gich-1¢ nim gitta ki€u 6ng venturi va ki€u tdm ngan c¢6 16
ddng tim (30 i 90 phan tram).

Lgi ich clia cdc dung cu dp sudt vi sai 1a gid thanh thdp, van
hanh va lip dat don gidn, va kha ning hoat djng da dudc minh ching
rén thue t€. P6 1a mdt cong nghé dé hi€u. Nhuge di€m clia nhitng
dung cu nay la t8n hao dp sudt bén, c6 thé bi tich tu ¢an ban va lam
nghet; mot vai ki€u dang cé kich ¢d 16n; va khong thich hdp véi mot
sO loai chat 16ng nhat dinh.

Hinh 6.6 — Cam bién dang dng phut gich-10.

6.1.3 Cdc cam bié€n chay xody Vortex-Shedding.

Cédc cdm bi€n luu lugng ndy dua trén nguyén ly (Von Karman)
1a khi chdt 16ng chdy vong qua vdch ngin obstruction (d0i tugng gid
bluff object) trong lubng chdy, cdc xody hoic 16¢ cudn eddies or vortices
thay nhau chdy xudng ludng duéi ddi tugng. Tan s6 chdy xody ty 1& véi
véan toc dong chdy. Cdc cam bi€n don dudc sif dung trong cdc ong din
nhé, con dbi vdi cdc Ong din 16n thi dp dung cdch bo tri cdm bi€n thich
hgp, nhu d6i véi cdc ki€u mdy khdc do ludng khi. N6i chung, cdc cdm
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bi€n chdy xody dudgc \ng dung cho cdc dong khi ¢6 ¢ dd trong pham
vi tir 350 t3i 6000 feet trén phit. Cdc mdy do nay thich iing nhu nhau dé
do lvu lugng thily ddng hay do luu lugng toan phan. Khong khuyén nghi
sit dung vdi cdc chat 16ng ¢6 mat dd cao hay dang sét.

6.1.4 Cic cam bi€n luu lugng ki€u chuyén vi tich cuc Positive

Displacement Flow Sensors.

Cic dung cu do luu lugng nay dude st dung khi can thi€t phdi
¢6 d6 chinh xdc cao & ngudng dudi do nhay turndown (ty s6 toan pham
vi do ctia mdy trén luu lugng nhd nhit ¢é thé do duge), va khi d6 ton
hao d4p sudt bén kkdong giy ra sy tiéu thu ning lugng qua mic. Cic
mdy nay hoat ddéng biing cdch tdch chat 16ng thanh cdc phan doan do,
rdi chuyén dich né di ti€p. Mdi phan doan khi d6 duge do d€m bdi mdt
mdy dém registers va cic may dé€m nay dugc két ndi véi nhau. Ching
rit c6 ich d8i vdi cdc dong chit 1ong sén sét hay khi can dén cdc mdy
do ¢d hoc don. Céc ki€u thong dung trong sd cdc mdy do luu lugng
ki€u chuyén vi bao gém cdc mdy dang thuy lobed va dang barh ring
gear, dang dia quay }zutating disk, dang canh quat quay, va dang piston
dao ddng oscillating piston. Mot cdach dién hinh, cdc mdy do nay dudgc
ch& tao bing kim loai nhu déng thau brass, ddng d6 bronze, va thép
dic, nhung ciing ¢6 thé dudgce ciu tric tr chdt déo ky thudt engineered
plastic, tuy theo ing dung.

B&i trong cdc may do luu lugng ki€u chuyén vi tich cye can dam
bdo dung sai khép kin close tolerances gita cic b phin chuyén dong
nén cic chit rdm 10 ling trong dong chdy c¢é thé giy ra van dé cd hoc.
Cédc mdy do luu lugng ki€u chuyén vi tich cue ¢6 sdn cdc bd chi, thi luu
lugng va bod tdng gbp, c6 theé doc tryc ti€p dude. Nhitng dung cu nay
twong d6i dit tién.

P& hi€u nguyén ly cdm bi€n khdi lugng thé tich ki€u chuyén vi,
chiing ta khdo sdat mot dang mdy do ¢ khi thong dung: cong-td thé tich
do Iuu lugng thé tich chit 16ng va cong-td khi ki€u quay.
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bi€n chdy xody dudc @ng dung cho cdc dong khi c6 tdc dd trong pham
vi tir 350 t&1 6000 feet trén phiit. Cdc mdy do nay thich &ng nhu nhau aé
do Iwu lugng thily dong hay do luu lugng toan phan. Khong khuyén nghi
stt dung vdi cac chdt 1dng ¢6 mat dd cao hay dang sét.

6.1.4 Cic cam bi€n lvu lugng ki€u chuyén vi tich cyc Positive

Displacement Flow Sensors.

Cic dung cu do luu Iugng nay dudge st dung khi can thi€t phdi
c6 dd chinh xdc cao & ngudng dudi dd nhay turndown (ty sd toan pham
vi do clia mdy trén luu lugng nhd nhit cé thé do dugce), va khi d6 tén
hao 4p sudt bén khong gy ra sy tiéu thu ning ludng qud mic. Cdc
mdy nay hoat ddng biing cdch tdch chat 16ng thanh cdc phin doan do,
rdi chuyén dich né di ti€p. Mdi phan doan khi d6 duge do d€m bdi mét
mdy dé€m registers va cdc mdy dé€m nay dugc k€t ndi v4i nhau. Ching
rat c6 ich ddi vdi cdc dong chat 16ng sén sét hay khi can dén cdc mdy
do cd hoc don. Céc ki€u thong dung trong sé cdc mdy do luu lugng
ki€u chuyén vi bao gém cdc mdy dang thiy lobed va dang barh ring
gear, dang dia quay hutau’ng disk, dang canh quat quay, va dang piston
dao ddng oscillating piston. MGt cdch di€n hinh, cic mdy do nay dudc
ch& tao bing kim loai nhu déng thau brass, dong doé bronze, va thép
dic, nhung cling ¢6 thé dudc cau triic tif chdt déo ky thuit engineered
plastic, by theo Ung dung.

B&i trong cdc mdy do luu lugng kiéu chuyén vi tich cuc cdn ddm .
bido dung sai khép kin close tolerances giita cdc bd phan chuyén dong
nén cic chat rdm 10 lirng trong dong chidy c6 thé giy ra vdn dé cd hoc.
Cédc mdy do luu lugng ki€u chuy‘é'n vi tich cue ¢6 sdn cdc bd chi, thi luu
lugng va bd tdng gbp, ¢6 thé doc tryc ti€p duge. Nhitng dung cu nay
twong doi dit tién.

P& hi€u nguyén 1y cidm bi€n khéi lugng thé tich ki€u chuyén vi,
chiing ta khdo sat mot dang mdy do cd khi thong dung: cong-td thé tich
do Iwu luogng thé tich chit 16ng va cong-td khi ki€u quay.
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Céng-to thé tich. Nguyén ly: Dya trén cd s& d€m tryc ti€p luu
lugng thé tich chdt 16ng luwu thong qua budng chifa c¢6 thé tich bi€t
trude, & day 1a budng chifa tao nén bén trong méy do. So dé nguyén ly
" cau tric (hinh 6.7):

Hinh 6.7 — Cong-td thé tich.
BO phin cdu tric cd bdn 1a budng chita dugc tao hinh dic biét
va hé binh ring ovan truyén dong do ddong chdy. Truc clia mdt trong .
hai banh ring dugc gidn véi cd cdu d€m 1dp bén ngoai.
Pic di€m:
o Mady do ¢6 d§ chinh xdc cao (& = £(0,5 +1,0)[%]); tdn that 4p
sud't nho.
o Nhude di€m: can bd loc didu vao, gdy 6n, pham vi do gidi han
(0,01 +250) [ m’ /gio).
o Ung dung chii y€u do luu lugng thé tich chat 16ng, ddu sach va
cdc sdn phdm diu.
o Phuong phdp do: Diing ¢d cdu d€m cd khi d€ chi thi hay bd bién
ddi s6 vong quay thanh tin hiéu dién.
Cong-td khi ki€u quay. So dd nguyén ly cau tric (hinh 6.8).
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Hinh 6.8 — Cong-td luu lugng thé tich khi kiéu quay.

B6 phédn cdu tric ¢d bdn 1a tang quay nim bén trong vé mdy va
hé cdanh gat ¢6 bdnh lin tya trén co ¢du cam ¢ dinh. Tang quay dugc
gin véi ¢ cdu dém bén ngoai.

Pic diém:

o Midy do ¢6 d§ chinh xdc 0,25; 0,5. Pham vi do (100 +300)

[ m* /gir]. Budng kinh 6ng din (100 = 500) [mm)].

o Ung dung do Iuu lugng thé tich chat khi hay dau trong diéu kién

cd dinh tai cdc nha mdy loc diu hay trang bi trén cdc thiét bi di

dong.

o Phuong phdp do: Dung c¢d¢ cidu d€m cd khi dé€ chi thi hay bd bién

A3i s6 vong quay thanh tin hiéu dién.

Céc cam bi€h lun lugng kiéu turbine.

Cic mdy do ki€u turbine va chin vit propeller dp dung nguyén
ly 1& chat 16ng chdy qua turbine hay chin vit s€ lam quay rotor vdi toc
dd ty 1€ thuédn vai luu Iugng dong chdy. Cdc xung dién sé duge dém va
céng gop: Cdc dung cu nay ¢6 sdn dang toan phian dudng kinh full
bore, dang cdc phuong dn ldp rdp theo tuyén line-mounted va dang
nhiing insertion types n€u chi mot phin dong chiy cin do 1a chdy qua
phin tif quay clia mdy. Cdc mdy do luu lugng ki€u wrbine, khi dudge
dac trung va ldp dit mét cdch phi hgp, sé cung ciap do chinh xdc 14,
dic biét 1a ddi va@i cdc chdt 16ng ¢6 mat dd thap. Cdc cdm bién ki€u
nhiing dudc st dung cho nhitng trudng hgp it nghi€m trong hon, tuy
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nhién ching thudng d& bdo tri ki€m tra va sita chita hon bdi c6 thé
thdo d3 ra ma khéng lam ngung tré dudng 6ng din chinh.

Trén c¢d s nguyén ly cdm bi€n luu lugng lugng ki€u turbin,
chiing ta khdo sdt mgt dang may do co khi thong dung: céng-td téc dd
hay con goi la cOng-td turbine.

Céng-td tdc dy. Nguyén ly: Dya trén co s& do gidn ti€p sO
lugng thé€ tich chdt 16ng chdy qua, thanh don vi lvu lugng thé tich,
théng qua s& vdng quay n cia turbine mdy trong mdt don vi thdi gian
(tifc 12 twong @ng t6c dd v clia dong chdy).

Luu lugng thé tich Q cilia dong chdy (biéu thitc (6.1)-) c6 tdc dod
v chdy qua ti€t dién S cia cong-td la:

Q=vS.

Td&c d6 turbine mdy do tuong @ng gid tri tfc thdi cla tdc do dong
chdy. Nhung mdy do dugc khdc vach theo don vi luu lugng thé tich cia
dong chdy, bdi s& vong quay n cla turbine ty 1€ vGi vdn t6c v dong
chdy:

n=kv=kQ/S; (6.3)
ma luu lugng thé tich Q chinh Ia:
av
i R 6.4
Q = (6.4)

& day: V12 thé€ tich luu chdt di qua ti€t dién S clia m4y do trong
khodng thdi gian Afr=t, —t,, (dng v4i chi thi mdy do & nhifng thdi
diém dé 1a N, va N,). T d6 ta cé:

V= j' O.dit = %j’ ndt = K. f(n). (6.5)

Tie 12 uu lugng thé tich cia chat 1dng ty 1€ vdi s6 vong quay n
cla turbine mdy.
So d6 nguyén ly ciu tric (hinh 6.9).
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Hinh 6.9 — Cong-t¢ t6¢c d6 turbine hudng truc.

BO phédn cdu tric cd bdn 1a turbine dit theo hudng truc may, ¢
dang vit xodn, truyén dong bdi dong chdy: truc turbine gén vai ¢d ciu
d€m cd khi biing cap banh riang truc vit. Mdy ¢6 bo phan hiéu chinh
toc do turbine biing cdch chinh hudng dong chdy so va@i goce 1éck cdanh
turbine.

Da&i v6i dong chdy luu lugng nhd, ding cong td turbine ki€u ti€p
tuy€n (chia thanh loai dong don hay nhiéu dong — hinh 6.10).

| Pl

Ly

/e L

NOODUONNNNNNNS £ SO0,
| SH—

Hinh 6.10 — Cong-td turbine ti€p tuyén.
Pic di€m: -
© COng-td turbin hudng truc ¢6 dd chinh xdc 1,0; 1,5; 2,0; pham vi
do (50+300) [m’/gio]; dusng kinh Sng din (50+300) [mm].
Cong-td turbin t€p tuyén c6 d chinh xdc 2,0; 3.0; pham vi do
(3 +20) [ m’ /gio]; dudng kinh 6ng din (15 =40) [mm].
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o Phuong phdp do: Diing cd cdu dé€m cd khi d€ chi thi hay b§ bién
ddi s6 vong quay thanh tin hiéu dién.

6.1.5 Cdc mdy do lvu lugng th€ khéi Mass Flowmeters.

Céc qué trinh lién quan t6i luu lugng thé khdi nhu cdc phin dng
hod hoc, quéd trinh nhiét ddn vv.. ddi héi nhitng phép do Iuu lugng
chinh xdc¢ hon, va diéu d6 din tdi viéc phat trién cdc mdy do luu lugng
khdi. Mot loat céc thiét k&€ da dugce thuc hién, nhung phd bi€n nhit la
m4dy do Coriolis, hoat ddng clia n6é dya trén cd sd hién tugng dudc goi
1a lyc Coriolis.

Luc Criolis 12 mdt loai lyc qudn tinh, la dai lugng ¢6 d I6n
biing tich ciia khdi lugng vat vé@i gia toc Criolis va ¢6 hudng ngude véi
hudng ciia gia t8c Criolis. Gia téc Criolis 1a gia toc xuat hién trong cédc
hé quy chi€u quay. & day ta ding khdi niém hé quy chi€u, c6 hé S (c6
vat chuyén dong bén trong v6i van tdc dai v ) chuyén dong vGi vén
t6c géc @ dBi v4i mdt hé N, dé gidi thich nguyén ly hoat dong cia
mdy do Criolis.

Cic mdy do Coriolis 12 mdy do khd&i lugng thuce, do truc ti€p vén
téc khdi ctia dong chdy, khdc vdi cich do luu lugng thé tich. Bdi vi
khGi Iugng khong thay d8i, nén mdy do la tuy€n tinh ma khong phdi
diéu chinh dd8i v4i nhitng chat 16ng ¢6 cdc thudce tinh khdc nhau. Ciing
y nhu vdy, khong cin phai b triY d6i v6i nhitng thay ddi vé nhigt dd va
céc diéu kién 4p sudt. Ki€u mdy do luu lugng nay dic biét c6 ich di
v6i phép do nhitng chat 16ng ¢6 mat do thay ddi theo van tdc & nhiét
d6 va 4p sudt da cho.

Cic mdy do Coriolis dugc ch€ xudt theo nhiéu ki€u thi&t k&
khdc nhau. Mot dung cu phd bi€n bao gdm &ng dan dong hinh chit U
dugc boc trong vé cdm bi€n ndi véi bo phin dién tlr, va khéi dién i c6
thé€ dat & cdch xa cdm bién t6i 500 feet. Bén trong vé hdp cdm bién, |
&ng din hinh chit U rung dong & tan s& ty nhién cia né bdi mot dung
cu tiY tinh dit & doan cong clia dng. Cdi ndy giong nhu rung ddng cia
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am thoa (tuning-fork — cd ciu dinh 4m “la” miu cho nhac cu), chi€m it
nhat 1a 0,1 inch. va hoan thanh tron chu ky khodng 80 lan/gidy. Bdi
bén trong Ong ¢6 chat 1éng chdy qua, rung déng nay 1am cho 6ng din
budc phii rung ddng theo chiéu thing ditng. Viéc nay lam chat 1dng
tic ddng mdt luc 1én dudng Ong (luc Criolis), 1am cho 6ng xoay vin
xodn. Lugng xodn tryc ti€p ty 1€ v8i do 16n lwu lugng khdi cda chat
16ng chdy qua 6ng. Cdc cdm bi€n tif tinh dat rén mdi ddu ong sé do
van tdc chuyé€n dich cla dng, vin tdc nay sé thay ddi khi 6ng xoin lai.
Cédc cdm bi€n cung cap thong tin nay cho bd phian dién tif, bo phan nay
s& xit ly va bi€n d&i thanh dién ap ty 1€ v3i dd 16n luu lugng thé khoi.
Midy do luu lugng nay c¢6 pham vi itng dung rdng rii, tir chat keo dén
i ni-td 1éng.

6.1.6 — Luv: lugng k& tir-dién.

Nguyén ly hoat déng dua trén cd sd dinh ludt cdm ng dién-tir
Faraday: «<hi tir théng @ qua mdt vong day din khép kin bi€n thién,
thi trong vong day s& xudt hi¢n mdt th€ dién ddng cdm ng e, ; suit
dién df_mg"cém ttng nay chi tdn tai trong thdi gian tir théng bién thién
va ty 1€ vdi tdc dO bién thién tif thong:

ey =—dd/dt. (6.6)

Né&u vong day dén khép kin d6 1a dong chdy cila chit 1dng din
dién thi ¢6 ‘thé’ ing dyng nguyén ly cdm ng dién-tir &€ xdc dinh toc do
hay luu lugng thé tich cda chélt 1dng.

Stt¢ dién ddng cdm Wng trong tr trudng khong ddi (nam chiam
vinh ctfu) la: ,

ecyr =Bv.D = ié.Q =kQ; (6.7)
7D

3 diy: B — cudng d6 tir c_ém;‘ v — tdc dd dong chdy; D — dudng
kinh trong clia 6ng din; Q — luu lugng th€ tich clia chat 13ng. Titc la
sifc dién dong cdm ng ty 1€ vdi Ivu lugng thé tich cda chit 18ng.
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Pé& loai trit dnh hudng cia sitc dién dong phin cyc ky sinh trén
cdc dién cuc ctia luu lugng k€, thay vi nam chim vinh cttu ¢6 thé dung
nam chim dién xoay chiéu. Khi d6 sic dién déng cdm ing trong tir
trudng xoay chiéu s€ la:

ey =40.B, . .sin((o.;r%). (6.8)

Nguyén 1y cdu tao (hinh 6.11). B phédn cau thanh ¢d ban ctia
luu lugng k€ 1a doan Ong bing kim loai khoéng tir tinh dat vudng goc
véi dudng sifc ctia tif trudng nam chdm, ¢6 hai dién cuc dua ra, ndi véi
déng hd do (millivolt-k&€ hay dién thé ké).

|
b 4
T T T
FYVYYY
L/U
L

;

Hinh 6.11 — Sd d& nguyén 1y luu lugng k€ tr-dién.

Conductive
Procees Variable Flow
Rate (FPS)

Flange

SST Tubs

Magnatic Field *B"

el S
L 1 /' (Constant Strangth)

Hinh 6.12 — Pau tir clia mdy do luu lugng.
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Chat 16ng 12 chit dién din, va tY trudng bén ngoai (clia nam
chim vinh ciru hodc dudgc tao bdi cdc cudn day dat bén ngoai dudng
dng dudc kich thich dién 4p xoay chiéu). Pién dp tao ra s€ ty 1€ véi dd
16n Ivu lugng. Cédc dién cuc ldp trén thanh 6ng cdm nhédn dién 4p cdm
tng va dudc do bdi dung cu thit cdp.

Hinh 6.12 gidi thiéu nguyén ly két cdu cda luu lugng k€ wr-dién.
Cdc mdy do luu lugng kiéu tir-dién duge Wng dung dé€ do van téc dong
chdy ctia cdc chdt 1dng din dién (gdm cd nudc), nhitng chd cin mot hé
chit lugng cao, yéu cau bdo tri thip. Gid thanh clia cdc mdy do luu
lugng ki€u tir-dién cao hon so vdi cac ki€u mdy do luu lugng khéc.
Chiing ¢6 nhiéu vu di€m: ¢6 th€ do cdc chit 16ng khé do va ¢é tinh dn
mon, chi't sé nhu hd vita cement, bun, phan sét, va ¢6 thé do luu lugng
chdy ngudc reverse flow.

Pic diém:

o Luu lugng ké tir-dién ding do chit 16ng c6 dién dan khong dudi
(107 +107°)[Simen/m]. ,

o Chi thi mdy do khéng phu thudc ty trong chidt 16ng, khdng phu
thudc cdc dnh hudng ngoai (dp suit, nhiét d9, dd nhdt, 1an hat, bui -
hay bot khi ... — n€u ching khong lam thay ddi dién din clia chat
16ng).

o Pham vi do (1+2500)[ m’/gio]; t6c 46 dong chdy (0,6 +10)[m/s]
trong 6ng din dudng kinh (10 + 1000){mm]; cdp chinh xdc 1,0; 2,5.

o Pauong phdp do: Po sifc dién dong, ding co cdu do dién thé ké.

6.1.7 Cdac cdm bi&€n luu lugng siéu 4m.

Cic cdm bi€n Ivu lugng ki€u siéu am c6 thé chia ra thanh:

e Cdam bi€n Doppler, va:
e Cim bi€n chuyén vian, hay 1a thdi gian chuyén dich time-
travel.
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Cam bi€n Doppler dya trén cd sd hiéu tng Doppler — sy thay
d8i tin s6 cia dao Ad6ng phat di tir mét ngudn do chuyén dong tuong
d6i clia ngudn va may thu. Trong cdc cdm bi€n Doppler, nhitng di pha
tdn s& gay ra b3i chit 16ng chuyén déng mang theo nhitng phan tif rJi
rac tao ra nhitng xung phan xa nhu tit mét ngudn di dong.

Céc cam bi€n Doppler do nhitng di pha tan sd gay ra bdi chat
18ng. Hai bd bi€n cdm dugc 14p rdp trong hop gdn vao mot bén Ong; '
mot tin hiéu c6 tdn s da biét trude dugc cdp tdi chit 1dng cin do.
Nhitng hat 10 Ittng, chat chdt rin hay bat ky chdt rdi rac nao khdc trong
cha't 16ng s& tao ra nhitng xung phan xa tGi phéan tif thu nhén. Bdi chat
16ng gay nén phan xa lai dang dich chuyé&n nén tan s6 xung phdn xa bi
di pha, va d6 dich pha ty 1& véi van tSc clia chat I6ng.

V@i cdc mdy do ki€u thdi gian chuyén vin time-travel, thi cic
bi€n cdm transducers dugc ldp & hai bén 6ng, sao cho séng am 1am
thanh mot géc 45 dd vdi hudng dong chdy. Téc do tin higu gilra céc
bi€n cam s& ting hay gidm theo hudng truyén din va vin t6c chit 16ng
cin do. Cing c6 thé xdc dinh dugc quan hé thdi gian vi sai ty 1€ véi luu
lugng biing cdch truyén din tin hiéu mdt cdch ludn phién theo cd hai
hudng. Khéc vdi cdc cAm bi€n Doppler, cdc cdm bi€n thdi gian chuyén -
dich bi han ché 1a cdc chdt 18ng duge do phdi tuong d8i sach, khong c6
nhitng hat chat rin hay c4c chét khi tron d€ gidm thi€u sy phén tén hay
hdp thu tin higu. .

Uu diém cia cdc may do luu lugng ki€u siéu 4m 1a ching khong
xaAm thuc va gid thanh vira phdi. C6 nhiéu ki€u dugc thi€t k& dé kep
l1én dudng ong.

Phép do Iuu lugng theo hiéu iwng laser Doppler.

Phong vii bi€u anemometer ki€éu laser Doppler (Laser Doppler
Anemometer LDA) 12 k¥ thudt da xdc ldp khd virng trén 30 nam nay,
duge ng dung rong rdi d€ do dong hoc luu chit trong cdc chit Iong va
chat khi. P& nhay hudng chdy va tinh khéng xdm thuc cia cdc mdy
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LDA lam cho né trd thanh ¢6 ich ddi véi nhitng dng dung véi do dong
chdy ngudc, cdc phin ing hod hoc hodc phudng tién nhiét d§ cao, va
cdc mdy quay, ndi ma cdc cadm bién vat ly khdc co thé khé khin hodc
khong thé sit dung. Tuy nhién k¥ thudt nay doi héi doi theo nhiing
phan tif trong dong chdy.

Nhitng Igi ich chid y&u cia LDA trong phép do luu lugng bao

gom:

Po khong ti€p xic.

Khoéng cin ki€m chuin.

Khodng cdch do ¢ thé tif ¢d centimeters dén meters.
Toe dd do ¢6 pham vi tir 0 dén siéu am.

C6 thé do do dong déi chiéu.

C6 gidi thudt khong gian va thdi gian cao.

Ciu tric ¢o ban ctia mot may do LDA (hinh 6.13) bao gom:

MGt laser song li€n tuc.

Mdy phdt quang hoc transmitting optics, k€ ci bd tach tia
beam splitter, va thau kinh hdi tu focusing lens.

Mdy thu quang hoc receiving optics, gom thau kinh hoi
tu focusing lens, mot bd loc giao thoa interference filter,
va mot bd phén tich quang dién photodetector.

M6t bd chudn hod tin hiéu va xi 1y tin hi¢u.
f

P e

?I.v

!
L

b

Fean s

i i Scattered
’3 { light
Lens f / Con
{ 1ght detector .
Laser /‘r-b-('* " ‘; S 8 193.\\&: o
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L Flow with particles

Hinh 6.13 — Cau tric mdy do LDA.
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N6i chung, mday LDA gdi di mot tia laser don sdc tdi dich va thu
bifc xa phdn xa. Tuy theo hiéu ttng Doppler, su thay ddi trong budc
séng cla bifc xa phdn xa 1a ham ctia toc d6 tuong doi cia ddi tugng
ding lam dich. Do d6, té¢ dd cia ddi tugng ¢6 thé xdc dinh biing cdch
do su thay ddi trong budc séng-ctia tia laser phdn xa. Viéc nay dudc
thuc hién bing cdch tao ra mdt mau pattern cic vach giao thoa (mau
cdc vach sdng tdi xen k&) bang cdch x&€p chdng 1én nhau tin hi¢u goc
va tin hiéu phdn xa.

Té& bao quang-dién Bragg thudng dudge st dung nhu b tach tia.
N6 1a mdt tinh thé thiy tinh ghép vdi mot tinh thé piezo rung dong
(hinh 6.14).

Bragg cell

\

2ro.
™ .
& '7"!1—':: ., g

i
Wty

Hinh 6.14 — T& bao Bragg sit dung mot bd téch tia.

Su rung ddng tao nén cdc séng Am tdc ddng gidng nhu mot ludi
quang hoc. Hai ludng tia ¢6 cudng d6 nhu nhau thodt ra tr t€ bao
Bragg vdi tin s6 f, va aphe » V@ chuing dude hoi tu lai vao cdc sdi
quang dua téi dau do probe. Trong diu do, cdc tia song song di ra t
sdi quang dugc hoi ty bi mot thau kinh tdi diém giao nhau trong mot
viing goi 1a thé tich do, dién hinh 12 khodng ¢3 vai millimeters chiéu
dai va dudc do tai d6. Cudng d6 sidng dugc diéu bi€n nhd ¢6 sy giao
thoa giilra cdc tia laser tao nén cdac vach sdng song song ¢6 cudng dd
sdng cao, goi la cdc vach fringes. Khodng rong cdc vach d, dugc xdc '
dinh b3i budc séng A cia tia laser va géc @ tao gilra cdc tia.

A

d S, 6.9
" 2sin(8/2) e
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Thong tin vé t6c dd dong chdy xud't phat tiY dnh sdng tdch ra bdi
chim cdc hat “cdy vao” (“seeding”) c6 trong chit 16ng khi ching
chuyén dong qua thé tich do. Anh sidng dugc phin tdich bao gdm mdt
s di pha Doppler — tan s& Doppler f,, - ty 1& vdi van téc thanh phén
vudng gic véi dudng phdn dbi cla hai chim laser, tuong \ing vdi truc x
ctia thé tich do.

MGt thdu kinh s& thu gom cdc chim dnh sdng bi téch lai va hoi
tu né 1&n bd cdm bi€n quang-dién. Mot bd loc giao thoa duge 15p phia
trudc cdm bi€n quang d€ chi cho 4nh sing c¢6 budc séng nhit ainh di
qua, loc b khéi cdc budc séng khdac va khoéi nhi€u dnh sing xung
quanh. Cim bi€n quang chuyén ddi bi€n dong that thudng cilia cudng
dd sang thanh tin hi€u dién, su bung 1én burst Doppler. Nhitng su birng
sdng Doppler dugc loc va khuyé€ch dai 1€n trong bd xi¥ 1y tin hiéu, xdc
dinh £, di vdi mdi hat, thong thudng 12 biing cdch phén tich tin s8 si
dung thuét todn bi€n ddi nhanh Fourier (FFT).

Khodng rdng clia phd vach d, cung cdp théng tin vé khodng -
cdch dica chuyén hat. Tan s6 Doppler f,, cung cip thong tin vé thoi
gian: 1 =1/f, . Bdi vin td¢c bing khodng cich chia cho thdi gia;l, nén
biéu thifc xdc dinh vin toc sé& 1a:

V=d, *f, (6.10)

Vi ¢hdp nhdn vé cdc phan tf hat cdy seeding, thudng ¢6 trudng
hgp 12 cd¢ chat 16ng ¢6 chira nhitng hat cdy ty nhién tuong ty, nhung
tr3ng tu cdc chat khi cling bi trdn nhitng hat cdy nhu viay. Mot cdch 1y
tudng, cdc hat phdi di nhdé dé€ twdi theo dong, nhung ciing di 16n dé
tdch dud fia sdng dé c6 dudc ty 1€ tin hiéu—trén—nhiéu signal-to-noise
t6t & diu ra clia cdm bi€n quang. Pham vi kich ¢3 cla hat thudng 1a
khodng 1 t8i 10 m. Vit liéu hat ¢6 thé 1a chat rdn (bot) hay chit 1dng .

(giot)-'
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6.1.8 Lya chon cdc cdm bi€n luu lugng.

Viéc Ira chon dung cu khong thich hgp gidi thich d€n 90% cédc
van dé thudng mic phai v6i cdic mdy do luu lugng. Yéu ciu quan trong
nhit trong viéc lya chon mdt cdm bi€n 1a sy hi€u bi€t mo6t cach chinh
xdc nhitng gi ma dung cu dé phdi thuc hién. Dudi day l1a nhifng cau hdi
quan trong cin phdi dugc dit ra trong sudt qud trinh lya chon cdm
bién:

e Co6 phai phép do d4p dung d€ diéu khi€n modt qué trinh cOng
nghé ma mdi quan tim chi yéu la khd ning lip lai -
repeatability, hay 12 nhim 1y gidi accounting hodc khdo sit su
truyén chuyén custody transfer, khi ma d6 chinh xdc cao mdi la
quan trong?

e Chi thi k€t qua 1a tai chd hay li€u c6 can tin hi€u tY xa remote
khong ? N€u ddi hdi phdi cé diu ra tif xa thi n6 phdi 12 mét tin
hiéu ty 1& hay 1a mét tin hiéu déng md ti€p di€m d€ kich hoat
hodc ngung dung cu khac ?

e Chat 18ng cidn do 1a chat sach, chit déo dinh, sén sét, hay 1a
chd't hd cement, biin hodc phin bén dang sét ?

e Chitl1dng cdn do liéu ¢6 din dién ?
e Dic tinh trong lugng hay mit A6 dic trung cia chat 1dng cin do

la gi ?
e Pham vi (dd 16n) ctia lvu lugng lién quan dén ng dung nay la
thé€ nao ?

e Nhiét dd va 4p suit vin hanh ctia qud trinh nhu thé nao ?

e Liéu c6 phdi tinh d€n nhitng chi s6 vé dd chinh x4c, pham vi 4§
16n, d6 tuyén tinh, tinh lap lai, v nhitng yéu ciu vé dudng Ong
din ?

Mot diéu ciing rat quan trong trude khi dua ra quyét dinh lya
chon cudi ciing 1a phai bi€t nhitng gi mdy do lwu lugng khéng thé thuc
hién dugc. Mbi ki€u cdm bi€n déu ¢6 wu va nhuge di€m, mic dd thyc
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hién thda man céng viéc déu lién quan téi viéc li€u cdc tinh ning va
nhuge di€m cia dung cu c¢6 phd hdp vSi nhitng diéu kién Wng dung
khéng. Pa s8 cdc nha cung cip cam bi€n déu nhiét tinh giip d3 khdch
hang cda ho lya chon duge may do thich hgp cho tiing ng dung cu thé.
Nhiéu hing cung cdp nhitng cdu héi trdc nghi€ém questionnaires, ban
thit nghiém checklists, va cdc ban ké dac tinh specification sheets dugc
thi€t k&€ nhim thu thip théng tin phé phdn can thi€t dé cdi ti€n céc
mdy do luu lugng thich ng vdi cdng viéc.

Ciing phai tinh dé€n nhifng ti€n bd céng nghé duong dai. Sai 1am
thong thudng 1a Iya chon mot thi€t k&€ da phé bién vao nhitng nim
trée d8i v4i wng dung da dinh, cho ring d6 vin cdn 12 sy lya chon t6t
nhat, Bi€t dau trong khodng thdi gian 4y c¢6 thé dd xdy ra nhiéu ddi
thay va phét ki€n trong cdng nghé mdy do luu lugng ddi véi ing dung
cu thé, lam cho kha nang lua chon da trd nén rong rdi hon.

6.1.9 Lép diit va bao tri sita chita.

Cic cam bién luu lugng chat khi hoat dong cé hiéu qua nhat
trong nhitng phdn dudng dng hoac doan 6ng din c¢6 hinh dang dong
nhit, cho tri€n khai hoan toan dong chdy. Nhim 1am cho phép do c6
kha ning hién thuc, tit ¢ cdc dung cu cdm bi€n dong khi nén 14p dat
theo diing hudng chdy clia 6ng din dau dong va cudi dong ma nha sdn
xui't di chi dinh. M4t s& nha sin xuit cung cdp cdc phdn tf 1am thing .
dong chdy, ¢6 thé 14p vao ddu dong chd bd tri cdm bi€n nhim céi
thitn nhitng didu kién dong chdy khong mong mudn. Nén tinh dé€n
nhiing phan tif nay khi nhitng diéu kién khong cho phép 1dp dat theo
yéu ciu chdy thing clia phian &ng din trude va sau cdm bién.

Tat ¢4 cdc cdm bi€n luu lugng chit 1ong cling s& lam viéc ot
nhit khi dong chdy ddng nhat, trién khai hét lwu lugng. Nén 14p dat
cdc cam bi€n theo dong chay thing tir ddu &ng t6i cudi Sng A€ c6 dudc
phép:do hién thyc nhat.
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Mic di nhiéu nha cung @ng c6 dich vu ldp diat mdy do luu
lugng, vidn ¢6 mot ty 1é cao nhitng ngudi st dung chon cdch ty minh
1dp dat. Piéu d6 c6 thé din tdi nhitng sai sé6t trong 1dp dat, vi nhu
khong cho dudng 6ng chdy di thing dong ti¥ ddu t§i cudi nhu da néu &
trén. M3i thiét k&€ cdm bi€n c6 mot lugng dung sai nhit dinh d6i véi
nhitng diéu kién vén t6c khéng 8n dinh trong dudng 6ng, nhung moi
dung cu déu dodi hdi phdi dugce cau hinh dudng dng phi hgp dé van
hanh c6 hi¢u qia, cho nén ¢c6 mét miu lvu Iugng dong chdy dinh mirc
dudc cung cap theo thi€t bj. Khéng ¢6 né thi d6 chinh xdc va viéc vin
hanh cdm bi€n s&€ bi 4nh hudng. Cdc may do luu lugng déi khi ciing 14p
ngugce lai duge (dac biét 1a véi cdc tAm ngin ¢ 16 orifice plates). Céc
dudng cdm bi€n 4p suit ciing bi ddo ngudc.

V@i cdc phan ti¥ linh kién dién thanh phin, thi sy an toan thiét
yéu intrinsic safety 12 nhin thitc dudc nhitng viing nguy hiém hazardous
areas. Trong khu vuc cdc xi nghiép cong nghiép déu thidy c6 cdc tir
trudng tdn xa. Cac dudng dién ndng lugng, cdc relays, cdc cudn diy
solenoids, céc bién th€&, dong cd, va cdc mdy phit déu gép phidn tao -
nhi€u giao thoa dién-tl, va ngudi si dung phdi chic chin ring miy do
luu Iuvgng ma ho da chon thude ki€u mi&n nhiém ddi vdi nhitng giao thoa
nhu vdy. Pa s& cdc van dé xay ra vdi cdc phan tir dién t 1a & cac thi€t bi
thi cidp, phdi dugc bdo vé. Tuin thi nghiém ngit nhitng chi dinh cla
nha sdn xuit thudng s& ngin ngira dudc nhitng vin dé nhu vay.

Hiéu chuéin.

Hiéu chudn ban diu 12 yéu ciu dbi v6i 1t cd cdc mdy do luu
lugng; thong thudng viéc hiéu chudn xudt xudng dudce thuc hién bdi
nha sdn xuat. Tuy nhién, n€u c¢é sdn nhitng cdn bd cé uy tin trong cong
viéc nay ciing c¢6 thé thuc hién bdi ngudi mua. Sy cin thi€t hiéu chinh
lai mdy do tdy thudc phin I6n vao viéc mdy do phi hgp dé€n mitc ndo
v8i ng dung cu thé. Mot s& chit 16ng chdy qua may do luu lugng 13 .
cdc chit ¢6 tinh mai mon, An mon, hodc giy sét ri, va véi thdi gian ¢c6
thé€ c6 nhitng bd phén bi gidm gid tri d€n mitc dd d€ dnh hudng téi hoat
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dong clia toan may do. M6t s& cdu triic nhay cdm dé bi tén thuong hu
hdng hon nhitng cdu tric khdc. Vi du, sy mai mdn mét cdnh quat ndo
d6 cia turbine c6 th€ lam cho hoat déng cilia ca turbine bi thay d8i. P&i
véi nhitng @Wng dung quan trong thi nén thif nghiém mdot cidch thudng
xuyén d6 chinh xdc cia mdy do.Trong nhitng trudng hgp khdc, cé thé
khong can thi€t viéc hiéu chudn lai mdy do, bdi ng dung khong quan
trong 1&m hodc bdi moi trudng khdng dnh hudng tdi hoat d6ng cila
mdy. Mot s mdy do Iuu lugng doi hdi phdi ¢6 nhitng thiét bi dic biét
d€ hiéu chudn. Pa s8 cdc nha sdn xuit sé cung cip dich vu nay bing
phuong ti€n cia chinh ho ho#c bing phuong tién cia ngudi si dung,
ndi ma ho s& mang thi€t bi tdi d€ hiéu chuidn mot cdch hop 1€.

Sita chi¥a bdo tri.

Céc mdy do luu lugng khong c¢6 bd phin chuyén dong thi it cin
chi ¥ hon 1a nhitng mdy ¢6 bd phian chuyén déng, nhung k&t cuc hét
thdy cdc méy do hnu lugng déu doi hdi phdi dude bido dudng bio tri.

V@i cac mdy do luu lugng ki€u 4p sudt vi sai, cdc phan tif sd cip
doi hdi cd: valves, cdc Gng din I6n, va vira van khi ching dugc ndi véi
cdc phén tif thit cdp, cho nén viéc bdo tri cé thé phai ti€n hanh lip di
lap lai. Cdt dudng xung ¢ thé bi bit ngh&n hay bi in mon dan, phai
l1am sach hay thay th€. Cdc mdy do ¢6 bd phian chuyén ddng doi hdi sy
ki€m tra bén trong mot cach dinh ky, dic biét 1a n€u chat 16ng cidn do
12 chdt bi nhi€m bén hay dang sét. Viéc 1dp dat cdc bd loc diing trudc
cidc khdi nhu thé ¢6 thé gitip gidm thi€u khd ning khuyé€t tit va hao
mon.

Cdc may do Iuu lugng ki€u siéu 4m hay dién-tiY ¢6 thé c6 nhitng
vin dé phitc tap hon véi cac phan ti¥ dién ti¥ trong bo phin thif cap cla
chiing. C4c cdm bié€n 4p sudt t6 hgp v6i cdc phin i thit cip cling nén
dinh k¥ thdo ra va kiém tra.

Pai v6i cdc may do ki€u siéu am hay dién-tlt, {ng dung &
nhitng chd c¢6 thé xdy ra 16p phi cling bi€u hién nhitng van dé tiém
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tang. N&u I6p phi 1a chat cdch dién, thi hoat dfng cia mdy do huu
lugng ti tinh s& bi hu hdng mét cach t&i hdu n€u cdc dién cuc bi cdch
ly khéi chét 16ng. Viéc thudng xuyén dinh ky lam sach s& giip ngan
chin dang hu héng nay. VGi cdc mdy do luu lugng ki€u siéu am, géc
phdn xa ¢é thé bi thay d8i va nang lugng mit trdi bi hap thu bdi I6p
pht s& 1am cho mdy do khong hoat déng dugc nira.

6.1.10 Nhitng ti&€n b ky thuit cim bi€n luvu lugng.

Mot nghién cfu mdéi didy duge thuc hig¢n bdi Vién nghién ciu
dong chdy va dudng &ng dén toan cdu Flow Research and Ducker
Worldwide chi ra ring d3 c6 mot chuyén bi€n trong linh vyc do luu
lugng, hudng t8i nhitng mdy do luu lugng “cong nghé mdéi”. Nhirng
mdy do “cong nghé mdi” dugc thim dinh trong nghién cifu nhu cédc .
méy do ki€u tiY tinh, siéu 4m, Coriolis, vortex, va ki€u 4p sudt vi sai da
bi€n multivariable differential pressure meters. N6i chung, ching cé
bdn tién ich: ‘

1. Ching da dudc gidi thiéu 50 nim lai day.

2. Chiing d3 hién thuc hod nhiing ti€n bd cong nghé, gidi quyét
nhitng vdn dé c¢& hitu & nhitng méy do lwu lugng kiéu ci.

3. Ching d3 trd thanh y&u t& chinh hoi tu sy phdt trién sdn
phd@m mdi bdi cdc nha sdn xuat.

4. Tinh ning hoat d6ng cla ching, ké cd d6 chinh xéc, déu ot
hon 1a cong nghé mdy do lvu lugng truyén théng.

Pién hinh 12 nhitng ki€u mdy nay con cung cdp nhi€u tién ich
khédc. P6 1a nhitng khd ning phdn mém, nhitng géi iing dung dic trung
hon, va cdc phuodng phdp cdu tric cyc ky lau bén. Tu phén tich self-
diagnostics 13 mot trong nhifng ti€n ich nhu vdy ma ngudi st dung
mong dgi & cdc may do luu lugng.

Hién nay da xudt hién nhitng sdng ch& v6i cdc mdy do ki€u 4p
sufit vi sai, k€ cd su phat trién cdc bd truyén phdt 4p sudt vi sai
differential pressure transmitters d§ chinh xac rat cao, viéc st dung cédc
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bé phdt dan da bién multivariable, va cdc b phdt din dp sudt vi sai
tich hgp phan tf so cap. Mot phdt tri€n ddy ¥y nghia 1a sy xudt hién
mdy do luu lugng ki€u vi sai tich hgp integrated differential flowmeter.
Trong qud khit, ngudi sit dung mua cdc phan tif sd cdp tir mot hing,
cOn cdc bd phdt din thi mua ciia mét hing khdc. Ngay nay, cdc bd
phat din dudc chao mdi véi mot phan tif sd cip tich hgp bén trong. N
luc ngay nay la hudng t6i cdc bo truyén dan chinh xdc hon va linh hoat
hon. Tuy nhién, diéu quan trong 12 can phdi hi€u ring bd truyén din
chi 12 mét phdn tlf trong cd hé, va cdc bi€n khdc déu cé phan trong d6
chinh ».4c lvu lugng.

V@i cdc mdy do lwu lugng ki€u siéu 4m, mdt loat dung cu cé
cap chinh xdc md&i va gid thanh thip cho cdc dudng 6ng ¢3 nhd (dudng
kinh 1/4 inch. t8i 2 inch) dd xudt hién, dua trén cd s cdc hé vi co-dién
Wt (MicroElectroMachanical System MEMS) cdm bié€n siéu 4m va tron
tin hiéu, mach vi di€u khié€n tich hgp chuyén dung (application-specific
integraied circuit ASIC). K¢ thudt nay cung cap mdot phuong tién khic
so v@i cdc mdy do cd hoc truyén théng hay cdc mdy do thé khéi ki€u
vortex dit tién ddi vSi nhitng (ng dung cu thé trong cdc dudng 6ng cé
dudng kinh nhd. Pau ra dién tir cé thé thich wng truc ti€p vaéi diéu
khi€t, qué trinh va thi€t bi ki€ém tra. Ciing y nhu vy, dung cu c6 thé
thue hién viéc tu chinh. N6 rat thich hgp cho phép do luu lugng dong
khi sach.

BDHEO
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BAIIIO .
KY THUAT CAM BIEN MUC VA PO AM.

CHUONG 6. CAM BIEN LUU LUGNG, MUC VA PO AM
PHAN 2.

Muc tiéu bai nay tdp trung vao nhitng khdi ni€ém cd ban va ky
thuidt cdm bi€n mirc chit 1dng va chit khi (luu chit) (phdn 2) va dé 4m;
cdc 1ng dung trong k¥ thuit do ludng va diéu khi€n — gdm phin 2 cla
chuong 6. .

Néi dung cd bdn ma SV phdi nim dugc 3 bai nay 12 nhitng van
dé trong tim sau:

e Khdi niém dai cuong vé cd hoc chit luu (chat 1dng va khi) va
muc, do 4m; nhitng diac di€ém x4dc dinh ching. Cédc loai phan u¥
cdm bi€n mitc va d6 4m ng dung trong k¥ thuit do ludng diéu
khién, két ciu, hoat déng chifc ning, cdc dic tinh k¥ thuit, dic
di€m ng dung.

e Cic van dé ng dung thuc ti&n cdc phin tir cAm bié€n trong céng
nghiép d€ c6 nhin thitc va k¥ ning tdng hgp, thi€t k&€ va ché
tao hé th6ng cu thé€ trong thuc t€ mdi trudng @ng dung.

e Bai 10 tdp trung trong tdm 12 k¥ thudt cdm bié€n mic chat 16ng
va d6 d&m chat khi (phdn 2) bing cdc phdn tif cdm bién ng
dung rdng rai trong cong nghiép va dan dung.

Thdai lugng bai gidng 12 04 ti€v/45 ti€t 1€n 16p theo chuong trinh
mon hoc 12 03TC (45 ti€t) va 04 ti€t ty nghién cu.

6.2 Cam bi&n do mic.

Kh4i niém. Mifc chit 1dng 1a chiéu cao dién diy (chat 16ng hay
hat) trong cdc thi€t bi c6ng nghé. Pon vi do mic 1a don vi do chiéu dai.
Nhu trén d3 n6i, viéc cdm bi€n mifc ¢c6 quan hé mat thi€t v4i ¢dm bién
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lvu Iugng. Ung dung chung nhdt trong cdm bién mitc 1a do bé chira va
diéu khi€n van hanh bé chita. Ngay nay di sin c¢6 nhiéu cong nghé
cdm bi€n mitc, bao gdm tif cdc phudng phap do mite ki€u phao ¢ dién,
ki€u dién moi trong cim bi€n dién dung ... d&n c¢i cdc phudng phdp dp
sudt thily tinh, siéu am, dién dung cao tin RF, cdc phuong phdp dua
trén ¢d s hiéu tng tr gido magnetorestrictive, va cdic hé do xa radar.

N6i mét cdch khdi qudt, trong k¢ thuit do ludng va diéu khién
cdc bé chita, c¢6 thé phén cdc cdm bién mitc thanh hai loai: gidn doan
discrete va lién tuc continuous. Cic mday do mic gidn doan chi ¢6 thé
phdt hi¢n li¢u chit 1éng ¢6 ¢ mot mite nhat dinh nao d6 hay khong.
May do muc lién tuc cung cap mdt tin hiéu ty 1& véi mifc chat 16ng.
6.2.1 Miy do miic ki€u gidn doan.

Cic mdy do mic ki€u gidn doan xédc dinh khi nao chit 16ng
chdy viio bé chita dat tdi mot mife nhi't dinh. Hinh 6.15 gidi thiéu mot
s0 dang mdy do ki€u nay. M6t ing dung dién hinh ctia ki€u cdm bién
nay la xdc dinh khi nao ngung chu ky dién diy mifc nuéc clia may giat.
Co6 nhiéu dang cdu tric may do mic kiéu phao — hinh 6.15a minh hoa
mét trong cdc dang dy, st dung ¢d cidu phao floar va cong-tic chuyén
mach giéi han limit switch. Trong trudng hgp nay, phao dugc ghép ndi
véi mdt coc diing vertical rod. Khi chit 1éng dat mot midc nhat dinh thi
modt cam ghép ndi vdi coc ding s& kich hoat cong-tic chuyén mach
gidi han. C6 thé diéu chinh mitc kich hoat bing cdach dit dinh lai hoic
cam hoic chuyén mach. .

Limit switch L Hinh 6.15 — Mdy do

mifc chit 16ng kiéu

e , gidan doan:

a). Dang phao va

| \ chuyé&n mach; >

5 : b). Dang cam bién

quang dién;

¢). Dang diu do

dién trd.

(a) Float and switch by Photosensor (¢} Resistance probe
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Mot ki€u may do mife khdc dya trén cd sG t&€ bao quang dién
(hinh 6.15b). Khi mifc chdt 16ng ngdp tia sdng thi tin hi¢u mdy do
quang dién photodetector s€ thay d8i, no chi thi su hién dién chat 16ng.

Nhiéu chit 16ng — nhu nude dong, cdc axit y&€u, bia va ca phé
(chi néu mot s6 1am vi du) — 1a chdt din dién nhe, cho phép thyc higén
cdc phuong phdp cam bi€n khdc. Nhu minh hoa trén hinh 6.15¢, mét
diu do dién dudc treo 1d litng trong chat 16ng. Khi chat léng dat tGi dau
do thi dién trd trong mach dién dot ngdt gidm xuong. Ung dung thong
thuting nhat cia ki€u cdm bi€n nay la cdm bi€n chat lam ngudi nhiét
do thap trong 6t0.

6.2.2 May do miic ki€u lién tuc.

Cac mday do mic ki€u lién tuc cung cip mot tin hiéu ra ty 1¢ véi
mifc chit 16ng. C6 vo s6 cdch thue hi€n diéu d6. Hinh 6.16 minh hoa
mot s6 dang may do ki€u nay.

Pot

Waight Pressure
I sansor

(a) Floatand pot (b) Sensing pressure head
Hinh 6.16 — Cdc phuong phap do mifc ki€u lién tyc:
a). Ki€u phao va rong roc; b). Cadm bi€n dp suat thiy tinh.

Cam bién do mic ki€u phao. Ngay nay mic di da sin c¢6
nhiéu cong nghé cdm bién do miic ti€n ti€n, song trong nhiéu ng dung -
cu th& vin théng dung phuong phédp do mite ki€u phao ¢d dién. O day
chiing ta khdo sdt mét cdch khai quat phudng phdp nay (xem hinh 6.16
a). Mot trong nhitng phudng dn do truc ti€p thong dung nhat (dugc
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dang trong binh gas xe 6t6) 1a mot c4i phao gén k&t v4i mot caAm bi&n
vi tri.

Nguyén ly phuong phédp: Chi thi mifc theo vi tri twong ddi cia
phao ndi trén mat chit 16ng. Hinh 6.17 minh hoa nguyén 1y cdc phuong
dn cdm bi€n mitc chat 16ng ki€u phao. B6 phan chi thj c6 thé 1a chi thi
kim hogc bi€n d6i géc quay thanh tin hiu dién hay khi nén. P& truyén
thong tin mic di xa, ¢6 thé€ dung hé selsyn (truc selsyn phdt ghép noi
v@i tang quay ctia b phan ddng, con truc cia selsyn thu gdn v3i cd cau
dé€m).

Pac diém:

o Thi€t bi phao (a) ding do mic nhd c6 dudng kinh

(80 +200)[mm]; thi€t bi phao (b) ding do mic nhé ¢6 pham vi

do (-10++10)[mm] d€n (-200++200)[mm], c4p chinh xdc 1,5;

thi€t bi phao (d) ding do miic ¢6 pham vi do (0+ 12)[in] dén

(0+20)[m], sai so tuyét d6i cla phép do 1a (£1,0 + +10)[mm].
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Hinh 6.17 — S0 d6 nguyén ly cdc phuong 4n cim bi€n mic ki€u phac.

Cam bi€n thiy tinh hydrostatic. Phép do muc si dung 4p sut

thiy tinh vi sai dua trén c¢o sd nguyén ly 1a su sai biét dp suit thiy tinh

gitta doan dau va ddy cla mot cot chat 16ng ¢6 quan hé vdi mit d(’) va
d6 cao cilia cdt chit I16ng (xem hinh 6.16b).

Cédc bd truyén din dp suit c6 sfn duge cdu: hinh cho céc wng

dung ki€m tra mfc. Cic mdy do 4p sudt cling c6 thé 1dp dat tir xa

remote. Tuy nhién, di€u d6 doi héi phadi ti€n hanh hiéu chuin bd
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truyén diin tai hién trudng d€ bu trif nhitng sai biét bac thang gitfa cdm
bi€n va mic cin do. '

Céc may do muc thiy tinh ki€u bot bubbler type da dugc phdt
tri€én dé dung véi dp suat khi quy€n sidu dudi mit dit cda cdc bé chira,
clia hAm chifa rdc phdn va cdc @ng dung khdc khéng thé ¢6 bd truyén
din dudc 1dp vao dudi mirc cin cdm bién, hay ¢6 khuynh hudng bi bit
lai. Cdc hé ki€u bot d€ xi ra mot lugng nhd hai (hay khi gas) qua mot
8ng nhiing trong chit 1dng, ¢6 diu ra nim ngang hay thdp hon mifc
ki€m tra. Van t6¢ khi dudc diéu chinh sao cho ¢6 thé bd qua tdn that 4p
suat khi trong dng va 4p suit két cuc § di€m bat ky trong dng van xdp
xi bing diu do thly tinh cda chit Idng trong bé chita.

P6 chinh xdc cla cdc mdy do mic ki€u thiy tinh ¢6 lién quan
véi d6 chinh x4dc cia cdm bi€n dp sudt duge st dung.

Céc bd truyén din dp sudt vi sai linh hoat (smart differential-
pressure DP) ¢6 thé€ thich @ng véi cdc phép do mic va dang dugc dung
rong rai trong cong nghiép, tao ra tinh phd bi€n trd lai clia cong nghé
cam bi€n ndy. BO truyén dan linh hoat va cdc tin hi¢u dién 4 +20 mA
dugc dung dé€ truyén thong t8i/tlr cac hé diéu khi€n tir xa (remote
Distributed Control Systems DCSs), cdc bd diéu khién logic 14p trinh
dugc (Programmable Logic Controllers PLCs), va cdc hé diéu khién
khdc. Ky thuit do bé chia thiy tinh ( Hydrostatic Tank Gauging HTG)
12 mot wng dung s dung cdng nghé nay dé€ do mdt cdch chinh xdc trif
lugng chat 16ng va ki€m tra sy truyén chuyén ciia bé chia. Céc phép
do mifc c6 thé truyén mang s& liéu d€ ti€p cdn mdy tinh ¥ xa.

& day ta khdo sat nguyén ly dp sudt thily tinh vi sai do mitc chat
18ng biing mot vi du cu thé do 4p sudt & ddy cla bé chita (xem hinh
6.16b). Phuong phap nay dua trén thyc t& 1a d4p suat & ddy bé (goi la 4p
suat thiy tinh head) ty 1& thuin v6i mitc chdt 16ng, nhu thé hién trong
biéu thic (6.11).

P=dH; (6.11)
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G diy: P — dp suat do dugc & ddy bé (4dp suit thiy tinh head);
d — ty trong chi't 1dng (trong lugng chit 16ng trén mot don vi thé tich);
H - chiéu cao ¢ot nudc trong bé.

Vi du: Hiy tinh dp suat thiy tinh & ddy b€ chita 10 feet nudc.

Gidi: D€ sif dung bi€u thifc (6.11) ta phdi bi€t ty trong chat 16ng
(thudng cé thé tim thdy trong sdach tra citu). Ty trong ctia nudc 1a
khodng 64 1b/ft”.

P=d.H =64a[lb/ fi*).10[ fi] = 640[lb/ fi*].

C6 thé chuyén ddi két qia nay sang don vi d4p sudt [psi] (ufc 1a

bing [Ib/in.” ]):
saopb/ 21 _ 4 aaupsin?y.
144[in.’ ]

Ta coi dp sudt do 12 4,44 [psi], ¢6 nghia 1a dp sudt & ddy bé 16n
hon dp sudt & bé mat. Ap suat tuyét doi & day bé sé bang:

4,44 [psi] + 14,7 [psi] = 19,1 [psi]

(Aps. do) (Aps. mtruting)  (Aps. tuyét doi)

(c) Weighing tank (o) Electéodes measure (&) Ultrasanic ranging
Ror

' Hinh 6.18 — Cic perdﬁg phdp do mic ki€u lién tuc:
¢). PP can bé chita; d). PP dién cuc do R hodc C; e). Ki€u siéu am.
Cdac phuong dn do muc ki€u lién tuc khdc trinh bay trén hinh
6.18. Viéc kiém tra trong lugng chdt 1dng bing cdc 1€ bao tdi trong
load cells 12 moOt k¥ thudt khdc ¢6 thé dung dé xdc dinh mitc chit 16ng
403
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(hinh 6.18¢c). Khi d6 ¢6 thé tinh duge mifc chat 1éng né€u biét dudng
kinh va trong lugng cia bé chita (rdng) va ty trong cia chat 1dng. Luu
y ring trong lugng toan bd cla bé chia 1a tdng clia cdc trong lugng
dugc bdo vé ti cac t€ bao tdi trong.

Mot s& mdy do cé thé phat hién mifc chét 16ng mét cdch truc
ti€p. Mdy do trong hinh 6.18d don gidn chi 12 hai di€n cyc dat ding .
bén trong bé. Tin hiéu ra clia mdy, cé thé dugce khuyé€ch dai va xi ly
ti€p biing cdch niao d6, hoidc 1a tri s& dién trd hay tri s8 dién dung ty 1€
véi mic can do. Tuy nhién & didy (ing dung nguyén Iy ma ngay nay da
dugc phét trién thanh phuong bhép cdm bi€n ki€u dién dung. Ta sé&
khdo sdt cu thé hon vé né.

Cam bi€n do mifc ki€u dién dung. Nguyén ly phuong phép 12
dua vao su thay ddi dién dung clia cdm bi€n theo mic chit 16ng nhu la
chat dién moi cda tu dién bi€n dung. Pién dung ciia mét tu dién hinh
tru tron la:

(6.12)

& diy: £ - hling s6 dién mdi cia chat 16ng; &, - hing s6 dién
mdi tuong ddi; H — chiéu cao bidn cuc; D, d — dudng kinh ngoai va
dudng kinh trong clia ban cuc.

Hinh 6.19 gidi thi€éu nguyén ly cdu tao mdt s6 cadm bi€n dién
dung do mifc.

F

EH AT H B T H =

- - : é 2 L=
e el X omr = 1Ty bl
_ —_— — | nhiétdo
] —— —— chat1dag.

Hinh 6.19 — C4c phuong 4n cdm bi€n dién dung do mifc chit 16ng cdch dign.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

B& phan cdu thanh chii y&u ctia cdm bi€n dién dung kiu nay 1a
ciu hinh ty dién. Tu dién (a) 12 hai ban cyc ddng truc ¢6 hinh tru tron.
Tu dién (b) c6 cdu tao binh kin chita chat dién méi khdc chat 18ng.
Phuong 4n (¢) c6 thém tu bd nhing chim trong chat 16ng d€ bu anh
hudng nhiét d6 cla chat 16ng 1én két qua do. Mach do thudng 1a s dé
cdu do dién dung.

Pac diém:

o Cap chinh xic 0,5; 1,0; 2,5.

Cam bié&n do mifc ki€u siéu am.

Cdc cdm bi€n do mifc ki€u siéu 4m phat xa cdc séng 4m, va bé
mat chat Iéng phdn xa séng 4m trd lai ngudn. Thai gian truyén chuyén
ty 1€ v6i khodng cdch giita bé mat chdt 1dng va mdy phadt. Cdc cdm
bi€n nay 13 1y wdng d6i véi viéc cdm bi€n khong ti€p xic dung do
mifc clia cdc chat 16ng dang sét nhu-diu ning, mii cay, keo nhya tdng
hdp, va bin, phén b6n. Trong thyc t&€, dSi v6i phuong phdp nay cé
nhitng han ché sau:

e Botndi trén bé mat chat 18ng ¢6 thé hap thu séng am.
e To6c d6 am thanh thay ddi theo nhiét do.
e Suchdy rdi cé thé giy nén viéc doc chi s& khéng chinh xdc.

Hinh 6.18e gidi thi¢u mjt hé cdm biér mitc tryc ti€p dua trén cd
sd phuong phdp cdm bi€n siéu 4m. Hé nay ding mot may do siéu 4m
1dp bén trén bé chita. Tron bd k& ca mdy phat si€u am va bd phin dién
tif ¢6 th€ mua nhu cdc module va khéng dit tién 1dm.

Cérn bi€n ki€u dién dung cao tin RF.

Céc mdy phdat dién dung cao tin RF Capacitance Level
Transmitters hoat dong theo nguyén 1y 1a mach dién dung c6 thé dugc
tao ra gilta ddu do probe va thanh binh. Pién dung thay ddi theo sy
thay a8i mitc chat Idng, bdi vi moi chdt 16ng néi chung déu ¢ hiing s&
dién moi cao hon khéng khi. Pau do ndi v8i m6t may phat tin sd radio

dugc 14p bén ngoai b€ chita. Sy truyén din mdc do c¢6 thé & nhidu
405
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dang khdc nhau, va thi€t bi thu nhén cé thé 1a mdy tinh PC, b vé& db
thi chart recorder, hay m6t hé diéu khi€n ki€u phin bd (Distributed .
Control System DCS), mdt bo diéu khi€n logic lap trinh duge (PLC),
vv... Cdc cdm bi€n nay rdt c6 ich trong viéc cdm bi€n mifc cia cdc dGi
tugng da dang, clia cdc chiat nudce 16ng hay sét hitu cd va céc chit bin,
chdt 16ng hod hoc nhu véi song quicklime.

Con cé cdc cadm bi€n muc ki€u ddu do dién dung kép c6 thé
ding dé cdm bi€n mat ti€p gidp gilta hai chat 16ng c6 hing s dién
moi khdc nhau. Cdc cdm bi€n nay thdé cuc, dé si dung, khdong cé bd
phin chuyén dong, d& 1am sach. Chiing c6 thé dugc thi€t k&€ cho nhifng
*ng dung & nhiét d6 va 4p sudt cao. Chiing la nhitng bién dang cla cic
hé dua trén cd sd cao tin Radio Frequency RF goi 1a tr3 khdng cao tan
Impedance RF va din nap cao tin Admittance RF. (Trd khdng la dién
trd toan phdn d8i véi dong chdy & mach xoay chiéu AC hay cao tin
RF; din nap 12 tri nghich ddo clia rd khang va 1a thudc do mitc d§ dé
dang luu thong dong trong mach). Nhitng k¥ thudt nay cung cdp mdt s6
cdi ti€n phuong phdp dua trén cd sd dién dung cao tan, k€ cd kha ning
hién thuc ho4 t6t hon va pham vi i@ng dung rdng rii hon.

Cam bié&n tiy gido.

Tir gido 12 hién tugng mdt vat dat trong trudng ¥ sé chiu tic
dung Wng suit kéo hay nén. P4Si vdi cdc chat sdt tr, cdc lyc tdc dung
nay dd 16n c6 thé lam vat bi bi€n dang. Cdc mdy phdt tif gido do muifc
Magnetostrictive Level Transmitters (hinh 6.20) dua trén nguyén ly 1a
st dung mdt t¥ trudng ngoai d€ tao nén modt s6ng dién-t¥ phdn xa
trong 6ng din séng 1am bing vat ligu ti¥ gido.

Piu dd dudc tao thanh tir ba phin t ddng tdm. Phan tif ngoai
ciing 12 mot 8ng bido vé phia ngoai. Bén trong dng bdo vé ngoai 12
dudng Sng din séng, 12 phan t¥ duge tao ddng lam bing vat ligu t
gido. MOt xung dién nhd thim do dugc tao ra trong bd phén dién ¥
clia may phat va phét ra Ong d&n séng, tao ra mgt trudng dién-tl¥ doc
theo chiéu dai clia dudng 6ng. Khi tr trudng nay tudng tdc vaéi wY
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trudng vinh cltu clia mot nam chim lip bén trong phao, gy nén mdt
xung xodn thing torsional strain pulse, hoac tao nén dudng din séng
chiap déi waveguide twist.

Puding din séng chap doi ndy duge phin tich nhu xung hoi veé.
Khodng thdi gian gitta thdi di€ém phdt xung thim do ban dau va thai
di€ém phat hién xung hdi vé duge dung d€ xdc dinh mic do v&i kha
ning thuc hién va d§ chinh xac cao.

- Wavequids

_- Ous Pipe

. Flaat (moves
© as level changes)

-~ A = Flast magnets

Magneti: flekd
trom flaed magnsis

T Wavegude twist
&1 inters=ction ol
magnetic field)

“ Magnstis fisld from
intarrogation pulee

Hinh 6.20 — Cdm bién do mic ki€u tr gido.

Trong thip ky gan day, cong nghé vi séng hay vién tham radar
ding do mic da trd nén théng dung hon nhiéu. Pay 1a mét linh vuc
phit tri€én nhanh. M6t cdch chinh thie, cong ngh€ nay chi m@i dirge sir
dung cho nhitng ng dung ¢6 do chinh xdc cao, nhung su phat tri€én cia
cdc ky thuat mdi va sdn xudt loat da dua cong nghé radar trd thanh ¢6
kha ning canh tranh déi vdi nhiéu k¥ thudt ing dung khdc.

Cam bi&€n mifc ki€u radar vi séng.

Tat ca cdc ki€u do mirc radar sif dung nguyén ly c¢d sd 1a phéng
ra cdc ludng vi séng tif cdm bién dat & ddu bé chita hodc cic dang binh
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chita khdac; mét phdn ning lugng phan xa ngudce trd lai cdm bi€n tir bé
mat cia chat duge do. Khodng thdi gian chay cia tin hiéu dudgc dung
lam thudce do mic.

M4y dd mifc radar c¢6 thé€ chia ra thanh hai linh vuc 16n:

e Radar qua khéng khi; va:
e Radar din séng (guided wave radar GWR), con goi la radar
xung vi séng (microwaver impulse radar MIR).

Loai ¢dm bi€n radar qua khong khi c6 thé dugc phan ti€p ra
thanh hai nhdnh:

e Thdi gian s6ng xung; va:
e So6ng lién tuc diéu bié€n tan s8 (frequency-modulated continuous
wave FMCW). :

Mic du cd hai phuong phdp déu dung cdc tin hiéu vi séng
phéng vao khodng khong phia trén chat cin do, viéc xit 1y tin hiéu hdi
dép, thao tdc va tinh todn khodng cach theo hai phudng phédp la khic
nhau.

Cam bié&n ki€u radar din séng GWR.

Khong nhu cdc hé cdm bi€n radar qua khi, cdc cdm bi€n ki€u
radar din s6ng GWR 12 mdt cdng nghé séng lan truyén invasive. N6
xuat hién tuong tr nhu céng nghé cdm bi€n din nap RF, nhung khéng
¢6 nhitng tinh ning nhu dd néu vé cdc cyc tri 4p sudt, nhiét do hay 1ép .
phi sdn phdm cilia ¢cong nghé din nap cao tin RF.

C4c xung ning lugng dién-tir duge phdt xa tif ngudn mdy phat
phéng xudng dudng din séng (mdt dudng cdp hodc thanh ddn). Khi tin
hiéu dat t6i di€m ma su thay ddi hing s& dién moi xdy ra, thudng 1a &
bé mait ciia chdt, phdan nao d6 cla tin hiéu s& phdn hédi lai. Do d6 lugng
tin hiéu hdi vé ty 1& vdi sai biét trong hiing s& dién moi giita dudng din
séng va chat can do. N6i ngdn gon, cdc chit ¢6 tinh dién mdi/dién din
cao sé& cho tin hiéu hdi ddp manh hon.
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Phép do mic ty né 1a mét ham thdi gian tir khi phat xa tin hiéu -
dién-tir tSi hic k€t cuc ti€ng vong echo dudgce thu lai. Cong nghé radar
nay dugc coi nhu radar do phdn xa theo mién thdi gian (time domain
reflectometry TDR). Sy lan truyén tin hiéu doc theo dudng din séng
lam han ch€ nhitng ti€ng vong gid va gitip gidm thi€u tén thdt tin hiéu
do bui va hdi nudc. Ciing nhu viy, hoat ddng cdm bié€n ciing c6 thé
thuc hién trong nhitng ng dung ¢6 sy thay ddi d6 Am hdi nudc khéng
khi hodc sy bi€n dong hing s& dién mdi clia sdn phdm. Tuy nhién, nén
Ivu ¥ rdng giong nhu moi ki€u diu do radar, cdc vit liéu ¢6 dién mdi
thdp ¢6 thé giy ra van dé. Thém vao d6, dudng din séng c6 thé bi hu
héng hay dn mon.

Céc hé déu c6 sdn cdc dudng din séng don hoic kép, thy thude
vao wng dung. Cic hé dudng din s6ng kép hudng tGi tinh linh hoat cao
hon mdt chit va thich hgp cho cdc phép do giao ti€p, cdc vit liéu ¢c6
dién moi thap, hay nhitng ndi ¢6 bot ndi. Vi tri giao ti€p chi't 1éng dugc
xdc dinh bing cdch ding mdt phian xung dién-tir ban ddu ma khong
phidn xa lai bdi bé mit clia pha trén. Niang lugng nay ti€p tuc xudng
dudng adn séng cho tdi khi né gidp giao ti€p chdt 16ng/chat 16ng va mot
s& phin trim ndo d6 ciia n6 s& phin xa lai ddu do. Phai bi€t dugc hiing
s& ditn moi clia pha phia trén d€ thyc hién mot phép do chinh xdc, bdi
vi céic bO phén dién tif cia didu do phai b trir sy thay ddi toan phin
trong vén toc clia xung dién-tir khi di qua pha phia trén, bdi né s& khdc
vdi t8c¢ dd tin hiéu khi di qua khodng khong.

Cam bi€&n ki€u radar qua khéng khi.

Cam bi€n radar xung lugng pulsed radar, hay thdi gian chay clia
tin hiéu xung pulsed time-of-flight, ciing giGng nhu phuong phédp siéu '
am ding do mifc. Mot xung radar dugc phat téi bé mit ciia chit can do
va khodng thdi gian d€ xung trd vé dugc dung d€ xdc dinh muc.
Phuohg phdp nay ding it cong suat hon ki€u séng lién tuc diéu bién
tdn s6 FMCW nhung hoat dong ctia n6 ¢6 thé bi dnh hudng bdi bot ndi,
nh¥ng vit can trong binh chifa, va cdc vat liéu cé dién moi thap.
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Cdc hé FMCW 1la khoéng xdm thuc va li€n tuc phat xa tin hi€u
tan s6 quét. Trong ki€u cdng nghé radar nay khodng cdch dudc nit ra
tir su khdc biét trong tin s8 giifa tin hi€u phdt va tin hiéu thu & bat ky
thdi di€m nao. Mic du k¥ thuit nay cho mdt phép do quy nap
inferential, n6 c¢6 th€ 1a phép do cuc ky chinh xdc. Mifc do do xi¥ 1y tin -
hiéu k&t hgp vdi cdc ddu do radar FMCW va nhitng yéu cdu vé cong
sudt dua tdi k€t ludn 1a cdc dau do hai day ki€u nay chi pha hgp vdi
nhitng Wng dung don gidn, da s& cdc ng dung khdc doi hdi dung cu
bon day.

Viéc luva chon ki€u antenna va kich ¢ thich hgp 12 y&€u td quan
trong d€ nhin dugc mot chum tia hdi w focused beam va séng phan hdi
return echo tuong \ng. Ca hai loai antenna hinh nén cone va dang dia
parabolic dish antennas déu dudc dung trong ky thudt cam bi€n qua
khong khi. Cac antenna hinh nén ¢6 xu hudng giif tin hi¢u trong dudng
truyén hep, hudng xudng; trong khi cdc antenna dang dia parabolic
huéng t8i viéc tao ra mdt dudng truyén tin hiéu rong. Cac y€u t6 nhu
bot ndi trong bé chita, cdc vét cdn, va suf chdy r&i c¢6 thé dnh hudng t8i
viéc Iura chon ki€u va kich ¢3 antenna.

6.2.3 Lya chon céng nghé cam bi&n muc.

Khi lya chon mdt phuong phdp cho mét Ung dung cu thé nao dé,
phdi chi ¥ d€n nhiéu y&u t6 ngoai gia thanh ban ddu. Nhitng yéu t&
guan trong nhit vé \ng dung do mifc ma cdc nha sdn xuit cdm bién
can thiét la:

e Tén va cdc dic trung cla vat liéu cin do, liéu c6 phdi 1a chat
rin hay chat 16ng, dang sét, dang bdt, hay dang hat. Hing s6
dién moi K 1a dic tinh quan trong dic biét, cling nhu méit dg, dé
nhdét, A6 dan dién, va tinh tuong thich (ddu md3, chdt nudc, vv..).

e Thong tin qué trinh, nhu dp sudt va nhiét do, mic dd chdy roi,
vit liéu b€ hoic binh chifa.

e Nhitng yéu cdu vé cong suit.
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e Ung dung chii y&u ctia binh chita ¢6 chita vat liéu can do (tich
trit, tach loc nudc, him chia, vv..), va kich c¢3, hinh dang cia
nG, va vi tri clia bat ky vat ngdn nao (néu co).

6.3 — Po @6 Am.

Khai ni¢é m chung.

P6 4m dude x4dc dinh nhu ham lugng hoi nuée trong khéng khi
hodc trong cdc chdt khi gases khdac. Theo thudt ngif chuyén mon thi do
4m khong khi 1a ndng d6 hdi nudc trong khong khi. P am thudng
dudc do ludng la:

e DO &m tuyét déi biing khéi lugng hdi nude ¢6 trong mdt don vi

thé tich khong khi hay chat khi gas (tinh ra [g/m*]);

e Diém suong dew point (nhiét d6 va dp suidt ma tai d6 chat khi
bit diu tich tu hdi nudc thanh chit 16ng);

e D6 dm twong ddi, hodc RH (Relative Humidity RH) 1a ty 1€ ham
lugng hoi &m moisture clia khong khi so vdi mic hoi dm bao

hoa & ciing nhiét dd va 4p suit; néi cdch khdc, 12 ty sO gilta d§

Am tuyét ddi vdi dd am cuc dai (khi hoi nuSc bao hoa) & nhiét

46 va 4p sudt dang xét. P4 4m twong ddi tinh bing [%RH].

Trén mit dit, ham lugng hoi nudc trong khdng khi chi€m tr
0,2% khdi lugng (3 nhitng vi d6°cao) dén 2,5% khdi lugng (& vang chi
tuy€n). Trong diéu kién khi hau binh thudng, d6 dm trong d6i cla
khong khi thich hgp nhat ddi vdi con ngudi la vao khodng 40 — 60%.

Piém suong 13 nhiét dd ma mai trudng cin ha dén dé hdi nudc
chira trong d6 trd thanh bdo hoa (diéu kién d€ dong lai thanh nifng giot
suong). Khi d6 trong khong khi (hay trén bé mat nhitng v4t tiép xic
véi khong khi) ¢6 thé thdy hdi nude ngung tu thanh giot suong rit nhd.
Bi&t diém suong, ta s& xdc dinh dugc dd dm cda khong khi. B§ am
twong dGi cang nhd (trdi cang kho hanh), thi di€m suong cang thap hon
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nhiét d0 dang c¢6. Khi do 4m tuong d6i bing 100% thi di€m suong
trung vdéi nhié€t d§ dang co.

Pi ¢6 thdi dd Am tuong ddi dude xdc dinh bing cdch do sy thay
d8i hoi 4m hap thu trong chat lua sink, t6¢c ngudi hair (Am k& téc, Am
k€& bay hdi), va sau nay la trong chit nylon va cdc chat tdng hdp khic.
~ Céc phuong phdp cd hoc do dé Am tuong d6i RH di dugc néu tiY nhitng
nim 1940. Ngay nay di phat tri€n cdc loai cdm bi€n dién dung va trd
khing dua trén cd s& cdc chat polymer. TY nhitng nim dau 1960,
nhitng tdim guong soi bi lam lanh di dugc ding d€ do di€ém suong,
nhung ngay nay su phdt tri€n k¥ thuit cdm bi€n dién dung mang mdng
thin film capacitive sensors cho phép do di€ém suong & nhiét d6 thip c3
-40° C ma gi4 thanh thdp va d6 chinh x4c cao hon nhiéu.

D6 4m khoéng khi 14 mot trong nhitng dic trung quan trong nhat
cia khi hdu va cé ¥ nghia quan trong d8i v6i mot s& qud trinh céng
nghé. Trong khi quyén, d6 dm tdn tai trong pham vi rdt rong (1 vai
phan triéu ppm d€n hdi nudc bao hoa & 100°C ), trong khodng nhiét do
16n (tir -60-dén 1000°C ), c6 thé lin tap chat va hod chat khac nhau.
P6 4m chit 1dng 12 ham lugng nudc trong cdc chit 16ng khi nudc
khong phdi 12 thanh phin cdu tao c¢d bdn, nhu ham lugng nude trong
dau md, trong rugu ...

Cédc thong s6 quan trong dic trung la:

e Ap sudt hoi bdo hod p(T) - dp suat hdi nudc & trang thdi cdn
bing vdi nudc thé 16ng & nhiét dd T nao d6, vudt qud gid tri nay
s€ xdy ra qud trinh ngung tu.

e D6 4m tuyét d8i cia khong khi bing lugng hoi nudc c6 trong
mot don vi thé tich khéng khi (tinh ra g/m?).

e DO dm tuong d6i RH% - ty s6 4p sudt riéng cla hdi nude p, va
4p suft hoi bio hod p(T) & nhiét 4 T:
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RHY% = p(”T) 100%. (6.13)
Py

Thdng s& nay dugc do biing 4m k& dién trd va &m k& dién dung.
e Nhiét do tao suong 7, [%] — nhiét d6 lam lanh khong khi dé dat
trang théi hdi nuSc bdo hoa, sao cho p, = p(T). Thong sG nay

dudc do biing &m k& ngung tu, im k& hap thu, m k& oxit nhom,
dm k€ dién ly.

e Nhiét @6 &m 7, [*C] - nhiét d§ céin bing ctia mot khoi lugng
nude hod hdi tr nhién vdi khong khi. Thong sd nay duge do
bing hygrometers. '

Phéan loai 4&m k& Am k& 1a dung cu xdc dinh d6 4m cia cédc
cha't khi, 16ng va rdn, k€ cd cdc chdt rin § the i (hat). PE€ do d6 4m
cia khong khi nglrdl ta dang 4m k€& suong, am k€ téc vd dm k€ bay
hai. P& do d6 4m clia chat 1dng, ngudi ta dung 4m k& d:én dung hoic
4m k€ dién din. PE do d6 Am chat khi, ngudi ta ding dn k€ hit 4m
dién héa c6 gin thi€t bi bdc hui. BE do dd 4m chat rdn ngudi ta ding
nhitng 4m k€ dién dung, dién din, dong vi phéng xava cd Am k& hdp
thu cdng hudng.

C6 thé phan loai cdm bi€n dd m theo nguyén 1y chi yéu:

e Theo nguyén ly vit li¢u cdm bi€n c6 nhitng dic tinh lién quan
véi d6 4m: caAm bién dién dung capacitive, dign ud resistive, va
nhiét din thermal conductivity. '

e Theo nguyén ly vét Iy xdc dinh d6 &m truc ti€p! m k&€ ngung
tu, 4m k€& dién ly.

Nhitng phét trién ngay nay trong cdng nghé vat liéu ban dan da
hién thuc hod cdc cadm bi€n d am theo nguyén ly vt li€u (ng dung
nhu cdm bi€n dién dung, dién trd hay nhiét din, ... c6 dd chinh xdc cao,
14u bén va hiéu qia gid thanh. Cdc cdm bi€n do d6 &m chat khi (nitd,
hydro, metan, CO,, freon, ..), chii y&€u do d &m khong khi khd trong
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cdng nghiép ché€ tao linh kién dién t, trong k¥ thudt diéu hoa khong
khi lai thudyng ding cdc cdm bi€n theo nguyén ly vat ly nhu ngung tu
hdi nudc, dién ly, ... 3 diy ching ta s& khio sdt cach thic cdu tric mdi
loai cdm bi€n va cdch st dung chiing do 46 4m.

6.3.1 Cdc cong nghé va ki€u dang cdm bién.

Am k& dién ly.

Nguyén ly hoat ddng dya trén cd sd tudng quan ty 1¢ dong dién -
dién phan / trong dng cam bi€n véi ndng do hoi nude ¢, trong chat khi
di qua &ng bi chdt PO, hdp thu, giy nén hién tugng di¢n phan:

_ 96500
9000
& day Q., [m*/s]- luu lugng chdt khi di qua dng.

1 0.6, =KLy 5 (6.14)

Cau tao (hinh 6.21). B6 phin cdu thanh chi y€u la 8ng do (dai
khodng 10 [em]) cho chét khi cdn do d6 &m chay qua. Trong &ng quén
hai day Pt hay Rh lam dién cuc ¢6 di€n 4p méGt chiéu c¢d 70[V], giilta
hai ddy cudn 1a chdt P,O,. Khi chdt khi chay qua 6ng, hdi nuéc mang

theo s& bi 16p P,O, hip thu va dién phén.

Ldp boc weflon

T /_/_4 |\ prrrrrrsrrsersses

= pe——
L2200

égcl): || gt s swr ===
|

V6 thep kbdng o

Sng ddn kbt
‘————
cudh ddy dién cvyc

Hinh 6.21 — Nguyén 1y cidu tao 4m k€& dién ly.
Pic diém:
o Dung do d6 4m chat khi (nito, hydro, metan, CO,, freon, ..),
chii y&€u do dé &m khong khi kho trong cong nghiép ché tao
linh kién dién t.
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o Thdi gian hdi ddp phu thudc chiéu hudng ting giam do im
chat khi: d6 &m ting (100 +1000) [ppm] thi thdi gian d4p Gng
T, <30 [s]; 46 4m gidm(1000 +100) [ppm] thi thdi gian ddp
¥ng tang, c6 thé t8i vai phut. '

o Ap suit chdt khi lwu thong qua ong do (1,7 +8,0) [ kg /em?],
thudng c6 bd loc khi dat & dau vao.

o Can dinh k¥ tdi sinh chdt dung méi P,O; du ching ty ddng tdi
sinh trong qua trinh dién phan, tuy theo diéu kién sit dung va
36 sach chat khi.

Céc cam bi€n dién dung do dj &m tuong ddi RH.

Nguyén 1y cdm bi€n thong dung nhét la sy thay ddi tr§ khang,
dua trén cd sd bi€n d8i dic tinh trd khang dién clia chat hit &m theo
lugng nude hdp thy, 1a ham &n dinh tuy€n tinh va c6 tinh thudn nghich.

Vé nguyén 1y cdu tao c6 thé chia thanh ba nhém: Am k& dién
trd; 4m k& tu dién c6 dién moi polyme; 4m k€& tu dién c6 di¢n moi oxit
nhém A4/,0,.

Cédc cam bi€n dién dung do d6 4m tuong d6i RH dugc @ng dung
rong rii trong cong nghiép, thudng mai va cac @ng dung quan trdc khi
tugng tir xa. Ching vudt trdi trong cd hai linh vye do ludng khi quyén
va do ludng qué trinh c¢ong nghé, va la loai mdy do toan thang do dé
RH duy nha't c6 khd ning hoat dong chinh xdc tdi tan 0% d6 RH. Nhd
c6 dic tinh k¥ thudt it chiu 4nh hudng nhi¢t d6 nén ching thudng dugc
sit dung trong pham vi nhiét d6 rong ma khong phdi bt nhiét tich cuc.

& cdc cam bi€n dién dung do RH, sy thay d6i hing s0 dién moi
hiu nhv iy 1 thuin véi dé &m twong d6i cia moi trudng. Pién hinh 12
dién dung thay d8i ¢3 (0,2 +0,5) pF khi d¢ RH thay ddi 1%. Dién dung
thé khdi bulk capacitance 1a khodng (100+500) pF & 50%RH va 25°C. .
Cé4c cim bi€n nay c6 hé s& nhiét dd thap va c6 thé hoat dong & nhiét
46 cao d&€n 200° C. Ching c6 thé chiu dung syt bao phi hoan toan bdi
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cdc chdt ngung tu va ¢6 khd ning chdng cdc hdi hod chat. Thdi gian
d4p dng trong khodng tir 30 d€n 60 gidy d8i v4i bi€n thién budc nhdy
dd RH 63%. '

Cim bi€n dién dung ki€u dién modi polymer. Nguyén 1y cidm
bi€n: Pién mdi trong tu 1a chdt polyme hap thy phin ti¥ nudc, cé hiing
s& dién mbéi £ phu thudc do Am cia polymer. Pién dung cia tu dién
la:

C = s.eo.%; (6.15)

d diay: A — dién tich ban cuc; L — d§ day mang polymer; g, -
hiing s6 dién mdi tuong d8i (ddi vSi chan khong 1a 8,85.107" [F/m],
d&i véi nudce 1a 80); £ - hiing s6 dién mdi cia polymer (bi€n thién theo
d6 4m tir 2 dén 6).

C&u tao (hinh 6.22, xem thém hinh 6.23): Pién cuc tantan, 16p
crom Cr day (100 + 10000)[ 4 ] phi 1&€n 16p polymer (bdng phudng phdp ‘
bay hdi trong chan khéng).

Bién cye xO’p
Tantan

“o®w
.....

Cr-Ni- Au

Hinh 6.22 — Cdm bi€n dién dung polymer.
Piac diém:
o Po d6 im tuong d6i RH%, it chiu dnh hudng nhiét d6 méi
trudng, cdm bi€n cé thé nhiing nudc.

o Pham vi do (0+100)[%] trong ddi nhiét 4§ (- -
40 ++80++100)["C] vdi d6 chinh xdc *(2,0+3,0)%; thdi
gian ddp ¥ng c3 vai gidy.
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Cam bi€n dién dung ki€u dién méi oxit nhém. Ciu tao gdm
mét dién cyc 1am bing nhdém tdm, 18p dién mdi chinh 12 bé mit tim
nhém dugc anode hod thanh chat dién mdi 47,0, (cé chiéu day nhd
hon 0,3 | gom ] A€ khdc phuc dnh hudng dp sudt riéng clia hoi nudc 1én
tri s6 dién dung cida tu), dién cyc kia 1a mot mang kim loai méng trén
bé& mat 16p dién méi.

Pic diém:

Po nhiét A6 di€m suong, cé thé do dd6 4m tuyét d6i; kich thudc
nhd, nhung cdm bi€n khong ddng nhat, phi tuy&n, can hiéu chuin riéng
va thi€t bi do thi cdp phdi duge dinh ky ki€m chuin, sit dung trong
moi trudng tranh dn mon.

Pham vi do (-80++70)["C] trong ddi 4p sudt réng (ti¥ chin
khong dén hang traim bar); thdi gian ddp (ng ¢d vai gidy.

Cac cam bi€n dién dung do RH dang polymer chiju nhiét
(Therinoset Polymer-Based Capacitive) phit hién tryc ti€p nhitng thay
ddi vé do6 bao hoa tuong dbi relative saturation nhu la sy thay di dién
dung ctia cdm bi€n vdi thdi gian ddp ng nhanh, dd tuy&n tinh cao, tinh
wré hysteresis thip, va c¢6 tinh dn dinh lau bén cuc cao. P6 biao hoa
tuong ddi cling gidng nhu d§ 4m tuong ddi clia moi trudng xung quanh
khi nhiét dd cida cdm bi€n biing nhiét d6 mdi trudng. Bdi vi thudng
ludén nhu vay, nén khi dé s thay ddi dién dung ciia cdm bi€n 1a thudc -
do sy thay d8i d6 RH. Nhitng cdm bi€n nay sif dung chit polymer chiu
nhiét dugc ch& xuit va thir nghiém'd quy md cdng nghiép, c6 cdu tric
ba 1dp dién dung, cdc dién cuc platin va ddi véi nhitng phuong 4n nhiét
dd cao thi con ¢ bd chuin héa tin hiéu dién dp ra dang vi mach tich
hgp bén trong chip (xem hinh 6.23).
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DIRT DUST & OIL DOES
NOT AFFECT SENSOR

POLYMER -
POROUS PLATINUW
THERMOCSET POLYMER

[ PLATINUM LAYER
SUBSTRATE (SILICON)

Hinh 6.23 — Cdm bi€n dd 4m tuong d6i RH ba 16p dién dung va
polymer chiu nhiét.

Khi hoat ddng, hdi nudc trong 16p dién modi cia dién dung tich -
cyc cdn bidng vdi chdt khi xung quanh. Lép platin x8p porous ngin
chin chit dién moi khéi bi nhitng dnh hudng bén ngoai, trong khi 16p
boc polymer b3do vé chdng tdc dong cd hoc cho 18p platin khdi bi
nhiém ban bdi bui bim va diu m3. Ldp bam bdn day dic sé& lam thdi
gian ddp @ng clda c¢dm bi€n kéo dai, bdi thdi gian cdn bing hdi nudc
trong cam bi€n ciling s& bi kéo dai.

Cédc cam bi€n dién dung dang polymer chiu nhiét thermoser-,
ngudgc lai v8i dang chit déo néng thermoplastic-, cho phép nhiét dd
vin hanh cao hon va chiu dung dugc cdc hod chat 16ng va hoi nhu
isopropyl, benzene, toluenne, formaldehydes, ddu md, cdc chat tdy
thong dung, va hdi amoniic v6i néng d) théng thudng nhu trong
chudng ga, chudng heo. Thém vao d6, cdc cdm bi€n do RH dang .
polymer chiu nhiét ¢6 tudi tho van hanh ldu bén nhit trong cdc qué
trinh céng nghé khi trung ethylenne oxide (ETO). Cdc cdm bi€n dién
dung polymer mang mdng chiu nhiét da ching té 1a loai cdm bi€n c6
nhitng dac tinh ddp (ng hiu nhu 1y tudng d6i véi d6 RH, tuong phin
v@i d6 &m tuyét ddi (ufc 1a 4p sudt hdi nudc).

Pédp tng nay 12 nhd ¢6 luc G dian dong ning lugng tu do cho
hap thu:

G = RT.In(P/R,); (6.16)
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3 day: G — lyc din déng; R — hiing s6 khi; T — nhiét d6 moi
trudng do; P — dp sudt riéng cla hdi nudc; P,— 4p suidt hoi nuSe bio -
hoa.

P/ P, bing dd RH mdi trudng n€u nhiét d6 cdm bi€n bliing nhiét
d¢ moi trudng. Néu nhiét dd cdm bién ciing bing T thi mifc bido hoa
twong dbi s€ dua ddp ng clia cdm bién 1én dé€n 100%.

Cdc nghién ctu cling chi ra ring viéc hiéu chuin cdm bién d6
RH trong khong khi ¢6 thé dp dung cho phép do d6 bio hoa tudng ddi
trong dau trong pham vi 0,3% (k&t qua c6 thé md réng cho cic hod
chét 16ng twong duong khic).

Cdc cdm bi€n d 4m kifu dién trd.

Ciu tao don gidn 12 trén dién tich nhd cla dién trd (vai mm? -
dé c6 ddp \tng nhanh) phii mgt I6p chdt hit &4m, hai dién cuc 1am biing
kim loai khong bi oxy hod. Mach do c¢6 thé 1a m6t mach phan 4p mic
ndi ti€p dién trd cdm bi€n vdi mot dién trd b nhiét d6. M4y do cé thé
khic vach tryc ti€p d6 &m tuong d6i RH clia méi trudng.

Pic diém: ‘

o Po dd dm tuong d6i RH%, it chiu dnh hudng 6 nhiém moi
trudng, kich thudc nhé (thdi gian ddp dng ¢d 10[s]), gid thanh
thap.

o Pham vi do (15+99)[%] trong ddi nhiét dd (-10++60)["C ]
v8i d) chinh xdc £ 2,0{%].

Cdc cadm bi€n d6 dm ki€u dién rd do su thay ddi trd khdng
thudng ¢6 quan hé¢ ham mii nghich ddo vdi d§ im (hinh 6.24). Mot
cdch dién hinh, d6 12 phép do sy thay ddi trd khdang clia mot vt liéu
nhut chat polymer dién din conductive polymer, mudi, hodc chdtnénda
qua ché& bién treated substrate.

C4m bi€n dd 4m didu tién dudc sdn xuit loat 1a cdm bién ki€u
Dunmore. Pugc ch€ xuit naim 1940, né vin cdn dugc st dung rong rii
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trong tng dung diéu khi€n diéu hoa khong khi chinh xdc va ki€m tra
cdc dudng truyén din, cdc antenna va 6ng din séng dung trong vién

théng.
e
g = \\ Hinh 6.24 — Quan hé gitra

sy thay d8i trd khdng
i “’ theo d6 4m
0 \r§

» » @ ®» ®© N ® w
RH (%)

Cic cam bi€n d6 Am ki€u dién trd mdi nhat s dung ky thuat
phi men s{ ceramic coating d€ chdng lai dnh hudng moi trudng c6
ngung tu hoi nudc. Cdc cadm bi€n nay dugce cdu tric vdi cdc dién cyc
kim loai quiy noble dugc k€t tha bdi qué trinh quang trd photoresist, va
bé miat chit nén dugc phi bing hdn hgp gin k€t dién din
polymer/ceramic. Cim bi€n dugc dat trong mdt vé bdo vé biing chat
déo plastic.

Tinh thay th€ 1%p 1dn 12 hon 3% d6 RH trén sudt pham vi (15 -
95)% RH, trong khi dd chinh xdc dudgc xdc nhin ¢ mic +£2% RH.
Khodng thdi gian hdi phuc recovery time d8i véi cdc cdm bi€n dién trd
tiY s¢ ngung tu hoi nude hoan toan téi 30% la vai phit. Pién dp ra ty 1§
thuin véi d6 4m twong dGi clia moi trudng néu sit dung bd chudn hod
tin hiéu. P3i vdi da s6 cdc cdm bi€n dién trd, thdi gian ddp dng la tr
10 t6i 30 gidy d6i vGi sy thay ddi budc nhdy dé &m 63%, trong khi trd
khing bi€n thién trong pham vi tir 1 kQ t8i 100 M Q2.

Csc cadm bi€n d &m ki€u nhiét din thermal conductivity.

Cic cdm bi€n d6 dm kiéu nhiét din thermal conductivity (cdOn
goi 12 cAm bi€n d6 dm tuyét ddi) do dd dm tuyét dGi bing cdch tinh
todn sy sai biét gitta d6 nhiét din ciia khong khi khé va khong khi ¢6
chia hoi nude. Trong thuc t&, cdc cam bi€n d6 dm ki€u nay si dung
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mdt hé ¢6 hai phan tlf thermistors trong mach cdu do, ¢6 khid ning 1am
viéc trong moi trudng nhiét dd cao hodc tham chi ngdp nudc.

Cdc cdm bi€n nay duge cdu tric bing cdch dung hai phin ti
thermistor ¢ hé s nhiét d6 am (NTC) trong mdt mach cau do. Mot
trong cdc phin t¥ duge nhiing trong chit nitd kho, con phan uf kia duge
dua ra moi trudng cin do (xem hinh 6.25). Suf sai biét dién trd gilta hai
thermistors ty 1& thuidn v8i ddé 4m tuyét dsi.

Hinh 6.25 — Cim bi€n d6 am kiéu nhiét din (hodc cdm bién dd6 4m
tuong dai).
6.3.2 Lua chon va diic tinh k¥ thuit ciia cdc cadm bi&n d6 4m.
Phar. ti€p theo day s& néu nhitng khic biét gilta cdc loai cdm
bi€n ké c2 vé nhiét d6, dd chinh xdc va khad niing thay thé& 1dp lan.
Nhitng wt. nhuge diém ctia mdi loai ciing dugce néu bat.
Lua chon cam bi€n d6 &m. Nhitng nhin thitc quan trong khi
chon Iya ¢dm bién d6 4m bao gdm:
e D¢ chinh xdc.
e Tinh thay th€ 1dp l4n.
e Tinh 'lap lai ddc tinh k¥ thudt.
e Tinh &n dinh.
e Kh3 niang phuc hdi sau ngung tu hdi nuée.
e Tinh khdng nhi&m tap chat, chat ban.
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Kich c¢3 va bao géi.

Hiéu qua gid thanh.

Gid thanh thay th€ cdm bién.
Hiéu chuin.

Tinh phitc hdp va hién thuc hod qué trinh chudn ho4 tin hiéu va
mach thu thip dir liéu.

No6i chung, cdc diéu kién moi trudng déi vdi mot (ing dung da

cho s& chi phdi quyé€t dinh viéc chon lua cdm bién nao.

Lya chon cdm bi&€n RH ki€u dién dung. Cdc \@ng dung d8i vai

cdm bi€n d6 RH kiéu dién dung chi€m mot pham vi rdéng, bao gdm:

Cédc thi€t bi bén trong 616 nhu bd phidn chéng déng bang kinh _
chidn gié windshield defroggers.

Cdc mdy in may tinh.

Céc thi€t bi y t& nhu quat thong gié va 10 ap.

Nhitng @ng dung din dung nhu 10 vi séng, ti lanh, mdy sdy
quan 4o.

HVAC.

Cdc mdy thu va ghi luu dir liéu.

B§ phéan phdt hién ro ri.

Cdc tram khi tugng.

Thié&t bi cdng nghiép va xit 1y thuc pham.

Budng thit médi trudng.

Ti€p nhin nhitng ti€n bd nguyén 1y cutting-edge trong linh vyc 7

thi€t k&€ ch€ tao chit ban din, nhiéu cdm bi€n dién dung 43 c6 dugc
dic tinh A0 trdi va A6 tré drift and hysteresis t8i thi€u va 1au bén. Viéc
ttng dung cdéng nghé CMOS (Complementary Metal Oxide
Semiconductor) trong cdc b phdt xung dinh thdi timer pulses gitip cho
cam bi€n tao dudc tin hiéu dién 4p ra gan tuyé€n tinh (xem hinh 6.26).
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P6 bt dinh clia cdm bi€n di€n hinh 12 +2% RH trong pham vi
d6 RH tY 5% t6i 95% st dung hiéu chuin hai di€ém. Hiéu dng dién
dung cta dudng cdp ndi lién quan véi nhitng thay d6i dién dung nhd
ciia cam bi€n han ch€ khodng cdch 1ip dat phdn tif cdm bién tdi mach
chudn hod tin hiéu trong pham vi thuc t€ 12 ngin hon 10 feet.

Viéc diéu hudng tinh laser trimming ¢6 thé gidm thi€u d bi€n
dong +2%, lam ting khd ning thay th€ 14p ldn tryc ti€p tai hién
trudng.

Cidc chuong trinh mdy tinh hiéu chudn lai recalibration

programs ciing ¢6 khad ning bd chinh compensating cho dién dung cadm
bi€n tir 100 d€n 500 pF.

250
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Hinh 6.26 — Pién 4p ra cia cam bi€n c6 bd dinh thdi CMOS.

Cdc cam bién RH kiéu dién dung 1a khong tuy€n tinh dudi vai
phin trim d6 RH, d6 la ly do tai sao nhiéu cdm bi€n trong cdc hé do
ludng di€m suong lai dung cdc mach vi xif ly d€ Iwu giit cdc dir ligu
hiéu chufn. Phat trién nay da gitp gidm gid thanh cdc mdy do 46 4m
hygrometers va cdc mdy truyén phat trong HVAC va cdc ung dung
thdm bdo khi turgng vién thong.

Uu di€m: '
» Dién 4p ra gin nhu tuyén tinh.
e Pham vi do d6 RH va dung sai ngung tu hdi nuéc rong.
e Tinh thay th€ 14p ldn, néu diung diéu hudng tinh bing laser.
423
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e Tinh &n dinh trong thdi gian dai sif dung.

Nhudgc di€m: Khodng cdch tr phdn tf cdm bi€n t6i mach chudn
hod tin hi€u bi gidi han.

Lya chon cam bi&n d§ 4m ki€u dién trd.

Cé4c cdm bi€n ki€u dién trd 12 nhitng cdm bi€n d6 4m loai nhd,
gid thdp ma lai ¢6 d6 &n dinh ldu bén va tinh thay th€& lip 1dn cao.
Chiing phd hgp cho nhiéu @ng dung cdng nghiép, thuong mai va dan -
dung, dic biét 1a trong ki€m tra va chi thi chat lugng san pham.

Cdc cdm bi€n dién trd ¢6 ddp (ng phi tuy€n ddi vdi su thay dbi
dd 4m, nhung c6 thé tuy€n tinh hod bing cdc phuong phdp tuong tu
analog hay phuong phdp s& digital. Pham vi bi€n thién dién trd dién
hinh 1a tir vai kilohm t8i hang trim megaohm. Tan s& kich thich dinh
mufc 12 tr 30 Hz dén 10 kHz.

Cidc cdm bi€n d6 RH c¢6 tinh thay th€ 1dp 1an cao (trong pham vi
+ 2% RH). Mach dién tif chudn ho4 tin hiéu c6 thé dudgc hiéu chuin tai
moét diém RH c¢é dinh, han ché su cidn thi€t cdc chuin d6 4m. Pd chinh
xdc c¢6 thé duge ki€m nghiém tai mét budng hiéu chudn RH hodc bing
mot hé hiéu chudn ding mdy tinh tham chi€u téi mdt mdi trudng tiéu
chudn. Cdc cdm bi€n ki€u dién trd c6 nhiét dd lam viéc dinh mic .
trong pham vi tir -40 t8i +100° C.

Tudi tho cdm bi€n mong dgi 12 it hon 5 naim trong cdc Wng dung
thuong mai va dian dung, nhung st dung trong cdc diéu kién bam bidn
¢6 thé giy ra nhitng hdng héc vinh vién. Cdc cdm bi€n ki€u dién trd
ciing ¢6 xu hudng suy ddi chi s6 shift values chi thi trong qué trinh bdc
16 cho hai nudc ngung tu khi sit dung cdc 1dp phi hoa tan dudc trong
nudéc.

Uu diém:

e Khéng cin chudn hiéu chinh, c6 tinh thay th€ 1dp !4n cao
va khd ning thay th€ tai hién trudng.

e C6 tinh &n dinh lau bén.
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e (6 kha ning sit dung tir nhitng vi tri 1dp dat xa.
e Kich thudc nhd.
e Gi4 thanh thip.

Nhuge diém:

e Viéc bdc 16 vdi hdi hod chat va bam ban c6 thé giy nén '
nhitng héng héc vinh vién.

e Tri s8 do ¢6 thé bi suy ddi bdi st dung 16p phi hoa tan
dudgc trong nudc.

Lua chon cam bi€n ki€u nhiét din.

Cédc cdm bi€n d6 dm kiéu nhiét din néi chung dugce st dung
trong cdc thi€t bi mdy méc, k&€ cd mdy sdy quin do va 1o vi séng.
Chiing dugc sif dung trong nhiéu @ng dung céng nghiép, k€ cd cédc 1o
sdy gd, mdy sdy, bao ch& dudgc phdm, ndu dn va khi¥ nudc trong thyc
phim

Pugc ciu tric tit thiy tinh, vt liéu ban dén, chdt déo nhigt dd
cao, va nhém, cdc cdm bi€n nhiét din 1a loai lau bén va cé tinh ning _
chiu dugc hoi hod chat.

Chiing cho d6 phan gidi cao hon so vdi cdc cdm bi€n ki€u dién
dung va ki€u dién trd ¢ nhiét d§ 16n hon 200°F. BS chinh xdc dién
hinh 1a +3 [g/m’ ], dudc chuyén ddi thanh gin +5% RH & 40°C va
+0,5% RH & 100° C.

Un diém:

e RAtlaubén.

e Hoat d0ng tot & modi trudng dn mon va nhiét dd cao téi
375" F.

e C6 A phan gidi t6t hon cdc cdm bi€n ki€u dién dung va
dién trd.
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Nhudc di€m:

e Didp ng v4i chit khi bat ky ¢6 cdc tinh chdt nhiét khéc
v@i nitd 16ng, diéu nay ¢é thé dnh hudng t6i phép do. '

6.3.3 Khai thdc si¥ dung.

Céc hi¢u itng 49 &m va nhiét do.

Pau ra cha tat cd cdc cdm bién d6 4m dya trén co sd hip thu
(dién dung, dién trd khdi, mang dién din, vv..) déu chiu dnh hudng cia
nhiét d§ va d0 %RH. Bdi vdy nén viéc b& chinh nhiét d6 dugc diung
trong cdc ng dung nhim ting d chinh xdc hoic md rdng pham vi
nhiét d§ van hanh.

Khi viéc hiéu chinh ¢cdm bi€n d6 &m 1a d€ b3 chinh nhiét do, thi
t5t hon ca 1a 1am sao cho nhiét dé do cang gz’in v@i nhiét d6 chd 1am
viéc clia cadm bi€n cang t6t — tifc 1 trong cung diéu kién d¢ &m vi khi
hau méi trudng 1am viéc. Piéu nay dic biét thuc t€ khi viéc phdi hgp
46 RH va nhiét do trong phuong phip do diém suong. Cic mdy do
cong nghiép d6 4m va di€m suong c6 t6 hgp mot dién trd nhiét platin
RTD 1000 ohm & mit sau nén gém clia cdm bi€n d€ sy b chinh nhiét
d6 khong dnh hudng dén tinh nguyén ven clia phép do. Trong cédc cdm
bi€n nhiét d6 cao nay khdng c¢6 bd phin chudn hod tin hi€u tich hdp
trong chip.

Pién 4p ddu ra.

Mot cdm bién dé 4m v4Si mach tich hgp d6 am tuong ddi
(Relative Humidity Integrated Circuit — RHIC) ¢6 tin hi€u di€n 4p ra
tuyén tinh 12 ham cda ¥, ,,, %RH va nhiét d6. Pdu ra 12 “tuong quan
ty 16" “ratiometric”, bdi khi dién dp cung cép ting lén thi dién dp dau
ra ting 1én theo cing ty 1&. M6t ban v& bé mit clia dic tinh cdm bién
ddi véi nhiét d6 trong khodng 0° C va 85° C dudc néu trén hinh 6.27. '

P& thi bé mit nay duge xap xi hod gin ding bdi sy k€t hgp hai
ding thic:
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L. “Bdc tuy&n phd hgp nhdt & 25° C™, (“Best Fit Line at 25° C”)
hodc wong w ding thite dic tinh cidm bién & 25 C (sensor-specific
equation at at 25" C). Pac tuyén “di€n hinh” ddc ldp ciia cim bién phu
hgp nhat ¢ 25° C (dudng dim nét trong dd thi) la:

Vi iJV [0,0062(%RH )+ 0,16]. (6.17)

out sup ply

Mot ding thite dac tinh cAm bién ¢é thé cé dudge bdi an ban
cia cdm bi€n RH. Péng thitc 4n ban gid thiét Ia Ve s ISVDC va kém
theo hay sdn ¢6 nhu moét thy chon cho ciam bién.

2. Mot ding thifc cdm bién doc 1dp dung hiéu chinh chi s&
%RH (tir ding thitc ddc tuyén phit hdp nhit) d6i vdi nhiét do T la:
TrueRH = (% FH) /(1,0546 — 0,002167); T="C; (6.18)

hodc:  TrueRH =(%RH)/(1,093-0,00127);  T="F. (6.19)

10)'1
a0
o
é 40} 90.32
{ 201
04 Sensor

50 Y040 %RH

TEMPERATURE °C |~
Hinh 6.27 — D4 thi bé mit cia dic tinh cam bién.

Cac ding thic trén minh hoa bidn vé bé mat dién hinh (dic
tuy€n phdt hgp nhat ¢ 25°C) hodc bdn vé bé mit thyc t& (ding thic
dic tinh cdm bi€n & 25° C) v6i pham vi dung sai néu dudi day:

+1% ddi v6i T>20 C

2% d6i v6i 10°C < T<20°C
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+5% d46i véi T < 10° C.

Cidc médy do di€m sudng c6 thé minh hoa tryc ti€p cho phuong
an dac tinh cdm bién ¢ bdn vé bé mat thong qua mot bang tra.

Luu y: Hay chuyén ddi dién dp ra thu duge thanh tri s6 %RH
théng qua ding thitc diu tién (6.17) trude khi 4p dung ding thic tha
hai (6.18) hay (6.19).

Ngung tu hdi nudc va &m uét.

Su ngung tu hdi nudc xay ra khi nhiét dd bé mat cia dién tich
cdm bi€n tich cyc ha xudng dudi mic di€m suong clia chat khi xung
quanh. Sy ngung tu hoi nudc hinh thanh trén cdm bi€n (hay bé mit bat |
ky) thim chi ngay cd khi nhiét d6 bé mait chi tam thdi sut xudng dudi
mifc di€m suong trong khodng khic. Nhitng bi€n ddng nhiét dé nhd
gin cdm bi€n c6 thé giy ra ngung tu hdi nuc mot cdch khong ludng
truée dugc khi lam viéc & do 4m trén mic 95%.

Trong khi ngudng tu nhanh, nudc s€ tir tif bay hoi trong nhifng
diéu kién dd Am cao (tic 1a khi nhiét dd bé mit cla cdm bi€n chi cao
hon nhiét d6 diém suong chit it). Vi ly do d6 ma chu ky hdi phuc cia
cam bi€n ti trang thdi Am udt hay trang thdi ngung tu hdi nudc s€ lau
hon nhiéu so v4i thdi gian ddp tng dinh mic. Trong sudt qud trinh héi
phuc, cAm bi€n cho tin hiéu ra khong d6i 1a 100% RH, bat chdp d6 RH
clia méi trudng thyc t€ 1a thé nao.

Né&u itng dung yéu cdu kiém tra lién tuc d6 RH & d6 4m c3 mic
90% va cao hon, hdy ti€n hanh cdc budc ngin ngira sy can thi§p cua
hién twong ngung tu hdi nudc. Mot vai chi€n thudt sau:

1. Giit cho khong khi duge xdo trdn déu dé€ gidm thi€u bi€n
dong nhiét A6 cuc bj.

2. MOt vai cdm bién dung bd loc bing thép khong ri dung két
sintered dé bdo vé cam bi€n khéi bi hdt nudc. Bién phdp ti€p theo 1a
boc 16p chdng 4m hydrophobic coating ngin ngita im U6t va ngung ty
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hdi nudc trong nhitng moi trudng c¢é khung hudéng nudc bdn tung tée
hay ¢6 sy bdao hoa — khif bdo hoa hdi nuSc nhanh.

3. Lam néng cdm bi€&n sao cho dién tich tich cyc ciia cdm bi€n
néng hon nhiét d6 diém suong cuc bd. Piéu nay c6 thé thuc hién bing
m&t b6 nung dat bén ngodi hoac bing con chip do 46 RH ki€éu CMOS
tr 1am néng biing cdch cho né hoat dong & ch& do ngudn cung cdp cao
hon.

Luu y: Viéc 1am néng cdm bién do dd RH cao hon nhiét 4§ mdi
trudng xung quanh s& 1am thay ddi didc tinh hiéu chudn clia n6 va lam
n6 nhay vdi nhitng bi€n déng nhiét d6 ciing nhur ludng khi.

Tich hgp chudn hoa tin hiéu.

Moi cidm bién d0 RH nhanh chéng héi phuc khdi tinh trang
ngung tu hoi nudc hay tinh trang &m w6t ma khong bi suy d&i déc tinh
hiéu chufn. Tuy nhién, sau 24 gid hodc lau hon phdi minh trong d§ 4m -
cao (>95% RH) ho#c ngung tu hoi nudc lién tuc thi c6 thé xdy 1a sy suy
ddi dac tinh tir 2%RH dé€n 3%RH. Su suy ddi nay c6 tinh ldp lai va c6
th€ héi ngugc bing cdch dit cdm bi€n vao mft moi trudng ¢6 44 RH
thip (10%RH) trong khodng thdi gian 10 gid.

Céc cam bi€n dd im silicon tich hdp ¢6 mach chudn hod tin
hiéu bén trong vi mach ciing v6i cdm bi€n ki€u dién dung. Céc cdm
bi€n tich hgp RHIC do d6 d@m nay la loai ¢6 diéu hudng tinh bing laser
sao cho & Vsupply J 5 V, dién dp ra ndm trong khodng di€n hinh la
0,8 V t8i 3,9 V d8i v6i pham vi bién thién tr 0%RH t3i 100%RH &
25° C. (An ban dif liéu dic tinh hiéu chudn cda cim bi€n va djc tuyén
phi hgp nhit & 25° C dugce kém theo hay c¢6 sdn nhu ty chon a6i véi
cdc cdm bi€n nay). ‘

Céc cam bi€n tich hop RHIC do d6 4m d3 dugc hiéu chuin tai
nha mdy, nhu 12 c4dc dung cu vi nidng lugng micro-power devices c¢6 déc
tinh hiéu chuén riéng va/hoic c6 tinh thay th€ 1dp 1an bd-v6i-bo unit-
to-unit t&t, Céc tién ich nay giﬁp' cdc nha sin xudt OEM trdanh dugc gid
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thanh hiéu chudn d6é am tai nha va wdi tho ngudn battery trong céc
thi€t bi xdch tay. C6 thé nhin dugc d6 chinh xdc gia ting bing cidch
diéu chinh hé dién t d€ tuong thich cho dic tuyén phdl hgp nhit &
25°C ctia m6t cdm bi€n cu thé nao do6.

Tinh thay th€ 14p 1in xdc dinh pham vi dién dp ra ddi v4i sy phé -
bi€n bat k¥ cda cdc cdm bién & mdt di€ém dd RH nhit dinh. Tinh thay
th& 14p 14n trong khodng (+ 5% +0%)RH dugc so sdnh vdi dic tuyén ra
cd ban d6i véi chip vi mach RHIC la tr (0,8+3,9)V tuong dng
(0+100)%RH vdéi dién 4p Kich thich 1a 5VDC.

Néu ta 18y dudng cong dic tuyén cd sd thi nhin 0.031 V/%RH
vdi = 5%RH nhan dugce két qliia 1a + 0.155 V. C6 nghia 1a dién 4p ra
cda thi€t bi nay 12 0.8 V = 0.155 V hoéc trong pham vi tlY 0.645 V (6i
0.955 V. Khi & trong mdi trudng ¢6 d6 RH 1a 0% thi dién 4p ra cia tat
céd cdc cdm bi€n thudc cliing loai s&€ ndm trong pham vi nay.

Tinh thay th& 14p 1dn s& ting 1én clng sy gia ting d6 RH bdi vi
niém phong cdm bi€n tich hgp RHIC di dugc diéu hudng tinh tich cyc
chi 8 0%RH. Viéc diéu hudng & céc tri s6 d0 RH khdc l1a khong khd
thi, khéng thyc té&.

Tinh thay th€ 14p 14n gidp ta ha gid thanh thi€t k&€ bing cdch
tranh phdi hi¢u chudn hé clia minh d8i v6i m&i cdm bi€n riéng 1é. Cim
bi€n tich hgp RHIC van giit dudc cdc tinh ning thay th€ va nhitng wu
di€ém vé d6 chinh xdc & dé Am cao hon.

Po6 chinh xdc dyatrén cd sd dudng cong hiéu chuin dic tinh d6i
v8i bat ky cdm bi€n riéng 1€ nao va bing 2% RH. Vi du: n€u mjt
cdm bi€n dic trung ¢6 dién dp ra 1a 0,850V & 0%RH (gia thiét dién 4p
ngudn cung cdp 12 5VDC), thi cdm bi€n nay s& ludn ludn cho ra dién
d4p +0,062V hodc trong pham vi (0,788+0,912)V. B§ chinh xdc sé€
bing tinh thay th& 14p 14n * 2% néu khdng hiéu chudn hé cho mdi cdm
bi€n. N&€u hiéu chuin cho mdi cdm bi€n tich hgp RHIC thi dd chinh
x4c toan phin ¢6 thé trong khodng +1-2% RH. :
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PHU LUC 1- COSO LY THUYET
PHAN TU CAM BIEN THAM SO MACH.

P1.1 — Khdi niém tham s& mach: tré khing - dién tréd - dién
khang.

Trong k¥ thuit dién—dién t¥ khdi niém tham s6 mach bao gém -
“trd khdng” (gdm dién trd va dién khdang) va “dién din”. Trén thyc t€,
cdc tham s& mach thudng phin biét & diy 1a nhitng tham s& thu dbng,
ngoai dién trd thudn Ohm (hay con goi dién trd tdc dung) con cé cdm
khdng (ctia cudén cdm) va dung khdng (cda tu dién), lam thanh tré
khdng toan phan clia mach, bi€u thi mot trd khdang phic.

Di¢n trd phitc 12 mo td todn hoc trd khdng theo dai lugng phic
(dai lugng vector, ¢6 dd 16n va c¢é hudng), bing ty sé gita bién dd
phifc ciia hi€u dién th€ dang sin v3i bién dd phitc ctia dong dién dang
sin. Vector trd khiang phic ky hiéu 1a Z. Modul cia Z goi la dién trd
toan phan IZI = Z . N€u argument clia dién trd phitc ky hiéu 1a ¢ thi:

Z=2Ze’® =Zcosp+ jZsinp =R+ jX . (P1.1)

Phin thyc clia dién trd phitc Z 1a R — dién ud tdc dung cla -
mach, phan 40 X 1a dién trd phdn khdng — dién khédng.

Pi¢n khdng 1a phin trd khdng dic biét cia mach dién ddi véi
riéng dién xoay chiéu, khéc vdi dién ud thuin 1a dién trd clia mach
dién d6i vdi ca dién mdt chiéu 1in xoay chiéu. Pién khdang do hai y€u
t8 12 d6 wf cdm va dién dung giy ra. Pién khdng do d tr cdm gay ra
goi 12 cdm khdng va di€n khdng do dién dung giy ra goi la dung
khdng. Pién khdng khdng gy ra sy tod nhiét Joule-Lenz nhu dién trd
thudn, nhung né ¢6 tdc dung phan bd lai ning lugng cia mach dién
theo thdi gian.
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Pi¢n tré 12 dai lugng dic trung cho sy ngdn cdn cia vét liéu doi
véi dong dién chay qua né. Pién trd phu thudc vao bdn chat, kich
thuSce hinh hoc va nhiét d§ cia vat dan.

Pién khdng X 1a phian 4o cla trd khdng phic:

Z=R+jX. (P1.2)
Pién khdng X cia doan mach ¢6 R, L, C midc ndi ti€p bing:
Ko X =K e (P1.3)

trong d6: X, =wL 12 cdm khdng va X =1/oC la dung khdng.
Tri s6 X xdc dinh d6 1éch pha gifta dong va thé:
@ = arctan(X/R). (P1.4)

Khi X > 0 thi ¢ >0, mach ¢6 tinh cdm khdng; khi X <0 thl ¢ <
0, mach cé tinh dung khang.

Pién tré tdc dung R 13 ty s6 gilta cong sult tdc dung tiéu thu
trong phdn doan mach va binh phuong dong hiéu dung & cifa vao phan
doan mach dé6:

R=P[I*. (P1.5)

Dién trd tdc dung c6 thé bi€u dién qua dién din tdc dung G va
dién din toan phin Y, bing:

R=G/Y?*. (P1.6)

Pién trd tic dung thudng 16n hon dién trd thudn vi hiéu ng mit
ngoai, vi s hao phi ning lugng do dong dién xody trong trudng di€n-tir
bi€n thién va do cédc hién tugng tré. Do d6, khdi ni¢m dié€n trd thudn .

va dién trd tdc dung s€ cang khdc biét khi phan tf dién trd ctta mach
1am viéc & ch€ dd bi€n thién xoay chiéu, nhdt la 3 cao tan.

Pi¢n tré thudn R 1a dién. trd thudn Ohm - dai lugng vo huéng
dic trung cho su cdn trd clia doan mach ddi vdi dong mot chiéu, bling
ty s& gilta hiéu dién th€ mot chiéu U vé6i cudng d6 dong di¢n 7 khi
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trong phdn doan mach d6 khong dat mot thé dién dong (hay thé€ phdn
dién). Pién trd thuin R dudc xédc dinh theo dinh ludt Ohm:
R=U/I. , (P1.7)
Pién trd R chi phu thudc vao bin chit vat din, hinh dang va
kich thudc vat din. P&i véi day dan déng chdt thi:
R=pl/S, (P1.8)
trong d6: p la dién trd suit, [ 1a chiéu dai va S la ti€t di¢n day dan.
Trong thyc t& @ng dung, thi€t k& va cong nghé ch€ tao van xudt
hién nhitng mau thuin lién quan quan niém: Iy thuy€t — 1y tudng hod,
va thuc tién — hién thyuc hod ching. 3 day chiing ta quan tim dén
nhitng phan ti linh kién mach diéu khién tr déng, di chi § mic d§ sif
dung, khai thac nhitng phin tf linh kién ch€ sin hay thi€t k€ ché€ tao
hoac thi€t k&€ mach @ng dung ching. Do d6, thi€t nghi trude hé&t ching
ta nén khio sdt cdc tham s& mach dién trén cd sd so dd twong dudng
cia ching. .
Mot trd khang phitc Z k&t hgp thanh phin tdc dung R va thanh
phan phdn khdng X:
Z =Re(Z)+ jim(Z)= R+ jX =|Z]e" . (P1.9)

PG&i v6i dién trd thuin Ohm thi 4p dung dinh ludt Ohm dudi
dang:

R=£(t—), (P1.10)
I(r)

titc 1a dong va 4p trén dién trd & mdi thdi diém déu ty 1¢ twong
guan v6i dién trd Ohm ctia n6.

P1.2 — So d6 tuong dudng clia cic phan ti tham s§ mach.

Pién trd thudn. Pién trd thudn Ohm R khéc vdi trd khdng phic
Z la n6 khong chita cdc thanh phan dién khdng (dung khdng hodc cam
khdng) raa trén thuc t€ d6 1a mot khdi niém ly tudng, khdng thé dat
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dugc hoan toan. Céc phin tf linh kién bi€n trd thuc t€, bing cdch nay
hay cdch khdc, it nhiéu déu c6 chita thanh phin dién khing. Vi nhu
bi€n trd kim loai (hinh P1.1a) ch&€ xuit theo c6ng nghé diay cudn — s&
¢6 thanh phian cdm khédng (hinh P1.1b), theo cong nghé mang (mang
than, mang trd, mang dién din ..) s& c6 thanh phﬁn dung khdng (hinh
Pl.1c), thé hién cang rd khi lam viéc & dién xoay chiéu hay tin s6 cao.

oL -~ % oC = ¥

o
€

R C

| .
| I
L | |
R L
a) b) : c) R
Hinh P1.1 — S0 dd tuong duong clia mot bi€n trd thuc t€.
Pa&i véi cudn cadm va tu dién, néu bd qua duge thanh phan dién
trd thuan Ohm thi:
® d5i v6i dién dung C (tu dién ly wdng):

o 1 j
Z = X , = = - 4 pl‘ll
e =% Ve ok G
e d6i v4i dién cdm L (cudn cam 1y tudng):
Z, =jX, =joL. (P1.12)

Linh kién thuc t€ ludn ludn ton tai tdn hao, ta sit dung cdc sd dd
tuong duong cudn cam va tu dién thyc t€ c6 t6n hao nhu sau:

Cudn cdm cé tén hao. Hinh P1.2 giGi thiéu so dd tuong duong
ndi ti€p hay song song clia mot cudn cdm cé tén hao, véi biéu dd
vector tr(§ khang va dién din wong (@ng.
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a) b)

Hinh P1.2 — Sd @3 tuong duong cudn cdm c6 tén hao v48i bi€u d6 trd
khdng va dién din tuong @ng: a). Sd d4 ndi ti€p; b). SG dd song song.
Trd khdng Z, va dién din ¥, clia mdt cudn cdm c6 tdn hao
bing:
Z, =R+ joL=1/Y, =1 LI | (P1.13)
’ R joL
Ciing ¢6 thé bi€u dién hé sd t8n hao tand, va hé s phdm chat
Q, cia cudn cdm bing cdc phin tf clia sd d6 tudng duong:

S, Bs o olp, (P1.14)
Q, oL R,

& day cdc ky hiéu s va p bi€u thi phan tf thudc so a6 wong -
duong noi ti€p series hay song song parallel.

Tu dién c6 tén hao. Hinh P1.3 gidi thiéu so db twong duong ndi
ti€p hay song song d8i v6i mot tu dién c6 t6n hao, véi bi€u dd vector
trd khdng va dién din tuong \@ng.

Hinh P1.3 — S d tuwong dudng tu dién c6 tdn hao vdi bi€u db trd
khdng va dién din twong Wng: a). So dé ndi tiép; b). So dd song song.
Trd khang Z,. va dién din ¥, cla tu dién c6 t3n hao bing:
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» j " |
Z.=R-— =1/Y.=1 —+ jeC |. P1.15
z g 1 /[R J ) ( )

C6 thé bi€u di€n hé s8 tdn hao tand,.va hé s6 phim chit O,
clia ty dién biing cdc phan tlf trén sd dd twong duong:

tan S, = é— = wR,Cs =1/wC,R, . (P1.16)

C

P1.3 - C4c phin tif cdm bi&n tham sé.

P1.3.1 — Phén t¥ bién trd Resistance Transducer.
Céc phan tif bién trd thudng dugc ch€ xuit dudi dang chiét 4p
Potentiometer. Tri s& dién trd thuAn Ohm ctia bién trd 1a:
R=p. (O (P1.17)

, .
M _1; 1 - chiéu

3 diy: p - dién trd suat vit liéu dién trd, [Q

dai diy cufn dién trd; A — ti€t dién day trd, [ mm?].

Vé ciu tric, cdc chi€tl 4p c¢6 ti€p di€m con trugt: chuyén dong

thing linear- hay vong (arc-shaped-) (hinh P1.4), mét vong hay nhiéu

vong. Ki€u thong dung 12 ¢é bd phin truyén déng truc quay con trugt
(quay tay hay dung mday dién).

Ux” Pic tuyén thyt

Ly tudng

N

Q

Hinh P1.4 — C4m bi€n dién trd:  Hinh P1.5 — Sai 1éch tuyén tinh cia
a). Chi€t 4p tuyén tinh; - chi€t 4p do dung sai ch€ tao.
b). Chi€t 4p vong (amular).
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Bi€n trd dugc thuc hién bing dién trd day cudn, hodc mang
dién trd film resistor bing mot 16p carbon hay chit déo din dién. Mdi
chi€t 4p thyc t&€ khong tranh khéi ¢ nhitng thanh phin dién cdm va
dién dung. Tuy nhién, ¢6 th€ bé qua nhitng thanh phin d6, néu ding
dién mot chiéu hay xoay chiéu tin s6 thdp. Hién nay dang phdt trié€n
loai bi€n trd tit — magnetic field resistors, 1am viéc khdng ti€p xic va
do d6 khong bi dnh hudng ma sédt con trugt.

Ty 1€ gitta Ao dai chuyén dich cla con trugt trén bi€n trd x va
d% 16n dién dp U, rdi trén phén bi€n trd dy tudng tf nhy trong sd daé

mot bd phan dp. Quan hé ty 1¢:

R, =p—JAj“—“-; (P1.18)
Fm 05 (P1.19)
.
U =rI=LY ki1 =10 (P1.20)
AR,

& day: I, I, — d6 daitoan phin va d6 dai khodng dich chuyén
x clia con trugt bi€n trd; R, va R, — dién trd toan phin (danh dinh) va
dién trd phin chiét 4p ciia bi€n ud; p va A — dién rd xudt cla vét
liéu day din va ti€t dién day; U,, [ — dién dp va dong dién trén phin
t&; U, — dién 4p phan chiét 4p con trugt — cling chinh 1a di¢n dp ra
clia phin tlf; k — hé sd ty 1&.
C4c thong s6 dic trung chia bi€n trd.

e Tri s dién trd (danh dinh): Tri s& dién trd dién hinh 12 100[ Q]
va 100 [kQ]. .

e Mic tdn hao cdng sudt cho phép: T6én hao sé ting tdy theo mifc
ting dién 4p n€u dién trd nhd. Pién 4p 16n nhdt U, c6 thé

cung cip cho chi€t dp dudc tinh bing:
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Upmax =R 5 V] (P1.21)
& day: P, — cong suit tén hao cho phép clia chi€t ap, [W]; R —
tri s6 dién trd, [Q].

e Dung sai cho phép: Dung sai la sai s& 1n nhit c6 thé cho phép.
Dung sai ctia chi€t dp la sai 1éch giita tri s6 thyc t& va tri 80
danh dinh, tinh biing [%) tri danh dinh, tic 12 sai sG tuong dsi
cia bi€n trd chiét 4p. N6 nim trong pham vi * (1 +10)[%]. Tri
s& di€n hinh 1a trong khodng * 3[%] va +5([%].

e DO tuyé&n tinh: DBd tuy€n tinh 1a dic tinh dic biét quan trong asi
v&i cdc phan tif tr ddng. Tham chi trong diéu kién khong tdi, vi
du khi dién 4p dau ra duge xdc dinh theo phuong phédp bu (can
bing), coi nhu khéng ¢6 sut dp trén diu do, thi thay ddi dién 4p
diu ra ciing vin khong thédt tuyén tinh vdi dudng trugt hay goc
quay ctia con trugt. DG sai léch dign trd thuc t€ so vdi dudng
cong ly tudng thudng 12 trong khodng 0,05[%] va 1{%] (hinh
P1.5). Chi€t 4p day cudn cé dd tuyé€n tinh tSt hon cd, nhung c6
nhuge diém 12 gid tri bi€n trd thay dSi ding bing dd 16n vong
day, tif vong nay sang vong khédc. N6i cdch khidc, dd phan giai
bing d6 16n dién trd mot vong day. Trong thyc t€, c6 thé ché
tao chi€t dp vdi 25 vong trén 1 [mm], tic la d§ phan gidi gidi
han trong khodng 40 [ u m)]. '

e D6 phan gidi: P phan gidi ciia chi€t 4p vong don dudng kinh
25 [mm] 1a khodng 0,2°. V& ly thuyé&t, cdc chi€t 4p ki€u mang
carbon hay mang déo dién din c6 do phan gidi v6 dinh. Trén
thuc t&, ¢6 thé dat 0,01 [mm] khi do dich chuyé&n thing va 0.01°
khi do di géc. Tuy nhién do tuy€n tinh clia nhifng cim bi€n nay
kém hon cdc chi€t 4p day cudn.

P1.3.2 — Phin t\¥ bi&€n dung Capacitance Transducer.

Pién dung cia mot tu dién phing ty 1& vdi dién tich bé mit ban

cuc A, vdi khodng céch bén cuc d va véi chat di¢n moi:
438
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Ca €°‘2’A [F] (P1.22)

& day: & ~— hing s6 dién mo6i cda khong Kkhi,
£, = 8,854.107"2 [F/m]; &, — hiing s8 dién moi twrong a8i cla vt liéu
chit dién mobi so vdi khong kh‘i; d6i v48i dién moi 1a khodng khdng
(khong khi) thi &, = 1.

Do d6, dién dung 1a ham cua vi tri tuong ddi trong khong gian
va chdt dién moi sit dung. PJi vdi cdu tric ddéng tdm chiéu dai / (tu
dién hinh tru), biéu thifc s& la:

27l

—_—
”
ln/
v

& day: r, - ban kinh tru ngoai; », - ban kinh try trong.

C = 5,8, (P1.23)

CAim bi€n dién dung tao nén mdt dién trudng, cdn cdm bi€n
dién cam tao nén mot tiY trudng. N€u dua mot vat thé din dién lai gin
dién trudng nay, thi vit tdc ddng nhu mdt bdn cuyc va lam thay d8i
phan bd dién trudng. Su thay ddi dién trudng s& dudgc phian tif cdm bién
thau nhan va lugng gid — cho nén & ddy goi chung 12 phan u¥ bi€n
dung.

Phan tf bi€n dung gdm hai bdn cyc din dig¢n cdch ly nhau nhung
¢6 thé chuyén dich so vdi nhau. Hai bdn cyc dit song song, nén c6 thé
tinh dién dung clia phin tif bi€n dung theo biéu thic (P1.22). M&i quan
hé rd rang giita cdc dai lugng kich thude va dién dung tao ¢d sd ché
xuit phdn ti¥ bi€n dung c6 khd nang lugng gid tin hi¢u do theo khodng
cdch (hinh P1.6).

s . Sl Hinh P1.6 — Nguyén
0 -, i

- 3 Iy phdn t¥ bi€n
‘Oi_/,l_..*_J_ dung do khodng
Te T | L 2 céch

Az | 439
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& trang théi ban diu thi:

C, = s,.so.i. (P1.24)
10

Khi ting khodng cdch gitta hai dién cuc (/, =1, + Al) thi:

A

C| =£r.€o.l—-. (P125)

, .
Biéu thifc ¢d s& ciia phan tir bién dung do khodng cdch sé la:
1

l+—A—1

0

Pa&i v8i nhitng chuyén dich nhd Al so véi khodng cach [ thi ty
sG bién ddng khodng cdch c6 thé coi 12 khd nhd (A% <<1) va nhu
0

G _ (P1.26)
CO

vay:
-gj =1- % A (P1.27)

Pic tuyén phin t¥ ciing ¢6 thé coi gan ding 12 tuy€n tinh trong
m6t pham vi nhat dinh. '
Phin tif bi€n dung ¢6 dac di€ém:
P tuy€n tinh cao (hon 0,01%);
C6 kha niang boc chin chdng dnh hudng dién trudng nhiéu;
Nhay véi nhi€u tiY trudng;
Chuyén ddi tryc ti€p thanh dai lugng dién.
Trong k§ thuit tr ddng sif dung rong rdi mach bi€n dung do ti€p
cin, phdn ng nhanh nhay vdi dai lugng khodang cdch chuyén dich, thi
gid tri dién dung theo tri tuyét ddi khong phdi chinh y€u, cdi chinh lai -
12 su bi€n ddng, thay ddi cla né.

0O 0 O ©
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Cdc phan tf cdm bi€n dién dung (ng dung sy thay déi dién
dung theo bi€n ddng cia mdt trong nhifng dai lugng & biéu thic
(P1.22). Hinh P1.7 trinh bay sd db nguyén ly cdc phuong an bi€n dung
d6. Hinh P1.7a — phin tf bién dung do thay ddi khodng cach gilta cic
ban cuc mdt lugng biing Ad; hinh P1.7b — do thay adi dién tich ddi
dng cla cdc ban cuc (bdi chuyén dich Al); hinh P1.7¢ — do thay adi
tinh chit dién méi (bdi twong tdc dién moi khong gian £, va &, gitta '

c4c ban cuc véi xé dich Al).

Al
J
r—g é d
€ F ad b)

a)
Hinh P1.7 — Nguyén ly ciu tric cd ban cla cdc phan uf bi€n

dung.

P1.3.3 — Phén t& bi&€n cam Inductance Transducer.

Pién cdm clia cudn diy dudc xdc dinh bing:

2
L= ﬁ_/_‘_;./ir_’i; (P1.28)

& day: N — s& vong day; x4, - 4 tY thim cla khodng khdng,
po=4m.107 [H/m]; p, — a0 wr thim tuong d6i; A — dién tich va /- dd
dai cia cudn day.

Ciing nhu d&i véi céc phin tf cdm bi€n dig¢n dung, nguyén ly
chung ddi v6i cdc phan tlf cdm bi€n dién cdm 13 1am thay ddi m5t
trong nhitng dai lugng xac dinh dién cdm cla cudn cdm (xem bi€u thic
(P1.28), ¢c6 thé bién thién cdc thanh phan N, x,, A va [ dé dung lam
bi€n cam. Trén c¢d s8 d6 c¢6 thé ¢6 nhitng phudng dn hig€n thyc hod
phin tif bi€n cdm nhu trong hinh (P1.8).

C6 thé bién thién s6 vong diy N bing cdch ding két cdu con
trugt (hinh P1.8a). Tuy nhién, kho ¢6 thé 1am thay d8i kich thuSc hinh
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hoc clia tirng vong ddy riéng 1é. Cach khdc, n€u chia cudn day thanh
hai nifa va lam thay déi khodng khong gilta ching (hinh P1.8b), thi sy
ghép tif tinh sé& thay ddi va lam thay déi dién cdm toan phan. Bé&i véi
cudn cdm c6 156i sdt thi sy dich chuyén cila 16i sat-tir trong l1dng cudn
diy lam thay d8i d6 tir thdm y, (ki€u phan @ng doc, hinh P1.8¢c —
nguyén ly va két cdu). Ki€u khdc - ki€u phan tng ngang, thi mdt ban
cuc dién din dudce dua lai gin cudn diy, hodc & thin boc dién dan dit
trén cudn day, khi d6 trong phi€n dién din sé cdm @ng dong xody
Foucoult. Pién trudng tao bdi dong Foucoult Ay tudng tdc v4Si tY trudng
cudn diy lam thay d8i dién cam (hinh P1.8d — nguyén ly va két cau).

al
Phién diéndin I
c) d)

Hinh P1.8 — Nguyén ly bién cdm L theo phuong 4n bi€n thién:
a). s6 vong diy N; b). bd tri hinh hoc;
c). do tir thAm (10i sdt tir — ki€u phin @ng doc);

d). tdn hao dong xody (phi€n dién din — ki€u phan @ng ngang).
Nhir vdy, phdn tif cdm bi&€n dién cdm néi chung c6 hai dang két
céu cd ban: ‘

e Cudn cdm khong 161 sit, va:

e Cudn cdm 151 sdt-tir.
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Vé nguyén 1y thi k€t cdu bién cdm cé 161 sdt-t¥ 1am viéc chi
y&u trén cd sd ghép tir tinh, d6 1a nguyén 1y bién dp, vdi hé sd ghép
nhir 13 hé s6 bi€n dp. Do d6 dang k&t cau ¢6 16i sit ¢6 hai ki€u cd bin:
o Kiéu phan wng doc longitudinal armature , va:
o Kié€u phin \(tng ngang transverse armature.
o} diy, cliing nhu trong k¥ thudt dién-wr, bd phian déng goi la
phin ng.

Cuobn diy

Hinh P1.9 - Phan tf bi€n cam ki€u phan ing ngang:
a). ki€u ngam; b). ki€u vi sai mdc vao mach cau.

M6t dang phin tif bi€n cdm ki€u phdn ng ngang dugc thuc
hién bing cdch thay ddi do tir thim ctia khodng khong trong 10ng cudn
cdm biing 16i sdt ¢c6 ngam (hinh P1.9a). Hinh P1.9b gidi thi¢u so db
nguyén ly phan tf bi€n cdm vi sai vdi mach cau.

Dang tng dung c6 16i sdt-tr mém di dong trong 1ong cudn cdm
diy cudn 1a phin tf bi€n cdm phan ng doc (xem hinh P1.8¢c) — m{t
dang phidn tif bi€n cdm theo nguyén 1y bién thé. Cau tric thong dung '
nhit 12 cudn chin iron-core choke vi sai mic mach nita ciu — phin t¥
bi€n cdm ghép hai cudn diy cé 16i sdt-tir di dong ki€u vi sai (hinh
P1.10). Con trén hinh P1.11 la phuong dn \ng dung nguyén Iy bi€n dp
vi sai.
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a) b)

inh P1.10 — Phin tf bié€n cdm vi sai:
a). SO dé ndi mach cau do; b). Pic tuyén.

Cudn chan vi sai hinh P1.10a ¢6 két cdu phan tng doc (18i sit-
tir doc). N&€u cudn diy di dong, tir rudng ghép s€ thay ddi va cing vdi
né 1a thay d6i hd cdm. Pién cdm cia hai nhdnh cdu bién ddi nghich va
dién dp dudng chéo ciu U, sé duge hién thi nhu 1a ham cda khodng
chuyén dich x (dic tuyén hinh P1.10b). Khodng dic tuyén di qua di€ém
0 trén dd thi cé thé coi nhu tuyén tinh. So vdi cdc phin tif cdm bién
dién cdm don, vé c¢d bdn, hai cudn diy mic vi sai kém nhay hon doi
véi tap nhiu strays tif trudng, doi v6i bi€n dong nhiét dd va bi€n dong .
vé bién do hoidc tan sd ngudn cung cip.

Cic bi€n dp vi sai thim chi con duge st dung phd bién hon cudn
chian (kiéu ngam dich chuyén doc truc) mdc mach ki€u vi sai (hinh
P1.10) hay cau nita v4i cam bi€n dién cdm (hinh P1.9). Hinh P1.11 gidi
thiéu mot ki€u bi€n dp vi sai ¢c6 mot cudn sd cap va hai cudn thd cip
duge ldp 16ng vao nhau (déng truc trén cung mot khung day cudn),
trong long c6 16i sat-tir mém di dong.

444

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Hinh P1.11 — Nguyén ly bi€n dp vi sai:

a). K&t cau: b). Kiéu 18i doc;
¢). Kicu 13i doc mdc mach ciu do; d). Ki€u 16i ngang.

Cudn sd cap duge cap mot dign dp xoay chiéu. Khi 161 sdt-tir &
vi tri gitra (vi tri d6i xitng) thi syt ghép tir tinh (hé s0 bi€n dp) gitra cudn
sd va hai cudn thit la nhu nhau; va néu nhu cdc thong s6 clia hai cudn
thit cdp 1a y nhu nhau thi di€n dp cdm ting & hai cudn thif cling s€ bing
nhau. N&u 16i sit-tir bi dich chuyén ra khéi vi tri d6i xing thi dién dp
ra clia cac cudn thit cap s€ khac nhau.

Hai cudn thit cidp trong phan bi€n cam ki€u 161 doc (hinh
P1.11b) midc mach ngudc diu va&i nhau, tao thanh dién dp vi sai dau ra.
Ciing c6 thé dung sd dd mach ciu (hinh P1.11¢), mic hai cudn thi cap
vao hai nhanh mach cau.

Dé&i vai s6 dd hinh P1.11b thi dién dp ddu ra clia mach U, sé&
bing:

U_=KU,.Al; (P1.29)

& day: K — hling s8 ghép (hé s6 bién dp); U, — dién dp cudn sd
cip (tri hiéu dung); Al - chuyén vi ctia 161 sdt-tr Khoi vi tri d6i xing.

& so dd mach ciu hinh Pl.11c, thi dién dp dau ra (dién dp
duding chéo cdu) s& bang:

U, = % KU, Al (P1.30)

Nhu vy, néu dich chuyén 16i sdt-tir 1a nh nhau § cé hai so do,

thi sd dé hinh P1.11b s& cho dién dp dau ra 16n hon.

445

CuuDi
uuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

PHU LUC 2
PHAN TU CAM BIEN MAY PIEN THONG TIN.

P2.1 - Phén tit MAY PIEN PHAT TOC Tacho-generator.

P2.1.1 - Pai cuong vé mdy phat téc Tacho-generator.

Trong cdc ng dung k¥ thuit thudng gip chuyén ddng quay.
Van dé la xdc dinh s6 vong quay, thudng tinh biing s§ vong quay trong
mot phit ([vong/phit] hay [1/min]).

Mot khd ndng xdc dinh s§ vong quay 1a ding mdy dién khdng
1am viéc & ch& dd dong co ma la ché dd mdy phat generator-. May .
phat tacho- dugc din ddng co hoc s€ tao ra dién dp ty 1€ véi s§ vOng
quay ciia mady. Ciing nhu cdc mdy dién dong cd, mdy phat ciing ¢6 rit
nhiéu ki€u khdac nhau. D€ phan biét cdc loai mdy phét dién, ngudi ta
x€p dang mdy phat ding do s& vong quay vao loai tachogenerator —
may phat toc¢ tacho-.

Tuy nhién, ngoai cdc mdy phdt tdc tachogenerators (dang may
dién), con ¢6 phian tf cdm bi€n s6 vong quay ki€u gia lugng
incremental-. Phan t¥ cdm bi€n s6 vong quay dang nay tao nén mét
chudi xung ¢6 tin s& lap lai ty 1é véi s6 vong quay. Chudi xung vudng
dugc ding 1am dai lugng ty 1€ vé6i s& vong quay c6 uu th€ 1a ching cé
thé dudc lugng gid truc ti€p trong cdc hé k¥ thuit s digital. Trong céc
hé do ludng diéu khién ngay nay itng dung chi yé€u 12 cdc h¢ diéu
khién s&, cho nén ki€u phan tlr tv dong nay rat thong dung. P3i véi cédc
tin hiéu analog diu ra thi phdi chuyén ddi thanh nhitng chudi xung.
Viéc lugng gid sd do dudce thuc hién bing cdch 14y tich phin chudi
xung nay. C6 nhitng vi mach tich hgp chuyén dung d€ thuc hién nhiém
vu d6. Chiing dugc ky hiéu 1a chuyén ddi f/u — chuyén ddi tan sd-dién
dp. Phan tl¥ gia lugng incremental diing do s& vong quay ¢6 thé ché tao
v3i nhiéu cdm bién da dang khdc nhau. Chi y€u 1a md rong kha ning
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lra chon cdc dac tinh chuyén biét, sao cho viéc gia cong hay cdi bi€n it
nhit. Phin uf¥ xung gia lugng cho phép xit Iy m3 rong ti€p theo bing
mach dién tif ddp \ng nhitng yéu cau cu thé. Ngoai phuong phép lugng
gid theo tdn sG biing cdch d€m xung trong mot khodng thdi gian nhit
dinh, ngay nay ciing dung kiéu do d6 réng xung. Phuong phdp d6 dic
biét phd hgp cho nhitng chuyén dong quay téc d6 cham. Cédc phin ti
cadm bié€n gia lugng do tdc dé quay da dudc néu trong chuong 4 — phan
tif cdm bi€n vit 1y.

Phén loai. Cic loai mdy dién dong cd ciing cé thé lam viéc &
ch€ d6 mdy phat va khi d6 tao ra mot dién dp phu thudc vao chuyén
ddng quay. Di¢n dp ludn ludn ¢é quan hé chat ché véi sd vong quay va
duge dang 1am s do sd vong quay. Nhung & diy, dé c6 thé€ nhan dudc
quan hé giita dién dp do va sG vdng quay cang tuyén tinh cang tot,
ngudi ta dit cho mdy phdt nhitng yéu cau cao, sao cho khéng cin mdy
phdt phdi 12 ngudn dong vé mit ning lugng (chi phét tin hiéu). Cho
nén cdc mdy phat tdc tachogenerators duge ch€ xuit véi cau tric dic
biét nhu vdy — mdt dang mdy dién dic biét, cong suat nhd, l1am viéc &
ch& d6 mdy phat (tin hiéu), thyc hién chitc ning bi€n ddi chuyén dong
quay cia truc din dong thanh tin hiéu dién dp ra ty 1&.

Phén biét cdc dang mdy phat tdc tachgenerators sau:

® M4y phét tGc xoay chiéu:

o Mady phdt téc khong déng bo:

- xoay chiéu ba pha;

- xoay chiéu (m6t pha)

o Mady phdt t6c dong bd — xoay chiéu (mdt pha) ¢6 chinh
luty, rotor cuc 16i nam cham vinh ciiu.

® M4y phat t6c mot chiéu

o ¢6cd gop;
o khdng chdi than.
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Trong hé do ludng diéu khi€n cdc mdy phdt tc thyc hién nhitng
chiic ning chd yéu sau:
e Chibdo vin t8c quay;
e Li&n hé& ngugc van toc quay (trong cdc hé theo doi badm sdt);
e Thuc hién phép vi phdn (theo phuong trinh dic tinh ra cla
mdy phat t6c);
e Thuyc hién phép tinh tich phéan.
Phuong trinh dic tinh ra ctia mdy phét tdc ¢6 dang:
Um=k.n=K.(;—?=f(a); (P2.1)

& day: U,, — dién 4p ra clia mdy phét t3¢, [V]; n — vin t8¢c quay
cia truc din dong, tinh bing [vong/phiut] hay [1/min]; k, K — h& s6
(khuyéch dai).

Tir biéu thite (P2.1) ta thay dién dp ra ty 1& v4i bi€n thién t6c d§
guay ciia truc quay. Do d6, mot cach gidn luge c6 thé coi mdy phit téc
12 mdt phan tf vi phan analog, d6 1a cd sd @ng dung mdy phat tdc thyc
hién phép vi phin ham analog néu trén.

Trong m&i lién hé ngudc c6 thé thdy bi€n ddi tich phan:

1
a=— (U4t (P2.2)

Pay ciing 12 ¢d s& ng dung mdy phét toc trong mach tich phén
analog giai tich ham todn tinh.

Su khdc nhau 12 & loai mdy, dién dp ciing nhu ¢cong suit dién
tao ra khi tachogenerator dugc din dong. Trudc hét, ching ta luu tdm
dén mot s6 dic tinh chung, chua di sdu vao tirng dang may, dé€ c6 khdi
quét van dé.

Dang k€&t cfu Ngudi ta phan biét cdc tachogenerator vé mat
ciu tric:

o dang rotor rdng (A4);
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o dang dé€ ding (B3);

o ¢6 mit bich phia truc din déng (B10); va:

© c¢6 banh rang ldp rdp phia truc din dong (B14).

Ky hi€éu trong ngoac don (x) 1a ky hiéu dang c4u tric mdy dién
theo tiéu chuian DIN ciia CHLB Pic (DIN 40050). Dang bdo vé IP. cho
thong tin thém vé sy bdo vé ti€p xic tryc ti€p ciing nhu ti€p xiic vai
vat ngoai va vdi nudc. MGt dang bdo vé thdong thudng ddi v8i cdc mdy
phét tdc 1a IP54. Ky hiéu niy ¢é nghia 1a tachgenerator dugc bao vé
chdng bui gdy hai va nudc x8i tf moi huéng. Cdc diéu kién bdo vé dic
bi€t 1a khi mdy phdt t6¢c phdi lam viéc trong méi trudng c6 nguy cd
chdy né.

Céc théng s6 k¥ thuit va dic di€ém.

S8 vong quay danh dinh, dién 4p danh dinh, dong dién danh
dinh. S6 vong quay danh dinh chii y&€u cho biét s6 vdng quay @ng vdi
diém cudi pham vi lam viéc. Pién 4p ddu ra clia mdy phat tc Wng véi
s0 vdng quay danh dinh va tdi danh dinh — goi 12 dién dp danh dinh.
Dong dién khi d6 1a dong danh dinh. Dong danh dinh tuong Wng vd3i tai
van hanh va s§ vong quay la 1000 [vong/phit]. Tai van hanh duge quy
dinh bdi hang ché€ xudt, cho trong tai liéu k¥ thuit kém theo mdy.

Pic tuy&n, sai s6 tuyé&n tinh. B4 thi bi€u dién cdc dai lugng
diu vao va dau ra theo cdc hé s6 ly thuyét — dudc goi 1a dudng dic
tuyén. B4 thi bi€u di€n di€m cédc gid tri do — goi 1a dic tuyén thuc
nghiém. Nhitng sai 1éch 16n gitta dudng dic tuy€n danh dinh va dic
tuy€n thuc nghiém dudce coi Ia sai sd tuyén tinh. Sai s& tuyén tinh dugc
bi€u dién theo gid tri dién 4p hay gi4 tri ty d6i d6i v8i mo6t dai lugng
din xuit ndo d6, vi du tinh bing % cia dién 4p cudi pham vi do (hinh
P2.1).
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Hinh P2.1 — Sai s6 tuyén tinh ctia cdc mdy phdt tdc:
N — dic tuy€n danh dinh; T - ddc tuyén thuc nghiém;
x — truc sO vong quay; y — truc dién 4p ra; £[%)] — sai s8 tuyén tinh.

Bdi thong thudng mdy phdt tdc 1am viéc trong mot pham vi s&
vong quay hep, nén sai s& tuyén tinh c6 thé rat nhd, nhu vdy do tuyén
tinh ctia dic tinh ra khd cao. Tuy nhién d&i v3i cdc chdc nang khdc
nhau thi phii thod man yéu cau & nhitng mdc df khdc nhau. Vi nhu cédc
mdy phdt t6c lam viéc chitc ning lién hé ngudc vé vén tdc trong hé
theo ddi bam s4t cidn ¢6 hé sd khuyé&ch dai 16n trong khi d6 tuyén tinh
dic tuy€n khéng dong vai trd quan trong.

S& vong quay cuc dai. S6 vong quay cyc dai dugc hdng ché
xuit cung cap s liéu. Trong thuc t€, ngay nay khong hi€m mady phat
t6c c6 s& vong quay cuc dai trén 10 nghin [vong/phiit). G cdc may phét
toc ba pha c¢é chinh Iuu thi s6 vong quay bi gidi han bdi dién 4p khod
clia cdc diodes chinh hwu. Bing cdch lua chon linh kién ¢6 thé md rong
pham vi s& vdng quay, cho tdi gidi han cd hoc.

P3di v6i cdc mdy phét toc mdt chiéu thi s& vong quay tdi da bi
gidi han bdi tinh ning chuyén mach c8 gép va pham vi tdc dd t6i da
clia phdn ng.

Po nhap nhé séng tin hiéu. Tin hiéu diu ra mot chiéu clia mdy
phét t6c xoay chiéu ba pha c6 chinh luu va cia mdy phét t6c mét chiéu
c6 thanh phin s6ng hai nhdp nh6é. P§ nhdp nhd trong tin hiéu phu
thudc sd vong quay va phu thudc tdi, nhung cling gdy dnh hudng thong
qua sai s& cdu tao va ghép ndi cd. P&i v6i cdc mdy phdt tdc ba pha thi
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ching phu thudc vao s pha va mach chinh luu. Pai v3i cdc mdy phat
mét chiéu ¢6 c¢d gép thi phin dnh hudng chi y&u l1a tr s& vong quay
phdn ng va ciu tric m4y phat t5c. N&u ¢6 thé chdp nhdn mdt khodng
tré trong thdi gian d4p ng thi c6 thé ding mach loc d€ loai bd do

nhiap nhd du trong tin hiéu. '

P2.1.2 - M4y phét téc xoay chiéu.

Mady phét t6c xoay chiéu khéng déng by. Mdy phit t5¢ khong
ddng bo c6 cdu triic may dién xoay chiéu khong dong b, nhung rotor
rdng khong din tir. Trén stator dit hai cudn diy (quén rdi, 1éch pha
nhau 90° dién): cudn kich thich - ddu véi ngudn dién xoay chiéu; va
cudn phdt dua dién dp ra (hinh P2.2). Vit liéu rotor duge lam ti¥ hgp
kim khong din tr nhu constantan, manganin, ... dé dim bido dién urd
sudt 16n va it thay ddi theo nhiét d6. D€ dam bao tiY trudng déu trong
khodng hd khong khi gifta rotor va stator mdy phdt, cic mdy phat tdc
khoéng dong bd thudng dudc ché& tao vdi sd cidp cuc I6n hon hai (2p=4).

Ua ' Cudn kich thich

Phin fug

Cudn phdt

Hinh P2.2 — Nguyén Iy cdu tric mdy phat tdc khéng dong bo.

Mady phdt téc xoay chiéu khong dong by ba pha. Mdy phat toc
ba pha cé stator lam tir thép tam k¢ thuit dién va cufn diy ba pha
qudn bing diy ddng. Bén trong stator c6 mdt nam chdm vinh ctfu quay,
vét liéu lam t¥ hgp kim nhom-nickel-cobalt. Khi nam cham quay thi
trong cudn day stator cdm dng mot di¢n 4p. B3i cdu triic ba pha ciz
cudn stator nén s& cdm wng cdc dién dp l¢ch pha nhau 120°. Ba cufn
day stator dugc ddu theo hinh sao. Hinh P2.3 gidi thiéu nguyén 1y cdu
tao.
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Hinh P2.3 — Nguyén ly cdu tao mdy phat td¢ xoay chiéu ba pha.

Pé€ nhin dudc tin hi¢u ra dang analog mot chiéu théng thudng,
ngudi ta mic ndi ti€p v48i may phdt té¢c mdt cau chinh luu ba pha (hinh
P2.4). Mdy phét t6c ba pha ¢6 s6 vong quay cuc dai tdi ¢d 10 nghin
[vong/phiit]. B3i & phian tng khéong ddi hdi mach didu dién nao nén
chiing ciing khéng can c6 chdi than, trong viAn hanh khéng phdi chim
sé¢ k¥ thuit gi nhiéu. Va vi di sit dung nam cham vinh ctfu dé€ tao
trudng cho may nén cling khong cin phdi ¢6 ngudn dién phu nao thém.
Tin hi€u ra cia mdy phat tSc ba pha ¢6 chinh luvu phu thudc vao sé
vong quay nhung khéng phu thudc hudng quay.

Uy u, U
k& | vp LR

Hinh P2.4 — Nguyén ly cdu tao mdy phdt tdc ba pha ¢6 chinh luu.

Pi€n hinh: M4y phdt t6c xoay chiéu ba pha TD3 (hing
Thalheim). Pic tuy€n — hinh P2.5. C6 mach ciu chinh luu bdn din ba
pha mic ndi ti€p.

Dién dp khong tdi: mot chiéu 30 [V] £ 3 [%] (6 1000 [vong/phiit]);
Sai s8 tuy€n tinh: 1 [%];
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Sai s§ tuy€n tinh gidm thi€u: +0,1 [%] khi: (100<n [vong/phiit] <
1000);

Hudng quay: ddo dugc;
Curce tinh: khéng phu thudc huéng quay;
S vong quay 16n nhat: 8000 [vong/phiit).
Loai két cdu dic biét khong ¢6 chinh hwu: dién dprala 3x22,5 [V].
AU [V] TachoTD3 i
30- Aacho 1D3 khdng tdi | [mA]
3[mA)]
e 5[mA]
10 [mA]
20 1
20[mA]
10+
5 4
(vong/phdi]
soi0  s00 " 1000

Hinh P2.5 — Pic tuyén mdy phét tdc ba pha TD3 (Thalheim):
3 1000 [vong/phiit] c6 dién 4p danh dinh:
khoéng tdi: 30 [V] 3 [mA]-27,5[V] 10 [mA]- 23,9[V]
1 [mA]-28,7[V] 5[mA]-26,5[V] 20[mA]- 19,1 [V].
Loai mdy phét td¢ ba pha c¢6 chinh luu TD3 nhu néu trén khéng -
phd hgp vdi hudng quay thay d8i, khi ngoai s6 vong quay cin phai x4c
dinh thém hudng quay. P&i v6i nhitng trudng hgp (ng dung nay, hing
san xudt c6 ch€ xuit loai tacho- ¢6 thém bo phin ddo cuc tinh, cho
dién 4p ra d8i diau khi ddi hudng quay. Do phdi ddo cuc tinh nén s&
vdng quay cuc dai cla loai nay thap hon khad nhiéu. Viéc xdc dinh
hudng quay can thdi gian, thém vao dé tin hi¢u ra phu thuéc hudng
quay chi c6 thé thyc hién sau mdt khodng thdi gian ngdn, nhung it nhat
cling phdi sau mot phan tr vdng quay.
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Trong db thi dic tuyé&n clia mdy phét téc ¢6 th€ nhin thdy d6 sai
l1&ch tuy€n tinh, nhat 1a trong pham vi vdn hanh & td¢ dd quay nhd. C6 -
thé dung mach dién tif mic ndi ti€p vdi tacho- d€ bu d6 phi tuyén nay
va nhu vay dic tuyén s€ gan nhu dic tuyén ly twdng. Piéu ndy cé ¥
nghia dic bi€t quan trong, khi can phdi xdc dinh nhitng s& vong quay
nhd, vi nhu ¢d 1 [vong/phiit).

M4y phét téc xoay chiéu (mdt pha). Mdy phit tSc xoay chiéu
mot pha ¢6 cdu tric nhu déng cd dién xoay chiéu khéng déng bdé mot
pha lam viéc & ch&€ d6 mdy phdt. N6 tao tin hiéu ra la dién 4p xoay
chiéu khdng phu thudc hudng quay.

Pi€n hinh: M4y phidt t6c xoay chiéu WTD3 (hing Thalheim).
Pic tuyé€n — hinh P2.6.

Pién dp khong tai: xoay chiéu, dang sin 8 [V]+3 [%]
(6 1000 [vong/phur]);
Sai s8 tuy€n tinh: + 0,5 [%];
Hudng quay: ddo dugc;
Cuc tinh: " khong phu thudc huéng quay;
SG vong quay I8n nhat: 8000 [vong/phiit].
3o} U(Y) Tachowrs

20+

104

[véng/phult)

1000 2000 3000 4000
Hinh P2.6 — Pic tuyén m4y phét to¢c xoay chiéu WTD3 (Thalheim).
Khi mdy phdt t6¢ xoay chiéu khong dong bd 1am viéc véi ngudn
kich thich thay vi 1a dién 4p xoay chi€éu ding ngudn kich thich mét
chiéu thi & ch€ d6 hoat dong nay ¢6 dic diém:
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e Khi rotor miy phit t6c quay vdi van t6c khong dSi n = const. thi
trong cudn phdt khéng cé sic dién ddng cam Wng, tifc 1a khéng
co tin hi€u ra;

e Khi vdn t6¢ quay cta rotor bi€n thién n = var. thi sitc dién dong
cdm ng trong cudn phdt va dién 4p ra clia mdy phét t&c sé ty
1é v&i van t6c bi€n thién dé, tic 1a ty 1é v4i gia tdc quay cla
truc din dong.

N6i cdch khdc, mdy phat td8c xoay chiéu khéng ddng bd lam
viéc vdi ngudn kich thich mét chiéu 12 mdt phan t¥ cdm bi€n gia tdc
quay.

M4y phit téc dong bd. Mot dang ciu triic may phdt 8¢ xoay
chiéu c6 cdu tao nhu mdy phadt dién déng bd mot pha, cé rotor cuc 16i
Iam bing nam chim vinh cifu — goi 12 mdy phat tdc déng bd. Nhd phin
itng 12 nam cham vinh ctfu nén rrong mdy phdt t6c déng bd khong c6
ti€p xiic cd g6p, chdi than, 1am ting d6 tin cdy cia mdy. Dang mdy
phét t6c ddng b6 c6 nhitng dic diém:

e Khi vdn t6c quay cta rotor thay ddi sé din dén sy thay ddi
khong chi d6 16n ma cd tan s6 dién dp ra;

e Diéunay c6 thé lam bién dang dic tuyén ra, bdi thay d6i tan s&
lam thay d8i dién khdng clia mdy va cd cia tdi;

e C6 nguy cd cdng hudng tin s6 clia hé thdng, gdy ra nhitng hién
tugng khong mong ddi.

Bdi vAy mdy phdt tdc déng bd dugc ng dung chi yé&u trong
mach do tryc ti€p tdc dd quay: cudn phat tin hiéu ra (cufn stator) dudgc
mic v8i mdy do (do dién 4p volt-k€) chi thj s& vong quay (thdng qua
bd chinh luu). '

P2.1.3 — M4y phét téc mét chiéu.
M4y phét téc mdt chiéu cé ¢d gép. Mdy phét tdc mot chiéu c6
stator 12 mdt nam cham vinh cttu, hoac 1dp cudn kich tir déc ldp, tao
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nén tir trudng kich thich (hinh P2.7). Phan @ng 1a cudn phat dugc rdp
trén rotor, ti€p xic dién théng qua ¢d gép va chdi than.

U- Cudn kich thich
déc lap

Ryai
Hinh P2.7 — So dd nguyén Iy cau triic may phét toc
mdt chiéu kich thich ddc 1ap.

Khi phdn tng dugc din dong, tr trudng s& cdm Ung trong cudn
diy phdn ing mot dién dp. Néu cudn diy phdn ng c6 mic tdi thi s&
¢6 dong dién xoay chiéu chay qua. B6 phdn ti€p dién (c8 g6p va chdi
than trugt trén né) sé thuc hién ddo cuc tinh dé€ dong dién ra chi chay
theo mot hudng. Céc tacho- mot chidu ¢ dic tuyén ddi xitng qua di€m
0. D6 sai 1éch so v6i dic tuyén Iy thuy&t c6 thé sinh ra tdn hao 15i sit
va dong dién xody, nguyén nhdn vira 1a do trd khang ti€p xdc cda chdi
than, via 1a bdi phan @ng phdn ng. Chiing tdc djng cang manh & sO
vong quay ldn.

Trong thyc t&, dic tuyén ra cda cdc mdy phdt toc mot chiéu
khong hoan toan tuyén tinh va khong di qua goc toa d bdi may
nguyén nhan:

e Anh hudng cla dién trd ti€p xic chdi than ¢d gép gdy ra trén
dic tuyén ra mot vang khong nhay n = (0 .. n,, ). Piém dic

trng nita d6i v6i mdy phat tdc mot chiéu c6 ¢ gép 1a sai s&

dio chidu thuan nghich, x4y ra bdi chdi than tri hodin mét

khodng th¥i gian ng&n trén cd gép khi ddi chiéu quay. D€ khic
phuc, chdi dién thudng duge ch€ tao nhiéu ti€p di€m va bing
hdn hgp déng-than hay bac-than.
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e Anh hudng clia phdn tng phin @ng khi 1am viéc vdi tdi nhd,
dong di€n cudn phat cang ting khi s6 quay ting, 1am ludng tir
thong trong may gidm. Phdan tng cia phan (@ng lam ting sai s&
tuy€n tinh cia dic tuyén. B gidm dnh hudng nay c6 thé thiét
k& sao cho mdy phat t6c 1am viéc trén phin dic tinh tr héa
tuy€n tinh khéng bao hda hay bao hda manh.

e DG&i v3i mdy phat t6¢c mot chiéu kich thich d6c¢ lap: dnh hudng
nhiét dd t8i dién trd day cudn cudn kich thich (16n hon nhiéu so
v3i cudn diy phidn tng). Bién phdp khic phuc chi y&u la mic
thém vao mach kich thich dién trd phu bu nhiét.

Mdy phidt t6c mot chiéu can phdi bdo dudng dinh k¥, chinh dinh
vi tri thich tng ctia ¢d g6p va chdi than. Trudc hét, chi trong chi y&u
ddi v4i nhitng din ddng ddo chiéu quay, nhu thao tic “budc ti€n in

dao” trong cdc mdy cdng cu.

Pi€n hinh: May phat t6c mdt chiéu cé chdi than ¢8 gép KTD 60
(hang Thalheim). Pic tuyén — hinh P2.8.

Pién dp khong tai:

Pién 4p danh dinh:
Dong danh dinh:

Sai O tuyén tinh:

Hudng quay:

S& vong quay 16n nhat:

CuuDuongThanCong.com

mot chiéu 66 [V]£ 5 (%]

(3 1000 [vong/phiit]);

60 [VI;

67 [mA] khi: (800 <n [vong/phiit] <
3000);

0,15 [%):

dao dugc; Cuyc tinh: phu thudc hudng
quay;
9000 [vong/phuit].
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U[V] Tacbo KTDEO

~
504
404
301
204
104

; [vong/phlt)
y)l le) T T Y 5&) T T T T m

Hinh P2.8 - Dic tuyén mdy phat t5¢ mot chiéu KTD 60 (Thalheim).

May phét téc mdt chiéu khong chdi than. Trong nhifng trudng
hgp din ddng dién c6 dic tinh dong hoc cao va hing s& vong quay 16n
trong mot pham vi dat dinh rong, vi nhw tr 0,5 dén 10 nghin
(vong/phiit], thl ngudi ta sit dung cdc mdy phdt toc tacho- khdng 6 by
phén tiép xic trugt nhy ¢§ gop chdi than,

(0. £10)[VDC] ul?}lﬁ? 7.9”1“7”“1516175
‘ -D——::U; i 0% e0® 120° 180° 240° 3o0® jec®
tat min.
Ly 50010) Uy 4 10 Qvong)
s Lo 7 1 bt
: Upl AN I8 AN\ A\ ||
L2 s L/ Es NS NS s N
g o +2U[V] T N 11 oo O | 2 L. O Y8
3 o L S S SV W] .V Ty
0 -U4[V) ‘ H 1
. L1 4 | I
Opzon . '
| > Lo tx ru Py S ey B ey SEESH pny 1 B
el
- [_: n | [ — L_J =l .! *

Hinh P2.9 — S dd nguyén Iy va bi€u d tin hiéu xung ciia mdy phét
tdc mot chiéu khong chdi than.

Vé mit cdu tric cd khi, nhiing tacho- ndy giéng nhu h¢ mdy
dién xoay chiéu (ba pha) c6 rotor nhiéu cip cuc va c6 cudn day (ba
pha) & stator. Nam chdm vinh cifu ndm trong phén iing rotor. C4c dién
4p cam ting c6 dang bién thién gén hinh thang va léch pha nhau. Bing
céch chuyén mach thich ing, phin thing cia nita chu k¥ duong dugc
chng thém sudn 1€n cla nira chu ky dm. Viéc chuyén mach dugc thuc
hién bing cdc bd cam bi€n vi trf tdc dong nhanh (vi nhu phan tit cdm
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bi€n Hall hay phidn tif cAm bi€n phién tir tinh) va mot bd d8i ndi
multiplexer (hinh P2.9).

Mach dién ti¥f mic ndi ti€p vaSi tacho- s& cho ra tin hi§u ty 1€ véi
s6 vong quay. Huéng quay dugc xédc dinh theo diu cia tin higu ra.

Pi€n hinh: M4y phat 16¢ mét chiéu khong chdi than BLTD 4
(hing Thalheim). Pic tuy€n — hinh P2.10.

Pién 4p ra: + (0 ... 10,00) [V] (8 20 [mA));

Pham vi do s& vong quay (0,5 ... 10 000) [vong/phuit];

(Khi s vdng quay vudt ngudng:

Dién dp ra max.: + 12 {V];
Dong ra max.: 30 [mA] - );
Hudéng quay: dédo dugc;
Cuec tinh: -+ phu thudéc hudng quay;
bién dp lam vié€c: + (24 .. 30) [VDC].
4U (V] Tacho BLTD4
+12[V]max.
+10 ¢ vigi nguéng
(max.20[mA]) sé’ vong gquay

n=(0...10000) [vong/phii]

~Amax. + max. [vdngr/phw]

—10 4 (max.20[mA])

Hinh P2.10 — Pic tuy&n mdy phat tdc mot chiéu BLTD 4 (Thalheim).

P2.1.4 - Ung dung. _
Theo chic nang va tinh ning hoat déng c6 thé phan cdc mdy
phét toc theo ba nhém ng dung:

1. Chi bdo t&c dd, s& vong quay.
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2. Cam bi€n d6 ting gidm tin hiéu ty 1& 8¢ d6 quay trong mdi
lién hé ngudc clia hé thdng ty dong di€u chinh va la phén tl¥ cia hé n
dinh toc do. & day thudng diung cdc mdy phdt téc khong déng bd hay
mdt chiéu cdp chinh xdc (0,5 + 1,0).

3. Phan t¥ tinh todn ty dong d€ gidi cdc phép vi phdn va tich
phin ham sd analog. (3 day diung mdy phat t6c dd chinh xdc cao: (0,05
+ 0,2).

Anrtena
Radar
e Mdydi€n
-3 khuyéch dai
Tacho;
Ua
BS so C {/\/
R | Ve
Phdn td

U~ 4dit nguéng

Hinh P2.11 — SO dd c4u triic hé truyén ddong anntena radar.

Hinh P2.11 gidi thiéu so dé ciu tric hé thong truyén dong
anntena radar, trong d6 may phét tdc tacho- lam chifc nédng thi hai -
cam bién lién hé ngudc vé vén tc quay clia anntena. H¢ &n dinh toc -
d6 quay anntena & mic ngudng dit U, trén phan ¥ bi€n trd chiét 4p
R, so sdnh & bd so C vdi tin hi¢u tSc do quay hi¢n hitu ciia anntena tIf
diu ra may phat téc khong dong bd Tacho-. Do sai léch duge khuyéch
dai dién 1 dua t6i may dién khuy&ch dai d€ dicu khi€n dong cd chap
hanh Motor quay anntena vdi van toc Gn dinh.
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P2.2 - Phéin tt MAY PIEN cam @ng selsyn.

P2.2.1 - Pai cudng vé mdy dién cdm ng selsyn.

Selsyn la mdy dién cdm ¥ng cOng sudt nhé trong hé théng lién
lac déng bd truyén goéc \ing dung diéu khién, diéu chinh va theo dai,
ki€m tra tir xa. Trong k¥ thudt thudng c6 sy can thi€t dong b héa
chuyén dong quay hay géc quay clia cdc truc c¢d nim & xa nhau va
khong c6 lién hé cd khi v8i nhau. Van dé duge gidi quyét nhd hé thdng
lién lac dong b gdm mdy phidt duge din dong bdi truc quay, mot hay
nhiéu mdy thu va dudng day truyén dat gita chiing.

Vé phin loai hé théng déng bd truyén géc ¢6:

e Selsyn ba pha;

e Selsyn mét pha;

e Selsyn vi sai.

e Mady tir-di€én: magnesyn va selsyn déng co.

Phén loai theo cdu tnic mdy dién selsyn c¢é:

e Sensyn ¢6 cuc ti€p xic — ¢6 ¢ gép va chdi than ti€p
dién; =
e Selsyn khdng ti€p xic — khong c6 céc ti€p diém trugt.
Mady dién cdm dng sel syn c6 hai ch€ dd hoat dong chifc ning:
e Ché dd chi bdo; va:
e Ché& d bi€n 4p.

Vé nguyén ly, cdc selsyn mdt pha déu c6 thé hoat déng theo cd
hai chifc ning trén. Hé thong lién lac déng bd véi hoat ddng chidc ning
chi bdo dudc sif dung d nhitng ndi ma truc nhidn géc quay (selsyn thu)
c6 tdi nhd, ty tao ra géc quay ma selsyn phat da dat. G6c quay cda
selsyn thu khi dé s& chi bdo trang thdi géc quay tuong @ng cia bén
phat.
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Hé thong lién lac ddng bd véi hoat dong chidc ning bi€n dp dugc
sif dung & nhitng ndi ma truc nhin géc quay (selsyn thu) c6 moment cdn
16n, khéng tif tao ra géc quay selsyn phat dit, ma nhd mot dong cd chip
hanh khic. Khi d6, dién 4p ra cla selsyn thu dugc dua t6i diéu khién
d6ng cd chip hanh c6 ndi truc quay véi rotor selsyn thu, cho téi khi géc '
quay cia selsyn thu can bang v3i géc quay cilia selsyn phat.

Céc ch& xudt selsyn cong nghiép lam viéc & tin s6 dién cong
nghiép 50 [Hz)] hoic tin sd cao (400, 500) [Hz]. V€ phuong dién ng
dung ky thuét, c6 th€ xem xét selsyn theo dang phan t& cdm bién t8c
d6 quay d€ chi thi s6 vong quay hay géc quay (chuong 4).

P2.2.2 - Selsyn m{t pha.

Cau tric va nguyén ly hoat déng. Vé ciu tric, selsyn ba pha
giong nhu déng co khéng ddng bd vdi rotor ddy quin binh thudng. Tuy
nhién chiing it dugc st dung truyén géc quay do nhitng nhudgc diém
nhy moment quay khdng bing nhau khi rotor d8i chiéu quay
thudn/nghich chiéu tir trudng, moment cin bing dong nhd, cin 1UGi
dién cung cip ba pha. Trong thyc t€ phd bi€n hon 12 hé ddng bd truyén
g6c sit dung selsyn mét pha.

Selsyn mot pha c6 cdu tric gin giong mady-di¢n dong b kich
tir. L&i thép stator va rotor ghép biing thép tdm ky thudt dién.

Selsyn ti€p xiic. G selsyn mét pha loai ¢6 ti€p diém trugt, cudn
day kich thich (cudn sd cap, mdt pha) duge 1dp trén stator (hodc trén
rotor) va cudn diy ddng b6 héa (cudn thit cdp, ba pha) l4p trén rotr
(hodc stator) (hinh P2.12).

Nhu viy, vé cd bdn selsyn tiép xic ¢6 ba loai phin biét theo
cdu tric:

1). Stator cuc 18i, ¢6 1dp cudn kich tir;

2). Rotor cuc 18i, trén ¢6 1dp cudn kich thich;

3). Cuc 4n.
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Cuén ddng bd hod Cudr kich thich

U.\: l Cudz kich thich n

' N
. s
@l a) bx < 'Cuén kich thich

Hinh P2.12 — Selsyn mdt pha ti€p xic:

a). Sd dd nguyén 1y (k&t cdu stator cyc 16i)

b). K&t cdu: 1). Stator cyc 18i; 2). Rotor cye 16i; 3). Cuc an.

V& nguyén 1y thi hoat dong cla selsyn khéng phu thude vi tri
1fp cudn diy trén stator hay trén rotor. Tuy nhién dé gidm s vanh
trugt va chdi than, cudn ddng bd héa ba pha thudng dudc dat trén
stator. Cudn ddng bo héa duge quan ddy rdi, cudn kich tir duge quan
day tap trung thanh bdi day.

S6 cip cuc cta selsyn duge chon p = 1 dé dam bdo khd nang ty
ddng bod trong mot vong quay.

Selsyn khdng ti€p xic. Loai selsyn khong c6 ti€p di€ém trugt
khic phuc dugc nhuge di€m vé dé tin cdy do ti€p xtic ¢ gép chdi than
ciia loai selsyn ti€p xuc. Hinh P2.13 giGi thi€u cau tric selsyn khong
ti€p xiic.

B+ 241—\ 3r.>A /4 /5,‘2\
ol
AT :

L) Te iy,
. -

’

D i P — —

g, A
gl = lea |
Hinh P2.13 — Nguyén ly cau tric selsyn khong ti€p nic.

”
/

Selsyn khong ¢6 cuc ti€p xuc la mdy dién cdm (ng mot pha véi
cudn kich thich (mt pha) va cudn ddng bd héa ba pha déu ndm trén
stator. Stator (4) clia selsyn c6 15i thép ghép tir thép tim ky thudt dién,

463

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

¢6 ranh 1dp cudn déng bd héa ba pha (5) quan rdi va ddu hinh sao.
Trén stator con ¢é cudn kich thich (2) chia thanh hai nifa cugn dit bén
canh cudn ddng bd héa.

Rotor (6) ¢6 hai cuc tY duge cach ly bdi khodng khong dén tir.
Hai curc tir clia rotor dugc ghép biing thép tdm k§y thudt dién theo chi€u
doc truc va g#n 1&n truc (8) bing chat keo silumin kh6ng ti tinh (7).

Tu thong kich tir tao bdi dong xoay chiéu trong cudn kich thich
khép mach qua vd thép (3) stator va vong xuy€n chin cdc cudn kich
thich (2), qua ring va gong stator (4) ma trd vé hai dau cyc-tif (6) cia
rotor, cit cudn diy déng bd héa (5) nén sinh ra trong dé sic dién ddng
cam ng. P 18n clia sdd. nay phu thudc vao vi tri tuong d6i gilra rotor -
va stator, vao tir trg gilta ching.

Do cau tric dic biét cia rotor gdn hai cuc ti, luéng tir thong
khong khép mach tric ti€p trén truc rotor b3i khodng khong dan tir
(chat silumin keo dédn hai cuc tit), ma cdt cudn day thit cdp ddng bd
héa dé€ c¢6 tin hiéu dién 4p ra. Cdu tric nhu viy cho phép tao tr trudng
quay ma khong cin ti€p di€m trugt. Nhd vdy, do tin cdy va tinh &n
dinh dic tuyé&n cilia selsyn cao hon ddng ké so véi loai ti€p xic.

Ch¢& d% hoat dong chifc niing cia selsyn.

Ch& d9 chi bdo. Hinh P2.14 gidi thiéu so dé don gidn cla hé¢
théng ddng bod truyén géc quay ding selsyn 1am vigc & ch€ d chi béo.
Hé thong gdm hai selsyn hoan toan gidng nhau (selsyn phdt va selsyn
thu) va dudng truyén. Ngudn kich thich 1a 1u6i dién xoay chi€éu mét
pha. Pi€m cudi cdc pha twong Wng cla cudn ddng bd hod dudc ndi véi
nhau qua dudng truyén. Dong dién xoay chiéu clia cdc cudn kich thich
tao ra tif thong ddp mach cdt cde pha ctia cudn déng bd hod va sinh ra
sdd. cAm ng. PGS 16n cdc sdd, cdm @ng nay phu thugc vao vi tri tudng
ddi trong khong gian gitta cdc pha va cudn kich tir.

Né&u cdc pha cudn déng bd hod J selsyn phét va & selsyn thu ¢6
vi tri twong d8i nhu nhau so véi cudn kich tir :
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a; =&y, (P2.3)
thi sdd. cdm ng trong dudng truyén c6 do 16n bing nhau va
ngugc chiéu nhau:
E soip=Elmm (P2.4)
Khi d6, khéng c6 dong dién chay qua dudng truyén:
iy =0 (P2.5)

Moment dién-tir clia selsyn biing 0 va vi tri nay cia rotor selsyn
12 vi tri cdn bing.

D = =
Alpgca A IT kich
Setsyn Ly 1. T 5 Selsyn
phdi i & thu

Hinh P2.14 — Sd d3 nguyén 1y hé truyén tin ddng bd biing selsyn ché&
dd chi béo.

N&u & selsyn phat, rotor dich chuyén khéi gée dd cin bing, khi

do:
ap *ay; P2.6)
va m4t sy cin biing sdd. cdm \ng trong dudng truyén:
E(A.B.C)F + E(A.B,(.')T . (P2.7)

Khi d6, xuat hién dong dién trong cdc cudn déngrbo hod chay
qua dudng truyén: ‘
T ey #0, (P2.8)

Dong dién nay tuong téc vdi Y trudng kich thich ma sinh ra
moment quay trong hai selsyn, bing nhau vé do 16n va ngudc chiéu
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nhau. O selsyn phdt, moment quay hudng rotor trd lai vi tri can bing
cfi; d selsyn thu moment quay hudng téi vi tri cén bing mdi véi bén
phédt. B 16n moment déng bo hod trong selsyn thu tdy thude sai 1§ch
goéc O:

O=a, —a,. (P2.9)

Sai s8 chi bdo. Pd chinh xdc truyén gbc tir selsyn phat téi
selsyn thu phu thudéc vao chat lugng hoat dong cia cd hai bén. B§
chinh x4dc clia selsyn thu trong ch€ dé chi bdo didc trung bdi sai s6 géc
truyén A@:

79 = Cna)e + Ona)- . (P2.10)

2
& day: (0,,.).. (0,..). — sai l&ch géc € 1dn nhit theo chiéu
thuian hay chiéu ngugc.
Titc 12 sai s& gbc truyén 12 s8 trung binh (cdng) cdc tri sai l§ch

g6éc quay rotor mdy thu khdi vi tri cdn bing vdi selsyn phdt sau mét
vong quay thudn va mét vong quay ngudc.

D6 chinh x4c clia sensyn thu phu thudc cdc yé&u t8:

o Suit moment ddng bd hod — gid tri moment déng by hod \ng
véi mot dd géc sai 1éch@ 3 phdn diu dic tuy€n moment M =
f8): -

_am
0|,
Suit moment ddng bd hod cang 1dn, dic tuyén phdn dau (€ =
0°) cang ddc thi sai s& cang nhd. 3 ch€ d6 chitc niang chi bio, selsyn
thu thudng 1am viéc véi géc sai 1éch @ nhd, nén d€ ting A9 chinh xéc
cin chon sensyn phat ¢6 ¢ong sudt 16n.

(P2.11)

o Moment can trén truc cilia selsyn thu — chii y€u la moment ma
sat trong selsyn ti€p xuc trugt, cé6 d 16n khodng (0,03 .. 1,0)
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[N.cm]. PO chinh x4c Iy thuyét xdc dinh hé so phim chat
K, cla selsyn:

: (P2.12)

& day: AM — suidt moment dong b hod; M, — moment ma sat
trén truc cla selsyn ti€p xuc. Gid tri hé s6 phdm chdt K, cang 16n, 46
chinh xéc 1y thuy€&t cang cao.
o Tinh d6i xéng ciia mach ¥ va mach dién — chi y&u do cong
nghé ché tao.
o Tinh cin bing cia rotor selsyn thu — dic trung o0i thdi gian én

dinh rotor & trang thdi dirng sau khi ¢6 géc sai 1éch 16n nhat

(£179°), thudng ¢3 (0,5 ... 1,5) [s].

P& gidm thdi gian 8n dinh cla selsyn thu ngudi ta dung bd cdn
dién (nhu cudn cdn trong may di€én dbng bo) hay by cidn c¢d (nhu 10 xo,
ma sat).

o D6 chinh xdc cla selsyn phat — chl y&u phu thudc dd sai l€ch '
giud vi tri thyc clia rotor so v&i vi tri ly thuy&t (¢¢ sdd. cdm Ung

trong cdc pha cudn dong bo hod bing 0).

Ch& 3 bi&n &p ctia selsyn. Hinh P2.15 gi6i thigh so 46 hé ddng
b6 truyén tin hiéu géc quay dung selsyn lam vigc & ch& d6 bi€n 4p.

U~ /‘ Ur, D
Selsyn Selsyn ' -
phdt T Kruylck dai
ap Uasx A
1 |
v e <
A . H A
| E2 S 2\ \T
E
A B q- ) % q ® i
e 1
c /Ec Ig X: i ‘ g co chdp hdnk
Ie < d °B

Hinh P2.15 — So d8 nguyén 1y hé truyén tin hi¢u ddng b6
biing selsyn & ché do bién 4p.
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Hé déng bd truyén tin hiéu géc quay t6i truc c¢d ¢c6 moment can
16n (hinh P2.15) gdm c4c selsyn phdt va thu ndi v8i nhau qua dudng
truyén, bé khuyéch dai tin hiéu va mot ddéng cd chap hanh ¢6 truc quay
ghép cd vai truc selsyn thu (li€n hé cd khi ngugc).

Khdc v3i nguyén ly hoat ddng chifc nang chi bdo, sensyn thu
1am viéc & ch€ d6 bi€n 4p khi cin truyén tin hiéu géc quay téi truc cd
c6 moment can 16n. Khi d6 selsyn thu khdng tif tao géc quay (cin ndng
lugng 16n) ma chi tao tin hiéu dién 4p d€ diéu khi€n mot dong co chap
hanh trung gian.

Né&u bdi mdt tdc dung ngoai luc nao dé, rotor cia selsyn phat ra
khdi vi tri cdn bling, quay di mdt géc:

a. =0, (P2.13)
thi trong cudn ra ctia selsyn thu xuat hién tin hiéu dién 4p ra:
U, #0. (P2.14)

Pién 4p nay sau khi bi€n ddi va khuy€ch dai dugc dua téi cudn
diéu khién ciia ddng cd chap hanh. Péng co chdp hanh quay, kéo theo
rotor clia selsyn thu (bdi hai truc bi ghép ndi ¢o vdi nhau). Chuyén vj
quay ciia rotor selsyn thu lam thay ddi sdd. cdm ng trong cudn ddng
bd hoa va thay d8i cd dién dp ra. Rotor clia ddng cd chdp hanh (va cia
selsyn thu) dich chuyén cho t6i khi quay dugc mdt géc bing géc
&, (biéu thitc (P2.13)-). Khi d6 dién dp ra cia selsyn thu U,, =0, tic
12 dién 4p diéu khién doéng cd chdp hanh ciing bing 0.

Ch4t lugng ctia selsyn & ché& d¢ bi€n dp. Phu thudc chi yé&u
vao cic yéu td sau:

o Dién dp du — dién 4p ra cda selsyn & vi tri cin bing, khong

phdi nhu 1y thuyé&t U,, =0, ma thudng cé d6 16n ¢d (0,1 ... 0,3)

[V]. Nguyén nhén la do c6ng nghé ché€ tao mach tir khong hoan

toan ddi xd@ng.
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o Suat dién dp ra — dién dp ra (ng vdi goéc sai léch 1a mot 4§
g=1".

Sudt dién 4p ra ciia selsyn thu xdc dinh d0 nhay ctia toan hé. C6
thé€ 1am tang sudt dién 4p ra biing cdch ting s6 vong day cudn ra. Tuy
nhién, déng thdi cling 1am ting trd khang cudn day va gidm sudt cong
suit clia may, budc phai thod hiép vai gid thanh ting dd khuyéch dai
va kich thuéc may.

o Suit cOng sudt ra — céng sudt cuc dai cda cudn ra cia selsyn
thu &ng v38i goéc sai l€ch 1a mdt dj.

o Tinh d8i xitng mach tir va mach dién.

o Trd khdng dudng truyén.

P2.2.3 — Selsyn vi sai.

C&u tric va nguyén Iy hoat dng. Trong hé thdng lién lac
ddng bd, selsyn vi sai dudc sif dung nhu selsyn phat chuyén ti€p hay
selsyn thu lam viéc v3i hai selsyn phdt. Hinh P2.16 trinh bay so asé
chifc ning chi bdo khi selsyn vi sai 1a selsyn thu ctia hai selsyn phat.

UL 2 >
Selsyn Uy ) TAl Up2 Selsyn
phdt | phat
SF1 A% A, SF2

Selsynvi sai VS
Hinh P2.16 — Sd db nguyén ly selsyn vi sai § chifc nang chi bdo.
Cic cudn kich thich ctia hai selsyn phdt SF1 va SF2 ndi vdi
ngudn dién xoay chiéu. Cudn déng bd hod clia SF1 ndi vdi cudn stator
ciia selsyn vi sai VS. Cudn dong bd hod cia SF2 ndi v8i cudn rotor clia
selsyn vi sai VS.
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Gi4 st hé thdng dang & vi tri cin bing ban dau, uic la:
Qg = Qg =y =0. (P2.15)

Tiur thong kich tir cliia cdc selsyn phdt SF1 va SF2 tao ra trong
cdc cudbn déng bd hod cdc sdd. cdm Ung E , ;g VA E 4 pcys2- CaC
sdd. cAdm tng nay sinh ra dong dién chay trong cdc cudn stator va rotor
cua selsyn vi sai VS, gy ra sic-tir-déng tdng F. cia cubn stator va F,
cda cudn rotor. Cac std. nay sinh ra cdc tif thong tuong ting ®, va O,

tring pha véi nhau (bdi trong trudng hdp ta dang xét cdc truc kich thich
tring nhau). Moment quay do cdc ludng tir thdng nay tao ra cé d 16n
ty 1& véi tich vector cliia ching:

M~{®, .o} (P2.16)

Vi lic nay céc tir théng @, va @, tring pha nhau, nén moment

quay M = 0 va rotor selsyn vi sai § trang thdi nam yén (hinh P2.17a).
Avs= Ap; +%py

a) O(py=Upy | bk
Hinh P2.17 — Biéu dd vector tif thong trong selsyn vi sai.

Né&u rotor clia SF1 quay theo chiéu kim ddng hé mdt géc a g,
cdn rotor ciia SF2 quay ngudge chiéu mét géc la a ., thi twong ng cdc
ludng ti thong @, va @, ciing quay di géc nhu vay, theo chiéu ngugc
nhau (hinh P2.17b). Dudi tdc dung ctia cdc tif thong @, va @, , trong

selsyn vi sai VS xuat hién moment ddng bd hod 1am rotor quay cho téi
khi dat gé¢c @5 =@y, + g, Liic ndy cdc ludng tif thong @, va @,
trd lai trung pha v8i nhau, moment dong bd hod triét ti€u. Va nhu vay
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selsyn vi sai da thuc hién géc quay bing tdng cdc goc dit ti cac selsyn
phat.

Trudng hop cd hai selsyn phdt cing quay mdt hudng thi tuong
e, gé¢ quay clia rotor selsyn vi sai bing hiéu cac géc dat tiY hai selsyn
phdt (hinh P2.17c¢).

P2.2.4 - Cdc dang mdy dién cam ng khac.

M4dy ti-dién cam Wng magnesyn. Magnesyn la mdy di¢n cdm
itng ti-dién khong ti€p xic. Hinh P2.18 gidi thi€u nguyén ly hé lién
lac ddng bd sit dung magnesyn lam viéc d ché& d6 chi thi.

U
9
Magnesyn A /¢’1 Magnesyn A $,
pkdi 7 ¢‘2 thu 7 ¢.2
b4 p A
I+ I+1
L A 4

Hinh P2.18 — Hé lién lac ddng bd ding magnesyn.

Stator clia magnesyn c¢6 dang tron hinh vanh khuyén khdéng c6
ring hay rinh, ghép tir thép tam ky thuat dién hodc hgp kim permaloi
(hdp kim s#t-kén chita (36 +85) [%] Ni, 1a vat liéu sft-t¥ mémcdé df tix
cim cao). Rotor 12 mOt nam cham vinh cifu hai cyc c¢6 dang khdi tru.

Cuén stator mdt pha dudc quan quanh 15i thép stator. Cdc ddu ra
duge d&u nhu trén hinh P2.18: hai diu cudn diy (diém ddu va di€ém
cudi A) dude didu vao ngudn dién xoay chiéu mét pha; cdc ddu ra B va
C 14y ra tir cdc diém cdch diu va cudi 120° dién.

Hai magnesyn (phdt va thu) dugc ndi véi nhau qua dudng
truyén, cdc ddu ra B va C clia mdy phédt ndi véi cdc diu tuong ng cla
mady thu.
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Trong magnhesyn tuong tac hai ludng tit thong:

e Tir thong @, tao bdi dong di€n xoay chiéu trong cudn stator. |
Ludng tiY thdng @, khép kin trong 156i thép vanh khuyén stator
va bi€n thién v6i tn s dién ngudn f,;

e Tir thong @, tao bdi tif trudng nam chdm vinh citu rotor. Ludng
tir thong @, khép kin qua rotor, khe hd khong khi va 16i thép
stator.

Do dic tinh ty héa (bao hoa tir) cia 161 thép stator, dudi tdc
dung ctlia bi€n thién tif thong @, tif trd clia mach tir trong 16i thép hinh
xuyé&n stator bi€n thién theo thdi gian véi tdn s& f, 16n gap d6i f.

Dudi tdc dung clia tf trudng quay cuia rotor (nam chdm vinh
ciu), trong cudn diy stator s€ cam ing mft sifc di€n ddng co tan sO
f, =2f, cong thém v6i dién dp ngudn xoay chiéu tin s§ f, (dién
luai).

Khi hai magnesyn mdc vdi nhau theo so dé hé déng bd truyén
géc (hinh P2.18), ciing nhu selsyn phat va thu lam viéc & ch€ d6 chi
b4o, khi rotor & vi tri cin bing, gbc sai léch bing 0, khdong c6 dong
dién chay qua dudng truyén. P3i vdi ngudn dién dp tin s8 dién 1u6i
f,, thi vi dién th€ cdc di€m A, B, C tong ng biing nhau, nén khong
c6 dong dién tdn s8 f, chay qua dudng truyén. D3i véi dién dp cdm
\ng tn s3 f,, thi vi hai rotor phét va thu & vi tri can biing, sai l¢ch géc
quay bling 0, nén c4c pha tuong ¥ng cdc phdn cudn day stator AB, BC,
CA & mdy phdt va mdy thu bl trif nhau, cling khéng c6 dong dién cdm
Ung tin s6 f, chay qua dudng truyén.

Khi rotor cia magnesyn phat 1éch khdi vi tri cdn bing, géc sai
1éch khéc 0, trong dudng truyén va cudn diy nagnesyn xuit hién dong
dién cdm tng tin s§ f,. Chiing tuong tdc v6i tif trudng nam cham vinh
ctfu rotor cia magnesyn tao ra moment dong bd héa cling nhu trudng
hgp dong bd héa & selsyn.
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Nhu viy, ciing nhu selsyn — mdy dién cdm tng, magnesyn c¢é
khd ning tr déng bd héa. Mic didu c6 moment quay nhd nhung do ciu
tric khong ti€p di€m trugt va trong lugng kich thudc nhd, magnesyn
duge sit dung nhiéu trong cdc hé lién lac ddng b truyén géc, nhit 1a
khi khodng cdch giita mdy phdt va mdy thu khéng 16n va truc clia mdy
thu ¢6 moment khdng ddng k€. Sai s6 A@ cia ching ¢a (1 ..2,5) d6
dién.

P2.3 - Phin t& MAY PIEN CAM UNG BIEN AP QUAY.
P.3.1 - Pai cuong vé mdy bién dp quay.

Nguyén 1y hoat dong. Mdy bié€n 4p quay la dang mdy dién cam
ng nhé hoat ddng theo nguyén ly bién 4p, bi€n ddi géc quay phin
ing thanh dién dp ra v4i bién dd ty 1€, ty 1&€ tuy€n tinh, hay ty 1é ham
theo géc quay (sina , cosa hay a).

Vé ciu tric, bi€n 4p quay gidng nhu déng cd khong ddng bd hai
pha rotor didy quén hay 12 selsyn ti€p xtic ¢6 khe khi tron déu lam viéc
3 ch€ d6 bi€n 4p (hinh P2.19).

ke
169

Hinh P2.19 — Cau tric va 161 thép mdy bi€n 4p quay.

Nguyén ly c¢d bdn cla mdy la sy thay ddi hd cdm giita cudn so
cdp va cudn thi cdp. Trong trudng hgp nay, viéc xdc dinh cudn day
nao 12 cudn sd cap hay thit cap 12 Wy thudc quan niém. Nhung do diy
12 mdt loai may-dién, di 12 mdy-dién dic biét, phu hgp hon cd 1a dya
theo cd sd mdy-dién phan biét cufn diy stator va cufn day rotor.
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Thong thudng cdc diau day ra clia cudn rotor duge dua t8i vanh trugt cd
gép. Du vay, ciing cé nhitng dang (khi rotor quay khong qua 360°) dau
ra cac cudn diy dugc din tdi mot vong bi€n 4dp ring-transformer bing
day mém. Ciu triic cd khi clia may bi€n dp quay, dic trung bdi nhitng
yéu ciu k¥ thuit cao vé tinh chat vt liéu, va cdc dic tinh cd. Ldi thép
clia stator mdy bi€n dp quay dudc ghép tif nhitng tdm thép ky thuit
dién c6 cdch dién 16t va dap khudn véi dd chinh xdc cao. Ranh quan
day stator dugc dip chinh xdc vdi canh nghiéng cin xing d€ gidm
thi€u sai s6 géc va dnh hudng tif trd. Trong cdc rinh quan day (c6 A
md nhd, nita kin) dit diy quan hai pha 1éch nhau 90° d§ dién. Hinh
8.19b vé dang thép tim ghép stator va rotor. Rotor dang hinh tru ciing
¢6 ranh qudn hai cudn day léch pha vdi nhau 90° d$ di€n. Rotor quay
trén § bi lan dugc ép l1én truc.

M4y bi€n 4p quay dugc ché tao va canh chinh ddm bédo khodng
hd khi giita rotor va stator tron déu. P3i v6i phan tlf cdm bi€n géc quay
resolver dién hinh 12 ¢3 50 [ um ). P€ dat dugc diéu dé bé mit trong
cda stator dudc mai tron vdi dd chinh xdc =1 [ zm]. Rotor ciing dudc
ch€ tao nhu vay, dudc tién va mai d€ ¢ do tron bé mit can thiét. Viéc
chon lya vit liéu va gia cong 16i thép dién-tlr , ch€ tao cdc cudn day
cling ddi hdi nhitng yéu ciu cao nhu th€. Chi ¢6 bing cdch d6 mdi ddm
bdo 6 chinh x4c clia cdc phan tif cdm bi€n nay.

|
Cudnsd dp
Stator B, Py
S3
Cudn th fp
Rotor SQ D

Hinh P2.20 — So d6 bd tri cudn diy mdy bién 4p quay.
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Céc cudn day (sO cdp stator hay cudn thit cip rotor) dugc ché
tao v@i cac théng s6 nhu nhau. So dd bd tri cdc cudn day trén stator va
rotor nhu trong hinh P2.20. Cudn so cdp stator ky hiéu la P, cudn thit
cdp rotor ky hi€u 1a S; cdc daura la (£ -P,) — cudn phu; (P-F,) -
cudn chinh; va (S,-S,) — cudn sine S; (S;-8S,) — cudn cosine CS.

Pic di€ém ctia mdy bi€n dp quay la hd cdm giita cdc cudn sd cdp
stator va cudn thif cap rotor bié€n ddi chit ché theo quan hé vdi goéc
quay a hay quan hé ham clia géc quay (sina hay cosa ) véi d§ chinh
xdc cao. M4y bi€n dp quay cé thé thuc hién cdc dang ham s& khdc
nhau, tdy theo sd d6 ndi diy trong mdy ma ¢6 dic tinh tin hi¢u dign 4p
ra khdc nhau.

Phan loai. Ngudi ta phan biét cdc dang mdy bi€n dp quay theo -
dac tinh bi€n d&i tin hiéu nhu sau:

e Mady bi€n dp quay sine:

U, =Unsina; (P2.17)

e Midy bi€n 4p quay sine-cosine:

Us,, =Unsina; J.s,, =Uncosa; (P2.18)

e M4y bi€n 4p quay tuyéh tinh: U,, = ke, v6i:
- Hé s6 ty 1é k khong d6i (k = const), khi d6:
U,, =ka = f(a) -ty 1& géc quay; (P2.19)
- G6c quay gilf & mot vi tri ¢d dinh (@ = &, = const ), khi d6:
U,, = Ky s -9 sO bi€n dp. (P2.20)

Ung dung. M4y bién 4p quay dugc @ng dung trong cdc hé ty
ddng analog thuc hién cdc phép todn tinh hinh hoc lugng gidc analog
nhim bi€n ddi hé toa dd, phan tich va dung vector. Trong cdc hé do
ludng didu khién, ching dugc st dung v8i chic ndng phin tif cim bi€n
do céc sai 1éch chuyén vi géc.
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Ngay nay phd bién cdc hé diéu khién k¥ thuit sG phdi hdp vdi
cdc phin tif cdm bi€n Transducers analog ddu vao va cdc phdn uf tic
hoat Actuators diu ra analog. Ch€ xuit cong nghiép trén cd sd nguyén .
1y bi€n 4p quay ding cho cic hé nay la resolver. V€ nguyén ly cdu
tric, resolver 12 mdy bi€n quay ¢d nhd, giéng nhu m§t mady phat xoay
chiéu kich thudc nhd. Nhd ¢6 thi€t kién chudn xdc, kich thudc nhd va
d6 chinh xdc cao, resolvers 1‘m'g dung rong rdi trong céng nghé do
ludng diéu khién. Sn cé nhiéu phuong tién k§ thudt s6 hod tin higu
analog diu ra cda resolver trong xir ly dir li€u, lam cho resover trd
thinh mdt loai phdn tf mdy dién thong tin ddng bd manh c6 thé ghép
nGi véi hé do ludng va diéu khién s6. Ching thudng dugc ch& xuit
theo kich thudc tinh theo dudng kinh. C6 cdc ¢d 5 — 28 (dudng kinh
tinh biing phin mudi inch). P vdi cdc phdn tif resolver, thy theo yéu
ciu chiing c6 thé thyc hién chic nang bo diéu ché€ dién-co hay phan tf
cdm bi€n, nhy mdt modul mdy tinh hay phan t¥f chuyén vi géc. Trong
da s6 trudng hgp, mSi quan tdm chii y&€u 1a thude tinh do géc v6i 46 -
chinh xdc cao ciia ching.

P2.3.2 - M4y bi&n 4p quay sine-cosine.

M4y bi€n dp quay sine. M4y bi€n dp quay sine lam viéc chd
y&u véi hai cudn day: cudn sd cdp stator P1 (F;-F,) va cufn thi cap
rotor S1 (S,-S,). Cudn stator ndi véi ngudn dién dp xoay chiéu kich
thich, cudn rotor s& cadm Wng dién dp ra ty 1€ vdi géc quay tryc rotor.
Hinh P2.21 vé& sd dd ndi day va bi€u dd vector cia mdy dién quay
sine.

Khi cung c&p cho cudn sd cdp P1 clia mdy bién 4p quay ngudn
dién xoay chiéu u_, dong dién trong cudn diy so cap s& tao tif thong
®, cim Wng sang cudn thit cip S1 sdd. &, ty 1 vGi goc quay «

cuia rotor:

Cs1sin = Esime SinQ; (P2.21)
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G day: Esima — gid tri sdd. cdm ng cyc dai trong cudn thit cap
S1 khi tryc cdc cudn sd va thit cdp tring nhau.
Néu quy d8i sdd. nay sang bén sd cip Pl ta ¢6:

o W o o
Estom =25 Ep = K.Ep; (P2.22)

P
3 day: Eo,'m — sdd. cdm ng bdi tir thong @, trong cudn sd cip
P1; K — ty s8 bi€n 4p tdc dung ciia bi€n 4p quay, bing ty s& vong day
tic dung W, va W, giira cudn so cap P1 va cudn thif cap S1:

I

K=—2. (P2.23)

<b‘:'.l doc g~
4

& -
¥ ¢d¢t %4’” -
=const.

Slrgang

¥
®p

Hinh P2.21 - So do ndi ddy va bi€u d6 vector clia mdy dién
quay sine.
Néu bé qua phan dién dp rdi trén dién trd (thuin) ciia cudn day

va dién khang (tif hod), ¢6 thé cho ring sdd. cim tng E» bing dién 4p
cung cdp U_:
Esi@ Oy, (P2.24)

Nhu vy, sdd. diu ra cia mdy bi€n 4p quay khi khéng tdi
(Zg ,m = ©)c6 dang:
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éq . = K.En .sina =i, k(a); (P2.25)

& day: k(a) — hé s bi€n 4p clia mdy bi€n 4p quay ng véi géc

quaya, la hamcud a:
k()= K.sina = K‘—“—.sina ‘ (8.26)
W,

Tir cdc bi€u thitc (P2.25), (P2.26) ta thdy ring khi nay dién dp ra
clia bi€n dp quay ty 1& vdi géc quay a, néi ding hon, 1a ty 1€ vdi
sin« .

Tuy nhién, cdc bi€u thic trén chi ding khi ddu ra mdy bi€n 4p
quay khong tdi.

Khi c6 tai (Z,,,, # ©), Xxudt hién dong dién trong mach thi cap

751 #0, & sinh ra tit thong @, hudng theo truc cudn S1 (hinh P2.20b).

@ day ta xét dnh hudng cia tr trudng phdn ¥ng phin ¢ng rotor
gdy ra bdi dong dién trong mach thi cap }.\'l tSi dién 4p tin hiéu ra cila
may bi€n 4p quay sine.

C6 thé phan tich tir thong @, thanh hai thanh phén:

Tir théng doc truc @, hudng doc theo truc cudn sd cap P1;

Ti théng ngang truc @, ... hudng vudng goéc v@i truc cudn sd
cap P1.

Nhu thdy trong hinh P2.20b, tir thong ngang truc D .., khong
c4t qua cudn so cip P1, nén khong bu trir dugc bling sy ting gidm dong

sd cip, ma sinh ra sdd. ty cdm trong chinh cufn th cap S1, x&p chdng
1én sdd. Eg, .. (biéu thic (P2.21) hay (P2.25)-), va lam cho sdd tdng
clia cudn thit cadp S1 bi€n ddi khong con ding bi€u thite (P2.25) dang
ham sine ciia géc quay & nita. Vi vdy trong thuc t&, mdy bi€n dp quay
it duge sit dung mot cdch thudn tiy chi v6i hai cudn day (sd cap va tha
cidp — hinh P2.21).
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Nguyén nhin giy ra sai s ¢ diy 1a thanh phan tir thdng ngang
truc clia Y trudng phdn wng phin @ng cia miy nhu néu trén. Bién
phdp khidc phyc la 1am d6i xing hod mdy bi€n dp quay (d8i xing hod
sd cip hay d8i xing hod thi cdp). Viéc nay duge 4p dung trong cdc
phuong dn sd d6 bi€n dp quay sine-cosine dudi day.

Mady bi€n dp quay sine-cosine. Mdy bién 4p quay sine-cosine
¢6 bdn cudn diy, hai cudn so cdp trén stator (cudn P1 va P2) 1&¢ch pha
nhau trong khéng gian 90° d§ dién, c6 cdc thdng s6 nhu nhau; hai cudn
thi cdp trén rotor (cudn S1 va S2) cé thong s6 nhu nhau va ciing 1éch
nhau 90" d8 dién (hinh P2.22).

C6 hai phudng 4n ddu diy cdc cudn stator va rotor.

Phuong dn 3 cupn ddy (hinh P2.22a). Trén stator ding mdt cudn
diy 1a cudn sd cdp cung cap dién dp ngudn xoay chiéu (cudn thit hai
d€ hd mach). Hai cudn diy thi cap rotor b& tri 1éch pha nhau 90° do
dién s€ cam Wng cdc sdd. ¢6 do 16n phu thude vao vi tri cdc cudn day
ddi véi cudn stator, tie 1a phu thude géc quay cia rotor. Khi goéc léch
a gilta rotor va stator tang tr (0 ... 907), sdd. cdm itng trong cudn diy
rotor s& bi€n thién téi cuc dai (khi truc cudn day trung véi truc cudn sd
cdp stator) rdi gidm xudng theo dang sine.

U~

By e D20 f"—“
- « -
05’2 ngang' = S d’ﬂ ngang
ow - -
§ ¢‘Q‘ %Qm =
1 2 =const.
Ua OP

by o4 —s €k
Hinh P2.22 — S0 d6 ddu day va bi€u dé vector tif théng trong mdy bi€n
ap quay sine-cosine.

Bdi vi hai cudn rotor 1&ch pha nhau géc 90" @5 dién trong khéng
gian, nén khi sdd. trong cudn S1 bi€n thién theo dang ham sine ciia géc
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quay @, thi sddd. trong cudn S2 s& bi€n thién dang ham cos& . Do d6,
(tng v3i goc léch & | trén tdi hai cudn day thi cap rotor s& c6 dién 4p ra:

U, =Ey, ~K.Ep.sina=Up.sina; (P2.27)

U, =Eg, ~K.Ep.cosa=Up.cosat . (P2.28)

Vi bi€u thife (P2.23) ciia ty s6 vong diy tdc dung thi cdp va so
cap K va cdc bi€u thic (P2.27), (P2.28), ta ¢6 hé s6 bi€n dp clia mdy
quay sine-cosine tudng ing theo cdc ham sine (ddura cuén S1) va ham
cosine (dau ra S2) la:

k. (@)= W‘" sina = K.sina ; (P2.29)

sin
Pr

W
k. (a)=—%t.cosa = K.cosa . (P2.30)
cos W

p
Bdi cdc cudn day rotor S1 va S2 dugc ch€ tao ¢ cdc thong sd
gidng nhau (W, = W,, ), nén trong cdc bi€u thitc (P2.29), (P2.30) ty s&
bi€n 4p tdc dung K 1a nhu nhau. Tuy nhién, nhu néu trén, do thanh
phén ti¥ thong ngang truc cla tif trudng phdn Wng phan dng clia may -
khi c6 dong dién tdi gdy ra, sdd trong cudén S2 khéng hoan toan bi€n
thién theo dang ham cosine. Trong hinh P2.22¢ chiéu cédc ludng ti
théng ngang truc cua céc cudn rotor (D, .. va Dy, ... ) ngudc chiéu
nhau, nén tif thong tdng s& bing:
D, = (P +®d
Tic 1a vé gia tri (d6 16n) tiY thong tdng @, .. s&€ nhd hon so véi

(P2.31)

S1.ngang S2.ngang ) .

trudng hop mdy chi ding m6t cudn thit cap. Nhu vdy, phdn nao sai sd
do phdn tng phin @ng ¢ trudng hgp nay s& nhé hon & mdy bi€n 4dp
quay sine (hinh P2.21).

Pé& hoan toan khir béd anh hudng tif trudng ngang truc (P2.31) thi
phdi c6 bién phdp lam cho:

) =0 (P2.32)

S .ngang S2.ngang *
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Piéu nay c6 thé thyc hién dugc bing cdch ddi xing hod mach
tif cia médy dién, Iya chon tdng trd mach thit cdp rotor sao cho ddm bdo
(P2.32). Coéng nghé ch& tao may bién dp quay ddm bdo diéu kién
W,, =W,,, ngoaira con phdi can bing tdi, chon tdi Z, = Z,.

Do d6, phuong 4n dau diy mdy bi€n dp sine-cosine nay la
phuong 4n d&i xitng hod thit cap.

Phuong dn 4 cupn déy — déi xitng hod so cdp: Hinh P2.22b 1a so
dd didu day mdy bi€n dp sine-cosine theo phuong dn d&i xitng hod sd
cap, chi khdc phuong dn hinh P2.22a la cudn day thi hai trong phin so
cép stator dugc dau véi mot trd khdang bu Z,. d€ khiy tir thdng phdn (ng
ngang truc cuia rotor.

P&i xitng hod so cdp 1a lya chon t8ng trd mach so cidp d€ ludng
tlr théng ngang truc cia may bing 0. Piéu kién nay c6 thé thyc hién
bing cdch 1am cho tdng trd mach hai cudén diy so cdp biing nhau.
Thong thudng dién trd diy ndi cudn kich thich sd cdp vdi ngudn 1a nhé .
c6 thé€ bd qua. Ciu tao cong nghé cud mdy bi€n ap quay ciing ddm bdo
trd khdng trong ctia hai cudn diy 1a nhu nhau. Do d6 diéu kién d6i
xing hod sd cap 1a lya chon trd khdng bu Z. midc vao cudn phu stator

bing trd khdng trong clia ngudn kich thich xoay chiéu u_. Trén thyc t€,
bdi ngudn cung cip cdng sudt Ién thudng c6 ndi trd coi nhu bang 0, khi
d6 cudn phu trén stator thudng dude ndi ngdn mach.

P2.3.3 — M4y bi€n 4p quay ty 1&. Dang mdy bién 4p quay
tuy€n tinh thong thudng, nhung géc quay dudc gilt ¢6 dinh & mot vi tri
géc nao dé @ = a,, titc 12 gii¥ cho hé s& ty 1é k khdng ddi. Hinh P2.23
1a s A& ddu day mdy bi€n dp quay tuy€n tinh véi phuong 4n ddi xing
ho4 sd cdp va thit cép.
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Hinh P2.23 — Sd d6 dau ddy mdy bién dp quay tuy€n tinh
a). Phuong 4n déi xing hod sd cap;
b). Phuong 4n d6i xiéng hod thit cdp.

T cdc bi€u thic (P2.27) va (P2.28), ta thidy dién 4p ra clia cdc
cudn day phdn @ng ty 1& véi géc quay rotor U, = ka = f(«), c¢6 hé s&

bi€n 4p k cia mdy bi€n dp quay tuong itng cdc ham sine (ddu ra cudn
S1) va ham cosine (diu ra S2) ciia géc quay rotor — (biéu thitc (P2.29)
va (P2.30) -). N€&u gilt khong ddi hé s& bi€n dp k clia mdy, thi ta c6
diéndpraty 1é véity s6 bi€ndp U, =K, 40 -

Theo biéu thitc (P2.26), khi rotor quay dudc giif ¢d dinh & mot vi
tri géc nao d6 a = a,, thi hé s& bi€n 4p k s& c6 gid tri khong dbi k =
const. Nhut viy, sau khi diéu chinh géc quay rotor & cia mdy dé dién
ap ra dat mot gi4 tri ty 1& twong ¢ng nao d6, rdi cd dinh lai (bing co
ciu c8 dinh riéng), ta ¢6 may bién dp quay ty 1€ 1am viéc nhu mot bién
dp ¢ dinh thong thudng, vdi ty sd bi€n dp tuong @ng.

Vé phuong dién nao dé, ciing ¢6 thé coi mdy bi€n 4p quay
(sine-cosine) 1am viéc & ché& do ty 1é nay 12 mdy bi€n 4p quay tuyén
tinh, bdi dién 4p ra c¢6 quan hé tuyé€n tinh véi chinh géc quay rotor
U, =ka.
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P2.3.4 - Céc dang mdy bi&€n ap quay khac.

Msy dién déng bd microsyn. Hinh P2.24 gidi thi¢u nguyén ly
méy dién ddng bd khoéng ti€p xic loai nhé microsyn. Stator va rotor
duge ghép bing thép tdim ky thudt dién hay vét li¢u hdp kim sAt-tY
mém, c6 hai cip cuc mic cdc cudn diy kich thich va cudn cidm dng
déng bo. Rotor cyc 151, khong diy quan.

Céc cudn kich thich mic ndi ti€p, dugce cung cdp dién 4p tin sO
10 [kHz], 46 16n vai chuc volt. Céc cudn ddng bd ciing dugc mic ndi
ti€p, nhung c6 chiéu ddu day sao cho tir thong trén cdc cdp cyc stator
va sifc dién dong cdm ng trong nd 1a xung d6i so va8i cudn kich thich.
Khi 16i sit-tir rotor & vi tri truc d6i xing cla hai cdp cuc stator, ty
thong clia cdc cdp cyc va sdc dién dong cAm ng 12 bang nhau nén
dién 4p ddu ra biang 0. Khi rotor dich chuyén di mdt goc, tif thong va
dién 4p cdm Wng trong cudn dong bd hod s& bi€n thién va dién 4p dau
ra ty 1& véi dich chuyén géc o .

/

iy 4
Usrch o
7 Y
& ot / MY

.

Hinh P2.24 — Mdy do microsyn.

Nhu vdy, vé nguyén ly, microsyn giong nhu selsyn khong ti€p
xic 1am viéc & ché dd bié€n 4p, cho tin hi¢u di¢n ap ra ty 1& véi goc
quay din dong. Cho nén ng dung chi y&u clia microsyn 1a do géc
chuyén vi.

Ciing c6 th€ xem xé€t nguyén ly hoat dong ciia microsyn theo
nguyén ly bi&én dp quay vi sai ¢6 phén ng 1a 15i sdt-tir. Cdc cudn ddy sd
c#p va thit c&p dugc 1dp trén phén tinh 1a stator 4 cyc (xem chuong 4).
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M4y do géc tuyét doi (Resolver). Nhu did néu & trén, resolver
12 ch& xuit cdng nghiép trén cd s nguyén ly bi€n dp quay. Tuy theo
yéu cau @ng dung, chiing c¢6 thé thyc hién chifc ning bd diéu ch€ dién-
cd hay phin ti¥ cdm bi€n, nhu m6t modul méy tinh hay phan t¥ chuyén
vi g6c. Trong chuong 4 di néu itng dung resolver l1am phan tf cdm
bi€n chuyén vi géc va tdc d6 quay vdi dd chinh xdc cao. Nhd c6 thiét
kién chuin x4c, kich thudc nhé va do chinh xdc cao, va thuc t€ trén thi -
trudng ché xuit cdng nghiép sdn ¢6 nhiéu phuong tién k¥ thuidt s6 hod
tin hiéu analog diu ra cia resolver, lam cho ching trd thanh mét loai
phian tf mdy dién thong tin déng b6 manh d€ két ndi véi hé do ludng
va diéu khién s8. Thudc loai mdy dién cam dng ddng bd resolver nay
con ¢6 nhitng dang khidc nhu resolver ¢6 cdc cudn bl phu; mdy chuyén
phat diéu khién control transmitter, may chuyén phdt di€u khién vi sai
control diffential transmitter, may bi€n 4p quay di€u khién control
transformer, va transolver.

OO
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