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Loi mé ddu

KY THUAT PO duoc bién soan nhim phuc vu cho mén hoc Ky thudt Po
(Po luong DPién va Dién tk - Electrical measurements and Electronic

Instrumentation) dugc bién soan thanh hai tdp:

KY THUAT PO - TAP I - PO PIEN VA THIET B] PO PIEN TU CO BAN
gom 10 chuong.

KY THUAT PO - TAP 2 - PO PIEN TU gém 5 chuong.

Trong tdp 1 cdc chuong 1, 2, 3, 4, 5, 10, do thac st Nguyén Ngoc Tdn bién
soan: trinh bay nhitng phdn co bdn vé do luong dién va do luong dién tit.
Nguyén Iy hoat déng ciia thiét bi do gom b chi thi, mach do va phiwong phdp do
clia vén-ké, ampe-ké, thiét bi do dién trd, dién dung, dién cdm, dién nding ké,
cosp-ké, tin sé" ké. Trong phdn vén-ké, ampe-ké, ohm-ké chiing téi trinh bay
thém mach do dién tit nhdm muc dich dé sinh vién hiéu ré nguyén Iy do ciia mdy
do dién théng thuong chuyén sang nguyén Iy mdy do dién tit ngay nay dang
dugc sit dung rong rdi.

Cdc chuong 6, 7, 8, 9 va bai tdp chuong 2, 3, 4 do thac si Ngé Vin Ky bién
soan: trinh bay nguyén Iy hoat déng va ddc tinh k¥ thudt ciia cdc cdm bién do
cdc dai luong co, nhiét, quang, co hoc luu chdt. Ddy la nhitng cdm bién co bdn
chuyén déi dai luong khéng dién sang cdc dai lugng dién dugc sit dung trong
cdc thiét bi do luong céng nghiép hién nay (industrial instrumentation) va trong
hé théng do luong va diéu khién tw dong.

Cudn sdach nay nhdm cung cdp nhiing kién thiic co bdn vé thiét bi do luong
cho sinh vién cdc nganh Dién - Dién tit - Mdy tinh (Cong nghé Thong tin) ciia
cdc truong dai hoc; dong thoi ciing giip ich cho sinh vién cdc nganh khdc

A N [ A .« A, .
mudn tim hiéu vé thiét bi do.



Chiing téi mong nhdn dugc nhiéu ¥ kién dong gép ciia quy dong nghiép,
cdc déc gid dé lan tdi bdn cudn sdach dugc hoan thién hon.

Xin chédn thanh cdm on cdc ban dong nghiép, Bé méon Co sé Ky thudt Dién
- Khoa Pién - Pién tit, Truong Pai hoc Bdch khoa da giiip dé va tao diéu kién
thud@n lgi cho chiing t6i hoan thanh quyén sdch nay.

Dia chi: B6 mén Co sé Ky thudt Dién - Khoa Pién - Dién tit, Truong Pai
hoc Bdch khoa - Dai hoc Quéc gia TPHCM - 268 Ly Thuong Kiét, Q10. DT:
(08) 8647685. Email: nntan @ hcmut.edu.vn

nvky @ hcmut.edu.vn

Nguyén Ngoc Tan - Ngo Vin Ky



Chuong 1

KHAI NIEM VE PO LUONG

1.1 PAI LUONG PO LUONG

Trong linh vyc do ludng, dua trén tinh chdt co bdn cla dai lugng do,
ching ta phan ra hai loai co bén.

U Pai lugng dién

U Pai lugng khong di€n (non electrical) 1a nhitng dai lugng vat ly, héa
hoc, sinh hoc, y hoc, ... khong mang dic trung cda dai lugng dién.

Tuy thudc vao tirng tinh chit cu thé cla dai lugng do, chiing ta dit ra
phuong phdp va cach thic do d€ tir d6 thi€t k€ va ché tao thi€t bi do.
1.1.1 Dai lugng dién

Pugc phin ra hai dang:

U Pai lugng di€n tdc ddng (active)

U Pai lugng di€n thu dong (passive).

1- Dgi lugng dién tdc dong

Dai lugng dién dp, dong dién, cong sui't 1a nhitng dai lugng mang ning
lugng dién. Khi do cdc dai lugng nay, bdn thin ning lugng nay sé& cung cip
cho cdc mach do. Trong trudng hgp ning lugng qud 16n, s€ dugc gidm bét cho
phtu hgp v6i mach do. Vi du nhu phan dp, phian dong.

Né&u trong trudng hdp qud nhd sé& khuéch dai di 16n cho mach do c6 thé
hoat dong dugc.
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2- Dai lugng dién thu dong

Pai lugng dién trd, dién cdm, dién dung, hd cdm, ... cdc dai lugng nay
khong mang ning lugng cho nén phdi cung cip dién dp hodc dong dién cho
cac dai lugng nay khi dua vao mach do.

Trong trudng hop dai luong nay dang 1a phan tf trong mach dién dang
hoat dong, chiing ta phdi quan tim dé€n cdch thic do theo yéu cau. Vi du nhu
cich thitc do néng nghia 1a do phan ti nay trong khi mach dang hoat dong
hoic cdch thitc do ngudi khi phan tif nay dang ngung hoat dong. & mdi cdch thic
do s& c6 phuong phap do ri€ng.

1.1.2 Pai lugng khong dién

Pay 1a nhitng dai lugng hién hitu trong ddi song cia ching ta (nhiét do, ap
sudt, trong lugng, d6 4m, d6 pH, ndng d, tdc do, gia toc ...).

Trong hé thdng tw dong héa cong nghiép ngay nay, d€ do ludng va diéu
khién tu dong héa cdc dai lugng khong dién néi trén, ching ta cin chuyén ddi
cdc dai lugng néi trén sang dai lugng dién bing nhitng bd chuyén déi hoic
cdm bi€n hoan chinh, thuin 1gi, chinh xdc, tin cdy hon trong linh vuc do ludng

va diéu khién ty dong.
1.2 CHUC NANG VA PAC TiNH CUA THIET BI PO LUONG

1.2.1 Chifc niing cta thiét bi do

HAu hét cdc thi€t bi do ¢6 chifc ning cung cip cho chiing ta két qud do
dugc dai lugng dang khio sat. K&t qud nay dugc chi thi hodc dugc ghi lai trong
sudt qué trinh do, hoic dudc dung dé tv dong diéu khién dai lugng dang dudc
do.

Vi du: trong hé thong diéu khién nhiét d6, mdy do nhiét dd c6 nhiém vu
do va ghi lai k&t qud do ctia hé thong dang hoat dong va gitip cho hé théng xir
ly va diéu khién tw dong theo thong s6 nhiét do.

N6i chung thi€t bi do ludng cé chifc ning quan trong 1a ki€m tra sy hoat
dong cda hé thong ty dong diéu khién, nghia 13 do luong qud trinh trong cong
nghi€p (industrial process measurements). Pay cling 1a mén hoc trong nganh ty
dong hoa.

1.2.2 Dic tinh cta thi€t bi do ludng

Vi nhiu cdch thic do da dang khdc nhau cho nhi€u dai lugng cé nhitng
ddc tinh riéng bi€t, ching ta cé thé phan biét hai dang thi€t bi do phu thudc
vao dic tinh mot cdch tdng quat.
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Vi du: D€ do a0 ddn dién ching ta dung thi€t bi do dong dién thudn tdy
dién 12 micro ampe-k& hoic mili ampe-ké&. Nhung néu chiing ta dung thi€t bi
do c6 sy k&t hgp mach dién ti dé€ do do din dién thi phdi bi€n d6i dong dién
do thanh dién dp do. Sau dé6 mach do dién tit do dong dién dudi dang dién 4p.
Nhu vay gilta thiét bi do dién va thiét bi do dién tit ¢6 dic tinh khdc nhau.

C6 loai thi€t bi do, k&t qua dudc chi thi bing kim chi thi (thi€t bi do dang
analog), c6 loai bing hién s6 (thi€t bi do dang digital). Hién nay loai sau dang
thong dung. PAy cling 12 mot dic tinh phan biét cla thiét bi do.

Ngoai ra thi€t bi do ludng con mang dic tinh cia mot thi€t bi dién t (n€u
12 thi€t bi do dién t) nhu: tong trd nhip cao, do nhay cao, hé sd khuéch dai
dn dinh va c6 d6 tin cdy ddm bdo cho k&t qui do. Con c6 thém chifc ning,
truyén va nhan tin hiéu do luong tir xa (telemetry). Pay ciing 13 moén hoc quan
trong trong linh vuc do luong diéu khién tir xa.

1.3 CHUAN HOA TRONG PO LUONG

1.3.1 CAp chudn héa

Khi st dung thi€t bi do ludng, chiing ta mong mudn thi€t bi dugc chudn
héa (calibzate) khi dudc xuat xudng nghia 13 da duge chudn héa véi thiét bi do
luong chudn (standard). Viéc chuin héa thi€t bi do ludng dugc xdc dinh theo
bon cip nhu sau:

Cdp 1: Chudn quéc té (International standard) - céc thi€t bi do ludng cip
chuin qudc t€ dude thuc hién dinh chudn tai Trung tim do luong qudéc té dit
tai Paris (Phdp), cdc thi€t bi do ludng chuén héa cdp 1 nay theo dinh ky dugc
ddnh gid va ki€m tra lai theo tri s6 do tuy&t ddi clia cdc don vi cd ban vat ly
dudc hoi nghi quc t€ vé do ludng giSi thiéu va chap nhan.

Cdp 2: Chudn quéc gia - cic thi€t bi do ludng tai cdc Vién dinh chudn
qudc gia & cdc qudc gia khac nhau trén th€ gigi da dudc chudn héa theo chudn
qudc t& va chiing ciing dudc chudn héa tai cdc vién dinh chudn quéc gia.

Cdp 3: Chudn khu vyc - trong mdt qudc gia c6 thé cé nhiéu trung tam dinh
chudn cho tiing khu vuc (standard zone center). Céc thi€t bi do ludng tai cdc
trung tAm nay duong nhién phdi mang chudn quéc gia (National standard).
Nhitng thi€t bi do ludng dudc dinh chudn tai cdc trung tim dinh chuin nay s&
mang chudn khu vic (zone standard).

Cdp 4: Chudn phong thi nghiém - trong timg khu vuc s& c6 nhitng phong thi
nghiém dudc cong nhian d€ chuin héa cdc thi€t bi dugc dung trong sin xuit
cong nghiép. Nhu vay cédc thi€t bi dudc chudn héa tai cdc phong thi nghiém
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nay sé c6é chudn héa ciia phong thi nghiém. Do d6 céc thi€t bi do ludng khi
dugc san xud't ra dude chudn héa tai cAp nao thi s& mang chat lugng tiéu chuin
do ludng clia cap do.

Con cdc thi€t bi do ludng tai cdc trung tdm do ludng, vién dinh chuin
qudc gia phdi dugc chudn héa va mang tiéu chuidn cip cao hon. Vi du phong
thi nghiém phdi trang bi cdc thi€t bi do ludng c6 tiéu chudn cla chudn ving
hodc chudn qudc gia, con céc thi€t bi do ludng tai vién dinh chudn qudc gia thi
phdi c6 chudn qudc té¢. Ngoai ra theo dinh ky dudc dit ra phdi dugc ki€m tra
va chudn héa lai cac thi€t bi do ludng.

1.3.2 CAp chinh xac cua thiét bi do

Sau khi dugc xuit xudng ch€ tao, thi€t bi do ludng sé dugc ki€m nghiém
chit lugng, dudc chudn héa theo cip tuong ng nhu da dé cip & trén va sé
dugc phong ki€m nghiém dinh cho cdp chinh xdc sau khi dugc xdc dinh sai s&
(nhu dinh nghia dudi day) cho tirng tim do cda thi€t bi. Do dé khi st dung thiét
bi do ludng, chiing ta nén quan tdm d€n cdp chinh xdc cla thi€t bi do dudc ghi
trén may do hoic trong s6 tay ky thudt ciia thi€t bi do. D€ tir cdp chinh xdc nay
chiing ta s& ddnh gid dugc sai s6 clia két qué do.

Vi du: Mot von-k€ c6 ghi cdp chinh xdc 1a 1, nghia 1a gidi han sai s§ cla
né cho tim do 1a 1%.

1.4 CHAT LUGNG CUA PO LUONG

1.4.1 Pic tinh cda cach thite do

Su hi€u biét vé dic tinh cda cdch thitc do ra't cin thi€t cho phan 16n viéc
chon lya thi€t bi do thich hgp cho cong viéc do ludng. N6 bao gdm hai dic tinh
¢d bdn.

L Béc tinh tinh (static)

U Bédc tinh dong (dynamic)
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1.4.2 Pac tinh tinh (static)

Téng qudt, dic tinh tinh cda thi€t bi do 13 dic tinh ¢ dugc khi thi€t bi do
dudc st dung do cdc dai lugng c6 diéu kién khong thay d6i trong mot qud trinh
do. T4t c& cdc dic tinh tinh cda cdch thic do c¢6 dudec nhd mot quéd trinh dinh
chuén.

Mot sd dic tinh dugc dién ta nhu sau:

LI Mttc d6 chinh xdc (sai s6)

LI D6 phan giai: khodng chia nhé nhit dé thi€t bi do dap tng dugc

L PO nhay

L Do sai biét cla tri s6 do dudc vdi tri so tin cdy dugc

L Tri s6 do chdp nhan dugc qua xdc sudt cda tri s do.

1.4.3 Dinh nghia sai sé trong do ludng

Do ludng 1a sy so sdnh dai lugng chua bi€t (dai lugng do) véi dai lugng
dugc chudn héa (dai lugng miu hoic dai lugng chuén). Nhu vady cong viéc do
ludng 13 ndi thi€t bi do vio hé thdng dudc khio sat, két qui do cdc dai lugng
can thi€t thu dudc trén thi€t bi do.

Trong thyc t&€ khé xdc dinh tri s6 thuc cdc dai lugng do. Vi vay tri sd do
dugc cho bing thi€t bi do, dugc goi 1a tri s6 tin cdy dugc (expected value). BAt
ky dai lugng do nio ciing bi anh hudng bdi nhiéu thong s6. Do d6 két qua do it
khi phdn dnh ding tri s6 tin cdy dugc. Cho nén c¢6 nhiéu hé sd (factor) dnh
huéng trong do ludng lién quan dén thi€t bi do. Ngoai ra c6 nhitng hé s khdc
lién quan d€n con ngudi st dung thi€t bi do. Nhu vay do chinh xdc clia thi€t bi
do dugc dién td dudi hinh thitc sai sd.

1.4.4 C4c loai sai so

Sai 56’ tuyét doi: e=Y,— X,

e - sai sO tuyét doi; Y, - tri sO tin céy dugc; X, - tri s6 do dudc
Sai s6’tzt0’ng doi (tinh theo %): —| Xn |100%
n
. Y, - X
D¢ chinh xdc tuong doi: A=1-]-"—"1|

n

P06 chinh xac tinh theo %: a=100% — e, = (Ax100%)
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Vi du: dién dp hai dau dién trd c6 tri s8 tin cdy duge 1a 50V. Dung von-
k& do dugc 49V.

Nhu vay sai s6 tuyét doi: e=1V
. . 1v
Sai s6 tudng doi: g =——100%=2%
50V

Do chinh xdc: A=1-0,02=0,98, a =98% =100% - 2%

X, =X
Tinh chinh xdc (precision): 1| Zn AN
n

Xn - tri s& trung binh clia n 1an do.
Vidu: X,= 97, trisd do dugc
Xn =101,1 tri s6 trung binh cda 10 1dn do

97-101,1

Tinh chinh x4c cda cdch do: 1—| | =96% = 96%

Sai 56" chii quan: Mot cdch tdng qudt sai s6 nay do 15i [Am cla ngudi s
dung thi€t bi do va phu thudc vao viéc doc sai k€t qua, hodc ghi sai, hodc st
dung sai khong ding theo qui trinh hoat dong.

Sai 56" hé thong (systematic error) phu thudc vao thi€t bi do va diéu kién
mdi trudng.

Sai 56" do thiét bi do: cdc phin ti cla thi€t bi do, c6 sai s& do cong nghé
ch€ tao, su 130 héa do st dung. Gidm sai s6 ndy cAn phdi bdo tri dinh ky cho
thi€t bi do.

Sai s6"do dnh huéng diéu kién moi truong: cu thé nhu nhiét do ting cao, 4p
sudt ting, 6 4m ting, dién trudng hoic tir trudng ting déu dnh hudng dé€n sai
s6 cia thi€t bi do ludng. Gidm sai s6 nay bing cdch giif sao cho di€u kién moi
trudng it thay d6i hodc bs chinh (compensation) d6i véi nhiét do va d6 4m. Va
dung bién phdp bdo vé chdng dnh hudng tinh dién va tr trudng nhiéu. Sai s&
hé thong chiu 4nh hudng khdc nhau & trang thdi tinh va trang thdi dong:

U J trang thdi tinh sai s6 hé thdng phu thudc vao gidi han cla thiét bi do
hoic do qui luat vat 1y chi phdi sy hoat dong clia né.

U O trang thdi déng sai s6 hé thdng do su khong ddp dng theo toc do thay
d6i nhanh theo dai lugng do.

Sai s6 ngdu nhién (random error): Ngoai sy hién dién sai s6 do chli quan
trong cdch thitc do va sai s& hé théng thi con lai 12 sai s6" ngdu nhién. Thong
thudng sai s6 ngiu nhién dudc thu thap tif mdt s6 16n nhitng dnh hudng nhiéu
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dugc tinh todn trong do ludng c6 dd chinh xdc cao. Sai s6 ngiu nhién thudng
dudc phan tich bing phuong phép thong ké.

Vi du: gid st dién 4p dugc do bing mot von-k& dugc doc cdch khodng 1
phiit. Miic du von-ké& hoat dong trong diéu kién moi trudSng khong thay ddi,
dugc chudn héa trude khi do va dai lugng dién 4p d6 xem nhu khong thay d6i,
thi tri s6 doc ctia von-k€& van c6 thay d6i chiit it. Su thay ddi nay khong dugc
hiéu chinh bdi bat ky phuong phdp dinh chuin nao khéc, vi do sai s6 ngiu
nhién giy ra.

1.4.5 Céc ngudn sai so

Thi€'t bi do khong do dudc tri s6 chinh xdc vi nhitng 1y do sau:

| Khong nim vitng nhitng thong sd do va diéu kién thi€t k&

| Thi€t k& nhiéu khuyé&t diém

L Thi€t bi do hoat dong khong 6n dinh

LI B3o tri thi€t bi do kém

U Do ngudi van hanh thi€t bi do khong ding

U Do nhitng gidi han cla thi€t k€
1.4.6 Pic tinh dong

M{t s6 rdt it thiét bi do ddp ing titc thoi ngay véi dai lugng do thay ddi.
Phan 16n né ddp itng chdm hodc khong theo kip su thay ddi cda dai lugng do.
Sy cham chap nay phu thudc dic tinh clia thi€t bi do nhu tinh qudn tinh, nhiét
dung hoic dién dung... dugc thé hién qua thsi gian tré& cla thi€t bi do. Do d6

st hoat dong & trang thdi dong hoic trang thdi giao thdi clia thi€t bi do cling
quan trong nhu trang thdi tinh.

D6i véi dai lugng do c6 ba dang thay ddi nhu sau:
U Thay d8i c6 dang him budc theo thdi gian

|J Thay ddi c6 dang ham tuy€n tinh theo thdi gian
U Thay d8i c6 dang haim diéu hoa theo thdi gian.
Ddc tuyén déng ciia thiét bi do

L T6c do dép dng

U DJ trung thuc

| Tinh tré

Ll Sai s& dong.
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= Ddp ving dong & bdc zero (bdc khong)
Mot céch tdng quét tin hiéu do va tin hiéu ra clia thiét bi do dugc dién ta

theo phuong trinh sau day:

d"x, d"x, dx,
a, o a, 4 e + a e agX, =
d™x d™1x dx
= bm dtml + bmfldtT—ll + ... + b'l'd_tl + boxo

X, - tin hiéu ra cta thi€t bi do; xp - tin hiéu do

ao + a, - thong s cla hé thong do gid s khong d6i

by =+ by, - thong s6 clia hé thong do gia st khong ddi.

Khi a,, b, khac khong (+ 0) thi cdc gi tri a, b khac bing khong (= 0).
Phuong trinh vi phin con lai:

aoXo = box;;, X = &Xi ; K= &Z dd nhay tinh
2 2

Nhu vidy day la trudng hgp dai lugng vao va dai lugng ra khong phu
thudc vao thdi gian, 12 diéu kién 1y twdng cda trang thdi dong. Vi du nhu sy
thay d6i vi tri con chay ctia bi€n trd tuyén tinh theo dai lugng do.

= Ddp iing dong & bdc nhat

Khi cédc gia tri aj, by, a,, b, khdc khong (# 0), con cdc gid tri con lai bing

khong (= 0): a ddXtO

+ ApXy = byX; .

BAt ky thi€t bi do ndo thda phuong trinh nay dudc goi 12 thiét bi bdc nhdt.
Chia hai v€& phuong trinh trén cho a, ta c6:

a; dx b dx b
L2004 x, = —2x. Hodc: 1—24 X%, = 2% ; (D + I)x, = Kx;
a, dt a, dt a,
. dt a s b
Véi: D= —; 1= —L: thdihing; K =—2: d6 nhay tinh
dt a, a,

Thai hiing T ¢6 don vi 1a thdi gian, trong khi d6 dd nhay tinh K c6 don vi
1a don vi ciia tin hiéu ra/tin hiéu vao.

Ham truyén hoat dong (transfer function) clia bat ky thi€t bi do bdc nhdt:
X K

0 _
Xi tD+1

Vi du cu thé cda thi€t bi do bac nhat 1a nhiét k& thiiy ngan.
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= Ddp iing dpng ciia thiét bi bic hai, duoc dinh nghia theo phiiong trinh

d?x dx
az 0 (0]

e + it + apX, = BX

. D? D
Phuong trinh trén dugc rit gon lai: (—-+ 2L+ 1Dx, = KXx;
o O
v6i: o, = ./a,/a, - tin s6 khong dém ty nhién, radian/thoi gian
a

NEXR: R ; ) a,

B4t ky thi€t bi do nao thdéa phuong trinh nay goi Ia thi€t bi do bac hai.

E- tisd dém; E =

LI Thong thudng loai thi€t bi do bac nhit chi hoat dong do véi dai lugng
c6 nang lugng.

Vi du: loai ciAn ding 10 xo dan hdi (Iyc k&) c6 ning lugng 13 co ning,
nhiét k€ ¢6 ning lugng 13 nhiét ning.

1 Loai thi€t bi do bac hai c6 su trao d6i giita hai dang ning lugng.

Vi du: niang lugng tinh di€n va tir dién trong mach LC, cu thé nhu chi thi
co ciu dién tir k€t hdp v6i mach khuéch dai.
1.4.7 Phan tich théng ké do luong

Su phan tich thdng ké cdc s liéu do rat quan trong, tir d6 chiing ta xédc
dinh cdc k&t qua do khong chic chin (c6 sai s6 16n) sau ciing. P& cho sy phian
tich théng ké c¢6 ¥ nghia, phan 16n s6 liéu do ludng doi hdi sai s6” hé thong
phéi nhd so véi sai s6 ngdu nhién.

Khi do mot dai lugng ba't ky nao ma biét két qua do phu thudc vao nhiéu
y&u t&, thi nhitng y&u td nay déu quan trong c4. Theo diéu kién 1y tudng, mic
dd 4nh hudng cla cic thong s6 phdi dugc xdc dinh dé€ cho viéc do ludng néu
c6 sai s6 phdi dugc gidi thich va hi€u dudc nguyén nhin giy ra sai s6. Nhung
su phan tich sai s6 khong dugc tdch khdi s6 liéu da dudc cd dinh trong cdc két
qud do ludng.
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Y nghia 56" hoc ciia sy do nhiéu ldn: hiu hét gia tri do chdp nhan dugc va
bi€n s6 do cé y nghia s& hoc cia thi€t bi do doc dugc & nhiéu 1an do. Sy gin
diing t3t nhat c6 thé c6 khi s6 14n doc clia ciing mot dai lugng do phai 16n. Y
nghia s6 hoc ctia n 1dn do dugc xdc dinh cho bi€n s& x dugc cho bing biéu
thuc:

X; + Xp + oot X,
n

i:

trong d6: X - tri trung binh; X, - tri s6 x 1an do thi n; n - s6 1an do.
Dé léch
Do léchlandothd 1: d; =X, —X
b6 léchlando thd 2: d, = X, —X
bo léchlando thdn: d, = X, -X
Vidu: x; =50,1Q2; x2=49,7Q; x3=49,6Q; x4=50,2Q

50,1+49,7+49,6+50,2 199,6
4

Y nghia s6 hoc: X =

— 49,9

P06 1éch cida tirng gid tri do:
d;=50,1-499= 0,2; d,=49,7-49,9=-0,2
d;=49,6 —49,9=-0,3; dys=50,2-49,9=0,3
Téng dai s0 clia cdc dd 1éch: dyp; =0,2-0,2+0,3-0,3=0
Nhu vay khi tdng dai s6 cdc do 1éch clia cac 1an do so v6i y nghia s hoc
X biing khéng thi khong c6 sy phan tdn clia cdc k€t qud do xung quanh X.
B¢ l¢ch trung binh: c6 thé ding nhu mot biéu thic cla tinh chinh xdc cia
thié't bi do.
D¢ 1éch trung binh cang nhé thi bi€u thitc do cang chinh x4c.
Biéu thitc d6 1&ch trung binh D dudc x4c dinh:
_ [dy | +1dy | +.+1d, |
n
Vi du: D clia céc tri sd do cda vi du trudc
D - 10,2] +1-0,21+1-0,3|+10,3]|
4

D
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D¢ léch chudn (standard deviation): 36 1éch chuidn o cia mot s6 1an do 1a
cédc gid tri dd 1€ch quanh gid tri trung binh dugc xdc dinh nhu sau:.
2 2 2
df +d5 +...+d; 2
n

b6 1éch chuin cho n 14n do: o =I[ (s6 lan do

n=>30).

Néu s6 1an do nhd hon 30 1an (n<30) thi dd 1éch chuin dugc dién t3

:[dlz +d22 +...+d§]1/2
n-1

()

, A 1A ~ z ~ P A
Vi du: D0 1&ch chuin clia cdc s6 do cu thé trén

((0.2%+(-0,2° +(-0,3° +(0,3° y, _ [0,26
4-1 3

= 0,294

Do 1&éch chudn nay rd't quan trong, trong sy phan tich thdng ké sd liéu do.
Néu gidm dugc do 1éch chuin sé c6 hiéu qua trong viéc cii ti€n két qui do
ludng.

Sai s6 ngdu nhién: thudng dudc tinh trén co sd dudng phan bd Gauss clia
do6 1éch chuén:

6y = 2 \/dlz +d5 +...+d?
3 n(n-1)
va gi6i han clia sai s6 ngdu nhién: lim(egy) = 4,5€x4
Nhitng tri s6 ndo cé do 1éch vugt qud gidi han clia sai s6 ngiu nhién déu
dugc loai bd.
Vi du: k&t qua do dién trd dugc thyc hién trong tdm I1an do nhu sau.
R;=116,2Q; Ry, =118,2Q2; R3=116,5Q; Ry=117,0Q2
Rs=1182Q:; Rs=118,4Q; Ry=117,8Q; Rg=118,1Q
Ry +Ry +...+ Rg

Tri trung binh cda dién trd: R = 5

-=117,80Q

Po léch clia cdc 1an do:
d;=-1,6Q0; dr,=04Q; d;=0,7Q; d4=-0,8Q2
ds =0,4Q; ds=0,6Q; d,=0,0Q; dg=0,3Q2
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Sai s6 ngiu nhién cda cdc két qua do

2 [(-1,6)2 +...+(0,3)
€ra = 3
3 8x7

= 0,190 = 0,2Q

Gidi han clia sai s6 ngu nhién: lim(egzy) = 0,9Q

Nhu vay k&t qui do 1an mot c6 do 1éch tuyét ddi:

|d; |=1,6 > 0,9 s€& biloaibd
1.4.8 Giéi han ctia sai s&

Phan I16n cdc nha sdn xuat thudng xdc dinh sai s6 cla thi€t bi do bing sai
s6 tdm do, day ciing 13 gidi han sai s6 clia thi€t bi do (cAp chinh xdc clia thiét
bi do) mic du trong thuc t& sai s& thuc clia thi€t bi do c6 thé nhd hon gid tri
nay.

Vi du 1: von-k€ c6 sai sd tdm do + 2% & tim do (thang do) 300V. Tinh
gi6i han sai s8 diing d€ do dién 4p 120V.

Sai s6 tAim do: 300Vx0,02 = 6V

Do d6 gi6i han sai s6 & 120V: 6/120x100% = 5%

Vi du 2: von-k€ va ampe-k&€ dugc dung dé xdc dinh cong suit tiéu thu
cia dién trd. C4 hai thi€t bi nay déu & sai s6 tAm do + 1%. N&u von-ké dudc
doc & tim do 150V c6 chi thi 80V va ampe-ké dugc doc & tim do 100mA 1a
80mA.

Gidi han clia sai s6 tAm do clia von-k&: 150Vx1% = 1,5V

Gidi han sai s6 & tri s& 80V: 1,5/80x100% = 1,86%

Gi6i han cia sai s6 tam do ampe-ké&: 100 mAx0,01 = 1mA
Gidi han sai s6 & tri s6 doc: 1/70x100% = 1,43%

Gidi han sai s§ clia cong suit do dugc: 1,86% + 1,43% = 3,29%
1.5 NHUNG PHAN TU TRONG THIET BI PO PIEN TU

Téng quét thi€t bi do dién tif thudng dudc ciu tao bing ba phan nhu sau:

\i

Cam bién

Y

B6 ché& bién tin hiéu B4 chi thi két qua
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Cdm bién: Phin t& bi€n d6i cdc dai lugng do khong dién sang dai lugng
dién. Bo phian nay chi c6 khi thi€t bi do dién ti do cdc dai lugng trong cong
nghi¢p

B¢ ché bién tin hi¢u: Bi€n d6i tin hiéu dién (dién 4p, dong dién, dién trd,
...) cho phit hgp véi bo chi két qua. Bo nay bao gdm mach phan tAm do, mach
diéu hop tdng trd, mach khuéch dai tin hiéu dd 16n cho bd chi thi k&t qui. C6
thé 12 mach cau do (ddi v6i dai lugng dién trd, dién cdm, dién dung). Ngoai ra
trong bd ché& bi€n c6 thé 1a mach loc, mach chinh luu, mach stta dang tin hiéu,
mach chopper, mach bi€n d6i tin hiéu A/D ...

Bo chi thi két qud: Trong phan nay k&t qua do dugc chi thi dudi hai hinh
thic kim hodc s& hién thi.

1.6 LOT iCH THIET THUC CUA PIEN TU TRONG PO LUONG

Trong qué kht 1gi ich thi€t thuc cia co hoc va quang hoc da gitp ich cho
k§ thuat do ludng. Hién tai va tuong lai dién tir da va dong gép rat nhiéu trong
su phat trién cho thi€t bi do luong. Céc dai lugng di€n va dai lugng khong
dién dugc cdm bi€n do ludng chuyén ddi sang tin hiéu dién. Céc tin hiéu nay
dugc cdc mach dién tir ché€ bi€n cho phlit hdp v6i mach do, mach thu thap dir
liéu do ludng. Ngay nay chiing ta khong con nghi ngd gi vé nhitng wu diém cda
mach dién ti:

L DO nhay thich hgp

I Ti€u thu ning lugng it

L T6c do d4p dng nhanh

L D& tuong thich truyén tin hiéu di xa

L DY tin cdy cao

L P linh hoat cao phlt hgp véi cdc van dé do ludng.

1.7 SU CHON LUA, TINH CAN THAN VA CACH DUNG THIET
BI PO

C6 nhitng thi€t bi do rat tdt, rat chinh xdc nhung s& cho k&t qua sai hoic
khong chinh xdc né€u chiing ta khong bi€t sit dung hodc st dung khong ding
qui dinh cta thi€t bi do. Do d6 chiing ta phdi quan tdim dén cdch thic va qui
trinh stt dung cida tirng thi€t bi do. Ngoai ra chiing ta phdi chon thi€t bi do cho
phu hgp véi dai lugng do.

Phan 16n cdc thi€t bi do c6 dd nhay cao tudng ddi phiic tap, doi héi ching
ta cAn than khi st dung néu khong dé giy ra hu héng hoic lam cho thiét bi do
khong chinh xdc. Vay bit budc ngudi st dung phai doc va tim hi€u ky dic
tinh, cdch s dung, qui trinh hoat dong clia mdy truSc khi cho mdy bit dau
hoat dong. Lya chon thié€t bi do phdi phit hgp v6i mitc dd chinh xdc theo yéu
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cau clia dai lugng do. Vi mitc d6 chinh xdc vad d6 nhay cda thi€t bi c6 lién
quan tryc ti€p vdi gid tién clia may. Nghia 12 mdy cang chinh xdc, cing nhay
thi gid cang cao. Nhiéu khi theo yéu ciu ctia dai lugng do khong cin diing dén
thi€t bi qud nhay hoic do chinh xdc qué cao. Khi st dung mdy phai cdn than,
trdnh nguy hi€m cho mdy do vi qud tdm do hodc bi chan dong cd hoc (do di
chuyén hoidc va cham co hoc ...), thudng d6i vdi thi€t bi chi kim. Ngoai ra phai
luu y dé€n diéu kién cda tai phdi hdp véi thiét bi do (d6i véi thi€t bi do dién tir)
vi du nhu: ddp ng tin s8, phdi hgp trd khdang ... N&u khong théa cdc diéu kién
nay ciing giy ra sai sd thi€t bi do.

DPé€ tranh hu héng cho thi€t bi do, luén ludn doi hdi ngudi st dung mdy
phdi doc qua va hi€u o Tai liéu chi ddn (Service manual) cho nhitng thi€t bi do
mdi st dung 1an dau.

1.8 HE. THONG PO LUONG

1.8.1 Hé tho'ng do luong dang tuong dong (Analog)
H¢ thong do luong mét kénh (H.1.1)

Mach ché& bién tin hiéu
Pai
lugn A .
’ng »—| cam | 1] Giao |»—]Khuéch|»—] Mach
do va bi&n tié dai loc
diéu P al :
khién
A
- Thiét bi < Mach so - Tin hiéu
diéu khién sanh - chudn
< Man <
S anh
dung <
két -
qua ) Thiet ) Thiét |
< bi doc < bi ghi <

Hinh 1.1: H¢ thong do luong tuong dong
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Tin hiéu do dudgc tao ra tit cdm bié€n do ludng (transducer) do dai lugng
do tdc dong vao. Tin hiéu nay di qua mach ch&€ bién tin hiéu (signal
conditioner). Sau d6 di vao bd phan trinh bay k&t qua (display) va thiét bi ghi
(record) @€ cho bd phan doc k&t qua st dung ngay k&t qua do nay. Ngoai ra hé
thong do ludng con lién k&t vdi hé thdng diéu khién ty dong bing cdch 1dy tin
hiéu do & ngd ra clia mach ché& bi€n tin hiéu dua qua mach so sdnh vdi tin hiéu
chuin d€ diéu khién d6i tuong (dai lugng) dang dugc do. Vi du: dai lugng do

12 nhiét @6 thi doi tugng diéu khién ciing 13 nhiét do.

Cam bién

f10

f1m

l
mieuco 1 ——Fop }— HE Hwoob— |,

f2000

I
Tin hiéu do 2 X_l CR |_| ] HD—I_lMODIV_Z

B& ché bién tin hiéu

f2m

Fio

fim l
Tin hiéu do i _|i|_| HD_|_||\/|O|3|V|7

X A

B0 ché bién tin hiéu

Vi
fno

|
—[o HD_I—IMODI—

Xy

Phan kénh theo tan sé

‘-
Il

>
>
'

Giai diéu ché

—|L|:|_|—| DEMOD HI:_I—

—|L|:|_ — pemop HD_I—

—|I_|:f|_|—| DEMOD HE

|
fim

B6 thu nhan ché bién tin hiéu

“—__n —{ pEmop HI:_l—XN

Il

Hinh 1.2: H¢ thong do luong tuong dong nhiéu kénh
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Hg¢ thong do luong nhiéu kénh: Trudng hgp can do nhiéu dai lugng thi mbi
dai lugng do § mot kénh. Nhu vay sau mdi tin hiéu do dudc 14y ra tit mach ché
bi€n tin hiéu & méi kénh s& duwa qua mach phan kénh (multiplexer) d€ dugc
sap x&p tudn ty truyén di trén cing mot hé thdng din truyén (diy din hay vo
tuyé&n). P& c6 su phan biét cdc dai lugng do, trudc khi dua vio mach phan
kénh cin phdi ma héa hoic diéu ch& (Modulation — MOD) theo tan s6 khic
nhau (vi du nhu fiof..) cho mdi tin hiéu cla dai lugng do. Tai ndi nhin tin
hiéu lai phii gidi ma hoic gidi diéu ché (demodulation — DEMOD) d€ 18y lai
tirng tin hiéu do. P4y ciing 12 hinh thifc do ludng tit xa (telemety) cho nhiéu dai
lugng do.

1.8.2 Hé thong do lwong dang so (Digital) (H.1.3).

__| B6 chi
thi s6 S
Pai lugng do quan sat \ dur)g
két
1 qué
— do
—0-> cam || Ché | s/H Apc - XUA,Iy
i | bign bi&n tin SO f
: J § A
Tin hiéu >
; 5 did DAC P
A vat ly BO diéu WV
khién logic
May
o ghi (in)
Thiét bj -
a L2 uP
diéu khién Chuong

trinh

Hinh 1.3: H¢ théng do luong sé két hop vdi uP

Thi€t bi vi xtt 1y (Microprocessor - uP) tham gia vao hé thdng do ludng
nhim muc dich x{ 1y nhanh tin hiéu do, chéng nhiéu t6t hon so véi tin hiéu do
& dang Analog khi truyén di xa. Cdch ly t6t hon va d& thuc hién hon néu diing
phuong phdp quang hoc (dung cdch thifc ghép bing tin hiéu quang (opto —
coupler). Pay cling 1a hinh thic thudng dung hié€n nay.

V6i sy phat trién clia may tinh c4 nhan (PC), hé thong do ludng dung k¥ thuat
s6 ding PC @€ ty dong hoa hé thdng do ludng & mitc dd cao hon va thuin Igi hon khi
st dung. Do d6, chiing ta buGc sang mot giai doan méi Mdy tinh héa thiét bi do luong
(computerized instrumentation).

Trong hé thdng do ludng dung k§ thuit s&, tin hiéu dang Analog dudgc
chuyén ddi sang tin hiéu dang s6 (digital) bing cdc mach ADC (analog digital
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converter) d& cho bd vi xtt 1y (uP) hoat dong, sau &6 mudn cé dang Analog dé
st dung, chiing ta dung mach DAC (digital analog converter) &€ chuyén ddi
lai.

Ngoai ra hé thong do ludng dang s6 con cé wu di€m 13 sy hoat dong thdng
minh nh& vio chudng trinh phin mém (software) cai dit vao may tinh d€ xit 1y tin
hiéu do ludng va diéu khién hé thdng tu dong hoa.

1.8.3 Tinh linh hoat trong sy diéu khién tir xa thi€t bi do luong

Hé thong do ludng dang s6 nhd su k&t ndi vdi mdy tinh, di diéu khién tir
xa (remote) cdc chifc ning clia hé thdng do ludng bing cdch st dung céc
dudng truyén s6 liéu (BUS) clia b vi x{t 1y (uP). Hé thdng dugc trinh bay &
hinh 1.4.

Nhu mdy tinh PC diéu khién thi€t bi do ludng thong qua bo giao ti€p
chuén (interface bus standard) thong dung 1 IE 488 hoic RS232C. Phan giao tiép
truyén s& da ning (GPIB - general purpose interface bus) dugc thi€t k& dé thuc
hién sy diéu khién. (Chiing ta s& dé& cap d€n van dé nay & mot chudng sau).

Cam bién

el

I I Bo dleu__’

I I.__ Ché B9

I I —_— phan

| |*1Bo giéul chon

| | ché kénh

R T ty dong

I Io—- R

| | |Bo giéul.

| le—] ché&

—_———— Ban phim
ADC

Giao tié| /
vixaly K —> 1ao tiep May in

RS232

B6 nhé Giao ti€p . .
chuong trinh <: :> RS232 Diéu khién

B6 nhd Giao tiép Hién thi
dif liéu <— —> RS232 (man hinh)

Hinh 1.4: Hea thoang thu nhaan vag x60 lyu dod liedu
dugng maich giao tieap RS232
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Chuong 2

PO PIEN AP VA DONG PIEN

2.1 CO CAU CHi THI KIM

Hién nay cd cdu chi thi k&€t quéd van con dung kim chi thi k€t qua. Do d6
ching tdi trinh bay tém lugc cdu tao va nguyén 1y hoat dong clia cdc co ciu
dang nay dugc diung trong von-k€ va ampe-ké&. Con loai co cdu chi thi k&t qua
biing s6 s& dugc dé cap d€n trong phan thi€t bi do ludng chi thi 6.

2.1.1 Co cau tir dién (co cdu D'ARSONVAL)

Co ciu nay duge k¥ hiéu trén mit mdy do nhu sau: [d]

tén goi tit theo ti€ng Anh PMMC Nam cham
(permanent magnet moving coil)
c6 cdu tao va nguyén ly hoat

dong nhu sau.
Cédu tao (xem H.2.1).

Khung quay: khung bing
nhdém hinh chit nhat, trén khung
c6 quan diy ddéng boc 16p cich
dién nhd. Toan bd khoi lugng
khung quay phdi cang nhd cang

Kim chi thj

Diéu khién | |
N

t6t d€ sao cho mémen qudn tinh Zero (

cang nhé. Toan bd khung quay Cucty Khe tr "\
A < A bsitrong  Cuctu

dugc dit trén truc quay hodc treo Cubn day

bdi day treo (taut band) (H.2.2). Lo xo kiém soat L st non

Hinh 2.1: C6 caau chee tho tog fiean
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Kim chi thi
Kim chi thj
Khung quay
l Khung quay

] —[

Pé truc Lo xo Day treo

a) b)

Lo xo

Hinh 2.2: a) Khung quay — Logai truc quay
b) Khung quay — Loai ddy treo

Nam chdm vinh citu: khung quay dugc dat gitra hai cyc tr NS clia nam
cham vinh ciru.

L&i sdt non hinh tru nim trong khung quay tuong ddi déu.

Kim chi thi dudc gdn chit trén truc quay hoic diy treo. Phia sau kim chi
thi c6 mang ddi trong dé€ sao cho trong tAm cda kim chi thi nim trén truc quay
hodc day treo.

Lo xo ki€ém sodt hodc diy treo c6 nhiém vu kéo kim chi thi vé vi tri ban
dau.

Nguyén Iy hoat dong (xem H.2.3)

Khi c¢6 dong dién di vado cudn ddy, trén khung diy sé& xuat hién lyc dién
tor F:

F=NB.lI (2.1)
trong d6: N - s6 vong ddy quin ctia cudn day
B - mét do tir thong xuyén qua cudn day
[ - chiéu cao cda khung; I - cudng d6 dong dién.

Mémen quay T, cla lyc dién tir F:

T,=FW=N.B.ILWI (2.2)
trong d6 W 1a bé rong cla khung quay

Moémen quay T, cla lyc dién tir F: T, = F.W = N.B.LW.I

K; = N.B.L.W - hé s6 ti 1& v6i su ciu tao clia cd ciu 1a hing s6:

T, =K,
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Pong thdi khi d6 10 xo (hoic diy treo) tao ra momen cin T, khi kim chi
thi quay do mdémen quay 7, 1am xodn 10 xo ki€m sodt hodc day treo:

T.=K:.0 (2.3)
K- hiing s& xodn cda 10 xo ki€m sodt hoic day treo

0 - gbc quay cta kim chi thi. Tai goc quay 6; cia kim chi thi ding yén:

K
T,= Ty K= KOy 0 = K—q| =Kl (2.4)
Cc

Géc quay 0; ti 1 tuyén tinh véi dong dién 1

/1
N * I s
j#{;

F ngau lyc

Tu thong cam ung

- 7 —
W/2

b)
Hinh 2.3: Nguyén ly hoat dong
Su dém (can diu) cho kim chi thi
Khi kim chi thi di chuyén dudi tdc dong ciia T, ciing xud't hién mémen
dém T4 do dong di€n tng phdt sinh trong cudn ddy do tir thong xuyén qua
khung quay thay ddi tic thdi (H.2.4):
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. (S

ig = —39— (2.5)
R, +Rp

trong dé: e4:- stic dién dong ting; R; - dién trd cda khung quay

Rp: - dién tré dém ndi hai cuon day.

Cudn day

Luc quay

Lyc dém

Dao déng clia kim A Vi tri kim

Dao déng

e — __v’_\\_jf_\,,_

Hinh 2.4: Sy dém cho kim chi thi

L Trudng hgp Rp—>oo, khong c6 mémen dém, kim chi thi dé bi dao dong
quanh di€m s& dirng lai cda kim, vi cudn diy bi hd mach khong cé dong ig
trong khi van ¢ eg.

L Trudng hdp Rp—0, mdmen dém 16n nhat ¢é sy dém chdt 1am cho sy di
chuyén cda kim rit chim va khé khin hon khi bi dao dong co hoc do di
chuyén co cau do.

U Trudng hop Rp—Rpe, dién trd dém diing mutc, kim chi thi di chuyén
nhanh khi ¢6 dong dién vao va khong bi dao dong quanh vi tri ditng ctia kim.
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Theo phuong trinh chuyén dong cda kim:
Jj—jg + D% + T6=0 (2.6)
trong d6: J - mémen quén tinh cia khung quay va kim
D - hiing s6 dém clia hé thong
T, - mdmen cin do 16 xo ki€m sodt hoic diy xodn.
P& ¢6 sy dém diing mitc thi D phai c6 diéu kién:
D=D,=2J.T, 2.7

Né&u D > D,: dém qud mitic; D < Dy: dém y€u

N . . K
Ngudi ta chitng minh dudc rang hdang s6 dém: D = ?D

V6iR =R/ +Rp; K}y =RBIW
Ddc tinh co cdu tir dién
Pé nhay dong dién ciia co cdu dién tir: A0 nhay clia dong dién dugc dinh
nghia:
do K
| =——=— (2.8)
dl K¢
nghia 12 do nhay clia dong dién tuong ¥ng vSi sy bi€n thién clia géc quay khi
¢6 sy bi€n ddi cla dong dién. Trong thuc t&, ngudi ta thudng ding I,q, (dong
dién t8i da) clia co cdu chi thi &€ x4c dinh d6 nhay nghia 1a do nhay cang 16n
khi Iygy cang nhd vi Opax (g6c quay 16n nhd't) cla co cdu chi thi giong nhau
(vao khodng # 105°). Tdng do nhay cd cdu bing cdch ting K, gidm Kc.

B¢ nhay dién dp co cdu: Sy = ? N€u dién trd ndi cia khung quay la
\%
R; thi:
do 1
- P _ 5 2.9)
Rd R

|
Do dé6 c6 sy quan hé gita dd nhay di€én dp va dong dién.
Uu diém: cd c&u chi thi tir dién ¢6 wu di€m so vdi nhitng co cau khdc nhg

nhitng di€m sau day:
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L T trudng clia co cdu do nam chdm vinh clfu tao ra manh, it bi dnh
hudng cla tir trudng bén ngoai;

L Cong sud't tiéu thu nhé tiy theo dong I,y cling co ciu c6 thé tir 25 W
+200 pW;

LI C6 do chinh xdc cao, c6 thé dat dugc c&p chinh xdc 0,5%;

LI Vi géc quay tuyén tinh theo dong dién cho nén thang do c6 khodng chia
déu din.

Khuyét diém:

L) Cudn diy cta khung quay thudng chiu dyng qud tdi mo6t lugng nhd nén
thudng dé bi hu hdng né€u dong dién qud mdc di qua;

L Chi st dung dong dién mot chiéu, khong hoat dong & dong dién xoay
chiéu;

LI P6i véi khung quay c¢é diy xodn dé hu hdng khi bi chdn dong manh
hoic di chuyén qud mifc gi6i han, do d6 cin dém qud mitc khi cho co ciu
ngung hoat ddng.

Ung dung

LI Co c4u chi thi kim thudng dugc dung rong rdi trong linh vuc do ludng.

U Pién k& guong quay (H.2.5): Khung quay mang guong phan chi€u va
hé théng quang hoc chi€u tia sing vio guong va dom sdng tron ghi k&t qud
dong dién di qua. K&t qua dugc ghi trén thude chia hodc trén gidy nhay quang
(trong cdc thi€t bi ghi).

Day treo
\|| Guong
L3i s&t non « /,Khung quay / ?

—

Guong \
\
Ay
bén “ \\
7 \/: \
I \
Cuc tu 0

Hinh 2.5
2.1.2 Co ciu dién tur
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Con goi 12 cd cAu miéng sit di dong (moving iron). Ky hiéu X .
Cdu tgo: c6 hai loai lyc hit va luc ddy.

U Loai lyc hit (H.2.6)

U Loai luc ddy (H.2.7).

Khe hd

Truc quay

Hinh 2.6: Co cdu dién tix loai hiit

" Thanh chia
\/\<m quay
s

e == =
N2 0 xo
—

Cudn day

/k

héng khi

Tdm cén

Miéng sat Miéng sat Hinh 2.8: Cb caau fieam
di déng ¢6 dinh

Hinh 2.7: Co cdu dién tir logi ddy
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C4 hai déu c6 cudn day cd dinh va mi€ng sit di dong gin trén truc quay
mang kim chi thi. Riéng luc ddy c¢6 mang thém mié€ng sit cd dinh gin & mit
trong ctia cudn day.

Truc quay ciing c6 lo xo ki€m sodt va cd cAu chi thi c6 dém bing sitc cdn
khong khi (H.2.8).

Nguyén Iy hoat djong

Cudn diy c6 dinh c6 dong dién I (mdt chiéu hoic xoay chiéu) lyc tir dong
F tao ra lyc hit hoic luc ddy cho mi€ng sit di dong.

F = nl(AT) (ampe-vong). (2.10)
trong d6: N - s6 vong quay; I - cudng do dong.

Hodc géc quay cta kim chi thi dugc ching minh:

o, = 912 (2.11)

v6i: I - dong dién DC hodc AC tri hiéu dung (RMS).

Nhu vay thang do clia cd cdu dién tir khong tuyén tinh nhu thang do clia
cd cdu dién tir.

Viéc dém cho co cdu dién tiv

U Tiéu thu ning lugng nhi€u hon co cau dién tir.

L C6 hién tugng tlr du trong 14 sit non cho nén kém chinh xéc hon.

U Tinh tré 1am ting sai s& khi ding & dong dién xoay chiéu. Gidm tinh
tré bing cdch gidm nhé mi€ng sit di ddng hoic chon mat do tir thong B d€ cho
hién tugng tré trong mi€ng sit nhdé di. Cho nén c6 sy dung hoa giita tir thong
va miéng sit di dong.

1/ Anh hudng cda tin hiéu xoay chiéu: do ¢6 thanh phin cudn cdm L cia
cudn day cd dinh cho nén khi tan s tin hiéu ting, tdng tr§ Z = Lo = 2nfL clia
cuon day ting khong thich hdp vdi tin hiéu do c6 khodng tan sd thay ddi 1dn.
Ngoai ra dong dién xody trén mi&ng sit di dong ting khi tan s6 tin hiéu ting.

U Do tir trudng tao ra bdi cudn diy c6 tri s6 nhé cho nén dé bi dnh hudng
bdi tir trudng nhiéu, can phai bdo vé bing cach chdn tir cho cd cdu

LI Cong nghé ché tao d& hon cd ciu tir dién

LI Chi dugc dung trong Iinh vuc dién cong nghiép

LI Chiu sy qud tdi cao

L Nhitng co ciu dién tir ding trong von-k& hoic ampe-ké thudng cé
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thong s& k§ thuit: dién cdm cudn day 1Henry; dién tré 20Q/V; lyc tir dong F =
300 ampe vong; ngau luc xodn bing 5% khdi lugng di chuyén.

2.1.3 Co cau dién dong

La co ciu c6 sy phoi hdp gifta co cAu dién tir (khung quay mang kim chi
thi) va cd cAu dién tr (cudn day cd dinh tao tf trudng cho khung quay).

Ky hiéu trén cd ciu % hoic Cdciusitdién dong.

Cdu tao (H.2.9): co cAu dién dong gdm c6 cudn diy cd dinh va cudn diy
di dong (khung quay). Thong thudng cudon diy di dong khong c6 16i sit non
tranh dugc hién tugng tir tré va dong dién xody. Cudn diy di dong nim trong
ving 4nh hudng tif trudng tao ra bdi cudn day cd dinh, n€u cudn diy c6 dinh
quan trén 18i sit tir 1a co cAu sidt dién dong (H.2.10).

Nguyén ly hoat dong: khi c6 dong dién I, I (mdt chiéu hoic xoay chiéu) di

Kim chi thi

<

¢6 dinh

Cudn — Cudn day
di dong Cuc tu

. Loxoxodn _. . _ . Khung quay
Hinh 2.9: CO caau fiiedn noang
Hinh 2.10: C0 caau saét filedn fiodng

vao cudn day di dong va co dinh s€ tao ra mdmen quay:

T, =K, 1; I (ddong DC) (2.12)
1T
hodc: Ty = Kq?jll.lzdt (dong AC)
0
Kq
Viay gbc quay: 0=—=11, (2.13)
KC
K

.
g [%Iilizdt]

Hoac: 6=—>"
KC
0

9 P < N R z = A
Kc - hing s6 xodn ctia 10 xo ki€m sodt hodc day treo.
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BE cho thang do tuy&n tinh theo 17, I thi K /K 1a hing s6.

Ddc diém ciia co cdu

1) Cd cdu dién dong c6 wu diém va khuyét di€ém clia cd cdu tir dién va
dién tur

L Thudng dung 1am bo chi thi cho von-ké& hoidc ampe-k€& va watt-k&

L Watt-k& c6 cong sudt tdi mot pha va ba pha diing co ciu sit dién dong

 Ngoai ra ngudi ta ch€ tao ra ti s6 k& dién dong dé dung lam
cosp-k& (dé cip & phan do hé sd cong suit)

L Chiéu quay cida co cdu dién dong (sit dién dong) dudc xdc dinh trude
khi hoat ddng vdi dong dién xoay chiéu (H.2.11).

Nhu vay, khi kim chi thi clia cd cdu bi léch nguoc thi phdi hoan ddi cuc
tinh ctia cudén ddy dé kim chi thi quay thuan.

Cuén day
¢6 dinh

Hinh 2.11: Chiéu quay ciia kim chi thi khéng phu thudc vao
chiéu dong dién

2.2 PO DONG MOT CHIEU (DC) VA XOAY CHIEU (AC)

2.2.1 Po dong DC

Nguyén Iy do: c& ba cd cdu chi thi di néi & trén déu hoat dong v6i dong
DC cho nén dugc ding 1am bd chi thi ampe-k& DC. Nhung cian phdi md rong
tam do (Range) cho thich hgp.

M¢ rong tim do: d€ cho ampe-k&€ c6 nhiéu tim do thich hgp, mach do
phdi c6 sy md rong tAm do cho tirng loai cd cau chi thi.
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Rm
+ —
——@
ImT
Vin
I I I=1, +Iq
—— — WA ——
b)
DPau dong
:rlés) o ) Q):.::

a)
Hinh 2.12: Mach do dong
M4 rong tam do cho cd cAu tir dién. Dung dién trd shunt (H.2.12).
Dong dién do: I =1,+Ig (2.14)
trong d6: |, - dong dién qua cd cdu chi thi.
|5 - dong dién di qua dién trd shunt.
bién trd shunt Rg dugc xdc dinh:
Rg = @ (2.15)
t 7 'max
trong d6: R, - dién trd ndi clia cd cau chi thi.
| ax - dOng dién t3i da cda cd cdu chi thi.
|, - dong dién t6i da cda tim do.

S0LAXIKQ
Vidu2l: Re=——"—""—- vGil =50pA; R =1kQ; I, =1mA
e S~ (ImA —50uA) max = SEHA B t

—6 3
Rg = 8OO0V _ 5 148 1, _ 52,62 (ohim)
(950x10°)A 95

P6i vdi ampe-ké c¢é nhiéu tAm do thi dung nhiéu dién trd shunt, mdi tim
do c6 mot dién trd shunt, khi chuyén tdm do 14 chuyén dién tr§ shunt (H.2.13).
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cQ _
"
E a
Chiéu
o quay
a) b)
Hinh 2.13: Mach do dong Hinh 2.14: Mach shunt Ayrton

c6 nhiéu tdm do

Hoic diing cdch chuyén taim theo ki€u shunt Ayrton (H.2.14).

Mach do kiéu shunt Ayrton c6 3 tdm do B, C, D. Khi khéa A & vi tri B
(tam do nhd nhat).

bién trd shunt: Rgg = R; + R, + R

GviriC:  Rge =R, +R,

Con R; ndi ti€p v4i cd cdu chi thi.

GvitiD:  Rgp =Ry

Con R, + Ry ndi ti€p véi co cdu chi thi.
Vidy2.2: R, =1kQ; | clia co cdu 50pA. Xdc dinh ba tAm do:

max
B (1mA); C (10mA); D(100mA) cho Ry, R,, Ry
Giai: 0 tdm B (1mA):
(IMA —50pA)(R; + Ry + Ry) = 1kQ x 50uA
50x1072

(R, + R, + Ry) = 272
L2 8 950%107

=52,6Q

0 tém C (10mA):
(1kQ +R3)50x10° A (1kQ+ Ry)
9950x10°6 A 199

O tdm D (100mA):
_ (1kQ+R, +Ry)50x10° _ 1kQ+R, + R,
~ 99950x10°° A 1 1999

1kQ + R,

1

Thay vao ta dugc: R + R, = =52,6Q2- R4

~ (10.467,4-1000)Q

=47,337Q
200

Suy ra: R;
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- 1000Q+52,6Q- R,  1052,6Q
B 1999 ~ 2000
Con R, =52,6-(47,337+0,526) = 4,737 ohm

Papso: R, =0,526 ohm; R, = 4,737 ohm; Ry = 47,337 ohm.

=0,526Q

Ry

Mé réng tdm do cho co cdu dién tir: thay d6i s6 vong ddy quin cho cudn
dy ¢ dinh v6i lyc tt dong F khong ddi:

Vi du: F = 300 Ampe vong cho ba tim do; 1, =1A; |, =5A; I;=10A.
Khi d6 n; =300vong cho tim do 1, =1A

n, =60 vong cho tim do 1, =5A
ng = 30 vong cho tam do 15 =10A.

Mé réng tdm do cho co cdu dién dong: Trong trudng hgp ampe-k& ding
co cdu chi thi dién dong (sit dién dong) dugc mic nhu hinh 2.15 thi sy mé
rong tim do biing cdch mic dién trd shunt song song v6i cudn diy di dong
(nhu ¢ c&u tir dién) trong khi cudn c6 dinh dugc médc ndi ti€p v6i cudn day di
dong. Cdch tinh todn dién trd shunt cling giong nhu ampe-ké& co cdu tir dién.

Cudn day di dong

—0000 Dién trd bl nhiét
1%

w

AW
Cudn day
¢6 dinh

VW
RS
DPién trd shunt

Hinh 2.15: Ampe-ké co cdu dién dong

2.2.2 Do dong AC

Nguyén Iy do: Cd ciu dién tir va co ciu dién dong déu hoat dong dugc
vdi dong AC. Do d6 c6 thé diing cd cAu nay truc ti€p va md rong tAm do dong
nhu d3 néi & trén. Riéng co ciu dién tir khi dung phai bi€n ddi dong AC thanh
dong DC. Ngoai ra, do tinh chinh xdc clia ¢d ciu dién tf nén cd cdu ndy dung
rat nhiéu (thdong dung) trong phin 16n ampe-k€ (trong mdy do van ning
Multimeter con goi V.O.M.).

Ding co cdu tir di¢n do dong AC

Diing phuong phdp chinh luu bang diod (H.2.16).
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Dong dién qua diod ndi ti€p v6i co cau tir dién 1a dong dién xoay chiéu
da chinh luu thanh dong DC. Tri trung binh cia dong dién chinh luu:

LT
Lt = 7 a0t < T (2.16)
0
—
+ — oty < m
—
J BN . n
AN - 1 Fn
( +\ r + \
Hinh 2.16 Hinh 2.17
Dong chinh luu qua co cdu Cdu chinh luu diod

Vi du: Dong dién AC: V¢ = |, sinot
sl . T, . T
Khi dé: Iclzlmsmmt:(OStSE);Id:O:(EStST).

Vay: |4y =0,3181, = 0,318\/§I hg (tin hiéu sin). Trudng hgp dong dién
AC ¢6 dang bat ky thi |y, c6 tri s6 phu thudc vao dang va tan s cla tin
hi¢u. Cy thé dong: ic = 2(mA)sin100nt
thi dong: i = 0,318 x 2(mA) = 0,636 (mA)

Cau diod (H.2.17). Dong dién xoay chiéu dugc chinh luu & hai ban ky, khi

2.
d6 tri chinh luu trung binh: |y = T igdt.

Vidu: | 5 =1, sinot; |y, =2x0,3181,, =0,636,
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Diing phitong phdp bién déi nhiét dién: Bo bi€n ddi nhiét dién (H.2.18)
gdm c6 day dién trd dugc dot néng nhd tri hiéu dung clia dong dién xoay
chiéu can do. Cip nhiét dién (thermocouple) dugc cung cip nhiét lugng do
dong dién nay sé tao ra dién 4p mot chiéu (dong dién DC) cho co ciu dién tir:

E,(DC)=K;RIZ, (2.17)

vGi: |pg- tri s8 hiéu dung cia dong dién AC

R - dién trd clia diy d6t néng

K1 - hiing s6 ti 1& ctia bo bi€n ddi nhiét dién.

Khi st dung bd bi€n ddi chi dung trong khodng tuyén tinh cia dic tuyén
E, theo |4 . Phuong phdp bi€n déi nhiét dién c6 uu di€m 1a khong phu thudc
vio dang ciia tin hiéu AC va tan s8. Do d6 d€ cho dong dién c6 tin sd cao,
dang bat ky, ngudi ta thudng diing bod bi€n d6i nay.

Ngoai ra khi diing bo bi€n ddi nay con phai quan tim dén sy thay d6i cia
nhiét dd moi trudng xung quanh, sy gia ting nhiét lugng khi dong dién do
dugc duy tri s& 1am cho E, ting theo thdi gian (van dé bd chinh hay bu nhiét
nay s& dé cap dén trong phin thi€t bi do dién tif von-ké dién tr dung bd bién
ddi nhiét dién).

Day dién trd o biu do\

'/ Cap nhiét dién
Il n n

V6 béo vé
\

Dau nédi cap nhiét dién
Lép cach dién

re

Day kim

X Ban dién trd
loai

Coc déng
Hinh 2.18: B bién déi nhiét dién
MG rong tim do

Duing dién trd shunt cho diod va cd c4u tir dién (H.2.19a). Diod mic ndi
ti€p v6i co cdu dién tt, do d6 c6 dong |4y, qua cd clu, con dong dién xoay

chiéu lai qua dién trd shunt.
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N4

> > Tai
iac V
—_— ° Rin + _
O——|>|—'VM»—< : >_
—_—
Lot I D R
s }gs -
$ o/
Re
N Tai
° ° >
a) b)

Hinh 2.19: a) Mach do dong AC c¢d dién trd shunt
b) Mach do dung bién dong
Vidy: ipc
Dong xoay chiéu dang sin cé tri hiéu dung Ihg» khi di qua diod s€ c6:
gy = 0,318v21 4 < 1., V6i |, - dong t6i da ciia ¢ cdu.
Khi d6 dong dién xoay chiéu con lai sé qua dién tr shunt.
Cu thé: 1 .. =1mA; |5, =100 mA (RMS tri hi¢u dung).
Tri hiéu dung ctia dong dién xoay chiéu qua dién trd shunt:
I ImA
's =0 G318z~ ™A 05180
= (100 mA - 2,2 mA) RMS = 97,8mA (RMS)
Vp + Ry, (1,,,,/0,318+2)
Is(RMS)
Vidu: Vo =0,6V; R, =50Q; I . =1mA; |;,=100mA (RMS)
0,6V +50Qx2,22mA(RMS) _ 7.2690
97,8mA(RMS)

Dung bién dong (H.2.19b). Theo nguyén ly hoat dong cda bi€n dong la
phdi c6 sy cin bing clia lyc tif dong phin sd c4p va thit cap clia bi€n dong: nyi; = Nyi,

) RMS

bién trd shunt dugc xdc dinh: Rg =

Ap dung cong thifc trén: Rg =

Vidu: n, =5vong; n, =100vong; i; =10A (RMS)

. n,. . 5
i,h=—I,; 1, =——10A=0,5(RMS
27 n, ' 27100 (RMS)
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Khi st dung bi€n dong nén luu y
dirng d€ hd phin thi cidp bi€n dong
khi phan so cip c6 dong dién. Kep do
dong dién (clamp ammeter) la mot
ttng dung ctia bi€n dong véi co cdu
dién tir va diod chinh luu ¢6 phan mé
rong tam do (H.2.20).

2.2.3 Anh huéng ctia ampe-ké trén
mach do

Hinh 2.20: Keip fio dogng

X ~ N z A s A z N z R R X
Moi ampe-k€ déu c¢6 ndi trd riéng ctia né va cé thé thay doi theo modi
tam do.

Vi du: Ampe-k€ co cdu dién tr & tam do 1mA, c6 ndi trd
Ra =R, //Rg, =1000Q//5,2Q0=5,17Q. Do d6 tim do cang 16n ndi trd
R, (ndi tr§ ampe-k€&) cang nhd. Viéc mic ndi ti€p né véi dién trd tdi can do
dong dién s& dnh hudng dén mach do. N€u ndi tr§ ampe-k€& rdt nhé so véi
dién trg tai thi sai s6 do 4nh hudng clia ampe-k€& trd nén khong ding ké. Vi
du:
Khi khong c6 ampe-k€, dong dién qua tdi R :
[, =5V/1kQ =5mA
Khi ¢6 ampe-k€&, ndi trd R, =5,17Q:
I, =5V /(1kQ+5,17Q) = 4,975 mA
Do d6 sai s6 4nh huéng clia ampe-k&: 100% —[(4,975/5) x100%] = 0,5%
Né&u sai s§ ciia thi€t bi do cho phép 1% thi sai s& 4nh hudng nay khong ding
ké. Con néu R, =5kQ dong qua ti khi khong c¢6 ampe-k&€ 1, =5V/5kQ = 1,0
mA. Con c6 ampe-ké& ndi tr§ R, =49,4Q thi:
I, =5V/(5kQ+49,40Q) = 0,990 mA
Do d6 sai s6 4nh hudng clia ampe-k&: 100% —[(0,99/1) x 100%] = 1%

Nhu sai s6 ting 1én gap hai trong trudng hgp trudc.
2.3 PO PIEN AP AC VA DC

2.3.1 Po dién ap DC

Nguyén Iy do (H.2.21): Pién 4p do dudc chuyén thanh dong dién do di qua

cd cdu chi thi. N&u cd cdu chi thi ¢6 |, va dién trd ndi ti€p thi:
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\/ﬁo

fo=—™10 < ,véi R_-nditrd clia co ciu (2.18)
no R + Rm max m

Tong tré vao cia von-ké Z,, =R+ R,,.

Céc co cau tir dién, dién tir va dién dong déu dugc dung lam von-ké DC.
Bing cdch ndi thém dién trd R d€ han ché dong dién qua co ciu theo bi€u
thdc trén.

N\
R
Cudn cé
Cuén di dinh
dong
*——wn— I
oVo

By

@

V3

v

R

W (X) T
| Vv | Hinh 2.22: Maich fio fiiledn aup
cula cb cadu fiedn fioang

Hinh 2.21: Mach do dién dp

Riéng d6i v6i cd ciu dién dong cudn, day di dong va cudn diy cd dinh
dudc ndi ti€p (H.2.22).

MG réng tam do

Ding co cdu tix dién

Mé rong tim do bing cich ndi ti€p dién tré (H.2.23). Pay 1a mach do
dién 4p mot chiéu thudng ding trong mdy do van ning. Téng trd vao cla von-
k€ thay ddi theo tim do nghia 13 tdng trd vao ciang 16n thi tim do dién 4p cang
cao. Cho nén ngudi ta thudng dung tri s6 dd nhay Q/Vp. cia von-k& d€ xdc

. g N R+ A
dinh tong trd vao clia moi tam do.
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R
——w—a Vs
R, + - R, R, R,
\Y \Y;
R3 2 2
—ww—o0 v, L »
Vv, F Vy
VdO ° ° Vdo
a) b)

Hinh 2.23: Mach do dp DC nhiéu tim do
Vi du: Von-k&€ c¢6 do nhay 20kQ/ V. O tim do 2,5V 1a t8ng trd vao.
Zy, =2,5V x20kQ/Vp = 200kQ.
Vi du 2.3: Tinh dién tr& cho ba tim do V; =2,5V ; V, =10V ; V5 =0,5V. Cho
von-k€& dung co cdu tr dién |, =100pA; R, =0,5kQ

Giai: Mach do cda von-ké& dudc mic theo hinh 2.23b cho ba tim do. Do d6 &
tam V;=2,5V:

R +Ry =22V _ 2V g 28V 050 osska
Gtim: V,=10V: R, = VamVy _ 75V _ 7’:;’1 kQ = 75kQ
lmax  100pA 10
2 x Vy -V -
Otim: V3=50V: Ry= f 2 = 501\80 1on =400kQ.
max H

Pé cho von-k&€ c6 dd chinh xdc cao nén chon sai s6 clia dién trd
R;,R,,R; <1% d6 nhay Q/Vpc cda von-ké.

R+R,  25kQ
vV,  25Vpe

= 10kQ/NVp

Vi du 2.4: Von-k€ dung co cdu dién tr c6 cudn diy cd dinh cé dong
| hax =D50MA tdm do 0 — 300V. Xdc dinh dién trd R ndi ti€p véi cd ciu. Pién
tré ndi Rm = 100Q va cdng sui't clia dién trd.
Gidi: R+ R, = ﬂ =6kQ, R=6kQ - 0,1kQ = 5,9kQ

50mA

Cong sudt ctia dién tr§ P = RIZ, =59kQx(50mA)? = 14,75 wart

2.3.2 Po dong dién AC

Nguyén Iy do: P&i véi co cAu dién dong, dién tir von-k& AC diung cd ciu
nay phdi mic dién tr§ ndi ti€p v6i co cdu nhu trong von-k&€ DC vi hai c¢d cdu
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nay hoat dong v6i tri hiéu dung clia dong xoay chiéu. Riéng ddi véi co cau
dién tir thi phdi dung phuong phdp bi€n d6i nhu § phan ampe-ké nghia 13 diing
diod chinh Ivu hoic b bi€n ddi nhiét dién (H.2.18).

Cdch xdc dinh di¢n tré néi tiép cho co cdu ti dign

Hinh 2.24: Mach do dién dp AC

Mach do dugc mic nhu hinh 2.24 diod D; chinh luu dong dién AC & bén
ky duong, diod D, cho dong dién 4m di qua (khong qua cd cdu chi thi) d€ cho
dién dp nghich cia bdan ky 4m cia dién dp AC khong rdi trén diod D; va cd
cdu chi thi. Trdnh dugc dién 4p nghich quéd 16n khi do dién d4p AC c6 gid tri
16n. Pién tr§ R, ndi ti€p & tdm do dién 4pV dugc xdc dinh:

Vac(RMS) =(R; + R )l q +Vp (RMS) (2.19)
ma: Lty = Ve = 0,318v21 4 (2.20)
lhg - dong dién cda dién dp do V¢ (tinh theo tri hi€u dung) qua cd cdu
chi thi va qua R; tuong duong.
Vac(RMS) -V,
| ax /(0,3144/2)

Vi du: Ry =1kQ; I, =50pA. Xdc dinh R, & tdm do V,c =10V
(RMS) vé6i Vp =0,6V (RMS).

R, R = 10V(RMS)-0,6V _9,4V(RMS)
50uA /(0,45) 110uA

R, +R, = 2.21)

= 85,45kQ; R, # 85kQ)

Do nhay Q/V,c clia von-k€ trong trudng hgp nay:
1V(RMS)/110pA(RMS) = 9kQ/V
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Nhu viy véi cling mot co cdu (co cau tir dién) tdng trd vao clia von-ké&
AC sé& nhd hon tdng trd vao ctia von-k& DC.

D3&i vdi von-k& dién ti tdng trd vao clia von-k& khong thay d6i theo tAim
do ddi véi dién dp AC hodc DC.

LU Mach do dién 4p AC c6 thé ding ciu diod (4 diod) hoidc (2 diod) va (2
dién trd) nhu hinh 2.25.

|J Khuyét di€ém clia von-k& AC dung diod chinh lvu phu thudc vao dang
tin hiéu va tdn s6 cao c¢6 4nh hudng clia tdng trd va dién dung ky sinh cla
diod.

D1
R
* NI . \
I
R ml
Dy "m v D, Rm
R L Um
+

D, - D, T 5 _
ve T L1 ] O I Y
J. ot

Hinh 2.25: Mach do dién dp AC ding co cdu tir dién

L P& cho von-k&é AC khong phu thudc vio dang va tin sd cda tin hiéu
AC thi dung von-k€& c6 bd bi€n ddi nhiét dién (H.2.26), cdc dién trd thay ddi
tAm do dudc ndi ti€p vSi dién trd cung cAp nhiét lugng cho cip nhiét dién.

Rs R, R,
—AAA—4
Vv
® V2 + Rm
o_
o— | -
(o]

Hinh 2.26: Mach do dién dp AC dung bj nhiét dién

L Thang do ctia von-k& AC dudc ghi theo tri hiéu dung (RMS) mic du
ding phuong phap chinh luu trung binh. Con néu diing phudng phdp bi€n ddi
nhiét dién thi goi 12 von-ké& c6 tri hiéu dung thuc (true RMS).
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2.3.3 Anh huéng ctia von-ké& trén mach do dién 4p

U Khi von-ké& dugc midc vao phan ti cin do dién 4p thi c6 thé xem nhu
tdng trd vao cla von-k& mic song song vdi phan ti d6 (H.2.27).

Vi du: Von-k€ do dién p hai dau dién rd R, , dong dién di qua R, khi khdng c6
von-k&: | =V/(R, +R,).Pién dp vao: V, = R,| =R, xV/(R, +R,)

Khi c6 von-ké& dong dién I’ qua mach: I'= v
R, +(R,/IR,)
Piéndp: V'=(R,//R)I'= (R, //R) v
R, +(R //R,V)

N€u R, ritnhd so véi Ry din dén (R,/Ry)— R,. Khi d6 4nh hudng

ctia von-ké& khong dang ké doi véi mach do.

v =
I:{2 RZ F{V
o o
Hinh 2.27 Hinh 2.28
Mach tuong duong khi mdc von-ké Mach do dién dp nguén
Vidu 2.5: V=+10V; R, = R; =10kQ;
Ry =200kQ; V, = 10v x10kQ =5V
20 I
Khi d6 von-k&: |'= 10V = 10v
10kQ +(10kQ//200kQ) 19,5k
5= 95K 1ov = 4,88V
19,5kQ

Sai s& do 4nh hudng cda von-ké: [1-(4,88V/5V)]x100% = 2,4%



48 CHUONG 2

Vi du 2.6: Von-k& do dién dp nguon pin (H.2.28). Von-k& dugc dit & tim do

2,5V, téng trd vao Z,, =50kQ, ngudn pin c6 E = 1,5V, ndi trd 5Q. Khi pin

y€u, ndi tré ting 20Q va E’ = 1,4V. Cho biét sy chi thi cia von-ké trong hai

trudng hgp trén.

Gidi: Dong dién qua von-k& khir=5Q: I, =1,5V/(5Q +50kQ) = 30pA
Von-ké& chi: 2,5V x(30pA/50pA) = 1,5V ; khi pin y&u: V = 1,4V noi trd

1,4V
~ 200 +50.000Q
Khi d6 von-ké& chi: 2,5V x(27,98uA/50pA) = 1,39V.

Sai s6 do anh hudng ctia von-k&: (1-1,39/1,4)x100% =1%

20Q2 dong dién qua von-ké: 1, =27,98uA.

Do d6 né€u ngudn c6 ndi trd cang I16n thi sai s6 4nh hudng cla von-k& khi

do dién ap cang ting.
2.4 PO PIEN AP DC BANG PHUONG PHAP BIEN TRG

2.4.1 Nguyén ly do
Mach do dugc mic theo hinh 2.29.

—lt %
1
B, R

B B;: nguén cép cho mach do

B,: nguén chuén
R1: bi€n trd di€u chinh cho dong dién |
R2: noi trd ctia ngudn chuén

G: dién k& (co cdu tir dién)

Hinh 2.29: Mach do dién dp bang bién tré
Bié&n trd BA 12 bién trd do ludng.
Khéa S c¢6 hai vi tri 1 va 2 diing d€ chuidn mdy do va d€ do dai lugng V.
Dong dién I chay trong mach do:
B
l=— 2L (2.22)
KiRy +Rag

0 < K7 £ 1: phu thudc vao vi tri con chay.
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R4z 12 toan tri s& clia bi€n trd do ludng. G dién k& dung dé€ xdc dinh sy
can biing cia mach do. Dong I dugc giit khong d6i (d3 dugce dinh sin). Do d6
trudc khi déng khéa, S duge dé€ & vi tri 1. Ngudn chuin B, dugc dua viao so
sdnh véi dién 4p Ve (con chay C c6 vi tri da dinh truc cho ngudn chudn B).

Tai vi tri vach chudn cta con chay C, dién k& G chi s6 “0” (nghia 12 dong
dién k& bing khong). B, = Vgc = Rpcl. Dong I da dugc xé4c dinh.

Né&u dién k& G chi khdc “0” dong I dinh truéc da thay ddi. Khi do, diéu
chinh R; @€ sao cho “G” chi “0” (nghia 12 K; thay d8i) dong I c6 tri s nhu cii (vi
B thay d6i do nguodn pin yéu hoic manh qué qui dinh).

Sau d6 khéa K dugc chuyén sang vi tri 2: dién 4p Vx can do dudc so sanh
vGi dién 4p V.

Ti€p tuc diéu chinh con chay C cho d&n khi “G” chi khong):

Véc = R'BCI

Nhu vay tai vi tri Rpc ¢6: Vge = Rgel =Vy

I di dudc xédc dinh, do d6 Vy dudc do bing dién trd R'BC. Thoéng thudng
ngudi ta khic tri s6 dién dp do trén vi tri dich chuyén cda con chay C (thudng
dudc ghi trén thudc do hodc dia do).

1} Uu diém ctia phuong phdp do nay la khong bi 4nh hudng clia dién trg
ndi cda ngudn Vy. Vi dong dién qua dién k&€ G bing “0” nén khong c6 dién dp
roi trén dién trd ndi ctia ngudn dién dp can do.

2.4.2 Mach do thyc t& (H.2.30)

b€ dong I dugc xdc dinh mot cdch chinh xdc va diéu chinh dugc tuyén
tinh khi B; thay ddi, ngudi ta dung hé théng dién trd (tir Rs + R;2) k&t hgp ndi
ti€p v6i dién tré R;3 ¢6 con chay C trugt trén bi€n trd va mic song song vdi R3
+ Ry (d€ c6 sy diéu chinh dugc tuyén tinh).

Tri s6 Vx dudc xdc dinh trén vach chia clia dia xoay nhin qua 6 cita sé
(H.2.30). Nhu vay dé€ cho dién k& G chi “0” khi do Vy ching ta phéi diéu chinh
tém do (thay ddi vi tri cia khéa F) va diéu chinh nhd (thay d8i con chay C).
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50
R,
" S —7'(—
=\H
T L
td
. R,
Nut xoay R, R, <1_1 ‘I
AMA * AMA
VRS ': 1
b - .ll___/\\)..a {12
Rs B> -

Mat ngoai bién trd

Hinh 2.30: Mach do cu thé

2.4.3 Mach do cé tri sé cu thé (H.2.31)

Bién tré

VX

Hinh 2.31: Mach do cu thé ciia mV- ké&
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Chuyén vi tri F d€ thay d6i tdim do tir 0,1V dé€n 1,5V (R; =Ry =R3= ... =
R;5=50Q).

Thay ddi H 1a thay d6i hé s6 nhan 0,01; 0,1; 1. Tri s& doc dugc xdc dinh
Vy. Pay 1a thi€t bi do dién dp (mili von-k&) cu thé c6 ba tAm 1dn.

T4m do, v Do chinh xdc, pv
0+1,6 +500
0+0,16 + 100
0+0,016 +10

O mdi tAm do ¢6 phan ra 15 khodng nhd.
Vidu: & tim do tir 0 d&€n 0,016V.
Cé6 15 khodng, mdi khodng cdch nhau 0,001V (1mV).
2.4.4 Ung dung cta phuong phap do dién biing bi€n trd
Dinh chudn cho von-ké DC va ampe-ké DC
Bién trg ke Bién trd ké

(N R
® :
E N

Nguén Nguén
o— + @ - +@
Hinh 2.32 Hinh 2.33
Mach dinh chudn vén-ké Mach dinh chudn ampe-ké

Mach dudgc mic nhu hinh 2.32, dién 4p E dugc dua vao dinh chuén cho

von-ké:
\Y/
E=—2L(R, +R,) (2.23)
Ry

trong d6 Vg; dugc x4c dinh b&i von-k& dung P/P bién trd di néi & trén.

Mach dugc mic nhu hinh 2.33, dong dién I qua ampe-ké& can dugc dinh
chuin di qua dién tré chinh xdc R, dién 4p (Rsl) duge dua vao do bing von-ké&
dung phuong phép bién tré.
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Dinh chudn cho von-ké' AC va ampe-ké AC

Do khéng thé do dién 4p AC va dong dién AC bing phuong phdp bién tré
dugc, nén phadi dung qua thiét bi do trung gian d6 1a von-k€ va ampe-ké& dién
dong (H.2.34).
Variac ) Variac

Ampe-k& dugc Ampe-ké&

e Vén-ké dugc  Vén-ké
R chuén héa dién dong

“ chudn héa dién dong
| ? dD dD
b)

Hinh 2.34: Mach “chudn héa” von-ké' va ampe-ké
a) Mach chudn héa ampe-ké&€ AC; b) Mach “chudn héa” vén-ké AC

>

a)

2.5 VON-KE PIEN TU PO PIEN AP DC

2.5.1 Von-ké& dién tii do dién ap DC transistor
Mach do dié¢n dp DC ding transistor hai méi néi (BJT)

>0 + Vo -
B4 Q, Q, B2 1+
£ ) / | 1
RB1 RS \_/ RE2 { - _
> Rm
$ Rey éRsz
ov
o+ Vg =

Hinh 2.35: Mach do dung BJT

L Mach do dudc dién t3 bdi hinh 2.35. Mach do 13 mach cdu do gébm
transistor Q;, Q2, Ry, R;3 dién dp ra dudgc 14y & cuc E;, E> clia Q;, Q> (hoic cuc
Cj, C2). Bién dp vao cua mach do dugc dua vao & cuc B; (hoidc 1 cuc By clia Qy)
ctua Q;. Khi ding ngd vao don cuc (dién dp cuc B, so vdi diém mass, dién th&
bing “OV ™), hoic c¢6 thé diing vao vi sai & hai cuc B; va Bo.

LI Nguyén ly hoat dong

DPua dién d4p vdo bing “OV” cuc B; ndi v6i mass (hoic Bj, B ndi véi
mass néu ngd vao theo cich vi sai). Theo diéu kién Iy tudng ctia mach do:

Ig; = Igo; Qy, Q2 c6 dic tinh gidong nhau (B = B2). Cho nén:
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1-a

Ici = Bilgr = Ico = Polpy = Igy = Ipp, ale = (I-a)lp, I = lg

o
va Rg; = Rgy; cho nén Vi; = Vi, Khi d6 dong Iy, qua co cdu chi thi bing khdng.

L Khi dién dp vao: V; > 0; Ig; > Ipp; suy ra: Ig; > Ip;

Cho nén Vp;>Vp, dong Iy qua cd cidu chi thi M phu thudc vao
Ve—VEz nghia 12 phu thudc vao dién 4p V;. Pdi v6i mdi mach do sé c6 V; cuc
dai khi€n cho transistor dat dén trang thdi bido hoa VgV
cuc dai.

Vi du: V; = 1V khi€n cho Vg—-Vg = 1V (mtc dién d4p bdao hoa
can do).

L Khi dién 4p vao: Vi<0; Ig;>Ig; suy ra: Vg<Vg din dén
Vie—Ver < 0 ldc d6 dong dién Iy do qua E, dén E; (khi d6 cuc tinh cda dong hod
M phéi déo lai).

Chii y: U Khi do dién 4p V; (duong hay 4m) diém mass mach do bao gid
ciing dudc ndi v6i diém mass cia mach cdn do (n€u ngd vao 13y theo ki€u don
circ ngoai trir ngd vao duge 18y theo kiéu vi sai).

L Khi do hiéu dién d4p V4—Vp clia mot mach can khdo sét, chiing ta phdi
1an lugt do V4 so véi mass va Vg so véi mass (néu ngd vao theo ki€u don cuc).
Con néu ngd vao ctia mach do theo kiéu vi sai thi chiing ta dwa hai ddu do vio
hai diém A va B (trong khi d6 di€m mass clia mach do dugc ndi v6i mass mach
can khio sdt).

U Trong thuc t&€ néu mach khong thda dicu dién 1y tudng nghia 1a khi:

Vi =0V ma Vg;#Vg, c6 khi § trén chiing ta ding mach do sau day c6 bién
trd Rs (bi€n trd chinh “0” clia mach do) diéu chinh con chay Rs d€ cho mach
do phan cyc lai sao cho Ig; = Iz, va Vi, = Vi Mach do thuc t€ duge dién td
nhu hinh 2.36.

® + Voo

Rs

Qz)—> Rs "Chinh 0"
E, m ) E,
Rs R,
[ % RE1 %REZ

Hinh 2.36: Mach do cé bién tré chinh khéng “0”

‘_VEE

LI Mach do dién 4p c6 ngd ra dugc 14y & hai cuc phdt con dudc goi 1a
mach theo dién dp (voltage follower) vi dién 4p ra c6 hé s& khuéch dai bing 1



54 CHUONG 2

so vdi dién dp vao.

*- VEE
Hinh 2.37: Mach khuéch dai c6 hé sé lon hon 1
Né&u mudn dién 4p ra 16n hon dién 4p vao (mach do c¢6 hé s6 khuéch dai
16n hon 1) thi ngd ra dugc 14y & cuc thu C;, C; cia Q;, Q2 nhu mach hinh 2.37.
D3&i véi tin hidu c6 tri s6 do nhé, ching ta c¢6 thé dung thém mot ting
khuéch dai transistor c6 phan hdi ti€p 4m d€ &n dinh sy khuéch dai cda mach
nhu hinh 2.38. Tin hiéu ra dugc 14y & cuc thu C; clia Q3 va phan hdi ti€p Am
dudc 13y tir cuc thu C3 vé€ cuc nén B; qua dién trd Ry.

® Ve
+12V
R 8,2V — —4.5V
2 ¢
82K ¢ Igs
= Cos
I, l1mA l1mA ‘Ics o o
R499K S, m
ANA A
] o]
Vo 3Ry 12 éRS‘
‘ ‘ NguonPOOQ 12K
dong
® Vee
-12Vv

Hinh 2.38: Mach khuéch dai hoi tiép am

Mach do dién dp DC dung transistor truong (JFET)

Mach do diing BJT c6 khuyét di€m 13 téng trd viao clia ban than transistor
BIT nhd (h, ~ vai kQ). Do d6 ngudi ta thudng ding mach do ¢6 ngd vao ding
JFET d€ c¢6 téng trd vao 16n nhu hinh 2.39 sau diy k&t hgp vi mach phan tAm
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do dién dp. Hodc mach do dung JFET kénh N nhu hinh 2.40.

'y [
8OOK § |
Ra sy I $R, +Vee
—° Q,
10V ¥
100K $ I . !
: 25V |
Rb T I I [Q1 T Q2 % R5
— 13* L im ¥
Vi —W—@— Vo
60K Rs
Rc _VEE
Ri g I 1 3R $Rs SR
4OK < < < <
Ry
Hinh 2.39: Mach do cé tdng vao la JFET
1V
VDD
M3 Ry
3V
—————eo
21M$R
¢R; 10V . Y
——————WA— _> (Han dong) < -
R - -/
06M$R, X v
30V
l——o
>
210K$ Ry L $ $ L $
100V C Rs Rst ©C R
| o Zero
\AA,/
90K $Rs |

Hinh 2.40: Mach do dung JFET kénh N

|l Téng tré vao ciia mach do: tong trd vao cla von-ké 1a tdng trd vao clia
mach phin tim do:

Zi=R,+ Ry, + R, + R; =800k + 100k + 60k + 40k = IMQ

Do d6 & mdi tdm do (tAm do 1V; 5V; 10V; 25V & H.2.39) téng trd vao Z;
khéng doi (1IMQ)
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U Pic diém ctia mach phan tim do 12 mach phin 4p vao mach do (mach
ciu do).

Vidu: G tAm do 1V, dién dp do < 1V dudc dua vao mach do. Vi mach do
c6 dién dp bdo hoa & 1V.

Khi dién 4p 16n hon 1V thi khéa S chuyén sang cdc tAm do 16n hon (vi du
chuyén sang tdm do 5V) thi khi d6 mach phian 4p sé& tao ra dién dp V; vao
mach do:

V.
= fio (R, + R +Ry)
R, + R, + R+ Ry
Nhu vy & tAim do 5V (Vao)max = SV
5V

V. = 5V
' R,+R,+R.+Ry

(R.+R.+R;) =
b c d 1IMQ

x200kQ = 1V

2.5.2 Mach do dién ap DC dung IC Op —Amp

(mach khuéch dai thudt todn)

Ddc tinh co bdn

Nhitng tin hiéu do ludng thudng cé tri s6 nhd (hodc rat nhd), nhat la
nhitng tin hiéu tif ngd ra ctia cim bi€n do ludng, cho nén cin phai khuéch dai
nhitng tin hiéu nay trudc khi ch& bi€n tin hiéu.

Nhitng nét dic trung quan trong cia mach khué€ch dai do ludng gdém
nhitng di€m sau day:

LI Hé s& khué&ch dai dugc chon lyra phit hop véi dd chinh xdc va do tuyén
tinh cao

LU Ng& vao vi sai c6 khd ning t5t nhat d€ c6 hé so truat thdi tin hiéu
chung 16n nha't

L P9 &n dinh cho hé s khuéch dai d6i v4i sy thay d6i nhiét @6 hoat dong

LI Sai s6 do su trdi (drift) va dién ap offset DC cang nhd cang tot.
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Hién nay mach khuéch dai do ludng ding vi mach khué&ch dai thuit todn
(instrumentation operational amplifier) d3 dudc ch€ tao mang nhitng dic tinh
co bdn néi trén. Do d6, ching ta khong cin phdi bin tim dén viéc thi€t k&
mach khuéch dai do Iudng nhu khi con dung linh kién transistor rdi. Ngoai ra
hé s6 khuéch dai ctia mach khuéch dai thuit toan hoan toan phu thudc phin ti
bén ngoai do chling ta quyét dinh khi thi€'t k&.

Chinh vi vy & cdc phan sau ddy ching ta phin tich mach do ludng diing
trong mady do dién tl st dung mach khuéch dai thuit todn (op-amp).

Dang mach do khong cé khuéch dai dién dp

Vi
- + Voo
R, $
Vo
—o
R, § - Vcc '?(RS
Vs
——
Rs $ Vo
3 3 v, .
- O~
R4 % ~“max
J_ Rg: 1a bién trg calip

Hinh 2.41: Mach do diing Op-Amp cé hé s6 khuéch dai bang 1

Trong trudng hgp nay mach khué&ch dai diéu hgp (ngin cdch) tdng trd 16n
ctia mach phan tim do va mach ctia dong hé chi thi (H.2.41). Mach khuéch dai
dung op-amp trong trudng hgp nay 1a mach khuéch dai khéng ddo ddu (non
inverting amplifier) vi tin hi€u vao ngo (+) clia op-amp.

Dang mach do cé khuéch dai di¢n dp

Trudng hdp tin hiéu do c6 gid tri nhé chiing ta duing mach khuéch dai
khéng ddo ddu c6 hé s6 khu€ch dai 16n hon 1 (H.2.42).
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Hinh 2.42: Mach do dung cho tin hiéu nhé
Trong trudng hop nay: V, =V, (1+R;/R,)
Vidu 2.7: V;=0,1 von; R; = 90kQ); Ry = 10kQ; Ry, = 1kQ; Lygx = SOLA.
Xdc dinh Ry @€ cho I,, qua ddng hd chi thi cuc dai.
Giai: dién dp ra:
V, =V;(1+Ry/R,) =10x0,1V=1V
Vo= (Rs + Ry)lpax =1V
v

Rg =——— —1kQ = 20kQ - 1kQ = 19kQ
50pA

Mach khuéch dai chuyén doi dién dp sang dong dign (H.2.43).
V, =V;[1+(Rg + R, )/R]

_— V, _v R, +Rs + Ry, 1 =i
MTRg+R, +R, R, R,+Rs+R, R,
(Vl)max = R] Imax~
Vidu: V; = 0,1V, xdc dinh R; d€ cho Iy +Vee
—  Iyue Khi cd cdu do c6 1 + ° ‘
Lnax = S0pA, Ry = 1KQ. Ve b
Gidi: Theo cdch tinh trén. +o
Vi. = Rllmax = /_ Iax ~
Cho nén khi Iy — Iy = SOpA R
.
Tai: V; =0,1V d 1

vV, 01V 10°
V 50pA 50

max

=2kQ Hinh 2.43: Maich fio chuyean foai
fliedn aup sang dogng fieén

Rl=
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Mach khuéch dai dang vi sai
Mach khuéch dai dang vi sai dugc dién td & hinh 2.44.
Khdo sdt mach do trén: E., thanh phin chung cida tin hiéu do.
E;, E; thanh phan vi sai
R

R R
Vo, = 1+ R2)(E, + By )+ (- R2)(E, + B, ) = 1+ —2)E, + E,(——2) + B,
Rl Rl Rl Rl

R R R R

Vog = A+ —2)(E, + Egy) + (——=2)(E; + Egy) = A+ —=2)E, + E; (-—2) + Ep
Rl Rl Rl Rl

RZ

V= V()2 — V()I = (1+ ZR_)(EZ - El)

1

A

E.m + Es +4

Hinh 2.44: Mach do ding khuéch dai vi sai
2.5.3 Mach do dién ap DC ¢6 gia tri nhé dimg phuong phap “chopper”

Mach do dién dp DC c6 gid tri nhd vao khodng vai mV thudng dugc dung
trong dién k& dién tl (electronic galvanometer). bé do nhitng di€n 4p c6 gid tri
nhé nhu vdy phdi ding mach khué&ch dai ghép nhiéu ting d€ ting hé so
khuéch dai. Nhung néu ghép cdc ting khué€ch dai theo ki€u ghép truc ti€p
(ghép DC - direct coupling) thi su tri di€m phan cyc cla ting diu sé dudc cic
tang sau khuéch dai va nhu vay, sé 14n vao tin hiéu do. Do dé phai ding cich
ghép AC (alternative coupling) d€ sy tr6i mdi tding khuéch dai doc lap véi
nhau. Nhu vay tin hiéu do phadi dugc chuyén tir tin hiéu DC sang tin hiéu thay
ddi AC, sau d6 dugc khuéch dai 16n 1én bing mach khuéch dai AC. Sd @6 kh&i
mach do dugc dién td § hinh 2.45.

L Trudc hét tin hiéu do DC dua vao mach khuéch dai theo dién dp c6
nhiém vu diéu hgp tdng trd cho mach phan tdm do truSc d6 va mach chopper
(mach déng-ngit)

LI Mach chopper bao gdm mach dao dong diéu khién mach khéa dién tit
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(thudng dung mach déng ngdt dung JFET), hodc dung phuong phdp chopper
theo phuong phdp quang (H.2.46). Sau d6 tin hi€u § ngd ra ctia mach chopper
12 tin hiéu AC thay d8i (xung vudng) cé bién do 1a mitc dién 4p DC can do va
tidn s6 13 tin s clia tin hiéu dao dong. Tin hiéu niy dugc dwa viao mach
khuéch dai ghép AC @€ khué&ch dai tin hiéu 16n 1én.

L Sau d6 tin hiéu nay dudc dua vao mach gidi diéu ché' (demodulator) € loai tin
hiéu dao dong, 14y lai tin hiéu DC (c6 k€t hgp clia mach loc ha thong).

L Tin hiéu DC da dudc khuéch dai dua vao mach do dién 4p DC (nhu da
néi & phan trudc).

Mach

Mach diéu hop chopper Khuéch Mach glél

téng tré " daiAC T " diéuché

+V

DAO
DONG

DC DC

ov —I_l—l_l I_I ov

Hinh 2.45: So dé khoi ciia mach do dién dp DC
6 tri s6'nhé dung chopper

Sau diy ching ta khdo sdt mach chopper dung phuong phdp quang.

Mach dao dong tao ra tin hiéu diéu khién 2 diod phdt quang Ds, Dg tudn
tw chdp sdng. Hai diod quang (photo diod) D;, D; ciing nhan ngudn siang phat
ra tr Ds va Dy, D4 cung nhin nguén sang phétra tit Dg. Khi D;, Dy, D3 va Dy
nhian dugc 4nh sdng chi€u vao thi xem nhv tiép diém dong. Khi khong c¢é dnh
sdng chi€u vao xem nhu tiép diém hd mach. Cho nén sy din dién cda D;, D3
va sy khong din dién D,, D4 hoiic sy din dién Dy, D4 va sy khong din D;, D;
tao cho xung vuong xui't hién & ngd ra diod D, dugc khué€ch dai 16n 1én. Tu Cs

dudc nap tdi tri dinh ciia tin hiéu xung vudng. Sau dé mach loc s& loai bd tin
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s6 tin hiéu dao dong d€ cho ra tin hiéu V, (DC). Hoic mach chopper ding khda
dién tit bing JFET nhu hinh 2.46 va 2.47:

Hinh 2.46: Mach chopper dung phuong phdp quang hoc

c D4
Mach
Kb “ T ﬁ loc 9
/;" Ds ==CS Vo
L L
\zg vl
Ds Dao dong De z&
A
R2
R, S D
I :[>_ f
v, alG v
| ° Ie
J7 A\ ‘]7
oV (Trigger)

Hinh 2.47: Mach chopper dung JFET

Khi Ugs = 0 thi JFET kénh P din. Vs> Vp: JFET kénh P khong dan. Vé6i
Vp dién dp nghén cia JFET kénh P, JFET hoat ddng nhu khda dién tik.

2.6 VON-KE PIEN TU PO PIEN AP AC

2.6.1 Téng quat

Pé do dién 4p AC (xoay chiéu) chiing ta chuyén ddi dién 4p AC sang
dién 4p DC bing ba phuong phdp sau:

LI Phuong phédp chinh luu ding diod

LI Phuong phdp tri hi€u dung thuc (true RMS)

LI Phuong phép tri dinh.

Trong cd ba phuong phdp, tri s6 do cda tin hiéu thudng dudc doc theo tri
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hiéu dung (RMS—Root Means Square). Do d6 chiing ta ¢c6 mdi quan hé gitta tri
chinh Ivu trung binh véi tri hi€u dung va tri dinh v4i tri hiéu dung. Cho nén cé
céc hé so sau day:

Trohied dung

Hé s6 dang: K¢ =
Trochah [6u trung binh
. Trofiaah
Heé s6 dinh: Kp rons

" Trohiea dung
U Phin 16n cdc von-k€& dién tir do tin hiéu xoay chiéu dugc dinh chuin
theo tri hiéu dung cia tin hiéu sin.
Vi du: Tri chinh luu trung binh toan séng (hai ban ky) cida tin hiéu sin.
Uy = (2/mU,, (U, - bién dé tin hiéu sin); U,y =U /N2

} U, /2
Do d6 hé s6 dang: K :ﬁ:%zml
T m

|l Trong trudng hgp tin hi¢u khong sin tri s& Kynhd hodc 16n hon 1,11 phu thudce
vao dang va tin s tin hiéu. Do d6 néu von-k& AC do cic tri sd tin hiéu khong sin s&
¢6 sai s6 cho tri s& do khi thang do dudc chudn theo gid tri hi¢u dung clia tin hiéu
hinh sin (cach chia vach do theo hinh sin).
Vi du: Tin hi€u xung vudng cé dang sau day:
T
Tri hiéu dung: U4 = [%J-uzdt]m =U, Uty 4
0

T/2

Tri chinh Iuu trung binh (hai bdn k¥).
T/2
2
Ucltb :? .([ Ugt :Um

-y

. U
Hé s6 dang: Ky =1 = —hd_

Ucltb
Trong khi d6 n€u 1a tin hiéu sin thi K{ = 1,11. Nhu vy sai s6 khi do tin

LN A N b A A 3 g . LN - cA
hiéu xung vudng nay bang von-ké dinh chuan theo tri hi€u dung ctia tin hiéu

sin: g, = 1’1111 x100% ~ 10%

i

Vi du: Tri hiéu dung ctlia tin hiéu xung vudng 1a 1V thi von-k& dudc dinh

chuén bdi tin hiéu sin s& chi sai di: 10%x1V = 0,10V. Nghia 1a chi thi s6 1,10V
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(hiéu dung).
2.6.2 Phuong phdp tri chinh luu trung binh

Hinh thitc chinh luu trude roi khuéch dai sau

Dai véi tin hiéu AC ¢6 tri s6 16n chiing ta ding diod trudc. Pién 4p chinh
Iuu trung binh dugce dua vao mach do dién dp DC.

V; 1a tri chinh Iuu trung binh.

Vi=lianR;
Iy = laitb Ry
R,

icip dude tinh nhu & phan do dién ding phuong phéap chinh lvu.
Hinh thiic khuéch dai trudc réi chinh luu sau

cito +Vee
r 4
& + J
Imax
Vao R1§ Vi | Voo 3Ry

Hinh 2.48: Mach chinh luu truéc ~ Hinh 2.49: Mach khuéch dai chuyén doi dp
khuéch dai sau sang dong cé cdu chinh luu

Mach dugc dién td & hinh 2.49. Trong mach do nay ta dung by chinh luu,
dién 4p roi trén diod 1a V), d€ cho dién 4p roi trén diod khong dnh hudng bdi
mach do, chiing ta ding mach khuéch dai trén theo hinh 2.49; I;;: dong chinh luu
trung binh dudc x4c dinh theo biéu thitc:

WVl
R,

;1 Vo |- tri chinh luu trung binh cla Vg, bing cau diod.

Vidu: Vao = 1V(RMS); R, =10kQ
0,9V

|Vio | # 0,636x~/2x1V(RMS) =0,9V; thi: |y, =Tk = J0HA

2.6.3 Phuong phap tri hiéu dung thyc

Theo y nghia vé tri hiéu dung ctda tin hiéu do 12 cin bac hai tri trung binh

ctia binh phuong tri s& do dugc dién t3 bing bi€u thifc:
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T
V, s (RMS) = [%J-vizdt]l/z
0

Cho nén chiing ta dung mach cho #ri binh phuong tin hiéu vao & ngo ra
nhu sau:

Trong thuc t€ mach do ding phuong phdp tri hiéu dung thyc hién nhu
hinh 2.50. Trong mach do nay Q; va Qj3tao thanh mach ciu do (mach khuéch
dai vi sai) loai bd thanh phdn DC (mot chiéu). Bién trd P; dudc diéu chinh sy
phin cuc d€ cho mach hoat dong & phan phi tuyén (mach binh phudng) cho tin
hiéu vao ¢6 tri s6 nhd.

P3
.
4
L W Ay )
<7
F27
——nv—e 300 hd
WA—8-100 R13 l R15 L l R16 L R18
$ R Rieg 22k 2,2k 2,2k 2,2k

R, é Rs é Rio Ry Ris Ri7
2,2k § 330Q 3,3k $ 3,3k 2 3,3k

AC r? ¢ v j"
Input -

Hinh 2.50: Mach cho tri hiéu dung thuc diung transistor
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Do d6 @€ cho mach hoat dong vi sai & ngd vao cia mach do, trudc hét ndi
tit ngd vao AB ciia mach do, diéu chinh P, d€ c6 dién 4p ra clia mach do biing
0 (mach do cin bing). Tang khué€ch dai Q; nhim muc dich bl nhiét cho sy
phin cuc Qs Q3 Qg khi nhiét d6 thay ddi. Hién nay c6 nhitng vi mach tdng

2
Vﬁ] Vinmo ,V%mo
- =1l
e X
Can bac hai
o/ ¢
Binh phuong :I:Trung binh

S
hop IC dugc ché tao, c6 nhiém vu tao ra tri hiéu dung thuc cho tin hiéu do nhu
AD531 (Analog device) va 4301 (burrown). Sd @5 kh&i dugc dién t3 trong hinh
2.51. Trong IC ¢6 3 mach:
Hinh 2.51: IC cho tri hiéu dung thuc

LU Mach nhin d€ c6 tri s6 binh phudng

1 Mach 18y tri trung binh

LI Mach 18y ciin bac hai.

Tin hi€u § ngd ra clia mach I1dy trung binh xem nhu dugc nhian véi mot hé
s6 clia thang do diéu chinh dudc.

2 N . 2 —2
Do d6 c6 thé viét tri trung binh: Viﬁ/E0 =E,; d€ cho: E, =1V

+Vcc

A
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Hinh 2.52: Mach do diing phuong phdp tri hiéu dung bdng bo bién doi nhiét
dléi’l TC] va TC2
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Ngoai ra, trong phuong phép tri hiéu dung thuc chiing ta ding bd bién ddi
nhiét dién d€ chuyén ddi tri hiéu dung clia tin hiéu do & dang bat ky, tin so
bat ky sang tin hiéu DC nhu hinh 2.52. Mach do gdm mach khuéch dai bing
thong rong A; (video amplifier) tin hiéu do dugc khué€ch dai tao ra dong dién I,
c6 tri hiéu dung dot néng dién trd R, clia bo bi€n d6i nhiét dién TC; (n€u Vg,
c6 tri hiéu dung khong ddi) thi I; (RMS) khong ddi tao ra nhiét lugng khong
ddi cho cdp nhi€t di€n dé€ tao ra dién dp DC. E; dua vao ngd (+) cia mach
khué&ch dai A, tao ra dong I, (DC) qua cd ciu chi thi.

Néu ning lugng do cla Vy, dugc duy tri thi I; (DC) cling dugc duy tri s&
cung cAp ning lugng qua R, clia bd bi€n ddi nhiét dién TC,. Nhu vay sé& c6
dién dp E, (DC) khit trir sy gia ting E; (DC) do ning lugng do dugc duy tri.
Ngoai ra by bi€n ddi TC, con ding d€ bu nhiét cho bo bi€n ddi TC; khi nhiét
do moi trudng thay ddi.

Né&u dic tinh nhiét clia hai b bi€n ddi TC; va TC, gidng nhau thi dién
dpraV,: V,=Ry/R; Ay Vio. NEuR, = R, thi

V, = Ay Vo = Vo = V /A,
véi: V,- tri s6 DC; V fo- tri hiéu dung

Ay - hé s6 khué&ch dai ctia mach do.

2.6.4 Phuong phap tri dinh

o+ Vpp
2,3k 5M Mach vao do dién ap DC
——AA—
_.IZ C, 33uF D, Re |
Y| NI
l ] H D
Vo 100k
G R, $ 2,5k 29k
aN D, = G,

— ot VEE RT

Hinh 2.53: Mach do dién dp AC diung mach nhdn déi dién dp
Mach bi€n d6i tri s6 tin hiéu do cé thanh phan xoay chiéu thanh tin hiéu
DC ¢6 tri s6 bing tri dinh. Pinh clia tin hiéu do bing mach nhan ddi dién dp

hodc mach kep.
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Mach nhadn déi dién dp

Pay 1a mach do cu thé diing phudng phdp nhan d6i dién 4p mach khuéch
dai Q;, dung JFET kénh N 1am nhiém vu mach dém giita mach phin tim do va
mach nhin d6i dién 4p. Mach nhin déi dién 4p bao gom C;, C> va D, Do.
Bién tr§ R¢ diing dé€ diéu chinh dién 4p DC & ngd ra ctia mach nhan doi dién
ap.

Mach kep: Mach kep (H.2.54) dién td dién 4p ra DC duong hay 4m phu
thudc chiéu cia diod.

Hinh 2.54a: V,=—E,+V; v61V; = E,, sinot
Hinh 2.54b: V,=E,+V.=E, + E,sinot

v A ~ VA
° pién ap dan cla diod +2E,,

o [ N2 ~ 1
Pién ap dan cla diod

1

—
<
=
Z

1

b)
Hinh 2.54: a) Mach kep dinh duong; b) Mach kep dinh dm

Mach do cu thé:

c R
- w
i pién von-ké do
dién ap DC
g —

Hinh 2.55: Mach kep va mach loc ha thong
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Tin hiéu ra V, cia mach kep cho tin hiéu DC thay d6i, cé tri s6
—2Vp + VpV,, tri dinh cia tin hiéu.
Dang tin hiéu V, & mach kep dinh duong.
biéndpDCam: V,=-2E, +Vp
Dang tin hiéu V, & mach kep dinh dm.
bién 4dp DC duong: V,=2 E,,— Vp
Day dan déng truc

Pau do

/

7

Mach kep
trong “probe do”

Pau “mass”

Sau d6 dugc dua vao mach loc ha théng dé€ cho tin hiéu DC khong thay
ddi Vs, ¢6 tri s6 gin bing —Vp. Pién dp nay dugc dua vao mach do dién 4p DC
cla von-k& dién t. Trong thuc t€ mach kep dugc nim trong probe do (thanh
do) dudc goi la probe AC k&t hgp von-k€ dién t¥ do dién 4p DC.

Hinh 2.56: Mach do tri dinh

=+ D4 R
-\W—¢ ‘
e(t)‘ s | c i E_E
A - m
! tri dinh
| cla e(t)

a) o
W
Ri
— Vi R
T " I<] AM . -
e(t) * C
b) D:

a) Mach do tri dinh khéng cé hoi tiép; b) Mach do tri dinh cé hoi tiép

Hinh 2.56a: Khi e(t) < V¢ diod D ngung din. Khi e(t) > V¢ diod D din
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dién. V¢ = e(t) tu dién nap dé€n dién thé dinh cda e(t) bing E,,. Mach khuéch
dai theo dién dp (hé s6 khuéch dai bing 1) ¢c6 nhiém vu ngiin cdch tu C véi
ngd ra clia mach do. Khoéa S diing @& x4 dién cho tu C @& chuén bi cho chu trinh do
ké& ti€p. Pién trd R; c6 nhiém vu ngin khong cho mach khuéch dai A; dao dong khi
dién dung nap dién. Khuyé&t di€ém 16n nhat cia mach do 1a sy bdo hoa clia A,
khi e(t) < V¢, bdi vi mach do khong c6 hdi ti€p am. Hién tugng nay lam ddp
(tng tan s6 clia mach bi gidi han.

Hinh 2.56b: Tin hiéu trong mach do c6 cdi ti€n hon so v6i mach do trude
12 hoat dong vdi tAn s6 16n hon. Mach khuéch dai A; 12 mach khuéch dai ddo
dau. Khi e(t) vugt qua tri s6 -Ve, V; trd nén 4m va D; din. Sy hoi ti€p 4m trong
hai mach khuéch dai cho dién dp ra E = —E,, dién 4p roi trén diod va dién dp
sai 1éch (do sy khong d6i xing) clia mach khuéch dai A; bi loai bd. Khi e(t)
gidm V; ting dén tri s6 ngung din cda diod D; d€ cho sy hdi ti€p Am qua R;
1am cho diod D> din d€ tranh sy bdo hoa cia mach khuéch dai A;. Tri s6 dinh
duong ctia e(t) dude ddo dau va nap vao tu C. Nhu vdy khong c6 dong dién ri
niao qua diod D; va tdng trd vao clia A, rat 16n. Mudn ddo cyc tinh E thi ddo
chiéu diod D; va D,.

2.7 AMPE-KE PIEN TU PO DONG AC VA DC

2.7.1 Po dong DC

LI Nguyén Iy do dong DC trong ampe-ké& dién tir 12 chuyén dong dién do
14, thanh dién 4p do biing cdch cho dong dién do I, qua dién tr§ Rg theo mach
do nguyén 1y sau (H.2.57).

r---

|
A o : - 1
» | 4

lao 1 | Rsq
1 2
1
\ % R MACH
! []Rs 52 510)
1 PIEN

R e

! s AP DC

Ido !

<_n : RS4
B Lo N

Hinh 2.57: Maich fio dogng DC Hinh 2.58: Maich phaan t

Q

am fio dogng fiiedn
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U Phan tim do dong dién biing cdch thay ddi dién trd (H.2.58).

Tam do I, >I; >I; >I, >I;; cho nén tim do cang 16n thi dién tr§ Ry cang
gidm.
2.7.2Po dong AC

Nguyén Iy do: @€ do dong AC thi ching ta chuyén dong dién AC thanh
dién 4p AC bing dién trd Rg nhu trong trudng hop do dong DC. Sau d6 chuyén
dién 4p do AC thanh dién 4p DC bing nhitng phudng phdp do dién 4p AC nhu
da néi & phin trén.
BAITAP
2.1. Mot ampe-k€& dung co cau do tir dién 6 dién trd cd ciu do Ry, =99Q va dong
1am 1éch t6i da I,q, = 0,1mA. Pién tr§ shunt Rg= 1Q. Tinh dong dién tc‘;ng cong di
qua ampe-ké& trong céc trudng hop:

a) Kim léch t6i da.

b) 0,5D,,; (FSD = 1,4y, full scale deviation).

¢) 0,25Dy,.
2 _
Q)
L4
I S I R I
— — M,i —
Hinh B.2.1

Giai: a) Kim léch t6i da D,,
Pién 4p hai ddu cd ciu do.
Vim=In Ry = 0,1mAx99Q =9,9mV

Vin 9,9mV

IyRs=V,, = Is= — =
s LS m S RS 10

=9,9mA

Dong tdng cong: I= Is+ 1= 9.9mA + 0,1mA = 10mA.
b) 0,5 Dy: Ly = 0,5x0,1mA = 0,05mA
Vin = IRy, = 0,05mA x 99Q = 4,95mV
_Vin _4,95mVv

I = — 4,95mA
Rs 10

I=1Is+1,=495mA + 0,05mA = SmA
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c) 0,25 Dy: I, = 0,25%0,1mA = 0,025mA
Vin = LR = 0,025mA x 99Q = 2,475mV
| Vo _2475mV
Rg 10
I=1Is+1,=2475mA + 0,025mA = 2,5mA.
2.2. Mot co cdu do tir dién c6 I = 100pA, dién trd ndi khung quay
R = 1kQ. Tinh dién trd shunt mic vao co cdu do dé trd thinh mot ampe-ké
tuong ng v4i cac trudng hgp hinh B.2.1.
a) D, = 100 mA = tdm do 1.
b) D, = 1A = tim do 2.
Gidi: a) § tAm do 100mA.
Vin = LuRpm = 100pA x 1kQ = 100mV
ILi=L+1, =I;=1; _I,,=100mA — 100pA = 99,9mA
Vi, 100mV

=2,475mV

g=—m _ PV 4 5010
ls  99,9mA
b) O tdm do 1A: Vi = LRy = 100mV
I =1, I, = 1A~ 100pA = 999,9mA; Rq = ¥m — _100MV__ 4160010
ls  999,0mA

2.3. Mot co cau do tir dién c6 ba dién trd shunt dudc mic theo ki€u shunt ayrton st
dung 1am ampe-k&. Ba dién tré c6 tri s6: R; = 0,05Q, Ry = 0,45Q; R; = 4,5Q;
Ry = 1k Lyax = 50pA, ¢6 mach do nhu hinh B.2.3. Tinh cédc tri s& tim do clia
ampe-ké€.

Rm -
Q)
R, R, R,
A A A
A
C
D
Hinh B.2.3
Gidi: Khda dién 6 B:
Vs = LpaRm = S0pAX1kQ = 50mV.
V. mV
s S >0 = 10mA

"R +R,+Ry; 0,050Q+0,45Q + 4,50
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I, = I+ I, =50uA + 10mA = 10,05mA; = 10mA.
Khda dién ¢ C:
Vs =Ly (Ry + R3) = 50uA(1kQ + 4,5Q) =~ 50mV.

Vs 50mV

= = =100mA
(R, +R,) (0,05Q+0,45Q)

I's

I = 50pA + 100mA = 100,05mA.I = 100mA.

Khdéa dién ¢ D:

Vs = Ln(Rm + R3 +R2) = 50uA(1kQ + 4,5Q + 0,45Q) ~ 50mV
V.

I = =S = S0mvV =1A.1=50pA + 1A = 1,00005A ~ 1A
R, 0,05Q

2.4. Mot co cAu do tr dién I,, = 100pA, dién tré nodi (ddy quin)
R, = 1KQ dudc st dung lam von-k& DC. Tinh dién tr§ tim do d€ von-ké cé
Via = 100V. Tinh dién d4p V & hai ddu von-k€ khi kim cé d6 léch 0,75D,,;
0,5D,,; va 0,25D,, (46 1éch toi da D,,).

Im RS Rm + m_
- . o 7
Pién tré tdm do Ao
-¢ V >
Hinh B.2.4
os V
Giai: V= Iy(Rs+Ry) = RSZI__Rm
m
Khi: V=Viu=100V = IM = I;,. = 100pA
100V
s = 00 — 1kQ = 999kQ.
100pA

Tai do léch 0,75 (FSD) Dy,
1,,=0,75 x 100 pA = 75pA
V=1, (Rs + Ry) =T5pnA (999kQ + 1kQ) =75V
Taido léch 0,5 (FSD) Dy, I, = S0pA
V= 50pA (999kQ2 + 1kQ) = 50V.
Tai do léch 0,25 (FSD) Dy, I, = 25uA
V=25pnA (999kQ + 1kQ2) = 25V.
2.5. Mot ¢d cau do tir dién ¢6 I, = S50uA; R, = 1700Q dugc st dung 1am von-
k& DC ¢6 tam do 10V, 50V, 100V. Tinh cdc dién trd tAm do theo hinh B.2.5a,b
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nhu sau:

\‘SOV 100V

r—
<
|

b)
Hinh B.2.5
* % ~ V
Giai: Theo hinh B.2.5a: R, + R, =
Imax
= Ry = v -R, = e 1700Q = 198, 3kQ
Imax 50“
\
R, :i - 1700Q = 998,3kQ
50pA
Rs :w - 1700Q2 = 1,9983MQ
50uA
R Vi
Theo hinh B.2.5b: R, + R, = I
max
V. V.
R =—1-R,= 20V 7000 198, 3kQ, Ry + Rj+ Ry = —2
| max B Im
V
Ry=—2 —R/— Ry = S0V 198, 3kQ — 17009 = 800kQ
max 5OMA
V. V.
Rn+ R/ +Ry+R3=— = R3=— —Ry—R;— Ry,
Irnax m
= 100V /50pA — 800kQ — 198; 3kQ — 1700Q = IMQ
2.6. Mot von-ké& c6 tAm do 5V, dudc mic vao ! R
mach, do dién 4p hai dau dién trd R, nhu el 76kQ
N I
hinh B.2.6. oy = Ry $ ’ +
a) Tinh dién dp Vg, khi chuwa mic von- 50kQ Tz /.
k€.
Hinh B.2.6

b) Tinh Vg, khi mic von-k€&, c6 do nhay 20kQ/V
c¢) Tinh Vg, khi mdc von-k€, c6 do nhay 200kQ/V.

Giadi: Chua mdc von-ké”:
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Vgy = EL = 12\/& =5V
R, +R, 70kQ +50kQ2
V&i vén-ké cé dé nhay 20kV
R, = 5V x20kQ/V = 100kQ2
R,/ Ry, =100kQ // 50kQ = 33,3k
R, //R
Vey = E—Y—2 12V 33,3kQ  _ 3,87V
R, +Ry /IR, 70kQ + 33,3kQ

V&i vén-ké cé dé nhay 200k$YV
R, =5V x200kQ/V = 1IMQ
R, /I Ry = IMQ // 50kQ = 47,62kQ

47,62kQ
70kQ +47,62kQ

Vg, =12V = 4,86V
2.7. Mot co ciu do tir dién c6 Iys = 100pA va
dién tr§ co cau do R,, = 1kQ dudc st dung lam
von-k& AC ¢é V tdm do = 100V (RMS). Mach
chinh Ivu ¢6 dang ciu st dung diod silicon nhu
hinh B.2.7, diod ¢ VE(ginn) = 0,7V.

a) Tinh di€n tré nodi ti€p R ? Hinh B.2.7

b) Tinh d6 1éch ctia von-ké& khi dién d4p dua vao von-k& 1a 75V va 50V
(tri hi€u dung — RMS)

¢) Tinh d6 nhay ctia von-ké&. Tin hiéu do 12 tin hiéu xoay chiéu dang sin.
Giai: a) Tinh Rs: Pay 1a mach chinh luu toan ky nén ta c¢6 quan hé:

| (tro deah) =1,,/0,637

V,, (tro fiah) =2 V (RMS: tri hiéu dung).

_ 100pA
0,637

Cd cu do c6: Iy = Iy = 100pA = |p =157pA
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1,414V, -2V 1,414V, -2V

Taco: | = R i
m Rs + R ® e '
_ (1,414x100v)—(2x0,7V>_1kQ:890,7kQ
157pA

Tinh d¢ léch: UV = 75V.
L,414V -2Ve _ o0 (1,414X75V) - (2x0,7V)
Rs +Rp, ’ 890,7kQ +1kQ

|, =0,6371,, =0,637

Iy = 75pA = 3/4 0 1éch t6i da. (I,,: dong dinh khi V = 75V)
UV = 50V.
(1,414 x50V)-(2x0,7V)

Iy = 0,637 = 50pA =
890,7kQ +1kQ

do 1éch t6i da

N~

U Tinh dj nhay:
In= 157pA = I(RMS) =0,7071, =0,707x 157pA = 111pA

Téng trd: R = 100V _ 900,9kQ . Pd nhay = 900,9ka _ 9,009kQ/V
1A 100V

2.8. Mot co cdu do tir dién ¢6: Irs = S0uA; Ry, = 1700Q k€t hop véi mach chinh
Iuu bdn ky nhu hinh B.2.8. Diod silicon R I

L . ) . NL—>
Dj c6 tri gid dong dién thuan Ir (dinh) ne ‘D/' ‘Im ‘ISH
5i thi€u 12 100pA. Khi dién 4p do bing "R,
20% Vigm ao, diod ¢6 Vi = 0,7V. Von-k€ & b, + .
¢6 Vidm do = 50V. ‘ g >

a) Tinh R, va Rsy Hinh B.2.8

b) Tinh d nhay ctia von-ké trong hai trudng hdp: c6 D, va khdng c6 Ds.
Gidi: a) Tinh Rs va Rsy

@ day st dung chinh lvu bén k¥ nén ta c6:

I, = I5/(0,5x 0,637): tri dinh trong trudng hgp chinh luu ban ky.

. 50pA .
Cdcaudocl Iy = Ip=50uA = |, =————— =157pA (tri dinh
'fs th 28 m 0,5X0,637 L ( ! )
Khi V =20% Vi, IFamn) c6 tri gid 100pA. Vay khi V= V4 Irdinn c6 tri
gia:
0
I (fah) = wxlOOuA = 500pA

20%



PO DIEN AP VA DONG PIEN 77

Ir=1, + Isy :'>ISH(dl’nh) =Ir-I,= SOOMA — 157uA = 343MA
Vipainn) = ImRm = 15TpA x 1700Q2 = 266,9mV
Vm(ﬁah) 266,9mV

Rey = - = 7780
IsH(nan) ~ 343uA
1,414Viq = Vin(ran) ~ VF
s

_ L414Vis ~Vincmn ~ Ve _ 01,414 x50V —266,9mV 0,7V
It (feah) S00uA

Rs =139,5kQ

b) Tinh dj nhay.
LI C6é Dj: trong bdn ky dudng, dong qua Dy c6 tri gid dinh:
IF(dinh) = S00pA
Trong ban ky am, dong qua von-k€& I ginn):
1,414V,5 1,414 x50V

(Raa) = 139,5kQ2 H
Ithicu dung) = 0,707x500 pA = 353,5uA (RMS)c
Téng tré: R = 50V(RMS) =141,4kQ;
353,5uA(RMS)
b6 nhay = w =2,8kQ/V
50V

L Khéng c6 Dy
Trong bdn ky duong: Irimn = SOOpA. Trong bin ky dm: =0
Trong chu ky cda tin hiéu:
Ithieu dung) = 0,5 Ip(dinh)
v@i I la dong di€én mach chinh chay qua R trong bdn ky duong.

2 | Y |2 (i)
| (hiea dung) =7 E[ (I ¢ sinwt)” dt =4
=0,5x%500pA = 250pA
Téng tré: R = % =200kQ . b6 nhay = 2000 = 4kQ/V

2.9. M6t ampe-k€ st dung cd cdu do tir dién c6 cau chinh lvu va bi€n dong nhu
hinh vé&. Bi€t ring cd cdu do ¢6 I, = 1mA va R,, = 1700Q. Bi€n dong ¢6 Ny =
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500; N5 =4.Diod c¢6: VFgimn=0,7V; R, =20kQ. ampe-ké& 1éch t8i da khi dong
0 cap Ip = 250 mA. Tinh tri gid R;.

I I R, t
— - = o M—
b i,
L
| %
Hinh B.2.9
Giai: Chinh luu toan ky nén ta cé:
I
| (trofiah) = —t_ - 1A _ g 57mA

0,637 0,637

Dién dp E,; & hai ddu cudn thit bi€n dong (tri dinh):
E,=1,Rs+ Ry) + 2Vr= 1,5TmAQR0OkQ + 1700Q2) + 1,4V = 35,5V
= Ey(tri hiéu dung) = ( 0,707x35,5V) = 25,1V
Dong lam 1éch t8i da cd cAu do ¢6 tri hiéu dung I:
I1=1,111;,=1,11x1mA =1,11mA
Ta c6: lthoo™ Iséh:ZSOmAi:ZmA
N hou 500
It = Lyua co cdudo + 11 2mA = 1,11mA + I,

Es _ 251V

- = 28,2kQ
I, 0,89mA

=1 =2mA-1,11mA = 0,89mA; R =

2.10. Tinh dién 4p & hai ddu cd cdu do tir dién (PMMC) c6 R,, = 850Q va Iy =
100pA khi kim 1éch t6i da.

bS: 85mV.
2.11. Tinh tri gia dién trd tam do cho cd ciu do tir dién c6 I, = 200pA, R, = 1kQ
dudc st dung 1am von-k&€ DC c¢6 V,;= 150V.
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2.12. Tinh dong dién di qua co ciu do tir dién khi kim c6 do 1&éch biang 1/2 dd 1éch
t0i da (FSD) bi€t ring co cdu do ¢6 do nhay 1a 20 kQ/V.
DS: 25pA.

2.13. Tinh tri gi4 dién trd shunt && cho ampe-k& c6: Iy = 1mA; R, = 103Q trd thanh
ampe-k& ¢6 1g (Igm a0) = 150mA.
2.14. Co ciu do A ¢6 tam do tir 0 d&€n 10V va dién trd tam do 1a 18kQ, cd ciu
do B ¢6 tAm do tir 0 d€n 300V va dién tr§ tAm do 13 298kQ, ca hai cd ciu do
déu c6 dién trd diy quin R, = 2kQ. Hiy cho bi€t co cdu do nao c6 dd nhay
16n hon.

PS: Cd cau A.
2.15. Tinh dong dién chay qua cd cdu do A, B nhu hinh B.2.15.

R, = 2kQ
R = 10kQ N\
A .
A |
T — 4000 A Ifs=1OOHA TAm dn- 0 _ 4\
LS— VUM ralll uv. v v
—-— E=1V R, = 2kQ
B C
S =10 k/V
Hinh B.2.15

2.16. Tinh céc tri gid dién trg tir R; d€n Rs nhu hinh B.2.16.

o

1= 50 pA

Rp=2kQ
- 1V 5V 10V 50 V 100 V

Hinh B.2.16
2.17. Tinh tri gid dién trd R;, Ry, R3 & hinh B.2.17.

Rm:1kQ //\Ifs= 50 }lA

[}
- 100mA 10mA 1mA

Hinh B.2.17
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2.18. Tinh tri gid dién trd R;, Ry, R3, R4 trong hinh B.2.18.
Rn=2kQ ~ I;s= 50 pA
),

R, R, Ry Ry
I SRV SV
o
- 100mA 10mA  1mA 100pA
Hinh B.2.18

DPS: R; = 1Q; R, =9Q; R3 = 90Q2; Ry = 900Q.
2.19. Ta do dién dp & hai ddu dién tr§ 6kQ trong mach nhu hinh B.2.19 bing
cdch mic von-k€ & hai ddu dién trd nay, von-k& c6 do nhay 10kQ/V. Gid st
von-ké& c6 cdc tdm do 1V, 5V, 10V va 100V, hay cho bi€t tAim do nhay nhat c6
thé sit dung ma sai s6 giy ra do tii cia von-k& nhd hon 3%.

PS: tAim do 100V.

%10 kQ %100 kQ

8V =100V
$6k v, 3R v,

I+
i
I

4l

Sy
Hinh B.2.19 Hinh B.2.20

2.20. Trong mach do sau, von-k€ A c6 dd nhay 5kQ/V dugc ndi gitta X va Y
chi 15V & tAm do 30V. Von-k&€ B dudc ndi giita X va Y chi 16, 13V & tAm do
50V. Tinh d6 nhay ctia von-k& B.
2.21. Dong dién di qua co cdu do c6 tri gid dinh I, = 150pA. Tinh tri gid Ipc
néu co cidu do dung mach chinh luu ban ky.
2.22. Dong dién di qua co ciu do tir dién do dugc 1a 0,8mA. Tinh tri gid dinh
ciia dong xoay chiéu néu cd ciu do st dung mach chinh luu toan ky.
2.23. M6t cd cfu do tir dién ¢6 I = ImA va dién trd ddy quan Rm = 500Q k&t
hgp v6i mach chinh Iuu ban ky d€ trd thanh von-k&€ AC. Tinh do nhay AC va
DC, tinh dién tré tim do d€ von-k& c6 Viz=30V.

DS: Syc =450Q/V; Spc=1kQ/V; Rs = 13,3kQ.
2.24. Mot cd cdu do tr dién c6 Iy = 200pA va dién trd day quan
R,, = 500Q dugc sit dung 1am von-k& AC bing cdch ding mach chinh luu toan
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ky. Tinh dién trg tim do d€ von-ké& c6 V,z= 50V.
2.25. Tinh d6 nhay AC va DC va dién trd Rs trong mach do (H.B.2.25).

Is=1mA
E =20V Rpe =300 Q $Rg, =250 Q
R, =250 Q

Hinh B.2.25

2.26. Mot von-k& AC do tri gid dinh va mot von-k& AC do tri gid hiéu dung
dugc st dung d€ xdc dinh tin hiéu ndo c6 dang sin. Hay cho biét tin hiéu nio
c6 dang sin bi€t ring k&t qua do c6 tri gid nhu sau:

Tin hiéu 1 Tin hiéu 2 Tin hiéu 3
Do tri gid dinh-dinh: 35,26V Do tri gid dinh-dinh 11,31V Do tri gid dinh-dinh 25,00V
Po tri gid hiéu dung: 12,00V Do tri gid hiéu dung: 4,00V Po tri gid hiéu dung: 8,83V

PS: Tin hi€u 2 va 3 c6 dang sin.
2.27. Mot von-k& AC duge dung dé do dién 4p hai dau dién tr§ R, nhu hinh
B.2.27. Biét ring vOn-k&€ ding co ciu do tir dién 6 I = 100pA, dién trd day quan
R, = 1,5kQ, stt dung mach chinh Ivu bdn ky va c6 V,g = 10V. Hiy cho biét tri
gid doc dugc trén von-ké.

A E=20V A E=150V

Hinh B.2.27 Hinh B.2.28
2.28. Hai von-ké& AC khic nhau dugc dung d€ do dién 4p & hai dau dién trd R,
nhu hinh B.2.28. Von-k& A ¢6 dd nhay AC la 10kQ/V va c4p chinh xdc 1a 2%
va ¢6 Vg =200V. Von-ké& B c6 do6 nhay AC 1a 4kQ/V, cip chinh xdc 12 1,5%
va V,g=100V. Cho bi€t von-ké& nao cho ta k€t qua chinh xdc hon.
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Chuong 3

PO PIEN TRO

3.1 PO PIEN TRG BANG VON-KF VA AMPE-KF:

i Va i i Va i
W W=
IV"'Ix * IV *Ix
(D> x x N R
w W o > 3T w U5 g™
a) b)

Hinh 3.1: a) Mach do Ry; b) Mach do Ry
DPay 1a phuong phdp xdc dinh phdn tit dién tré dang hoat dong (do ndng)
theo yéu ciu. C6 hai cich mic d€ do dién trd:
Hinh 3.1a: Von-k& mic tru6c, ampe-k& mic sau (16i mic ré dai). Khi d6

dién trd can do Ry dudc xdc dinh béi:

Re =~ 3.1)

trong d6: V - cho b8i von-k€&; I - cho bdi ampe-ké.

Theo mach do: V=V,+Vy (3.2)
véi: V, - dién dp rdi trén ampe-k&; V, - dién 4p roi trén Ry.

Ta thay c6 sai sd trong viéc xdc dinh Ry do 4nh hudng ndi tr§ clia ampe-
k€. N&u R, (ndi tr§ clia ampe-k€) rdt nhd so v6i Ry thi Vi > V,. Sai s6 do 4nh
hudng clia ampe-ké& khong dang ké.

Hinh 3.1b: Ampe-ké& mic trudc, von-k& mic sau (161 mic ré ngdn). Pién trd
Ry van dudc xdc dinh bdi:
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Ry = (3.3)

\Y

1

trong d6: I = Ix + Iy - cho b&i ampe-k€& véi Iy dong dién di qua von-ke.
Néu Iy[] Ix tdng trd vao clia von-ké& rat 16n so v6i Ry thi sai s6 do 4nh

hudng ciia von-k& khong dang ké.

Vi du 3.1: Po dién 6 ri cda tu dién (Ry) khi i-—>VC I,

hoat ddng § dién dp qui dinh. Mach do dugc L | —
mic theo hinh 3.2. Von-k& c6 tam do 50V (RCX)

va d6 nhay 20kQ/Vpc duge mic ndi ti€p véi Vs O,
tu dién C can do. Kim chi thi dién 4p 10

von. Khi do di€n dp rdi trén tu di€n. .
Hinh 3.2: No fiean tr60 ree Ry
Ve=Ve-V=300V - 10V
=290V
Dong dién t6i da 1,4 clia co ciu chi thi bing 50 pA (kim chi 10V)
Vay dién trd ri clia tu dién
Ry =w=29 Megohm
10pA
Vi du 3.2: Trong mach hinh 3.1a, von-k&€ c¢6 d6 nhay 10kQ/V chi 500 von va
ampe-ké chi 0,5A c¢6 Ry = 10Q. Von-k€& dit & tAim do 1000V. Xdc dinh dién tré
Rx.

Gidi: Theo von-k& va ampe-ké&: Ry =

N€u phan tich: V = Vy + Vo= (Rg + Ry)I; R, +Ry =V/I =1000Q
Suy ra tri s6 thuc clia Ry = 1000Q — 10Q = 990Q.
Viy sai s6 do 4nh hudng clia ampe-ké& va von-ké:

100
1000Q

100% =1%

Vi du 3.3: N&u von-k€ va ampe-k& dudgc mic theo hinh 3.1b thi von-k& va
ampe-ké& doc bao nhiéu? Khi R = 990Q
Giai: Pién trd twong duong gitta von-k€ va Ry.
Ry /I Rx = (10kQ2/Vx1000V) // 990Q = 989,90
Von-ké& chi thi:
989,9

(Ry //Ry) =500V —/= =495V

Vy =500V ——— X" _
R, +(Ry //Ry) 999,9
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Ampe-k€ chi thi tri s6:
Vi 495V

=1y +1y = = =0,5A
R, /R, 989,90

Do d6 & hai vi du 2 va 3 1a n€u do Ry biing cdch 14y tri s6 doc clia von-ké&
chia cho tri s6 doc clia ampe-ké thi tri s6 doc cda vi du 3 chinh xdc hon vi:
Ry =V/I =495V/0,5A =990Q2.

Trong khi tri s6 do dugc & vi du 2: Ry =500V/0,5A =1000Q

3.2 PO PIEN TRG DUNG PHUGNG PHAP PO PIEN AP BANG
BIEN TRO

Mach do dudc mic theo hinh 3.3.
bién ap do bién ap do

%t
RS Rx
— +
o E ®

Hinh 3.3: Do dién dp bdng phuong phdp
bién tré suy ra Rx theo R

Nguén cung cidp E tao ra dong dién I qua Ry 12 Vgy dién dp rdi trén dién
x V Ry V
trd miu Vg: —RX = —X_ Suyra: Ry = Rg—2%,
S RS VS
Vrx va Vs dugc do bing phudng phédp bi€n tré.
Po dién tr§ bing phuong phdp so sanh nay khong phu thudc vao dong
dién I cung cap cho mach do.

3.3 MACH PO PIEN TRG TRONG OHM-KE

Trong mdy do van ning (multimeter V.O.M) c6 phan do dién tré (ohm-
k&). Trong trudng hgp diing ohm-ké& dé do dién trd thi trang thdi do 1a phan t&
dién trd do (Rx) khong c6é ning lugng (do ngudi), mach do sé 13 ngudn ning
lugng riéng (ngudn pin).
3.3.1 Mach nguyén 1y do dién tré

Mach do dugc mic theo hinh 3.4.
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ohm
15k
Vé cung 45 k Sk Zero ohm
0 0
b)

Hinh 3.4: a) Mach ohm-ké; b) Thang do khéng tuyén tinh ciia ohm-ké
Pay 12 mach ohm-k& kiéu mic ndi ti€p, dong dién qua cd cau chi thi R;:
I, = B
Ry + R + Ry,
vGi: Ry - dién trd chudn cda tAm do; R, - dién trd ndi cla cd cau.
Khi Ry — 0Q; I, —> Ly (dOng cuc dai clia cd cau dién ti).
Khi Ry — 0; I, —> Lya (khong c6 dong qua cd ciu).
Vidu3.4: E, = 1,5V; Lq= 100uA; R; + R, = 15kQ).
Xdc dinh chi thi cda kim khi Ry = 0 va sy chi thi tri s6 dién tr§ khi 1,
=1/2 thang do; 1/4 thang do; 3/4 thang do.
Giai: T phuong trinh trén khi Ry — 0: | =1,5V/0+15kQ =100uA
Tai tri s6 1/2 thang do: | =100uA/2 = 50pA
ﬂ
50uA
Khi dong I, = 1/4 thang do: I, = 25pA
bién trd Ry dudc xdc dinh: Ry =1,5V/25uA —15kQ = 45kQ

Khi do dién tré Ry = —(R; + Ry) =30-15=15kQ

Tai dong I, = 3/4 thang do: I, = 75pA

bién trd Ry =1,5V/75pA —15kQ = 5kQ

Nhu vay gid tri thang do dién trd khong tuyén tinh theo dong dién I
(H.3.4b).

3.3.2 Mach do dién tré thyc t&

Trong thuc t&€ ngudn pin E, c6 thé thay ddi. Khi Ry »0Q, I,, qua cd ciu
khong bing Iy, do @6 mach do c¢6 thé mic thém R, (H.3.5) bién trd nay dung
dé chinh diém “0Q” cho mach do khi E, thay ddi. Nhu vay trudc khi do phai
ngdn mach hai ddu AB, diéu chinh R, d€ sao cho ohm-k& chi “0Q”.
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RX
B R O S
A B 12“
tLE, R, Vo Rn

Hinh 3.5: Mach ohm-ké cé chinh “0Q)”

E

Theo mach trén ta c6: I = B

Ry + R + R, /IR,

< . Ep

Néu Ry // RyyU Ry, thi: |y = ———

R, +R;
Nhu vdy dién ap: Vi = In(R2 /1 Ry,)

. V, I,(R, /R
Sé ¢6 dong I, qua cd cdu chi thi: |, =—™" = M.
Rm Rm

Do d6 mdi 14n do cho Ry —0 diéu chinh R, d€ c6:
=S (RZ//Rm)_I
m Rl R max

m
Sao cho khi Ej, ¢6 su thay ddi thi su chi thi Ry s& khong thay ddi.

Vidu 3.5: E, = 1,5V; R; = 15kQ); Ry, = 1kQ); Ry = 1kQY; Lyx = S0pA. Xéc dinh tri s6
Y . 1 3
doc cua Ry khi Iy, = Iy4y; Im:EI I, =—1

max ’ 4 max

Gidi: Tai I, = gy = S0pA; Vi = LyaxRm = S0uAx1kQ = 50mV.

V 50mV
Do d6: [ =—" = =50uA . Nhu vay dong: I, = 100uA.
2 R2 1KO & 1y g 1p u

E, .

Vay: Ry + R; # |_b néu Ry + R; Ry // R[] 500Q.
b

1,5V

=15kQ. Ry + 15kQ = 15kQ; Rx = 0Q.
100pA

1
Khi I, = EImaX =25pA ; Vy, 25mV = I = 25pA.

Suy ra I = S0pA. Vay Ry + R # %; Ry # 15kQ)

n
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Tuong ty nhu cdch tinh trén. I, = %Imax =37,5pA.

I = Iy + I = 37,51A + 37,51A = T5pA.
1,5V
75n A
Vi du 3.6: Trudng hop Ep = 1,3V, tinh cdc tri Ry nhu & vi du 1.

Giai: Khi Ry = 0 thi I,, = S0pA (diéu chinh R,).
B, 13V
R, + Ry 0+15kQ

Ry +R, = — 20kQ, Ry = 5kQ.

Iy

~ 86,67LA.

I, =1,—1, =86,67uA —50pA = 36,67uA

Vin _ 50pA x1kQ
I, 36,67uA

5 = =1,36kQ

O tri chi thi 1/2 thang do I, = 25pA.

V., 25mV
=—= =18,38uA ; I = 25pA + 18,38pA =43,38pA
2 R, 1,36kQ LA Lp u u K
43,38uA

Rx =29,96kQ) —15kQ = 14,96kQ # 15kQ.

Gi6ng nhu tri s& cda vi du 1 khi E, = 1,5V. O tri chi thi 3/4 thang do I, =
37.51A.
_37,5mV

= =27,57uA, I, = 37,51A + 27,57uA = 65,07uA.
136k HA ., Iy n i i

2

65,07 A

Rx =19,97kQ) —15kQ = 4,97kQ # 5kQ2.

K&t qua do & vi du 2 va vi du 1 gdn giéng nhau mic du E, gidm. Vi da
diéu chinh R, d€ cho I, = Ly

Mach do dién tré v6i nhiéu tim do trong may do van ning (H.3.6).

Khi thay d8i tAm do (X1 hoic X10 hodc X100...) dong dién qua co ciu

chi thi 1,, vAn bing nhau nhung tri s& doc dugc trén thang do dugc nhan vdi gid
tri tam do (H.3.7).
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RX1 n n

Rx10 0Q

Rx100

Rx1k @

Rx10k

Hinh 3.6a: Mdt ngoai ohm-ké
DBiém chinh zero 5kQ 3,82kQ) 3.7/5_LL\A
A 82 7
B — "
2,875kQ
9kQ 90kQ 200 10Q
b

$ 236k0
x10K
Khéa tdm do
+__ o o
15V = ° o +
T o o T 15V
o o I
"Cong tac" di chuyén
Rx

Hinh 3.6b: Mach do dién tré cé nhiéu tdm do

Vi du 3.7: Khi Ry = 24Q (H.3.7a).

L 2875k 15V, 1470Q ﬂﬂ, _15v. | 236k 2,875kQ

2,875kQ

1,5V, 14Q L 5\
— —
Ib Ib
Rx Rx Rx
b) c)

Hinh 3.7: Mach do cho titng tam do: a) Mach cho tdm do X1
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b) Mach cho tam do X100; c) Mach cho tam do X10K
1,5V
" 240+14Q+[100//16.6850)]
10Q2

[ =31,254mA— %% _ 18 70uA (gifia thang d
m 100+ 16.6850 MA (gitta thang do)

Khi Ry = 2400Q (H.3.7b).
L 1,5V
b 24000 + 14700 + [1k //15,695K]

=31,254mA.

Iy

=0,311mA

Dong 1,, qua dong ho:
9400
m 15,6950
N€u § thang do X;: I,, = 18,72uA tuong dng Ry = 24Q)
. (10Q2//16.685Q) 10Q
voi: I =1 e —
10Q +16.685Q 10Q +16.6850
=1,5Q/[Ry +14Q+(10Q//16.6850)]x5,989x 10~
L5V x5,989x 107
33x107°

Nhu vy thang do ctia ohm-ké& khong tuyén tinh hoan toan, § mdi tim do
déu phai chinh oL,

=0,311mA x 0,059 =18,62pA

= Ry = )—(14Q+10Q) = 27.2Q — 24Q = 3,2Q

3.2.3 Nguyén Iy do ctia ohm-ké& tuy&n tinh

Thang do clia ohm-ké theo nguyén ly dong dién nhu da dé cap & trén
khong tuyén tinh theo dién trd do. Do d6 trong cdc mach do ohm-ké tuyén tinh
trong may do dién ti chi thi kim hoic chi thi s6, chiing ta chuyén tri s& do dién
trd Rx sang dién dp do Vx bing cdch cung cidp ngudn dong dién I khong ddi
(bat chap tri s6 Ry). Vx = Ry I. Sau d6 Ry dudc do bdi mach dién dp, Vx tuyén
tinh theo Ry

Nhu vay: Khi Ry > 0, Vx - 0 Von.

Khi Ry — o, Vy ti€n d&n gid tri 16n nhat cda mach do

Vi du: Mach do dién 4p c6 dién dp 16n nhat 1,5V thi khi Rx — oo thi Vx —
1,5V.

Nhu vay néu von-k& c6 dién trd chinh mdy trude khi do, thi phdi chinh
Rx—o cho mach do. Khdng chinh Ry—>0Q nhu § mach do dung nguyén ly
dong trong phan trudc (chiing ta sé dé cip trong phain mdy do dién ).

3.2.4 D) chinh x4c cia ohm-ké&
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Do mach dién tré khong tuyén tinh theo thang do, nén sai s6 ting nhiéu &
khodng do phi tuyé€n. Vi vy khodng thang do c6 sai s& cho phép trong khodng
tir 10 +90% khodng hoat dong véi dicu kién chinh “0Q” cho mdi tam do.

Nhu da néi phan trudc khi ohm-k€ chi thi 1/2 thang do thi dién tré Ry
bing ndi tré cia mach ohm-ké&. N&€u & 1/2 thang do cda sy chi thi dong dién c6
sai s0 + 1% clia thang do dién trd din dén sai s6 1a + 2% k&t qua do dién trd.

Khi: Ry = R; va | :i. T sai s6 + 2% cia dong I, (8 1/2 thang

R; + Ry
do) sé& c6 sai s6 cho phin do dién tr§ 12 2% cla (Rx + R))

Gid st Ry c6 sai s6 khodng 1%, khi R = R; thi sai s tai Ry (tai 1/2 thang
do)s€la 2% x (2R;) =4 %.

Vi du 3.8: phin tich sai s6 ctia ohm-ké& khi kim chi thi & 0,8 thang do va 0,2
thang do.
Giai: 0 0,8 thang do:

E E E
ly=0,8l,, =——2 =Ry +Ry =— 02— =—"" _ R
Ry +R; 0,8l,,, O0,8E,/R, 0,8
Vikhi Ry — 0 (H.3.4): I = B 4B
R +Ry Ry

Vay: Ry=1,25R; — R; =0,25R; R; = 4Ry.

N€u sai s6 cda thang do 1a 1 % cho sy chi thi ca kim thi tai 0,8 thang do,
sai s6 clia sy chi thi dong dién 1a 1,25% Iq,. Nhu vdy sai s6 & phan do dién
trd:

ARy (%) = 1,25% (4Ryx + Ry) = 6,25% Ry

g 0,2 thang do:

By, ﬁ

Ry+R; = =
TR0, 21 0,2

—5R,; Ry=4R,
max

Sai s6 cho toan khung thang do 1%, & 0,2 thang do, sai s& cho chi thi 1a

. R
5%. Sai s6 cho Rx: ARy =5%( 4X

+Ry) =6,25%
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Theo su phin tich sai s ctia thang do dién trd trén, d€ do chinh xdc hon
nén chon tim do cho dién tré & khodng 1/2 thang do, vi tai d6 sai s6 dudc
ching minh & vi du trén 1a 4%, trong khi d6 & 0,2 thang do va 0,8 thang do sai
s6 déu 16n biing nhau va bing 6,25%.

3.4 CAU WHEATSTONE PO PIEN TRO

P& cho dién tr§ dugc chinh xdc hon, ching ta diing ciu Wheatstone dé do
dién tr§ bing hai phuong phap

L Phuong phdp can bing

U Phuong phdp khong can bing
3.4.1 Do dién tré dung cadu Wheatstone cin biing

bay la phuong phdp thudng dung trong phong thi nghi€ém vi nhitng wu
di€m cda né.

Nguyén Iy cdu Wheatstone

CAu Wheatstone dugc mic nhu hinh 3.8.

[ .
o "
? Ve Va Q
. () | ' ;
” S TN
u ‘i ELECTRONIC G‘EQLVWMEV[R
R$ Vg Ve 2
[
Hinh 3.8: Cdu Wheatstone do di¢n tré Hinh 3.9: Pi¢n ké G

Khi cAu Wheatstone cin biing 13 dong dién qua dién k& G = 0:
Vp=Vo vi Vg=Vs

Né&u dong I; qua P va R, dong I, qua Q va S.

Khi d6 I;P=1,> Q va I;R = I,S.

Suy ra: B=§ hoic R=ES.
P Q Q

V6i tri s6 P, Q, S bi€t chinh xdc, dién trd R dugc xdc dinh. K&t qua do R
khong phu thudc vio ngudn cung cip E. Pay ciing 13 vu diém ctia phép do. Po
chinh xdc ctia R phu thudc vao dd nhay cla dién k€ G. D6 nhay cla dién k&
16n din d&n sy cAn bing tt hon.
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Ngoai ra sai sd clia dién tr§ P, Q, S cling 4nh hudng ciia sai s R.
Vi dy: Sai s6 cia S 13 +0,5%; P, Q12 1%. Thi sai s cta R:
AR=AS+ AR+ AQ =% 2,5%.

Vi bat ky R d€ diéu chinh cAu Wheatstone cin biing ching ta thudng
thay ddi ti s6 P/Q (tAm do) va S 1a bi€n trd (hop dién trd) c6 gid tri thay d6i
ting 0,1Q (hoidc ting 1,0Q) nhu cdc ciu do Wheatstone trong cdc phong thi
nghiém.

Vidu: P/Q=1/10; S =237,5Q. Khi cau cin biing, do d6 R dugc xdc dinh:
R =23,75Q.

3.4.2 Do dién tré dung cadu Wheatstone khong cin biing

g P Q
p G Q
P
R A Vs &%
40
a)

Hinh 3.9: Mach tuong duong Thevenin ciia cdu Wheatstone
a) Pién dp ngé ra dé hé ciia cdu; b) Pién trd r & ngo ra
¢) Mach Thevenin khi tdi la r, ciia dién ké

Trong cong nghiép, ngudi ta thudng dung nguyén 1y cdu Wheatstone khong
cdn bdng nghia 1a nhd dién 4p ra (hodc dong dién ra) & ngd ra clia cau d€ do
dién trd R hoic sy thay d8i AR clia phin tit do. Phuong phdp nay cin ngudn E
cung cdp cho cdu do dugc &n dinh, vi dién 4p ra c¢6 phu thudc vio ngudn E.
Ngoai ra ciing con phu thudc vao dd chinh xdc cda cdc phan tf ciu
Wheatstone. P nhay clia cdu phu thudc vio ngudn cung cip E va ndi trd clia
bo chi thi (hodc tdng trd vao clia mach khuéch dai néu dién 4p & ngd ra clia
cau dudc dua vao mach khuéch dai).

Tir mach cau do hinh 3.9, dién k€ G dudc thdo ra khdi ciu do. Pién dp &
ngd ra clia ciu:

R S

Ve Vs =Bl 550

Téng tré ngd ra clia cau duge xdc dinh:
r=[P/R]+[Q//S]
Nhu vdy mach tuong duong Thevenin clia cau dugc x4c dinh (H.3.9¢). Do
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d6 dong dién I, qua dién k& khi ciu khong cin bing:
_Vr—-Vs

I’-I—I’g

Ly

re - ndi trd cda dién k€ G

Vi du 3.9: Xdc dinh sy thay d6i dién tr R nhd nhit ma dién k&€ G phat hién
dugc khi do nhay ctia dién k&€ G = 1uA/diV (diV: mot vach chia cda thang do).
P =3,5kQ; Q = 7kQ va S = 4kQ khi R = 2kQ va ndi trd cla dién k& G: ry =
2,5kQ; Ep = 10V.

Giai: Theo bi€u thitc mach tuong duong Thevenin:

VR— V5:Ig(r+rg)
V6i: = (PIIR) +(Q /I §) =22K2x2KQ | TKAXAKD 5 5510
5,5kQ 11kQ
Khi I, thay d6i 1pA thi c6 sy thay d6i: Vg — V.
A(Vg = Vs) = Al(r+r,) = 1nA(3,82 + 2,5)kQ = 6,32mV
AR+ R B S
R+AR+P S+Q
Nhu vay ARpin 6 duge khi: A(Vg—Vs) =6,32mV; AR, I (243,5)kQ2
AR, +2KQ  4kQ
2kQ+AR;, +3,5kQ2  7kQ +4kQ
AR, +2KQ  4kQ _ 6,32mV
5,5kQ 11kQ 10V

Nhu vay d€ cho ARpin cing nhé thi A(Vg —Vg) cang 16n, d§ nhay cang

ma: A(Vg - Vs) = E[

6,32mV =10V (

=6,32x10° =362x5,5x107°Q = 3,476Q

ting thi E, cang 16n, nhung sy ting E, c6 han ch€. Do d6, cin phdi khuéch
dai A(VR —VS) va tong trd Z, ctia mach khué€ch dai phdi I6n (rg dugc thay
bdi Z; cia mach khuéch dai).

3.4.3 TAm do dién tré ciia cAiu Wheatstone

P& cho dién trd do bdi ciu %
Wheatstone dugc chinh xdc thi gid tri P% G Q
do ctia né phdi 16n hon gid tri dién tré E @ <Z_ $Q
ti€p xic va dién trd ddy ndi. Nhu b
mach hinh 3.10 do d4nh hudng ctia ddy R S

ndi c¢6 dién tré nodi gita R va S khi d6 & O B

dién k€ G dugc xem nhu ndi § a hoic Hinh 3'}0' Nlea_m tr?ti EjaaY noai

b dua dé'n ké’t quﬁ do: gaay ra sal soa ou caau
Wheatstone
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_(s+Y)p hoic R=_S7
Q Q+Y
Trong thyc t€ dién trd R do dugc chinh xdc c6é gid tri nhé nhit vao
khodng 5Q. Nhu vdy dé do nhitng dién trd nhé hon 1Q (1/10Q;
1/1000;1/1000Q2 ) ching ta phdi dung k¥ thudt do dic biét.

Ngoai ra, ciu Wheatstone ciing dudc diing dé do cdc dién trd 16n vai MQ

R

(megohm) hodc vai trim MQ, phai ding cdch thic do dic biét (sé néi § phan
sau). Nhung ciing gidi han & tri 10" ohm.

3.5 CAUPOI KELVIN

Pay la cau do dic biét duge dung d€ do dién trd gia tri nhd.
3.5.1 Pién tré bon diu o

bau dong

Nhitng dién tré cé gid tri nhd nhu dién / \
trd shunt can phdi c6 diu dién trd dudc xdc O_"{'W\'\NV?—O
dinh chinh xdc, d€ trdnh sai s& do su ti€p O

R ~ bau thé

xdc cia dau dién trd véi ddy dan dién cé

dong dién 16n di qua. Do sy xuat hién hiéu Dau dong
ing nhiét dién c6 thé c6, cho nén dién trd e ° 2 g
dudc ché tao bon dau (H.3.11), hai didu dong 7

Pau thé

dién thudng c6 bé mit ti€p xic v6i day din S
Hinh 3.11: Niean tr60 boan

6 dién tich 16n; con hai dau nhé goi 1a ddu o
naau

thé (potential terminal) dugc ndi vao ampe-
k€& (miliampe-k€), gid tri dién tr§ dudc tinh & hai ddu nay va khong c6 dién dp
roi trén ddu thé' nay do hiéu &ng nhiét dién.
3.5.2 C4u d6i Kenvin

Ciu doi Kelvin dugc mdc hinh 3.12. Trong h I‘%
cAu do nay c6 dién dp dang ké rdi trén dién trd Y $ Q
clia doan day ndi a, b. Néu tf s6 clia phan ti 1P —1°
P/r = p/R (P=p va R=r) thi khi d6 sai s6 do , D p%'z i
dién 4p rdi trén day din Y sé bi loai bo. T i4 V=0 3, v

Phuong trinh cidu cin bing nay phic tap $h b
hon cau Wheatstone. Khi ciu cén béing thi V, = | S
0: ﬂl

dong iy qua dién tré P va R; dong 1 Hinh 3.12: Caau fioai
qua diéntr Qva S Kelvin fio fiean tr6a nhol

dong i qua P va ry dong I- i
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qua dién trg Y.

B&i vi khong c6 dién dp roi trén dién k€ G cho nén:

IR = ihr+ IS
Suy ra: IS = i;R — i2R = R(i; —i,r/R)
Con c6: iiP = 1Q + Pij, 1Q = P(iy — pi,/P)
P(, —i,p/P .
Chia: Q——(Il 2P )'g E.Néuszvz‘irzR

IS RG,-i,r/R)° S R
Viy, v6i diéu kién cin biing clia ciu va ludn luén c6 p = P va r = R thi
phan t&r do Q dugc xdc dinh:

P P
-s—_=gst
Q R r

Q khéng phu thudc vao dién tré day din, Y, S 1a dién trd miu c6 sai sd
nhd, P 1a hop dién trd thay ddi c6 do chinh xdc cao va d6 phan gidi nhé (c6
thé tirng budce thay déi 1a 0,1Q (hoidc 1Q)), R 1a dién trd thay d6i tAim do cho
cau.

Hinh 3.13: Cau Kelvin vdi dién tré Q, S ¢6 bon dau

Cau do Kelvin thyc t&€ diung dién miu S ¢c6 bdn ddu nhu hinh 3.13. Vi Q
va S thudng c6 dién trd nhé tir vai microohm (uQ), vai mQ (miliohm) d&€n 1Q
cho nén dong I+i| thudng c6 tri s& han ché& (vai ampe). Vi vdy phdi c6 bién tré
R, vi ampe-ké& theo doi. PO chinh xdc clia cidu do Kelvin ciing gidng nhu cau
Wheatstone (dd dugc phan tich). Pdi v6i nhitng dién trd do Q c6 gid tri nhd hon
0,1uQ (microohm) @d chinh xdc s& kém di nhiéu.

Vi du 3.10: Dung S = 1mQ; Q = 23,5Q; R = 1000Q dong qua ampe-k€& 5 ampe,
ngudn E, = 6V thi dién k& G chi “0”. Nhu vay:
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Q=222,1m0=235x10°0
1000
Vi du 3.11: M6t dién trd (bon didu) cé tri s6 khodng 0,15Q dudc do bdi cau
Kelvin. Pién tr§ miu 0,1Q. Xdc dinh i s6 cho cAu do R/P hoic r/p.
Giai: Theo cong thitc khi cau cin bing.
0,1 10
015 15

0-sP_-sP_010P 0150 suyra R =
r r R P

Nhu vdy trén ciu do Kelvin chinh P = p = 15Q.
R=r=10Q hodc P=p=150Q va R =r=100Q.

3.6 PO PIEN TRG CO TRI SO LON

Trong phan nay ching ta dé cip d&n phuong phip do dién trd c6 gid tri
16n (vao khodng vii megohm trd 1én) dung von-k&, microampe-k&, cau
Wheatstone va megohm-k& chuyén dung. Khi do dién trd c6 tri sd rat I6n nhu
do dién trd cach dién clia vat liéu thong thudng s& c6 hai phan ti dién trd.

LI Bién tr§ khoi (volume resistance).

L Pién trd i bé mit (surface leakage resistance).

Hai phan t dién trd nay xem nhu song song véi nhau, nhu vay hai dién
trd c6 tri s6 c6 thé so sinh dugc s& dnh hudng ddng k& d€n dién trd khdi cin
do ctia vat liéu cdch dién.

3.6.1 Phuong phap do dién tré 16n dung von-ké& va microampe-ké&

Cau do dién trd cdch dién clia v4 boc giita day din trong va diy din bén
ngodi (vé gidp bing kim loai) cia ddy din dién ddng truc c6 vé boc gidp
(H.3.14). Khi dong dién di vao diy dan thi sé c6 hai dong dién di qua micro
ampe-ké&, d6 1a dong Iy di qua 16p cdch dién clia v4 boc, dong I di qua bé miit
clia diy din va I6p cdch dién. Cho nén dién tr§ song song giita 16p cdch dién
va bé mit [Ry//Rs] dugc xdc dinh bSi von-k& va micro ampe-k&. N&u Rg so
sdnh dugc vdi Ry thi Rg sé dnh hudng ra't 16n dé€n Ry cin do. PE trdnh 4nh
huéng clia Rg bing cdch loai bé dong Is qua microampe-ké&, ngudi ta thudng
ding day dan dién (khong c6 vé boc hodc vécni) quan quanh 16p vé cdch dién
va ndi truéc microampe-k&. Nhu vy dong dién Is di qua R lic trude sé di qua
day din nay (H.3.14b) do d6 4nh hudng clia Rs vio Ry bi loai bd. Vong day

din nay dudc goi 1a vong ddy bdo vé tranh dién trd rf bé mit Rs.
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Vong day bao vé

Ig+l, Iy
= T OF
LL
Vi —_—
+ + Ig
(\/) E Giap = E Is. V=F
- kim loai -
a) b)

Hinh 3.14: Do dién cdch dién l6p vé boc
a) Dong ri bé mdt Is; b) Cé vong ddy bdo vé

Vi du 3.12: Mot cdp day din dién loai ddng truc 16p gidp bing kim loai bén
ngoai cling, ngin cich day din dién bén trong bing 16p cach dién. Né€u mach
dugc mic ndi nhu hinh 3.14a thi dong dién qua microampe-ké& 12 SpA khi dién
dp thi nghién 1a 10.000V. N&u mach dugc mic nhu hinh 3.14b thi dong dién
do dugc 12 1,5pA. Xdc dinh dién trd khéi cach dién cda 16p cdch dién. Sau do
xdc dinh dién trd rf bé mit & hinh 3.14a.
Giai: Dién tré khoi cdch dién:
3
Ry == =210 _ 67,1090 (ohm)
Iy, 15x10°
Dong dién qua dién trd ri bé mit:
Is=5pA — Iy =5pA — 1,5pA =3,5uA vily + Ig=5pA
E 3
Rg = o - 10x107 = = 2,9%10°Q (ohm)
Is 3,5x10°
Nhu vay néu chiing ta khong loai bé dong Is bing vong ddy ddn bao vé thi s&
do dugc dién trd: Rs// Ry = (2,9 // 6,7)x10° Q = 2,02x10° ohm

Nhé hon ba 1an dién tré khéi cich dién that.
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Trong trudng hgp do dién tré cdch dién cda mdt miu cdch dién bé mit
(H.3.15) khi d6 d€ loai bd dong dién ri bé mit ngudi ta dung vong bdo vé bing
kim loai hinh vanh khidn bén ngoai ban cyc mit trén dé€ do dién trd cdch dién.

Chét cach
dién

Hinh 3.15: Do dién tré cdch dién loai bé dién trd ri bé mdt
Trong trudng hgp diing cAu Wheatstone d€ do dién trd cdch dién d€ loai
bd dién trd ri bé mit, ching ta cling ding vong bdo vé nhu hinh 3.16a va dugc
phén tich thanh mach twong duong (H.3.16b), dién trd b va ¢ 1a hai dién trd ri
bé mit va bé mit dudi cla vat liéu can do dién trd cdch dién. Vi b[] r, (dién
tr§ cia dién ké).
= bllrg=rgvacll S=>cl/S=S§

Nhu vay b va ¢ khdng 4nh hudng d€n dién trd R 1a phan t do cda cau.

Hinh 3.16: a) Cau Wheatstone do dién tré cdch dién bé mdt
b) Mach tuong duong

3.6.2 Megohm-ké& chuyén diung
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B0 chi thi thudng diing cho megohm-ké& (loai ¢ dién) 1a ti s6 k& tir dién
(H.3.17). Cd c&u chi thi ndy gdm c6 hai cudn day.

L Cudn day léch (deflecting coil).

U Cudn day ki€m sodt (control coil).

Cudn ‘kiém soat Nam cham

r————™° * /

|

1 L | ¥ ©

| R1

|

? May phat
Rxé OHMS

;

| W Tay quay

: R, ~~a

: LS

L L [ | 0Q

Guard o

Cubn léch

Hinh 3.17: Megohm-ké chuyén diing
Hai cudn ddy nay quédn trén truc quay mang kim chi thi. Momen quay T>
= KgpO)x va T; = Kg1(0)I.
Hai mémen nay ludn ludn d6i khang nhau va Ky;, K,2 12 ham s6 theo géc

quay 0 ctia kim chi thi d€ sao cho tai géc 0; ctia kim chi thi ta c6:

I, Kg(6)
Tyr = Kg(O)l; = Ty2 = Kgo(G)I2. Suyra —=———r=

L, Kg®) k@)

Viy géc quay 0; clia kim chi thi phu thudc vao tri s& dong dién I; va I,
(co cdu chi thi nay khong c6 tri ban ddu vi khong c6 10 xo ki€m sodt hoic day
treo nhu ¢d cdu dién tir ma chi ¢6 truc quay do d6 khi khong c¢6 dong I;, I kim
chi thi & vi tri bat ky).

Theo mach cu thé ciia megohm-ké: Ngudn E dudc cung cAp bdi mdy phat
dién quay tay (hoic ngudn phat bing mach dién ti ding pin nhu cic mdy méi
sau nay). Dong I; qua cudn diy ki€m sodt:

_E
N Ry +n

I, , Ri . dién trd chuin, r, . dién trd ndi cia khung quay ki€m

sodt dong I> qua cudn day léch.
E

LL=—
2 Ry +Ry +1,



100 CHUONG 3

Rx - dién trd do; R; - dién trd chudn; r; - dién trd noi clia khung quay léch.

U Khi Rx — 00; I — 0: Dong dién I; kéo kim chi thi 1éch t&i da vé phia
trdi thang do c6 tri s6 0.

L Khi Ry — 0; I — Iomax (cuc dai)

Ti s6 1, /I; — tri s0 cuc dai kim chi thi 1&ch v€ phia phéi (tri s8 0Q)

LI Khi Ry — tri s& bat ky khi d6 géc quay 0;.

E E
Ry +1y Ry +Ry+1,
I E/R; +r Ry +R, +r1
Lo EMRW) e, RxtReth g
I, E/NRy +R,+r,) R +1

Nhu vay géc quay 0; phu thudc vao tri sd do Ry.
LI Bdc biét khi kim chi thi gitta thang do:
I
I—l=1 =Rx=R;+r;—Ry—1r
2

Néu: rn=r;= Rx = R;j— Ry.

Nhu vay thay d8i tim do cho thang do bing cich thay ddi tri s& R;.

Trong mach nay c¢6 ddu Guard d€ gin vao vong bdo vé (guard ring) hoic
day bdo vé (guard wire) € loai bé dién trd ri bé mit (Rs) khi do dién trd cach
dién
3.6.3 ﬁng dung do dién tré cach dién va chd day bi cham dat

cua day dién lugi

Téng qudt: Ngudi ta thudng do dién trd cdch dién cla cdc dudng day tai
dién hoic phan phdi dién trong cong nghiép. Vi du theo tiéu chudn thiét k&
mang dién, dién trd cdch dién dugc thit nghiém véi megohm-k& 1000V (hoic
2000V), ngudn dién 4p cdp cho megohm-k&. Pién trd cdch dién dugc do gitta
hai diu day din dién vSi nhau hoic tirng day din dién v6i diy trung tinh véi
diéu kién diy din dudc thdo ra khdi ngudn dién Iudi va tdi (vi du dién tré
cach dién qui dinh t&i thi€u IMQ).
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Do dién tré cdch dign khi tdt nguon dién

Trudc khi do, mach dugc ngit ra khéi ngudn. Pién trd cdch dién cda diy
din A so véi mass. Mot ddu cia day A dugc ndi vao dau L cia megohm-ké& con
diu E clia megohm-ké& dugc ndi diu mass clia day din (diy trung tinh clia hé
thong dién) (H.3.18). Nhu vy dién trd dudgc do 12 Ra//(Rap + Rp). NEu Rup + Ry
rat 16n so v6i Ry thi R4 it sai s6. Sau d6 1au Ry, R, cia ba diy din dudc xdc
dinh dién trd cdch dién véi ddy trung tinh. Con dién tr§ cdch dién giira hai day
A B dugc do Rap//[Ra+Rp]. Tuong ty nhu vy dién trd cdch dién cia ddy BC
RBC//[RB+RC]-

* ¢ o A
A %RAB [
B ! !
o—i ¢ }
| In | | oB
] Rec I o
C L i I I —@— 1 -
I
I I 2 1
: Rac | I ! ?
L-a
RC RB RA
— =
Hinh 3.18 Hinh 3.19
Do dién tré cdach dién ding MQ ké Von ké'V, VI do dién tré cdach dién

Do di¢n tré cdch dién trong truong hop cé nguon

Trong trudng hop diay din c6 ngudn cung cip. Khi d6 chiing ta diing von-
k€& V do dién 4p ngudn cung cip, von-k& Vi 1an lugt do dién dp Va, Vp clia diy
A, day B so vdi day trung tinh (H.3.19). Dong dién I; qua Rp.
V-V, v

Ry Rg+[R,//Ry]

Iy

vGi: Ry, Rp - dién trd cdch dién day din A, B d6i v6i “mass”

Ry - téng trd vao cia von-ké&

Tuong ty khi von-k& dugc mic gitta ddy B 12 c¢6 dong I qua Ry.
V-V \Y,

Ry, Ry+(Rg/Ry)

P

Tu hai phudng trinh trén suy ra:
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V-V, -V V-V, -V
y—A B Rp =Ry— A "B

B VA

Ri=R

Né&u nhu Ryl Rp khi von-k& V| dudc mic gifta ddy A vdi trung tinh, dugc
xem nhu von-ké& Vi mic ndi ti€p v6i Rp & hai ddu von-ké V.

Dodé: Rp= RV(L—l)
Va
Tuong ty nhu vay néu R[] Ry, thi: Ry = Rv(i—l)
Vg
Nhu vy néu dién 4p V clia ludi dién khong ddi thi dién 4p do giita mot
cudn diy din dién v6i trung tinh phu thudc vao dién trd cdch dién clia day din
dién tht 2. Cho nén von-ké& c6 thé khic do theo dién trd cdch dién.

A A
B
’ c
+
$ » © O
he
Hinh 3.20 Hinh 3.21
Hai vén-ké do dién tré cdch dién Ba vén-ké do dién tré cdch dién

TUr trén ta suy ra tri cich dién giita hai diy din dién c6 thé do dugc bing
cdch mic nhu hinh 3.20. Trong diéu kién binh thudng clia su cich dién, mdi
von-k€ sé& cho két qué dién 4p ngudn cung cip day din.

BAt ky su gidm dién trd cdch dién ndo cia mot trong hai diy din, ciing
s€ lam gidm cdch do cda von-ké& nay, trong khi von-ké& con lai s€ ting tri s
1€n.

Trudng hgp ba ddy din clia ngudn dién ba pha, dién trd cdch dién clia ba
ddy din dugc chi thi bdi ba von-k& (H.3.21). Néu nhu dién tré cdch dién clia
ddy din A gidm xudng thi von-k€& V4 gidm, con Vg, V¢ s€ c6 su gia ting tri s6.
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[od]

A
B
C

I

hu |
Au |

v

v

,ﬂ 1

L F . S HEAS
| =

J__ "Rd le" bao vé

AN

| | l
L 1

Hinh 3.22: Vén-ké dugc mdc vdi bién dp do

D&i v6i ngudn dién cung cip trén 1kV thi cdc von-k& dugc mic qua bién
4p ba pha do ludng nhu hinh 3.22. Bi€n 4p ba pha dang nay khong thuin 1gi
khi hoat dong trong trinh trang xdu xdy ra 12 modt trong ba pha bi cham dat.
Nhu vay cudn so cip clia pha bi cham di't ngdn mach, dién d4p cdc pha con lai
ting 1én 1am chdy cudn sd cAp clia bi€n 4p cho nén phai cé sy bdo vé cho phian
s6 cAp clia bi€n 4p.

Do dién tré doan ddy dién bi cham mass

Van dé quan trong la xdc dinh dugc vi tri ca cdp din dién bi cham mass
dé @ mat thsi gian va chi phi cho viéc boc di ci doan diay (n€u loai cép
ngidm chon dudi dat). Nhitng hu hdng thudng x4y ra nhu sau:

L Lép cach dién clia cap bi bé

LU Lép cach dién bi gidm d0 cach dién, c6 su phdéng dién lam hdng

16p cach dién.

R R (R,) Day tét
1 2 L

Hinh 3.23: Vong Murray do dién tré cham mass

Phuong phdp thudng ding d€ xdc dinh vi tri cham mass 1a vong thit
nghiém (test loop). Nhitng phuong phdp nay di xdc dinh ché héng. Mach
thuong dung 1a vong Murray va vong Varley. Pay ciing 14 mot dng dung cda
cau Wheatstone (H.3.23). Khi cAu Wheatstone cin bing (diéu chinh R; va thay
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ddi R)).
R, R +R -R
2 _Ra TR TRX quyra: Ry (Ry + Ra) = Ry (Ru+ Ry)
Rl RX
Vay Ry = R, (R, +Ry)
R; + R,

N&u doan didy Ry c6 chiéu dai Ly; R, c¢6 chiéu dai L,; Rp c6 chiéu dai Lp.
Céc day c6 cling dién trd suit, L, = L, = L va cung thi€t dién A:
Lx R, R,

L L
p—:—[_ap+_bp]; LX =+
A R+R, AT A R, +R,

2L

Vi du 3.13: Poan diy cdp ¢6 cham mass dugc xdc dinh bing vong Murray can
bing khi R; = 100Q va R, = 300Q. Poan day A, B ¢6 chiéu dai L, = L, = 5000m.
Day cdp din dién dong chd't va dong nha't.

Giai: Chiéu dai chd cdp bi cham mass

Ly =[R/(R; + R,)I2L, = (100/400) x 2x5000m = 2500m

hodc dung vong Varley.

(R,) ,
|
")
| o Ry e Cham mass
bI —————————— i

Hinh 3.24: Vong Varley

Mach dién méc theo hinh 3.24, cAiu Wheatstone c6 thém dién trd R;. Pay
1a phuong phdp xdc dinh thém dién tr§ day cham ddt chinh xdc nhat va sy
ngin mach trong mot diy cdp c6 nhiéu diy din dién. N6 dudc cdi ti€n thich
hop nhat tt vong Murray. Gid st chd bi cham mass trén day din dién c6 dién
trd R,. NOi hai ddu day din. Sau d6 khéa S & vi tri a diéu chinh R3 d€ sao cho

cau cin bing.

R R,+R R3;R
—ZZQ.Suyra: R, + R, = —2
Ry Rs R,

Nhu vdy dién trd day din dugc xdc dinh. Sau d6 chuyén khéa S sang vi
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tri b, di€u chinh dé€n tri R sao cho cau (vong VARLEY) can bing. Ching ta

2

CO:
R R R, - R :
Rx(R; + R2) = R; (R, + Rp) — R,R}
Vay: Ry = R Ra + Ro)- RoRy

R, +R,

Vi du 3.14: Trong mach hinh 3.24 R; = 1kQ, R, = 2kQ, chiéu dai cia doan day
cap Ly = Ly = 10Km, dién trd ctia ddy cdp 0,02Q/m. Khi khéa S & a diéu chinh
R3 =100Q thi cdu cdn bing, con khi S & b, R3 = 99Q thi cdu cin bing. Xdc
dinh Ly chd day cham mass.

Giadi: Khi khéa S ¢ a:

R,R; _ 2000x100

R, 1000

=200

Ra+Rb:

Khi khéa S & b:
_R(R,+Ry)-R,R;  (1000x200) - (2000 x 99)
R, +R, 3000
0,67Q
0,02Q/m

Ry =0,67Q

Vay chi€u dai: Ly = =335m

3.7 PO PIEN TRG PAT

Coc do dién tré dit

Thanh din dién bing kim loai (thudng bing déng) hoic nhiéu thanh din
dién dugc déng xudng dat, ving di't cin do dién trd, khi d6 chiing ta c6 coc
ddt. Sau d6 cdc coc ddt ndy duge ndi vao mach do bing nhitng ddy din dién.

Di¢n tré ddt

Dién trd clia viing dat can do ti€p xiic v6i coc di't sé duge xdc dinh bdi
dién 4p roi trén dién trd dat khi c6 dong dién di qua né. Trong thuc t&€ dién trd
da't phu thudc vao diéu kién moi trudng xung quanh (nhiét d6, dd 4m), thanh

phan cda dat.
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Khodng cdch giita cdc coc dit
D€ cho dién trd di't cia cdc coc dat khong dnh hudng vSi nhau (nghia 1a
cdc dién trd coc A 12 R4 khong bi dnh hudng bsi viing di't clia coc B c6 dién
tré da't 12 Rp). Ngudi ta khdo sat thuc t€ nhu hinh 3.25. Dong dién I di qua
viing dat gifta hai coc di't sé tao ra dién dp:
Vac = Ral v8i: Ra - dién trd dat clia coc A
Vec = Rgl Rp - dién tré da't cia coc B
Khi coc P dugc déng gitta coc A va B § bat ky vi tri nao, thi von k€& giita
coc AC c6 tri s§ thay d6i theo dudng bi€u dién (H.3.25b). Nhu vy ngoai pham
vi 10m thi dién 4p Vac khong thay ddi (cdc di€m ngoai 10m ding th€). Nhu
vay hai coc di't cdch nhau 20m sé& c6 dién tré dat khong dnh hudng 1én nhau.
(Trong thuc t&€ hai coc cdch nhau 10m dé€n 20m c6 thé xem nhu hai coc dit
riéng biét).

1.
>
3

g

b)

Hinh 3.25: Khdo sdt dién tré ddt, va dién dp roi
trén dién tré ddt cung dong I di qua

Nguén di¢n dp cung cip cho mach do

Nguén tin hiéu cung ciAp cho mach do 12 ngudn tin hiéu xoay chiéu dang
sin hodc xung vudng. Chiing ta trainh diing ngudn DC do dnh hudng cta dién
gidi s& lam ting sai s& do dién th€ dién cuc. N&u dung dién ludi clia dién luc
thi phdi dung bi€n 4p cdch ly trdnh dnh hudng dong trung tinh (néu cé do dién
th€ lwgi mat d6i xitng) va coc dat cia day trung tinh.
3.7.2 Mach do dién tré dat

Ding von-ké va ampe-ké

Phuong phdp tricc tiép
Mach do dugc mic nhu hinh 3.26.
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Coc A: coc do dién trd dit Ry: Coc P: coc phu do dién 4p; Coc C: coc phu do dong dién
Hinh 3.26: Mach do dién tré ddt bing von-ké va ampe-ké
Theo mach tuong duong clia dién trd dat cla coc A, P, C (H.3.27)
DPién trd cho bdi von-k& V:
Vap = RxI’ + Rply
véil =TI + Iy cho b3i ampe-ké.

. \%
Né&u: Iyl I’ thi I’ ~1. Do d6: Ry =~ TA
Vs
®
j[? c
()"
I v )
It g ©
§ l:‘X éRP RC A 3 P
Hinh 3.27 Hinh 3.28
Mach tuong dvong ciia ba coc Mach do dién tré ddt bang phiuong
A P C phdp gidn tiép

Vay dién tré dugc xdc dinh bdi tri s6 doc clia von-k& va ampe-k&. Do dé6
néu chiing ta quan tAim d€n sai sd do von-k€& va dién trd coc phu thudc dién 4p
thi Rx c6 sai s tuong doi:

er =|[Rg/(Rg + Ry )]100%
trong d6: Rp - dién tré di't clia coc phu dién 4p B
Ry - tdng trd vao clia clia von-ké&

Nhu vay dé€ sai s6 cang nhd thi Rgll Ry.



108 CHUONG 3

Phuiong phdp gidn tiép: Trong trudng hgp ndy do dién trd di't ting coc nhu
hinh 3.28. Von-k& va ampe-ké c6 gid tri dién trd tiing coc:
V.
Ry +Rp =%
Iy

Sau d6 1an lugt do dién dp ctia hai coc BC va CA:

V.

I,
A Vs
Tuong ty nhu vay: Rz + R, = I_
3

Sau dé tir ba phuong trinh nay ching ta xdc dinh R4, Rp, Rc

Trong phuong phdp nay cd ba coc dit (gdm coc do va hai coc phu) déu
dugc xdc dinh, loai trir dugc dnh hudng sai s6 do dién tr§ coc phu giy ra nhu
da dé cap trong phuong phap truc tiép.

Diing cdu Kohlrausch do dién tré dat

Pay la dang cAu Wheatstone d€ do R
2 Rs

dién tré ctia dung dich c6 tinh ch't dién
gidi bing hai dién cuc, né ciing dugc @ //\
tng dung d€ do dién tré da't (H.3.29) Ve \1,, \J /

dién trd Rp+Rp dudc xdc dinh khi cau R
can bing (gidng nhu phuong phdp gidn
ti€p dung von-k&€ va ampe-k&). A o
R
Ry, +Rg =—1R
AtRe =R T
Phuong phdp do dién trd dat ding Hinh 3.29: No fiiean trod

cAu can bing c6 uu diém 1a loai bd dugc baeng caau fio
dong dién tidn chay qua ving dit can do dién trd.

Mady do “chuyén dung” dé do dién tré dat

Ma4y do dung ti s6 k& tir dién: mach do nguyén 1y hinh 3.30.

Dong dién I; di qua cudn diy I cda ti s6 k&€ di qua viing dit cin do dién
tré. Dong dién I, di qua cudon diy 2 c6 ti s6 phu thudc vao dién dp rdi trén coc
do va coc phu dién dp. Piéu chinh bié€n trd R, I> thay d6i. Vi Vap = (Rs + 12)
= Rx1;. Suyra 1,/I; =Ry/(Rg +T1,)

Piéu chinh Ry cho dénkhi: I; =1, = Rx = Rs +r
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Nhu vy v6i Ry tai tri s 1,/I; =1, s& xdc dinh dugc Ry khi r; dd biét
trugce.

Trong thyc t€ dong I; qua ti s6 k& 1a DC, con dong i; chay qua ving dat
do 1a AC, do d6 c6 bd bi€n d8i I; (DC) sang i; (AC) dua vao coc do. Sau do
dong i; (AC) chuyén sang I; (DC) tré vé mdy phat G mot chiéu biing bd chinh
Iuu, con dién dp Vap (AC) dudgc chinh luu sang dién dp V4p (DC) tao ra dong
dién I, (DC).

Nhu vdy trong cdc mdy do cd dién, ding mdy phat (quay tay) thudng cé
truc quay gin lién vdi bd bi€n ddi DC sang AC, hoic chinh lvu tir AC vé DC
dung hién tugng co dién.

a) b)

Hinh 3.30: Mdy do dung ti s6 k&
a) Mach do nguyén ly; b) Mach do thuc té

M4y do ding cd cdu chi thi ti dién (H.3.31): Mach do ¢6 hai vi tri cia SW;
(cong tic chuyén mach) 12 & vi tri “C” dung d€ chinh mdy, dién trd chudn Rc
thay th€ dién tr§ di't cin do.

d vi tri M: Mach do hoat dong vé6i dién tré di't cAn do. Tir ngudn phat
xoay chiéu G tao ra dong dién I di qua dién tré Rc (khi chinh may) hay qua Ry
khi do dién tr§ dat sé& tao ra dién 4p: Rcl; hodc Rxl;.

Pién dp nay dudc so sdnh v6i di€én dp LR, vEi I phu thudc vao Kilj,
trong d6 K; 1a ti s§ bi€n dong CT va R, phu thudc vao vi tri S clia bién tr§ Ry,
Néu DR,s khac Ryl; thi V; = DRy — I1Rx # 0.

Khi d6 V, = KyV; dudc chinh Ivu qua co cdu dién tr, kim chi thi khdc



110 CHUONG 3

khong.

Con chay S clia Ry dudc diéu chinh cho d&n khi V; = 0, khi d6 kim chi thi
clia cd cAu dién tir chi khong: I1Rx = K1I;R s
Do dé: RX = K[Ras

Nhu vay dién tré R, xdc dinh dién tr§ da't Ry.

Hinh 3.31: Mach do ciia mdy do dién tré ddt
CT: Bién dong, VT: Bién dp

Nguén xung vudng

)

N\
<
E CcT
?.Il (bién dong)
=
r h

P Ce
Mach tach

ﬁ Ry Re Rcfséng déng bd

1- Coc phu 4p; 2- Coc phu dong; 3- Coc dat do
Hinh 3.32: So dé khéi mdy do Hinh 3.33: Cdch déng coc

Mach do dién tré dat c6 su két hgp véi mach dién tif dung co cdu tir dién
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Sd db khdi clia mdy do (H.3.32). Ngudn tin hiéu xung vudng tin s§ 500 Hz
dugc tao ra nhd mach dao dong dung transistor, c6 dong cung c4p cho dién trd
dd't can do vao khodng tir 10+20mA. Mach so sdnh tdch séng dong bo (ding
phuong phdp tich séng dong bd), c6 nhiém vu vira chinh luu vira so sdnh hai
dién 4p xoay chiéu.

EX=Rleé ES()=RS()><K11

Diéu chinh con chay d€ cho “G” chf “0” = Ry = 1 Rgp - V6i (K= 1 ).
n n

Cich déng coc dit d€ do cho nhitng may do dién tré da't sau nay (loai dién
nt): Ba coc dat E (coc do); P (coc dién dp); C (coc dong dién) dugc ndi vao
mdy do theo hinh 3.33. Khodng cédch gifta cdc coc 1a tit 5 d&€n 10m. Vi tri cdc
coc tao ra modt géc 16n hon 100°. Khodng cdch EC, EP can phdi 16n hon céc
coc trong trudng hdp déng thing hang.

Céch do ba dién 4p roi trén coc da't (H.3.34)

Cé6 nhitng mdy do dién trd dat c6 phan do dién thé roi trén coc dat 1 vdi
coc dat 2, khi d6 bo chi thi trén mdy do cho biét dién dp roi trén hai coc. Vi
du, do dién 4p roi trén coc dit dugc xem 12 coc an toan cda tdi vdi coc trung
tinh cia ludi dién (H.3.34).

EVO

1- Coc phu dp (Coc trung tinh); 2- Coc dat do

Hinh 3.34: Do dién dp roi trén coc ddat

Né&u k&t qua do dugc dién dp dudi 10V thi khd nidng an toan chdp nhan
dugc va khi d6 ching ta c¢6 thé do dién trd dat clia coc dat an toan cho tai.
Trong trudng hgp dién dp trén 16n hon 10V thi viéc do dién tr§ dat clda coc dat
bi dnh hudng va khd ning an toan phdi lvu ¥ do ¢é sy hién dién ctia dong ri va
su hién hitu cia dong trung tinh do sy mat can biang cla ludi dién.

3.8 PO PIEN TRG TRONG V.0.M. PIEN TU

3.8.1 Nguyén Iy
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b€ do dugc dién trd trong mdy do dién ti, ngudi ta ciing chuyén dai
lugng dién trd sang dai lugng dién dp, sau dé dwa vao mach do dién dp cua
von-k€ dién tir. Mach do dién tré ¢6 hai dang:

LI N&i ti€p
U Mic ré.
3.8.2 Mach do dién tré dang ndi ti€p
Mach do dudc mic nhu hinh 3.35
U Mach do trén ¢6 nim tdm do x1 — x10 — x100 — x1k — x10k. Nghia 1a

tri 8 doc dugc nhan v6i hé s6 nhdn ctia thm do. Vi du: G tAm x100 tri s8 doc trén
mit chi thi 12 36Q thi k&t qué do clia Ry = 36000

L Mach thay d6i tAim do gdm c6 cdc dién trd chudn ndi ti€p vi Ry, cdc
dién trd chuin nay 1a loai dién trd chinh xdc, sai s6 nhd hon 1%. TaAm do dién
trd cang 16n thi dién trd chudn mdi tAm do cang ting. Dong dién cda mdi tAm
do gidm tuong ng (tAm do ting 10 thi dong dién gidm 10).

L Khi Ry = 0Q (ndi tdc hai dau AB), Vg, = 0V

L Khi Ry — 00Q (hai ddu AB d€ hd), Vg, # 1,5V
Vi téng trd vao clia mach do dién 4p DC rt 16n so véi dién trd chudn clia tAm
do, cho nén dién 4p roi trén dién trd chudn khong ding ké trong trudng hop
AB dé ho.
1MQ x10k

100k x1k

10k x100

Mach do
. - } dién ap
1002 X1 Ny f Vo DC tAm

do 1,5V

1k x10 ‘

11+

Hinh 3.35: Mach do dién tré dang néi tiép

L Trudng hdp Ry bat ky véi tdm do tuong Gng c6 dién trd chuin R;.
Ching ta cé:

R
Vio = E—X
Ry +R;
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(0,5v) (O,75v) (V)
05 1 2

0 _—"t T —

Hinh 3.36: Thang do dién tré

Vi du 3.15: G “tAm do 1xkQ” dién trd do c6 tri s6 Ry = 1kQ. Khi d6 Vg, c6 tri

s& nhu nhau.

=15V K2 _
1kQ +1kQ

Nhu vay kim chi thi s& chi s6 1 & giita thang do.

N&u Ry = 0,5KQ thi:

Vv 0,75V

Vo =15V — 22K _ 5y
1kQ +0,5kQ
Nhu vay kim chi thi chi s6 0,5 & 1/3 thang do. N&éu Ry = 2kQ thi:
Vi, =15V K2 _
1kQ + 2kQ

Nhu vay kim chi thi s6 2 & 2/3 thang do. Vay thang do dién trd trong
trudng hop nay khong tuyén tinh.

3.8.3 Mach do dién tré dang mic ré
Mach do dudc mic theo hinh 3.37. Trong mach do nay:
Khi Rx = 0Q, khi d6 V4, = 0V

R
Khi Rx — o thi Vyo = E—2—
R, +R,
Khi Ry ¢6 tri s6 batky.
V. =E [RZ//RX] -E RXRZ

no R, +[R, //Ry] RyR, + R (R, + Ry )

Theo biéu thic nay khi:

ﬂthiv 1E R,

Ry = (R //Ry) = _tp_ "2
XY R 4R, T2 R +R,

Khi @6 kim chi thi 1/2 thang do
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Q I+E ©
{ H1 +VCC
E
i =
TE MACH J $ Vee
PO Ry Vi gl
PIEN ¥l
- AP P Vdo / R
hd g m
DC -
L
Hinh 3.38
Mach do dién tré loai mdc ré

Hinh 3.37
Mach do dién tré dang mdc ré

Vi du 3.16: C6 mach do dién trd sau day:
Cd ciu chi thi c6: Lygx = 50uA, Ry, = 2kQ, E=1,5V
max
th
s .
V

Thi 1 =(1/2)1 xdc dinh R}, R>.
Gidi: Mach tuong duong Thevénin cho mach do (H.3.39).
Rx

Khi Rx=10Q § tAim x 1.. Ry = 100Q & tAm x 10

R
Ew =E 2
R, +R,

Ria=[R1// Rp]

Vi mach do ¢6 mach khuéch dai hé
Hinh 3.39

Maich t66ng fi6éng Theveunin

s6 khuéch dai biing 1 cho nén:
Vi = V4o, khi Ry — 00 thi:

Vi = (Vao)max = Rindmax-
(Vi)max = (Vdo)max =100mV
R,R,
RZ

R, + R,
1
w=5E
2 R+R,

2)

Do @6 khi: Rx=10Q =
. 1
Thi: Vio = Vi=50mV==E
T phuong trinh (1) va (2) ta c6:
100mv
R2 =

1

(D



PO PIEN TRO 115

RiRy = 10(R, + Ry) = 10x15R,
Suy ra: R1 =150Q va Ry = 150/14Q =10,7Q.
Trong trudng hgp Ry = 100Q (& tam x 10). Thi R;R,/(R; + R,) =100Q
Suyra  R;R>=100(R; + R2) = 100x15R;
R; =1500Q va R, = 107,14Q

Vay mach do cé thé vé lai nhu trén c6 hai tim do (H.3.40).

E=15V
x10
 { I +V
l_\T
150 % Twoo ‘I > .
e Y +
Rx% 10,7 % 107,14 Q @
x1 x10 -
AN
\
\
il

Hinh 3.40: Mach do dién tré c6 hai tam do

3.8.4 Mach do dong dién ding ngudn dong khong ddi

Ll Trong cdc mach do dién trd trén ta

dung ngudn dp khdong d6i, nhung dién dp do #Nguén déng

dugc chuyén tir dai lugng dién trd c6 dong v \/ khong ddi

dién di qua thay d6i theo dién trd do, cho nén

dién dp do nay dua vao mach do khdng tuyén Rx%

tinh theo dién tré Ry, din d&€n thang do khong

déu. P& cho dién dp do tuyén tinh theo dién 1

trd Ry, ngudi ta s& dung nguon dong dién ) o .

khong d6i khi Ry thay déi: Vi = IRx Hinh 3.41: Maich fio nguyean
lyd nguoan dogng khoang

Mach do

Vao dién ap

Trong trudng hop nay Ry — 00V, — tri s6 16n nhit clia tAim do dién dp
Ry —> 0 thi Vg, = OV

Mach do dién tré tuyén tinh (linear ohmmeter) thudng dudc dung trong
mdy do da dung dién t& chi thi s6 (digital multimeter).

Mach cé ngudn dong khong ddi dung transistor (BJT)
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Ngudn dong dién khong ddi cung cAp cho dién trd Ry 12 dong Ic clia Q; R,
R, dién trd phan cuc cho cuc nén Q; theo dién 4p clia mach da cho.

Nhu vay dién trd Rg c6 dién dp 5V khong di. Gia st, diéu chinh Rg dé cho I¢
= 1mA. Khi dé dién trd Rx = 5kQ thi Vz, = 5kQ x1mA = 5V (tri s6 16n nhat cla
tam do).

Khi do dién trd 16n hon 5kQ thi phdi chuyén tim do bing cich thay ddi
ngudn dong Ic.

Vi du: thay d8i Rp @€ cho dong Ic = 0,1mA, khi d6 dién tré do dugc dén
50kQ.

Né&u khong mudn thay ddi dong I (hodc khong thé cho I qud nhé khi Ry
ting 1én 16n) thi thay ddi tAm do dién 4p tuong Wng vSi dién trd Ry.

RX

ANN——

* R
RE
5V
57V| R,

m
<

o
~
<
|
1
|||—( +
1
|

9,3V > A
! R
3 gdh [ueenas
X Ule” ap
} B tam 5V
L
Hinh 3.42 Hinh 3.43

Mach do dién tré tuyén tinh Mach do ditng nguon dong khéng doi
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Dung ngudn dong khéng ddi bing Op-Amp

Theo dic tinh mach khuéch dai duing Op-Amp: V, = (R, /R)E . Ching ta
xem nhu dong 7 khong d6i: | = E/R ; V, = —IRy. Khi Ry thay ddi thi V, thay ddi
tuyén tinh theo Ry.

Vidu: E=+3V; R =3kQ. Xdc dinh V, theo Ry.

Ta cé: V,=- IRy, v6i: | = E/R =3/3kQ =1mA

Vay V, = - Ry (ImA)

Vi du: Ry = 100Q — V, = 100mV. Né&u V,, c6 tri s6 bdo hdoa & 5V (dic tinh
Op-Amp) thi khi d6 Ry = 5kQ 14 16n nhat. Viy mudn thay ddi tAm do thi thay
ddi R @€ c6 sy thay d6i I (ngudn dong) twong ¥ng véi mdi tAm do.

Mach do cu thé diing ngudn dong 6n dinh nhd sy diéu khién cda mach
khué&ch dai Op-Amp. D;, Ds, D3, D412 loai 1N4154.

R;=330Q; R»=33kQ; R3=33kQ; R;=330kQ
Rg=22MQ; Rgs=1MQ (dién trd tAm do).

R1
AN—e  x1
BC107  $22K | |

/O_

K —vw—=e x10
Q >
1 @ F 12 | e x100 J
[ X
v, 1t 10K 5 ~ BC30 [9c
+l Aiiso N 22K R, 1K
15:20V Qe Ra 3 +741>_
-9 4
>
1,8K 6.8K
3 B
ICS
' 3

D, D, °R,
$ 5600 p
N \

(1K) Ds

2

Hinh 3.44: Mach do dién tré “tuyén tinh” ding Op-Amp
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R = 10kQ: dién trd chinh tri s6 16n nha't cho mach do dién trg

Rz = 10kQ: dién tr§ chinh 0 cho mach do

01, 0> (BC107): transistor c6 hé s6 khuéch dai 16n

Q3 (BC309C): transistor tao ngudn dong dién cho mach do dién tré.

Su hoat ddng ctia mach do: Mach c6 hai Op-Amp 741.

Op-Amp(1): C6 nhiém vu k&t hgp véi Q3 tao ra dong dién Ic3 clia Q3
dugc 6n dinh khong bi thay ddi di€m phan cuc do nhiét d6 ctia moi trudng va
cia bdn than transistor Q3.

Op-Amp(2): Ding lam mach do dién trd, mach nay c6 hé s& khuéch dai
bing 1.

Qui trinh chinh Op-Amp ké&: Truéc hét cho Rx = 0 d€ chinh vi tri O cho
thang do (c6 thé chinh tri s6 c0) & mdi 1an thay ddi tAim do déu phdi chinh tri s&
16n nha't cho thang do d€ trdnh sai s6 phi tuy&€n do dién trd tim do gay ra.
BAITAP
3.1. Mot ohm-k& loai ndi ti€p c¢6 mach do (H.B.3.1). Ngudn E;, = 1,5V, co ciu
do c6 Iy, =100pA. Pién tré R; + R, = 15kQ.

a) Tinh dong dién chay qua co cdu do khi R, =0

b) Tinh tri gia R, d€ cho kim chi thi c6 d9 1éch bing 1/2 FSD, 1/4 FSD va
3/4 FSD (FSD: d6 1éch t6i da thang do).

Hinh B.3.1
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Giai:

119

E

a) |, = b LV 100uA (FSD)
R,+R; +R,, 0+15kQ

b) L1 Po léch biing 1/2 FSD

| 100pA

m

=50pA (Vi cd cdu do tuyén tinh)
E
R,+R +R, =—2

E
= szl—b—(Rl+R )_ 15\/
m

—15kQ) = 15K
m S0pA
11 D6 léch bing 1/4 FSD:
| =100A _o5a; R, =2V _a5k0 - 45k0
4 25pA
LI Do 1éch bing 3/4 FSD:

I,,=0.75x100pA = 75pA; R, _ LV 5kq = sKka

S5uA
3.2. Mot ohm-k&é c¢6 mach do (H.B.3.2)

Biét: E, = 1,5V; R; = 15kQ; R, = 50Q; R, =
50Q, co cdu do ¢6 I = S0puA
Tinh tri gid R, khi kim chi thi c¢é do
1éch 81 da: (FSD); 1/2 FSD va 3/4 FSD
Gidi: Kim léch t6i da (FSD):

In 50pA; Vi,
50uAX50Q = 2,5mV

Lt

InRy =

Hinh B.3.2

V., 2,5mV
IZ = —_—=

= 50pA
R, 50Q

E
R, +R, =—=2= LSV

Dong dién mach chinh: I, = I> + I,,, = 5S0pA + 50pA = 100pA
=15kQ
Iy ~ 100pA

Ri=(Ri+R)) - R;=15kQ - 15kQ =0
Kim léch 1/2 FSD:

In = 25pA; Vi = 25pAX50Q = 1,25mV; |, =

_1,25mV — 25.A
50Q
Ip =25pA + 25pA = 50pA
R, +R; :ﬁ:\BOkQ;R
pA

= 30kQ - 15kQ = 15kQ
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Kim léch 3/4 FSD:
Ln= 0,75 x S0pA = 37,5uA; V,, = 37,50Ax50Q = 1,875mV

_1,875mV

500

R, +R, :%: 20kQ = R, = 20kQ —15kQ = 5kQ

I, =37,5pA; I = 37,5uA + 37,5uA = T5uA.

3.3. Mot Ohm-ké& c6 mach do & bai 2. C6 ngudn Ej, gidm xudng chi con 1,3V.
Tinh tri gid mdi cia R»? Tinh lai cdc tri gid R, tuong tng v4i do 1éch cia kim:
1/2 FSD, 3/4 FSD.

E
Gii: Khi R,=0; |, ~ —2 13v

~ = =86,67uA
R,+R; 0+15kQ

Iy = 50pA (FSD); I> = I, — Iy = 86,67puA — SOpA = 36,67TpuA
Vi, 2,5mV

Vin = LR = S0uAXS0Q = 2,5mV; R, =~

= =277 _68,18Q
I, 36,67uA

Kim co dé léch 1/2 FSD:
Iy = 25uA; Vi, =25uAX50Q = 1,25mV

Vi _1,25mV
R, 68,18Q

p = =18,33uA

Ip = Iy + [ = 25pA + 18,33pA = 43,33pA
V,
R,+R =-M = 1,3V

——=2Y _ _30kQ = R,=30kQ- 15kQ = 15kQ
l, 43,33pA

Kim co dé léch 3/4 FSD:
Iy = 0,75%x50pA = 37,5pA; V,, = 37,5uAx50Q = 1,875mV

1,875mV
_LOIOMV 50 5uA: I, =37.50A + 27.50A = 650A
2~ 768180 H ’ H H H
R 4R, = m ~ L3V o0ka = R, =20k - 15k = 5kQ
I, 65uA

3.4. Tinh dong dién chay qua co cAu do va dd 1éch clia kim chi thi cia ohm-ké&
¢6 mach do nhu hinh vé& khi ta st dung tAm do Rx1 trong hai trudng hgp: a) R,
=0 va b)R,=24Q.
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50kQ seoke LA
A e A &)
chinh 2.875kQ
zZero
9kQ 9000 900Q 10Q
$236kQ 3 20kQ $ 1470k $140kQ $ 14kQ lb. _Tm>
] ] ] —||—'\N\¢—‘-'V‘N—7¢_%
1,5V 9,99 2,875
Rx10k Rx10 14Q 3.82
Khe Rx1 2 Ry 10Q
oa

tam do 87,50A

i *

15V = —
= =15V b)
"Céng tac" di chuyén x R )
a)
Hinh B.3.4

Giai: Mach tuong duong clia ohm-ké& khi ta s dung tim do Rx1 trong hai

trudng hgp R, = 0 va R, = 24Q nhu sau:
UKhiRy=0: I, = 1,5V

14Q +[10Q//(9,99kQ + 2,875kQ + 3,82kQ)]
1,5V
’ =62,516mA .

b =140+ (10Q//16,685kQ)
100

Dong 1,, chay qua cd cdu do:

| m =62,5616mA
10Q +16,685kQ
In=37,5nA = If: kim 1éch t6i da.
L Khi R, = 24Q:
lp = LSV = 31,254mA
240 +140(10Q2//(16,685kQ)
100 =18,72pA: kim léch 1/2 FSD

|, =31,254mA
10Q +16,685kQ
3.5. Tinh dong dién chay qua cd cdu do va do 1éch cda kim chi thi cia Ohm-ké&
c6 mach do nhu bai 4, khi ta st dung tdm do Rx100 va Rx 10K trong trudng

hgp R, =0.
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14700 2,875 kQ 236Q 2,875kQ
| 9kQ | ! 9kQ
1,5V 3,82kQ 1,5V 3,82kQ
$R, $1kQ R, 10kQ
37,5pA 37,5pA
Hinh B.3.5

Giai: Mach tuong duong clia ohm-ké khi ta st dung tim do Rx100 va R, = 0.

1,5V
I, = d
™ 14700 + [1kQ//(9KQ + 2,875k + 3,82kQ)]
- L5V = 622,38uA
14700 + (1kQ//15,695kQ)
1kQ

I =622,38pA =37,5uA = | kim chi thi 1&ch t5i da.

1kQ + 15,695k
1 Mach tuong dudng cda ohm-k€& khi ta s& dung tdm do Rx10kQ va R, =

0.
o 15V
b= 236kQ + [L0K2//(2,875 kQ + 3,82 kQ)]
= 15V = 62,51A
236kQ + [10kQ// 6,695kQ]
I, =62,5pA 10kQ = 37,5pA = | ;: kim chi thi léch t6i da.

10kQ + 6,695k
3.6. Ta do dién tr§ bing cdch dung phudng phip V V@ du’@méc ré dai.
Ampe-k€& chi 0,5A, von-k& chi 500V. Ampe-k&€ c6 R,= 10Q, von-ké sit dung
tam do 1000V va c6 d6 nhay 1a 10kC/V. Tinh tri gia

‘ R\
R. 3 W
. . < Ea
Giai: E+ E4 =500V; I = 0,5A E e éR
E+E
R,+R=C1Ea _S00V _ 14500
| 0,5A ]
R =1000Q — R, = 1000Q — 10Q = 9900 Hinh B.3.6
3.7. Cdc ampe-k€, von-k& va dién r6 R § bai 6 o @
dugc mic ré ngin. Hay tinh do chi ctia von-k& va Iv‘ ‘I

ampe-ké& (ngudn cung cip van 1a 500V) g R, $R

[

Hinh B.3.7
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Giai: Noi trd cia von-ké:
Ry = 1000Vx10kQ/V = 10MQ.
Ry /I R = 10MQ // 990Q = 989,90
500V x (R, //R) 5000V x 989,90

U P chi ciia von-ké&: E = = =495V
R,+(R,/R) _ 100 +989,90
I D§ chi cda ampe-k& =1 +1, = E__ 49V _ 0,5A.

Ry /R 989,90
3.8. Mot Ohm-k& ndi tiép ¢6 dién tré Ry = 50k I Jco cau do c6 I, =751 A va
Ry =100Q. Pién trd mic shunt R, = 300Q, ngudn cung cap E = 5V. Hay cho
bi€t tri gid dién tr§ R, do dugc tuong wng véi dd 1&ch cia kim: 0,25%; 50%;
75%; va 100%FSD.

3.9. Mot Ohm-k€& ndi ti€p c6 cdc thanh phan sau: ngudn cung cdp E, =3V,
dién tré ndi ti€p R, =30kQ, dién trd shunt R, =50Q, cd cdu do c6
Ifs=50pA, dién tr§ co cdu do R, =50Q. Cho biét tri gid R, do dugc tuong
ung v4i do 1€ch: 1/4 FSD, 1/2FSD va FSD.

3.10. Hiy vé mach do cho ohm-ké& ndi ti€p c6 nhiéu tim do. Hay gidi thich su
hoat dong cia mach.

3.11. Gid st ohm-k€&€ & bai 3.9 ¢6 E, gidm xudng con 2,5V, hdy xdc dinh trj
gid méi R, cdn phdi di€u chinh, va nhu th€ tinh lai cdc tri gid R, tuong dng
vGi do 1é€ch: 1/2FSD va 3/4FSD.

3.12. Ta do R, bing cdch dung phuong phap von-k& + ampe-k€ c6 cdch mic ré
dai. Ampe-k€ c¢6 ndi trd R, =10Q, von-k& c¢6 dd nhay10kQ/V . Ampe-k€ va
vOon-k& c6 cdp chinh xdc 12 1%. Tinh tri gid that cla R, khi ampe-k& chi 0,5A
& tam do 1A, va von-k& chi 500V & tam do 1000V.

3.13. Ta do R, bing phuong phdp von-k& + ampe-k€ c¢6 cdch mic ré ngin.
Ampe-k€ c¢6 R, =0,1Q, von-k& st dung tim do 5V, ¢6 d nhay 10kQ/V. Khi
von-ké chi 5V, ampe-k€ chi 0,6mA & tim do 1mA.

a) Tinh tri gid do dugc R, .

b) Tinh trj gid that R, n€u von-k€& va ampe-k€& ¢6 cdp chinh xdc 1%.

3.14. Hiy tinh R, d€ ciu Wheatstone c6 thé do dugc R, trong khodng ti:
1Q fied 100k bing phuong phdp cin bing.
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R{=1kQ

R,=10,3kQ

Hinh B.3.14 Hinh B.3.15
3.15. Tinh dong dién |4 di qua dién k& (H.B.3.15).

3.16. N&u dién k€& & hinh B3.16 ¢6 do nhay Sy =10mm/pA, hay xdc dinh do

1éch ctia dién k&?

Hinh B.3.16
3.17. Cho mach do nhu hinh B.3.17. Xdc dinh E, theo E, va phén ti cAu do
trong cic trudng hgp sau:
a) Ry =R+AR; R, =R;=R, =R (R AR)
b) Ry =R;=R+AR; R, =R, =R (R AR)
¢) RR=R;=R+AR; R, =R, =R-AR (R[] AR)

Hinh B.3.17
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Chuong 4

PO PIEN DUNG, PIEN CAM VA
HO CAM

4.1 DUNG V(:)N-Kf«:', AMPE-KE PO PIEN DUNG, PIEN CAM
VA HO CAM
4.1.1 Po dién dung
Mach do dugc mic theo hinh 4.1. Tdng trd clia dién dung Cx dugc xdc
dinh bdi von-ké& va ampe-k& (n€u sy hao mat do dién mdi cia tu dién khong
ding ké).
V 1 I

Zey =—=—7;Suyra: Cy =—
X T T e T X TG

- Cx @VS C\D

=<
®©
&/
©

11

Il

4]

py)
%)

Hinh 4.1: Mach do Cx diing vén-ké va  Hinh 4.2: Mach do Cyx, Ry ditng von-ké,
ampe-ké ampe-ké va watt-ké

Nguén tin hiéu cung cAp cho mach do phai 12 ngudn tin hiéu hinh sin, c6
dd méo dang nhd (hoa tin dudc xem khong diang k€). Bién dd va tan so clia
tin hiéu phdi 6n dinh (khong thay ddi). N&u tin hiéu c6 séng hai (hoa tan) bac
cao thi s& tao ra sai s& ddng ké cho két qui do. Trong trudng hgp mach do
dung thém watt-k& (H.4.2), dién trd 1f Ry cda dién dung Cx dudc xdc dinh bdi
bi€u thic sau: Ry = P/I?



126

Téng tré cha dién dung: Z =V/I =R +(1/Cy )

Va dién dung cin do: Cy =1/onZ% - R2

Tir ba bi€u thitc trén ta suy ra: Cy =1/[ayV /1% —(P/1)?]
12

Su hao mat cong suat do dién dung cho bdi:

Do d6: Cy =

P=Vlcosp =12 sind, (V15=g—(p)

X O
§: g6c mat ciia dién dung. N&u géc ma't nhd: tgd ~ sind = PoCy/I*.

Su chinh xdc clia phuong phdp do nay c6 thé bing hoic 16n hon phuong
phép do trudc. Phuong phdp dung watt-ké khong chinh x4dc khi x4dc dinh nhitng
dién dung c6 géc mat nhd. PE do géc mat § dugc chinh xdc, ngudi ta thudng
diing phuong phip ciu do (dé cip & phan sau).

4.1.2 Do dién cam

Hinh 4.3: Mach do Ly, Rx diing von-ké€  Hinh 4.4: Mach do Ly, Ry ditng von-ké,

va ampe-ké ampe-ké va watt-ké

Mach do dién cdm Ly dugc midc nhu hinh 4.3. Tdng trd cia dién cdm Ly

dugc xdc dinh: Z :Y-:JRi + L3 0?
va dién cim: Lx=£1/ZZ—RX2

Vvéi: Z - dudc x4c dinh bdi von-k& va ampe-ké&; Ry - dugc xdc dinh trudc.

e

Trong trudng hgp dung thém watt-k€ nhu hinh 4.4 cudn ddy c6 dién cdm

1 N?2_p2
12

Lx dugc xdc dinh: Ly =

vdi P 13 cong suat tdn hao clia cudn diy dugc xdc dinh bdi watt-ké .
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4.1.3 Po hé s6 hd cam M

w<
D
900, °>
'L
M\
&)
S
Q)
W
©
— _A:U
\/

Hinh 4.5: Mach do M diing vén-kéva  Hinh 4.6: Do M ciia hai cuén ddy mdc
ampe-ké ndi tiép (qudn ciing chiéu)
Theo mach do hinh 4.5, hé s6 hd cdm M gitta hai cuon diy dudc xdc dinh
bdi: M =V/lo; V va I cho bdi von-ké va ampe-k€.
Ngoai ra ching ta ciing bi€t: M =n;n,/R
ny, ny: s6 vong day quin vao cudn day 1 va 2. R: tir trd clia mach tr

Trong trudng hop hai cudn diay dugc mic ndi ti€p vdi nhau trén cling
mach tlf, c6 ciing chiéu quin (cuc tinh clia cudn diy dugc dinh trén hinh 4.6),
thi tdng s6 dién cdm clia hai cudn day dugce xdc dinh: L, = L; + Ly + 2M

Do d6 L, dugc xdc dinh bdi tdng tr§ Z, cho bdi von-k& va ampe-ké:

l . 2 2 2 . A A
L, :5\/262l —(R, +R,)? VGi Z, - tdng tr§ clia hai cudn day.

Trong trudng hgp hai cudn day
dugc mic ndi ti€p v6i nhau trén cing Ly
mach tif ¢6 chiéu quin ngugc nhau R

et uon diy e o e QD O
(cuc tinh cua cudn diy dudc dinh trén
hinh 4.7, khi d6 tdng s6 dién cdm clia

hai cuén day dugc xdc dinh.

Ly=1L;+Ly—-2M Hinh 4.7: No M cuda hai cuoéan daay
va Ly, cling dugc xdc dinh bdi tdng tré maec noai tieap (quaan ngooic
Zp cho bdi von-k& va ampe-k€ theo
biéu thifc:

1
Lo ==ZZ - (R, +R,)’
()]
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T hai gid tri ctia Ly, Ly c6 thé suy ra hé s6 hd cdm M nhu sau:
L,— Ly =4M Hoidc M=(L, - L,)/4
4.1.4 Do dién dung va dién cam trong may do da dung (V.0.M)

C6 mot s6 mdy V.0.M ngoai chitc ning do dién dp, dong dién, dién tré,
con ¢é chitc ning do dién dung hoic dién cdm. Vi khodng tdm do cho dién
dung, dién cdm han ché&. Mach do ciing diung nguyén ly do tdng trd, nhitng tri
s6 nay dudc chuyén sang nhitng dai lugng xoay chiéu, dugc chi thi trén thang
do, theo gid tri (don vi mH hodc pF) cida dién dung hodc dién cdm. Theo mach
do nguyén ly hinh 4.8.

Cx Ly

! } .t

Hinh 4.8: Po Cx va Ly bang V.O.M

es: ngudn tin hiéu da bi€t dugc bién dd va tan s6 (c6 trong may do V.O.M).
B0 chi thi G bao gdm mach chinh luu dong xoay chiéu véi cd cdu dién tir.
Dong dién I (tri hiéu dung) qua G phu thudc vao tri s6 Cx hodc Ly. Khi Eg
(tri hiéu dung) vd ® = 2nf (tAn s6 clia tin hiéu es) dd dugc xdc dinh va dn dinh
thita c6 I = EcoCx hodc I = Eg/Lxo.

4.2 DUNG CAU PO PO PIEN DUNG VA PIEN CAM

4.2.1 Cidu Wheatstone xoay chiéu

DBé€ don gidn ta coi cdu do AC dugc ciu tao giong nhu cAu do Wheatstone
mdt chiéu (cdu do DC). Céc phan ti clia cau 12 dién trd, dién dung hoic dién
cdm. Ngudn cung cip 1a tin hiéu sin (d0 méo dang nhd), tin s6 am tin
(khodng 1kHz hoic tin s6 dién ludi). Phuong phip do dung cho cdu do AC
giong nhu ciu do DC. Pdi véi phuong phdp cin bing hoic khong cin bing,
chiing ta chi dé cap d&€n phuong phap cin bing cho ciu do AC.

Diéu ki¢n cdn bang cho cdu do AC
Theo mach do ctia cidu do AC (H.4.9): $Z1 32

<

Z1.723 =25. Z
1-43 2. 244 \ Vs@ @
T phuong trinh nay ta ¢6 su cdn bdng theo ;
TZ[‘ 23

Hinh 4.9
Caau Wheatstone AC
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diéu kién:

L Can bing sudt: |Z,||Z5] =|Z,||Z4]

| Can biing pha: |2, +|Z5 =[Z, +|2,

Né&u khai trién s& phitc clia phuong trinh cin bing, ta c6:

|/ Can bing phan thuc: Re[Z1Z3] = Re[Z2Z4]

LI Can bé‘mg phfin 40 In[ZiZ3] = Im[Z2Z4]

Thiét bi chi thi su cdan bing ciia cdu do AC

Tai nghe (earphone hodc headphone): gia thanh ré, tuong d6i nhay, dugc
diing phd bi€n c¢6 khd ning phan biét dugc sy cAn bing cla ciu mot cich
twdng doi chinh xdc. Tuy nhién con phu thudc vao do thinh tai ctia ngudi lam
thi nghi€ém.

\ —
o © }
}, @
a) b) c) B «— 1 d
Hinh 4.10: Cdc thiét ké chi thi can bdng

a) Tai nghe; b) Dién k& AC
c¢) bién ké' AC ¢6 khuéch dai; d) Dao déng ky tia Gm cuc

Vén-ké dién tit hodc dién ké AC: Pién k&€ DC’ k&t hop v6i mach chinh luu
hoic bd bi€n d6i AC/DC chiing ta c6 dién k& AC. Mudn ting d6 nhay cho ciu
AC ching ta thém mach khuéch dai cho dién k€ AC (H.4.10). Thi€t bi nay
chinh xdc hon va khach quan hon so vdi tai nghe. Ngoai ra con cé thé c6 nhiéu
tdm dé nhay khdc nhau thay d6i theo dién 4p khdng cdn bding clia ciu.

Dao dong ky tia dm cuc: Theo diéu kién thuin 1gi cia phong thi nghiém,
néu cé dugc dao dong ky, chiing ta ciing c6 thé diung dé€ ki€m tra sy cin bing
clia cAdu mot cdch chinh xdc hon v6i moi tin hiéu & tin s& bat ky cung cdp cho
cau.

Cdc phdn tit méu (dién tré mdu, dién cam mdu, tu dién mdu) ding trong cdu

AC

Pién tré mdu
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e

L R y )

1 FEUTET
A

a) b) c)

Hinh 4.11: a) Mach tuong duong ciia dién tré & tdn sé cao
b) Kiéu qudn sé vong thudn nghich ké cdn bang nhau

¢) Kiéu qudn Curtis va Grover

D&i vdi phan t¥ dién trd hoat dong & tin hiéu xoay chiéu, gid tri dién trd
thudng 16n hon trong trudng hgp hoat dong véi dong dién DC. Hiéu ing ngoai
mdt cia day din (skin effect) phu thudc vao tan so tin hiéu, thi€t dién diy din
va dién tré suat. O tin s6 am thanh (1kHz) hiéu @ng nay khong déang k& khi
ddy c6 dién trd sud't I6n va thi€t dién nhé dudc sit dung. Pdi véi tin hiéu AC
c6 tan sO cao di qua dién trd mach tuong duong cla dién trd c6 dang mach
tuong duong nhu hinh 4.11a. P& gidm dugc dién cdm ky sinh ngudi ta quan s6
vong thuin nghich k& cin nhau. Tuy nhién d€ dnh hudng cla tu dién ky sinh
gidm ngudi ta quan diy din theo ki€u Curtis va Grover, khi dién tré c6 gid tri
16n ngudi ta quan trén bia mdng theo ki€u dan 6.

Tu di¢n: Trong thuc t€ dong dién I qua tu dién khong 1éch pha 90° dsi véi
dién 4p roi trén tu dién vi cé t6n hao bén trong tu dién. Tén hao nay do dién
moi trong tu dién cé dién trd ri (khong cdch dién hoan toan). Do d6 mach
tuong duong clia tu dién dugc dién td theo hinh 4.12. N&u goi § 1a géc mat cla
dién dung do t8n hao cong suit trén dién dung, thi ta cé:

P = VIcosp = VIsind, véi ¢ :g—é

N€&u & nhd, cong sudt hao mat trén dién dung P = VIS. Céc tu dién miu
diing trong ciu do xoay chiéu dugc ché tao bing cdc dién moi c6 tén hao rat it
(d6 cdch dién tdt), géc mat § ¢d dinh khong phu thudc vao tin s6 tin hiéu va
nhiét d6 cia moi trudng. C6 nhiéu loai tly theo khodng tri s6 tu dién cin st
dung.
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&)
sy
<
<
<

c) \

C R
b) e————F——n——o
Hinh 4.12: a) Mach tuong duong cia dién dung khi oldn
b) 6nhé; c) Gidn dé vecto V-1

Tu dién cé dién méi la khéng khi: Tri s6 dién dung rit nhé khodng vai
trim pF, géc mat nhd khong d€ bui hay 4m.

Tu dién mica: Pién moé6i la vat li€u mica cé dién dung tu vai pF
(picofarad) d@&n 0,1uF (microfarad), goc mat nhd (khodng 107 rad).

Tu dién bang Polystyrene: C6 dic tinh khong phu thudc vao tin sé nhung
dnh hudng vi nhiét d6 ra't 16n, chi si dung dudi 70°C, c6 géc mat nhd, c6 thé
tich nhd hon tu dién mica néu cé clng tri 8.

Ngoai ra, trong cong nghiép ching ta thudng gip tu dién gidy. Pién moi
12 gidy tAm dung dich cdch dién, thudng c6 tri s& 16n nhung géc mat ciing 16n.

Cuén ddy: Cé dién cdm L, dién tré R cla diy quin va c6 mach tuong
dudng & tin s6 cao nhu hinh 4.13 con dién dung ky sinh & giita cdc vong day
quén cia cudn diy khong ddng k€ & tin s6 tin hiéu Am tin, nhung dugc quan
tAm dén tan sO cao.

L R L
. T W W . T

R = c i R
o—N——"WN——0 oo .”_____.I WA~
a) b) c)

Hinh 4.13: a) Mach tuong duong cia cudén ddy khi Q nho
b) O tdn s6 cao; c) Khi Q lén

Céc dién cdm mdu duge ché€ tao dugi dang dng diy cé kich thudec xdc
dinh chinh xdc. Cdc dién cdm mau thay ddi dugc nhd hai dng diy ghép ndi
ti€p va phan thay d6i dugc 1a 18i ctia cudn day. Tri s6 dién cdm thay ddi dudc
phu thudc vao vi tri cla 16i.
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4.2.2 Cau do don gian do dién dung va dién cim

Cdu do dién dung: Mach do dugc mic theo hinh 4.14.

Z;:1a tu dién miu C; (c6 thé thay ddi dudgc tri s0)

Z>: tu dién can do Cx

Z3, Z4: 13 nhitng dién trd miu thay d6i dugc hoidc 1a nhitng hop dién trd
thay ddi.

Khi cdu cin bing “D” chi 0.

1

Z1Z4=273; ==
144 231®CX31wC1

R
R, Suyra:Cy = R_3C1
4

Vi gid tri cAu do Cx bat ky, ching ta di€u chinh 6 s6 R3/R, va C; (néu la

tu dién miu thay ddi dugc) cho ciu cin bing d€ xdc dinh Cy.

Ly L
M)
Q ® Q
Ry R,
Hinh 4.14 Hinh 4.15
Cdu do Cx don gidn Cdu do Ly don gidn

Cdu do di¢n cam cudn ddy: Mach do dugc theo hinh 4.15

Z;: cudn day mau L;; Zp: cudn day do Ly

R3, Ry 1a dién tr mau (hop dién trd) thay ddi dugc.

Khi ciu do dat dugc diéu kién cin bing:

Z:Ry = ZiRs; joLxRy=joLRs Ly =(Ry/R,)L

Trong hai cau do don gidn trén ching ta chi xdc dinh thuan tdy gid tri Cx
va Lx. Khong xdc dinh sy hao mi't trén dién dung ciing nhu trén dién cdm cin
do.
4.2.3 CAu phd quat (universal bridge) do dién dung va dién cam

H¢ 56" hao mdt cia di¢gn dung: Trong thuc t€ mach tudng duong cda dién
dung c6 hai dang tuy theo st hao mit clda dién dung. Do d6 chat lugng cla
dién dung dugc ddnh gid qua hé s6 D ctia dién dung (D factor).
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| Trudng hgp dién dung c6 hao mat nhd: tri s6 D nhd mach tuong duong
bao gdm [Cy + Ry| (H.4.16).

|1 Hé s D dugc xdc dinh bing bi€u thitc: ReZ, /Im(Z, ) = D =tgd
1 Ry

Nhu vay v8i Zy = Ry + : D=
PO T S ec, (T/e)Cy

=RyCyo

Theo biéu thic trén D thudng c6 gid tri nhé (D<0,1).
C L R L

Cx RX
O—"—'VW—O ———W—e OO0
nho I6n nho 16n

Hinh 4.16: Mach tuong duong ciia C, L
Trudng hgp dién dung c6 hao mat 16n, hé s& D 16n. Mach tuong duong
ctia dién dung [Cx//Rx].

. . 1 1 .
Tong trd Z cia dién dung c6 dang: —=—+ jCyo
Zyx Ry

VR, 1

Hé s6 D dudc xdc dinh: D = =
Cyo Rywo Cy

; (D>0,1: D16n).

H¢ 56’ Q ciia cudn ddy: Pham chi't clia cudn diy c6 dién cdm Ly dudc xdc
dinh bing hé s6 Q. N&u cudn diy c6é sy hao mat nhd (dién tré clia cudn day
nhd) thi ¢6 mach tuong duong Ry ndi ti€p Ly c6 hé s6 Q clia cudn day la:

_ phaa ad Zy
Q= phaa thét Z,

, (ngugc lai v6i hé s6 clia dién dung)

* LX(D

Q = (tro soanhol, (Q < 10: Q nhd).

X

N€&u cudn diy c6 su hao mit I6n (dién trd ctia cudn diy I16n) thi mach

tuong duong (Rx // Lx): 1 = i+;
Zy Ry Jo Ry
Vo L R .
Q= D “x o X (tri s6 16n);  (Q > 10: Q I6n).
1Ry oLy

Tuy theo gid tri cia D (dién dung ky sinh), Q (dién cdm) 16n hon hodc
nhé s& c6 mach cau do phd quét cho tirng loai.

Cdu phdé qudt do di¢n dung: CAu phd quat do dién dung gdm c6 hai loai
dién dung c¢6 hé s6 D 16n va nhd (H.4.47).
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a) b)
Hinh 4.17: Cdu phé qudt do dién dung: a) Cau Sauty; b) Cdu Nernst
Trong mach clu [Ry + Cx].
R, - j/oC; Ry —j/oCsy

Khi cdu cAn bing:

Can biing phan thyc: Ry = R, (R,/R;)

Can biing phan 40: 1/wCxRy = 1/0C R3; Ry =(R3/R,)C,

Tu két qud do dugc Cx, Rx chiing ta xdc dinh dugc hé s D cho dién
dung:

R R
D =wCy Ry =0—C;, =2 R, = 0C;R;

Cho nén ciu do phd quit cho chiing ta gid tri D khi ®, Ry, C; dudc xdc
dinh.
Vidu 4.1: C; = 0,1uF; R; = 10kQ. Piéu chinh: R; = 125Q; R, = 14,7k thi cAu cin
bing xdc dinh Cx, Ry, D bi€t ring tan sd tin hiéu s cung cAp cho cau f= 100

Hz.
Giai: Theo diéu kién cin bing clia ciu:
R 10k O
Cy =—2C, =———"0,1uF ; Cx = 0,068uF
XTR, Y147k X H
R
Ry =—R, = 14,7k 1250 =183,3Q

= .
Hé s6 D = oCxRx = 2nx100Hzx0,068 uFx183,8Q = 0,008
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Trong phuong phdp do Cx ding cidu phd quét dang nay. Tri s6 do Cy, Ry
khong phu thudc vao tin s& cda tin hiéu. Con trong mach ciu do dién dung
[Ci/IR], C1, Ry ciing dugc chuyén sang dang [C1//R;] khi cdu cin bing din
dén:

2174 = 23723, Z3(1/1Z)) = Z4«(1/Z3)
Rs(UR; + jLdCHR, 1Ry + L Cx)
\ N R R R

Can biing phan thye —2=—%; R, = 4R,

1 Ry Rs

Can biing phian 40 ®R3C; = ®R4Cx; Cx= (R3/R,)C,

Tir d6 ta xdc dinh duge hé s6 D: D = 1/(cxRry) = 1Ry

Nhu da phan tich & trén tuy theo do ri cia tu dién ching ta c6 Rx mic
song song v6i Cx, Rx 1a dién tr§ cla chat dién moi con Cx 1a tri s6 thuc clia tu
dién, nhu vay n€u do rf cla tu dién cang nhd thi Ry cang I6n. N&u do ri 16n thi
Rx c6 gid tri nhd. Cho nén mach tuong duong clia dién dung trong cau do tao
thuan 1gi cho viéc xdc dinh Cy, Ry. Uu di€m cida cdc cau do trén khong phu
thudc vao tin sd clia tin hiéu. Nhung vé phudng dién tdng trd clia hai mach
tuong duong déu cé tdng trd nhw nhau. Do d6 c6 su quan hé giita thanh phin
thuin trd Rp va khdng tré Xp vdi thuin trd Rg va khdng tré X, chiing dugc xdc
dinh nhu sau:

Trong mach tuong duong [Cs+ Rs]: Zs = Rs—j(l/CsD) =Rs— jXs

Trong mach tuong duong [Cp // Rp]:

vdi: Gp - dién din thuin (don vi Siemen); Bp - khdng din
Theo dic tinh ¢6 cing tdng trd nhv nhau: Zg =Zp =1/Yp

. 1 Gp-jB

Rs —JXs = —=—F J a

, Rg +jX

Hodc: Gp + jBp = 1 s t)%s

Rs—jXs R2+X2Z
Can biing phan thuc:

_ 1 _ R |
" Rp RZ+X2°

Rp:[Ré-i-—l ]/RS
Csw

P 2 2
S

Can biing phin 4o:
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B. - Xs _ 1/Csm
P 2 ’ p® 2 2 2
RS + X3 RS +(1/Ciw?)
C
Suyra: Cp S

1+ R2C20?

Cdu phé qudt do di¢n cdm: Ciu phd quét do dién cdm cling gdbm c6 hai
dang dung cho loai dién cdm c6 hé s6 Q nhd va Q 16n (H.4.18). Trong mach
cdu do [Lx + Rx]: Cau Maxwell.

N N N Ry + jolL .
Khi cdu thda diéu kién cin bing: Rx +Jobx _ Rl(i+ jCsm)
N N R R R
Can biing phin thyc: —X=—1; R, =R, 2%
X 3 Rs
A X A2 LX
Can bang phan ao: ® R_ =o C3R;; Lx=C3RR4
4

Do d6 hé s& Q cda cudn day [Lx +Rx] dugc xdc dinh:
o Ly o CGRRy

= (DC3R3.

a)

Hinh 4.18: Cdu phd qudt do dién cdm cudn ddy
a) Cdu Maxwell-Wien; b) Cdu Hay
Vi du 4.2: Trong ciu Maxwell (H.4.18), dién dung miu C3 = 0,1pF, tan s6 tin hiéu
cung cip cho ciu f= 100Hz. Khi cdu cAn bing R; = 1,26kQ; R3 = 470Q va Ry =
5000, tinh dién cdm Ly va Ry, hé s6 Q.
Giai: Theo diéu kién cin bing clia ciu:

Lx = C3R R, = 0,1x107%Fx1,26x10°Qx500Q = 63x 10~ H = 63mH
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3
Ry = R, o - 1,26x10°02x800Q _ ) 036 _ 3410

R, 4700

Tri s6 Q ctia cudn day:

L -3 _
Q@ bx  2nx100HZx63x102H o0y 16400
Ry 1,34x10
Con trong mach cau do [Lx//Rx], cAu Hay, khi ciu théa min diéu kién
can bing:
1 j 1 j j
RR, = _ (Rg——); (=—~- RiRy=R;— ——
R TR, S B e Ry Lo TR e
N N R,R R/R
Can biing phin thyc: —2-2 =R;; Ry =—*%
X Rs
N N R,R
Can bing phan do: —+—4 = 1 : Ly = C3R 1Ry
Lyo Cio

Hé s6 Q clia cudn day trong trudng hop nay dudc xac dinh nhu sau:

o Ly o CGRR,

Tuwong ty nhu mach tuong duong clda dién dung, mach tuong dudng clia
dién cdm [Lg + Rs] va [Lp // Rp] cling dudc dién td nhu sau:

Zs = Rs + joLs = Rs + jXs, L:szi-y_ 1 =Gp — |Bp
Zp Rp Jo Lp
1 . 1
Nhuvdy: Yp=——=Gp—jBp=————
Zs Rs +1Xs
R X
Suy ra: Gp=—> Bp=——>
" RZ+ X2 " RZ+ X2
R2 4 X2 R2 4 X2
Do d¢: RP=—5+ =2 mLP=—5+ S
Rs Xs
RS + 0’L% RS + 0’L%
Rp=—F7— Le=—35—
Rg oLg

Cdu do cudn ddy
Cau Owen do cudn diy, diing dién dung miu. Khdo siat mach hinh 4.19,

R z N cA A Y A
dé€ c6 di€u kién cidn biang cda cau:
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Ry = Clei? Lx =CRyR3
Cs
Trong ciu nay L dudc do v6i dd chinh x4c kha cao, khong dung dién dung miu
phu thudc vao tu Cs, 1a hop dién dung c6 d chinh xdc kém hon hdp dién tré miu
R3, thich hgp vdi cudn diy ¢6 Q nhé (Q = 2nfL/Ry)

C, R,

RS
R
o) C, 4
Hinh 4.19 Hinh 4.20
Cdu Owen do cudn ddy Cdu Schering do dién dung

Cdu do dién dung (H.4.20)

Cau Schering thudng dugc dung d€ do dién dung va do tdn hao trong vat
cdch dién cao cdp. Khi do dién dung nhd, C; 1a dién dung khong khi. Khi do
dién dung 16n, C; 13 tu mica that t6t d€ géc mat bing khong.

Diéu kién cin bing:

C
Ry = R4C—:; Cy :ClR_4

G6c mat: tgdx ~Ox = ®R3C;. Khi d6 sy cdch dién t6ng trd nhdanh C; va

(Cy+Ry) rdt16n so véi nhdnh 4 va 3 néu cau st dung dién 4p cao.

Cdu Grover (H.4.21)

Tuong ty nhu cdu Sauty nhung cidc cudn
day dung d€ so sinh tu dién cin do vdi tu
dién mau. Phuong trinh cidn bing vé d6i s&

cho ta:

2, +|24 =[22 4|25

Hinh 4.21: Caau GROVER fio
fiiedn dung
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22 z LN z 2 ~ N 2 A A z A ~ ~ ~
Vi cédc tu dién ¢6 géc mat nhd va cdc cudn diy cé hé s6 pham chit Q

nho:
Lo L 40 L
‘é:tgl lel; é:tgl Bng
1 3
1 b8
Z, =tg (- ) = —(Z-8,)
‘—2 9 T OR,C, 2 2
_ 1 T
Z,=tgt(-———) = (--3y)
‘—4 9 TOR G T 2 X

Tudx+Qr=02+0;3 Suyra:dx— 82 =Q03-Q;
Ciing v6i gia thi€t trén ta c6 thé ching minh: Cy/C, = R;/R,

43P0 HO CAM

4.3.1 Cau Maxwell d€ do hd cam (H.4.22)

o L1 - Lx
22000 H 22 _ 000
M M
: 1&. X&.

Vs

Hinh 4.22: Cdu Maxwell do hé sé hé cdm M
Khi cdu can bing G chi di€m “0” ta c6:
ioMji; = j(L; + Dois + Rji>
ioMyi; = joLxiz + Rai>
Chia hai phudng trinh trén cho nhau, ta cé:
M;  jo (L;+Do +R;

My jo Ly +R,

M(joLx + Ry) = Mx[jo(L; + o + R;]

N N N M R I +L
Can biing phan thuc va phdn do: —+=—Lt=—"1
My Ry Ly

Trong mach chiing ta ¢6: M; 12 hd cdm miu (c6 thé thay d6i dudc), My 1a

X e N A A A N R A Y A
ho cdm mudn do, [ 1a cuén diy thém vao dé cin bang dién cdm trong mach,
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R, thudng 1a hop dién trd.
4.3.2 CAu Heavyside

Hinh 4.23: Cau Heavyside do hé s6"hé cdm M

Po hd cdm ding cuén diy miu nhu trén hinh 4.23, M 1a hd cdm can do
cda hai cudn day. Cudn day thit cdp cé dién cdm la L, Khi cau can bing: G
chi diém “0” thi:

Roi; = Ryis @)
(R3 +jL30))i3=(R1 +jL10))i1—ja)M(i1 +i3) (b)
Chia (a) cho (b), riit gon, sau d6 cin bing phan thyc va phan 4o.
LR, — RyLs

R
Ta c6 duge: R =—2R3; M =
R, R, +R,

TU phuong trinh trén va theo hinh vé thi M phdi duong cho nén ti s6 cia
bi€u thic tinh M ¢6 di€u kién nhu sau: L,/Lg > R,/R,

4.3.3 Cau Carey Foster cai tién

Hinh 4.24: Cdu Carey Foster cdi tién do hé s6 hé cdm M
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Dung tu dién miu dé do hé s6 hd cdm. Khio sat mach hinh 4.24. Khi cau
can biing c6 phuong trinh sau:

(R, +(_ic2)]il = Ry, (1)
Jo

JoM(i; +i3) = (R; + jwLi)i;
[Ri +jeL; - M]ij = joMiz (2)
Chia (2) cho (1) ta dugc.
R +jolL,—M)  joM
R,-IWC, R,

Suy ra: R1R4+ij4(Ll—M):CM+j0)MR2
2

T d6 cin biing phin thuc va do ta dugc:
M =RiR4C2; L;=Ri(R4+ R2)C>
Theo k&t qué tri s6 M phdi duong, nhu vay cuc tinh phdi mic ding nhu
hinh 4.24 (khic vdi cau Heavyside).

Ciing theo phuong trinh trén, M phédi nhd hon L.
BAI TAP
4.1. Cho cdu do nhu hinh vé&, bi€t C; = 0,1puF va ti s§ Ry/R, c6 thé chinh dugc

thay d6i trong khodng: 100/1 va 1/100. Hay tinh Cy, ma ciu c6 thé do dudc.
Gidi: Ta c6: C, = C;R3/R, . V6i: Ry/R, =100/1
= C, =0,1uF(100/1) = 10pF
Véi: Ry/R, =1/100 = 0,1uF (1/100) = 0,001uF
Viy cau do ¢6 tAm do: tir 0,001 uF + 10pF.

c, c, 01\/\03
/\\A//\ N\ R
® ® AR )

R, T R, F;-%\/NVR‘,

Hinh B.4.1 Hinh B.4.2
4.2. Cho cau do dién dung nhu hinh B.4.2, thanh phan miu C; = 0,1puF; R3 =
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10kQ. Bi€t ring cau cin bing khi nguén cung cdp c6 f = 100Hz;
R; =125Q va Ry = 14,7kQ. Hay tinh tri gid Ry, Cy va hé s& tdn hao D cda tu ?
Gidi: Ta c6: C3 =C R3/Ry;
R;R
_OFXI0KD o ep o RiRs _1250x14,7k0
14,7kQ R, 10kQ

s =183,80

D = oCsRs = 2nx100Hzx0,068uFx183,8Q = 0,008
4.3. Cho cau do dién dung nhu hinh B.4.3. Bi€t thanh phan miu cé
C; = 0,1uF; R; = 10kQ. Ciu can biing khi ngudn cung cip c6 f= 100Hz; R; =
375Q; R3 = 10kQ); va Ry = 14,7kQ). Tinh tri gid Ry, Cp, va hé s0 tdn hao D clia
tu.
Giai: Ta cé:
_CRy  0,1F x10kQ

C — 0,068uF
PTTR, | 14,7KQ "
R, FiRe 375147k o oo
R, 10kQ
Do_ 1 1 42,5

"~ oCpRs  21x100HZx0,068uF x551,3Q

Hinh B.4.3 Hinh B.4.4
4.4. Cau Maxwell do dién cdm diung thanh phin miu C3 = 0,1pF, ngudn cung
cip c6 tan sd f = 100Hz. Ciu cdn bing khi R; = 1,26kQ; R; = 470Q va Ry =
500Q. Tinh tri gid dién cdm Ly, dién trd Ry va hé s6 phdm chit Q clia cudn
day.
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Giai: Ta c6: L= C3RjR4=0,1pFx1,26kQx500Q = 63mH

m. _ RiRy _ 1,26kQx5000
ST R, 4700

=1,34kQ

o OLS _ 21x100HZx63mH
Rs 1,34kQ

=0,03

4.5. Cau Hay c6 ngudn cung cdp f = 100Hz cin bing khi C;3 = 0,1uF, R; =
1,26kQ, R3 = 75Q va Ry = 500Q. Tinh dién cdm L,, dién trd R, va hé s6 phaim
chd't Q clia cudn day.

Giai:

L, = C3RiR4= 0,1uFx1,26kQx500Q2 = 63mH
Rp = RR, _ 1,26kQ x500Q

=8,4kQ
R, 75Q
R 4kQ
Q=—>t= 8, =212
oLp 2nx100Hzx63mH
. Hinh B.4.5

4.6. Hay tinh thanh phan tuong dudng Ls, R;
cia cudn day c6: L, = 63mH; R, = 8,4kQ (f = 100Hz).

ReXp . o 2 7
Gidi: Rg = — thé: Rp = 8,4kQ; Rp =7,056x10"; X, = oL,

Xp +Rp

= X, = 2nx100Hzx63mH = 39,6Q
XZ =1,57x10% X2 +R2 =7,056x10’
_ 8,4kQx1,57x10°
7,056 %10’

L _Xs__ 3960
ST © 2nx100Hz

Rs

7
~0,187Q; Xg = 1090x10 Xf’g’f’
7.056x10

=39,6Q
=63mH

4.7. Hay tinh thanh phéan tuong duong Cp, Rp cia tu dién c6 R, = 183,8Q va Cs
= 0,068uF (f = 100Hz).

Gigi:  Rp =(R2+X2)Rg; R2 =(183,8 )" = 33,782x10°
X =1/2nfCg = 1/(2rx 100H zx 0,068F ) = 23,405x 1030
X2 =5478x10°

Rp = (33,78x10% +5,478x10°)/183 = 2,99M Q



144 CHUONG 4

_RE+XZ 3378x10°+5,478x10°
Xs 23,405x10°
Cp =1/(2nx100H zx 23,41kQ) = 0,068uF

Xp =23,41x10°Q

4.8. Hiy vé& ciu tdng quat. Vi€t phuong trinh khi ciu cdn bing.
4.9. Hay liet ké va so sanh cac thiét bi chi “0” khac nhau ding v&i cau AC.
4.10. Hay vé& mach cau don gidn do dién dung. Vi€t phuong trinh cin bing cla
cau.
4.11. Cho ciu don gidn do dién dung c6 dién dung miu C = 0,1pF va hai dién
trd mau c6 tri gid thay ddi tir 1kQ d&n 200kQ. Hiy tinh tri gid dién dung nhd
nha't va 16n nha't ma ciu c6 thé do dudc.
4.12. Hay v& cdc thanh phin ndi ti€p Cs, Rs. Thanh phan song song C,, R, cla
tu dién. Tim biéu thitc lién hé cla ching v6i nhau. Hiy cho bi€t thanh phin
tuong duong nao thich hgp trong hai trudng hgp:

a) Tu dién c6 dién trd dién moi 16n.

b) Tu dién c6 dién tr§ dién moi nhd.
4.13. Hiy cho biét tri gid hé s6 tén hao D cilia tu dién trong hai trudng hgp:

a) Tu dién c6 mach tuong duong dang ndi tiép.

b) Tu dién c¢6 mach twong duong dang song song.
4.14. Hiy vé cédc thanh phan ndi ti€p Ls, Rs, thanh phan song song Lp, Rp clia
cudn diy. Tim bi€u thic lién hé cda ching véi nhau. Hay cho biét thanh phan
tuong dudng nao thich hgp trong hai trudng hgp:

a) Cudn day cé dién trd 16n

b) Cudn diy c6 dién trg bé.
4.15. Hiy cho biét tri gid hé s6 phdm chat Q clia cudn diy trong hai trudng
hop:

a) Cudn day c¢6 mach tuong duong dang ndi ti€p

b) Cudn diy c6 mach tuong duong dang song song.
4.16. Cu do dién dang dién trd ndi ti€p, c¢6 dién dung miu C; = 0,1uF. Ngudn
cung cip c6 f= 1kHz, cAu cin bing khi R; = 109,5Q, R3 = 1kQ va Ry = 2,1kQ.
Hay tinh cdc thanh phﬁin Cs, Rs, D cia tu dién.
4.17. Cau do dién dung dang dién trd song song, c6 dién dung miu
C; =0,1uF, ngudn cung cAp c6 f= 1kHz, ciu cin bing khi R; = 547Q; R; = 1kQ
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va Ry=666Q. Hiy tinh c4c thanh phﬁn Cp, Ry, D cua tu dién.
4.18. Cho cau do dién cdm nhu hinh B.4.18. Biét ring ciu cin biing khi: L; =
100uH; Ry = 10kQ; R; = 37,1Q; R3 = 27,93kQ; f = 1MHz. Hay tinh Lg, Rs, Q cia

cudn day.

Hinh B.4.18
4.19. Cho mach do hinh B.4.19.
Xdc dinh e, theo ¢, L,, R.

eg(~ L, eo eg(~ R eo

Hinh B.4.19 Hinh B.4.20
4.20. Cho mach do hinh B.4.20.

Xdc dinh e, theo g, L,, R.
4.21. Hiy vé cAu Maxwell do dién cdm clia cudn diy, va viét phuong trinh
tinh todn Lg, Rs, Q clia cudn day khi cau cin bing.
4.22. Mot cudn diy c¢6 Lg = 100mH; Q = 21, khi f = 1kHz dudc do bdi cau
Maxwell. Ciu dung dién dung miu O,IpF va dién trd mau
R; = 1kQ. Hay tinh tri gid R3 va R4 d€ cdu cin biing.
4.23. Ciu Maxwell do dién cdm, c6 tu miu C; = 0,1 pF, ngudn cung cip f =
10kHz; R; = 100Q; R3 va Ry c6 thé thay ddi tir 100Q + 1kQ. Hay tinh tri gid Lg
va Q cia cudn diy ma cau cé thé do dugc.
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Chuong 5

PO CONG SUAT VA PIEN NANG

5.1 PO CONG SUAT MOT CHIEU

Trong phuong phap do cong suit mot chiéu, chiing ta c6 hai phudng phdp:
tryc ti€p va gidn ti€p. Phuong phdp gidn ti€p dung von-k€ va ampe-ké,
phuong phdp tryc ti€p diung watt-k& co cdu dién dong hodc sit dién dong.
5.1.1 Phuong phip 31‘1ng von-ké& va ampe-ké&

—
o N
* Wi
R
E ’ VLT[]Téi E Itl O []Téi
Hinh 5.1: Mdc vén-ké va Hinh 5.2: Do céng sudt bang

ampe-ké do cong sudt vén-ké va ampe-ké

Phuong phdp nay cho phép mic von-k€ va ampe-ké& nhu hinh 5.1.

Von-ké& cho bi€t: V=V, + V,.

V,4: dién dp roi trén von-k€. Dong dién I, cho bdi von-ké.

Vay cong sudt cla tai: P, = I, V, = I(V - V,) = VI, — R,

Ta thdy tri s6 cong sudt P, dugc do bdi von-ké& va ampe-ké& c¢6 sai s6 do
dién tré ndi cia ampe-k€&. Theo cdch mic hinh 5.2, tri s6 cong suit clia tai
dudc xdc dinh bsi von-k& va ampe-k&. V cho bdi von-k&, con ampe-ké cho tri
solva: I=1Iy+ 1.
do d6: I=I—1Iy; PL=V(I—1)=VI- VI,

Nhu vdy sai s6 cdch mic ndy phu thudc dong dién Iy qua von-k&. N&u Iy
cang nho thi do cang chinh xdc.
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5.1.2 Phuong phap do diung watt-k&

Watt-k&€ dugc mic theo hinh 5.3, hai ddu 1, 2 cla watt-k&€ 12 cudn dong
dién (cudn day c6 dinh), hai diu 3, 4 12 cudn dién 4p (cudn day di dong). Nhu
vay dong qua tdi I; di qua cudn dong, con dién dp Vi ti 1€ v6i dong dién I, di

qua cudn day di dong.

Hinh 5.3: Po céng sudt bang watt-ké&
a) Cuén dién dp mdc sau; b) Cudn dién dp mdc trudc

Chi thi clia co ciu dién dong dudc xdc dinh nhu sau:

o = kIzl, ma I, = E/(Rs + R)
vdi Ry 1a dién trd clda cudn diy dién dp

Suy ra: o =kILE/(Rs + R>).

Viy o phu thudc vao cong suit cla tdi P = I V.

Theo cdch mic mach nay né€u dién trd ndi cia cudn diy dong dién cang
nhd, k€t qua do cang chinh xdc. Pién tr§ Ry 1a dién trd han ch&€ dong dién qua
cudn day di dong clia watt-k&. N€u dién dp vao tdi cang 16n thi Rg cang 16n.

Do chiéu quay ctia kim chi thi dudc xdc dinh theo mdt chiéu di dinh sdn,
nén trong trudng hgp watt-k& quay ngudc thi hodn ddi hai dau 1, 2 cda cudn cd
dinh. C6 mot s& watt-k& dinh sin ddu cling cuc tinh clia hai cudon day, ta chi
viéc mic hai ddu di dinh sin. Trong cich mic watt-k& ching ta lvu y nhifng
diém sau day:

1 Piém chung ctia cudén dong va cudn dién 4p 1a c6 thé mic trudec watt-
k€& (H.5.3a) hoic mic sau watt-k& (H.5.3b). Trong cdch mic nay cé sai s6 giy
ra do dong dién di qua cudn dién 4p, sai s6 ndy cang gidm khi dién tré cudn
dp va Rgcang 16n so vdi Ry, (dién trd téi).
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L bién tr§ Rg khong dugc mic nhu Rs
hinh 5.4. Khi d6 dién hai ddu cudi (ddu 2 + x
va dau 4) gan bing dién 4p cla ngudn. Do
vy né c6 kh3 ning giy nguy hi€m cho sy E
cdch dién cda cudn diy gin nhau, hon nita

sai s6 phu ting 1én do 4nh hudng tinh dién
13n nhau cda hai cudon diy cla watt-ké. Hinh 5.4: Niean tro0 Rs
maéc sai 60 watt-kea

5.2 P0 CONG SUAT XOAY CHIEU
MOT PHA

5.2.1 Dung von-k& va ampe-ké&

Mach do dugc mdc nhu hinh 5.5a. Trong trudng hdp chi c6 mot von-ké&
xoay chiéu thi phdi dung hai khéa d8i vi tri, S va S’. Con néu c6 ba von-ké thi
dudc mic & hai ddu R, Z; va R + Zy.

U Khéa Sva S’ & vitri1va 1’ von-k€ cho tri s6 Vi, dién 4p nay cing pha
véi dong dién. Khi khéa S, S” & vi tri 2, 2° von-ké& chi thi V,, dién d4p nay léch
pha véi dong dién qua tdi mdt géc 12 ¢. Khi khéa S, S” § vi tri 1 va 2’ von-k&
chi thi V3, géc 1éch pha so vdi dong dién 12 ¢;. Theo gidn dd vectd hinh 5.5b.

*—e

Vie ||

Hinh 5.5: a) Mach do céng sudt tdi xoay chiéu

b) Gidn dé vecto dién dp va dong dién
VZ+ V2 -V7

V2 =V2 +V2 -2V,V, cos ; COSQ, =
2 3 1 1V3 ¢ (1 2V,V,

Vycosp—V;

trong khi d6: Vicosp = V3 cospy — Vi, coso = v
2

hodc: V32 = V12 + V22 -2V,V, cos o,
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cos @, = cos(n—@) =-cosp=— VA
1V2

nhu vdy cong sult clia tdi: P = V5 Icos@
(VZ + V2 —V2)-2V? - [v32 -V# —vf]

hoidc: P, =V,I[V.
' LoTes 2V,V, 2V,

5.2.2 Dung watt-ké& dién dong
Tin hiéu vao tdi V ¢6 dién dp xoay chiéu: V = V,sinot
va dong dién c¢6 dang: i = [,sin(ot + @)

Nhu vay dong dién di qua cudn dién 4p clia watt-k€& dién dong.

. Vpsin(o t+oy)

iv =1, sin(o t+o,)
Zy

Zy 1a téng trd cda cudn dién dp va dién trd mic ndi ti€p vdi cudn dién dp; @y
1a géc 1éch pha dién dp va dong di€n qua cudn dién 4p.

Do d6 géc 1éch a cida kim chi thi co cdu dién dong do mdémen quay trung

T
2 A 2y z A N 1 . .
binh, ti 1€ vdi tich s iy va i: T,y :?j K,ixiy, dt
0

Y/
Nghia la: o = Kldycos(o - oy) = Kzlmz—mcos((p—(pv)=
\Y

Kyl m! cos(o—o,)

U N&u @v = 0 khi o = K3P, coi nhu cong suit cda tdi dugc xdc dinh bsi
gbéc quay cda kim chi thi clia watt-ké.

U NEu @y # 0, nhu viy sé& ¢6 sai s6 tao ra do sy 1éch pha giita dién 4p V
va dong dién qua cudn dién 4p clia watt-ké.

Goi P’ = VIcos(¢ — @v), ta sé& c6 sai sO tuong ddi yp.
p'—p Vlcos(p —¢y)—VIcose

p VI cos¢

Yp =

e @) =P =P 100% = c0s(9_~py) =050 104,
p cos @

N&u @y nhd thi: vp (%) = (1 + @ytge — 1)x100%, 1p(%) = vtgpx100%

Pé& thuan Igi cho viéc st dung do cong sudt cda tdi c6 dong va 4p thay
ddi, thong thudng cudn dong dién dugc chia ra 1am hai cip tuong ng vdi tAm
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dong dién st dung, biing cdch thay ddi s6 vong diy (gidng nhu co ciu dién tir).
Con dé€ thay d6i tAm do dién 4p, biing cdch dung nhitng dién trd ndi ti€p vdi
cudn dién 4p (giong nhu thay ddi tAm do dién 4p clia co cau dién tr). Pic
di€m cia watt-k&€ 1a k&t qua doc dudc phu thudc vio tin s& cia ngudn dién,
do dnh hudng ctia khdng trd cia cudn day dién dp cé su doi pha gitta dién dp va
dong dién.

Uu diém ciia watt-k& dién dong: c6 do chinh xdc cao (c4p chinh xdc = 0,5;
0,2; 0,1%) dung tién 1gi cho nguon DC va AC & tin sO
45-60Hz — 500Hz.

Khuyét diém: TU trudng y&u, mémen quay nhé dé bi dnh hudng bdi tir
trudng nhiéu va khong chiu dung dudc su qué tdi, gid thanh cao.

Pé lam ting mémen quay, gidm bdt tir trudng nhiéu ngudi ta diing co cau
st dién dong, khi d6 chiing ta c6 co cAu watt-ké& sit dién dong. Tuy nhién, cd
ciu sit dién dong ndy tao nén nhitng sai
s6 phu thudc do tinh phi tuyé&n clia dudng
cong tir héa, dong dién xody va tinh tré.
Su hao gidm trong 16i st tao ra tif thong
do dong dién qua cudn dong @y, tré pha
véi dong dién mot géc € (xem gidn do
hinh 5.6). Do d6 kim chi thi cia watt-k&
léch mdt géc a duge xdc dinh:

Hinh 5.6: Gialin fioa vectd cho
cO cadu watt-kea saét fiiean

a =K, 1, (V,/Z,)cos(e + e—o¢y)

o= K3IVcos(p + € — ¢v)

N€u & = @y thi o = K3IVcosp

Nhu vy, sai s& do géc 1éch pha giita dién 4p va dong dién qua cudn dién
4p bing khong. Trong trudng hdp ¢ tuong ddi 16n, d€ 1am ting sy 1éch pha @y
ta ding dién trd ndi ti€p tirng phan, hoic hoan toan vdi cidc cudn diy (quan
nhu xodn chi), theo nhu cich mic cia watt-k€ sit dién dong clia Nga D539
(H.5.7). Sai s6 do dong dién xody va tir tré, lam gidm do chinh xdc cla watt-

k€. PE€ ting do chinh xdc nén diing mach tir Permaloy.
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Hinh 5.7: Cdch mdc mach ciia watt-ké dién déng D539 (Nga)
5.2.3 Dung bi&n dong véi watt-ké&

Tai

Iy

b)

Hinh 5.8: a) Cdch mdc bién dong ciia watt-ké

b) Gidn dé vecto dién dp va dong dién
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Trudng hgp cong suit cda tdi c6 dién dp thdp, khi do dong tdi c6 tri s
16n, cAn phdi dung bi€n dong d€ cho dong dién di qua cudn dong khong dudge
qué giGi han clia watt-k€&, cudn sd cap clia bi€n dong xem nhu dugc ndi véi tai,
con dong thit cap ciia bi€n dong dude ndi vSi cudn dong clia watt-ké theo cdch
mic hinh 5.8a.

V;: dién 4p cla tai; i;: dong dién tai; i>: dong dién cla thit cAp bi€n dong.

Khi d6 cong suat cho bdi watt-k&: Py = I,V icosgs

P = Dkpomvicos(o; — 0)

knom: ti 8 danh dinh cda bi€n dong.

Trong thuc t€ géc 8 nhd: ¢ — &~ @;1; Lknom =1

Do d6 ¢6 thé viét: P; = I;V cosp; = Pky,

Nhu vay, cong suit clia tdi dugc xdc dinh bang cdch nhan tri s6 doc dudgc
clia watt-k€ vdi ti s6 bi€n dong. Tuy nhién sai s6 cia két qué do, phu thudc sai
s0 ctia bi€n dong, géc 1éch pha clia dong so cAp va thit cAp clia bi€n dong. Do
dé cong suat clia tai dugc x4c dinh:

P’ =1;Vicos(p— &). Va sai s6 dudc xdc dinh:

PL-P _ 1;Vjcos(o —8)— 1,V cosg, _ cos(ey —8)—coso,

Tp = =
P I,V cosoq COS @y

cos(¢p, —d)
cosQ

Hodc: yp%=[ -1]x100%

5.2.4 Dung bi€n dong va bién ap phoi hgp véi watt-ké

 § V1

Nguén iy Tai
—
-V,
M M -1,
1 2 Sy I

il o % A' e
'2* X 2

. X
(AD—W N ”gﬂm L/
T G . ML R

_______ b)

a)

Hinh 5.9: a) Cdch mdc watt-k& vdi bién dong va bién dp

b) Gidn dé vecto ciia dong va dién dp
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Trong trudng hgp tdi cé dién 4p cao va dong dién 16n, chiing ta phéi phdi
hdp bi€n 4p, bi€n dong va watt-ké d€ do cong suit cho tii (H.5.9)

Cudn dién 4p cia watt-k& dugc mic § hai ddu cudn thit cdp cda bi€n dp,
mdt dau clia cudn thit cdp va vé clia bi€n dp dugc ndi v6i dit. Nhu vay cong
sud't do bing watt-k& dugc dién td: Py = L,V cos s

Nhan vdi ti s§ clia bi€n 4p va bi€n dong ching ta dugc cdng sudt cda tdi:
P’ = izkvokycos(pr + 6y — &)

Né&u nhu géc 1éch §; va Sy rat nhd khi d6 c6 thé ddm bio:

@1+ ov— 0= @
vi: I} # LKy Vi = VoKy. Khi @6: P = PwK Ky = P; = Viljcosg;

Nhu vdy cong suit clia tdi, § phdn so cdp ciia bi€n 4p va bi€n dong dugc
dinh bing tri s6 doc bdi watt-k& nhan véi ti s6 bi€n d4p va bi€n dong. K&t qua
do c6 sai s6 do ti s& bi€n 4p, bi€n dong va géc 1éch pha do cudn dong va cudn
dp clia watt-ké.

5.2.5 Po cong suit hiéu dung cia tdi biing b bién ddi nhiét - dién (cip nhiét
dién)

Do bd bi€n ddi nhiét dién (cdp nhi€t di€n) cé uvu di€m hoat dong vdi tin
hiéu c6 tan s6 cao va dang bat ky, cho nén né dugc ¥ng dung trong watt-ké do
cong suit hiéu dung clia tdi hoat ddng vdi tin hiéu dang khong sin, tin s6 bat
k.

Mach do nguyén Iy watt-k& bing by bi€n ddi nhiét dién dudc dién t3 &
hinh 5.9¢. Vi bd bi€n ddi nhiét dién khong thé hoat dong véi dién 4p va dong
dién c6 tri s& 16n nén ching ta phdi st dung bi€n dong va bi€n dp.

B
1) — i — T o P
le 2\
E g” e []Téi
y il

R, IQiV R,

Hinh 5.9c: Mach do watt-ké dung cdp nhiét dién
(BA: bién dp; BD: bién dong)
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Theo mach dién dong i; ctia phan thit cAp bi€n dong: i; = Kji

Vi dong iy cla dong thit cAp bi€n dp: iy = KyE
véi Kp: ti s& bi€n dong; Ky: phu thudc vao ti s6 bi€n dp va dién tré R;, R> cla
bd bi€n ddi nhiét dién.

Gia st tai thdi di€m t dong dién iy va i; c6 chiéu din nhu trong mach do.
Nhu vdy, dong dién iy + i; d6t néng diy dién trd R; cia bo bién ddi TC; sé tao
ra stfc dién dong nhiét dién e¢,;(DC).

Tuong ty dong dién iy — i; d6t néng diy dién trd Ry clia bd bién ddi TC»,
cling tao ra sic di€n dong nhiét di€n ex(DC). Do e; va ez phu thudc tri hi€u
dung cta dong dién iy + i; va iy — i. Cho nén:

ertile I+ E)Y’ =12 +E?+2I E
va: eytile .- E)Y’ = 12 +E?-2I E

Viy bi€n 4p ra clia hai bo bi€n ddi nhiét dién: e, = e; — e

eotile 12+ E?+21 E - (12 +E? =21 E)=4EI_

Nghia 13 dién 4p clia hai bo bién ddi nhiét dién (thudng c6 ddc tinh nhiét
dién giong nhau va R; = R, = R), phu thudc vao cdng sudt clia tdi. Trudng hop
E va I clia tai c6 sy léch pha mot géc p, thi dién 4p ra clia bo bi€n ddi nhiét dién
phu thudce (I, + Ecosp)2 va (Ir, — Ecosp)z. Nhu védy di€én dp ra e; — ez phu thudc
vao Elcosp.

Trong thyc t&€ loai watt-k&€ dung cip nhiét dién dang ciau (H.5.9d), thay
th€ cho bo bi€n d6i nhiét dién ki€u trudc. Nghia 1a trong ki€u ciu ding cip
nhiét di€n, dong di€én di qua cidp
nhiét dién d6t néng truc ti€p ddu ndi
(junction) ctia cdp nhiét dién.

Vi du: CAu cip nhiét dién trén hinh
5.9d, 8 mdi nhanh cau c6 hai bd cip
nhiét dién. Khi c6 dong dién do di

qua cic cdp nhiét dién s€ tao ra tai

mdi cdp nhiét dién V; = 6mV. Pién

dpra gitta C va D:
D

Vep=4xVj 4x6 Hinh 5.9d: Caau nhieat fiean
mV =24 mV cou dogng fiean foat troic tieap

va dong dién I d6t néng cdp nhiét
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dién ma khong di qua mili von-k& dit & C va D clia cau cdp nhiét dién.

Uu di€ém cla cAu cdp nhiét dién 1a stc dién dong cip nhiét dién & ngd ra
dudc ting 1én, dong dién do di qua tryc ti€p, cip nhiét dién c6 dong di qua khdng
s0 qué tdi nhu loai bd bi€n ddi nhiét dién c6 dién trd dot nong riéng. Loai nay rat
d& hdng day dién trd khi qua tai 50% dong dién cho phép.

5.3 D0 CONG SUAT TAI BA PHA

5.3.1 Po cong suat mach dién bon day

Trong trudng hgp hé thong dién bon diy (ba day pha mot diy trung tinh).
N&u diing ba watt-ké modt pha mic nhu hinh 5.10, cong suat clia tai:

Pc=P;+ Py + P3=Valscos@a + VpIpcospp + Vclccos@c

K&t qua do 1a tdng sd clia tri s6 cho bdi ba watt-k€ mot pha. watt-ké ba
pha ba phin t cAu tao nhu sau: Hinh 5.11 c6 ba cudn dong va ba cudn dp (ba
cudn di dong) c6 cung truc quay. Nhu vay kim chi thi s& cho k&t qud cong suit

cda tai.
1
B @ l @ Tai

ba
PN

Hinh 5.10: No coang suaat
cu(a tali ba pha boan daay

Tai

Z O W>

Hinh 5.11: Watt-ké" ba pha ba phdn tit
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5.3.2 Do cong suat mach dién ba day

Trong mach dién ba diy, cung c4p cho
tdi chi c6 ba day pha khéng c6 ddy trung tinh. A 0—%)7 Tai
Néu dung watt-k€ mot pha dé€ do cong suat 7\ ba
clia tdi thi midc nhu hinh 5.12 B® W pha
P; cong sudt do dudc clia watt-ké& 1. \[/ db:y
P = Vyclscos(o + 30°) Ce e
P, cong suat do dugc cla watt-k& 2. Hinh 5.12: Maich fio coang
P> = Vpelpeos(30° — @) suaat tadi ba pha ba daay

Cho nén: P; + Py = Vaclscos(@ + 30°) + Velpcos(30° — ¢)

Tdi ba pha ba day

Trong truong hop tdi ba pha cdn bang

Exc = Egc = ENJ3 (Ediéndppha), va Iy = Iz =1

Do d6: P; + P, = \/§El[cos((p +30% + cos(30° - ¢ )]

= V3 EI(2cos 30°cosg) = /3 E1(24/3/2)cos = 3EIcose

Viy P; + P 1a cong sudt clia ti ba pha cin bing cho nén chi cin biét
dién dp va tdi mot pha.

Trong truong hop tdi ba pha khong cdn bdng.

P; = eacia cOng suat tirc thdi cda watt-ké 1

P, = epcip cong suit tic thdi clia watt-k& 2

Maig +ip+ic=0,va easc = €Aa0— €Cco; €BC = €BO — €COo

Nhu vdy: P1 + P = eaoia + €BoiB + €coic
1 T T T
Do d6: P, + P, :?[IeriAdt + [ egoipdt+ [eoicdt]
0 O 0

Vay chi thi cia hai watt-k& 13 tdng cong sud't clia tii ba pha.

Trong thuc t&€ n€u mot trong hai watt-ké nao c¢6 kim chi thi quay ngugc thi
khi d6 d6i hai ddu clia cudn dong hodc cudn dp. Nhung két qua cong suit do
dugc (vi du: watt-k&€ W, quay ngugc do khong mic ding thit ty pha):

P=P - P,
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5.3.3 Watt-k& mot pha dugc bi€n thanh watt-ké& ba pha do tdi cAn biing
khong c6 day trung tinh

W
/\/
T
A‘ /\_/
Taib R
B oha *1 AB C
° n o o ¢ o
can
b&n
ce g
A o—o
B e Tal
C e
b)

Hinh 5.13: a) Watt-ké ba pha tix watt-ké mét pha do tdi cdn bdng
b) Cdch mdc day

Watt-ké mot pha duge mic thém ba dién trd Ry, R; . R; ¢ diém trung tinh gid
(H.5.13). Khi tdi cAn bZ'lng VaAR;=Ry/[2=Rthii; = ir =iy/2
Nhu Vély: esc = lyRy + (iv/2)R, éBpC = (iv/2)R + (iv/Z)R,' RV =R/2

Watt-k€ chi thi k€t qué do tri trung binh:
T T T
1 . 1. . 11 .
P==|RyiyiLdt =R, = |iyi dt === (ec +e5c)i_dt
T-([ vivie VT'([VL 4T-([ ac +€sc/IL

=%[\/§E| (cos(30°+ ¢ ) +cos(p—30°)] = %3EI cos @

V6i EI'la tri hiéu dung ciia 4p va dong clia pha. VAiy cong sudt cla tdi ba
pha dugc xdc dinh biing sy chi thi cia watt-ké mot pha nhian véi hiing so ti 1&
phu thudc vao tri s6 Ry va R;, R,
5.3.4 Watt-ké& ba pha do tdi ba pha khong caAn biing

Watt-ké ba pha hai phén tit

DPudc ciu tao gdm c6: hai cudn dién 4p (hai cudn di dong) c6 cling truc quay
va hai cudn dong dién (cudn c6 dinh) (H.5.14a). Phuong phdp do ding watt-ké nay
giong nhu phuong phap do dung hai watt-k€ mot pha do tai ba pha ba day. Do d6
cach méc mach dién cling giong nhu trudc.
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1a |8 1cvlvv =

I, I V,Vg V I, I | AlVslVel [Ta [Tc [Is

A B AVB C A B A—l .
B > Tai
C -

Hinh 5.14: a) Watt-ké ba pha hai phdn tit
b) Watt-ké hai phan tit rudi, cdu tao va mach do

Watt-ké ba pha hai phdn tit rudi

Loai watt-k& nay thudng dung trong cong nghiép. C6 ciu tao nhu sau:

LI Hai cudn 4p c6 cung mdt truc quay va ba cudn dong di€n (cudn diy tha
3, mot nta & cudn 4p 1, mdt nita cudn 4p 2). Phuong phdp do va cdch mic
mach do gidng nhu watt-k& ba pha, hai phan t& & cudén 4p va loai ba phan t¥
phan cudn dong (H.5.14b).

5.3.5 Po cong suat ba pha ctia tdi cé bi€n dong va bién 4p

o ﬂlJ
Ae S
Be Tl 0

d \X/

Tl, Tai
Ce /0 —
'

Ne Tl

Hinh 5.15: Watt-ké két hop vdi bién dong
Dung bién dong: Trong trudng hgp tdi c6 dong dién qud 16n vugt qud tri
s6 dong dién cho phép clia watt-k&. CAn k&t hgp do watt-ké vSi bi€n dong dé
do cong suidt. Mach dugc mic nhu hinh 5.15. Cong sudt doc dugc clia watt-ké&
dugc nhan véi k; - ti s6 bi€n dong, ta s& c6 dudc cong sudt clia tai:
P = Pwk;

Pyw: cong suat doc dugc trén watt-k€, k;: ti s6 bi€n dong.
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Hinh 5.16: Watt-ké két hop vdi bién dong va bién dp

Ding bién dp va bién dong: Trong trudng hgp tdi c¢6 dién dp cao va dong
dién 16n, phai ding d&€n bi€n 4p va bi€n dong d€ do cong suit cla tai. Khi d6
cong suit cla tdi dudc xdc dinh:

P; = Pykjky; ky: ti s6 bié€n 4p.
5.4 PO CONG SUAT PHAN KHANG CUA TAI
5.4.1 Cong suit phan khiang ctia tdi mot pha

Theo dinh nghia cong suat phan khdng cla ti:

Q = VIsing = Vicos(90° — ¢)

Hinh 5.17: VAR-ké dién dong

Né&u ding watt-k& dé do cong sudt phian khang clia tdi thi dong dién qua
cudn dién 4p va cudn dong dién lIéch pha thém mot géc 90°. Do d6 watt-ké
mudn bi€n thanh VAR-k€& (do cong sudt phdn khdng), cudn dién 4p dugc mic
ndi ti€p véi dién cdm L (H.5.17). Hoic c6 thé dung watt-k&, von-k& va ampe-
k& dé€ do cong suat phan khang vdi diéu kién:
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sing =1-cos?¢; sing =y1-P?/(12v?)

P cho bdi watt-k€&; V, I cho bSi von-ké& va ampe-ké.

5.4.2 Do cong suat phan khang cua tai ba pha

Do cong sudt phdn khdng trong hé thong bon ddy

bién 4p day BC, day AC, day AB tré pha 90° so v6i dién dp pha A, pha
B, pha C tuong ng. Theo cdch mic & hinh 5.18, watt-k&é W c6 tri s cong suit
phdn khing Q4.

Pa = 14Vpc c0s(90° — 0) = 1a/3V, sing = /3 Q4

Nghia 1a: Q, = P, /\/g, P4 dugc doc trén watt-k& Wy.

Tuong ty nhu vy ddi véi pha A, pha C. Cong suat clia tdi ba pha bing
t8ng s& k&t qua clia ba watt-ké chia cho /3.

|*
*
A e %V_‘/ - >
B v \Vv-zj > Té.l
* ba
* ha
- O
N @ »>

Hinh 5.18: Mach do céng sudt phdn khdang ciia tdi ba pha
diing watt-ké mot pha

Do cong sudt phdn khdng trong hé thong ba diy

‘ *
*
A —1 (W, —
\60° *
B e e » Tai
Y Yoo N

/ Ce >
Vo Vi

Hinh 5.19: Mach do cong sudt phdn khdng ciia tdi ba pha ba ddy
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a) Truong hop tdi cdn bdng va dién dp doi xiing: Mach dién dugc mic
nhu hinh 5.19. Chiing ta c6 thé diing hai watt-ké mot pha hoic mot watt-ké& ba
pha hai phin t. Cong sui't do biing hai watt-k& mdot pha cho:

Pw = IAVBCcOS(900 — (0) + IBVCACOS(900 - ¢)
Tai can bing va dién 4p d6i xing cho nén: Vgc = Vea va Ip = Iy

Vivay: Pw =2[;Vising, V| = \/§VA = \/§Vph , Ry = \/§.2.VI L sing

Tuong tu nhu trong do cong sud't tdc dong cia tdi ba pha.
Ry =2/3Q =2Q=R, /3

Nhu vdy mudn bi€n watt-k& thanh VAR-k€E thi trén thang do k&t quéd doc
phdi nhin vdi hé s& ti 1& va don vi la VAR (hoic KVAR).

b) Trong truong hop dién dp déi xing, tdi khong cdan bdang:

Cong sudt phdn khdng dugc
do bing ba watt-k&, ba phidn tf A e—— W)

A

dugc mic nhu hinh 5.20 khi @6 két /L

qui dugc chia cho /3. Con n&u B e —\W: > T3

cdch mdc nay ma tdi cin bidng, thi \I/ X i

két qua doc dugc trén watt-k&€ mot . * @3 —>

pha dugc nhan véi +/3 cho k&t qud

do phdn khdng. Hinh 5.20: Cauch maéc watt-kea fio
That vay: coang suaat phaldn khaung tadi ba

V31 \Vg/3sing=+/31 , Vg c0s(90° — ) =+/31Vg+/3sing = 31,V sino
PW\/g =3Qpx, Pw: tri 88 doc dudc trén watt-k€.

Trong trudng hgp dung watt-ké hai phan t hoic hai watt-ké mot pha,

mach dién dugc mic nhu A .

hinh 5.21 W

Mach dién 4p cda hai —
ach dién dp cta hai 5 :'—l

watt-k€ va cdc dién trd n6i Ngubne
ti€p tao ra dugc mach sao /J\_':'_
can bing. Do dé dién dp . ey
pha V¢ dudc dp vao mach c J

thit nhdt va pha A dugc dp Hinh 5.21: Calich maéc hai watt-ked moat
vao mach 2, d6i véi pha B.

Pw = Pw; + Pwz = I4Vcos(60° — @) + Valccos(120° — o).

v

»Tai

v
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=1pnVpn [O,Scoscp + (x/§/2)sin(p —0,5cos @+ (\/5/2)sin(p}

Ry = V31 oy Vpn sing =+/3Quy ; Ry+/3 =3Qp,

Cong sudt phdn khdng cla tdi ba pha bing tri s6 doc dugc cda hai watt-
k€& nhan +/3 phan khdng ctia tai ba pha khong can bing.
5.5 PO PIEN NANG
5.5.1 Dién ning ké mot pha

Dién ning k€& c6 cd cdu hoat dong trén nguyén tic co cAu cdm tng dién
tlt, dudc cdu tao nhu hinh 5.22 gdm c¢6 mot by phan dién tir A ndi ti€p vdi tdi
(cudn dong dién quin trén mach tlr). Mic song song vdi tdi, cudn diy quan
trén mach t (cudn 4p B). Dia nhom D ¢6 mép dia nim trong khe hd clia mach
tif cudn 4p va cudn dong. P& cho dia nhom quay déu c6 nam cham dém M, va
bd cd hoc E ¢6 banh ring dn khép truc quay cla dia nhém D.

Dyt
— @
B %X )
I cusn — E
[P 4ap B —|'_ i
Dy, | : o
| —
M — D
L 1D m
@, | | D; i
+ A

a)
Hinh 5.22: a) Dién ndng ké mét pha

b) Su sdp xép cdc phdn tit bén trong va cdch mdc mach dién
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Suét trong thdi gian hoat dong clia dién ning k€&, dong dién I di qua tdi
tao nén tir thong ®; trong 18i sit tir. Pién 4p V cung cip cho tdi tao nén dong
iy trong cudn ddy dién dp va tf thong Oy, va v, trong 16i sdt tir B, Oy, va @;
xuyén qua dia nhdm va tao ra dong dién xody trén dia nhoém iy, iy va iy . Do
dé cé tic dung tuong tic gitta dong dién xody va tr thong tao nén moémen
ngiu luc quay dia nhom: T = Kf®imaxPvmaxsiny

N&u nhu 16i clia cudn dong khong bi bao hoa, khi dé:

®imaxod va & tan s6 f khong ddi.

DymaxaV (o ti1€)

Két lugn: Trudng hop v = 90° — ¢, thi siny = cose

Nhu vay khi cdc diéu kién trén thda thi mémen quay dia.

T =K, Vicosp = K;P

Vi vdy moémen quay ti 1& véi cong suat cung cap cho tai.

Do ¢6 sy hao gidm tir trong 161 gy ra \%
sy tré pha tir thong ®; d6i v6i dong dién I
mot géc a1 (H.5.22¢), va cé dong Iy chay
trong cudn dién dp tré pha vdi dién dp V
gin biing 90°. Tir gidn dd vectd c6 thé xem

g6c 1&€ch pha gitta di€n 4p V va tu thdng tdc
dung Oy, trén dia nhdm la: B=o¢ + a; + .

N€u thay y = 90° — ¢, chiing ta c6: B
=0+ a+90° - =90+ q;

TU thong tdc dung @y, xuyén qua dia  pyinh 5 22¢: Gialn fiod vectd
nhom va cuc d6i nghich C duge dit duéi cula filedn naéng kea moat pha
dia nhom. Khi€n cho ¢6 sy hao gidm 16n
trén dudng di nay va dic bi€t trén dia nhom, tir thong tdc dung ®y¢ 1éch pha
doi véi dong dién 1, 16n hon tir thong @y va ®v,. T thong @y, tao nén mach
kin di xuyén tdm va hai bén cyc cia mach tit, khong ngin chin hoat ddng cia
dia nhom.

Géc léch pha B c¢6 thé bing hoic 16n hon 90° + a;. Nhu vay c6 thé diéu
chinh géc pha 90° + a; biing cdch thay ddi B hoic a;.

Trén mach tir cda cudn dong dién c6 mdt s6 vong dude quian ndi véi
vong dién tr§ sé 1am cho dong dién cdm tng phdt sinh ra, 1am ting sy hao mat
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tir doc theo dudng di cla tir thong ®;. K&t qud 13, d4nh hudng dén tri s6 géc pha
a;. Do d6, géc a; dugc diéu chinh bing tri s6 cia vong dién tr§ d€ dudc
mdmen quay dia nhom ti 1& véi cong suit cla tai.

Ngoai ra trén dia nhom con dnh hudng cida tir thong tao ra nhd nam cham
dém M, &g, mdmen d€m cho dia nhém: Ty, = K714 DPp,

I.41a dong di€n xody chay trén dia nhom.
Ma: Ty, = K;lg@g, = K; (Eoq /Ry ) @g; = Ki(K @pr n/Rg) D, = Kon
v6i Kj 1a hé sd ti 1€, n s6 vong quay cda dia nhom
Ry 1a tdng tr§ dudng di clia dong dién xody
N 1a s6 vong quay ctlia dia trong mot gidy.
Gt thong ®g, c6 dinh thi mémen dém cho dia quay: Tp, = Kon
van d& thém mdmen quay T}, nhim muc dich cho dia nhom quay déu. Khi & cong
suit clia tai khong ddi, dia nhom quay déu: T, = T
Hodc: Kon = KjP. Suyra: P =(K,/K;)n
Viy dién ning dudc xdc dinh: W = Pt = Kjnt, di€n ndng tiéu thy phu
thudc vao vong quay cua dia.
5.5.2 Do dién ning cia tai ba pha
Dién ndang ké ba pha ba phadn tit
?1 %2 %3

4
5T 6 — T —
|

o
1
LT
1
-]
_‘

2}

zow
R
z ow>»

L beber]

A

1,2,3-cudn dp; 4,5, 6 - cudn dong
Hinh 5.23: Dién ndng ké ba pha, ba phdn tit diing
cho hé théng bon day
Cédch mic dién ning k& ba pha loai nay giéng nhu cdch mic watt-k& ba

pha ba phan t&r. C4 ba phin t nay 1am quay ba dia nhém c6 cling mdt truc
quay, hoic mot dia nhom (thudng dung trong thuc t&). Truc quay nay dudc
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truyén dong sang bd dé€m s& trinh bay k&t qud do. Cdch bd tri cdc phan tlf cda
dién ning k& nhu hinh 5.23.
Dién ndang ké ba pha hai phdn tit

Pugc cidu tao nhu loai ba phin ti
nhung c6 hai phin t& 1am quay hai dia
nhom. Cdch mic mach giéng nhu
watt-k& ba pha hai phan t&. Sai s6 clia

watt-k€ hai phan t& khong phu thudc

| e o |

vdo sy cin bing pha, dién 4p khong

ddi xdng va theo tuin ty vé pha ctlia TTai

—
g

mach do. Thong thudng dién ning k&

d6i (gdbm hai dién ning k&€ don) dugc
dung thay th& cho dién ning k€& hai
phan ti.

Hinh 5.24: Cauch maéc fiieén
naéng kea hai phaan t60

Khi dién ning k& doi dudc st
dung & géc 1éch pha vugt qua 60°, mot trong hai dién ning k€ s& quay theo
chiéu ngugc lai véi momen quay c6 gid tri Am, diéu nay din dén sai sd phu,
con diu cda mdmen b3 chinh sy ma sit van giif nhu cii & bat ky sy thay d6i
chiéu quay ctia dia. Do d6 k&t qua 1am ting sy him tdc do quay clia dia.
5.5.3 Do dié¢n ning phian khing cua tai ba pha

Ning lugng phdn khing dudc do bdi dién ning k& ba phan ti (VAR-k&
gid) (H.5.25).

A
Nguén g
C

Hinh 5.25: Dién ndng ké phdn khdng ba phdn tit

Mach dudc mic nhu trong VAR k& & ba pha ba phan ti. Hoic dung loai
¢6 cudn phu ndi ti€p nhu hinh 5.26. Pay 1a loai hai phin t& rudi ma mdi phan
t & phan cudn diy cd dinh c6 cudn chinh va cudn phu cé s& vong diy bing
nhau & dién dp cin xting mach dugc mic nhu hinh 5.26 va ¢6 gidn do vectd
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L

Ic
—

nhu da trinh bay trong hinh.

Ia
—

s
i

Hinh 5.26: a) Pién ndng k& phdn khdng hai phan tit rudi (gidn do vecto)
b) Dién ndng ké phdn khdng hai phdn tit ruéi.

*

O o>

b)

Moémen quay tdc dung trong dia nhom dude dién td nhu sau.
T = kVpclIA(90° = @A) — Ipcos(30° — ¢p)]
= kVgel o sing, —(V3/2)1 5 cospg +(1/2)1  sin g
Momen quay cla phan t thit hai.
T, =kVagllccos(90° —oc) — I g cos(150° + g )]
= kV gl sinoe +(V/3/2)1 g cosgg +(1/2)1 5 sin g ]
Momen quay téng cong.
Ty + T, = K3V, (1 s singp + 15 singg + 1 ¢ sineg) = V3KQ
Do d6 mémen quay ti I& v6i ning lugng phdn khdang. Nhu vay thi€t bi nay
thich hdp do ning lugng phdn khdng. O dién 4p doi xing k&t qua do khong
dnh hudng bdi dong tdi khong cin bing.
Khi mic thi€t bi do nady vao mach dién cin phdi ding theo thif tu clia ba

pha dugc ghi trén thiét bi do.
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5.6 PO HE SO CONG SUAT

Nhu ching ta di bi€t dong dién va dién dp 12 hai tin hi€u khi qua tdi bat
ky (thuan tré hoic khdng trd), cé sy 1éch pha hoic khong 1éch pha phu thudc
vao dic tinh cda tdi. Trong linh vuc do dién, chiing ta cin bi€t cose, @ 1a géc
1éch pha, ma ching ta goi 1a hé s& cong sudt. Con trong linh vuc do dién ti
chiing ta cAn quan tAm d&n sy 1éch pha giita hai tin hiéu bat ky, ching han nhu
st 1éch pha giita hai tin hiéu vao va ra ctia mach khué€ch dai hoic mot hé
thong diéu khién. Trong chuong nay ching ta dé cip d&€n nhitng phuong phap
va thi€t bi do sy 1éch pha gitta dong va dp qua tdi, con mdt s6 phuong phap va
mach do 1&ch pha giita hai tin hi€u c6 tan s6 16n hon sé dé cap & phan thi€t bi
do dién t&. Ciing nhu vin dé do hé s& cong suit, ching ta chi dé cip dén
phuong phdp va thi€t bi do tin s6 tin hi¢u trong dién cdng nghiép con van dé
do tin hiéu cao hon sé& dugc trinh bay trong thiét bi do dién ti.

5.6.1 Do cose dung von-k& va watt-ké&

Do cos p diing von-ké

Pé€ ki€m tra hoic 14y chudn cho cosp k& hoic do sy 1éch pha ¢ giita hai
tin hi€u: e; = Ejcosot va ez = Excos(ot + @)

Chiing ta c6 thé dung phudng phap sau:

Dung von-k€& do S, téng s ciia hai tin hiéu ¢, e,
va D hiéu s6 clia ching theo gidn dd vecto (H.5.27).

2 2 g2

D =E
D2 = E2 + E25 2E,E, cos \/ 1
SZ_DZ —E2

Nhuvdy: cos¢=— Hinh 5.27: Gia(n fioa
4E, E, . -
vectd gitda hai tin
Ciing tuong ty nhu phuong phdp nay & @

trong phan do cong suit cta tdi khdng bing

phuong phdp ba von-ké& chiing xac dinh cosg cho R
tai. 6/9 Vv, Tai
VZ -V72-V7
3 ~V1 V2
cosp=———""—5= .

2V, V, v
Hinh 5.28: Cauch maéc voan kea fio
Vi: dién dp cla tdi; V,: dién dp cia dién trg thuan,cog dién dp cda R va

tdi; @: gbc 1éch gitta tdi va thudn trd R, chinh 1a géc 1éch pha gitta dong va
dién 4p cho tdi. V6i phuong phdap nay néu géc 1éch pha khodng 90° thi sai s6
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khodng tr 5° d€n 10° phu thudc vao dd chinh xdc clia von-ké.
Do cos @ bing von-ké, ampe-ké va watt-ké
Pay ciing 1a phuong phip cd dién

don gidn, mach dién dugc mic nhu sau ( :\

(H.5.29): Watt-k€ cho bi€t cong suat

hiéu dung P, cla tdi, von-k& va ampe-

k€ cho bi€t cong sudt bi€u kién: P, = 6’) I:]Téi

VI. Nhu vay cosp dugc xdc dinh:

N\
¢ W W

P
cosp=—=
a

Hinh 5.29: Cauch maéc voan kea,

Trong phuong phdp do ndy, sai s6 )
ampe-ked vag watt-kea fiea fo

tao ra do ampe-ké&, von-k& va watt-ké€ &
hai cdch méc ré ngdn hoiic ré dai. Ngoaira con c6 sai s6 do cudn day dién dp
cia watt-ké, do cdu tao clia co cdu dién dong (da dudc dé cap dén trong phan
trén).
5.6.2 Cosp k& diing cd ciu ti s k& dién dong

Truong hop tai mot pha

DPic biét cudn day 1 dugc ndi v6i dién trd R, va cudn ddy 2 dudc ndi véi
dién cdm L d€ sao cho dong I, va I 1éch pha n/2, va hai cudn diy dudc x&p
dit thing géc vdi nhau. Cho nén chiing ta cé:

M; = Mcos6; M> = Msin6

9 !
. A ~ 1. X 2 .~ A “/_\I
M;: hé sd ho cam giita cudn 12cuenday %
\

day di dong 1 v6i cudn diy cd c8dinh oo oo .
dinh. |

—

;

M,: hé s6 hd cdm gifta cudn

diy di dong 2 véi cudn day cd

dlnh L,
M: hé s6 hd cdm 16n nhat khi Nguén L Tai
: A z N A AC
cac cudn day di dong cé tu thong °

(do cudn ddy c6 dinh tao ra)  Hinh 5.30: Cosg fiiedn fiodng moéat pha
xuyén qua 16n nhat.

Gi4 st tong trd cla hai cudn day di dong khong ddng ké so véi dién trd R
va Lo. Cho:

Vv, =V+/2cosot: dién 4p ciia tai.
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i, =1v2cos(ot —¢): dong dién qua ti.
V, I'la tri hi¢u dung.
Khi d6 dong dién qua cudn diy 1 va 2 la:
ir = (VV2/R)coso t vagi, =(VV2/Lo)cos(o t-o)
Do d6 mOmen quay trung binh 7;, T> cia cudn diy 1 va cudn day 2.
T _ dM; VI dM, VI

2 .
=—1 " coso; =— <% sin
! do R ¢ T2 0 ?

Tai tri s6 0; clia cudn day di dong T; = T, hai cudn day di dong diing yén
va gbc 1éch pha ¢ gilta hai tin hi€u dién dp va dong dién cda tdi dugc xdc
dinh: tge = (Lo/R)tgo,.

Né&u nhu cudn diy di dong va mach dién ché tao sao cho R = Lo thi tai vi
tri chi thi clia hai cuén diy c¢6 dugc: 6; = ¢

Cos k& thudng c6 vach do dugc khic do theo tri s& cos cda géc 1éch pha

@ c6 tri s6 0 § giita, vé phia phdi cia di€ém 0 13 sém pha (lead) va vé& phia trdi

1a tré pha (lag). Viéc 1y chudn cho

cosp k€& chiu 4nh hudng cla tan s

cla tin hiéu, d€ cho né it bi &nh
hudng bdi tin s6 tin hiéu, ngudi ta
thay cudon diy 2 bing hai phan ti c6
s6 vong diy bing nhau, mdt phan ti
ndi v6i L, con phan ti con lai ndi véi
C nhu hinh 5.31, tri s6 LC d€ sao cho
tAn s6 hoat dong cda thiét bi: LCo® =
1

Hinh 5.31: Cosg kea cou
bod chinh taan soa

Dong dién qua L va C c6 khuynh
huéng ddi nhau, nhung cé chiéu quin cda hai phin t& cudn diy sao cho
mdémen quay hai phan t cong vao nhau. Nghia 13 tan s6 ting lén thi dong
dién di qua L gidm, trong khi do dong dién qua C ting 1én d€ sao cho téng s&
(d6 16n) cda hai dong dién nay gin nhu khong thay ddi. Nhu vdy mdmen quay
T, sé& khong thay ddi khi tdn s& tin hiéu thay d8i. Trong sy bd chinh nay c6 thé
ddp ng tot khi tin sO tin hiéu thay ddi khodng 10 phan trim tan s6 hoat dong
dinh danh cda thiét bi do.

Trudng hop tai ba pha

Trong trudng hgp nay gbc 1€ch pha ¢ dugc do gitta dong di€én mdt day
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pha so vdi dién dp gitta cdc ddy pha ctia tdi ba pha, nhu cdch mdc mach hinh

5.32. Cudn diy c6 dinh cia pha k& dugc mic ndi ti€p vé6i tdi  mot trén ba pha

dién clia tdi, con hai khung quay 1 va 2 dugc mic giita cdc pha cla tdi qua

trung gian clia cdc dién tré R c6 tri s6 16n va dién cdm clia cdc cudn diy cé tri

s6 khong dang k€. Mémen quay trung binh clia khung quay 1 va 2 la:

VA3
R

cos0 sin(ly,V; —V;)

V3 .
T, =Ml */gsme cos(1,V; =V, ) va T, = M

Theo gidn db vecto:
T T T
cos(l,V; —V,) = cos(o +E) ; cos(ly,V; —V3) = cos(g —¢) = cos(o _E)
M: hé s6 hd cdm, M cuc dai khi mot trong hai khung quay song song véi

truc ctia cudn day cd dinh.

0: géc clia khung quay 1 va phdp tuyé&n cla vectd cdm tng B .

Hinh 5.32: Cdch mdc pha k&€  Hinh 5.33: Gidn do Fresnel ciia dién dp va
dién dong ba pha dong dién ciia pha ké ba pha

Hai mOmen quay ctia khung quay 1 va 2 ludn luén d6i khdng nhau. Cho
nén tai 01 cda hai mdémen quay cin biing, khung quay ding yén T; = T3, din
dé€n: sin6; cos(¢+7/6) = cos6; cos(p—7/6).

B cos((p —n/6)

Do d6: tg6; =
0do: o4 cos(o +m/6)

Suy ra: Sing [l+tgei]=\/§COS(p [tgo; —1]

tgo =J§M=J§tg(ei —gj =—\/§tg(%_eij

1+tg6;tgn/4

Ghi chu:
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a) Trdi ngudc lai pha k&€ mot pha, pha k& ba pha nay khong 4nh hudng
bdi tin s6 néu nhu tan s6 tin hiéu khong qud cao.

b) Phuong phdp do ¢ c6 thé diung pha k€ mot pha nhd thyc hién diém
trung tinh gid véi ba dién trd, di€m dudi cda L va R dugc mic vao di€m trung
tinh nay.

c) Thiét bi cosp k€& sit dién dong c6 cling nguyén tic lam viéc nhu co ciu
dién dong. Nhung cudn diy cd dinh dugc quan trén 16i sit tir, di€u ndy lam
gidm tir tré clia mach tlr va ting su tdn hao cong sudt tiéu thy. Loi sit tir gdm
nhitng manh sit tir c6 do tir thim cao, méng d€ 1am gidm 4dnh hudng clia dong
dién xody trong trudng hop & tan s cao.

Vi du: Thiét bi cu thé trong cong nghiép pha k& hiéu Chauvin Arnoux
50/60Hz. Cap chinh xdc 2,5 dung cho dién Iu6i mdt pha va ba pha bing véi
dién 4p danh dinh.

Mét pha: 57,7V + 10% dé€n 100 V + 20 %

127 V+10% d@n 220 V + 10%

Ba pha: 220V + 10% dén 380 V + 10%, dong dién danh dinh 5 A.
5.7 THIET BI CHI THI PONG BO HOA (SYNCHRONOSCOPE)

Nhd c6 thi€t bi chi thi ddng bd nay cho phép chiing ta cé thé ghép hai
mdy phdt dién khdc nhau mot cdch déng by, hoic mdy phat dién véi lu6i dién
cla dién luc. Pay 12 loai pha k€ mot pha ma cudn diy cd dinh dudc cung cip
bdi dién 1udi, con hai khung quay cia ti s6 k€ dugc cung cdp dién dp bdi mdy
phét dién.

Vi cdch ghép nay khong chi bing nhau vé tin s&, ma phdi con cling pha
gitta di€n ludi va dién tir mdy phat.

Cho 1u6i dién ¢6 dién 4p: V = V+/2 cos ot

Va dién clia mdy phdt dién: v =V 'v2cos(ot + o)

Cé6 thé vit lai nhu  sau
vV =V'V2cos(o t—¢), véi: pién Iu6i

(0-0)t-a=¢

Khung quay ctda thi€t bi quay tu do va
dudc ndi véi cong tic trugt, cho nén khi tin
s6 géc , o hoi khédc biét thi khung quay sé
quay véi toc do tuong dng véi su khdc biét

Hinh 5.34: Cauch maéc chae
tho fioang boa houa
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cla tan sd. Vi du I: vong trong 6 gidy tuong ng vdi su 1éch 0,25 Hz. Chiéu
quay ctia khung quay gitp cho su di€u chinh tan s6 clia mdy phdt ting 1én, hay
gidm xudng. P&n khi tdn s§ clia hai tin hiéu bing nhau thi khung quay sé&
khong quay tron nita ma sé 1éch mdt géc 6 tuong ing vdi sy 1€ch pha cda hai
dién 4p, sy ddng bo héa gifta hai tin hiéu dugc xdc dinh ding khi kim chi thi
ngay gitta thang do.

Vi du thiét bi cu thé: Synchronoscope NE 96 Compteur Schlumberger. C6 bd tri
hai dén chi thi pha.

v o

Hinh 5.35: a) Cdch mdc khi dong bo héa thi den chdy
b) Cdch mdc khi dong by héa thi den tdt
Céng sudt tiéu thu:
L Phan cho mach dién mdy phatla: 1,5VA
L' Phan cho mach dién ludi: SVA
Calip cho c3 hai mach 2x100V, tan s6 50Hz.
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Ghi chii: Do d6i lic c6 sy hu hdng cda thi€t bi ddng bo héa chiing ta c6
th€ ding mach dién mic nhu sau. Pua vio mach dién hai dén néon dudgc mic
nhu hinh 5.35.

5.8 TAN SO KE

5.8.1 Tan s k& ban rung (tin sé k& cong hudng co hoc)

Cédu tao va nguyén Iy hoat dpng: gdm mot nam cham dién tao ra qua
cudn diay dién quan trén 18i sit tit hinh chit U, mot mi€ng thép nim trong tit
trudng clia nam chdm dién gén chit vao mot thanh, mang nhitng thanh rung c6
tan s6 dao dong riéng khac nhau. Tin hiéu cin do tin s6 dugc dua vio cudn
diy clia nam chdm dién, sé tao ra lyc hit mi€ng thép vdi tin s6 dao dong f,
khi€n cho cdc thanh rung nio c6 tan s6 dao dong riéng bing tin sd f thi s& dao
ddng cuc dai do cong hudng riéng, con cdc thanh khdc khong cong hudng sé€
khong dao dong cuc dai. Nhu vay chiing ta sé doc k&t qua tai tri s6 tuong dng
véi thanh rung cuc dai.

Hinh 5.36: Co cdu tan s6" cong hudng co hoc

47 48 49 50 51 52 L5i s&t tu

N I B
Oo0o([jo O

Cubn day

<«———— Thanh rung

5.8.2 Tan so k& dién dong hoic sit dién dong

Céu tgo: DAy 1a thi€t bi do dung co ciu chi thi ti s6 k& dién dong hoic sit
dién dong (nhu loai D506 cla Lién X6 cfi). Mach do dugc mic vao cd cAu nhu
hinh 5.37a. Cudn diy di dong B; dugc mic vao tu dién C; va cudn diy B; ndi
v6i cudn cd dinh A, dau con lai cia cudn cd dinh A ndi vdi dién cdm L, dién
dung C; va dién tr§ Rs. Con dién trd Rs, mic song song v6i hai diu cudn B;
diing d€ hiéu chinh mdy sao cho dong dién qua cudn B; thich hgp.
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Hinh 5.37: Mach do tan s6 ké co cdu dién dong
Nguyén Iy hoat dong: Pién cdm L va dién dung C; dudc diéu chinh cong
hudng & tan s giita cla thang do, nghia la:
1
CZ(Dav

0, L

K&t qué 1a dong dién cong hudng Irgs cing pha véi dién 4p cung cap V
va tré pha 90° so véi dong dién I (H.5.37). Do d6 mdmen quay T, lam quay
cudn diy B, bing khong, nghia la.

T; = kl;Irrgscos 90° =0

Trong khi d6 mémen 7> dudc tao ra bGi dong dién I trong cuén diy A va
B; lam di chuyén cudn diy sao cho truc quay ciia tif thong tao nén bdi cudn
day A va B; tring nhau. Nhu viy dong dién I, s& thay ddi & bat ky su 1éch tin
s6 ctia tin hiéu do do tan s& géc cong hudng w,y. Sy 1éch pha gitta dong dién I,
va dién dp V theo chiéu duong khi tin s& ting va theo chiéu 4m khi tan s&
gidm.

O tan s6 khéc, v4i tdn s6 cong hudng, mémen quay T; khdc khong s& 1am
cho cuon diy B; quay, dong thdi k&t hop v6i mdmen quay 7> lam quay cudn
ddy B> va nglu luc nay phu thudc vao sy 1éch pha gitta dong dién I; trong
cudén ddy B; va dong dién I, trong cudn diy A (sy 1éch pha nay nhd hon hay
16n hon 90°). Vi hai mdmen nay quay ngugc nhau nén kim chi thi s€ dirng lai
khi hai m6men nay biing nhau va mdmen nay lai phu thudc vao tan sd cida tin
hiéu. Tin hiéu do tin s6 dugc dua vao mach do thong qua bi€n 4p tw ngiu cé
cdc diu so cdp tuong ng véi cdc tri s6 36 — 100 — 127 — 220 V. Khodng tin s6
can do ctia thi€t bi do loai nay trong khodng 50 — 1500 Hz dugc chia ra lam
nhiéu tAm khdc nhau. Tan s6 k€& loai nay c6 thé dat d6 chinh xdc tSi 0,2%
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(loai D506 ctia Lién X0 ci).

5.8.3 Tan so k& dung co ciu ti sd k& tir dién cé chinh luu

Cdu tgo: BO phan chi thi cla x4
thi€t bi 1a ti s6 tr dién. Mach do
dung hai nhdnh song song, nhdnh
song song thi nhit bao gdm cudn Cy
day Ly, dién dung C; va cdu chinh y’z_-lji

- b1

lvu toan séng R.;. Nhianh song

song thit hai gdm c6 dién tré R, va
cau chinh luu toan séng R.,. Vi do Z
1éch ctia kim chi thi phu thudc vao

ti s6 clia dong dién qua hai cuon

Hinh 5.38: Taan soa kea dugng cb6 cadu

ddy, ma dong dién lai phu thudc p PR N -
y g dien Jat pht ’ tee soa ked tdg niedn cou chaenh 16u

vio téng trd cla hai nhdnh song
song.

Nghia 1a: o = F(I;/I;) = F(R2IZ;)

Ma: Z; =[r? +@2nfL, -1/2n fC,)*IV?; r;: dién trd ciia cudn day.

Con R, khong thay d6i (thudng 16n hon so véi ndi trd cudn diy), cho nén
géc 1éch a clia kim chi thi phu thudc vao tin s& clia tin hiéu cung cip cho
mach do.

5.8.4 Phuong phap do tin sé ding cAu WIEN

Hinh 5.39: Mach cdu do tdn sé
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Hinh 5.39 bi€u dién mach cdu Wien dudc dung d€ do tin s6&. Khi:
7,74 = Z,73 (diéu kién cin bing clia ciu)

V(’ﬁlizi-l‘ joC;
1 1

3®
Nhu vay khi cau cin bing:
R
R4_—l = Rz(R3 _—)
1+joC,R, CR,
R R, C .
Hoicla: —%2=—31"14j(CR, —;)
Can biing phan thyc va phin 4o:
R_R G
R, R GCj
N 1
Va: oR;C; =
oC;R;
Do dé: ®= 1

JC,CsR,R,

Trong diéukién: R;=R3=R; C;=C3=C.

R
Thi: —4% =2 hoic Rs=2R>
R,
I P I - 1
Khi d6 tan s6 tin hi€u cho bdi: f= .
2nRC

G dién dung C khong ddi tin s6 dugc cho bdi: F = k(1/R)

Nhu vdy trong co ciu thi€t k&€ sao cho R va R; cuing thay ddi, d€ diéu

kién R; = R3 bdo ddm ludn ludn dudgc thda.

Pé€ cho ciu dugc d& can bing thi dang tin hiéu phdi khong cé hoa tin,

diéu nay cé thé dat dudc bing cach ndi ti€p vdi bo phan chi thi sy cAn bing

clia cau bing mach loc. Néu bo phan chi thi cAn biing clia cAu dung tai nghe

cda dién thoai, thi sy cAn biing cia ciu dudc x4c dinh bdi tin hiéu Am thanh co

ban (vio khodng 1 kHz). Phuong phdp nay c6 thé c6 @6 chinh xdc tir
0,1+0,5% va thuan 1di cho khodng tin s6 tit 100Hz + 100kHz.

Cdu “T doi” (mach loc T doi)
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CAu “T do6i” dugc mic theo hinh 5.40. Tin hiéu do tin sd fx dudgc dua vao
ngd vio mach loc. Khi ciu cin bing c6 diéu kién:
oiR3C,C, =2
Va: 205CZRR, =1
Khi Ry = 2R; va Cy = 2(C;

2o Loo11 1
* 2C?R,R, 2CZ22R? 4C?R?
Thi: O = —— = 2nf, =
2R,C, 2R,C,
Hay: fxz;
4nR,C,
C, C,
——————
RZ R2

— AW
Khuéch _@
® dai
H C [ —
R

Hinh 5.40: Cdu T déi dé do tdn sé

B phan chi thi cAn bing gdm mach khuéch dai (KD) va dién k€.

Phuong phdp do diing cau “T déi” c6 thé do tir vai chuc Hz d&n vai trim
kHz sai so trong khodng tir 0,5% dén 1%. Sai s6 nay phu thudc vao dd chinh
xdc clia phan tif cAu, dd nhay ctia bd phin chi thi sy cin biing clia cau.

Ngoai ra ching ta con nhitng phuong phdp so sinh dung hinh Lissajous,
mach cdng hudng hap thu va may d€m tan so sé& dugc dé cip dén trong phan
thi€'t bi do dién ta.
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Chuong 6

PO PAILUGNG COHOC VAT
THE RAN

6.1 CAM BIEN VI TRi VA SU DICH CHUYEN

Nhitng cdm bi€n nay dugc diing rit phd bi€n. Mot mit, do viéc ki€m sodt
vi tri va sy dich chuyén 12 mot phidn quan trong trong viéc hiéu chinh hoat
dong cdc mdy méc, cic mdy cong cu ching han. Mit khic, do mot s6 dai
lugng vat 1y c6 thé do dugc vi sy dich chuyén nhd chi ti€t thi nghiém. P6 1a
trudng hgp cia nhitng luc, nhitng 4p suat, gia toc, nhiét do, v.v... C6 hai
phuong phap cd ban duge ding d€ xdc dinh vi tri va do su dich chuyén.

Phuong phdp 1 thudng dudc ding. CAm bié€n tao ra tin hiéu gin lién vdi
vi tri clia mot trong nhitng thanh phin cda cdm bi&n lién k€t v6i ddi tugng di
dong, dic tinh quan trong cia nhém nay la tdng trd cim bi€n phu thudc vio
dic tinh hinh hoc hoic kich thudc cdm bié€n thay d6i theo vi tri clia phin ti di
dong. B6 1a trudng hdp cdc cdm bi€n: bi€n tré do ludng, dién cdm c6 16i di
dong, dién dung c6 16i di dong, bi€n 4p c6 d6 ghép thay ddi.

Phutong phdp 2 it thong dung. Cam bi€n tao ra mot xung ¥ng véi mdi 1an
phan t& di chuyén: vi tri va sy dich chuyén dugc xdc dinh bdi sy dém xung
phét ra, hoic trir ra tily theo chiéu chuyén dong. Nhitng cdm bi€n dugc goi la
gidi han & hai didu dugc dic trung bdi khong cé lién két co khi véi vat ma né
do khodng cédch hoidc chuyén dong. Ching c¢6 do tinh 16n, sy lién két gitra vat
chuyén dong va cdm bi€n dudc thyc hién nhd mot sy lién két tir trudng, dién
tlt trudng hoic tinh dién ma cudng d6 ghép phu thudc vao vi tri tuong doi gitta
vat va cdm bi€n, xdc dinh ddp ¥ng cda cdm bién.
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6.1.1 Cam bié€n dién tré

1- Bién tré do luong

D6 12 loai cdm bi€n c6 nguyén ly cdu tao don gidn, cho phép thuc hién
vdi gid thanh ré, tin hiéu tao ra c¢6 thé thu dugc & mic do tuong d6i 16n va
khong can mot mach bi€n ddi dic biét. Tuy nhién, sy hién dién cda con chay
do sy trugt 12 nguyén nhin tao ra ti€ng 6n va sy hao mon, diéu nay din dén su
suy gidm chi't lugng cdm bi€n (tuyén tinh, chinh xdc) va c¢é s& 1in vin hanh

gi6i han ma né khong bi hu héng. Mit khic, cdm bi€n c6 thé hoat dong & moi
trudng khong khi 4m, bui.
a) Dang hinh hoc

Hinh 6.1: Nhitng dang bién tré
a) Bién tré thdng; b) Bién tré géc; c) Bién tré hélice
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Mot bi€n trd gdm mot dién trd cd dinh Ry, va trén dién trd c6 mot tiép
di€m goi 12 con chay. Pién trd R giita con chay vi mot trong hai dau c6 dinh
c6 dic tinh: mot mit, phu thudc vao vi tri con chay (tic phan di dong ma ta
mudn bi€n ddi vi tri ra tin hiéu dién), mit khiac né phu thudc vao dién trd co
dinh. Khi dién trd dugc ciu tao ddng nhat, bi€n trd tuyén tinh vi c6 mot tf 1&
gitta R va vi tri con chay. Tly theo dang hinh hoc cda dién tr§ c6 dinh va su di
ddng con chay, ta phin biét:

1 Bi€n tr§ dich chuyén thidng: R (1) = (I/L)R,

1 Bi€n tr§ dich chuyén géc:  R(a) = (a/oy IR,
v6i oy 1a géc dich chuyén ti da.

Trong d6: bi€n trd dich chuyén vong: oy < 360°.
bién trd dich chuyén hélice: ayy > 360°.

b) Pién trd: dudce ciu tao bdi ddy quin hoic dang mang (piste). Dy dién
tré phdi néu nhitng dic tinh sau: hé s6 nhiét do cda dién trd sult, sic dién
dong nhiét, dd 6n dinh tinh thé. Nhitng hgp kim thudng dugc ding: Ni—Cr, Ni—
Cu, Ni-Cr—Fe, Ag-Pd. Ddy quin dugc thuc hién trén vat liéu cdch dién (thdy
tinh, gdm hoic nhua), diy quan cé 16p vd cdch dién. Pién trd mang dudc cau
tao bdi mot mi€ng plastique phii mot 16p than dan dién, hoidc 16p oxyd kim
loai, kich thudc cia nhitng hat kim loai vao khodng lo'zpm. Gid tri dién trd R,
thong thudng c6 gid tri tir 1kQ+ 100kQ va c6 thé dat d&€n vai MQ.

Sai s6 ciia dién tré: nhitng bi€n trd dugc ché tao vdi sai s6 clia R, ty
theo trudng hgp + 20% hay + 10%, né c6 thé dat + 5%.

D¢ chinh xdc cao d6i véi tri s6 dién trd, trong trudng hdp tdng quét thi
khong cin thi€t bdi vi tin hiéu ra 12 k€t qué cla ty s6 R (x)/R,.

H¢ s6 nhiét do ciia dién tré: thong thudng rat cao ddi v6i dién trd mang
(khodng — 3.10™%°C).

Tuyén tinh: su khong dong nha't trong ché tao hoic do thanh phin vat
liéu, mot sy khong d6i xing nhé trong kich thudc c6 thé kéo theo mot sy
khong tuyé€n tinh.
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2- Bién tré khong cé con chay dang co

Su bat 1di clia con chay dang cd 1a sy trudt trén piste (gdy ra sy hao mon,
ti€ng 6n) cé thé loai bd bing cach thay két ndi co khi giita truc di dong va
mang dién trd bdi lién k&t quang, hoic tir.

Ban méng loai
| quang dién dan

Mang dién
dan tiép xuc

Hinh 6.2: Nguyén tdc ciia bién tré con chay dang quang

Trong loai bi€n tr§ géc c6 con chay dang quang, mang dién trd do dugc
tdch biét véi mang dién din ti€p xtdc bdi mot bing méng dang quang dién dan
(CdSe), trén mang méng nay nhan mot lugng dnh sdng di chuyén cling lic khi
ta xoay truc ctia bi€n tré. Pién trd clia I16p quang dién din dugc chi€u sdng sé&
gidm di, tao thinh mot sy k&t ndi gitta mang dién tré do va mang ti€p xic.

A
pién tré 10'Q

108

100000 /]
10000
1000

41100

Thdi gian (ms)

Thoi gian
~ chiéusang

Hinh 6.3: Su thay déi dién tré ciia I0p quang dién din dudi
tdc dong ciia sy chiéu sdng trong thoi gian ngdn

Loai bié€n tré tir dudc ciu tao bdi hai phin tir trd R; va R; mic ndi tiép.
Mot nam chAm c6 cing truc quay véi bién trd tao ra mot tif trudng xuyén qua
mot phan dién trd R; va R; thay ddi v6i vi tri géc cda truc quay. Tir trudng
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cdm tng gy nén mdt sy thay d6i quan trong dién trd cia nhitng phan R; va R;
né xuyén qua. Pién 4p cung cdp Es dudc 4p vao hai dau 1 va 3, dién dp do
dugc 14y & di€ém chung 2 va mot trong hai dau con lai.

Q,
bién tré
Nam cham Ry / c6 dinh
Py
P N
) ) . o 2\
ung I_F
R2§ 50% I+ tuyén tinh <
] A
30% Mt 11| M. . .
ie 23 o 0 4 on0 > Gécquay R, bién tré
0 90 180 360 <™
Q c6 dinh
]
a) b) c)

Hinh 6.4: Bién tré goc loqi tir

a) Nguyén tdc theo géc quay; b) Pdp iing dién; c) Mach bu trir nhiét
6.1.2 Cam bién dién cam

1- Nguyén Iy va ddc tinh tong qudt

Su dich chuyén ma ta mudn bi€n ddi thanh tin hiéu dién dugc thuc hién
nhd mot trong nhitng phan t mach tir, kéo theo mot sy thay d6i tir thong trong
cudn day. Khi phan ti di chuyé&n 1a mot 181 sit tir, mot sy chuyén d6i sy dich
chuyén thing hay quay tron dudc thé hién bdi:

| Sy thay ddi hé s& tif cdm (dién cdm thay ddi).

L Sy thay d6i d6 ghép giita cac cudn diy so va thit cAp cda bi€n 4dp (bi€n
4p vi sai, microsyn) gdy ra mot sy thay d6i dién 4p thit cap.

Khi cudn diy quay tron so v6i mdt cudn c6 dinh, thi mot cudn giit vai trd
phan cdm, con cudn kia phin @ng, né tic dong nhu mot bi€n 4p c6 dd ghép
thay ddi. Cudn sd 12 phan cdm, cudn thit 13 phian ¢ng va tao ra mot dién 4p
hoat dong theo géc quay (bi€n trd dién cdm, résolver). Nhitng thay ddi hé so
ty cdm va hd cdm M theo su dich chuyén cilia 16i st thong thudng cé sy tuyén
tinh kém, diéu nay cé thé cdi thién ding k& vi viéc b tri hai cudn diy ddi
khdng ma hé s& tu cdm L va hd cdm M thay ddi ngudc nhau ddi vdi cling mot
chuyén dong, nhu vay ta da thyc hién mot sy bu trir mdt phan khong tuyén
tinh (hoat dong push - pull). Cdm bi€n dién cdm dudc ding trong mach cé
ngudn cung cidp bdi modt ngudn dién 4p sin, c6 tan sd thudng gidi han ¢ hang
chuc kHz d€ gidm bt nhitng ma't mat vé tir va dong dién Foucault, cling nhu
dnh hudng dién dung ky sinh. Pién 4p do vy, 12 k€t qua cda sy bi€n dbi bién
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do ciia dién dp cung cAp Escosmgt bdi su dich chuyén x(1): v, = K. x (t).Escos
(st + D).

R4t hi€m, nhitng sy thay d6i phan t dién cdm c6 thé dude ding bi€n d6i
tan s6 clia mach dao dong, ti 1& véi sy dich chuyén. Trong moi trudng hop, bat
ky loai bi€n d8i nao, tdn s f clia sy chuyén dong phai rat nhd so vdi tan so
séng mang fs d€ dé& dang cho viéc tich séng: f<fs/10. Nhitng cdm bié€n dién
cdm nhay ddi v6i nhitng tif trudng nhiéu, 1a 1y do tai sao cin dit nhitng mang
bdo vé tir trong cudn day.

2- Pi¢n cam thay doi

AX

Hé s6 t¢ cdm L cda cudn diy c6 N
vong diy dudc dién td theo tir trd R cida Khe hé

| |
'Tkhéng khi
mach tu. F‘
2 dl
L=N" vei R=| L]
) 1

p S

math tég

[ ]

H - do tir tham; S - ti€t dién mach tir. Hinh 6.5: Ca(m biean loaii khe
Khi ti€t dién clia mach tir khong d6i hol khoang khi thay fiodi

trong tirng doan:

I

R=———
Kokt St HoSe

trong d6: I; I, - chi€u dai trung binh clia dudng sic trong 16i sit va
trong khong khi
Sp, S, - ti€t dién mach tir va khe hd khong khi
e - do tir thim tuong d6i ciia vat liéu tir (vio khodng 10°
d&n 10%) va po = 4n. 107 MKSA.
a) Mach tir c6 khe hé khong khi thay déi (H.6.5)
Ta thi€t 1ap d& dang, tir cong thifc tdng quat, hé sd tu cdm L:
L = uoN 2SI/, + 1 /pg)]
Pé€ cho ty cdm L nhay ddi v6i su thay ddi cda khe hd khong khi, ta phai
chon I, [ Ip/us. Lic d6 ta c6: L =u,N2S/l,
Mot sur di chuyén Ax ctia phan ting din d€n mot s thay ddi Al, = 2Ax ctlia khe
hd khong khi, hé s6 tu cdm s& dat tri gid mdi.
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uN2s 1 —2u,N2S  Ax
L+AL =20 _ o
I, 1+2Ax/, 12 1+ 2AX/1,
AL ,ax 1
L l, 1+2Ax/,
. 2u N2S
N&u Ax[] o, tacé: AL =~ 2 Ax [1_28% (282
l, 1,
2
S:&:_Zuotl 5[1_2AX+(2AX)2+ ]
AX |0 IO |0

b6 nhay phu thudc vao vi tri
ban diu [, clia phan @ng, né cang
16n néu I, cang bé. Mit khdc né
c6 thé coi nhu khong ddi néu su
dich chuyén rat bé so véi [, diéu
nay khi€n cho viéc st dung cdm
bi€n bi gidi han d6i véi nhitng
dich chuyén bé, ¢ mm.

b6 nhay va sy tuyén tinh

]

-

Il

]

LLLLL

Hinh 6.6: Tod hdip hai lodi maich tog
cou khe hdéd khoang khi thay fioai

dugc cdi thién, né€u ta dung ty cdm clia hai 16i mach tit giong nhau dit doi
xting d6i v4i phan wng di dong va nhu vy khe hd khong khi cé su thay ddi
ngudc chiéu d6i v6i hai 16i mach tir. Sy thay ddi hé s6 tir cdm L’ clia cudn day
thi hai:

2
AL = 2u,N“S AX
12 1-(2Ax/1,)
. 2
PGi v6i Ax 1, AL = 2HoN°S Ax[1— 2% (2B%)2,

|2 | |

[0} [0}

Hai cudn day cé L va L dudc dit trong hai nhdanh clia cau do. Pién 4p
1&ch khi d6 ti 1é v6i AL — AL:

4u N2s 2Ax) »

Ax[1+ (I

o) (o)

AL'—AL =

Nhu vy do nhay cta t6 hgp dién cdm ting gip d6i, sy khong tuyén tinh
dugc cdi thién.

b) Cudn diy cé nong di dong (H.6.7)
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Hé s6 tw cdm clia cudn day tuy thudc vao vi tri nong sit. Cdch tinh hé s6
tu cdm L nhu sau: ta xem dién cdm 12 t6 hdp ndi ti€p clia dién cdm moi trudng
khong khi; chiéu dai I,; hé s6 ty cdm L,; dién cdm clia 16i sit tir ¢6 chiéu dai
If; hé s6 tu cdm Ly hé s6 hd cdm M.

Tacé:L=L,+ Ly+2M. V6i M =K JL,.L;

K: hé s& ghép, gid st khong ddi (0< K< 1).
Ta c6 thé viét theo dic tinh ciia mach:
N 2 N 2

Lo = Hol_zsolo = lvlol_zso(l ~I¢)

N 2
Ly = Mol_z(so +(ug DSy

2
L= uo“l‘—z[sol g = DSyl +2K 5,080 + Gy ~ 18T =101, ]

Sy dich chuyén Al; cla 18i sit tir kéo theo mot sy thay d8i AL cda dién
cdm, n6 thy thudc vao I va hoat dong khong tuyén tinh theo Alr Tuong ty nhu
trudng hdp dién cim c6 khe hd khong khi thay ddi, sy khong tuyén tinh c6 thé
gidm bdt biing cdch mic push-pull, hai cudn diy c6 cing chung mdt ndng sit
tur.

A
—————

! ! L&isattu
I \nxmnnl_éxnnmn[
:] Al
4—5—»

Cu(‘l‘)n déy foossneecaaees o lecooooose. )

Hinh 6.7: So dé nguyén Iy ciia cudn Hinh 6.8: Hai cudn ddy co cung chung
ddy cé nong sdt di dong mdt nong sdt hoat dong push—pull

3- Bién dp vi sai (H.6.9)

Bié€n 4p vi sai 12 mot loai cdm bi€n dudc chi y d€n pham chd't tuyén tinh,
dd tinh. So sdnh v6i cdm bi€n dién cdm c6 nong di dong, hoat dong push—pull
¢6 cling mdt so tinh chat, loai cAm bi€n vi sai c6 mot s di€m 1gi hon.

L Cach mic day don gidn, khong can thyc hién can bing ciu do.

LI Mot sy doc 1ap gitta mach kich thich va mach do.
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a) Nguyén Iy: Bi€n 4p vi sai dugc cidu tao gdm mdt cudn day so cap va hai
cudn day thit cAp dugc bo tri ddi xitng so vdi cudn so cap. Cudn sd cidp dudc
cung cip bdi sic dién dong sin: e; = E;cosot. Sy dich chuyén clia nong sit tir
l1am bi€n ddi do ghép giita cudn so va hai cudn thii. Nhitng cudn thi duge mic

xung ddi sao cho sitc dién dong cdm tng cla ching trir nhau.

1888888 | Thanh hung dan
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]
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| I | I
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m $|n|eto! do R
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c)

Hinh 6.9: Bién dp vi sai: a) Loai dich chuyén thdng,
b) Dich chuyén géc, c) So do mach dién tuong duong.
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V&i mach dién don gidn, § d6 ta bd qua dién dung ky sinh. Nhitng phuong
trinh d6i v6i mach so va mach thit cap:
e1 =(Ry + jLyo)iy + j[M ' (x) =M " (N]wi,
[R, + Ry + R + jolLy + Lyl iy + jolM'(x) =M "(x)]i; =0

Ta c6 thé tinh theo e;, dién 4p V,, = R;i> & hai ddu thi€t bi do mic vao thit

A

cap.
_ joR[M "(x) - M '(x)]e
R (R +Ry)+ jolL,Ry + Ly (R, + RDI-0?[Ly L, + (M '(x) = M "(x))?]

Vi

vGi: Ly = L'Z + L"Z va Ry = R’Z + R;.

V& nguyén tic v,, = 0 khi nong sit & vi tri chinh giita cach déu ddi v6i hai
cudn thif cAp, d6 1a vi tri ban dau x = 0 va ta c6 M’(0) = M”(0). Trong thuc t& & vi
tri d6 ta c6 v, nhd nha't chit khong hoan toan bing 0, ¢6 hai nguyén do:

L) Nhitng hoa tan tao ra bdi dic tinh khong tuyén tinh ctia dudng cong tir
héa 161 sdt.

U Bién dung ghép gilta cudn so va cudn thi.

b) Pic tinh do luong
AV, 20 aE;

Ax \/ R2 + 12 ¢

D&i v6i nhitng tin s6 kich thich thdp (f< R;/2nL): S = 20aE, /R,

; V. bién d6 tin hi€u

b6 nhay: S=

P06 nhay trong trudng hop nay ti 18 véi tin s6 clia ngudn so cip, né c6 thé
bi dao dong v&i nhirng thay ddi nhiét clia Ry, tuy nhién diéu nay cé thé bu trir
bing cdch dit ndi ti€p v6i Ry mot dién trd 7’| ma nhitng thay d6i do nhiét
ngudc v6i Ry hodc cung cAp cho sd cAp mot ngudn dong.

D3i vdi nhitng tdn sd kich thich cao (f> Ri/2nL): S = 2aE,/L,

Do nhay fddc 1ap v4i tin s6 cung cAp va dnh hudng nhiét dugc xem nhu
thu nhd, d6 nhay ti 1& v6i bién do ctia dién dp sd cAp nhung su dot néng cla

cudn so va sy bdo hoa ciia mach tir khong cho phép gia ting E; qud mdt gid tri

gidi han dugc nha ché tao chi ré.

Khi cudn day sd cdp dugc bo tri xen | b
gifta hai cudon diy thd cidp din dén [ ]

motsd batloi: |
DN Lz,

6] phia ngoai cudn diy so
--------- :\\\\\\\\\S

cdp, mot tf trudng hodn todn khong HEEEE S W S2 S
Sd cap Thi cép Thu cap
Hinh 6.10: Cauch boa tri ba cuodn
daay fiea cadi thiean tuyean tinh vag
gia taéng khoa(ing no
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gidong nhau doc theo truc, di€u nay din d&€n mot sy khong tuyén tinh.

L Mot sy giéi han khodng do ctia sy dich chuyén nong sit, tif tim di dén
mot trong hai cudén diy thi cAp. Nhirng diéu ba't 1¢i nay ¢ thé dugc khic phuc
bing su bd tri ba cuén day chong 1én nhau (H.6.10).

Mot vai ddc tinh ciia bién dp vi sai:

Khodng do: Dich chuyén thing: + lmm d&€n + 500mm

Dich chuyén géc: + 45°
D6 nhay: Dich chuyén thing: 1 d&€n 500mV/1V/mm
Dich chuyén géc: 1 d&€n 10mV/1V/1d6

Do tinh: Loi di dong tir 0.5gam dén vai chuc gam.

Dién dp cung cdp tir 1 d€n 50V hiéu dung.

Tan s& cung cap: S0Hz d&n 25.000Hz.

¢) Mach do: sy kich cudn sd dudc cung cip tif mdt mach dao dong ma tan
s0 va bién do rat virng.

Nguén Cam bién
cung cap —— 31— &
L Khugch Hoan dieu .. e
; Ty — dai dong b6 dai
Mach || K|§[T1 soAat . ’'y >
dao dong bién dé
‘_, K’lem Chinh “0”
soat pha

Tin hiéu tit cdm bi€n dugc khuéch dai va chinh luu, tin hiéu c6 pha phu
thudc vao chiéu chuyén dong. So dd khdi mach do nhu hinh trén.

4- Microsyn

D6 1a loai mdy dién nhé, gdm c6 stator bon cuc va rotor biing vt liéu sit
tlr. Trén bdn cyc clia stator c6 hai cudn diy so va thit, trén rotor khong cé
quan diy va giit nhiém vu bié€n ddi.

Nhitng cudn diy so cAp mic ndi ti€p
dugc cung cap bdi dién 4p sin vao khodng
vai chuc von t8i da va tan s6 dudi 10kHz.
Tur thong cdm dng trong mdi cudn day thit

cip mot sic dién dong cé dang:

Hinh 6.11: Nguyean taéc caau

g = —-dd,/dt = o®, sinot; (d, = d; sinet) taio Microsyn
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Nhitng cudn diy thd cdp mic ndi ti€p sao cho sitc dién dong e; va e3

xung d6i véi e, va ey, lic d6 dién dp & thit cap:
Vv =e€e] +e3 —erx— ey
= Vn=0 (D + D3 Dy — Dy) sinmt

Vi tri géc quay cua rotor 4n dinh tf tr§ cda mach tf va nhu th€ 4n dinh t
thong cuc dai trong nhitng cudn day, khi rotor & vi tri 1a truc d6i xitng doi véi
hai ciip cuc, nhitng tir thong di qua bon cudn day thit cAp bing nhau, c6 gid tri
®,, dién 4p thi cap v, = 0, d6 12 di€m O clia cdm bi&n. Khi rotor quay quanh vi
tri ndy, s& c6 mdt sy bi€n thién tr tr§ va tir thong trong nhitng cudn day thi
cap: @j = O, + AD;.

Nhitng sy bi€n thién nay bing nhau trong nhitng cudn thit cip S; va S3; S>
va S4i ADy = ADy4 = AD’, AD| = AD3 = AD.

Sttc dién dong cadm Wng tong cdng: v, = 20 [AD — AD’] sin ot

Mit khéc nhitng thay ddi A® va AD’ trdi ddu nhau, doi vdi géc quay Aa
bé, ta c6 thé viét: AD = aAo. + b(Aoc)z; AD’ =—aAo+b (Aon)2

Cédch mic diy nhu th€ chinh 1a cdch mdc push-pull. Pi€u nay cho phép
mot sy bu trir khong tuyén tinh d6i vdi su thay ddi cla tir thong:

vm = 4amAo sin ot.

Nhu vay do 16n cda dién 4p thit cdp trong gidi han géc quay chung quanh
tri gid 0 ti 1& véi géc dich chuyén Aa.

bic tinh do ludng:

LI Khodng do + 10°.

LI D6 nhay: 0,1V d6i véi dién dp 1 von va géc 1éch 1 do.

1 Khodng cédch tuy€n tinh: 0,5 dén 1% khodng do.

5- Bién tré dién cam

Gom c6 stator va rotor dugc ciu tao bdi vat liéu sit tir. Trén stator va
rotor c6 bd tri mdt cudn diy quan nhu hinh 6.12.

Rotor dugc ndi véi truc quay ma ta mudn bi&n ddi chuyén dong déng vai

trd cudn sd cAp va dugc cung cip bing mot ngudn dang sin: Ejcosot.
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oy |
j«\ey’ Stator | 0
N _—X (thu cép) |

Hinh 6.12: Nguyén tdc cdu tao ciia cdm bién bién tré dién cdm

Dong sd cAp ¢6 dang: I;cos(mt+y), tao ra mot tif thong thing géc véi mit
phing cudn day so cap.

Cudn day stator déng vai trdo cudn day thit cAp c6 mdt tir thong xuyén qua
s€ phdt sinh sitc di€én dong tng c6 do I6n: E, = M(0)wl;.

M(0): hé s6 hd cdm hai cudn day. Ta dit:

M(0) = M,cos0; 0: Géc 1€ch gitra hai cudn day.
trong nhitng diéu kién nay: E> = M,ol1cos0
dd 16n E; biing 0 khi 6 =n/2, vi tri nay ta xem nhu vi tri ban ddu cla géc
quay, ta cé thé viét: E, = Mo I, sina, ta dit 0 =a +n/2.

= E, = M ol 0, d5i v6i o. nhd

Mot sy b tri thich hgp nhitng cudén diy cho phép néi rong khodng tuyén
tinh, v6i géc quay cuc dai oy gin bing /2.

Khodng do: 120° d&€n 180°.

Do nhay: 0,5 d&€n 20mV d6i v6i 1 von dién dp va géc léch 1°.

Khodng cdch tuy&n tinh: 0,1 d€n 0,5 % khodng do.

6- Synchrodetecteur (Sel Syn)

P6 1a mot tip hdp hai mdy dién giong nhau: mot mdy truyén, mot mdy
nhin. M&i mdy gbm mdt rotor va mot stator ba pha, ba cudn diy dugc bd tri
1&éch nhau 120° vi mic theo Y. Nhitng cudn day stator cda mdy truyén va nhin
dudc ndi v6i nhau nhu hinh 6.13. Phin quay clia mdy truyén (transmetteur)
dudc cung cap bdi mot dién dp: Ecosmt, s€ tao ra mot tif trudng b ma thong
di qua cdc cudn day stator S;;, Sy, Si3 phdt sinh sttc di€n dong dng e, e;2, €;3.
Goi 0¢ 1a géc 1é€ch giita rotor va cudn day stator S¢j, nhitng sitc dién ddong cdm
ttng trong S;;, Si2, Si3.
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May phat

Stator

E coswt

Hinh 6.13: Nguyén tdc cdu tao ciia synchrodetecteur

&, = oKE cos6;.cos(ot —y)

&, = ®KE cos(0t + 2—;) cos(ot —y)

63 = ®KE cos(6t —2—;) cos(ot —y)

véi K va y tuy thudc ddc tinh hinh hoc va dic tinh dién clda cdc cudn day.
Nhitng dong dién i;, i, i3 trong cdc cudn Sy, Sp, S;3 tao nén tU trudng by
ngudc chidu véi b.

Nhitng dong dién nay s€ chay trong cdc cudn diy stator cia mdy nhin
(récepteur) Sy;, Sy2, Sr3, c6 chiéu ngugc v6i dong dién chay trong mdy truyén
va tao ra tor trudng br ngudgc chiéu véi bt nhu viy ciing chiéu vdi b. Goi g6c
1éch gilra rotor cla mdy nhdn va cudn day satator S,; 1a 6;. T thong cdm dng
trong rotor ti 1& vdi cos(0; — 0;), nhu vay siic dién dong ng vdi hai ddu rotor, c6
mach s& o, va do 16n:

E, = K’.Ecos(6;— 6;)
K> d6i v6i mot may cho truée tiy thudc vao cdch thuc hién va o.

Trudng hop khi: 0, =n/2; E; = K'.E sin 6;
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Vi 0; gin biing 0: E, = K’E®,

Nhitng ddc tinh do luong

Khodng do 360°, d6 nhay (& gan di€m 0) tir 10mV d&€n 100mV d6i véi 1V
dién 4p va géc 1éch 1°. Synchrodetecteur dudc dung trong nhitng thi€t bi do vi
tri géc 1€ch, né tao nén mot dién dp ¢6 dd 16n E, phu thudc khodng cdch gitta
vi tri truc mudn do dugc ndi véi may truyén va vi tri ¢d dinh chon trudc cia
phin quay mdy nhin.
6.1.3 Cam bié&n dién dung

1- Nguyén Iy va ddc tinh tong qudt

Pay 1a nhitng tu dién dang phing hoic dang tru ma mot trong nhitng ban
cuc di ddng din d&€n mot su thay d6i dién dung. Khong ké dén hiéu wng phu,
ta co:

|/ D&i v6i tu phing: C =¢,e,A/D

&: hiing s6 dién moi clia mdi trudng gitta hai bdn cuc, A va D 1a ti€t dién
va khodng cdch giita hai ban cuc.

| D& véi t dien try: C = 27 _Crfol
Logr,/r;
[ - @6 nim siu cda hinh tru bdn kinh r; trong hinh tru bdn kinh r,.

Trong hé thong don vi MKSA: &, = 8,85 . 10~ '%.

Su dich chuyén ctia ban cuc di dong c6 thé dudc thuc hién:

Truong hop tu dién phdng:

Su dich chuyén trong mdt mit phing song song vdi ban cuc cd dinh: A
thay d6i, D c& dinh.

Sy dich chuyén trong mit phing thing géc véi ban cuc cd dinh: D thay ddi,
A c6 dinh.
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Truong hop tu dién tru: [ thay ddi doc theo truc.

Nhitng cdm bi€n dién dung cin dudgc luu y bdi cdu tao don gidn cda nd,
cho phép thuyc hién cdm bi€n chic chin va tinh. Pién moi thudng dung la
khong khi. Tuy theo mach bi€n d6i di kém véi cdm bién, tin hiéu c6 thé hoat
dong tuy&n tinh doi véi:

| Su thay ddi dién dung AC.

|l Hay su thay d6i tdng tr§ AZ.

LI Hodc sy thay ddi twong d6i AZ/Z; (AZIZ = —AC/C).

Pé viéc st dung thi€t bi do thich hgp nhat, cAn phdi xdc dinh mdi loai
cdm bi€n dién dung nhitng dd nhay khac nhau d6i v6i do dich chuyén x.

L' D6 nhay dién dung: S = AC/AX

Do nhay tdng trd: S, = AZ/AX

1AC 1 AZ

L D6 nhay tu'dng 661 Sr = E A = —2A—
X X

Nhu vy n€u dd nhay Sc clia dién dung 12 hiing s6, ta chon tru6c mach

bi&€n ddi ma dién 4p ra v,, thay ddi theo AC:
vm=K.AC = KSc.Ax

K: hiing s6 dic trung cho mach bi€n ddi dudc dung, ngudgc lai n€u S, 1a hiing
s0 ta chon cdch mic sao cho: v, = K AZ = KSzAx,

Trong mdi trudng hgp, tin hiéu thu dudc ti 1& véi do dich chuyén Ax.

2- Tu dién cé tiét dién thay doi

a) Tu dién don

P6 1a tu dién phing v6i bdn cuc di dong xoay tron hay tu dién dang tru
¢6 ban cuc di chuyén doc truc nhu hinh 6.14. Trong c4 hai trudng hgp, dién dung
thay ddi tuyén tinh theo dich chuyén x: C(x) = K.x

. gonr?
D4i v6i tu dién xoay: K =2 , x=o:do
360.D
o A 2g,m
boéivéity diéntru: K=——— x=0Im
Log(ry/ry)
D6 nhay Sc 12 hiing s6: Sc = K; Ngudc lai tdng trd hoat dong khong
. 1 1
tuyén tinh theoxva:  §; =-———.—.
Ko x

Do nhay tuong doi S, =1/x. P nhay Sz va S; rit I6n trong khi x nhd.
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Ngay cd d6i v6i sy dich chuyén dx, sy khong tuyén tinh rat 16n. Viéc st dung
mdt tu dién thd hai hoat dong push-pull v6i cdch mic vi sai cho phép mot su
bu trir.

Oy
T o
a)
WA
2 /”‘Y—z """ N
S |
41—
b) d)

Hinh 6.14: Nguyén Iy cdm bién dién dung cé tiét dién thay déi
Tu dién don: a) Xoay tron; b) Dich chuyén thdng
Tu dién kép: c) Xoay tron; d) Dich chuyén thdng
b) Tu dién déi vi sai
Bén cuc di dong A; di chuyén giita hai ban cyc ¢6 dinh A, va A; tao thanh
hai tu dién ma dién dung ctia ching 1a Cy; va C3; thay ddi ngugc dau véi nhau
theo su dich chuyén x (H.6.14c,d). Vi tri dugc xem 13 g&c ban ddu clia sy dich
chuyén x 13 ctia bdn cuc di dong, tai d6 hai ban cuc cd dinh ddi xing, va nhu
th€ hai dién dung C,; va C3; bing nhau. V6i gid tri K va x dugc xdc dinh
trudc, vGi su dich chuyén cuc dai X, ta co:

Cpp = K(X +X) = KX(1+%)=CO(1+%)

Cy =K (X —x) = KXAL-)=C,(1-2)
X X

Ta dit KX = C, v6i X = L2

L - chiéu dai clia ban cyc di dong trong trudng hdp tu dién tru.

X =0y/2, ay : gbc tao nén tir tAm cla ban cuc di dong trong trudng
hgp tu xoay.

Diéu 1¢i clia cdch mic vi sai hién r5 trong t6 hgp dién dung Cz; va Cjs;.
LY do: khi Ivu y ring d6i véi mot phuong phéap do t6t, nhitng ti s6 phan dp sau
day hoat dong tuyén tinh theo su di chuyén:
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Zyy Gy 1(1-1—1)
Zy+Zy Cyu+Csy 2 X

3- Tu dién cé khodng cdch thay doi (H.6.15)
DAy 1a nhitng tu dién diing d€ bi€n ddi su dich chuyén thing.

T

a) b)
Hinh 6.15: Nguyén Iy ciia cdm bién dién dung cé khodng cdch thay doi
a) Tu dién don, b) Tu dién doi vi sai.
a) Tu dién don: ta goi d 13 khodng cdch dich chuyén vdi khodng cdch goc
D,, ta co:
goA goA 1 1

c(d) = . Sg=-——20" .8, =~ .G =-
Do+d’ " (Dy+d)? 7 gA o ' Dy+d

Trong trudng hgp nay sy thay ddi clia tdng trd thi tuy&n tinh theo sy dich
chuyén. Po nhay Sc va S, 16n khi D, nhd, chiing ¢6 thé xem nhu khong ddi
khi do d[] D,. P nhay Sc ciia tu dién c6 khodng cdch thay ddi rat 16n so vdi
dd nhay Sc tu dién c6 ti€t dién thay d6i.

Vi du: Tu dién dugc cAu tao v6i nhitng ban cuc ti€t dién vudng ¢é canh la
a, dugc dit canh nhau véi khoang cdch D,(D,0 a), ta c6:

|1 P8i v6i syt dich chuyén song song v&i mot trong hai canh S¢ :TD()i .

o}

LI B&i v6i su dich chuyén nhd, thing géc véi ban cuc:

Sc(1) =€02°/Dg Va@Se(;)/Seq) = /D, 1 1

Ngudc lai tu dién c6 khodng cdch thay d6i chi c6 thé ding d€ do sy dich
chuyén nhé (< mm), trong khi tu dién c6 ti€t dién thay d6i c6 khodng do tuong
d6116n (> cm).

b) Tu dién ddi vi sai: Bdn cuc di dong A; dich chuyén theo hudng thﬁng
géc vdi mit phing cla ban cuc cd dinh A va A3 N&u goi d 1a khodng cdch
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dich chuyén so véi vi tri g6c ban ddu thi D, 1a khodng cdch ddi xing clia hai
mit phing, ta c6:

Co. = g,A :soA 1 _c 1
*"p,-d D, 1-(d/D,) °1-(d/D,)

o

€A g/A 1 1
D,+d D, 1+(d/D,) 1+d/D,

Vé6i: g,A/D,=C,.

Tuong tu trong trudng hdp tu ddi cé ti€t dién thay ddi, t6 hdp nay c6 dic
tinh d4ng chi ¥ 1a i s& phan ap tuyén tinh theo su dich chuyén.
Zyy Gy 1 d Zyy Gy 1

d
= ==(1+—): = ==(1-—)
Zy+Zy Cyu+Csy 2 D, Zyy+2Z3 Cyu+Csy 2 D,

6.1.4 Cam bi€n do sy dich chuyén giéi han hai diu

Loai cdm bi€n nay dugc dic trung bdi sy khong c6 lién két co khi giita
thi€t bi do va vat chuyén dong, ma bing su lién k&t clia mot trudng c6 lién hé
véi vi tri tuong doi clia vat chuyén dong.

| Trudng cdm @ng tir d5i vdi nhitng cdm bién tir trd thay ddi, hiéu dng
Hall d6i véi vat liéu khdng tir.

U Trudng dién tir d6i v6i nhitng cAm bi€n loai dong dién Foucault.

U Trudng tinh dién ddi véi nhitng cdm bi€n dién dung.

Nhiing ddc tinh ciia cam bién do sy dich chuyén gidi han hai dau la:

LI Mot bing thdng rong

L DJ tin cdy va dd tinh 16n.

Nhitng diéu bdt lgi:

LI Khodng do thudng nhé (khodng mm)

L Hoat dong khong tuyén tinh

U Nhat 12 doi véi mot s6 cdm bi€n c6 ddp ¥ng phu thudc vao hinh ddng,
kich thudc va vit liéu clia d6i tugng, diéu nay cin thi€t cho sy 14y mau, dugc
thuc hién trong nhitng diéu kién riéng biét khi st dung.
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vy

k) D

Hinh 6.16: Nhitng iing dung cdm bién do sy dich chuyén gidi han hai ddu:
a) Vi tri; b) Dich chuyévn thdng; c) Dich chuyé’n theo hai truc;
d) Puong kinh; e) Dich chuyén doc va ngang; g) Bé day cdch dién trén kim loai; h)
Duong kinh kim loai; i) Kiém tra kich thudc v.v...
1- Cdm bién ti tré thay doi (H.6.17)
D6 1a mot bi€n 4p ma mach tif bao gdm vat chuyén dong cin do. Vat
chuyén d@{lg phdi la vat }iéu sé’t\tfr, B& mat biing
hodc it nhat mang mot b& mét bang vat liéu

At 1t A PN ’ . . Mang céan tu £y 4
vat liéu sat tr. Khodng cdch gifra 9 sat tu

ddi tuong ma ta mudn do vdi diu

cdm bi€n, déng vai trdo khe hd
khong khi xdc dinh tir tr§ ciia mach
tf vd nhu th€ xdc dinh tir thong,

dién 4p cudn tht cAp cé dang

khong tuyén tinh khi cudn so cip

d . Hinh 6.17: Calm biean tog tro0
ugc cung cap:
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1

M "M (14 ax)?

vdi: x - khodng cdch gifta d6i tugng va cdm bién
Vmo - phu thudc vao do tir thim, dang hinh hoc va kich thudic clia ddi tuong.

Tin hiéu thu dudc c6 thé tuyé&n tinh héa d6i v6i nhitng dich chuyén d bé
chung quanh mdt khodng cdch D, cho trudc biing cdch b tri hai cdm bié€n hoat
dong push-pull. Hai cudn diy so cdp dugc mic ndi ti€p hoidc song song, hai
cudn day thit cAp xuat hién cdc dién dp Vi va V2 dude mic xung d6i, dién
4p do dugc:

Vin = Vinz = Vi
1 1
véi: Vo=V, —— . =V, — =
™M pa(D,+d)2T ™ ™ 1+a(D,—d)P
N&u: i]ZD 1=V, =Vm(Do)ﬂ
1+aDb, 1+aDb,

2- Cam bién dong dién Foucault (H.6.18)

Phan t¥ chinh ctia cim bi€n 12 mot cudn diy dugc cung cAp dong dién tan
s6 cao, né s& tao ra mot tif trudng thay ddi chung quanh cudn day. Mot vat kim
loai nim trong ving tf trudng nay sé x4y ra hiéu @ng dong dién Foucault.
Theo dinh luit Lenz, dong dién nay c6 chiéu chdng lai nguyén nhin tao nén
né, tao nén mot tir thong ngugc lai véi tir thong cda cudn diy, diéu nay din

dén lam gidm hé s6 tu cdm clia cudn day.

& . ™ A%
RN Cuén day kich thich . i
Lt "‘% 2 R, 4
gy — ! L8B. J®
Déi tugng ,MM;/ May phat b3 ?l % Y
- Péi tugng Cuén day kich thich

Hinh.6.18: Cdm bién dong dién Foucault va mach tuong duong

Cam bién tir trd thay ddi chi ding véi nhitng d6i tugng vat liéu sit tir,
cdm bi€n dong dién Foucault dugc dung cd nhitng vat 1a kim loai. Tuy nhién
ddp ng khong chi phu thudc vao khodng cdch d6i tugng, ma con phu thudc
dic tinh dién (dién trd sud't, d6 tir thim) va nhitng dic tinh hinh hoc (dang va
kich thudc). P6i tugng va cdm bi€n thudng dit trong moi trudng khong khi,
viéc 1dp dit c6 thé bo tri trong moi trudng cach dién, diéu nay cho phép tén
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hao it ddi vdi tan s6 dong dién hoat dong. Ly thuy€t don gidn vé hoat dong
clia loai cAm bi€n nay dudc xdy dung dua trén viéc xem ddi tugng kim loai
nhu mot mach dién c¢6 hd cdm M véi cudn day. Ta cé:
Z; = R; + fLo: tdng tr§ cudn day
Z> = Ry + jLoo: tong trd tuong duong clia ddi tugng
M= K./L;L, : hé s6 hd cdm
K: hé s& ghép giita cudon day va d6i tugng, phu thudc vao vi
tri cda doi tugng.
Ta c6 phudng trinh:
SO’C(i’p.' (R +ij)) i +jMa)i2 = €]
Thit ¢dp: (R2 + jLaw) iz + j Mai; = 0

M 2? . M 2?2 .
Riit gon: [Rj + ————=R, + jo(L;, ——————L,)]i, =
VRZ4L20? YRZi 202 T 4

Khi cudn diy dudc cung cip, tong tré cudn diy sd cap di dugc bi€n ddi
do ghép thém vdi cudn thit cap.
L Pién trd cudn diy so cip gia ting:
M 22

Ryeq = Ry +—
T RZ 1262

2
LI Pién cdm cudn ddy gidm:
M 202
Lyg =Ly ————2
1 1 2
* R3 + L3w?

Trong trudng hgp ddi tugng 1a vat din dién tot:
M 2w? L
RZ 0 LZ(D = > 7 7 = 21

Vi tdng trd twong duong cudn diy so cip rit gon:

2 L 2
Rieg=Ri + K L—le; Lieg=Li(1-K")
2

3- Cam bién hi¢u iing Hall

Hiéu tng Hall dugc dic trung bdi sy xuit hién dién 4p Vy thing géc véi
dong dién chay trong vat dan dit trong ving tif trudng B, dd 16n Vg phu thudc
phuong va do 16n clda B. Hiéu ¢ng Hall 12 k€t qud cta lyc Laplace tic dong
trén dién tich di chuyén. Cdm bi€n hiéu ¢ng Hall gdm:

U Phdn ddu do: 12 mdt thanh mdng, thudng 12 chat ban din c6 dong dién
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chay qua, va & hai du ctia thanh ta do V.

L Mt nam chdm: tao t trudng B, dd 16n cda tir trudng trong ving dat
ddu do phu thudc vao vi tri cia nam cham.

Hinh 6.19: Nguyén Iy ddu do hié¢u iing Hall

Mot trong hai phan t& (didu do hoic nam chim) c¢& dinh va ngugc lai.
Thudng ddu do cd dinh, trong trudng hop nay khdi lugng nam cham tuong ddi
nhé, diéu nay din dé€n han ché pham vi do ludng. Piéu 1gi clia cdm bién 1a
cho phép xdc dinh vi tri vi d6 dich chuyén xuyén qua mot hianh lang biing vat
liéu khong phdi bing sit tif ngin cdch diu do va nam cham.

a) Hiéu @ng Hall

Ta xem mot thanh din mdng hinh chit nhat (chiéu dai L, chiéu rong I,
chiéu day e), mot dién 4p V cung cip tao ra mot dong dién 7 c6 chiéu doc theo
chiéu dai nhu hinh 6.19. Sy din dién dugc xem nhu do cdc Am dién t& c6 mat
dd n, dd linh dong p, ta co:

\Y L

=Y Ve R=pt p=—1 . q=16x10"C
R el gun

V = ExL . Ex: cudng d6 dién trudng doc theo chiéu dai.
=I=qunkExel

Thanh din dit trong ving tf trudng B, lyc Laplace Fr tdc dong 1€n mot
am dién ti van téc V:

FL =-qV AB, voir V =—uEx
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Luc nay c6 chiéu theo truc y ting dan va c6 gid tri:
Fr=q nEx By
v6i By 1a thanh phan clia B thing géc v6i mit phing thanh din.
Dudi tic dung cda luc F, cac Am dién t tich tu tai bé mit canh truc Oy
theo chiéu ting, diéu nay tao nén bé mit d6i dién mot dién tich c6 dd 16n
bidng né nhung khdc ddu. Cdc dién tich ndy tao nén mot dién trudng E, song

song vdi Oy, va tdc dong 1én am dién tf mot luc F, = — gE,.
A ~ 2 0
Vit liéu Pién trd suit & 25°C (ohm.m) Hi¢u suat Hall 6 25°C
(m”.C™)
2107 110
GaAs s 5
4.5x10 - 1,5x10
. 107 _37x10°
nAs 5 2
5x10 - 1,1x10
InSh 5107 —38x10 "
n
6x10™° —19x107°
Trang thdi cAn bing dugc x4c 1ap khi hai lyc bing nhau.
Ey = MEXBN
Dién dp Vg phu thudc vao E, va bé rong 1.
| B IB
Vi = - Eyl = — pExByl = ——N =K, —L
gn e e

1 . .
Ky =—-—":hdng s6 Hall
gn

Vi du: Mot thanh din bing atimoniured’indium, dién & suat 5%107°Qm, day
0,1mm, dong di€n chay qua 1mA, dit trong ti trudng thudng tryc 1a 1T. Pién
dp Hall 1a 3,8mV.

b) Cach thuc hién

Do nhay cdm bién: Sg = AV, /ABy =K 1/e

Do nhay cdm bién SBN phu thudc vao dong I va cdch thuc hién cdm
bi€n, bé day e va vat liéu: Kg.

Khi cdm bi€n ding dé bién d6i vi tri, hoic su dich chuyén, nam cham tao
ra tif trudng déng vai tro chi ti€'t thit nghiém 1a thuc hién viéc do so cdp. Vi tri
hoic sy dich chuyén dugc bi€n ddi thanh dai lugng By nhay d6i vSi cdm bién.
D04 nhay vi tri:
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AVy Kyl ABy
SX = = .
AX e AX

ABy
AX

b6 nhay Sy ti 1€ vdi SBN va ti 1¢ vdi ABy/AX
AB\ /AX . phu thudc vao loai nam chdm va khodng cdch nam cham so véi
ddu do. Thong thudng tri gid nay l1a hiing s6.
Chon vdt liéu: Dién ap Hall ti 1€ v6i dong I, nhung I bi gidi han do hiéu
trng Joule d6t néng dau do, cong sudt tiéu tan Py:
1 L P, B Pl
P,=RI% R=—— = =V, =K, ,[-2- =N —[K,pu-92 B
gun el R e Le
V6i cong sudt Py cho trude ddm bdo sy dot néng khong lam hu hdng ddu
do va néu dién dp Vi dugc do vdi thi€t bi c6 tdng trd 16n, thi ta chon dugc vat
liéu ma hé s6 Kyu ~ p/n cuc dai.

6.2 CAM BIEN PIEN TRO BIEN DANG (PIEN TRG JAUGE)
(H.6.20)

Viéc hi€u bi€t nhitng lyc nén co khi trong mot ciu tric, § diéu kién st
dung cho phép thim dinh sy an toan trong hoat dong. Nhitng Ivc nén tao nén
st bi€n dang va giita ching c6 sy lién hé dudc gidi thich bing 1y thuyé&t dién
tré cda vt liéu. Viéc do sy bi€n dang & vung dinh trudc, cho phép tinh nhitng
lyc nén & ving nay. Cdm bi€n do sy bi€n dang thudng dudc st dung la dién
tré jauge va dudc dit trén ciu tric ma ta mudn do sy bi€n dang, chiing c6 kich
thudc rat bé ¢d mm hodc cm tiy loai.

Nhitng ttng dung dién trd bi€n dang con dudc ding do cdc dai lugng vat
Iy khdc nhu 4p sudt, luc, gia téc, ngiu lyc. Pién trd jauge va chi ti€t thi
nghiém (chi ti€t di kém) c4u tao thanh cdm bi€n do cdc dai lugng vat 1y khdc
nhau.

6.2.1 Pinh nghia nhiing dai lugng co hitu dung

P¢ bién dang &: D6 1a ti s6 giita sy thay ddi kich thudc Al véi kich thude
bandaul: e=Al/l

Sw bién dang dan hoi: Su bi€n dang bi€n ma't cuing lic véi luc tdc dong.

Luc ép o: Luc tdc dong trén don vi ti€t dién.

Gidi han dan hoi: Luc ép cuc dai khong din dén sy bi€n dang thudng
truc 16n hon 0,2%, don vi tinh kGf/mmZ: thép 20+ 80; déng 3+12;chi0,4+1.
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DPinh ludt Hooke: Trong pham vi dan hdi, sy bi€n dang ti 1& véi luc ép.
D6 lon Young Y: Xdc dinh sy bi€n dang theo chiéu clia luc nén.
g = L L bonvitnn: kGflmm?®.,

Y S Y

thép: 18 000+ 29 000; dﬁng: 9900 + 14000; chi: 500+ 1800

H¢ 56" Poisson y: X4c dinh sy bi€n dang thing géc véi luc nén:

e =—Llg,

Trong pham vi dan hdi thong thudng y ~ 0,3.
6.2.2 Nguyén Iy tong quat

Céc dién trd bi€n dang 13 nhitng cim bi€n thu dong, né bi€n d6i sy bi€n
dang cla chinh né thanh sy thay ddi gid tri dién trd, sy bi€n dang nay chinh
bing su bi€n dang cia cau tric 1ip dit dién trd bi€n dang. Pham vi bié€n dang
¢6 thé dugc do v6i d6 chinh xdc dat 0,1% trong pham vi do + 107> dé&n + 2x10”
1

Thong thudng dién trd jauge dugc ciu tao dudi dang hinh ludi, gdbm diy
din c6 dién trd suit p, ti€t dién S va chiéu dai nl; I: chiéu dai mdt cong va n 1a
s6 cong, n thong thudng tir 10 +20 d6i véi nhitng dién trd kim loai va 1a 1 doi
vé6i dién trd ban dan.

Day cable
Béo vé / ;
Jauge Day dan
55 ) M3i han
€ mat cat

a) ' Rd le
Vong kién
Y la Dé /
b) ¢) 1111, 7

Hinh 6.20: Dién tré jauge: a) Kim loai; b) Bdn ddn

Day din dugc dit trén mot gid dF cdch dién bing gidy hoic bing
plastique, tit cd dugc dit trén ciu tric cAn do sy bi€n dang. K&t qué dién trg
jauge chiu sy bi€n dang giéng nhu ciu tric theo phuong song song vdi cong
day dan, titc do bi€n dang Al/L.

Dién tré Jauge dugc dién td: R =pn(l/s)
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Dudi 4nh hudng su bi€n dang, dién trd jauge thay ddi AR:
AR _AL_As Ap

R I s p
Su bi€n dang theo chiéu dai clia diy, din dén sy thay d6i kich thudc

ngang 1a cdc canh a va b d6i vdi ti€t dién chit nhat, sy thay ddi dudng kinh d
ddi véi ti€t dién tron, sy bi€n dang ngang ti 1& véi sy bi€n dang dai.

Aa_Ab Ad Al

=b a1
vdi v: hé s6 Poisson, v~ 0,3 trong viing bién dang dan hoi.

Al

. . As
K&t qua: néu S = a.b hay s :%dz, thi: == =-2v->
S

Nhitng dién trd jauge kim loai va bdn din dugc phan biét bsi bi€u thic
dién t3 sy thay d6i dién trd suid't Ap/p. PSi vdi dién trd kim loai, cong thitc
Bridgman cho ta bi€t sy lién hé giita dién trd sud't va sy thay ddi thé tich V:
Aplp=C.AV/V ; C: hiing s6 Bridgman.
v6i: V=snl; AVIV =1 -2y)Al/l

Al

va: ap _ C(1—2y)AI—I; don gidn: % =[(1+ 2y)+C(1—2y)]AI—I =K T
p

K: hé s& Jauge = (1 +2y) + C(1 — 2y).
V6i gid tri bi€t trudc (y = 0,3; C =~ 1), hé s§ K cla dién trd jauge kim loai

thong thudng 1a 2. V4i dién trd jauge ban dan, sy thay ddi dién trd suit dudc
dién t3 bdi bi€u thitc luc ép sigma va hé s6 dp dién trd m: Ap/p =no =nYAl/l ;
Y: d6 16n Young.

Hé¢ sé dp dién tré r tiy thudc: phuong cia cong dién trd so véi phuong
clia truc tinh thé va phuong ctia lyc nén.

Loai bdn din P hay N.

Dd6i v6i dién trd jauge bdn din:

R l@r2p+ w0l voi K= 1427+ 7Y

Trong diéu kién st dung binh thudng ngudi ta ldy K=n Y
6.2.3 Pién trd kim loai

Dién tr§ sudt cda hau hét kim loai gidm khi 4p sud't gia ting. Thit vay
khi gidm thé tich, khodng cdch giita cdc nguyén tir gidm diéu nay din dén
gidm p. Vi dién tr§ sui't cda kim loai phu thudc vao sy khuéch tdn clia 4m
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dién t trong mang tinh thé, kha ning khué&ch tdn gia ting theo d6 16n cla dao
dong nguyén ti trong mang tinh thé. Khi thé tich tinh thé thu nhd, luc lién két
cdc nguyén tif gia ting, k€t qud dao dong gidm di va khd ning khu€ch tdn 4m
dién t gidm di, nghia 12 dién tré sudt gidm. VAt liéu thudng dung 1a hgp kim

nickel.

Hgp kim Thanh phin Hé sé Jauge

Constantan 45% Ni, 55% Cu 2,1

Isoélastic 52% Fe, 36% Ni, 8% Cr, 4% (Mn, 3,5

Mo)

Karma 74% Ni, 20% Cr, 3% Cu, 3% Fe 2,1

Nichrome V 80% Ni, 20% Cr 2,5

Platine — tungsténe 92% Pt, 8% W 4,1

6.2.4 Pién tré ban din

Ly thuy€t cdc vung thung liing cho phép gidi thich hiéu &ng dp dién trd
ddi v6i chat ban din silicium loai N. Trong tinh thé silicium N doc theo mdi
truc tinh thé c6 mdt mic ning lugng cuc ti€u d6 1a ving thung ling. Vi ly do
déi xitng, ba ving thung liing gidng nhau va c¢é cing mit do dién t& gidng
nhau. Trong mdi vang, do linh dong p, clia Am dién t& doc theo truc thi cuc
ti€u, ngugc lai theo hai phuong thing géc @6 linh dong ., thi cuc dai.

D6 din dién theo mot truc bAtky: ¢ = qn (uy,+ 2u,)

n: mat do Am dién t trong mdi viing thung liing.

Khi c6 mot lyc nén tdc dong lam thay d6i kich thude hé thdng, kéo theo
su thay d6i mat do dién tf thung liing.
Vi du: Luc cit doc theo truc Ox s& tao nén su dich chuyén An Am dién ti &
viing thung liing x di chuyén vé viing thung liing y va z. Piéu nay din dén 1 su
thay ddi d6 din dién. Khi dién trudng E song song vdi luc nén (H.6.21b), su
thay ddi Ao, ctia @6 din dién (hiéu tung doc truc):

Acy =q(=Anp, +Anp, ) = gAn(y —py)

va: Aoy >0 Vi pu, >y
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= Az Az
dn V4
/ \ An An \
\ . ( An An
nl\ ; Thung liing \’/n+ 2 n+3 WL/ E
E o E/F = "=~ > E e " =N >
oS> X0 =7 Y X0 ="
n 7 Thung ling y / // n+ % / // n+ %
~ - ~ -
/( ’Thung ling x n—An . n—An
X
a) b) c)

Hinh 6.21: Sy phdn bd' dién tit theo Iy thuyét viing thung liing
trong tinh thé silicium N
a) Khong co luc nén; b) Luc nén song song vdi E
¢) Lutc nén thdng géc véi E

Khi E thing géc véi luc nén (H.6.21c), su thay d6i Ao, clia d6 din dién
(hi€u ng ngang):

An An q 1
Aoy = q(7}1// Lt —Anp,) = EAn(u// —Hy) =—EA51

Dudi tdc dong cia luc nén, su di chuyén ctia Am dién t theo hai phuong:
An/2 am dién t& dén ving y va An/2 dén vang z.

Khi d6 ta ¢6 hiéu ¢ng doc: Ac; = gAN(p, —p, )

Hiéu tng ngang: Ao, =(g/2)An(p, —p,)

C6 hai loai dién trd jauge bdn din khdc nhau 1a k&t qud cda hai cach ch&
tao. Pién trd jauge dang cit cd khi va dién tré jauge khuéch tan.

DPién tré jauge dang cdt co khi: C6 dang mdt cong duy nhat dugc hinh
thanh nhd viéc cdt co khi trong mot tinh thé ban din silicium.

Day dan kim loai

SiP

MGi n6i PN SN .
<—— Chi tiét thd nghiém

Hinh 6.22: Cdu tao dién trd jauge bdn ddn loai khuéch tdn
Kich thudc: chidu dai tir vai 107 mm d&n vai mm, diy vai 10" “mm.
Cong dién trd dugc dit trén mot d€ plastique.
Pién tré jauge khuéch tdin: C6 dugc do viéc khuéch tdin mdt chi't khac
vio mot phan clia chdt nén Ia tinh thé silicium. Pién trd ban din jauge loai N
c6 dugc nhd khuéch tdin mot chat thudéc nhém 5 bing phin loai tudn hoan (P,
Sb) vao trong chit nén la silicium P. Pién trd ban din loai P 1a k&t qué clia sy
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khuéch tdn mot cha't thudc nhém 3 (Ga, In) trong chi't nén 1a silicium N. Mdi
ndi giita chdt nén va dién trd hinh thinh mot diod ma sy phin cuc ludn la
phan cuc nghich d€ tich dién trd jauge ra khdi chi't nén.

T4t cd dudc che chd bing mot 16p SiO».

Mot ttng dung quan trong clia phuong phdp ché tao khuéch tin 13 ngudi
ta c6 thé ché tao cling lic bon dién trd gidng nhau trén cling mot nén, chiing
dudc ndi vdi nhau thanh cAu Wheatstone, chat nén silicium khi d6 dudc diing
lam chi ti€t tht nghiém.

6.3 CAM BIEN PO TOC PO

Trong k§ nghé, do t6c do quay thudng gip. Vily do an toan, van tdc quay
clia mdy phat phdi dugc ki€m sodt. Trong trudng hgp do van tdc dich chuyén
thing ta thudng quy vé viéc do van toc quay tron. Vi thé cdc cdm bién do toc
do quay thudng 13 cdc cdm bi€n do t6c dd géc. Trong k§ nghé cdc cdm bi€n
diing d€ do tdc dd quay dua trén dinh luat Faraday: e=-dd/dt

Chdi than

Hinh 6.23: Cdu tao téc d¢ ké dién tir DC

Khi c¢6 mot tir thong xuyén qua mdt mach dién O(x) = DF(x), x 1a khodng
dich chuyén thing hay géc. Su dich chuyén giita tir thong (phan cdm) va mach
dién tlr thong xuyén qua (phan @ng), tao nén trong mach dién stc dién dong ma do
16n ti 1& v6i van tdc dich chuyén va nhu thé tin hiéu ra cia cdm bién c6 dang:
e= —CDOdZ—f(X)-% . C4m bié&n do tdc do loai ndy 12 cdm bi€n dién tir. Khi cdc
chuyén dong c6 tinh tudn hoan, vi du chuyén dong quay tron nhu th&, viéc do
t6c do c6 thé bdt dau tr viéc do tin s6. D6 12 loai cdm bi€n do dich chuyén
gidi han hai diu, ma cdm bi€n do dit cdch ddi tugng mot khodng cdch thay
ddi tudn hoan, va tin hiéu thu dudc c6 tin sd bing hodc 1a bdi s6 tiy theo cidu
tao clia ddi tugng va tan s6 clia chuyén dong. Vi du, trén mot dia gin vao truc
ciia chuyén dong ma ta mudn do van tdc, c6 trang bi nhitng phan trong sudt va
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cdn quang xen k& nhau s& déng vai trd mot cdng diéu ti€t ngudn sidng nhan
dugc cda mot bd phan phan tich quang. Nhu thé bo phan phin tich quang sé
tao ra nhitng tin hiéu dang xung c6 tan s6 ti 1& v&i van tdc. Loai toc dd k& nay
goi 13 tdc d6 k& loai xung. Trong trudng hgp nhitng chuyén dong ra't cham, vi
du géc quay kém hon dd/1 gid, nhitng phuong phdp k& trén khong thé 4p dung
dugc, khi d6 ngudi ta c6 thé diung hdi chuyén k& Laser, ma nguyén tic dua
trén sy khdc biét budc séng giita hai séng tif ngudn phat Laser truyén theo hai
chiéu ngudc nhau trong cling mot moi trudng chuyén dong quay. Su khic biét
budc séng ti 18 vdi van tdc géc quay va dude thé hién trong giao thoa k€.

6.3.1 Cam bié&n do téc do quay loai dién tir

1- Téc dj k& dign tit loai DC (H.6.23)

Phan ding hay goi 1a phin cdm dugc cdu tao bing vit liéu sit tf mang
2p cyc dugc hinh thianh do sy quin diy trén cyc tif hoic phan cdm I nam
cham thudng tryc. Phan quay hay phan tng c¢6 cdu tao dang tru, do cdc 14 sit
ghép lai, phan ng c6 mang nhitng rinh song song vdi truc clia rotor, trong
rinh c6 ditn = 2K day din, & hai ddu diy ddn dugc ndi vdi cS gép, c6 goép cb
dang tru ciing truc véi rotor. Hai chdi than dugc b tri ti€p xiic vdi c6 gép. Sirc
dién dong thu dugc c6 dang: E =(0/2n)nd, = Nnd,,

Mot cdch tdng quit: E = E.BH(DO
2n a

trong d6: p - s6 doi cuc; o - vin tdc goc

a - s& dudng quin song song; n: sd diy dan
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2- Téc dj ké dién tiv logi AC: Loai nay c6 1¢i 12 khong c6 c8 gép, khong
c6 chdi than. Piéu nay din d&n bén hon, khong c6 gidm dién dp do chdi than,
khong c6 nhiéu do tia ltra dién. Ngudc lai loai nay mach do phifc tap hon, su
xdc dinh d6 16n tin hiéu thudng phdi chinh Iuu tin hiéu thu dugc.

a) Mdy phdt déong bé (H.6.24): P6 13 mdy phdt xoay chiéu, loai nhd. Phan
quay dudc ndi vdi truc ma ta mudn do téc do. Phan quay 12 mdt nam chim cé
hai hoic nhiéu cuc. Phan ng dudc quan diy mdt pha hoic ba pha. Stc dién
ddng thu dudc § stator c6 dang:

e = EsinQt

v6i: E = Kj0; Q = K>o; Kj, K»: phu thudc vao cAu tao mdy.

AR b

a)

Hinh 6.24: Mdy phdt dong b
a) M¢t pha hai cuc; b) Ba pha bén cic dugc néi hinh sao

Vi du vé& dic tinh clia tdc do k€ dién tir (hiing ché€ tao Chauvin-Arnoux).

Rotor: Nam cham thudng tryc ba cdp cuc.

Stator: mdt pha.

Loai 64: Van tdc cuc dai: 3000v/phiit. Pién 4p 24V + 1%, 50Hz &
1000v/phuit.

Loai 64 GV: Van toc cuc dai & 6000v/phiit. Pién 4p 24 V + 1%, 200Hz &
4000v/phuit.

b) Mdy phdt khéng déong bé (H.6.25)

C4u tao giong nhu dong cd khong dong bo loai mdt pha. Phan quay cé
dang tru biing vat liéu kim loai khong din tir, dugc kéo vdi van tdc géc o can

do, rotor c6 khdi lugng nhd dé gidm qudn tinh.
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Tu théng Tu théng
phén ting phén cam

\\

\
‘\ V, cudn kich tu
\ 5

\ Rotor
o (T
1 RN

Hinh 6.25: Nguyén tdc mdy phdt khong dong bo

Phan ng dudc ciu tao bing tole silic ghép thanh va mang hai cudn diy
dugc bd tri thing géc nhau, mdt cudn day kich tir dugc cung cap tin hiéu V,, c6
mach s6 oe rat vitng: v, = V, cosot

Mot cudn diy do, noi diy sé€ thu dugc mdt sic dién dong e, ¢6 bi€n do ti
1é véi o: e, = E,, cos(wet + @) = K.V, cos(ogt + D)

K - hiing s6 phu thudc vao ciu tao clia mdy.

Géc 1éch pha ® thay ddi khodng vai dd trong pham vi van tdc do. Khi
rotor khong quay, s& xui't hién mot dién d4p bé & hai didu cudn diy do. Hién
twgng nay 12 do cdng nghé ché tao khong hoan toan ddi xing: suw khong ddi
xting ctia rotor hodc sy bd tri hai cudn day khong hoan toan thing géc. Sau
day la vai ddc tinh do ludng:

Pham vi do: 10 vong/phiit + 2x10* vong/phiit

Dién dp do 1000 vong/phiit: 1+ 10 von

Khodng cdch tuyén tinh: 0,1 + 2% khodng do.

DPién dp léch: 10 dén 100 mV

Moémen qudn tinh cia rotor: vai g.cm2
6.3.2 Téc d6 k& dién tir do téc d thing

? Trong trl{(‘ing hgp su'. dich chuyéo’n Cuon day
thing twong di 16n (> m), viéc do van toc v
thing dugc qui vé do van tdc géc. Vi du \ \

N = 2 A A s 2 2 § % Nam cham
nhd con lin nhé van toc di chuyén thing N N N

. . 5 \\ \\ Q thudng truc

clia cdc tdm tole qua con lin dugc bi€n doi NINMINNINNWN
thanh van tdc di chuyén géc clia con lin i Hinh 6.26: Calim bieén fio vaan
1é v6i van toc thing. toac thating cuoan daay di

D6 1a trudng hgp van toc di chuyén
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thing clia tim tole di qua mdy cdn dugc xdc dinh nhd van tdc gdc clia ruld.
Trudng hgp van tdc géc dich chuyén bé, mot cdm bi€n dién tir hinh thanh nhd
mdt nam chim va mot cudn day, mot trong hai thanh phian nay cd dinh, thanh
phan con lai dudc ndi lién véi d6i tugng di ddong can xdc dinh van tdc, stc
dién dong thu dugc ti 1& v6i van tdc dich chuyén.

Trong trudng hgp cudn diy di chuyén trong ving tif trudng cla nam
chdm, stc dién dong thu dugc tir cudn day:

e=2nrnBV=I[BV

trong d6: r - ban kinh cudn diy; n - s6 vong day quin cudn day

V - van t&c dich chuyén; B - cdm tng tif tao bdi phan cam.

béi véi su dich chuyén cyc dai c§ vai mm, do nhay cd von/m/gidy va
khodng cdch tuyén tinh ¢3 £ 10%.
Cudn day

L&i anico ( \\\\\ (((((((

o b) o

a)

Hinh 6.27: Cdm bién loai nam chdm di déng

a) Cdu tao; b) N6i gitta cdc cudn ddy do

D6i véi sy dich chuyén tudng ddi 16n, c6 thé dat tdi 0,5m, lic d6 cdm
bié€n dudc ciu tao c6 nam cham di dong.

Sttc dién dong Gng trong mdi cudn day do do sy dich chuyén clia nam
chiam ti 1& véi van tc dich chuyén va c¢6 dau nguge nhau, d6 1a 1y do tai sao
hai cudn diy dudc mic ngugc chiéu dé c6 strc dién dong khéc khong.

6.3.3 Toc do k& loai tin hiéu xung

Chi i€t thir nghiém thudng 12 mot dia dugc gin 1én truc quay ma can xdc
dinh van tdc géc. Pia thudng dugc ciu tao c6 dang tudn hoan, trén dia thudng
dugc chia 1am p phan bing nhau, mdi phin dugc dinh ddu mang mdt dic tinh
nhu: 18, ring, v.v...

Mot cdm bién phan tich dugc dit doi dién vdi chi ti€t thit nghiém, phan tich
s phan tif ddnh diu di ngang qua dong thdi tao ra mot tin hiéu xung tuong Gng.

TAan sd fcha tin hiéu xung tao bdi cdm bi€n c6 gid tri:

f=pN(Hz)
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trong d6: N - s6 vong quay ctia chi tiét thir nghiém trong don vi thdi gian
p - s0 phan tif dugc ddnh di'u trén dia.

Viéc chon cdm bi€n dudc gin li€n vdi loai vat liéu lam dia quay ciing
nhu phin t& dinh diu trén dia. Ngudi ta st dung tuy theo trudng hdp, hoic
mot trong nhitng cdm bi€n do sy dich chuyén giéi han hai diu hoic mot cdm
bi€n quang.

Cam bién tir trd thay ddi doi héi chi ti€t thir nghiém 13 mot dia bing vat
liéu sit tir, ma phan t& ddnh dau 13 thanh phin mach tir gidn doan.

C4m bi€n dong dién Foucault rit nhay ddi v6i khodng cdch thay ddi clia
phan tir din dién.

C4m bi€n quang va ngudn chi€u sdng cho phép phan tich nhitng phan ti
ddnh ddu cdu tao bdi nhitng 16, nhitng khe.

Piéu lgi ciia téc dé ké loai xung bao gém: mdt phan do ciu tao don gidn,
chic chin, viéc bdo quin dé dang. Mit khic, né khong tao nén ti€ng on,
nhiéu ky sinh, hon nita viéc bi€n ddi thanh dusi dang s6 rat don gidn.

a) Cam bién ti¥ tré thay ddi (H.6.28)

Cudn diy phan tich c6 nong sit tir
cho phép mdt tir thong xuyén qua né, tao

ra tr mdt nam chidm thudng truc, cudn
day dugc dit d6i dién véi mot dia (bing
vat liéu st tlr). Su di chuyén cda thanh

phan mach tir gidn doan (do ciu tao phan

ring, 16), dudc mang bing dia tao nén

Bia mang nhiing rang

mdt sy thay ddi tudn hoan ti tr§ cla
Hinh 6.28: Nguyean taéc cula

toac fiod ked loaii tog troa thay

mach tf cudn diy. Nhu th€ trong cudn
diy sé c6 stic dién dong cdm ng ma tin
s0 ti 1 v4i van tdc quay.

b6 16n cla stic dién dong tuy thudc vao khodng cdch gilta cudn day va
dia, va gidm rdt nhanh khi khodng cdch ting, thong thudng khong vuot qud vai
mm, sitc dién dong con ti 1é vdi van tdc quay. P3i véi nhitng van toc bé do 16n
cla stic dién dong thu dudc qud nhd va nhu thé ta goi 1a viing chét khong thé
do dugc.

i ’ Thé&u kinh
b) Toc dd ké quang hoc Nguén sang _ B6 phan
~ .o A A A han tich
Cau tao don gian, gom mdt ngudn pquang
sdng va mdt bd phan phan tich quang: R
v

it

Hinh 6.29: Nguyean taéc toac fioa
kea quang hoic



PO PAI LUONG CO HOC VAT THE RAN 213

Loai Diod quang hoic transistor quang. Pia quay dudc trang bi nhitng phin
trong sudt va ngin sidng xen ké nhau. Pia dudc dit giita ngudn sdng va bo
phan phéan tich quang.

Bo phin phin tich quang nhian dudgc mot lugng sdng dugc diéu khién
bing dia quay, sé tao ra mot tin hiéu dién cé tin s6 ti 1& véi van téc quay, va
bién do doc 1ap do6i v6i van tdc. Khodng do van tdc phu thudc:

11 S6 1an gidn doan trén dia (s6 phan ti ddnh diu trén dia: 16, khe...).

L/ Biang thdng cla bd phan phan tich va mach dién di kém.

¢) Cam bi€n dong dién Foucault: Trong cdm bi€n nay, dia quay bing vit
liéu khong tir tinh. Cudn diy c6 dién cdm L 12 mdt phdn t& cda mach dao
dong sin. Ta bi€t khi dwa mot thanh kim loai dé€n gan cudn day thi dic tinh L
va R clia cudn day thay d6i, diéu nay dan dén su tit ciia mach dao dong. Nhu
thé€ khi dia quay, mdi 1in dia dua phan ring d&€n ddi dién véi cudn diy sé lam
tit mach dao dong va diéu nay c6 thé phan tich dugc. Vi du bing viéc ki€m
sodt dong cung cip cho mach dao dong. Tin hiéu thu dugc c6 tan s6 ti 1& vé6i
van tdc quay va bién dd clia né khong phu thudc vao van tdc nay, nén khong
c6 vitng chét va thudng ding d€ do nhitng van tdc quay bé.

6.3.4 Hoi chuyén k& (H.6.30)

Hbi chuyén k& 12 nhitng thi€t bi dugc gin trén nhitng phin t chuyén
dong (nhu mdy bay, hda tién), cho phép xdc dinh van tdc géc cla ching. Ty
theo nguyén 1y hoat dong ta c6 cac loai hdi chuyén ké:

Hoi chuyén ké co khi: hoat ddong dua trén nguyén tic con vu quay.

Hoi chuyén ké" quang hoc: loai laser va sgi quang dua trén hién tugng
truyén séng.

Hoi chuyén k& loai quang

Nguyén tdc: Khi séng dnh sang truyén trong moéi trudng chuyén dong,
quiang dudng truyén sé khong gidng nhau ma phu thudc vao phuong truyén
cuing chiéu, hay ngugc chiéu vdi chiéu chuyén dong.

Vi du: C6 hai guong phing M; va M; dit ciach nhau L, giita hai guong c6
st truyén clia séng dnh sidng. N&u hai guong ditng yén, quing dudng truyén
clia séng theo chiéu tir M; — M> 12 dj; va theo chiéu tif Mo — M 1a doj: Ta c6
dz2r=dpp=L.

Khi hai guong dich chuyén véi van toc 12 V gid st theo chiéu tr
M; — M>, quing dudng truyén dj; = L(1+V/C). V6i VI C, C 1a van toc
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truyén cla dnh sdng, da; s& gidm di: d2; = L(1-V/C).
Sy sai biét quang dudng truyén tf 1€ v6i V: dj2 — dz; = 2L(V/C)

Khi sy truyén cda hai séng theo hai chiéu ngugc nhau trén mot dudng
tron bdn kinh r, chu vi 2nr quay véi van tdc géc o, sy sai biét quing dudng
truyén sé€ 1a: djp — dj2 = 2Lro/C

Cdch thuc hién:

Hinh 6.30: Hoi chuyén ké quang hoc
a) Logi Laser; b) Loai sgi quang

Hinh 6.30a gdbm c6 mot biy cong hudng Laser dit trong mdi trudng
chuyén dong. Sy truyén ctia hai séng theo hai chiéu ngugc nhau sé din dén sy
khdc biét quing dudng truyén cla hai séng c6 tin s& khdc nhau. Sy chdng
chap ctia hai ngudn sdng sé cho ta bi€t khodng ciach Af clia hai séng (i 1& vdi
van toc quay):

Af =4Aw/LA

trong d6: A - dién tich bdy cong hudng; L - chiéu dai quing dudng

A - dd dai séng trung binh cla ngudn phat.
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Pay 12 nguyén tic cia hdi chuyén k& Laser do van tdc géc rit bé: 107
do/gids

Hinh 6.30b: & diu ra clia sdi quang ta cé hién tugng giao thoa cda hai
ngudn sidng. Viéc d€m s6 AZ van giao thoa dich chuyé&n do van tdc quay clia
sdi quang cho phép xdc dinh van tdc:

AZ =2Lrw/AC

trong d6: L - chiéu dai sgi quang; A - 46 dai séng Laser.

Véi hdi chuyén k€ loai sdi quang cho phép ting L bing cdch thyc hién
quan nhiéu vong sgi quang, diéu nay cho phép do van tdc géc nhd hon hang

trim 1an so v§i loai laser.

6.4 CAM BIEN PO LUC, TRONG LUONG

6.4.1 Cam bién 4p dién

Hiéu tng 4p dién bao gdm sy xuit hién phin cuc dién, hoic su thay déi
phan cuc, di hién hitu sin trong vai ch4t dién moi trong thién nhién (thach
anh, tourmaline, ...) hodc nhin tao (sulfate de lithium, quartz de synthése ...).
Céc tinh thé nay khi bi bi€n dang dudi tdc dong clia lyc theo mdt phuong thich
hdp, sé din dén su di chuyén ciia cdc dién tich trdi ddu nhau vé tap trung & hai
bé mit ddi dién. Nhu thé€ mot hiéu dién d4p dugc hinh thanh, ti 1& vdi luc dp
dung. Mgt cdm bi€n cho phép do cédc luc, cdc dai lugng vat 1y khdac nhau nhu
dp suat, gia toc, dudc goi la cdm bién dp dién.

D6i véi chat dién moi, khi 4p mot dién trudng vao s€ din dén sy di
chuyén clia cdc dién tich. Sy xud't hién va thay ddi cic momen ludng cuc sé
kéo theo sy thay ddi kich thuSc tinh thé. N&u trong tinh thé chi't dién moi c6
mdt tAim ddi xi¥ng thi hién twgng x4y ra theo cdc phuong, ti 1& binh phuong
dién trudng va dudc goi 1a hién tugng dién gido. Néu miu tinh thé khong cé
tAm ddi xitng thi s& x4y ra hiéu &ng 4p dién ngugc, bién do rat 16n so véi hiéu
tting dién gido, mau tinh thé, trong trudSng hop nay cé su phan cyc § mitc do
16n hién hitu thudng xuyén trong vat liéu va sy phan cuc nay c6 thé thay ddi
do luc tdc dong (hiéu ng 4p dién) va con thay d6i do nhiét d6 ma ta goi 1a
hiéu tng quang hda dién. T4t cd chdt quang héa dién déu la chit 4p dién,
nhung khong ngudc lai vi chdt quang hda dién c6 sy phin cyc trude rat 16n.

Tém lai, cdc tinh thé tuy theo cdc thanh phan d6i xting cda chiing, va céc
tinh chd't vat 1y, c6 thé dudc phan loai nhu sau:

32 loqi tinh thé:
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U 21 loai khong c6 tAm ddi xing, trong d6 c6é 20 loai la chdt 4p dién
gdm:

* 10 loai khong phai chdt quang hda dién.

* 10 loai l1a chdt quang héa dién

L 11 loai ¢6 tAm d6i xdng.

Trong mdi trudng chit 4p dién, cudng do va diu cda hiéu dng dp dién
tuy thudc:

U Huéng quan sat, tic vi tri dit cdc bé mit thu dién tich

LI Phuong cua luc tdc ddng.

a) Nhitng dai luong co khi

Mot cich téng quat, nhitng luc nén tic dong 1a k&t qui clia td hop cdc
thanh phin lyc doc truc va bé mit. Ta d€ y thanh phin oj 1a thanh phéan lyc
truc i (i = x, y, z) clia Iyc nén tac dong trén don vi dién tich cia bé mit thing

géc trucj (j = x, y, z) trong khdi vat liéu.

Gz (G3) z
xz(GS) Zyz 04
o4)
G2x O5) vl e -
(c2)
-t - - - B ———
FA™ e
Uxx(O'1) yx( 6) y
X
Hinh 6.31: Litc nén tdc dong trén ba bé mdt Hinh 6.32: Luc doc truc o

ciia mot khéi tinh thé

Ta c6: ojj = Gj; va chud y:
Thanh phcfn doc truc: 6xx —> G1; Oyy —> G2} Oz; —> O3

Thanh phdn bé mdt: Gyz —> G4; Gzx —> O5; Oxy —> O6.
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b) Ma trgn d¢ lon dp dién

Mot cdch téng quét, ngudi ta dién t3
hiéu dng dp dién bdi mot ma trdn cdc hé

s v4i trudng bing 0, cdc luc ép (61 —> Gp)
va cdc dién tich ¢ thu duge & bé mit thing
g6c véi truc Ox, Oy, Oz (hay truc 1, 2, 3) -——-

-———

Ta c6:

Hinh 6.33: Loic bea maét o4
q; = diio] +djpo2+ d1363+ ...t

d1606.
q2 = d2101 + dx02+ d3303+ . . . + da60s.
q3 = d3101 + d3por+ d3zoz+ . .. + d3606.
Hodc don gidn: qm = dmnOn.

Vi du: Thach anh, trong trudng hgp nay, ta goi truc 1 la truc dién, truc 2
l1a tryc cg, truc 3 la truc quang. Ma trdn d¢ I6n dp dién:

digp —-din 0 dig O 0
0 0 0 0 —dja -2dyg
0 0 0 O 0 0

Vi dy: Cho mau thach anh c6 bé

lTruc quang
day e, kich thudc L va [ nhu hinh 6.34 s /Z(S)
(ta thu dién tich & bé mit thing géc g L

truc x). Néu c6 mot lyc F; theo phuong

Ox, s& xudt hién dién tich & hai bé mit N l
ddi dién (thing géc truc x): & Truc co
= / y(2)
\

— Truc dién
1 =djio) dc dic
q x(1) Thu dién tich

dién tich tdng cong Q; ti 1& véi luc:
Q1 =Llg; = dF).

Né&u lyc tic dong ngang, theo

Hinh 6.34: Maau thaich anh
daing Curie

phuong y c6 tri gid Fa (lyc ép o, = F,/le), mat d§ dién tich bé mit: g =

dj262 =—-di1 02

Pién tich tSng cong: Q') = LIgy =~ dii (L/e)F,
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¢) Cdu tao cdm bién

t
b) c) d)

a)
Hinh 6.35: Cdc loai bién dang ciia mdu tinh thé dp dién
a) Bién dang theo chiéu dai; b) Bién dang theo chiéu ngang
¢) Lutc cdt bé day; d) Luc cdt bé mdt

Su bi€n dang ctia tinh thé xdc dinh cdch hoat dong clia cdm bi€n nhu hinh
vé trén.

D€ tién st dung, ching han trong cdch mic day hodc don gidn d€ ting do
nhay, mot hay nhiéu cdm dp dién dugc ghép vdi nhau, tlly theo sy phin cuc va
tiy theo sy bi€n dang clia cdm bién c6 thé dudc ghép vdi nhau nhu sau: hai
cdm bi€n ghép song song, hai cdm bi€n ghép ndi ti€p, nhiéu cdm bi€n ghép

A

- b) ' o "

Hinh 6.36: a) Hai cdm bién ghép song song

song song.

+1{1H

a)

1|+ H H ]

J J J J

I+|1H

+ ) ) ) ) )

b) Hai cdm bién ghép néi tiép; c) Nhiéu cdm bién ghép song song
6.4.2 Cdm bién tw gido
Cdc vat liéu sdt tir dudi tdc dong clia tf trudng sé chiu mot sy thay dsi
cdu tric hinh hoc (su thay d6i kich thuée ¢6 kém theo hoic khéng cé thay déi
thé tich, ngiu luc, luc udn), va thay ddi

cd (d6 16n Young Y) hiéu dng tir gido truc Mach ti

ti€p dugc diung trong viéc truyén séng '

ngin, & d6 phan tf sit tir hoat ddong cong

hudng cd. Mot cdch hd tuong, nhitng lyc L6i béing —

< P A 5 A ~ 1s chat sat tu

ép dudi tdc dong cua lgc can do s€ lam 1':

thay d6i dudng cong nam chim héa va

ngudi ta 6 thé tri€n khai sy thay déi do Hinh 6.37: Calm biean t6g giado

cou fiean calm thay foai
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tr thAim hodc tir du dé€ do luc.
a) Cam bién cé dp ti thdm thay doi
C4m bi€n gdm mot cudn day cé 16i bing vat liéu sit tir bi bi€n dang bdi
luc cdn do. Sy thay d6i Ap cda do tir thaim cida 15i sdt tir c¢6 tr trd R xdc dinh
do thay d6i AL dién cdm L clia cudn day:
Au_ AR AL
w R L

b) Cam bién thay ddi dp ghép

C4dm bi€n gdbm mot khdi vat liéu sit tir gdm nhiéu 14 ghép lai, c6 bon clra
s6 dudc bo tri thing géc, trén cdc clra sd c6 bd tri hai cudn day so va thi. Cic
cudn diy bd tri 45° so v6i phuong cla lyc tic dung, d6 tir thim clia vat lidu
ddng nhat. Vi du d6i v6i permalloy khi c6 luc tdc dong doc truc, k&t qud 1a
gidm do tir thim theo phuong clia luc nén, vi mot sy gia ting do tir thim theo
phuong ngang. Sy ddi xitng clia dudng tir sttc khdng con nita, mot tin hiéu xuit
hién & cudn thit cap khi cudn sd cadp dudce cung cap tin hiéu, bién do tin hiéu ti
18 véi luc can do, mot géc 1éch pha giita so va thit cho bi€t chiéu clia luc.

b) ©)
Hinh 6.38: Cdm bién tir gido loai thay doi dé ghép
a) Cdu tao; b) Puong siic ciia cdm ing tir ciia cdm bién khi khong cé luc tdc
dong; c) Khi co luc tdc dong

¢) Cam bién tit du thay doi

Mic du c6 su thay ddi dudng cong nam chdm héa, véi su thay ddi B
tuong d6i 16n dudi tdc dong clia luc, ngudi ta van thich do sy thay d6i tir du vi
ly do viéc do tir du thay d6i thi 6n dinh va don gidn. Ta xem mdt cudn diy cé
nong sit bing vat liéu nickel, hién hitu tir du Br, du6i tic dong clia lyc cin do,
vi du luc ép (do < 0), Br gia tdng, ta c6:

dBr/dc = -1,5x10"°Wb.m ?/N.m 2

Sy thay ddi tir thong dan d€n cdm ng mot sitc dién dong trong cudn diy

ti 1& vGi dBr/dt, dién dp do dugc khi mach hd:
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1y~ 8By o
dt do dt

K: hé s6 ti 1& phu thudc s6 vong diy va ti€t dién cla day.
6.4.3 Cam bién dién trd jauge

C4m bi€n nay do luc, luc do (dai lugng sd cap) tdc dong trén chi i€t thi
nghiém, dudi tdc dung cda lyc cit, nén, udn cong din dé€n sy bi€n dang (dai
lugng thit cdp) dudc bi€n ddi thanh tin hiéu nhd dién trd jauge dit trén chi tiét
thir nghiém, cdc dién tr§ jauge dudc ndi day hinh thinh cau Wheatstone. Cic
chi ti€t thit nghiém c6 nhiéu dang khdc nhau nhu dang nhin dong luc tron, cdc
chi ti€t thit nghiém phing dang hinh chit nhat, tam gidc, v.v...

0
_ 3
[on

Y
|
=4

[32]

O

g

c
|

f) g) f h)

Hinh 6.39: Cdc dang chi tiét thit nghiém dugc ding dé do luc

6.4.4 Cam bi&n do Iyc biing su dich chuyén
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Hop dung

a)

Hinh 6.40: a) Lo xo hélice
b) Cdm bién do lyc dung lo xo hélice + bién dp vi sai
Luc tdc dong can do sé tac dung Ién chi ti€t thit nghiém 1am thay ddi kich
thuéc Al, sy thay ddi nay dugc do nhd mot cdm bi€n do sy dich chuyén, V,, 1a
tin hi€u thu dugc:
Vin, _ Vi Al

Al F

_m,
=

\/ N AR e
—M . i 6 bién do6i cia cdm bi€n vi tri

Al

Al 2 1A . 2,¢ N P .« 18 A A o . N 0 .« A
F: t1 1& nghich v6i d0 cing, goi la d0 mém cua chi ti€t tht nghiém

D06 mém 16n s& ting do nhay, tuy nhién s& gidm do tinh. Nhitng cdm bié€n
loai nay thudng diing d€ do nhitng luc tuong ddi yé&u, chi ti€t thi¥ nghiém phai
c6 do mém 16n. Nhitng chi ti€t tht nghiém thudng dung 1a: nhin dong luc, 10
xo hélice.

Cdm bién do sy dich chuyén: tiy theo diéu kién st dung, nhitng loai cdm
bi€n sau day dugc st dung:

U Bi€n trd do ludng c6 trang bi can khuéch dai cd su dich chuyén
U C4m bi€n dién cdm loai ti trd thay ddi, hodc bi€n 4p vi sai
L C4dm bi€n dién dung.

Vi du vé céch thyc hién va dic tinh do ludng:

Cdm bién FTA-G-1 K: Dang 10 xo hélice + bi&€n 4p vi sai (H.6.40). Khodng
do: £ 1daN.

D3 16n tin hiéu ra tuong ng v4i gid tri thang do: 1,1V hi€u dung (tudng
ung ngu6n kich thich 5V, 2,5 kHz). B6 chinh xac: £ 0,25%

6.5 CAM BIEN PO NGAU LUC
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1- Po ngdu lyc ding hi¢u iing ti gido

Khi cho luc tic dung 1én vt liéu sit tir sé kéo theo su thay ddi do tr
thdm p. Vi du:  gia ting trong viing kéo dai ra va gidm di trong viing nén lai.
Né&u mdt thanh sit tir hinh tru chiu tdc dong clia ngiu luc va mémen cé phuong
tring vdi truc sit tir thi k&t qui lyc tdc dong gém hai thanh phin thing géc
nhau tao thanh géc 45°so vdi truc hinh tru va doc theo ching nhitng tir thAim
w va o thay ddi cuc dai c6 ddu ngude nhau. PE phan tich sy thay ddi nay,
ngudi ta ¢6 thé sit dung mot 161 hinh chit thap trén c6 bd tri cudn ddy sd cdp p
va hai cdp cudn day thi cAp S; va S’y ndi ti€p, S» va S’ ndi ti€p, hai cip nay
mic xung doi. Khi khong ¢6 ngiu luc thi py = pp, vy = v, v = 0.

Khi ngiu luc ¢6 phuong nhu hinh v& thi py > pip, v; > vz = v, >0

V= V4oV,

Hinh 6.41: Do ngdu luc ding hiéu ving tir gido

a) Dang 16i sdt mang cdc cudn day
b) Cdch b6’ tri; c¢) Mach dién twong duong

2- Po ngdu lyc diung bién tré bién dang

Kich thich

Kich-thich——
Hinh 6.42: Thiét bi do ngdu lyc ding cdu dién tré
jauge + chi tiét thit nghiém dang tru
a) Nguyén tdc; b) Vitri ddc cdc dién tré Jauge Ji, J2, J3 J4
Khi chi ti€t thit nghiém cé dang tru, cdc dién tr§ jauge dugc dit & vi tri
tao thinh mot géc 45° so vdi truc hinh tru nhy hinh 6.42. Ta c¢6 trong trudng
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hgp chi ti€t thir nghiém dang hinh tru dic ban kinh R, d§ ciing G, mdmen xoin
17, st bi€n dang s€ la: &= ir/nRSG

Dién trd jauge dugc mic thanh cAu Wheastone nhim muc dich:

1 Sy tuy€n tinh cta cau do.

L D nhay cao.

L Sy bu trit nhitng lyc nhiéu.

6.6 PO GIA TOC, PO RUNG VA SU VA CHAM

- Khdi niém téng qudt

Theo dinh ludt tdng quét vé co, gia toc dién ta sy lién hé giita lyc va khdi
lugng. Cdc cdm bi€n do gia tdc dua trén dinh ludt vat 1y nay va tr sy lién hé
nay ngudi ta thu dugc mdt tin hi€u di€n.

Cdc cdm bié€n do gia toc dugc phan loai theo nguyén Iy hoat dong cia
cam bi€n va c6 thé do truc ti€p lvc tic dong (cdm bi€n 4p dién, cAm bi€n cin
bing ngiu luc) hodc do gidn ti€p bdi su dich chuyén hoic bi€n dang clia chi
ti€t thir nghiém.

- Nguyén tdc gia téc k& chdn dong (H.6.43)

LI Mot khdi chdn dong M dugc ndi véi hop kin nhd mdt bd phan cd (tinh
thé 4p dién, 10 xo, thanh mdng)

U Su dich chuyén ctia khdi chdn dong bi&n ddi thanh tin hiéu dién.

1- Gia téc k& dp di¢n

Nguyén tic hoat dong: Trong loai nay, khdi chdn dong dugc dit trén mot
cdi d& bing chat 4p dién, nhu thé sé& tao ra tin hiéu dién ti 1& véi luc dan hdi
do su dich chuyén clia kh&i chdn dong, tit cd dudc ciu tao chic chin va dudc
dat trong mdt cdi hdp kin.

Mot cdch tdng quit, cdc gia toc dude do theo hai chiéu doc theo phuong
cdm rng cla cdm bi€n. Va nhd su lién k&t co khi, lyc tdic dong trén cdm bi€n
c6 thé 1a: Iyc nén, lyc cit, luc kéo va thudng cdm bi€n chiu tic dong clia mot
lye tru6c nhim ndi rong thang do gia toc theo hai chiéu. Ngudi ta phan cédc
cdm bi€n nay theo tén goi clia lyc tdc dong 1én cdm bién.
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h
Giam chan
,h
Kh6i chén déng —
hO
Lo xo dan hoi
4:—
=0

Hinh 6.43: Nguyén tdc ciia gia téc ké chdn dong
a) Gia téc k& dp dién loai nén.

Nhitng dic tinh riéng clia cdm bi€n loai nay:
L Tan s6 cong hudng khd cao.
Ll C&utao chic chin.

U Nhay d6i véi hiéu ng d4p dién cho nén can thiét trang bi phuong tién
bu trir khi diéu kién s dung khong nhu mong mudn.

) N&p day
K'\:ﬁ'p dr?“y Lo xo
‘» . - gégga" Khai chan dong
» B gt Ao iz
Phé‘ry w0 Phan ti ap dién
» ap dién Khéi chan déng -

Lo xo

Hinh 6.44: Cdc kiéu gia toc ké dp dién loai nén
b) Gia téc ké dp dién loai cdt
Céc gia toc k& loai nay dugc cau tao:

) G6m mot chong cdc thanh dp dién dudc k&t ndi bing bu lon giita hai
mié&ng kim loai diing 1am khdi chdn dong (H.6.45a).

U GOm mdt phan ti¥ 4p dién c6 dang hinh nhin (H.6.45b) hoic dudi dang

nhiéu phan t& phing chiu tdc dong cda luc cda khdi chdn dong va truc trung
tdm (H.6.45c¢).
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Cac thanh ap dién

~xép chéng By lon sét Phan ti ap dién, & Nm chan déng
] .
. D'¥ Knéi chan dong | Céc I6p dan
ruc trung tam dién dinh chat
Ong néi x€p chéng
b)
a)

Khéi chdn dong N\ Phan ti ap dién

R ) - Truc trung tam
Vong dudc ép trude

c)

Hinh 6.45: Cdc kiéu gia téc ké dp dién liyc cdt
c) Gia téc k& dp dién hinh cdi phdn.
Trong loai nay, ngudi ta sit dung mdt cip thanh méng chit 4p dién gin
chit vio nhau, mot ddu thanh mang khdi chdn ddong nhu hinh 6.46.

Thanh méng
chat ap dien  HOp kin

Khéi chan
dong

_ /
///////////////////////////////////////////////A
Hinh 6.46: Nguyén tdc gia téc k& dp dién hinh cdi phdn

2- Gia toc k€ dién tré piézo

Nguyén tdc: Khdi chin dong M dugc gin v6i mot thanh dan hdi trén dé
c6 bo tri hai hay bon dién trd bi€n dang dugc mic thainh cAiu Wheastone. Sy
udn cong clia thanh dan hdi sé din dé&n sy bi€n dang cla dién tr§ jauge mot
cich truc tiép (gia toc k& tAn so thap) hoic gidn ti€p nhd két hgp vdi bd khuéch
dai cd (gia toc k& tan sd trung binh).
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Khéi chéan
dong (M)

Hinh 6.47: Nguyén tdc gia téc ké dién tré piézo

3- Gia toc ké thich nghi

Trong loai nay ngudi ta ding luc dan hdi clia khdi chdn dong tao ra tin
hiéu dién: Sy di chuyén cta khdi chin dong duéi sy tic dong cia lyc khi do sé&
tao nén mdt phdn Gng chong lai né lam gidm thi€u sy dich chuyén. Khi cin
bing, tin hiéu dién (dong dién) 12 ngudn gdc clia tic dong bu trir, cho ta két qua
do gia toc, dic tinh clia loai cAm bi&€n nay la:

LI B6 chinh xdc cao

L Bing thong: T vai Hz dén vai trim Hz

LI Tin hiéu ra khd cao: vai mA

LI Gid thanh cao, d& v&.

* Gia toc ké thich nghi cdn bdng ngdu luc (H.6.48).

Truc quay T Miéng mong

. 2 1
= Khuéch dai \I,jTVm S

a) bién d8i V-1

Hinh 6.48: Gia toc ké thich nghi cdn bdng ngdu luc
a) Nguyén tidc; b) Cdch thuc hién
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Mot khung quay rat nhe gidng nhu khung quay trong co cdu do tir dién
(dién k€&) dudc treo trong ving tr trudng nhd mot gid dd c6 do ma st rat bé,
vé mot phia cia khung c6 gdn mot khdi chan dong dé€ do. Dudi tic dong cda
luc quédn tinh tao ra do gia tdc, khdi chan dong di chuyén va kéo theo khung
quay chuyén dong.

Khung dugc trang bi hai mi€ng mdng & hai bén hoidn toan cin bing di
chuyén trudc mit hai cudn day dugc cung cidp bdi mot ngudn xoay chiéu cé
tan sd cao (16i 1MHz). Khi khung quay di chuyén, hai mi€ng mdng di chuyén
trudc mit hai cudn day, dién cdm cda ching thay d8i, nhu thé dién dp hai
cudn day thay ddi. Pién 4p nay dudc chinh luu va so sdnh v6i mot dién 4p
chuén, khodng cdch dién 4p dugc khu€ch dai va bi€n d6i thanh dong dién [
chay trong mach khung quay va tao ra mot ngiu lyc khdng Cr:

Cr=KI
vGi: K - hé s8 ti 1é v6i cdm ng tif va s6 vong diy quan clia khung.
Khi cin bang ngiu lyc khdng Cr b trlit ngdu lyc Cy, tao bdi lyc quén tinh.
Khi géc quay bé, ta cé:
Cpn = MYR
v6i: M - kh6i chan dong; R - ban kinh chuyén dong; vy - gia téc cAn do.
= KI=MyR = I=Kjy v6i K; =MR/K

Dong dién ti 1& vé6i gia tdc cAn do, gid tri nay biét dugc bing cich bd tri
mdt dién tré ndi ti€p trong mach cung cap cho khung quay va do dién dp xuit
hién & hai dau dién trd.
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Chuong 7

PO NHIET PO

7.1 THANG PO NHIET PO

7.1.1 Nhitng thang do nhiét do khic nhau

Gom céc thang do Celcius (°C), thang do Fahrenheit (°F), thang do Kelvin
(°K), thang do Rankin (°R).

T(°C) = T(°K) — 273,15 T(°F) = T(°R) — 459,67
T(°C) = [T(°F) — 321(5/9) T(°F) = (9/5)T(°C) + 32
7.1.2 Sy lién hé giita cac thang do ¢ nhitng nhiét d) quan trong

Kelvin (°K) Celcius (°C) Rankin (°R) Farenheit (°F)
0 - 272,15 0 — 459,67
273,15 0 491,67 32
273,16 0,01 491,69 32,018
373,15 100 671,67 212

7.2 PO NHIET PO BANG PIEN TRO

7.2.1 Dy nhay nhiét
Mot cach téng qudt gia tri dién trd tiy thudc vio nhiét @6 T:
R(T) = R,.F(T-T,)
R,: 1a dién tr§ & nhiét dd T, va ham F phu thudc vao dic tinh clia vat
lidu, c6 gid tri1a 1 khi T = T,. Nhu thé ta cé:
D&i vdi dién tré kim loai: R(T) = Ro(1 + AT + BT* + CT°)
T: tinh bing °C, T, = 0°C.
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DPéi vdi nhiét dién tré bang oxyde bdn ddn:

R(T) = Ro.exp[B(i—i)]
T T

o

T: nhiét do tuyét doi (°K).

Nhitng hé s6 trong cong thifc tinh dién trd R thudng dugc biét trudc mot
cach chinh xdc nhd do gid tri dién tr§ R & nhiét do biét trudc.

Véi sy thay d6i nhd AT cda nhiét do chung quanh gid tri T, dinh 1y tSng
quét vé sy thay ddi dién trd c6 thé dudc tuyén tinh héa:

R(T + AT) = R(T).(I + ag.AT)
v6i: ag =[1/R(T)IdR/AT ; ag: 12 hé s§ phu thudc nhiét do clia dién tré hay
con goi dd nhay nhiét dd & nhiét d6 T, ag tiy thudc nhiét d6 va vat liéu.

Vi du & 0°C déi véi platine ag = 3,9><10_3/°C. DPdi véi mdt vai loai nhiét
dién tré o = 5,2x107/°C.

Néu ta do nhiét do cé gia tri chung quanh dd 0°C nhd cau do Wheastone
ma mot trong nhitng nhdnh cau do dugc ciu tao bdi dién tré do nhiét va ba
nhdnh con lai dugc mic bdi ba dién trd ¢d dinh ¢ gid tri bing nhau R, tifc gid
tri dién tré do nhiét & nhiét do 0°C thi:

Dién dp 1éch clia cau: V,, = %é—f = %OLRAT

V6i: Es=2V; AT =1°C = V,,, = 1,9mV d6i véi dién trd platine.

V,n = 26mV d6i v6i nhiét dién trd.

Luu y: nhitng gid tri nay 16n hon so véi trudng hgp cap nhiét dién:

Fer/constantan: V,, = 0,05mV

Pt — Rh (10%)/Pt: V,,, = 0,005mV

Dic tinh ctia mdy do 4n dinh mot gid tri dién trd thay ddi t8i thi€u c6 thé
do dudgc: (AR/R,) min.

K&t qua 12 mot gid tri tdi thi€u nhiét dd c6 thé do dugc:

AT in = (iﬁ min
R (o}

Dbdi véi trudng hdp: (AR/R,) min = 1076 va do nhiét do cé gid tri gan 0°C,

ta co:
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D3i véi dién trd platine: ATy, = 2,6x107*°C.

D3i v6i nhiét dién trd: AT, = 2,0x107°C.

Su thay d6i ctia dién trd theo nhiét do, vé nguyén Iy lién quan dén su
thay d6i dién trd sui't p va kich thudc hinh hoc clia dién trd, d6i v6i day dién
tr§ hinh tru (chiéu dai [, ti€t dién S), ta c6:

1 drR _1dp 1dl 1dS

Og =—.——=—. —_—
RdAT p dT 1dT SdT
.. Lldp I A
VOi: ———=a,: hé s6 nhiét @6 cua di€n trd suat cua vatliéu
pdT
1 dl 1 .
———=04y Va —.d—= 20, , oy hé s gian nd dai cia vat liéu
| dT S dT

K&t qué: agr = ap — ou.

Trong pham vi s& dung dién trd, o, ¢d 107°/°C trong khi oy c3 107°1°C.
Trong nhitng di€u kién thuc t€ agr ~ o.

7.2.2 Pién tré kim loai

1- Nhitng tiéu chudn dé chon vit ligu

Tuy thudc vao pham vi do nhiét dd ma ngudi ta chon vat li€u thich hgp,
ngudi ta thudng st dung dién trd bing bach kim, nickel va d6i khi bing déng
hay tungstene.

Bach kim: c6 thé ciu tao rat tinh khi€t (99,999%) diéu nay cho phép ta
bi€t dugc dic tinh dién clia n6 mot cdch chinh xdc va khong thay d6i. N6
thudng st dung & nhiét do tr — 200°C d€n 1000°C.

Nickel: ¢6 uu di€m 13 dd nhay nhiét ra't cao, tir 0°C dé€n 100°C dién trd
ctia né dugc nhan cho 1,617 trong khi bach kim dugc nhan véi 1,385. Nickel
chong lai sy oxyde hoa, thudng dugce dung & nhiét dd nhd hon 250°C.

Pong: dugc st dung vi dic tuyén ra't tuyé&n tinh cda sy thay ddi dién trg
theo nhiét. Tuy nhién vi phédn @ng héa hoc nén khdng cho phép st dung &
nhiét do 16n hon 180°C, va vi dién trd sud't bé, nén khi ding d&€ ddm bio c6
gid tri dién tré nha't dinh, chiéu dai day phai 16n gy nén mot sy cong kénh
ba't tién.

Tungstene: C6 d6 nhay nhiét cia dién trd 16n hon bach kim trong trudng
hgp nhiét do cao hon 100°K va né thudng dudc sit dung & nhiét dd cao hon bach
kim v6i do tuyé&n tinh hon bach kim. Tungstene c6 thé ciu tao dudi dang nhitng
sdi rdt mdnh cho phép ché tao dién tré cdm bi€n c6 tri s& 16n, nhu vay véi tri
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s6 dién trd cho trudc, chiéu dai day sé& gidm thiéu.

Sau diy 12 mot s& dic tinh vat 1y cla cdc kim loai néi trén:

Pédng Nickel Bach kim Tungsténe
Tf (°C) 1083 1453 1769 3380
-1 -1
C(J°C Kg ) 400 450 135 125
-1 -1
L (W°C 'm ) 400 90 73 120
o —6 —6 —6 —6
a (°CY 16,7. 10 12,8. 10 8,9.10 6.10
p (Qm) 1,72.107° 10,107 10,6.10°° 552.10°°
a, (°C" 39.107° 47. 107 3,9. 107 45. 107

C - ti nhiét 3 20°C; A - hé s6 din nhiét; oy - hé s6 din nd dai

p - dién trd sudt; o, - hé sO nhiét do ciia dién trd sudt & 20°C.

2-Thuc hién ddu do ciia nhiét k¢

Tri gid clia dién trd va kich thudc clia day dién tré: mot cach tdng quat sy
thay d6i dién trd do nhiét AR = RarAT tao ra dién 4p do:

Vin = AR.i

i 1a dong dién trong mach do c6 tri s& gidi han vai mA dé€ gidm thi€u sy
dot néng diu do. Nhu vay d€ c6 duge do nhay tot, ngudi ta phdi sit dung dién
trd c6 tri s6 twong ddi 16n, diéu nay giai thich:

L Mot sy gidm thi€u ti€t dién diy dién trd, va dugc gidi han bing sy
mdng manh dé bi ddt khi kéo.

L Mot sy gia ting chiéu dai clia ddy va dudc gidi han bing sy chodn chd.

Thong thudng d€ dién tr c6 tri s6 100Q & nhiét d6 0°C, trong trudng hgp
bach kim, dudng kinh diy c6 tri s6 vai chuc microns va chiéu dai ddy vao
khodng hang chuc cm. Sau khi quan day, chiéu dai dau do vao c& vai cm.
Trén thi trudng dau do dién trd & 0°C c6 tri s6 1a 500, 5000, 1000Q2 nhitng gid
tri dién trd cao dugc dung trong truSng hop nhiét do do thdp dé€ c6 dod nhay
cao.

Pdu do thd chim: Pudc bd tri thd chim trong moi trudng mudn do nhiét do
va ¢6 cdu tao quan day dang hélice. Cdch quan diy nay c6 thé tao nén dang
khong c6 dién cdm nhim muc dich cho phép do dong dién AC va gidm thiéu
nhitng dién cdm ky sinh.
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Day quén béng

bach kim \

Day noi

Céc 6ng d&
bén trong
va bén ngoai

b&ng bach kim

bén ngoai

Vo boc
(b&ng bach kim)

Ong bing sanh
Déay bach kim
Hinh 7.1: Cdc dién tré mdu bdng bach kim

Nhitng thong s6 chi y khi thyc hién didu do nhu sau:

- NGi rdng pham vi do nhiét do

- B4o vé chéng lai su in mon héa hoc

- B4o vé chdng lai sy rung dong va va cham

Sy khdc nhau vé hé s& tin nhiét cla dién trd kim loai va vat liéu lam gid
dd cdm bi€n lam thay d6i do nhay nhiét clia dién tré.

- Van tdc ddp ting cang nhanh khi lugng calo ctia dau do cang bé.

D3&i véi nhitng dién trd bach kim st dung 1am dién tré miu, nhitng di€m
1, 2 va 4 1a nhitng diéu kién dau tién bdi vi nhitng dién trd nay dudc st dung
dé do trong nhitng diéu kién dugc che chd chdng rung va va cham. Day dién
tré dugc quan trén 16i cdch dién (thach anh, alumine). DAy quin dugc dit
trong mdt vé bing thép kin, day ra di qua moi trudng cdch dién. V4 dugce chia
ddy mot loai gaz héa hoc, din dién t5t (vi du hélium).

P6i véi ky nghé, su cin thi€t bdo vé hitu hiéu chéng rung va va cham,
dién tré dugc thuc hién boc kin trong thiy tinh hodc st va dugc dit trong mdt
vé thép kin.



PO NHIET BO 233

Day bach kim Ong bing bach kim

Day
1,52mm nai

Béang sanh

Tru gitGa

Lppese N sac pnase

iy i o/
W /////%

Xi mang

Hinh 7.2a: Cdc ddu do trong ky nghé ding dién tré bach kim
7.2.3 Nhiét dién trg

Dic tinh ddu tién cda loai dién trd nay la d6 nhay nhiét rdt cao, vao
khodng 10 1in dién trd kim loai. Mit khic hé s6 nhiét dd c6 gid tri Am, va tly
thudc vao nhiét do.

Chiing dugc cidu tao tir hén hop cdc oxyde kim loai nhu: MgO, MgAlyo4,
Mn;03, Fe304, CO203, NiO, ZnTiOg4.

Nhitng oxyde kim loai bdn din & dang bot dugc nén lai dudi 4p sudt va
dudc nung 1én & nhiét d6 khodng 1000°C cé 4p sudt ki€m sodt dudc. Nhitng
nhiét dién tré dugc ciu tao dudi cdc dang: dia, tru, nhin v.v... phan tif cdm
bi€n c6 thé dugc che chd hoic khong, bing cich dudc cidu tao dang kin hoic
c6 v6 boc. Céc vat liéu c6 dién trd sud't 16n cho phép ch€ tao nhitng dién tr§
do c6 kich thudc dién tré bé (c8 mm), két qua:

bién trd ¢6 kich thudc bé cho phép do nhiét d6 chinh x4c.

Mot lugng calo bé khi€n cho van téc ddp ¥ng cao.

Sy 8n dinh cla nhiét dién trd tiy thudc vao viéc ch€ tao va nhitng diéu
kién st dung. Dang dién trd kin hay dang c6 vé boc cho phép che chd chdng
lai sy an mon héa hoc va gia ting sy 6n dinh. Pham vi st dung nhiét dién trd,
tlly theo loai tif vai do tuyét d6i d&€n 16i 300°C. Trén thi trudng cdc nhiét dién
trd ¢6 tri 56 thay ddi tir 5001 dén vai chue ML & 25°C.

7.2.4 Dién trd silicium

Loai dién tré bdn din nay dudc phin biét véi nhiét dién trd bdi nhitng
di€m sau:

- Hé s6 nhiét do cla dién tré sudt c6 tri gid duong, vio khodng
0,7x1072/°C & 25°C, va sy thay ddi theo nhiét do clia hé s6 nhiét do rat bé

diéu nay cho phép ché tao cdm bié€n cé tinh tuyén tinh cao.
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- Pham vi s dung gidi han trong khoang —-50°C+120°C, cdc dién trd
loai nay thudng 1a loai bdn din N dugc ché tao bdi phuong phap planar: cho
khué&ch tan chat khac vao tinh thé don chat silicium.

Viéc ki€m sodt cdc thong s6 4n dinh tri gid dién trd cho phép gidm thiu
sai s6 dudi 1% so vdi tri gid danh dinh.

Su thay ddi theo nhiét ctia dién trd sud't cia silicium phu thudc vao cdch
ché& tao va nhiét .

7.3 PO NHIET PQ BANG CAP NHIET PIEN
7.3.1 Piic tinh téng quat - @ nhay nhiét

Mot trong nhitng phuong phdp thong dung d€ do nhiét dd dugc dung trong
khoa hoc va k§ nghé 1a st dung hiéu @ng nhiét dién. Mot cip nhiét dién gom
hai diy din A va B dudc cdu tao bdi vat liéu khdc nhau, tai di€m ndi chung
clia ching ¢6 nhiét dd T,, va hai ddu con lai cda cip nhiét dién c6 nhiét do
T, s& xudt hién mot sic dién dong nhiét dién E 112 ¢6 do 16n phy thudc vao

vitliéu clia A va B ciing nhu sy sai biét vé nhiét do giita T, va T;.

A

Nhiét dé
m&i néi do (T,)

[ DRSNS}

Nhiét do
ma&i ndi chuan (T,)

Hinh 7.2b: Nguyén ly cdp nhiét dién
T, 1a nhiét dd0 m&i ndi chung (con dugce goi 1a mdi ndi do) 1a nhiét do T,

dat dugc khi dit md&i ndi chung trong mdi trudng nghién ctfu cé nhiét do
khong bi€t T, , nhiét do T. phu thudc vao T, va phy thudc vao sy trao déi
nhiét c6 thé cé v6i nhitng moi trudng khac (hanh lang, moi trudng bén ngoai).

Hai ddu con lai cda cip nhiét dién c6 nhiét do biét trudc va giit khong
d6ila T, =T,4 dudc goila m&indi chudn va dudc ndi véi mach do dp. Trong
cdc thi€t bi do nhiét do dung cip nhiét dién loai ré tién, mdi ndi chudn dugc
gilt & nhiét d moi trudng. Cip nhiét dién dugc cdu tao vé6i kich thude rat bé:

- N6 cho phép do nhiét do ra't chinh xdc.

- S8 lugng calo ctia cdm bi€n dugc thu nhd cho phép van tdc ddp tng
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nhanh. Hai vu di€m nay cho thdy cip nhiét dién dudc st dung c6 1gi di€m hon
dién trd. Ngoai ra con ¢é mot 1gi di€m ntta 13, tin hiéu dugc tao ra dudi dang
stc dién dong ma khong cin tao ra dong dién chay qua cdm bi€n nhu vay
tranh dudc hién tugng d6t néng cdm bi€n. Tuy nhién né cé di€m bat lgi 1a
trong khi do, nhiét d6 clia mdi ndi chudn phdi bi€t rd, tit cd sy khong chinh
xdc cla T, s€ din t6i sy khong chinh xdc cia Tg.

Cip nhiét dién dugc ciu tao bdi cac kim loai hoidc hgp kim khdc nhau va
c6 khodng do rong tr —270°C+2700°C, ddp dng cla cdp nhiét dién khong
tuy€n tinh khi nhiét do thay d6i 16n, tinh khong tuyén tuyé&n trong méi quan hé
gitta sttc di€n dong nhiét di€n va nhiét d6 dudgc thé hién qua cdng thic tinh
nhu sau:

E= iaiTi
i=o
véi: E - stic dién dong nhiét dién tinh bing pV
T - nhiét do tinh biing °C.
S& cdc phdn tf @ ciling nhu tri gid clia né phu thudc vao loai cip nhiét
dién va nhiét do do (nhiét d6 mdi ndi chudn & 0°C).
Hozic don gidn hon, ta ¢6 thé sit dung cong thitc gan ding:
E=C(T,-T)+K(TZ-T2)
véi: C, K - cdc hiing s6 phu thudc vao cip nhiét dién
T, - nhiét do mdi ndi do; T; - nhiét d0 mdi ndi chuin.
Vi du: Cip nhiét dién Cu/constantan c¢6 C =3,75x10?mV/°C va
K =4,50x10°mV/°C?,néu T, =100°C, T, = 0°C, stic dién dong nhigt dién:
E=C(T,-T)+K(TZ-T?2)
=3,75x1072(100-0) + 4,50 x10°(100% - 0%)
=3,75mV +0,45mV =4,20mV
D6 nhay cdp nhiét dién § T, dugc tinh theo biéu thdc:
sry - 9B
dT,
RO rang S(Tc) 1a mot ham theo nhiét do va dudc tinh bing uV/°C .

Vi du, d6i vdi cip nhiét dién Fer/constantan ta c6:
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S(0°C) = 52,9uV/°C va S(700°C) = 63,8uV/°C

D&i véi cip nhiét dién P—Rh(10%)/P; ta c6:

S(0°C) = 6,4uV/°C va S(1400°C) =11,93uV/°C

Tir vi du trén ta thdy d6 nhay clia cip nhiét dién nhd hon nhiéu so vdi
nhiét dién trd. PO nhay cla cip nhiét dién thudng khong vugt qud tri s6
60uV/°C.

7.3.2 Hiéu ng nhiét dién

1- Hiéu iing Peltier

Tai m&i ndi cla hai diy din A va B khdc nhau nhung cé cling nhiét do T
(H.7.3a) s& hinh thanh mot hiéu dién dp chi ty thudc vao loai ddy din va
nhiét d6 cta chding: V,, — V, = PX/B. b6 chinh 1a stc dién dong hi€u dng
Peltier.

Pinh ludt Volta: Trong mdt mach kin ddng nhiét dugc ciu tao bdi nhitng
day din khdc nhau, sitc dién dong Peltier tdng cong bing khong. Trong mach
dugc ciu tao bdi nhitng vat lieu A, B, C va D (H.7.3b).

Ta c6: Pag + Pac +Pdp +Pga =0

2- Hiéu vtng Thomson

Giit hai di€m M va N c6 nhiét d6 khdc nhau, & bén trong mot thanh din
ddng nhi't A (H.7.3c) sé hinh thinh mdt sitc dién dong chi tiy thudc vao loai
ddy dan va nhitng nhiét @6 Ty, Tn.

b6 1a sitc dién dong Thomson, A4 12 hé s6 Thomson cida diy dian A va la
mot ham cda nhiét do.

Pinh ludt Magnus: N&éu hai diu cda mot mach dién duge ciu tao bing
mdt diy din duy nhat va dong nhit, ddng thdi c6 ciing nhiét do thi sic dién

dong Thomson bing khong.
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A P =0
D (T B
O EY [ /)
(T _L (M
Pas
a) b)

N,
(Tym) (Tn)

c)

(T2) d)
Hinh 7.3: Hiéu iing nhiét dién
a) Hiéu iing Peltier; b) Pinh ludt Volta
c) Hiéu ting Thomson; d) Hiéu iing Seebeck
3- Hiéu ving Seebeck
Néu trong mot mach dién kin, dugc ciu tao bing hai diy din A vad B ma
hai mdi ndi clia chiing c6 nhiét dd T; va T sé& hinh thanh mdt cip nhiét dién

(H.7.3d). Cip nhiét dién s& tao ra mot sic dién dong goi 1a Seebeck E 271 d6

12 k&t qua ctlia hiéu @ng Peltier va Thomson.
T

That vay: Strc dién dong gilta a va b: e, = I h,dT
T

Sitc dién dong giita b va c: g, = P,2
T
Strc dién dong gitta c va d: ey = I hgdT
T2
Sttc dién dong gilta d va a: ey, = PBT}A
Sttc dién dong tdng cong chinh 1a tdng cdc stc dién dong k& trén va
chinh 1a stc di€én dong Seebeck.
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T
En2d = Palg —Palg + f(hA —hg)dT
T
D€ thuin tién ta chon Ty ching han c6 gid tri chudn biét trudc (0°C) sitc
dién dong cla cap nhiét dién chi phu thudc vao T».
7.3.3 Céc loai cp nhiét dién va dic tinh sit dung

Céc cdp nhiét dién va nhitng gidi han s dung.

Cap nhiét dién Nh. do st dung E (mV) Cap chinh xdc
Cu / Constantan - 270°C - 6,258 +2%
d&n 370°C dén 19,027 tir —100°C dén — 40°C
Loai T +0,8%
(dudng kinh 1,63 mm) tir —40°C dé&n 100°C
+0,75%
tir 100°C dén 350°C
Fer / Constantan - 210°C — 8,096 +3°C
LoailJ dé&n 800°C dén 45,498 tir 0°C d&€n 400°C
(dudng kinh 3,25 mm) +0,75%
tir 400°C d&n 800°C
Chromel / Alumel - 270°C - 5,354 +3°C
dén 1250°C dén 50,633 tr 0°C dén 400°C
Loai K +0,75%
(dudng kinh 3,25 mm) tir 400°C dé€n 1250°C
Chromel/Constantan - 270°C - 9,835 +3°C
dé&n 870°C dén 66,473 tir 0°C dén 400°C
Loai E +0,75%
(dudng kinh 3,25 mm) tir 400°C d&n 1250°C
Platine — Rhodium - 50°C - 0,236 +2,5°C
(10%) / Platine dén 1500°C dé€n 15,576 tir 0°C d&n 600°C
Loai S +0,4%
(dudng kinh 0,51 mm) tir 600°C d&€n 1600°C
Platine — Rhodium -50 - 0,226 +1,4°C
(13%) / Platine d&n 1500°C dén 17,445 tir 0°C dén 538°C
Loai R +0,25%
(dudng kinh 0,51 mm) tir 538°C d€n 1500°C
Platine — Rhodium 0°C 0 +0,5%
(30%)/Platine — Rhodium dé&n 1700°C dén 12,426 tir 870°C dén 1700°C
(6%)
Loai B (dudng kinh 0,51
mm)
Tungsténe — Rhénium 0°C 0
(5%)/ d&n 2760°C dén 38,45
Tungsténe — Rhénium
(26%)
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7.3.4 Cach sit dung va lip dit cim bién

1- Cdch thuc hién va bdo vé

Can tranh nhitng sttc dién dong ky sinh trong khi mic day cdm bi&€n hoic
do c4u tao khong ddong nhi't clia cdm bién 1am thay ddi dic tinh nhiét dién cla
cdm bién.

Nhitng su khdong ddng nhit trong cAu tao c6 ba nguyén nhan chinh:

L Luc ép co khi c6 dudc do su sip x&p hoidc do su cing diy, thdong
thudng chiing c6 thé loai bé dugc nhd sy nung lai.

L Nhitng tdc dong héa hoc: hai ddy din phdi dugc che chd chong lai moi
tdc nhan c6 thé tdc dong dé&n ching, dic biét diéu ch& vat liéu cin thi€t phii
dugc tinh khiét.

| Nhitng tia bifc xa hat nhan gy ra nhitng chuyén ddi trong vai hgp kim
cdp nhiét dién.

Phan han (md&i ndi) cda cip nhiét dién phai c6 thé tich gidm thi€u nhim
tranh nhitng di€m c6 nhiét d6 khac nhau tai mdi ndi, diéu nay din d&€n nhitng
sttc dién dong ky sinh, ciing nhu nhitng thay ddi héa hoc clia vat liéu do mifc
dd han. Mot trong ba ky thudt sau thudng dugc st dung:

1- Han bidng thi€c khi nhiét d0 s& dung khong qud cao (cdp

nhiét dién loai T).

2- Han ty sinh biang gié d4 1a ky thuat thudng duge st dung.

3- Han dién.

Hai day din c6 thé dugc xodn lai véi nhau mot doan gadn mdi ndi nhim
gia ting bdo vé& cd khi, nhung né tlly thudc vao van tdc dip tng.

D€ trdnh nhitng diém ti€p xic khdc ngoai mdi ndi, hai diy din dudc dit
bén trong vé cdch dién bing si. Cip nhiét dién vdi v4 cdch dién thudng dugc
che chd thém bing mot 16p v dé chong sy xdm pham cida cdc khi ciing nhu
nhitng dot bi€n nhiét, 16p v4 thudng biing st hodc thép trong trudng hgp bing
thép mdi ndi c6 thé dugc cich véi vé hay ti€p xiic vdi vd, diéu nay cé 1gi 1a

van téc d4p ng nhanh nhung nguy hi€m hon (H.7.4).
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a)

Hinh 7.4: a) M6i ndi dugc cdch véi vé; b) M6i ndi tiép xiic vdi vé

2- Nhigt dp chudn (T, )

Ta bi€t ring sttc dién dong nhiét dién phu thudc vao sy sai biét giita
nhiét do m&i ndi do T, va nhiét do0 mdi ndi chudn T,y , d€ xdc dinh dugc
nhiét do T, ta cAn phan biét ba trudng hgp: T, =0°C, T, khong ddi nhung
khdc véi 0°C, T, bing véinhiét dd mdi trudng.

* Trudng hop T, gilt nguyén khong ddi & 0°C: Viéc do stc dién dong
nhiét dién cho phép ta xdc dinh ngay nhiét d6 T. nhd st dung bang dic tinh
ctia cdp nhiét dién st dung.

* T, khong d6i nhung khdc véi 0°C: Khi nhiét d6 mdi trudng thay d6i
16n, trong k¥ nghé ngudi ta c6 thé chon T, khong d6i va 16n hon nhiét do
mdi trudng. Viéc chon trude T, va st dung bang dic tinh cla cdp nhiét dién

stt dung ta bi€t dudc EZ’;er OC  khi do stc dién dong nhiét dién clia cdm bién,

ta s€ tinh dudgc:

Tc0°C _ =Tc Tref Tref 0°C o oo o 1.
ENg = Eag  + Eag tir d6 xdc dinh duge T,

* T bing v6i nhiét do moi trudng: Khi bi€t truGe nhiét do moi trudng
T, ddng thdi ti€n hanh do sdc dién dong nhiét dién cda cdm bi€n & nhiét
dong T, tir d6 xdc dinh dugc nhiét do T, nhu sau:

T.0C _ T Ta T,0°C
Exs = Eag® + Enls

Tuy nhién trong trudng hodp nay cin c6 mach bii nhiét d@d chuin T, (thay doi
theo nhiét do moi trudng) dé tao nén dién 4p V(Ta) = E;‘;‘BOOC theo d8i mot cach
tw dong theo nhiét d0 moi trudng nhu hinh 7.4A.

Pién d4p V(T,) c6 dugc nhd st dung nhiét dién tr§ dudc gilt & nhiét do
moi trudng: tri gid nhiét dién tr§ R(T,) xdc dinh dién dp V(Ta) nhd st dung
cau Wheatstone DC.
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_ Mach bu o
AL” nhiét do chuén
ETeTa ~_ " gTe0°C
A/B T.0°C A/B
V(Ta)=EQs
B
(T)
(Te) @ a)

Hinh 7.4A: Mach bi nhiét dé chudn:
a) Nguyén tdc; b) Cau Wheatstone sit dung lam mach bil
CAu Wheatstone cho phép bii nhiét do khi nhiét &6 moéi trudng thay d6i
xung quanh tri gid 0°C, cdc tri gid R,, R, va R, doc l1ap vdi nhiét do trong
khi nhiét dién trd R(T,) thay ddi tuyé&n tinh vdi hé s6 nhiét d6 1a og. Ciu
can bing khi nhiét do & 0°C, & nhiét do T, dién dp & ngd ra cta ciu 6 tri
gia:
R (Rv _ va)
(0] (0] (o) o T

V(T,)=E R
: (R,+R)? ~ °
Cdc gid tri dién r§ Ry, R, R} dugc chon lam sao d€ c6:

E RO(R;—Rg)a
(R, +R})?

rTa=ENs

3- Phuong phdp do

Sttc dién dong nhiét dién chi cé thé bi€t chinh xdc néu ta gidm thi€u do
gidm 4p do dong dién chay qua cip nhiét dién va cdc diy ndi, cdc dién tré
nay thudng khong bi€t chinh xdc do chiing phu thudc vao nhiét do moi trudng
va nhiét do do. Hai phudng phdp thudng st dung d€ do stic dién dong nhiét
dién:

- St dung millivon k& c¢6 noi trd 16n

- Stt dung phuong phdp bié€n trd (phuong phdp xung ddi)

* Phuong phdp millivon ké

R(l
(R) 0 V"“ %(Rv)

B Millivén ké
Tc Tref

Hinh 7.4B: Do siic dién dong nhiét dién dung millivén k&
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Goi R, la dién trd ctia cip nhiét dién, R, 1a dién trd ndi day, R, va v,
12 ndi trd va dién dp hai didu millivon k&
T T R T T
c 'ref \ = E c 'ref =V

[ R+ R

1+ ]

vV, =E
\"

D& két qua do chinh xdc (E;ﬁBT’Ef ~Vy,) tacanphdico R, 0 R +R,.

* Phuong phdp bién tré

DPudc trinh bay & phan 2.4 (Po dién 4p DC bing phuong phip bién trd), cho
ta k€t qud do chinh x4c hon dung phuong phap millivon k&.

4- Déy bix

Ngudi ta c6 thé 1ip dit d€ sit dung chiéu dai diay din cda cip nhiét dién
ngdn nhat cé thé, trong trudng hgp sau:

- Vi ly do ti€t kiém, khi st dung ciip nhiét dién c6 gid thanh cao nhu Pt-
Rh/P1t.

- Trdnh l1am ddt diy din clia cip nhiét dién khi ma diéu kién do st dung
ddy dan ciip nhiét dién rdt manh, khi d6 ngudi ta dit xen ké giita cip nhiét
dién va mach do cic diy A’ va B’ ma khong lam thay ddi sic dién dong nhiét

EX?BOOC tao ra bdi cap nhiét dién A/B.

A - A - .
Cu
Day bu v,
Cu "
B B'
o
T, (T2) (0°C)

Hinh 7.4C: So do cdch mdc ddy bu
D€ tranh lam dt diy din cidp nhiét dién ngudi ta ndi thém vao cic day
din c6 cling loai véi cip nhiét dién nhung c6 dudng kinh 16n hon.
P& gidm gid thanh cip nhiét dién ngudi ta ndi thém vao cdc diy din
khéc loai v6i cdp nhiét dién nhung c6é dic tinh bi€t trude: d6 1a cdc day bu.
Bay gid ta xét dic tinh cta day bi:

Trong trudng hdp day din cla cip nhiét dién dugc kéo dai d&€n mach do:
TC
Voo =Efs © = Paf ~ PSS + [ (hp —hg)dT
0

Trong trudng hgp st dung day bu:
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Ty Te T 0
" _ 50°C , T, Te To . 0°C
Vi = PCu/A'+ .[ ha dT+PA./A+ I hAdT+PA/B + j hgdT + PB/B'+ j hg'dT + PB'/Cu
0 T, T T,
Ta c¢6 m&i quan hé: PO, + PO = PG = -PLS,
T2 T, _ph T2 T, _ph T2
Pa¥a + Pajg: = Pafig: + Pg?/a + Pgjg = Pafig: + Pgja

T2 Te
= Vip = Pafg ~ PR + [ (har =g )dT + [ (hy —hg)dT + P2g. — PA%,
0 Ty

2 A z
b€ v, =V, ta cin c6:

T Ty
Pais PR ++ | (ha—hg)dT =Pl —PRG. + [ (ha —hg)dT
0°C 0°C
Ty 0°C Ty 0°C
= Exs =Exm

Nhu vay dé cdc diy bi A’ va B’ khong lam thay d6i stic dién dong nhiét
dién tao ra bSi cip nhiét dién A/B ta can c6 diéu kién:
1- Cdc m6i ndi A/A’ va B/B’ ¢6 cung nhiétdo T,.

2- Cdc cdp nhiét dién A’/B’ va A/B c¢6 cung stic dién dong nhiét dién &
nhiétdd T,.

7.4 DUNG DIOD VA TRANSISTOR PO NHIET PQ

7.4.1 Pic tinh téng quat, @6 nhay nhiét

V s el K

! !

a) b) L ¢) L

Hinh 7.5: Cdc thanh phdn dugc sit dung lam cdm bién do nhiét do
a) Diod; b) Transistor mdc nhu diod
c¢) Hai transistor giéng nhau dugc mdc nhu diod
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Nhitng phan t& dugc st dung, diod hay transistor silicium dugc mic nhu
diod (cyc nén va cuc thu ndi chung) dugc cung cAp theo chiéu thuin dong dién
I khong ddi, dién 4p V & hai ddu cuc clia chiing tuy thudc vao nhiét do, diéu
nay cé thé xem nhu tin hiéu di ra ti cdm bién tuy thudc vao nhiét dg.

Do nhay nhiét S ctia diod hay transistor dugc mic nhu diod dugc xdc dinh
bdi S = dV/dT c6 tri gia khodng — 2,5mV/°C, né khong hoan toan doc lap véi
nhiét d6. Mit khdc d§ nhay ciing nhu di€én 4p V tuy thudc vao dong di€én
ngugc I,, dong nay c6 thé c6 gid tri khac nhau ddi véi cdc phdn t¥ diod hay
transistor khac nhau. Cdc diod, transistor chi cé th€ d6i cho nhau khi cdc dic
tinh ctia ching gidng nhau (cung tri gid V d6i v6i mot dong dién cho trude va
c6 cung tri gid I,).

DPé€ cdi thién sy tuyén tinh va k&t qud c6 thé hodn vi cho nhau, st dung
hai transistor dugc cung cﬁ'p bdi hai dong I; va I, ta do sy sai biét dién dp gilra
cdc cyc nén va phdt (H.7.5¢).

D6 nhay nhiét c6 thé dién td: S=d(V, —V,)/dT

Vidu:S=86,56Logl,/l, tinhbing uV. K .

Nhirng tri gid do nhay cia diod va transistor thudng 16n hon d6 nhay cidp
nhiét dién va khong can sy hién hitu cla nhiét do chuén. Tuy nhién nhitng tri
gid nay thdp hon so vdi d6 nhay nhiét dién trd c6 di kém vdi mach bi€n ddi.
Do dic tinh dién cda cdm bi€n 1am gidi han pham vi st dung do nhiét do trong
khodng tir — 50°C d&€n 150°C, trong khodng nay dic tinh dién clia cdm bi€n ra't
dn dinh.

7.4.2 Sy lién hé dién ap va nhiét do
1- Diod hay transistor mdc nhu diod
Dong dién I va dién dp V dugc lién hé bdi cong thic.

I=1lexp(IY) 1]
KT

T: °K ; K: kiing s6 Boltzman

N&u phin cuc thuan (/0] 1) ta c6:

V . v
I=1, €xp(|i—_|_) v6il,=C ™ exp(—l—_l(_b)



PO NHIET BO 245

trong d6: Vg - dd cao ving cAm tinh bing volt, d6i véi silicium c6 tri
gid 1,12 vén.
m - thong thudng co6 tri gid 1a 3.
¢ - hé s6 doc lap ddi véi nhiét dd T nhung tay thudc vao
dang hinh hoc mdi ndi.
Nhu th€ ta c6 thé tinh V:
V=Vo + KT/qLogl — KT/gqmLogT — KT/qLogC
Hing s6 ¢ va dong I c6 thé loai ra khdi bi€u thitc trén néu ta d€ y 1a dién
4p c6 gia tri V; d6i v6i ciing dong dién I nhung nhiét do 1a 7).
V= V1l+Vq,(1—l)+ mﬁLogl
T T q T

Biéu thic trén cho thdy dién 4p khong tuyén tinh theo nhiét d6. Khodng
cdch tuy&n tinh tr —20°C dén 150°C cda transistor MTS 102 (hdng Motorola)
dudc gidi thi€u nhu hinh 7.6.

Cap nhiét
Sai s6 tuyén tinh dién loai T +12V
SN[ [ T 11
2 aal 2,
] \ BlenI tré°P; /
0| ~
- = ‘\
2 A MTS'102 /
40 0 40 80 Nhietds (°C)

b)

a)

Hinh 7.6: Cdm bién transistor do nhiét do
a) So sdnh sai s6 tuyén tinh ciia transistor vdi dién tré bach kim va cdp nhiét
dién; b) Mach do
2- Pié¢n dp sai bi¢t giita hai transistor giong nhau dugc mdc
theo hinh 7.5¢
Hai transistor Q; va Q> gidng nhau, c6 cing dong I, dugc cung cip céc
dong I; va I, cdc dién 4p nén va phéatla Vi va Vs.

qv, KT, 1)
l,=l,exp— = V, =——Log—
L= oS Py T ! g|0

V. |
Izzloeuxqtau:>V2:£Log—2

KT q |

o]



246 CHUONG 7

Viéc do dién dp sai biét Vy = V; — V, cho phép loai dnh hudng cia I,,.

|
Vy :ﬁLog—lzK—qTLogn

n: ti s6 cdc dong dién khong ddi = 1,/1,

Sai s6 tuyén tinh (°C)

2 | I | huéch daivi sai
1 '.“. AN T LA P rd '\
Haijtransistor (AVie ) | <l h}—'
N _ 1
'1 — | =
o Mot transistor |(_AVee |
-40 0 40 80 (OC)

a)

Hinh 7.7: Cdm bién do nhiét d¢ ding hai transistor
a) Sai s6 tuyén tinh khi ding hai transistor so sdnh vdi truong hgp mot
transistor;, b) Mach do

Vi du: V; = 86,56TLogn; Vq: tinh bing uV; T: °K. Néu n = 2 suy ra: V, =
59,73.T.

dv
Do nhay nhiét: § = d—Td _K Logn

q
Vidu: S = 86,56.Logn. Tinh bing pV.K .

Do nhay nhiét nhd hon so véi cdch midc mot diod, hay mot transistor
nhung né ddc 1ap véi nhiét do T, diéu nay cdi thién ra't nhiéu sy tuyén tinh.

7.5 DO NHIET PO BANG IC

Ky thuat vi dién t& cho phép ché tao nhitng mach k&t gédm nhirng
transistor giong nhau dudc st dung d€ 1am cdm bi€n hoan hdo do nhiét d6 dva
vao viéc do sy khdc biét dién dp Vpg dudi tic dong cia nhiét do. Cdc cdm
bi€n nay tao ra dong dién hoic dién 4p i 1& vdi nhiét dd tuyét doi, v6i do
tuyén tinh cao, 1¢i th€ clia né 12 van hanh don gidn, tuy nhién pham vi hoat
dong gidi han —50°C d&n 150°C. Vi du: cdm bién IC AD590.
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C4dm bi€n nay tao ra mot dong dién thay ddi tuyén tinh theo nhiét do
tuyét doi, dugc dung do nhiét d trong trudng hgp ding diay din vdi khodng
cdch xa. S0 dd don gidn vé cdu tao cdm bi€n nhu hinh 7.8.

Iy Vaim _
AD
Q, Q, ! Eref:e,svgsso
I;
AD ﬁo: 200Q
Q, Q 590
- 1kQ
R T R 10mV/°C
1kQ
0,1%
a) b)
° ° N Valim = 7'5V - Ra(Q)
15°C<T,<35°C - J 523
\ AD590 AD580 K 412
a E 614
;  Ew 40.2
5 5y T 4024
’ A S,R 5,76
(TY) A L Aawn—]
« B R

c)

Hinh 7.8: Cdm bién do nhiét dé dung IC AD 590
a) So do nguyén ly; b) Mach do nhiét dj; c) Mach bi tric

Céc transistor Q3 va Qg ¢6 cing dién dp Vg va c6 dong cyc phdt gidng
nhau bing I7/2; dong dién nay qua Qy ciing chinh 12 dong dién cuc phdt clia
Q;, n6 xdc dinh dién 4p nén phdt la:

KT I
g 21,

Dong dién |4/2 chay qua Q3 di qua Q», c¢6 dién d4p nén — phat (thyc t&

gdm tdm transistor gidng Q;, mdi transistor ¢6 dong dién I7/16) 1a:

KT I
Vgg, =—— Log(——)
BE, 9 161,

Sy sai biét gitta dién dp Vpg; va Vppz xuit hién & hai dau dién trd R c6
dong dién | /2 chay qua.
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KT RI, 2 KT

L IC AD 590 dudc ding dé€ do nhiét @6 nhu hinh 7.8. Dong dién It tao
nén hai dau dién trd R (1KQ) mot dién dp c6 tri s6 biing T(mV). VGi T 1a nhiét
do tuyét doi cia cdm bién.

Ngudn dién 4p chuéin do IC AD580L ¢c6 Eyer= 2,5V va nhd mach chi€t 4p
tao ra dién dp c6 tri gid khodng 273,15mV (lién quan d€n tri gid dién 4p & hai
dau R & nhiét do °C )véi bd khuéch dai c6 do 1di G = 10, & ngd ra tin hiéu V, ti 1&
v6i nhiét @6 clia cdm bién tinh theo °C:

V, =10(T - 273,15)mV = 10(T°C)mV.
7.6 DUNG CAM BIEN THACH ANH PO NHIET PO

Mot tng dung c8 dién ctia thach anh 13 thyc hién bd dao ddng c6 d6 viing
16n, tdn s6 dao dong chi phu thudc vao nhiét d6. Ban thach anh ¢6 phuong tinh
thé dinh trudc dic trung cho su thay d8i nhiét d6 4nh hudng dén tin s& dao
dong.

Khi diing 1am cdm bi€n do nhiét d6, ban thach anh c6 phuong tinh thé
lam cho tin s6 dao ddng thay ddi gin nhu tuyén tinh vdi nhiét d6 cda ban
thach anh. C4dm bi€n nay rit chinh xdc va nhay, mit khdc viéc xdc dinh nhiét
do din dén viéc d€m tan s6 c6 1di do:

LI Viéc do rat chinh xdc.

L Viéc chuyén d6i ra dang s6 rat dé dang ddi vdi thong tin lién quan dén
tan so.

7.6.1 Cong hudng cd ctia thach anh

Tinh thé thach anh SiO», c6 dang mdt ling kinh ¢é sdu mit, cAu tric cla
n6 c6 nhitng dic tinh vat 1y c6 thé dic trung bdi ba nhém truc:

U Truc quang Z (ndi lién nhitng di€m dinh cla tinh thé) va trong mit
phing thing géc véi truc Z:

L Ba truc dién X, X’, X”’ mdi truc ndi lién hai dinh d&i dién clia mit

phing sdu canh.
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UBatruc cd Y, Y, Y’ mdi truc thing géc véi hai canh d6i dién cla mit

phing sdu canh.
Z Y”
X X"

a) b)

Hinh 7.9: Tinh thé thach anh
a) Dang téng qudt; b) Tiét dién thdng géc vdi truc quang

Trong tinh thé dugc cit theo dang ti€t dién vudng, tam gidc hodc tron,
cdc dic tinh phu thudc vao dang hinh hoc, va kich thudc ctia ching cling nhu
phuong tinh thé. Thach anh 13 mot chit 4p dién. Trong trudng hgp cidc mit
phing thu dién tich thing géc vdi truc dién sé xuat hién cdc dién tich trdi dau
trén mit phing. P6 13 hiéu Wng 4p dién truc tiép.

L Mot sy thay d6i bé day clia ban thach anh, nén lai hoic bé ra tily thudc
theo ddu clia dién 4p khi dua vao cdc bé mit, d6 13 hiéu &ng 4p dién ngugc.

Mot ban thach anh c6 thé x3y ra cdc dao dong cd lién quan d&n cic loai
bi€n dang khdc nhau: sy kéo dai ra, udn cong, cit. TAn s dao dong dugc xdc
dinh bdi dang hinh hoc, kich thudc, phuong tinh thé ciia ban thach anh va cé
thé dién ta bdi cong thic:

f =(n/l){c/p
trong d6: ¢ - d6 16n dan hdi, phu thudc phuong tinh thé
p - trong lugng riéng cla thach anh
[ - kich thudc clia ban thach anh theo phuong truyén dao dong
n-s6 nguyén; 1 <n<35.

Khi 4p vao hai mit clia ban thach anh mgt dién 4p xoay chiéu ma tin s6
bing vdi tin s6 dao dong cé thé, hiéu wng 4p dién ngudc x4y ra kéo theo su
dao dong clia ban thach anh. Nhu th€ c6 thé xay dyng mot hién tugng dao
dong cd dién véi sy bién d6i tudn hoan ning lugng cd ra ning lugng di€én va
ngugc lai, vd ning lugng mat mat rat bé. Hé s6 phim chit Q dic trung cho
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hién tugng cong hudng c6 dugc:
naég 166hg c6 hoaé fied cOt fai
naég 106hg tied tan tuaa hoawm

Q=2nx

D6 v6i ban thach anh, Q ¢6 gid tri rit cao, thudng tir 10*+ 10°. Vi tri hai
ban cuc thu dién tich so v4i truc tinh thé ctia ban thach anh xdc dinh lyc cit. Vi
du:

U Luc cdt X goi 12 miu Curie: hai bdn cyc thing géc vé6i truc X. mot dién
ap xoay chiéu dugc dp vao hai mit ddi dién, ban dao dong c6 th€ dao dong theo
chiéu dai va hai tin s& cong hudng quan trong la:

f, =2860/e va f, =2860/l ; ftinh bang kHz
e va [: bé day va bé rong clia ban tinh bing mm.

U Luc cdt AT, hai mit bdn cuc quay chung quanh truc X va tao thanh
mot géc gan bing 35° so vdi truc Z, ban dao dong c6 thé dao dong theo lyc cit
bé day va tin sd dao dong ¢ tri gid:

. _1675
-
f: kHz; n: s6 nguyén <5
2 A zA
35°
/—\//
v v
X a) X b)

Hinh 7.10: a) Luc cdt X; b) Luc cdt AT
U Vi nhitng luc cit khdc duge s dung: tin s6 dao dong cd ludn ludn ti
1€ nghich véi m6t trong nhitng kich thugc ctiia ching.
Céc dién cuc cho phép dit mot dién d4p vao ban dao dong, né dugc ciu

tao bing thanh kim loai dit ti€p xiic v6i ban dao dong.
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Chung quanh tan s& cong hudng cd, vé phuong dién dién ban thach anh
¢6 thé dugc biéu thi bing mot ludng cuc ciu tao bing hai nhdnh song song.

Mdt nhdnh L, C, R. C4c phan t¥ nay L c R
¢6 gid tri dudc xdc dinh bdi dic tinh hinh - —wv—,

hoc, cd khi va tinh thé ctia bdn dao dong .

N 2 A 1% 11
va ¢b do 16n: Co

L: tir vai H dén 10*H, C: tir 107 pF dén 107 'pF,

R: vai kQ d€n vai chuc kQ

1) Mot nhdnh gdm dién dung C, d6 1a dién dung dudc hinh thanh bing
cdc dién cyc kim loai c6 gid tri khodng: 1 d&€n 100 pF; ti s6 C/C, c6 gid tri tdng
qudt tir 107> d&n 107>,

Ludng cuc nay c6 thé c6 hai tin sd cong hudng dién:
U Cong hudng ndi ti€p clia nhdnh L, C, R tin sd fs:
1
fS e ——
2nJ/LC

L Cong hudng song song, giita C, va nhdnh L, C, R tan s fp:

= 1
1
2n [LC—F
1+(C/C,)
N . N fo—f
Céc tan sO nay rat gan nhau: P S:1~£
fg 2 C,

7.6.2 Dy nhay nhiét

T4t c& su thay d8i nhiét do kéo theo mot sy thay ddi kich thudc ciia ban
dao dong, trong lugng riéng va hé s& dan hoi, k&t qua:

LI Mot sy thay d6i tan s& cong hudng co: f =n/l\/c/p

L Mot sy thay di cdc gid tri cdc thanh phin L, C, R dic trung clia bdn
dao dong, vé phuong dién dién.

Mot céch tdng quat: AT) = fo(1 + aT + bT* + dT°); T: °C

= Af [fy = aT + bT" + dT° v6i Af = f(T) - fo.

Cédc hé s6 a, b, d tuy thudc luc cdt ban dao dong (H.7.11).
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f
10“ o //—\\

AT \
25

0 ,
=20 0 A 40 60 80 /-0

-10 /// &\ /| AT_iC)

/ \ _

_20 DT BT/ CT CT \BT DT

7 I A

Hinh 7.11: Sy thay doi theo nhiét dj tdn sé’ cong hudng ciia thach anh d6i véi
cdc luc cdt khdc nhau
Vé6i luc cit LC (tuyén tinh) vé nguyén tic cdc hé sd b va d bing 0. Po
nhay nhiét cia tin s6 cong hudng 12 mot hiing sd:
S = ﬂ =
AT
vGi: a = 35,45X10_6/°C va fo = 28,208 MHz; ta ¢6: S = 1000 Hz/°C.

af,

Luc cit LC thudng dugc st dung ddi véi ban thach anh ding 1am cdm
bi€n do nhiét d6. Hinh 7.12 cho thdy sy thay déi do nhay nhiét cda ban thach
anh c6 luc ciat LC.

D06 nhay 4
Hz/°C
988,5

988,0
987,5 Va

80 100
087 0 o// 20 40 60 \

986,5
986,0

Hinh 7.12: D§ nhay thay d6i theo nhiét do
ciia thach anh c6 luc cdt LC
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7.6.3 Mach dao dong dung ban thach anh

Mot dao dong sin dugc cidu tao gdbm mot mach khuéch dai va mot mach
hdi ti€p (H.7.13).

A - d0 10i mach khuéch dai
®, - géc 1éch pha tao bdi mach khuéch dai .

B - ti s& hdi ti€p, d6 1a i s6 tin hiéu ddu vao va dau ra cda mach khuéch
. L A . Ao Lo A “A 2
dai, @, géc 1&ch pha tao bdi mach hoi ti€p. Pieu kién Barkhausen d€ cho mach dao

dong: |AB[=1 va @, + D, = 2.
Ry Thach anh

+E
$R, J = ¢, ==
a) b) | A1 I

Hinh 7.13 14 mdt mach dao dong don gidn.

B

Hinh 7.13: a) So dé nguyén Iy mach dao dong
b) Mach dao dong don gidn diung thach anh

7.6.4 Céach ché tao nhiét ké& va cach do

P& do nhiét @6 bing cdm bi€n thach anh ta dit ban thach anh bén trong
hop thép chita hélium nhim muc dich gia ting sy din nhiét giita thach anh va
hop. Thach anh dugc ndi vdi cdc phan ti tdic dong nhd diy cdp va sé tao nén
mach dao ddng vdi tin hi€u do ep:

em = EpcosQmt v Qn = 27f,
fm =fo+ Afva Af = S(T-T,) = ST khi T, =0°C

Véi mach dao dong chuén bing thach anh, tao nén tin hiéu chuén e, tin
s0 f,, doc 1ap véi moi trudng.

e = E, cosQt.(Q, = 2nf,)
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Céc tin hi€u ey, e, dugc dua vao mach thay ddi tan s6 (mach nhan chazlng

han) s€ tao nén tin hiéu V’,,:
Vo = Keper = E’ [cos(£2,, — £ )t + cos(£2,, + £2)t]
Vi mot mach loc thdp qua né gidi han tin sd cao & diu ra:
Vo = Eocos(€2y, — )t = E, cos 2rAf.t

Mot bo d€m tan s6 cho phép xdc dinh Af va véi S bi€t dugc, ta s& biét T =
Af/ S.

Dic tinh do ludng clia cdm bi€n thach anh do nhiét (hing ch€ tao Hewlett
Packard):

Khodng do: —80 d&n 250°C.

Khodng cdch tuyén tinh: + 0,05% khodng do.

D¢ nhay: 1000 Hz/°C.

Khd ndng do: 0,0001°C.

Pé nhanh: hing s6 thdi gian nhiét 2,5 gidy trong nudc cé van toc

2m/giay.
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Chuong 8

PO CAC PAI LUGNG CO HQC
CHAT LONG

8.1 PO VAN TOC CHAT LONG

Phuong phdp do van tdc chat 1dng thudng dugc do mot cdch gidn ti€p bsi
viéc thyc hién thudng dya trén:

L Dic tinh vat 1y cta chi ti€t thit nghiém.

LI Mot hiéu ¢ng vat Iy ma van tdc chdt 16ng 1a mdt trong nhitng thong s&
va hiéu tng xdy ra d6i vdi chi ti€t thir nghiém.

Chi tiét thi nghiém c6 thé dugc ciu tao bdi chat 16ng cian do hoic chi tiét
thir nghiém 12 mot phan t& cdu tao nén cdm bién.

Khi chi ti€t thit nghiém 1a chinh chat 18ng cin do, van tdc dudc xdc dinh
bdi:

. u?

L Ap sudt dong: p = 7; p: khdi lugng riéng; U: van tdc.

L Hiéu tng Doppler xdy ra vdi mot ngudn laser hoic mot ngudn siéu 4m.

Trong trudng hop nay ngudi ta st dung cdm bié€n thich hgp ddi v6i dai
lugng vat 1y can do: 4p sudt, ngudn sidng, séng ngin. Nhitng cdm bi€n nay
khong dic trung cho tinh chit cd ctia chdt 1dng va viéc tim hi€u ching dugc
trinh bay & noi khéc, tuy nhién nhitng phuong phdp do s& dugc trinh bay sau.

Khi chi ti€t thr nghiém 12 mot phan t cda cdm bi€n dit trong chat 18ng,
van toc cla chit 1éng dudc x4c dinh bdi dic tinh vat ly:

L Nhiét do va dién tré cia mot sgi diy dot néng dugc cung cAp nhd
ngudn DC.

U Van téc quay clia mdt chong chéng.
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Nhitng cdm bié€n loai nay rat dic trung cho viéc do van tc chi't 16ng va
s€ dudc trinh bay sau.

8.1.1 Toc do k& loai cong hay thanh dién tré dun néng

1- Nguyén Iy, cdu tao va dinh ludt trao doi nhiét

Khi ngudi ta dit trong viing chat 1dng di chuyén, mot cong hoic mot
thanh dién tr§ dugc dun néng nhd hi€u ng Joule c6 nhiét d6 16n hon nhiét d6
dong chay, s& xay ra mot su trao d6i nhiét cho nhau. Viéc trao ddi phu thudc
vao dic tinh vat ly clia chdt I1dng, van tdc chat 1dng va khodng sai biét nhiét
do gitta dién tré d6t néng va chat 1éng.

Nhiét do cin biing clia cong hoic thanh dién trd cdm bi€n dugc x4c dinh
do viéc do dién trd cdm bi€n, né tuong ¥ng vdi cdng sudt Joule tiéu tdn va do
d6 van téc clia dong chdy dude xdc dinh.

Kim loai ding 1am cdm bi€n phdi c6 hé s6 nhiét dién trd cao, trong chat
khi ngudi ta thudng ding mot sgi bach kim hodc tungsténe rdt manh (0,6pm <
D < 10um), trong chat 1éng vi 1y do cin chic chin, cdm bi€n 12 tAim bach kim
mdng, dit trén cdy hinh try cdch dién va c¢6 vé dugc boc thach anh (H.8.1).

Cong dun nong
dugc phi bang
thach anh

Ti béng
thach anh

Thanh dun néng dugc

Véng bing
phl béng alumine époxy

Hinh 8.1: Cong va thanh dun néng diung lam téc dé ké

Cong sudt Joule P; tiéu tdn trén mot dién trd nhiét do T, tri gid R(T), dong
dién Ipc chay qua dugc dién td: Pj = R(T)I.
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Sy trao d6i nhiét v4i chat 1dng & nhiét @6 T, cong suit trao d6i c6 thé
Viét:
Pc=hS)(T-T)
vGi: h - hé s6 trao d6i nhiét
S1 - ti€t dién ngoai cia cAm bi€n dbi v6i dang cong (tiét dién tron):
S;=n DI
D - dudng kinh; [ - chiéu dai.
Ddi véi dang thanh (ti€t dién chit nhat):
S;=2DI
vdi: D - chiéu rong; [ - chiéu dai.
Khi cin bing nhiét Pj = Pc = R(T) I’ = h. S)(T - T,).
Van tdc U cda chat 16ng tham gia vao biéu thic tinh /4 va nhitng cong
thic khdac nhau cho phép tinh tri gid & nhu sau:
Cong thitc King: h=a+ b\/U
a, b: 1a nhitng hiing s6 d&i v6i mdi chat 1dng va cdm bién cho trudc, ta c6 thé
don gidn: R(T) P = (A + BJU (T =T
V6iA=aS1;B=0bS].

DPé€ thdy ro nhitng thong s& 1am dnh hudng dén viéc do, ta dit mot cach
tdng quat: h =ANu/D

A - do din nhiét cla chat 1dng

D - dudng kinh clia cong hoic bé rong ciia thanh

Nu - hé s6 Nusselt. Nhu thé phuong trinh cin bing cé thé viét:
R(T)F = ANU/D . S)(T - T,)

Trong trudng hdp dang cong: Nu = R(T)I 21T -T)

C6 nhiéu biéu thic khic nhau d€ tinh dugc Nu, va thudng dugc ky hiéu

T+T
Ny (& nhiét do T, = +2 &) nhu sau:

Cong thitc Kramer: Nys= 0,42Pr > + 0,57Prf"> Rof.
Res =UD/y: hiing s6 Reynold; V: van tdc chat 1dng; D: dudng kinh binh
dung chat 16ng; y: do nhét.

P,s=vylo.: hing s& Prandtl; o: hé s§ khuéch tdn clia chdt 16ng.
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T+T
Cong thitc Collis va Williams: Nys= (A + BR,/") (#)0’17

a
v6i: n=0,45;A=0,24; B=0,56 n€u 0,02 < R, < 44.
hay: n=0,51; A =0; B=0,48 néu 44 < R, < 150.

2- Mach do

C6 hai loai mach do dugc dung cho van tdc¢ k€ loai cong hodc thanh dun
néng: cich mic dong dién khong ddi va cach mic nhiét @6 T khong ddi.

* Cdch mdc dong dién khéng doi:

Dong dién I chay qua dién trd cdm bi€n dugc giit khong ddi, nhd mot
dién tré mic ndi ti€p v6i cdm bi€n, va duge cung cAp nhd mdt ngudn dong. Ta
bi€t cong sud't nhiét trao ddi phu thudc van tdc chat 16ng, chi't 18ng c6 van tdc
thay d8i din d&n nhiét d6 cdm bi€n thay ddi, dién trd cla cdm bi€n phu thudc
vao nhiét dd cla né, nhu viy dién 4p hai ddu dién trd cdm bi€n phu thudc vio
van toc chat 18ng.

Hinh 8.2 cho ta thi'y so dd nguyén tic mach do loai dong dién khong d6i
va c6 mach bu trir qudn tinh nhiét d€ cdi thién van t6c ddp tng.

a

Day dun
néna I . . Bu tri
’l:l Khuéch dai e
quan tinh

|||-—1

Tin hiéu l

HHHS

Hinh 8.2: Cdch mdc mach do dong dién khong ddi
* Cdch mdc nhiét dj khong doi:
Trong trudng hgp nay, nhiét do va dién trd cda cdm bi€n dugc giit khong
ddi. Pién trd cdm bi€n dugc mic vao mdt nhdnh cia ciu Wheastone va dong

dién dudc diéu chinh cho ciu cin biing s& phu thudc vao vin tdc chi't 1dng nhu
hinh 8.3.
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Tin hiéu ra
S —

Khuéch dai
Hinh 8.3: Cdch mdc mach do nhiét dé khéng déi

8.1.2 Téc do k& dung canh dang Coupelles va canh dang hélice

Loai toc d6 k€& nay dugc thi€t k€ nhu banh xe nudc, gdm cé mot chi tiét
thr nghiém mang nhitng cdnh Couplles hay dang cdnh hélice né s€ quay dudi
tdc dong clia dong chdy. Van toc quay, dugc do bdi mot thi€t bi do van tdc
thich hop ti 1& v6i van téc chi't 16ng.

1- Téc dp k& dang Coupelles

Nhitng Coupelles c6 dang nira trai cau réng, v6i s6 lugng ba hay bon nira
trdi cAu tuy theo ki€u, mdi cdi dugc gin trén mot nhdnh cla truc quay (H.8.4).

V1i
L/
2/

y
N
b

)

Hinh 8.4: Vin té6c ké dang Couplles

a) Loai ba Coupelle
b) Hinh vé vin toc ké cé bén Coupelles trong phdn tinh todn

bit trong vang dong chdy, toc do k& dang Couplles s€ quay dudi tic
dong clia hé sd kéo c6 gid tri phu thudc vao dong chdy tdc dong vao mit nao
ctia hinh bdn ciu rdng.

Phuong trinh cin bing dudc thi€t [dp mot cach dé dang bing cidch quan
sat toc do k& & thdi diém hai nita ban cau (vi du 1 va 3) § vi tri thing géc vé6i
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van t6c U cta dong chdy, nhitng lyc tdc dong trén hai na ban cdu con lai (2
va 4) ty cin biing (hinh v& trén). Hai nita ban cAu 1 va 3 ¢6 van tdc V va -V
c6 cung phuong vdi van tdc U, nhitng luc kéo tdc dung 1én hai ban ciu nay c6
tri s6 tuong duong.
1
Fi =EpCXS(U ~V)?
véi: p- khdi lugng riéng chat 16ng, S - ngiu lyc chinh.
1 .
F3= EpCXS(U +V)?

22 N ' N ~, A N1.2 e 29t X A = z A X
v6i: Cy va C, la nhitng hé s6 kéo doi vdi moi bé mit ciia ban cau rong.

Tac6: Cy. (U= V) = C'y(U + V)* = U =v*/C—X;\/gX
Je. -\,

Ta c6: Cy=1,42 va C, = 0,38 d6i v6i bdn cau rébng va U =3,1V.

Luu ¥: viéc tinh todn trén chi 1a cdch tinh todn don gidn. Nhitng hé s6 C,
thay ddi ddi vdi hé s6 Reynolds mot cdch phic tap phai k€ d&€n nhitng hiéu
ng ré& séng. N€u van toc tuong d6i 16n nhitng hiéu ¥ng khong tuyén tinh phai
k€ dén.

2- Téc do ké logi hélice

Truc quay clia toc k& hélice dugc dit song song vdi van tdc dong chdy

Trong trudng hgp khong k€ dén sy trugt, ta c6 thé viét dugc:

U=h.N
trong d6: U - van téc dong chdy
N - 56 vong /gidy cla hélice
h - hing s6.

Nhitng cong thiic khiac c6 thé dugc
néu ra c¢6 tinh dén hiéu @ng trugt, chi
dung ldc khdi hanh:

U=a+bN

U=aN+bN +C (Baumgarten)

U=a+ bN+C/U (Rateau)

Hinh 8.5: Toac fnoa kea loaii
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Nhitng hiing s& tham gia trong cdc cong thic trén di nhién phu thudc vao
dic tinh clia hélice va chdt 1dng. Hon nita mot vai dic tinh c¢6 thé thay ddi, vi
du sy hao mon do tic dong cia dong chdy.

3- Mach bién déi, cach thuc hi¢n

Mot mach bi€n d6i tin hiéu di ra tir binh xe nudc dugc thyc hién bing
bon phuong phép.

|I Phuong phép c& dién 1a viéc bi€n ddi bing co khi. N&i ddu ra bing mot
bo phan d€m vong quay bing co ta gip trong thi€t bi do van tdc bing cd khi
tén goi Chronomeétre.

U Phuong phap thtt 2 1a ndi lién mdt may phat do tde do véi truc quay.

Thong thudng ngudi ta sit dung hai phuong phédp:

U Phuong phdp thit 3: Pidt 1 nam chim nhd trén hélice, diéu nay din dén
mdt xung dién xui't hién mdi khi nam chim di ngang qua cudn day.

L Phuong phap thit 4: Ding mot cdm bi€n quang dién, cdm bi€n bi che
khuat mbi 1an tAm chin di ngang qua. Mgt sy phin tich tin hiéu biing cdch do
tan s& cho phép ta bi€t dugc van tdc hoic nhd mot mach bi€n ddi tin s6—dién
4p ta c6 dién 4p mot chiéu ti 1é véi van toc can do.

8.1.3 Phuong phap do téc do bing nhitng cAm bién khong dic trung

0 diy ta dé cAp dé€n nhitng phuong phdp do trong dé viéc xdc dinh van
tdc mot cach gidn ti€p, nhitng cim bi€n dugc sit dung thich hdp riéng cho viéc
do céc dai lugng vat 1y cu thé.

1- Po vdn téc nho dng Pitot

Y/ 7. Za1 U
f—
Pi —=z §"’ va 4

IP|2
Hinh 8.6: Cdu tao 6ng Pitot

Phuong trinh Bernouilli cho bi€t sy lién hé van téc U c6 dp sudt P; va P,

& di€m 1 va 2 tuong Gng:
U =,2(P,-P,)lp

trong d6: p - khoi lugng riéng clia chi't 16ng.

Su sai biét ap sudt Py — P, dudc do nhd mdt cdm bi€n 4p suit vi sai.

2- Vin toc k€ laser

Nguyén tdc: Hai ngudn sdng phdt xudt tir ngudn laser hoi tu tai tiu diém
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clia hé thdng thdu kinh trong viing thé tich khodng 0,1mm’> ciia chat 16ng s& xdy ra
hién tugng giao thoa. Khodng cich van giao thoa:
A
-
2sin(6/2)

f Cam bién quang
q =
1 Ip
Laser |] ‘U | (fo)
a)
Khuéch in hié
. U?C () So sanh Tin hiéu
dai va loc / Dopper
1 I T
(fo) Mach
dao aéng Bién doi
b) A
_ \AARAAA]
Trigger
Loc Schmitt Pém van Tin hiéu Doppler dugc loc
i - JL A i “
200 mV
% I, il F00mV
(o) AN vll T l\vAg()AvAvA
. !
Mach X
thgi chuan
- Ngd ra Trigger
c) —> _HHHHH”HI_
Dém xung

Hinh 8.7: Vidn t6c ké laser
a) Cdu tao, ddy chuyén do luong; b) Sy phu thudc tan sé
c) Mach dém tdn 56" d) Dang tin hiéu
A- chiéu dai buc séng ngudn sing; 0 - géc hop bsi hai ngudn sdng.
Né&u cdc phan tir chdt 18ng & ving giao thoa di chuyén, sé x3y ra hiéu ng
Doppler dnh sdng sé& bi khuéch tdn va ddng thdi dudc ti€p nhan nhd mot cdm
bi€n quang hoc (ching han photodiod) va né sé& dugc bi€n diéu véi tan so fp

(tin s& Doppler) phu thudc vao van tdc dong chdy U va khodng cdch van giao
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thoa d:
Uu 2Uu . 0

=— ="" gin—

fo =g =7 "3
vdi U 1a thanh phan van tdc dong chdy vudng géc vdi van giao thoa.

Tan s6 fp ti 1& tuyén tinh v6i van téc U va gid tri c¢6 thé do bing phuong
phép nay, thong thudng tir 10 °m/gidy d&€n 10°m/gidy. Hai ky thuat c6 thé sit
dung d&€ phan tich tin hiéu di ra tit cdm bi€n quang: sy phu thudc tin s va
viéc d€m tin s6.

- Phuong phdp thit nhdt (H.8.7b): tin s& fp cla tin hiéu Doppler dudgc loc
v so sdnh véi tin s clia mot ngudn dao dong c6 thé diéu chinh duge. Khodng
cach tin s6 dugc chuyén ddi thanh mot dién 4p ti 1& tdc dong 1én bo dao dong
sao cho tin s& ctia ngudn dao dong c6 gid tri fp. Mot bd bi€n ddi tin s6-dién
dp ti€p theo cho phép c6 dugc mot tin hiéu ti 16 v6i van toc clia chat 16ng. Hé
thong nay c6 1gi 13 tin hiéu DC nhung né doi héi s6 phan ti di chuyén khd
nhiéu d€ khong cit dit tin hiéu Doppler.

- Phuong phdp thit hai (H.8.7c): ép dung cho dong chdy cé mat do nhd.
Tin hiéu Doppler dudc loc cé cung dang dugc xdc dinh nhd mot tin hi€u thai
gian chuin c6 tan s6 cao Fy, ngudi ta d&€m s6 chu ky Ny cida tin hiéu chuian Fy
nidm trong s chu ky c6 dinh Np cda tin hi¢u Doppler:

N
fo =—2F
D NHH

3- Toc dp ké sieu dm A
May phat

S6ng am thanh truyén trong moi trudng cho

trudc c6 van toc C tuy thudc theo nhiét do moi I
trudng. Vi dy trong khong khi: C = 331,4m/gidy & o
8°C va 342,9 m/gidy ¢ 20°C.

C

Sy truyén ti€ng dong trong chit 1dng nhanh -
. N R , ay thu
hon trong moi trudng khéng khi:

C = 1435 m/giay trong nudc & 8°C. . N
] _ . . — Hinh 8.8: Nguyean taéc
Néu mdi trudng di Cl/luyen véi van toc U so culla toac fiod ked sieau
véi quan sdt vién, vin toc C’ dudc do nhd quan
sdt vién la:
C’=C+ Ucosa
véi o la géc tao bdi van toc U va phuong truyén séng nhu hinh 8.8.
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Thi€t bi do gdbm c¢6 mot may phdt nhitng xung siéu 4m va mot mdy nhan
dit cdch nhau L, thdi gian tp truyén clia xung siéu 4m tif mdy phdt d€n mdy
thula: tp =L/(C+U cosa)

M4y phét va thu 12 nhitng bin mdng biing chi't 4p dién, phan phit dugc
cung cdp bing mdt dién 4p c6 tin s cao (ching han 1MHz), phan thu tao ra
tin hiéu dién c6 dang phit hgp véi sy thay ddi 4p suit clia séng siéu 4m ma né
nhan dugc.

8.2 LUU LUQONG KI

Viéc do luu lugng 1a mdt van dé quan trong trong hé théng chuyén chd
chat 18ng va viéc trang bi trong k§ nghé & d6 can ki€m sodt lugng chat 1dng
tham gia vao qui trinh sdn xudt: Nhitng phan ng héa hoc, trung tAm sdn xuit
ning lugng, dong cd dot trong v.v...

8.2.1 Luu lugng k& dién tir

M (t+dt)

a) Nguyén tic: Trong thdi gian dt, sy di chuyén clia thanh din M;M; chiéu
dai [, tao v6i van tdc U mot gbc 0, trong viing tif trudng B, ta c6 thé viét:

Dién tich quét: dSc = [Usin0 dt

Hoidc dué6i dang vécta: dSc =AU dt vob | = MM,
Tir thong xuyén: dd, = B.dS.dt

do
dt

C=BaUI

Sttc dién dong Ung: e=—

khi U thing géc véi [ va B thing géc v6i mit phing tao bdi I vaU,tacé:e=B.LU

Cong thiic trén dudc tong quat héa cho trudng hgp chi't 18ng cé van toc

cl

thing géc v6i B di chuyén bén trong mot 6ng din dudng kinh D thing géc
véiBvaU: e=BDU

Thit ra, vin toc thay ddi doc theo dudng kinh ctia 6ng din, tuy nhién khi
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st phin bd van téc ddi xitng so v6i truc clia dng din, ta xem vin téc U do
dudc 1a van toc trung binh clia dong chdy. Trong nhitng diéu kién nay, tin hiéu
e ti 1€ véi luu lugng.

b) Cach thuc hién

Cudn day
—2722727272722—
—I—//—— Khuéch dai|-|: Dao dong
/7N
(4 R\ L = \'dm
" Khuéch /7 . ] oan dién
Pién cuc dai vi 7/ Khuéch dai dong hd
sai
Mach loc
Lép phi thép qua
Cam bién
Mach bién déi

Cuén day a

Hinh 8.9: Luu lugng ké dién tir: cdu tao va phdn tich tin hiéu

Cim tng tir ¢6 d6 16n tir 107 d€n 107~ Tesla, dudc tao nhd hai cuén day
dit hai bén day do bing vat liéu khong nhiém tir, mit trong day do dugc phi
mot 16p cdch dién chdng lai sy an mon do sy di chuyén clia dong chdy. Hai
dién cuc dé thu tin hiéu dudc dit tai hai ddu cta dudng kinh thing géc véi duding
stic. Hai cudn day dugc cung cap nhd dong dién xoay chiéu (vi du 30 Hz) d€ 1am th&
nao tranh sy phan cyc. Tin hi€u thu dugc c6 dang.

e = U. D. Bo cos (ot + ®)

By: gid tri cuc dai cda cdm dng tir

Bién d06 tin hi€u ti 1€ vdi U va do 16n ¢8 mV, tin hiéu tdch ra nhd bd hoan
diéu dong bo.

¢) Dic tinh do lwong: Cdc chit 16ng phdi c6 do din dién tdi thi€u. Mat
khédc, mdy phat tin hiéu phdi c6 noi tr§ rat thap so v6i dién trd vao clia mdy
do.

Khodng do: N6 tuy thudc vao dudng kinh clia diy do, van toc dong chdy
thong thudng thay ddi tir 1 d&€n 10m/gidy.

Vi du: Pudng kinh 10mm lvu lugng t&i thi€u 0,28m3/gi<‘7.

Luu lugng cuc dai: 2,8m3/gio‘r
U Pudng kinh 1 m. — Luu lugng min: 2800m3/gic‘7
— Luu lugng max: 28000m " /gio.
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Khodng cdch tuy€n tinh: < + 0,25% khodng do.

Bo chinh xdc: £ 1% khodng do.

Hing s6 thdi gian khodng 1 gidy.

Nhitng diéu lgi khi sit dung luu luong k& dién tic:

U Viéc do khong tuy thudc vao dic tinh vat 1y cda chat 18ng (ti trong, do
nhon, d6 din dién mién la do ddn dién phdi 16n hon mot gid tri tdi thidu).

Ll Viéc do thyc t&€ doc 1ap doi vdi viéc phan bd van tdc clia dong chdy,
diéu nay cho phép dit luu lugng k€ trong trudng hgp can ki€m sodt luu lugng
gin mot chuéng ngai vat (nhu coude, van v.v...)

LI Khong ¢6 sy mat madt luu lugng khi van hanh bdi vi khong tao nén mot
chuéng ngai vat khi do.

1 Khoéng c6 nhitng phan ti di dong trdnh dugc sy hao mon.

U Chdng lai sy an mon (vi du nhu acid) nhd viéc chon 16p phd bén trong
thich hgp (¢éflon, émail, verre) va vatli€u di€n cuc (titane, palette).

8.2.2 Luu lugng k& cd khi véi bo bi€n ddi tin hiéu dién

Mot chi ti€t thit nghiém dugc dit trong thi€t bi do cho phép chat 16ng di
chuyén s& tao nén su chuyén dong turbine (rotor turbine) hoic sy dich chuyén
(phao ndi clia rotamétre, palette).

Mot cdm bién thich hdp, cdm bi€n do tdc dd quay trong trudng hop dau,
hodc cdm bi€n do vi tri trong trudng hgp thd hai tao ra tin hiéu t 1& vé6i luu
lugng.

1- Luu lugng ké dang turbine: nguyén tic gidng nhu thi€t bi do van tdc
chd't 16ng c6 chong chéng quay dang hélice. Dong chdy trong trudng hgp nay
sé& kéo turbine quay tron dugc dit doc theo truc clia thi€t bi do vin t6c quay
tron N (vong/gidy) ti 1€ véi luu lugng Q-

0=KN
hé s6 K tiy thudc vao ciu tao cda luu lugng k€&, nhung vé nguyén tic doc lap

ddi v6i chat 16ng.
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Cénh hélice ,Day cap

Cudn day

D,
Nam cham Z
T D
L\% b /
Than may
Hinh 8.10: Luu lugng ké dang turbine Hinh 8.11: Nguyén ly

cuia Rotameétre

2- Rotametre: dugc cAu tao gdbm mdt phao ndi nhé dit trong mot b phin
hudng din dang con theo chiéu thing ding.

Phao ndi dat cAn bing mdt mit dudi tic dong clia lyc ddy Archiméde va
luc kéo, midt khdc do trong lugng cia nd.

pgVv +Cy g =pogV
vdi: V, po: - thé tich va kh&i lugng riéng clia phao
U, p: - vin tdc va khdi lugng riéng cda chi't 18ng; Cx - hé sd kéo
S - ti€t dién cda phao. S :% DZ; g: gia tdc trong trudng.

phao di chuyén dén vi tri ma van td¢ U dugc tinh:

U= 28 Ry
CS p
dudng kinh clia phan tif huéng din thay d6i tuyén tinh theo chiéu cao Z:
D =D, + aZ
29V
Lutu hugng Q: 0="1(D, +az)? -D2] |29 (Po _y)
4 C.S p

Néu sy phan ky clia phin t huéng din nhd, ta cé :

2qV p
=Jraz [=2=Fe_1) =Kz
° " CXS P
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Viéc d4anh dau vi tri clia phao ndi dugc thuc hién bing viéc doc truc ti€p
trén mit chia vach clia phan t& hudng din ciu tao biing thiy tinh, hoic bing
cdc t&€ bao quang dién dit cich khodng déu din, cudi cling bing t6 hdp phao
ndi + ti ndi v4i 16i ctia bi€n 4p vi sai.

Céc chi ti€t clia Rotamétre rdt khdc nhau va nhu th€, luu lugng do dugc
rdt khdc nhau, khodng do tir 10~* d&€n 200m’/gio.

3- Luu lugng k& Palette Dich chuyén Lo xo

Dudi tic dong thiy luc cda (77777777

dong chdy s& diy Palette 1én xudng

Palette

rrrrrrrrrr A 0

nhiéu hay it phu thudc vao Iluu U

lugng, ngoai ra Palette con chiu tdc

dong cua trong lugng va luc chiéu

héi ciia 10 xo. Hinh 8.12: Lou 166ing kea Palette
Vi tri cin bing cia Palette phu thudc vao luu lugng va dugc bién ddi ra

tin hiéu dién nhd mot bi€n trd ¢é truc quay dudc gin chit vio Palette. Pdp

ing c6 thé tuyén tinh hay khong phu thudc vao dang tin hiéu dua vio mach

do. Piéu 1gi clia loai nay 13 cdu tao don gidn, chic chin va gia thanh ré.

8.2.3 Luu lugng k& loai khoi nhiét

D0t nong ¢

u I
—- I
\

T1

a) T

f Cam bién do nhiét f 2

i A i

! | Cé
th")ng cé | luu qung
luu lugng

c) + bo | —

Hinh 8.13: Luu lugng ké loai khéi nhiét
a) Nguyén Iy cdu tao; b) Sw phdn bé nhiét dé vé hai phia cudén ddy
c) Mach dun néng va mach do

a) Nguyén tic: Thi€t bi do 12 loai cdm bi€n dugc cau tao bing mdt mi€ng
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kim loai méng, dudng kinh nhd, & bén ngoai mi€ng kim loai ngudi ta dit mot
cudn diy dun néng, va d6i xitng vé hai phia cudn diy cé dit hai cdm bién do
nhiét do twong tng 7; va T». Khi luu lugng bing khong, su dun néng ddi xitng T;
= T»; khi ¢6 luu lugng, T; giam T, ting, d0 sai biét: AT = T> — T; ti 1& véi luu
luong Q can do.

b) Cach thuc hién: Nhitng cim bié€n do nhiét do c6 thé 1a hai cdp nhiét
dién, hoic hai nhiét dién tré dudc mic vao hai nhdnh clia cdu do Wheastone
vdi hai dién trd c6 dinh khdc dudc mic trong hai nhdanh con lai cda cdu, dién
dp khong can bing chinh Ia tin hiéu do.

Trong cdch thyc hién khéc, viéc dun néng va viéc do AT dugc ddm bio
dong thdi nhd hai cip nhiét dién tré dugc cung cip bdi dong dién dd 1am dun
néng dong chdy.

8.3 P0 VA DO MUC CHAT LONG

Cong viéc sang nhugng va chita chit 1dng trong cdc bdn chita doi héi
viéc xdc dinh muc chit 16ng, hay néi mot cdch khdc muc chit 16ng dat dugc
bao nhiéu tai di€m khdo sdt. Cong viéc ghi nhin lién quan d€n myc chit18ng
c6 thé thuc hién duéi hai hinh thifc: viéc do lién tuc hodc viéc thim do don
thuan.

Trong viéc do lién tuc, mot cdm bi€n vd mach bi€n ddi tao ra tin hiéu
dién ma d6 16n hodc tin s& gin lién véi muc cha't 18ng trong binh chita. BAt ky
lic nido, ngudi ta ciing c¢6 thé€ bi€t dugc chinh xdc thé tich chit 1dng hién c6
hoic thé tich con c6 thé chita dugc chat 1dng.

Trong viéc thim do muc chit 1dng, ta bd tri thi€t bi thim do, bao gdbm
mot cadm bi€n tao ra mot thong tin kép bi€u hién muc chat 1dng, dat hay khong
dat so v6i muc chd't 18ng dinh trude. Thim do muc cao cda chi't 16ng cho phép
viéc ngitng cho thém chd't 18ng, trdnh sy tran day. Thim do muc thdp cda chat
16ng din dé&n viéc ngling chinh xdc ddm bdo s& khdi lugng chi't 16ng duy trit t8i
thi€u tranh dudc tinh trang cdc bom chay khong tai.

Viéc do muc cao va thdp clia chit 16ng cho phép thuc hién thém vao hay
18y ra mot lugng cha't 16ng mot cdch ty dong.

Cong viéc thim do va do c6 thé dya trén nhitng phuong phdp thudng
dugc st dung nhu sau:

Phuong phép thity tinh v6i bo bién ddi dién.

Phuong phédp dua trén dic tinh dién clia cha't 18ng.



270 CHUONG 8

Céc phuong phdp sit dung d€ xdc dinh muc chat 1dng thudng chi y dén:

U Pic tinh vat Iy va héa hoc clia chat 1dng ciing nhu nhitng thay ddi: do
din dién, hiing s& dién moi, khdi lugng riéng, do nhon, dic tinh 4n mon.

|l Nhitng diéu kién chita chat 16ng: nhiét do, 4p suat, cé di phan thé tich
dé dan nd.
8.3.1 Phuong phap thiy tinh

K&t qud c6 dude do viéc bd tri thi€t bi do hoat dong lién tuc theo do cao
clla muc chat 18ng, khong phu thudc vao dic tinh dién clia chi't 16ng nhung
phu thudc vao khéi lugng riéng.

Cam bién do vitri  cam bién do Iuc

y

]
P
h h h
\—U | EI Cam bién do
a) b) c) ap sudt vi sai

Hinh 8.14: Phuong phdp thiiy tinh do chdt I6ng
a) Phao ndi; b) Trdi chim; c) Cdm bién dp sudt vi sai

L Mot phao ndi (H.8.14a) dugc giit 8 ngang mit chi't 16ng, dugc ciu tao
chic chin nhd gin v6i mot cdm bi€n do vi tri qua hé thong puli va day cdp,
tao ra tin hiéu dién gin lién v6i myc chit 1dng.

Mot trdi chim (H.8.14b) dudc ciu tao bing mot hinh tru thd chim trong
chat 1dng ma dd cao clia né gin bing vdi chiéu cao cuc dai cda chat 1dng
trong binh chita. Trdi chim dudc treo nhd mdt cdm bi€n do luc, chiu tic dong
cia mot lyc (trong lugng bidu kién), phu thudc vao chiéu cao h cia cha't 18dng.

F=P-pgSh
trong d6: pgSh - luc ddy Archimede tic dong 1én phan thé tich trdi
chim nim trong chat 1dng
p - khéi lugng riéng chat1dng; g - gia tdc trong trudng.

LI Mot cdm bién do 4p suat vi sai (H.8.14¢) dugc dit & ddy binh chita ¢6

dp suat P:
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P=P,+pgh
trong d6: P, - 4p sudt & dinh binh chita
pgh - 4p suat thliy tinh do chiéu cao h cia chdt 18ng.

C4m bi€n c6 chi ti€t thit nghiém dang mang cho phép mdt mit clia chi
ti€t chiu tdc dong cda 4p sudt P, con mit kia chiu tdc dong ctia 4p suat P,. Su
bi€n dang cda chi ti€t thir nghiém dang mang dudc bi€n d8i thanh tin hiéu
dién ti 1€ vG6i dd cao h.

8.3.2 Phuong phap dién

Py 1a nhitng phuong phdp sit dung nhitng cdm bién dic biét, bi€n ddi
tryc ti€p myc chd't 186ng ra tin hiéu dién, tién 1gi clia phuong phdp nay 1a bd tri
thi€t bi don gidn, van hanh dé dang,

1-Cdm bién do dé din dién

1 BB
M 1 B

a) b)

Hinh 8.15: Cdm bién do dé ddn dién xdc dinh myc chdt long
a) Sit dung hai dién cuc; b) Mot dién cuc; ¢) Phdt hién muc chdt ldng

Hinh 8.15a: dung hai di€én cyc (binh chita cdch di€n).

Hinh 8.15b: dung mdt dién cuc (binh chita din dién).

Hinh 8.15c: dd muyc chat 1dng.

Chi sit dung d6i v6i chat 16ng din dién, khong dn mon, khong dic trung
cho tinh cach dién.

Pau do dudc cdu tao bing hai dién cuc hinh tru, mdt trong hai dién cuc
dudc thé bing binh chia (bing kim loai). PAu do dugc cung cip bdi dién 4p
xoay chiéu c6 tri s& thap (khodng 10V) d€ trdnh hién tugng phin cyc cdc dién
cuc.

Pé do muc chat 18ng, didu do dugc dit theo phuong thing ding va chiéu
dai chung h clia dién cuc thay ddi theo muc chi't 1dng. Dong dién tao ra c6 do
16n ti 1& v6i chiéu dai dién cuc nim trong chat 18ng, gid tri nay tiy thudc vao

do dan dién cda chat 16ng.
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D€ do myc chdt 16ng, ta dit mot dién cuc ngin theo chiéu ngang tuong
tng v6i muc chi't 16ng. Mot dong dién cé bién do khong d6i xud't hién khi muc
chat 16ng dat d&n vi tri diu do.

2- Cam bién do dién dung

Khi chd't 16ng 12 chdt cdch dién, mot tu dién dudc hinh thanh giita hai
dién cyc hinh tru, hodc gitta mot dién cuc va vé clia binh chita bing kim loai.
Mbéi trudng dién moi bao gdm chi't 16ng trong khodng hai dién cuc chim trong
chat 16ng va khong khi & phin dién cyc bén ngoii.

Viéc gin cdc dién cuc d€ do hodc do muc chi't 1dng duge thyc hién giong
nhu trudng hop cdm bi€n do d6 din dién. Viéc do va do muc chdt 1éng di
nhién din d€n mot sy thay d6i dién dung quan trong néu hiing s& dién moi ¢,
cla chat 1dng 16n hon gid tri clia moi trudng khong khi. Ngudi ta thudng st
dung phuong phdp nay vdi diéu kién & > 2. Trudng hdp chat 1éng din dién,
ngudi ta chi stt dung mot dién cyc dugc bao phi bing vat liéu cdch dién, déng
vai tro dién mdi clia tu dién va ban cuc con lai dugc hinh thanh do sy ti€p xiic
véi cha't 16ng din dién.
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Chuong 9

PO PAI LUGNG QUANG

9.1 CAC PAC TiNH RIENG CUA CAM BIEN QUANG

Cédc cam bi€n quang cho phép tao ra cdc tin hiéu dién khi né nhan dugc
cdc ngudn sing c6 dd dai séng nim trong hoic gan ké vdi viing 4nh sing thay
dugc.

Tin hiéu dién & dau ra clia cdm bi€n quang thong thudng cé dang dong
dién. Gi4 tri dong dién va nhitng sy bi€n ddi theo cdc thong s& phu thudc vao
ciu tao cdm bién.

9.1.1 Dong dién vung toi

D6 1a dong dién thudng dugc tao ra bing sy bd tri cdAm bi€n quang trong
viing t8i va dugc phan cyc trong nhitng diéu kién xac dinh.

Dong dién viing t8i ¢6 hai ngudn gdc chinh:

Nguon géc bén trong: tao bSi nhitng dién tich tu do. Do sy kich thich
nhiét, ti€n trinh nay trd nén quan trong & nhiét dd cho trudc khi chiéu dai budc
séng riéng As clia vat liéu khd 16n, néi cdch khic ning lugng ion héa khd nhd
(d6 1a trudng hop cdc vat liéu nhay ddi vdi cdc tia biic xa hong ngoai).

Ngudn géc bén ngoai: tao bdi tia bifc xa nhiét, trong viing tia hdng ngoai,
do moi trudng chung quanh bic xa va dudc ti€p nhan v6i cdm bi€n sé xdy ra
hiéu tng quang dién khi cdm bi€n nhay ddi vdi cdc tia bitc xa.

K&t qua dong dién viing toi dic trung:

L P6 nhay d6i v6i nhiét @6, diéu nay nguy hiém do viéc dong nhiét dién
¢6 thé tron 1an véi nhirng thay d6i cham cia tin hiéu.

U Nhitng dao dong quanh mot tri gid trung binh.

Nhu thé s& c¢6 1di khi chon va st dung cdm bi€n sao cho dong dién viing
t6i rat thdp so véi dong quang dién cuc tiu clia tin hiéu. Piéu nay din dén
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nhitng cdm bi€n nhay ddi vdi tia bifc xa hdng ngoai phdi dit trong mot hop
lam nguoi, mot mat d€ gidm sy kich thich nhiét, mit khdc dé€ gidi han su ti€p
xdc vdi tia biic xa cia mdi trudng chung quanh.

9.1.2 D) nhay

Quang thong ctlia tin hiéu quang dudc ti€p nhan nhd cdm bi€n tao ra mot
dong quang dién Ip cong thém vdi dong dién vung t8i I, xdc dinh dong dién /
chay qua cdm bi€n: I=1, + I,

Dong dién I, cho bi€t ddc tinh ddp dng cla cdm bi€n ddi vdi tia biic xa
ti€p nhan. N6 tuy thudc vao mot phan cdu tao cda cdm bi€n, mit khdc phu
thudc vao loai tia bic xa, thanh phin phd va quang thong.

Khi I, khong ddi, sy bi€n thién Al clia dong dién cdm bi€n bing su bién
thién Al, cia dong quang dién.

Cédm bi€n dudi tdc dong clia quang thong @ tao ra dong quang dién I, do
nhay cda cdm bi€n dugc xdc dinh biing ti s8 Al vdi sy thay d6i dai lugng do
AD: S = Al/A® = Al ,/AD

Tuy theo don vi quang thong, d6 nhay dugc dién td bdi A/W hay A/lumen
hoic A/lux khi quang thdng dic trung biing chi€u d6 ma né tao ra.

D6i v6i cdm bi€n tuyén tinh, d§ nhay doc 1ap d6i v6i @ va bing do nhay
tinh: S=1,/P

1- Pj nhay phé S(2)

D6 1a dd nhay cdm bién khi tia bitc xa nhan dudc 1a don sidc, né dugc dic

trung bdi do dai séng A: S(W) = Al /AD(L)
D6i véi cdm bi€n tuyén tinh: S() =1 /()

Pudng cong ddp tng phS cho biét sy bi€n thién theo budc séng clda do
nhay tuong doi: S(A)/S(kp) v6i &y 12 bude séng c6 d6 nhay phé cuc dai.

Mot sy 4p dung ly thuy€t cho phép dy dodn dang dudng cong dd nhay
phd.
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D¢ nhay Iy tudng -~

-

D6 nhay thuc té 2 i

N

p s
Hinh 9.1: Dang téng qudt duong cong do nhay phé
U V6i A > As (As: dd dai budc séng riéng) dong dién Ip vé nguyén tic
bing khong.

U V@i L <As, dong dién I, ti 1€ vdi s6 dién tich ty do G trong mot gidy: | D~ G =n—('

v6i: S(L) ~ NA-RA g S _ % o Ap = As.
h.C S(p)  Ap

M va R tuy thudc vao A, dudng cong dip dng phd c6 dang nhu phudng trinh
trén.

2- P§ nhay téng cong S;: d6 12 dd nhay cdm bi€n quang khi nhin tin hiéu
quang khong phdi don sic, ma tily thudc mot phan vao d6 nhay phd clia cdm
bi€n ddi véi cdc d6 dai séng clia tia bitc xa nhan dugc, mit khdc phu thudc
vio sy phan béd phd. Biéu thitc @6 nhay téng cong c6 thé biéu dién d& dang,

gid st cdm bi€n tuy€n tinh: S¢ =1 ,/® . Dong dién I la tong cdc dong dién

dIp()) ddi v6i cac do dai séng nhin dudc, né€u dd (1) 12 quang thdng trong
khodng A va A + dA:
dl pgpy = SO).ADGO); dd() = [dD()/drld

véi: dd(L)/dA - mat d6 phd clia quang thong c6 d6 dai séng A, cho phép dién
td quang thong tdng cong nhan dugc.

CI):xj?[dcp(x)

Tda
da

M
vdi: A1, A2 - @0 dai séng gidi han clia phd tia bifc xa.

Dong dién téng cong Ip c6 gid tri :
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do(n)

Jda
da

Do nhay tdng cong 1}’1 thuyét la:

J'[dCD(k)

Do nhay tdng cdng di nhién luén nhé hon d6 nhay phd cuc dai S(?\.p) .

9.2 PIEN TRO QUANG

C4m bié€n dang dién tr§ nay dugc dic trung nhd dnh hudng clia quang
thong biic xa nhian dugc va sy phan bd phd tic dong l1én gid tri dién trd cdm
bi€n. Vi mot mach bi€n d6i di kém, dién trd quang 12 mot trong s& nhitng
cdm bi€n quang c6 d6 nhay cao. Hiéu ttng vat Iy dugc st dung dé la: quang
din dién - k€&t qud cla hiéu tng quang dién bén trong. Sy phéng thich céc
dién tich bén trong cdc vat liéu dudi tic dong clia ngudn sing va hé qua 1a sy
din dién gia tdng.

9.2.1 Hiéu dWng vat ly @

Xét mdt thanh bdn din cé Tia buc xa
thé tich V, chita cdc nguyén ti
cha't cho (donneurs) c6 mat dd Ny,
¢ mdc ning lugng kém hon Wy so
v6i mic ning lugng ving dan.

Ta gid st W, khd 16n d€ cho  Hinh 9.2: Nguyean taéc cuda fiean trod
& diéu kién nhiét d6 moi trudng
binh thudng va trong viing t&i cdc donneurs bi ion héa do hiéu tng nhiét 1a rat
bé.

U Trong ving t6i, mat do cdc Am dién ti dugc phéng thich trong don vi
thdi gian do hiéu ¢ng nhiét clia cdc nguyén ti chat cho, ti 1& v6i mat do cdc
nguyén tir chi't cho khong bi ion héa:

a (Ng— ny) v6i a ~ exp(— gWd/KT)
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L S6 Am dién t tdi hgp trong don vi thdi gian véi cdc nguyén t ion héa,
ti 1€ v4i mat dd nguyén t ion héa n,, va mat dé cdc Am dién ti, nhu vay ti 1€
v§i binh phuong n,: r.n2 ; r: hé 8 tai hgp.

hv hv

JTiod 1,883

Day héa tri

a) b)
Hinh 9.3: Su dich chuyén dién tit trong chdt bdn ddn
a) Trong ving t6i; b) Trong ving sdng

Sy thay d&i mat do am dién tif tw do dudc dién ta bing phuong trinh:

dn,/dt =a(N4 —n,)-rn2
O trang thdi cn biing thudng truc, ta c6: dn,/dt =0

Sy din dién ving t6i dugc dién td: 6, = gun,.

q - tri gid tuyét doi dién tich ctia Am dién td.

u - d6 linh dong clia Am dién ti.

Khi nhiét do gia ting, do linh dong gidm nhung mait dd n, gia ting nhiéu
do hiéu ¢ng nhiét va k&t qua 1a sy din dién gia ting.

Khi chit ban din dugc chidu sing, cdc photon c6 nang lugng AL1 > W, ion héa
cdc donnueurs tao ra g Am dién td trong modt don vi thsi gian bdi mdt don vi
thé tich, cong thém cdc dién tit tu do, do su kich thich nhiét.

(G 1 MR,
vV AL hv

véi: V=AL (G=nn, =n(1—R)~7“£
hC
ng - s0 photon hap thu trong mot giay
N - hiéu suat lugng ti
R - hé s6 phan chi€u cla vat liéu.

Phuong trinh dong hoc trd thanh: dn/dt=a(Ny —n)+g— rn?
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Tia bifc xa tao ra cdc dién tif ty do thudng rat 16n so v6i cdc dién ti giy
ra bdi sy kich thich nhiét: gl a(Ng — n); nl) n,. Véi diéu kién trén, don gidn
phuong trinh ta ¢6 dugc mat do6 dién ti tu do dudi tic dong clia ngudn sing:
n=(g/r)¥?. Sy din dién lién quan d&n o = qun, nhu viy sy din dién 6 1&
khong tuyé&n tinh doi véi quang thong, né thay ddi ti 1& véi Y2,

9.2.2 Hé s6 do lgi

S dién ti tdi hgp mdi gidy trong mot don vi thé tich i 1& thudn véi mat
do dién t¥ hién dién n, va ti 1€ nghich v4i ddi s6ng cia né 7, nhu vdy s dién
tir tdi hgp ti 1€ véi n/t, .

Khi cin biing, s6 dién t{ tdi hgp mdi gidy n/t, trong mdt don vi thé tich
bing v6i s6 dién tif phéng thich g bdi tia bifc xa trong mot don vi thé tich, ta
c6: n=gdgr,.

Véi t,, 1a mot ham theo quang thong.

DPién trd R cda dién trd quang dugc tinh:

1L 1L

R

c A gun A
Khi cung ciAp dién 4p V, dong | p chay qua dién trd quang:
A
N A sin . \Y
Cudng do dién trudng: E = T
Céc dién tir di chuyén véi van tdc trung binh: v=pE
Thdi gian di chuyén cda dién t: 1, =—

Dong dién |, c6 thé dugc viét lai:

T
lp, =9—G=0qFG
T
tr
Nhu viy dong dién | chay qua dién tré quang 16n gap F 1an dién tich
dugc tao ra mdi gidy, F 1a hé s6 do 161 va tri gid cla n6 vao khodng 10°, diéu
nay gidi thich cdc dién trd quang c¢6 do nhay cao.

Ta c6 thé viét lai nhu sau:
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F o Tk
Ttr L?

Nhu viy dong dién |, k€&t qua cda hiéu ng quang dién, cang 16n khi:

- Bi song 1, cda cdc dién i tu do cang dai

- Pién 4p cung c4p cho dién trd quang cang I6n

- Chiéu rong L ctia dién tré quang cang ngan.
9.2.3 Vat liéu st dung

Dién tr§ quang dugc ch€ tao nhd cdc vat liéu bdn din dong nhat da tinh
thé hoic don tinh thé, tinh chat hodc c6 tap chit (dopé).

Vit liéu da tinh thé: CdS, CdSe, CdTe, PbS, PbSe, PbTe.

Vat liéu don tinh thé: Ge va Si tinh chit hoic dopé bdi Au, Cu, Sb, Zn,
Sbln, Asln, PIn, CdHgTe.

9.2.4 Pic tinh cda dién tré quang
1- Dién tro

| CdS |

| CdSe |

T
| PbS |
| PbSe |

I PbTe I

| GeCu |
| Sbin |
| Abiln |
| CdHgTe | 2(um)
1 1 1 L1 1 1 L1 1 1 1 1 1 L1 11 1 1
0,1 0,2 0,3 04 0,5 1 2 3 4 5 10 20 30

Hinh 9.4: Viing phéd sit dung doi véi cdc vt lidu

dién tré quang khdc nhau
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Diéntré (Q) A

107

10°

10°F

~

? i
1 10 100 1000 _ ..
Chiéu do (LUX)

>

Hinh 9.5: Su thay doi ciia dién tré quang
dudi tdc dong ciia nguon sdng

Gid tri dién tr§ vang t6i R, thy thudc dang hinh hoc, kich thugc, nhiét do
va thanh phin 1y héa cta dién trd quang. C6 gid tri rat cao (10* d&n 10°Q &
25°C) ddi véi PbS, CdSe,CdS. C6 gid tri tuong ddi thap (10 dén 10°Q & 25°C)
d6i vé6i Sbin, SbAs, CdHgTe.

Dién trd R, clia dién tré quang duéi tic dung cda tia bic xa gidm rat
nhanh theo chi€u do.

Pién tr§ quang c6 thé dugc biéu dién bdi sd @6 mach twong duong gdm dién
tré viing toi Rc,, dit song song vdi dién trd Rcp duge xdc dinh bdi hiéu dng
quang dién c6 dang:

Rep=ad”’
v@i: a tiy thudc vao vat li€u, nhiét do va phf; cua tia birc xa

y thudng ¢6 gid tri trong khodng 0,5 va 1.

Trong nhitng diéu kién nay R¢ c6 thé viét:

B Reo ch B RCo.ade
- RCo + ch - RCo +ad™"

Re

trong diéu kién thudng st dung R.p[] R,, tacé: Re=a @'
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Su thay d6i dién trd theo quang thong khong tuyén tinh, c6 thé tuyén tinh
héa trong mot viing quang thong gidi han, nhd mot dién trd cd dinh dit song
song v4i dién tr§ quang.

Dién tré R dudi tdc dong ngudn sdng tiy thudc vao nhiét do, tuy nhién
dd nhay nhiét qud bé so véi tac dung cia ngudn sing.

2- Cong sudt tiéu tdn

Cong sud't cuc dai tiéu tin ¢ mW doi v6i mm” bé mit cdm bi€n. Su thay
ddi cong sudt tiu tin P, theo hoat dong clia R, tly thudc vao ngudn cung cap.

Pién 4p V cung cdp khong ddi: Py = V?/R,

Dong dién I cung cAp khong ddi: Py = Rcl’.

Cung c4p bdi ngudn stic dién dong Es ndi ti€p vdi dién trd Ry.

2 2
P, = (RRiERS 7 P, =4E?S khi Rc = Rs
st Rc s

Su d6t néng lam gidi han cong suat tiéu tan c6 thé chap nhan dugc.

Viéc st dung bo phan gidi nhiét cho phép lam gidm sy gia ting nhiét do
nhung 1am kich thudc cong kénh.

3- D) nhay dién tré quang

Theo sd dd mach dién tuong duong clia dién tr§ quang, do din dién G,

cta dién tr§ quang: G¢ =G +Ggp
. 1 Ao N
v6i: Gy, = ——:d0 dan dién vung t6i
Cco
101 e .
GCp = R =—0':dd dan dién do hi€u tUng quang dién.
cp

Goi V l1a dién 4p cung cdp, dong dién I chay qua dién trd quang:
=GV =GV +Gy,V=1,+1,
vGi: GV = I,: dong dién viing toi
GV =1,: dong dién hi€u ng quang dién.
A LA . X 5 v
Trong di€u kién st dung thong thudng: 1,0 I, va | =1, = — @7
a
Trir trudng hgp dic biét y =1, dong dién I khong tuyén tinh theo quang
thong bitc xa. P8i vdi quang thong bitc xa c¢6 phan bs phd dude xdc dinh, ty s6
\%

N R i~ I _
bién d8i tinh: — = — @'t
d a
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Al vV . .
Do nhay: — =y—®" ™, ta nhan thdy:
AD a

- D6 nhay c6 d6 16n biing véi ty s6 bi€n d6i tinh nhan véi 7y .

- Pién trd quang 12 mdt cdm bi€n khong tuyén tinh, trit trudng hgp dic
biét y =1, dd nhay gidm khi quang thong ting, tuy nhién cdm bi€n cé thé coi
nhu tuyén tinh d6i v6i “tin hiéu nhé” khi ma tin hiéu cé quang thong thay ddi
bé xung quanh mot tri s6 khong ddi 16n.

- P6 nhay ti 1& thuin véi dién 4p V cung cap, diu nay chi c¢6 y nghia khi
V ¢6 tri s6 tuong ddi nhd bdi vi hiéu tng Joule ti 1& véi V s& 1am gia ting nhiét
do clia cdm bi€n, ma sy gia ting nhiét dd sé lam gidm do nhay. Khi tia bitc xa
don sdc, dong I, dudi tic dong quang thong cho trude 1a mot ham theo A:

| p= qFG

véi: F - do 1¢i; G - s6 dién tich tao ra trong 1 gidy.
.0V (1-RA
p=0—7%—
L hC

v6i: 1, 1a mdt ham theo ®(L); m, R phu thudc vao A.

= | () (A<hy)

P6 nhay phé S() = thudng dudc” xdc dinh bing tri gid tuong doi

Al
AD(L)
bdi dudng cong dap ng phd; dd 16n clia do6 nhay phd cuc dai (tily thudc vio
vat liéu), ¢6 tri s§ trong khodng 107! d&€n 10? A/W d6i véi dién dp cung cip
10V va bé mit ti€p nhdn 4nh sdng 1cm?.

D6 nhay phd S(1) 1a mot ham theo nhiét d9, khi nhiét d6 gidm ngudi ta
nhan thay gid tri S(L) gia ting.

Khi tia bifc xa khong don sic, dd nhay tdng cong S; phu thudc vao phin
b6 phé clia quang thong va dudng cong ddp tng phd cda cdm bién.

4- Thoi gian ddp iing ciia dién tré quang

Thoi gian ddp dng cla dién trd quang cho phép xdc dinh tinh nhanh cta
cdm bi€n dugc hi€u 1a thdi gian cAn thi€t d€ dién tré quang thay ddi tri s& khi
c6 su thay ddi dot ngdt quang thong bifc xa.
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Thoi gian ddp ¢ng clia cdm bi€n khdc véi thdi gian ddp @ng cda mach
dién dugc hinh thanh tif nhém cdc dién trd, tu dién trong mach dién bao gdm
c& dién tré quang va dudc 4n dinh bdi hiing s6 thdi gian RC clia mach dién.

Thoi gian ddp ng clia dién tr§ quang thudng 16n hon hiing s6 thdi gian
ctia mach dién. Thoi gian ddp dng clia dién tr§ quang tuy thudc vao vat liéu
va cdch ché tao:

0,1us d6i véi Snin, AsIn, CdHgTe
0,1+100ms vdi PbS, PbSe, CdSe

Thai gian ddp ng gidm khi sy thay d6i dd sdng gia ting.

5- Ung dung dién tré quang

St dung dién trd quang cé nhitng diém 1gi 12 d6 nhay cao, cdch mic diy
st dung don gian.

Nhitng diéu bat 1gi 1a:

L Pdp ng khong tuyé&n tinh ddi véi quang thong

L Thoi gian ddp @ng tuong ddi cao, bing thong gidi han

LI Can phai lam ngudi d6i v6i mot vai loai cAm bién

U Pic tinh khong 8n dinh (do sy bao hoa).

Pién trd quang dugc dp dung chinh trong viéc nghién citu, khong diing dé
xdc dinh chinh xdc mic d6 quang thong ma ding d€ dién td cdc mifc d6 quang
thong khdc nhau (t8i — sdng, cdc xung 4nh sidng). Tuy nhién viéc st dung
chiing @€ do ludng dnh sdng c6 thé thuc hién dugc véi diéu kién cdc dic tinh

cda ching dudc xdc dinh trudc chinh xdc va 6n dinh.

+

le

| -

%@RC Al Q,

a) )

Hinh 9.6: Cdch mdc dién tré quang diéu khién role

a) Diéu khién truc tiép; b) Piéu khién nho noi vdi transistor khuéch dai

Viéc do cdc dién trd quang hay phan tich sy thay ddi dién trd quang cé
thé thuc hién dugc nhd mot trong nhitng mach bi€n ddi cdm bién dién trd:
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Ngudn cung cAp khong ddi, cich mic phan dp, cAu Wheastone, mach khué&ch
dai, mach dao dong RC.

Mot vai vi du vé @ng dung dién tré quang:

- Diéu khién: sy ti€p nhan lugng sdng 16n hon mic dd dinh trudc, s& lam
dién tré cdm bi€n gidm nhiéu, kéo theo sy xudt hién dong dién I trong mach
mot céch truc ti€p, hoic nhd mot mach khuéch dai, thi€t bi sé thay ddi giita
hai trang thdi:

L M§ va déng mot 14 le.

U Ngtrng hodc dan Thyristor v.v...

- Tiép nhdn tin hiéu quang: dién trd quang va mach bi€n ddi cho phép
bién ddi cdc xung 4nh sdng nhan dugc thanh cdc xung dién (trong cdc thiét bi
dé&€m, thi€t bi do vin tdc quay nhd mot dia trén truc quay).

9.3 DIOD QUANG

9.3.1 C4u tao va nguyén Iy hoat dong

Ta biét ring & hai bén mdi ndi bdn din loai P hoic N s& c6 mdt sy
khué&ch tdn cdc dién tich tv do cho dén khi dat sy cAn bing do sy hinh thanh
mdt dién trudng. O hai bén mai ndi hinh thanh mot dién 4p médi ndi V).

Né&u khong c6 dién 4p bén ngoai tdc dong vao, dong dién chay qua mdi
ndi bang khong.

Hinh 9.7: M6i néi PN va dién dp mdi néi
Khi 4p vao mdi n6i mot dién 4p bén ngoai sé 1am thay d6i dién d4p mdi
ndi kéo theo sy thay ddi dong dién do sy xuat hién cdc dién tich tu do, do sy
ion héa cdc chat dopé va lam thay d6i bé rong ctia ving khuéch tdn.

Khi dién 4p V4 4p vao mdi ndi, dong dién I chay qua mdi ndi.
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M)_|
(o]

| =1_exp(
0 pKT

D&i v6i dién dp nguge di 16n, dong dién do cédc dién tich ty do clia cha't dopé
trd nén khong ding ké va chi c6 dong I, do cic dién tich tao bdi tic dong
nhiét, d6 chinh 1a dong dién ngugc cta diod: I, = I,,.

Khi diod chiu tdc ddng cilia tia birc xa c¢6 do dai séng A < Ag (As: dO dai
séng riéng) s& dan d€n xud't hién cdc cip dién ti 15 trong. PE cho cdc dién
tich nay c6 thé tao nén dong dién, diéu cAn thi€t 1a trdnh hién tugng tdi hop,
do vy doi hdi phdi tdch ching nhanh nhd mdt dién trudng. Trudng hgp nay
chi c6 thé x4y ra trong viing khuéch tdn va su dich chuyén cic dién tich ciing
chiéu véi cdc dién tich tao bdi hiéu ng nhiét din d€n mot sy gia ting dong
dién ngugc.

hv

Viing
khuéch [ -------- @ -------------- Mi ndi
tan T E

Hinh 9.8: Cp dién tit -16 tréng duoc tao ra do hiéu ing quang dién trong viing
khuéch tdn ciia méi néi PN
Tia bitc xa di d€n viing khuéch tdn ctia mdi ndi khong dugc gidm nhiéu.
Quang thong @ truyén di gidm din theo bé day truyén qua.
D(x) = D, exp(—a x), v6i o vao 16i loscm_l, diéu nay tuong Gng vdi do
gidm 63% d6i véi bé day truyén qua cd 10°A°. Khi thyc hién diod quang cin
luu y:
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U Vung khuéch tdn phdi rong d€ viéc hap thu tia bic xa dugc 16n.

|J Ch4't ban din dugc chi€u sing phdi rit mdng dé sy truyén quang thdng
de dang.

Cdc vat liéu cd bdn cho viéc ché tao diod quang — silicium va
Germanium ddi vdi tia bifc xa trong ving dnh sdng thdy dudc va gin viing
hdng ngoai, GaAs, InAs, InSb, HgCdTe ddi vdi tia bitc xa trong viing hdng
ngoai.

9.3.2 Cach hoat dong
1- Cdch mdc diod quang

Cdch mic co bdn gdbm ngudn Es, diod

dugc phan cyc nghich, va dién trd R, & hai ;;11\
dau dién trd ta thu tin hiéu. < L
L Khi V4 < 0: dién 4p nghich dua vao + V_d>
diod, dong dién nghich I, chay qua diod = T- o £ v,
dugc dién t3.

y =—I0exp(%)+lo+l Hinh 9.9: Cauch maéc co badn
KT P
Ip: dong dién tao ra do hiéu @ng quang dién trong ving khuéch tin do
quang thong truyén qua viing P bé day X:
- @ -R)A
h.C

Céc thong so trong bi€u thifc trén di dudc xdc dinh. V4i dién 4p ngudc

@, exp(—aX)

V,; dd 16n, thanh phin hAm mii trd nén khong dang k&, ta cé:
L=1,+1,
Ngoai trif ngudn sdng qud yéu, ta c6: I, = I,

Ta c6 phuong trinh cAn bing: Es= Vg — Vg, v6i Vg = R,

Cdch hoat déng diod quang thi :;"’_°
tuyén tinh vi dién 4p Vg gidng nhu I o,
I, ti 1€ v6i quang thong. Ngudi ta
biéu dién diod quang bing sd db o
mach dién tuong duong. Hinh 9.10: S6 fiod maich fiiean

t6ong A66Ng culia diod quang
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So do gom:

L Ngudn dong I, = I, + Ip.

L Pién trd ry song song véi ngudn dong, né dic trung cho dién tré dong
mdi noi.

Trong cdch mic dién tré quang diod dugc phan cuc nghich r4 ¢é tri s6 rat
cao vao ¢d 10'°Q.

L PBién tr§ rg mic noi ti€p: Veolvolt),
dé 1a dién trd cdc phin ti bdn 05
din & giita hai ddu diod va viing 0.4 Pt
khuéch tdn, rg c6 tri s cd vai )
chuc Q va khong ddng ké so vdi 03 ///’
dién trd R, 0,2 vt ol

U Bi€én dung C; song song 0.1 “ Quang
V6i rq, dién dung c6 tri gid cd ’ thong
vai chuc pF khi chua ¢6 dién 4p T 1 10 10 W
dwa vao mdi ndi, dién dung nay Hinh 9.11: Diod quang voui calich
gidm khd nhi€u khi 6 dién dp maéc fiiean alp quang: Niean aup

ngugc dua vao diod theo cdch

> hod maich theo quang thoang béuc
mic dién tr§ quang. ;

vAal

2- Cdch mdc dién dp quang

(photovoltaic)
Khéng cé su phin cyc do ngudn Ioc &
bén ngoai cung c4p, diod déng vai tro (nA)
bién d8i ning lugng, tuong duong mot ;/
mdy phdt, ngudi ta do dién dp hd 20 /
mach hodc dong dién ngdn mach. //
L Pién d4p hd mach V¢,: //
10
Veo =KL Log(1+|—p) / Quang
q Io théng
0 01 02 (mW)

Dién 4p hd mach thay d6i theo i R
Hinh 9.12: Diod quang véui cauch

quang thong tic dong. maéc fiiedn aup quang: Dogng

|/ Ngudn sdng y&u: I,[] I, ngaén maich theo quang thoang
KT 1, bouc xai
= Vg =—.—2
q lo

U Pién dp Ve,, trong trudng hdp nay rat bé va tuyén tinh theo quang
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thong nhin dugc bdi diod (KT/q=26mV khi T =300°K ).
1 Ngudn sing manh:
L0 1,; Ve = ﬁLog(l—p)
q L

bién 4p V¢, trong trudng hgp nady rat quan trong (0,1—0,6V) nhung ti 1&
vdi logarit theo quang thdng nhén dudgc.

Dién 4p V¢, c6 thé do dudc trong thuc t& khi dién trd tdi R, c6 tri sd rat
16n so véi ry.

Do dong dién ngidn mach Icc: Khi ta mic hai dau diod véi dién tré Ry, ¢6
tri gid nhd hon rg, dong dién chay qua trong mach 1a [,, d6 1a dong dién ngdn
mach ctia diod va dong dién nay ti 1¢ v4i quang thong tdc dung.

Dong dién ngidn mach thay ddi theo quang thong tic dong.

Dic tinh quan trong clia cdch mic dién 4p quang 1a do khong cé dién dp
phan cuc nén khong c6 dong dién ving tdi, di€u ndy cho phép do nhitng quang
thong rat yé&u.

Bdng tom tdt ddc tinh ciia diod quang theo cdch mdc khdc nhau

Lo Cdch mic Cach mic
Tia buc xa A . .
diod quang dién 4p quang
Ngudn phin cuc nghich Khong c6 ngudn phan cyc.
KT |p .
Quang thong bé Ir=1Io+1p Veo = ?-Erlcc =l
KT I
Quang thong 16n I =1 Vco =7-L°9£?Icc =l
r=p q lo
bién dung Cq gidm bién dung Cq 16n

9.3.3 Dong dién vung toi clia diod quang

Dong dién vung t6i |, trong cdch mdc dién tr§ quang c6 do 16n ¢3 nA &
nhiét d6 moi trudng. Dong quang dién |, c¢6 do 16n xap xi v6i |, khi ti€p
nhan nhitng quang thong y&u trong khodng 1078 d&n 107*°W tuy theo loai
cdm bi€n. Tuy nhién dong dién |, s& gia ting nhanh khi nhiét do ting, diéu

ndy dan dé€n dién dp V., v6i cdnh mic dién 4p quang nhay v6i nhiét do, he s6

1 dyv,
nhiét do cia n6 ——-—<2 vao khoiang —0,8%/°C .
Co

9.3.4 b nhay
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D6i véi ngudn sdng c6é thanh phan phd duge xdc dinh, dong quang dién
I, dudc xdc dinh chinh xdc ti 1& thudn vGi quang thong bic xa, dong | p ti 1&

tuyén tinh vdi quang thong biic xa. Po nhay phd:

s = 2p _ anA-RlexpCaX), . o,
AD hC

R6 rang S(A) phu thudc vao A, vao hiéu suit lugng t& m, hé s& phin
chi€u R va hé sd hap thu o .

P6i véi mdi loai diod quang, d6 nhay phd dudc xac dinh dya trén dudng
cong ddp tng phd S(W/S(L,) (A, 1a d dai séng ¢6 dd nhay phd cuc dai) va
g ddp ting p o) (A g 1y p :

dua trén tri gid S(?»p) ; S(?»p) thudng ¢ tri gid trong khodng 0,1+1A/W . Sy
giéng nhau cda bi€u thic dong quang dién |, trong hai cdch mic dién trd
quang va dién dp quang (I =1,) din dén sy giong nhau ciia d6 nhay phd
trong hai cdch mic.

Po6 nhay phd chiu 4nh hudng clia nhiét do, do nhay cé thay ddi nhd khi
nhiét do gia ting, do lic nay d6 dai séng A, c6 dd nhay phd cuc dai di
dl,

chuyén cham theo chiéu A ting, hé s6 nhiét d0 cua dong quang dién —F
p

p

vao cd 0,1%/°C.
9.3.5 Thoi gian dap Wng

Sy xuAt hién déng quang dién rit nhanh ngay khi diod quang dudc chi€u
sdng: thoi gian tré ty,, vao khodng 1072 gidy. Tuy nhién, sy ting nhanh ciia
dong dién dugc do bdi thoi gian 1é€n t,, (hodc khi dong dién gidm do khong
dugc chi€u sdng ta do thdi gian xudng t.) dugc xdc dinh bdi sd dd twong duong
ctia diod va mach do di kem (H.9.12bis), trong mach dién thong thudng dién
tr§ R, dugc mdc song song vdi dién dung ky sinh C, hinh thanh do day cdp
ching han (H.9.12bis).

fs

l AAN—E . l .
Ir@ é Ty =—=Cy lRm =—C: Ir@ lrd ==C4 l Rn, ==Cp
AN l W ]
a)

L] ||

b)
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Hinh 9.12bis: So do tuong duong ciia diod quang va mach do di kem
a) So do day dii; b) So dé don gidn
Pé don gidn viéc tinh todn, dién trd rg c6 tri s6 thudng khdng 16n hon cd
chuc ohm nén ta c6 thé bd qua, hiing s6 thdi gian T clia mach dién:
T=(Cy + cp)—r(:dJngm
do R, U ry ~101Q, ta c6:
1=(Cy +CpR,
Hing s& thdi gian t lién quan dén t,, va t, thy thudc vao:
- Cdch midc diod quang, n6 xédc dinh tri s6 Cy .
- Tri 8 dién tr§ tdi R, .
V6i diod quang 4203 (Hang Hewlett Packard) trong cdch mic véi
Cp =2pF va R, =50Q, ta cé:
- V6i cach mic dién tr§ quang: t, =t.=2,2t<1ns
- V@i cdch mdc dién 4p quang: t,, =t,=2,2t=300ns
vGi cdch mdc dién trd quang, dién dung Cy gidm do viéc st dung dién
4p phan cuc ngudc, diu nay din dén thdi gian ddp ¥ng rat ngin va chinh vi
vay cdch mic dién tr§ quang dudc st dung cho trudng hgp quang thong birc xa
hién dién duSi dang nhitng xung cuc ngin.

9.3.6 Mach dién di kem véi diod quang

Ngudi ta chon cdch midc diod quang phu thudc vao cong viéc nghién ciu.
Cédch mic dién tr§ quang, c6 nhitng dic tinh:

U Tuy€n tinh

L Thoi gian ddp ¢ng ngdn va bing thong rong
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Hinh 9.13: Cdch mdc diod quang

, R
a) Cdch mdc co ban: Vy = R, (L+—=2)I,
Ry

b) Cdch mdc c6 dé ddp ving nhanh : V, = (R; + R>).1,
Cach mic dién 4p quang, c6 diic tinh:
L Hoat dong tuyén tinh hodc ti 1& logarit tiy theo tai.
LI Thoi gian ddp dng 16n va bang thong hep.

L B nhay nhiét 16n.

Ro R
VWA VWA

b)
Hinh 9.14: Cdch mdc dién dp quang
a) Cdch mdc tuyén tinh. Po dong dién ngdn mach I..: V, = Ryl ¢

b) Cdch mdc ti ¢ logarit. Do dién 4p hd mach V¢,
R

V,=1+=2)V
0 Rl Co

9.4 TRANSISTOR QUANG

9.4.1 C4u tao va nguyén tic hoat dong

N6 hoat dong gidng nhu mdt transistor thong thudng 12 transistor silicum loai
NPN, c6 chit ban din cyc nén dugc chi€u sdng, va thudng chi cé cyc thu va
cyc phdt dugc phan cyc ngoai.

M&i ndi giita cuc nén va thu duge phan cuc nghich, trong khi dién 4p mdi
ndi nén va phat khdng thay d6i (Vpe = 0,6V — 0,7V).

Khi viing mdi ndi nén thu dugc chi€u sing, né hoat dong gidng nhu mot
diod quang, dugc méc nhu mot dién trd quang c6 dong dién ngudc:

I=1,+1,

véi: I, - dong dién ving toi
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I = Mm@ - R)exp(-aX)

h.C
thong @, xuyén qua bé day cuc nén X, c6 d6 dai séng A nhd hon d6 dai séng
riéng As. Dong I, déng vai trd dong dién cyc nén va sé kéo theo dong dién cuc

AD,: la dong quang dién do ngudn quang

thu I~ cua transistor:

bién ap

N—

AN

m @ O

a) = b) L c)

Hinh 9.15: Transistor quang
a) Cdch mdc ddy; b) Mach tuong duong
c) Tdach cdc dién tich tu do do sw chiéu sdng cuc nén
Ie=B+D.L=B+D.L+@B+1DIp
v6i: B - do 1gi clia transistor theo cdch mdc cyc phat chung
B+ 1)1, = Ic,: dong dién viing tdi transistor
(B + 1) Ip = Icp: dong dién cyc thu do quang thdng tao ra.
Nhu th€ ta c6 thé bi€u dién mot transistor quang 13 mot t6 hgp diod
quang va mdt transistor.
9.4.2 Dong dién vung t&i
Dong dién viing 3 I¢, & 25°C vao khodng 10™° d&n 10 A, né tiy thudc
dién dp thu-phdt va nhiét do.
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9.4.3 D) nhay
Ti€p nhian quang thdong ®,, dd dai séng A < Ag diod nén thu tao ra dong
dién Ip, kéo theo dong dién transistor: Icp=(p + 1) Ip.
| (B+Dgn(1 - R)exp(—aX)
cP — .7\,.(‘1)0
hC
Dong dién cuc thu I¢c = f (Vcg) phu thudc Ip duge thay th€ bdi quang
thong ®,, v6i @, cho trudc, dudng cong ddp ¥ng phd dugc xdc dinh bdi loai

diod nén thu. Vat liéu ciu tao, thudng 1a silicium va chat dopé. Vé6i do dai
séng cho trude dong dién cuc thu Ic khong hoan toan tuyé&n tinh ddi véi quang
thong hay chi€u do, vi do 1gi B tily thudc vao dong dién I¢ va hau qua do nhay
Alc/AD, tily thudc vio ®,. Ching han ddi vdi transistor BPW22 d6 nhay dugc
nhan v6i 1,6 khi chi€u do trong khoang ImW/cm” d€n 8mW/cm”.

ICO ICO
(nA) (nA)
10’ 10’
Z
7 /
A 4
A J
A
10° 10°
=25 C[T] Vee=20VCES
107 107
0 100 °
10 Vee (V) 25 50 75 T,0°)
a) b)

Hinh 9.16: Dong dién viing t6i ciia transistor quang thay doi theo
a) Dién dp thu phdt; b) Nhiét dé méi néi (transistor quang BPW22)

D6 16n clia dd nhay phd phu thudc vio dd dai séng.
S (Ap) tr 1 d&€n 100 A/W.

Po6 nhay tdng cong thudng dugc xay dung dwa vio ngudn bic xa clia
ngon dén c6 tim bing tungsténe dudc nung néng vao khodng 2850 °K. Po
nhay téng cong thip hon dd nhay phé va tiy thudc viao d6 dai séng, né gidm
theo nhiét do clia tim dén, va ciing nhu do nhay phd né tiy thudc vao quang
thong tdc dong.
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(mA) SM.
S(xp)
50 —TP=E50mW Tr25— 100
T tot™ /‘\
10 90 /
40 \ IIA/ 0— 80 / \
// . 70 / \
30 A /',¢ 60 /
j /// ? 50 / \
20 — ] 40 / \
ST . ol ) \
g ——
10 [ —1 |3 20 \
1 2 0 / \
EOT1m\IN/ch2 0 / \
01 2 3 4 5 6 7 89V, (V) 04 0506 07 08 091 1,13(nm)
a) b)

Hinh 9.17: a) Cdc ddc tuyén ciia transistor quang
b) Puong cong ddp itng phéd (transistor quang BPW22)

9.4.4 Thoi gian dap Wng

Céc dai lugng khac nhau vé thdi gian ddp wng c6 thé tinh todn khi dya
vao sd dd mach tuong duong Giacoletto clia transistor quang va dién trd tdi
R - Ta nhan thdy:

- Thoi gian tré ty,, , thdi gian 1én t,,, thdi gian xudng t,, cd ba s& gidm
khi dong dién cuc thu ting.

- t, va t, ting theo dién trd i R, di€u nay ciing ding véi ty,, khi

R cd kQ trg 1én.

m

Tuy theo loai transistor quang va tuy theo diém hoat dong, dién trd tdi,
cdc dai lugng thdi gian thay ddi tir vai us dén hang chuc ps.
9.4.5 C4ch mic transistor

Transistor quang cé thé dudc si dung trong viéc chuyén d6i, hoic dugc
stt dung trong viéc tuyén tinh.

L Trong viéc chuyén ddi né, thay thé diod quang va cho phép dong dién
tuong doi 16n.

L Trong viéc tuyén tinh, nhim dem lai d khué€ch dai 16n nén ngudi ta

thich dung n6 hon diod quang trong cdc hoat dong tuy&n tinh.
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1- Transistor quang hoat dong chuyén doi (H.9.18)

Théng tin trong trudng hgp nay cé hai trang thdi: tia bifc xa hi€n hiru
hoic khong hién hitu, hodc ngudn sing 16n hon hay khong so véi mitc do dinh
trudc. Transistor ngliing din hay bdo hoa sé& diéu khién truc ti€p, hoic sau khi
khuéch dai mot rd le, mot cdng logic, mot thyristor hoic mot triac.

Po6 nhanh cta sy chuyén d8i dugc gidi han bing dién trd tii cla
transistor quang, dudc cdi thién ddng ké néu nhu ta thuc hién ti€p theo cdch
mic c6 tong trd nhap thap:

LI Cach mic cyc nén chung

LI Bi€n d6i dong dién-dién 4p.

+ +

+

T ! 111

a) b) c) d)
Hinh 9.18: Sit dung transistor hoat dong chuyén déi dé dieu khién

a) Ro le; b) M6t ro le sau khi khuéch dai; c¢) Cong logic; d) Thyristor

2- Transistor hoat dong tuyén tinh (H.9.20)

C6 hai loai 4p dung:

U Viéc do d6 sing khong d6i, & d6 transistor quang cho phép thuc hién
céc lux k& don gidn.

U Ti€p nhan tin hiéu bi€n diéu dudi dang: D(t) = D, + Dy(t)

Do bién diéu ®(f) c6 bién do kha bé, mot mit khong 1am transistor bao
hoa, khong lam transistor ngung din, mit khac, d€ c6 d6 nhay xem nhu hiing
s6. Trong diéu kién nay, dong dién cuc thu transistor ¢6 dang:

ic (1) = 1c(@,) + SO (1)

Transistor quang v6i phdn cuc ¢d dinh cuc nén, c¢6 1gi 1a cho phép chon
di€m hoat dong tuyén tinh t3i wu.

Dong dién ving t&i transistor T; c6 thé dudc gidi han qua tdi bing cdch
st dung mot transistor tht hai T, giéng T; c6 cung dong dién vung t8i. T

khong chi€u sdng nhung cling nhiét d6 vdi T, dong dién ving tdi c6 gid tri
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chung va khong chay qua tai.

Wi
Ngo ra NG
5|]{Ij e
T a) b)

Hinh 9.19: Cdch mdc cho phép gia ting vdn téc chuyén doi

a) Cdch mdc cuc nén chung; b) Bién déi dong - dp
+

a) b) )

Hinh 9.20: Transistor quang hoat dong tuyén tinh
a) So do lux ké;  b) Chon diém hoat dong nho phdn cuc cuc nén

c) Gidm dong dién ving t61 di qua tdi
9.5 CAM BIEN PHAT XA QUANG

Hiéu @ng quang dién c6 thé chia 1am ba loai: hiéu @ng dién tré quang
(photoconductive), hi€u tng dién ap quang (photovoltaic) va hiéu ing phdt xa
quang (photoemissive).

Trong cdm bién dién trd quang, dién trd clia cim bi€n thay ddi khi dugc
chi€u sdng; trong cdm bi€n dién 4p quang, cdm bié€n tao ra mot dién 4p tf 1&
véi cudng do tia bic xa. Trong cdm bi€n phdt xa quang, cdm bi€n khi ti€p
nhin ngudn sdng sé tao ra tin hiéu dién do hiéu ¢ng phdt xa quang: s6 lugng
cdc dién tif dudgc phdt xa tir bé mit cda Am cuc quang ti 1& vSi s6 pho-ton

chi€u vao Am cuc quang, cdc dién tif sd cAp ndy tao nén dong dién 4m cuyc va:
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- Tap trung & dudng cuc trong dén quang dién chin khong.

- Ton héa cdc phan t khi do sy va cham trong dén quang dién khi hi€m.

- Tao nén phdt xa dién t{ thi cap trong dén nhan quang dién.

9.5.1 Sy phat xa quang, vat liéu phat xa quang

Chiing ta can phan biét ba qu4 trinh trong hiéu ng phat xa quang:

- Sy gidi phéng dién t bén trong vat liéu khi hdp thu pho-ton.

- Sy di chuyén d&n bé mit vat liéu cda cdc dién ti tu do.

- Sy phét xa dién tir & bé mit vat liéu.

D&i v6i chdt ban din tinh khiét, sy gidi phéng dién tf bén trong vat liéu
chi hién hitu véi ning lugng pho-ton nhé hon hay bing chiéu rong viing cAm
E,, do viy dién t& khong dd ning lugng dé€ di chuyén d&€n bé mit vat lidu. Sy
di chuyén clia dién t¥ ty do c6 tinh chi't ngdu nhién va theo moi hudng: mot ti
1é rd't nhd trong s6 d6 di d€n dugc bé mit vat lidu, s6 con lai khi di chuyén
nhitng doan ngdn sé& c6 sy dung, va cham véi cdc dién tt khdc hodc vdi cdc
pho-ton, diéu nay 1am gidm ning lugng clia ching.

Su phét xa dién t& § bé mit vat liéu chi ¢6 thé x3y ra khi dién ti c6 thé
VUGt qua rao cdn dién 4p ngin cdch giita chdt ban din va bén ngoai d6 chinh
la dilyc diénti E,.

Hiéu sud't lugng ti ] (s6 dién tf trung binh phdt ra § bé mit vat liéu khi
hap thu mdt pho-tén) clia vat liéu khong bao gid vugt qua 30% va thudng nhd
hon 10%.

Hiéu sud't lugng tir [] trong viing phd st dung 1a tiéu chi d€ chon vat liéu
st dung. Ngudi ta thudng st dung hai nhém vat liéu:

- Hop kim alcalim: AgOCs nhay vdi tia hdng ngoai.Cs;Sh,
(Cs)INa,KSh, K,C,Shnhay v6i ving d4nh sdng thidy dugc va ving do dai
séng ngdn hon. Cs,Te, Rb,Te, C | nhay vdi tia cuc tim.
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- H6n hgp thudc nhém 3 va 5: Pudc ciu tao tif cdc phan ti thudc nhém 3
va 5 clia bdng phan loai tudn hoan:

GaAs,Sb, ,, Ga, ,In As, | ,As,P,_, st dung trong ving hdong ngoai
(A =1um) va tuy thudc vao thanh phdn hdn hgp (x), chiing c6 4i luc dién ti
E, y€u: hiu sud't lugng tif c6 thé dat 30%.

9.5.2. Dong dién 4m cuc

C6 hai ky thuat dé thyc hién 4m cuc (H.9.21):

- Pit vat liéu phdt xa quang trén mot gid d6 bing kim loai, tit cd dugc
dit trong mot 16p vé che: Cdc dien tif sd cAp sé phdt xa khi bé mit am cyc
dugc chi€u sdng.

- Mot 16p méng (cd 100A°) vat liéu phdt xa quang dudgc dit trén bé mit
bén trong 16p vé che: cdc dién tl so cAp s& phdt xa § bé mit doi dién vSi bé
mit dude chi€u sdng, k§ thudt ndy thudng dugc sit dung nhat.

1 1 1 1

{7 17
_ N\ 1
K
a) b) {

Hinh 9.21: Cdc cdch thuc hién dm cuc quang
a) S phdt xa béi bé mdt chiéu sang
b) Su phdt xa béi bé mdt déi dién
1- Dong dién viing toi

Hiéu &ng nhiét ion héa phat xa dién ti clia catdt 12 ngudn gdc chinh cda
dong dién am cyc vang t8i |, gid tri dong dién ting theo nhiét do dugc xdc

dinh bdi dinh luat Richardson Dushman:
-Ws
lo = ACT % exp[——]
ko Y KT
véi: A - dién tich cia 4m cuc quang, (m?)
C - hiing s6: C = 1,20x10° (MKSA)

W, - Sai biét ning lugng giita 16 trong va mifc Fermi cla vit liéu phdt xa

quang.
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2- bj nhay

Ddi vdi tia bific xa ¢6 dd dai séng 16n, dd nhay dudc xdc dinh bdi vat liu
phdt xa quang dung 1am cat6t va né an dinh hiéu suat lugng .

Ngudc lai, ddi v6i séng ngdn né bi hap thu clia I6p vé hoic clra s6 cia
cdm bi€n va dugc dic trung bdi hé s6 truyén T(L) .

Silice fondue
(2mm)
T(:)100 )
%
° 80 7 7~
oA /
40 LIF//,| l Borosilicate //
/ , . (3mm) /
20 Saphin
Quzlartz} (|1mm|) ’

100 150 200 250 300  as0 MM

Hinh 9.22: H¢ 56 truyén T(\) ciia vat liéu khdc nhau

2, P 2 A A N . z
qua cia so cdm bién theo dé dai séng A

Nhu vdy t6 hgp vat liéu phdt xa quang va vat liéu lam vé xdc dinh ddp
tting phd va t& hgp nay duge ky hiéu dudi dang S,,.

Ky hiéu Vat liéu phat xa quang Vat liéu lam vé
S AgOCs Thiy tinh
Si Cs3Sb Thiy tinh
Si3 Cs3Sb Thach anh
S0 Na,KSb(C,) Thiy tinh
Sz3 Rb,Te Thach anh

Tia bitc xa c6 quang thong ®(L) c6 dd dai séng A chia n; pho-ton:
o) e
" hv hC
N, - s& hat phd-tén xuyén qua clra s6 di dé€n catét: n, = T(W)n,

N(A) - hiéu sudt lugng tir do dai séng A
Ne- sO dién t sd cdp phat xa mdi gidy bdi catdt, hinh thanh dong dién
amcuyc | . Ta cé:

()T
~ hC

RG rang dong dién 4m cuc ti 1€ thuidn vdi quang thong buc xa.

ng =n®ng; I, =ang, = I, (L)
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D6 nhay phd clia dong dién catdt bao gdm ca 16p vé:
Al )T QUL

Sk (W) = =
K AD(L) hC
S(2) 100 e
mA/W 50 /-
[1 /7 N\ N\
o1 N =
\811
5 2\ h \\
/ \
1,0 \31 P \\
|
A(um)

02 03 04 05 06 07 08 09 1,0

Hinh 9.23: D§ nhay ciia nhitng t6 hop vat liéu
lam vé va catét quang

Hinh 9.23 cho thdy sy thay ddi d6 nhay phd theo d6 dai séng A tia bifc xa
clia nhitng t& hgp vat liéu khac nhau 1am vé va catdt quang.

Do nhay phd cuc dai S, (Ap) c6 gid tri trong khodng 10 d€n 100mA/W.
9.5.3 Pen quang dién chian khong

Gom mot catdt bing vat liéu phdt xa quang va mot dudng cuc, duge dit
bén trong mot 16p v4 ¢ clra s6 trong sudt, 4p sudt bén trong dén vio khodng
107% = 108 mmHyg. Hinh dang va su bé tri vi tri tuong doi gilta cdc dién cuc
ddm bdo catét nhan dugc quang thdong bitc xa cuc dai va duong cuc thu dugc

cdc dién tif phdt xa tir catot.

Hinh 9.24: Vi dy vé cdch thuc hién cdc

den quang dién chdn khong
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1- Quan hé¢ dong - dp

Cédch mic co ban clia dén quang dién nhu hinh 9.25a. Sy thay ddi dong
dién andt |, theo dién 4p andt - catdt V,, v6i do chi€u sdng khdc nhau dugc
gidi thiéu nhu hinh 9.25b. Ta nhan thdy trén cdc dic tuyén c6 hai ving:

- Vang dién tich khong gian: tai diy dong dién tdng theo dién dp V,,
mdt phin cdc dién ti phat ra bdi catdt tao nén dién tich khong gian, déng thdi
ddy ngudgc cdc dién t& mdi phat ra vé huéng catdt 1am gidi han dong dién
andt. Anh huéng cta dién tich khong gian s& gidm khi gia ting dién 4p Vi -

- Viang bdo hoa: tai diy dong dién phu thudc rat it vao dién dp V, , cdc
dién tich phét ra bdi catdt dugc thu nhan bdi andt. Dong dién |, trong ving
nay that sy chi phu thudc vio quang thong bitc xa. St dung dic tuyén trong
viing bdo hoa, dén quang dién dugc xem nhu mot ngudn dong c6 tri s& chi phu
thudc vao quang thong nhan dugc.

L 4,75 mW (0,1 Im)
I A
2 (nA) _—%
A V. 4 P I l
a ' Rp=1MQ
-\ AE R Lamq| Source: Tc=2850K
\ | = g —
\\/ / ( 2[37 mW (0,05 Im)
~— 2 1
K
R 0,55|mW (0,02 Im)
m 1
J 0} _
a) 0 20 40 60 E 80 100 120  V,(V)

Hinh 9.25: Dén quang dién chdn khong
a) Cdch mdc co bdn; b) Ddc tuyén tinh

2- Dong dién ving toi

Budc hinh thanh tir hai nguyén nhan chinh:

- Sy phdt xa dién t& do hiéu ing nhiét ion hda

- Dong dién rd giita cdc dién cuc, diéu nay c6 thé gidm thi€u bdi cong
nghé ch€ tao biing cdch dit xa cdc ddu ra clia dién cyc va tranh d€ dén bi 4m
udt. Dong dién viing i khodng 1078 + 1072 A .
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3- D) nhay

Dong dién andt trong viing bdo hoa thit sy bing véi dong dién catdt va
biéu thifc d6 nhay phd clia dén gidng nhu d6 nhay phd cla dong dién catot,
k€&t qua 13 cdm bi€n hoat dong tuyén tinh, dd nhay phé cuc dai c6 gid tri trong
khodng tir 10+ 100mA/W, hé s6 nhiét do clia do nhay thudng rat bé.

4- Do nhanh

Thoi gian di chuyén cda dién t cang ngin khi dién 4p V4 cang cao: nd
c6 thé nhd hon 107° gidy, vi vay thong thudng thdi gian di chuyén clia dién t&
khong dung d€ x4c dinh tinh nhanh clia ddp ¥ng ma ngudi ta s dung hiing s6
thdi gian ctia mach dién bao gém c& cdm bi€n, c6 mach twong duong nhu hinh
9.26.

@
A 100 kQ
L AVHC 201
«~ s L. % —K .
Q‘j P +Cp SR, R 1 04uF &
v| ™ ];(15kV) 2500V
l I
Hinh 9.26 Hinh 9.27
So do mach dién tuong duong Mach do quang thong dang xung

Hing s6 thdi gian cia mach t=R,C,.
Thdi gian 1én ty, , thdi gian xudng t;: t, =t;=2,2 R,C,.

Ta cin luu y:

- Cdc dén quang dién bd tri d€ do quang thong bé st dung dién ré R,
c6 gid tri cao (tir 1+ 100 M Q) nhim thu dudc & hai dau dién trd mot dién dp
thich hgp.

- Céc den quang dién bd tri d€ do cdc xung quang thong 16n tao ra dong
dién c6 tri dinh 16n va nhu vay dién tréd R, khong can 16n, thi du R, =50Q
ching han.

Vi du: Ben 150TV (hang RTC): Dong dinh cyc dai 25pA; R, =1MQ; C, =
20pF; t,, =t. =44ps.
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ben AVHC 201 (hang RTC) do cdc xung quang thdng 16n:

Dong dinh cyc dai: 30A; R, = 50Q2; C, = 30pF; t,, =t. =3,3ns.
9.5.4 Pén quang dién khi hi€m

Pugc ciu tao giong nhu dén chin khong nhung bén trong dén chia khi
hi€m, thong thudng 1a khi argon & 4p sudt thap tr 101 d&n 10 mmHg. Khi
dién d4p duong cuc dd 16n, cac dién ti biic xa bdi catdt sé di chuyén va va
cham vao cdc nguyén tif khi hi€m tao nén sy ion héa, k&t qud dong dién
duong cuc s& 16n hon tir 5 d€n 10 1an dong dién catdt.

1- Quan hé dong - ap

Khi dién 4p nhd hon khodng 20V, cdc dudng dic tuyén dong dp gidng
nhu truSng hgp dén chan khong, lic nay cdc dién t¥ bitc xa tir catdt di chuyén
véi van tdc tuong d6i cham, khi va cham véi khi hi€m, ning lugng khong di
dé ion héa cidc nguyén t¥ khi hi€m, nhung khi dién 4p V, gia ting, sy ion héa
khi hi€m sé& bdt diu x4y ra va ting nhanh khi V,, ting, dién dp V,, thudng
gi6i han & midc 90 von d€ tranh phd hiy catdt quang.

I, A 2,510 Im
(nA) R,=5,5MQ / . '
- \ ,2107Im 5 8
2 4 © 7 I
(@)
1,510 %Im S 6 //
1 ///' vV 1074 % 5 /
m >
=7z <
/4/ -2 o 3 /
L L~ 0,510 Im I} L
1
0 > >
0 10 20 30 40 50 60 70 80 V(V) 0 20 40 60 V,(V)
a) b)

Hinh 9.28: Den quang dién khi hiém
a) Bdc tuyén tinh; b) Anh hudng dién dp V,, doivdi do nhay

2- Tinh chét ciia den quang di¢n khi hiém

Do nhay clia dén 16n hon tir 5 d&€n 10 1an so véi dén chan khdng va ting
theo quang thong, diéu nay din dén dip tng khong tuyén tinh.

Mit khdc, d6 nhay gidm theo thdi gian van hanh do sy di chuyén ctia cic
ion duong dé€n catdt lam cho catdt phdt xa dién tf gidm di.

Tinh nhanh clia dén bi gidi han do sy gia ting thdi gian di chuyén clia dién
t vi dién t bi va cham va do linh dong bé cla ion duong.
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DPdp tng khong tuyén tinh, dd 6n dinh khong cao, d6 1a nhitng 1y do ngudi
ta khong str dung cAm bi€n nay va thay n6 bing transistor quang.
9.5.5 Pen nhan quang dién (photomultiplier tube)

1- Nguyén tic cdu tao

Khi bé mit clia chd't rin chiu sy va ddp clia cdc dién t c¢6 ning lugng du
16n, né s€ phat xa cdc dién t¥: d6 1a sy phdt xa thit cAp. Khi s6 dién tif phdt ra
16n hon s6 dién ti va dap, c6 thé xem nhu mot sy khuéch dai tin hiéu sd cap va
dugc tng dung trong den nhin quang dién.

Tin hiéu sd cap dugc hinh thanh tif cdc dién tf phdt xa dudi tdc dong cia
tia bifc xa hip thu bdi catdt quang dudc dit trong bau chian khong. Cdc dién ti
s€ hoi tu tai dién cuc thd nhat cda chudi dién cuc goi 1a dong cuc (dynode),
cdc dong cuc dugc phi bdi vat liéu ma hiéu ng phdt xa dién tl thit cap rat
16n. Bién dp cung c4p cho cdc dong cuc dugc cung cap bdi mot mach phin dp
c6 dién 4p ting dan theo cdc dong cuc 1am sao cho cdc dién tif phdt xa thit cdp
& dong cuc thit k s& dugc hap thu bdi dong cuc thit (k+1) va mdi dién tl s€ tao

ra nhiéu dién t thi cap.

Bdng cuc
. A\
Dién tl so cép
L4 \‘ \

AAA AAA e AAA AAA e AAA =L AAA

AAA
\AAY vvv‘l’vvv vvv‘l’vvv vva \AAY

HT (Pién ap cao)
Hinh 9.29: So d6 nguyén tdc den nhdn quang dién
Né&u mdi dién t khi dip vao dong cuc sé tao ra trung binh L] dién ti tht
cap, v6i n dong cuc ma hiéu dién dp giita hai dién cuc ké nhau la biing nhau
thi din dén s6 dién tr phdt xa thit c4dp bdi n dong cuc gy ra bdi mot dién ti
la: M= 38",



DO DAl LUONG QUANG 305

Thit ra, tit cd cdc dién tif phdt xa bdi catdt sé khong di d&€n dong cuc thi
nha't mot cdch ddy di: n€u goi m, 12 gid tri hi€u dung di chuyén, biéu thic d§

1gi M dudc viét lai:
M =n.n;3)"
véi: n - s6 dong cuc, thudng tir 5+ 15.
8 - hé so phat xa thit cdp, c6 tri gid tir 5+ 10.
N Ny - g4 tri hiéu dung tap hop va di chuyén thudng 16n hon 90%.
b6 1gi M cua dén nhidn quang dién tir 10° = 108.
Do 1¢gi M phu thudc nhiéu vio sy phdt xa dién ti thit cap, d6 1a 1i do vi

sao trong dén nhin quang dién ngudi ta chon vat liéu c6 phat xa thif cdp 16n
nhv ta da bigt: Cg,Sb,K,C.S,, Na,KCSb, GaP(C,), AgOMg, BeOCu

).

10
8 y Cs-Cs,0-Ag T~
8 1
. // — T~ Belo-cu
/
4 /
//
214 Fer
] I

eV
100 200 300 400 500600 700 800 900 1000( )

Nzng lugng dién ti
Hinh 9.30: H¢ s6 phdt xa thit cdp &
theo ndng lugng dién tit so cdp
2- Cdch mdc co bdn
Viéc thyc hién mach do st dung dén nhin quang dién cin thiét:
- Xdc dinh mach dién cung c4p cho cdc dong cuc (H.9.31).
- Xdc dinh dién trd tdi R, .

K D; |Do [Ds Dy4

J_J_J_.LJ_J_J_J_J_J___QA
R

Hinh 9.31: Mach dién cung cdp cho cdc

dong cuc den nhdn quang dién
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Mach dién cung cip cho cdc dong cuc: dung dé€ cung cdp cho cic dong
cuc cdc dién 4p thich hgp, cdu tao bdi mot mach chiét 4p dugc cung cdp bdi
dién dp cao V1, di€n dp sai biét giita cdc dién cyc tuy thudc vao loai dén va
tily thudc vao dd 1di, né c6 thé thay d6i tir vai chuc dén vai trim von. Tuy
nhién, dién dp Vg4 gilfa catdt va dong cuc thi nhat phi duge an dinh chinh
x4c bdi dnh hudng cia né dén gi4 tri hiéu dung di chuyén cia dién ti phit xa
catOt cling nhu ti 1& gitta dong dién va quang thong bifc xa, chinh vi vay dién
4p nay cin 6n dinh nhd mot diod Zener. Dong dién I trong mach chiét 4p
thudng phéi 16n hon nhiéu so véi dong dién andt trung binh |, nhim dé ddm
bdo dién 4p cung cip cho cdc dong cuc cling nhu do 16i clia dén khong bi 4nh
hudng bdi dong di€n mach vong cia cdc ddng cuc tao ra bdi sy phdt xa thd
cap.

Ngu®i ta thudng chon 7> 100 la , 1¢6 tri gid trong khodng 0,1 + 1mA.

Pi€m chung (mass) cia mach dé c6 thé dit canh andt hoic catdt. Trong
trudng hdp dit canh andt, tin hiéu dién 14y tir dién trd tai c6 thé cung cip truc
ti€p cho mach do phia sau, cich mic nay thich hgp dé€ do ngudn sing cé su
thay d6i rit cham.

Hinh 9.32: Cdc loai két ndi dién tré tdi khdc nhau
a) Két néi truc tiép; b) Két ndi tu dién; c) Bién doi dong - dp.
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Trong trudng hgp diém mass dit gn catdt, dién trd tdi dugc ngin cdch
véi mach do phia sau bdi mot tu dién, cdch midc nay c6 1gi trong trudng hgp
quang thong thay ddi nhanh, ngudi ta nhan thay viéc dit di€ém mass gin catdt
€ 1am gidm nhitng dao dong dong dién viung tdi.

bién dp cao (HT) thudng c6 tri s6 trong khodng tir 700V dé€n 3000V, an
dinh d6 10i M va vi vy can 6n dinh, ta c6:

M _ | dVyr
M Vur

nla s& lugng dong cuc, véin = 10 dé€ d6 1gi M c6 @6 8n dinh 1%, dién ap
cao V1 cancé do 6n dinh 1a 0,1%.

3- Dong dién andt viing toi

Dong dién andt ving t6i |,, tuong dng véi trudng hgp khong cé quang
thong bifc xa, né c¢6 ngudn gdc:

- Sy phdt xa dién tir do hiéu ng nhiét ion héa catdt tao nén dong dién
catdt ving t6i |,

- Cdc dong dién rdo xuat hién giita cdc dién cuc, c6 th€ gidm thi€u cdc
dong dién ro xuéng mic d6 khong dang k€ biing cich tranh d€ dén bi 4m uét.
Trong di€u kién nhu vy ta c6: 1,5 =Ml

Dong dién vang tdi |, phu thudc vao:

- Giéng nhu dd 1¢gi M, phu thudc vao dién dp cao HT va dién 4p gitta cdc
dong cuc.

- Gi6ng nhu dong dién |, phu thudc vao nhiét do catdt, véi viéc lam
lanh & —20°C thong thudng cho phép gidm dong dién I, tr 10+ 100 Idn so
véi nhi€t dd mdi trudng.

4- Dy nhay

Ta co: I, =Ml

Do nhay M tuy thudc vat liéu phi cdc dong cuc, su bo tri va so lugng cdc
dong cuc, dién dp cao V1.

Iy = —q”(x:l(m B0 = 1, = M (V) TDTOR 5
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13 Tang _11Téng

o Téng
" A 9 Tang
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D6 Igi M

107 //
10° 4 ////
4

L
10 /
4/ '//

107

10°

6 Tang

\

600 800 1000 1200 1400 1600 Dién &p cao (V)
Hinh 9.33: D¢ loi M theo dién dp cao
va theo s6 dong cuc
Trong do ludng dong |, khéng vudt qud mdt gid tri cyc dai dinh trudc do
1gi M ddc 1ap ddi v6i |, va dic tinh cda dén nhan quang dién thi tuy€n tinh,
do nhay phd andt S,(A) dugc tinh:

Al ,
AD(L)
S,(W) =M (Vy1)S, (W)

v6i S, (L) 1a o nhay phd catdt.

) ()T QWA

S, (W) = e

Thong thudng cdc dai lugng trén ¢6 tri s6 nhu sau:
M: tix 10° + 10°
S, (Ap) : tir 10+ 100mA/W
S,(Ap): tir 10° + 10" A/W

bén nhan quang dién c¢6 do nhay 16n nén dudc dung trong viéc do ngudn
sdng yéu.

Su thay ddi theo nhiét clia dd nhay vé& dd 16n va vé dau tuy thudc vao vt
liéu 1am catdt va d6 dai séng vao khodng +0,1% + 1%/°C . P€ do dai lugng
quang mdt cdch chinh xdc, d&n nhan quang dién dugc bd tri lam thé nao dé€ c6
dugc nhiét do 6n dinh.

5- Thoi gian ddp iing

Tinh nhanh cia dén nhidn quang dién dugc xdc dinh bdi thoi gian di
chuyén cia cdc dién ti giita catSt, cdc dong cuc, andt. P8i vdi cdu tric cdc
dong cuc cho trudc, thdi gian di chuyén trung binh giita catdt va andt tily thudc
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vao gid tri di€én dp V1 :
haag soé
Ty = ==
Vit
v6i Ty, thudng c6 tri sd ti 10+ 100ns

So d6 mach dién tuong duong cia dén nhin quang dién va dién trd tdi
R, nhu hinh 9.34.

\'%

sy
Q

Il

1

O
o
W

0
3

Hinh 9.34: So do tuong duong ciia den nhdn quang dién
va dién tré tdi R,

véi: |, - dong dién andt

Ry - dién trd ndi cia dén nhan quang dién, Ry > 1020

C, - dién dung ky sinh giita andt va mass.

Trong trudng hdgp R, 0 Ry, hing s6 thdi gian ctia mach dién
T= Rme, ta co:

Thai gian 1én t;, va thdi gian xudng t;: t,, =t; =2,2R,C,

V6i R, =50Q, C, = 10pF = t. =t. =0,5ns.

Vi 6 liéu trén cho thdy viéc st dung dién tré tdi R, twong ddi nhd 1a
diéu c6 thé dudc do d6 nhay cao ciia dén nhan quang dién, diéu nay cho phép

lam gidm hiing s6 thdi gian clia mach dién.
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DAO DPONG KY, TIA AM CUC
VA MAY GHI X-Y

10.1 ONG PHONG PIEN TU (CRT)

10.1.1 Cac bd phan trong CRT (cathode ray tube)

Tim den F: Dung dé d6t néng catét cia CRT, dién the dot tim dén 1a 6,3
VAC.

Cat6t C: G bé mit ¢ phi mot 16p oxit kim loai khi ti€p thu nhiét ning s&
biic xa dién t& (hién tugng nhiét phdt xa).

Ludi diéu khién: C6 dang cdi ly bing nikel, c6 mot 15 d€ cho chim dién
tt qua, ludi diéu khi€n nay bao quanh carétr. Pién th€ phan cuc giita cardét va
ludi s& tao ra dién trudng diéu khién s& dién ti dudc phép ra khdi lugi. Khi
Vix (dién th€ giita u6i va catdt) cang Am thi s6 dién tif thodt ra khdi Iu6i cang
it, n€u Vg dat d&€n dién th€ ngung din thi chum tia dién t& khong thodt ra
dugc khéi ludi.

Bdn cuc gia téc Ay (H.10.1) ¢6 nhiém vu 1am ting t6c cho chum tia dién
t, bin cyc nay c6 dang hinh tru, mot ddu hd hudng chum tia dién ti di vao,
mdt diu kin chi chita mot 16 nhé tai tAm cho chiim tia dién t tip trung lai va
di qua.

A, Az: Hai bdn cuc nay phdi hgp véi bdn cuc A; tao thanh hé thdng thiu
kinh dién t& (H.10.2). Do su phan cuc dién dp khdc nhau gitta A, A, va A,, A;
ching ta c6 luc tinh dién tdc dong 1én chum tia dién ti, luc tdic dong nay phu
thudc vao cidc dudng ding th€. Cdc sy phan cuc dién 4p ndy thay ddi thi cdc
dudng ding thé thay d6i sé tao ra sy thay d6i do hoi tu clia chiim tia dién ti.
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Ldp than chi

Man
huynh
qguang

\/

)
= |= ° =
= Andt
] ] Chum tia dién tii (e )
0-2kV W\~ AW pién tr§ vong
- 2050V - 2kV | bao vé
6,3V +12kV o
NGUON CUNG CAP J
Hinh 10.1: OA,ng phdng tia dién tit CRT
Pudng déng thé
Chu tia dién ti (e) ,J \
] ~//_ -~ 1IN {
Chiéu lyc tinh dién A -k ——j)j;j/
Tacdong = \ \\\\_L )/~~~ ]

~ ] L

W~ 2KV

Ag

Hinh 10.2: H¢ thong thdu kinh hi tu chium tia dién tit

dung tinh dién

Bdn l¢ch doc va bdn léch ngang: Khi chiim tia dién t& di qua bdn 1éch doc
hoic léch ngang, thi dién trudng gitta hai ban cuc nay sé 14i chum tia dién t&
1éch theo chiéu doc va chiéu ngang bing lyc tinh dién (diéu nay khdc véi sy
1éch chim tia dién t& cia dén hinh trong ti vi bing luc dién tlr, nghia 1a c6
cudn day léch thay cho bdn cuc 1&ch). P9 1éch clia chim tia dién ti¥ theo chiéu

doc hodc ngang phu

thudc vao dién dp giira hai ban cyc.

Vi du 10.1: Bin cuc léch doc c6 hai ddu, mot ddu dién 4p (+E/2) mot ddu
dién 4p (~E/2) (H.10.3), thi khi d6 dién 4p giita hai bdn cuc 12 E vé phia trén,
do d6 chum tia dién t bi kéo 1éch vé phia trén.
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Ban léch a .
; Van téc quét doc

+E |

N for
{306
Ar/ Van t6c quét | ylech
ngang
E Man anh —»

2 Géc lech —

Hinh 10.3: Sy kéo léch chum tia dién tit
Con néu dién 4p (~E/2) & bdn léch trén va (+E/2) & ban léch dudi thi
chiim tia dién t bi kéo vé phia dudi.
bo 1é€ch tia dugc xac dinh:
d =VLI/2DV,,
trong d6: V - dién dp giira hai ban cuc
L - chiéu dai ctia bdn cuc
[ - khodng cdch tir bin cuc dé€n man dnh huynh quang
D - khoédng cdch giira hai ban cuc
Vi - dién dp @it vao bdn cuc so v4i mass.
Théng thudng dd 1éch dugc xdc dinh trén man dnh don vi (1V/cm). Do d6
dd nhay S dugc xdc dinh:
V(voa) 2DV,
d(cm) IL
Vidu 10.2: D = lcm; [ = 2cm, L = 15cm va dién 4p giita A; va catdt bing 50V.
Do d6 @6 nhay cua do 1éch:

S(voa/cm) =

2 x 1lcm x50V _ 100

S(V/cm) =
2cm x 15cm 30

(V/ cm)

Giita hai bdn cyc 1éch doc va 1é€ch ngang clia dao ddng ky c6 modt ban
chin ndi mass @€ ngin cidch dnh hudng dién trudng clia hai ban 1éch doc va
1éch ngang 1an nhau.

Man huynh quang: mit trong cia man 4nh dng CRT dugc phd mot 16p
phét quang, tuy theo vat liéu cda 16p phdt quang nay ma tia sing phdt ra khi
chiim tia dién t& ddp vao man dnh huynh quang sé c6 mau khdc nhau:
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Cha't phdt quang (Zn,SiO4 va Mn): cho mau xanh 14

Cha't phdt quang mudi sulfuric cadnium: cho mau vang.

LI Lép than chi xung quanh 8ng canh man 4nh thu nhan cdc dién t phdt
xa thit cip (cdc dién tif dip vao man 4nh doi trd lai). Do d6 dién thé Am
khong tich tu lai trén man dnh.

|/ Bién dp phan cuc cho andt ¢6 tri s6 rat I6n vao khodang kV (10°V) né
rdt manh (ting t6c) cho chiim tia dién tt dip manh vao man huynh quang.

LI Cdc vong dién tr§ hinh xody &c bén ngoai dugc ndi mass s& lam cho
céc dién tich tu, do dién trudng 16n gifta catdt va andt bi trung hoa dién tich.

10.1.2 Sy phan cuc cho cac by phan CRT

— 1 T T Z%Y‘ X,
6,31 VAC :l
. o L1 L1 L7
Y, ~ X,
Léch ngang NN
I I
L A —T—AMN—
P, P, Pe
- AM—W : \ o + Dién ap
Do sang Hoi tu Kh o AAA AAA thap
—Dién ap Léch doc
AWV
PS

Hinh 10.4: Mach phdn cuc ciia 6ng phéng tia dm cuc
1 Pién th& phan cyc cho ludi, vi du: —2 kV (Vg), khi thay d6i bié€n tr§ P;

dién th€ Vg thay d6i Vg = —1950V. Nhu vy Vg < 0 4nh hudng dén sy phéng
dién ti ra khdi u6i. Vay P, diéu chinh d6 sing cho chiim tia dién t(.
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L Bi€n tr§ P, thay d6i dién trudng cho cdc ban cuc hoi tu A;, Ay, A; nhu
di dé cap & trén, phan hoi tu chum tia dién .

Bién trd P; ding d€ thay ddi dién th& giita hai bin cuc léch doc. Vi du
con chay clia bi€n trd P; dich chuyén vé phia trdi thi dién 4p Y; ting so vdi
dién dp Y>, tia sang (chum tia dién t) bi kéo 1éch vé phia trén (phia Y)).

Con néu con chay léch vé phia phdi, dién th€ Y, gidm din so véi Y,
chiim tia dién tif kéo 1éch vé phia dudi (Y,). Khi con chay § giita bién tré P;
hiéu dién 4p giita Y;, Y, biing khong, chum tia dién tir khong bi kéo 1éch vé
phia nao.

U Bién trd P, diing d€ thay d6i chiim tia dién ti theo chiéu ngang (ly ludn
nhu phin diéu khién tia sdéng quét doc)

|l Bién trd P, c6 nhiém vu thay d8i dién 4p ban cuc phu d€ diéu chinh
do l1éch ctia chum tia dién tif do tr trudng nhiéu tao ra.

10.2 CAC KHOI CHUC NANG TRONG DAO PONG KY

10.2.1 Téng quat (H.10.5)

Tin Khuéch dai o CRT
hiéu doc
. | (h—
INT | &/
EXT EXT NgUéfJ
Kich © °[ °TnE cung cép €@ -
| (6,3 VAC
50Hz)
piainiuiinininiy piginii— iy (3] 4
I I o
I | Mach kich Mach ! hli(éhuo:'é::g _ | Khuéch dai
B hmitt vi phan v ngan
: Schmi p : cua gang
1 1
1 1
L e e e e e e e e e e 1

Hinh 10.5: Cdc khdi chitc ndng trong dao dong ky

L Nguén cung cdp @ tao ra dién 4p mot chiéu andt (vao khodng vai kV)

cho 1ué6i, catot, cuc gia tdc va tit cd dién th€ DC cho cdc mach dién trong dao

dong ky.

U Kh&i khuéch dai tin hiéu diéu khi€n chim tia dién t& quét theo chiéu

doc @.
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1 Kh&i tao tin hiéu ring cuva © 1am chuin thdi gian cho truc X ctia man
anh dao dong ky

LI Khéi khuéch dai tin hiéu diéu khién chum tia dién t& quét theo chiéu
ngang @.

L Khdi tao tin hiéu xung kich © cho su dong b¢ héa, diéu khién chiim tia
dién t& quét doc va ngang dé cho hinh dnh hién thi trén man dnh ddng yén
(nghia 13 phdi c6 sy phdi hgp ddng bd cho su diéu khién quét doc va quét
ngang ciia chum tia dién tr)

10.2.2 Khéi khué&ch dai quét doc (H.10.6)

1 1
1 . . 1
» | Tién Khuéch dai
L > —™ ;
Thanh do Mach giam : khuéch dai cdng suét

! 1
1

1

Hinh 10.6: Mach khoi khuéch dai quét doc

Tin hiéu vao thanh do (prope) dugc dua qua mach phin tim do (mach
gidm - attenuator network) d€ tin hiéu dwa vio mach tién khuéch dai
preamplifier) day 1a mach khuéch dai dién 4p nhu phan von-ké& dién tir.

Ngé vao clia mach phian tAm do c6 khéa S; cho hai cdch ghép:

U Ghép truc ti€p DC (direct coupling), tin hiéu DC va AC déu dugc dua

L Ghép gidn ti€p AC (alternative coupling) chi cho tin hiéu DC vao. Con
& vi tri O khéa S; ndi mass khong c6 tin hiéu vao.

Tuy theo vi tri clia nit thay d6i tim do (theo don vi Volt/Div), mach gidm
c6 khéa S, § vi tri tuong dng.

Sau d6 tin hiéu dua vao mach khuéch dai vi sai (9, Q3) c6 mach khué&ch
dai “theo dién 4p” (mach khuéch dai dém) Q;, Q,. Cudi cung tin hiéu & Cs, C;
(Vez — Ves) duge dua vao mach khuéch dai cong sudt (main frame amplifier).
Dién 4p & hai dau ra cia mach khuéch dai cong sui't dwa vao hai bdn cuc léch
doc (k&t hgp véi dién 4p DC ¢6 sdn clia ban cuc 1éch doc).
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Mach phan tam do
Mach tién khuéch dai
(mach khué&ch dai vi sai)

Tin hiéu vao

!

Hinh 10.7: Mach phén tdm do va mach khuéch dai dién dp
10.2.3 Khéi khué&ch dai quét ngang (H.10.8)

NGi AC
L .2
Tin hiéu vao © 1€ Mach giam
S|
NsiDc EXT o ] )
Vi tri Khuéch dai Khuéch dai
: —— >

khéa ngang day-kéo
INT Sa

Quét rang cua

Hinh 10.8: Mach khéi khuéch dai quét ngang

Khéi khué€ch dai quét ngang giong nhu khdi khu€ch dai quét doc. Ngoai
ra tin hiéu vao c6 hai cdch phu thudc vao vi tri ciia khéa S,. N&u khéa S, & vi
tri EXT, tin hiéu quét ngang dugc dua tir ngoai vao. N&u S, & vi tri INT thi tin
hi€u quét dang ring cua tir mach tao tin hi€u quét rang cua (sweep generator)
dugc dua vao.
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10.3 TRINH BAY TIN HIEU TREN MAN ANH CUA DAO PONG

KY

10.3.1 Sy phdi hgp cua tin hiéu y = f(t) va x =

DE trinh bay tin hiéu cin quan sét trén
man 4nh tin hi€u quan sdt dugc dwa vao
ngd quét doc (vertical input) con tin hiéu
séng rang cuwa & mach tao tin hiéu quét dua
vao ngd quét ngang (horizontal input).

Tin hiéu dang rdng cua nay con dugc
goi 1a tin hiéu chuén thdi gian (time base).
Nhu vay canh 1én cia tin hi€u quét ngang
12 dudng thiang ti 1& theo thdi gian t: X = Kt

Hé s6 K c6 thé thay ddi dugc khi thay
ddi tin s clia tin hiéu quét dang ring cua.
Cho nén khi tin hiéu vao, gid st 1a tin hiéu
sin, c6 biéu thdc:

y = Asinet

Khi d6 tin hiéu dugc bi€u dién trén
man anh:
Y = A sino(x/K)
Nhu vay su phdi hgp gita hai tin hiéu
quét doc va quét ngang cia hinh 10.9a,b sé
cho hinh 10.9¢ bi€u dién hinh dnh cda tin

hiéu trén man énh.

Kt
0 1 2 3 4 ms
av | s
1,5V F\\ |
0 f i : : >
ov| bl v a)
i R T T A
| 1 I | 1 | I 1
1 1 I | | | I |
1 [ I B 1 [
i R T T A A
1 1 I | 1 | I 1
1 ] I | | | I |
i R T T A A A
MR ERE R
0 X >
-1,5V "'V/E/Canh 1én |~
| B
-2V | O i Canh xuéng b)
'3
2/ "\ 4
I/ \\
[
6 1 2 9

6\._/8

7 c)

a) Naau vago dao fiodng doic
b) Naau vago dao fioang

10.3.2 Sy ddng b héa giira hai tin hiéu quét doc va quét ngang

G canh 1én OA cda tin hiéu quét dang ring cua th€ hién & hinh 10.9b s&

2 LN . ~ LN N N g R ~ z Nt .
cho tin hiéu sin xuédt hién trén man dnh dén di€ém s6 9. Sau d6 trong thdi gian

canh xuéng AB cda tin hiéu quét ring cua, chiim tia dién t dugc quét ngang

trd lai. Nhung trong lic chiim tia dién ti quay trd vé thi tin hiéu quan sat vin

ti€p tuc hién hitu theo thdi gian. Do d6 din dé€n diém bit didu & chu ky quét

thit hai clia tin hiéu khdo sdt khong ciing tai vi tri ctia 1an quét thit nhat (vi du
& 1an quét thi nhat (H.10.9¢) bit dau tai s6 (1) nhung 1an quét thit hai tai diém khic).

Nhu vay ching ta ¢é hién tugng tin hiéu quan sit trén man dnh chay

(nhanh hodc chim) trén man 4nh. P6 13 hién tugng khong dong bd cida tin
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hi€u quét ngang va doc.

| Trong thdi gian chum tia dién t& quay tré vé thi canh xudng cda tin
hiéu quét ring cua di vaio mach x6a dudng hdi (blanking), sé tao ra dién th&
IU6i Vi rat Am d€ cho khong c6 tin hiéu quét ngang clia chiim tia dién ti¥ xuat
hién trén man hinh trong thdi gian nay.

+Vee
v /‘\J Khuéch dai
! xung kich\ v
+ 02
O——— | Schmitt
Voz_[_\__/r Rw% — S, /
_ s k2 I
Vo \_/L\\'_ Ve = Vi phan

Khéi déng bo héa Xén
| . \—
c Y f [
S1
Mach

™| Hold-off
o B
A A

Khuéch daidoc  Khuéch dai ngang

Xung Xéa dudng
rang cua hadi

Cudn léch

. T ﬁ} — T 4 s, LINT /Il/
\‘\ IEXT <_[< =r
Ludi cat6t T

I

I \

__L '\5/ g \d/’ ‘ Vao - X ‘ \Xung x6a
= “VEE TVEE . . dudng héi
Khéng cé

dudng hoi

Piéu khién doc DBiéu khién ngang

Hinh 10.10: So do khé'i cia mach quét tin hiéu rdng cua

, A R
co sy dieu khién

U P& cho tin hiéu quan sdt va tin hiéu ring cua c6 cling vi tri khdi ddu &
mdi 1an quét, thi tin hiéu ring cua khong dugc tu do xudt hién ma phdi xuit
hién khi c6 xung kich ma xung kich c6 tin s& phu thudc vao tin hiéu quan sit
nhu trinh bay ctia s6 @6 khdi hinh 10.10.

Tin hiéu quan sdt dugc qua mach khuéch dai trigger (trigger amplifier)
tiy theo cdch 18y & ngd ra sé c6 tin hiéu V,; va Vo, trdi pha. Sau d6 dugc dua
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vao mach kich Schmitt, mach vi phan (differentiator), mach xén (clipper). BDay
12 khdi dong bé hda cho tin hiéu quét ring cua d€ cho tin hiéu ring cua xuit
phdt cling tai vi tri kh&i ddu cda tin hiéu quan sat & phan quét doc (H.10.11)

VE RVAv

ey i m— ——— ]k [ — -

N4

v _EFLV

a) b)

Hinh 10.11: Tin hiéu quét rdng cua dugc dong by
VJi tin hiéu sin quan sdt

Hinh 10.11a: D€ thé hién mot chu ky tin hi€u sin trén man dnh ctia dao
dong ky, thi tin hi€u xung kich (gai 4m) phdi xuit hién truc khi canh 1én cla
tin hiéu quét ring cuwa dat d&€n mic kich trén clia mach kich schmitt ngay tai vi
tri cudi cda chu ky cda tin hiéu sin khdo sdt. Pi€u nay lam cho canh cta tin
hiéu quét dot ngdt gidm vé “0”. PE bit ddu quét cho chu ky tin hiéu sin k&
ti€p cho di€m bit ddu gidng nhu trude. Nhu vay su hoat dong ciia tin hiéu quét
ring cua dudc diéu khién biing xung kich (gai 4m), dong thdi khi d6 tai canh
xudng cla tin hiéu ring cua ciing lam cho mach xéa duong hoi (blanking) tao
ra dién dp Vgk rat am d€ khong c6 chiim tia dién ti xuat hién trén man anh
(H.10.12).

e

a) b)
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Hinh 10.12: a) Tin hiéu khong cé mach xéa dwong hoi
b) Tin hiéu co mach xéa

Con & hinh 10.11b 13 sy thé€ hién hai chu ky ctia tin hiéu sin, thdi di€m
biat didu chu ky thi hai clia tin hiéu sin nhd c¢6 mach hold-off (khong cho tin
hiéu xung kich xué't hién) tai vi tri nay cda xung ring cua, cho nén tin hiéu
ring cua ti€p tuc quét ngang dé€ cho chu ky thit hai ciia tin hiéu sin dugc xuat
hién trén man dnh. Cho dé&n khi tin hiéu ring cua dat gin dén muic trén cla
mach kich thi xung kich (gai 4m) xud't hién d€ tin hiéu ring cua c6 canh xudng
va lam cho tin hiéu quét trd lui. Piém bit ddu clia tin hiéu quan sdt trén man
dnh phu thudc vao dién 4p ra cia mach khuéch dai dién dp kich (triggering
amplifier) dién dp ra nay dudc di€u chinh bdi bién tré Rjy nhu & hinh 10.13.
Khi dién dp ra c6 tri s6 gin bing mufc kich trén ciia mach kich schmitt thi diém
bit dau xud't hién cta tin hiéu sin & mic “0”.

_ /
]

a) b)

Hinh 10.13: Su thay déi dién thé’ DC cho mitc kich

dé diéu xung xung kich
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Hinh 10.13b: Khi dién dp ra § cdch xa mufc kich trén ciia mach kich
schmitt thi di€m bdt ddu clia tin hiéu quan sit xui't hién § mitc cao hon, phu
thudc vao khodng cdch ciia hai mic nay.

10.4 DAO PONG KY HAI KENH

10.4.1 Tong quat

D€ c6 thé cung lic quan sit dugc hai tin hiéu khdo sdt trén man 4nh,
ngudi ta thuc hién dao dong ky hai kénh (hoic nhiéu kénh). Trudc hét, cii ti€n
ong phéng tia dién tt (CRT).

f sy

IE_(dEs—
SHE_ A=

N—

/

e

Hinh 10.14: OA,ng phéng dién tit ¢ hai tia sdng

xud't hién trén man dnh

C6 hai loai:

- Loai hai catot phét ra hai chim tia dién t& (dual beam) (H.10.14a)

- Loai mot catSt phat ra mot chiim tia dién t& nhd khda chuyén déi dién ti
thuc hién tudn ty chum tia dién tf dugc quét doc § mdi kénh (do tin s&
chuyén mach 16n hon tin s& luu dnh ctia mit cho nén ching ta thi'y dugc hai
hinh dnh cta hai kénh trén cing m6t man dnh).

Nhu vay mach khuéch dai quét doc s& c6 hai mach cho mdi kénh. Tin
hiéu quét ngang tuin ty phdi hgp vdi tin hiéu mdi kénh A va B theo hinh
10.16.



322 CHUONG 10

Lai kénh A

Khuéch dai doc
Kénh A o—x— Lai kénh A
X >/ j \/

Khuéch dai ngang

Tin hiéu
thoi chuén

Khuéch dai doc

Khuéch dai vao
. o— Khué&ch
Kenh A daidoc /| N\
%’_/ L] Mach Khuéch dai ngang
N khoa
Kénh B inL g
ou— r’ dién tu —_— Tin hiéu
% / = "~ thai chugn
o— %
Dich chuyén DC

Khuéch dai vao

Hinh 10.15: So do khé'i dao dong ky

o
R

—
N

d)

Hinh 10.16: Sy trinh bay tin hiéu & hai kénh trén man dnh
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3§ chu ky thi nhd't tin hiéu quét ngang phdi hgp vdi tin hiéu sin cho kénh
A.

3 chu ky thit hai cda tin hiéu quét ngang phdi hgp vdi tin hiéu dang ring
cua cia kénh B (H.10.16¢).

K&t qud hai tin hi€u & hai kénh cung xuat hién trén man anh.
10.5 THANH DO (PROBE) CUA DAO PONG KY

Thanh do clia dao ddng ky c6 hai mitc thay d6i dién 4p.
- Mitc dién dp 1: 1
- Mitc dién 4p 10: 1.
bién dung
C. - dién dung ky sinh cia day din.
C; - dién dung ngd vao quét doc.
R; - dién trd vao cla ngd quét doc.
trong trudng hop nay téng trd vao clia ngd quét doc:
Z = [CC +C ]// R
Trudng hgp thanh do c6 bd gidm 10:1 (H.10.18). Trong thanh do c¢6 dién
tré Ry, tu C;, Cs (thay ddi) Cc khi ¢6 dién dp vao V; cla ngd vao quét doc V;:
_ [(C, +C, +C)IR]
' MG IRIIC + G+ CIR]]

bit: C, =C,+ C. + C,.

v - C, /IR, v 1
"M CR)+(CIIRY) Y (GRY)
(C,/IR)
do d6 d€ thanh do c6: V, =V,
thi: GIRy g
C, /IR,
Nghia Ia: _Rl =9 .Ri
1+joCR,  1+joCR,
hoidc: &—QM

R 1+joC,R
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Nhu vdy d€ cho tin hiéu ngd vao quét doc gidm di 10 14n va khong phu
thudc vao tin sd tin hi€u thi phii thda thém di€u kién sau: C;R; = C,R;, khi
dé R = 9R;

VWi

= CC Ci -~

R SRR B S Sl
e R et L

Hinh 10.17: Thanh do khdong c6 gidm dp

Cy

]

o———w—
I:t1

’\g
§
:

Hinh 10.18: Thanh do c6 gidm dp 10:1
Vi du 10.3: R, =9MQ; C;=10pF; R,=2MQ; C, (khoag bief); C,=10pF;

C, 12 tu dién thay d6i (c6 tri s6 16n nha't 100pF), suy ra mudn cho mach do 1a
b6 gidm 10:1 va khong phu thudc tin sd tin hiéu thi:

R,C, 9MQ
C, = C,+C+C, =—21=—""10pF =C, + C, + 10pF = 90pF
2 c S i Ri 1IMQ p S c p p
Suy ra: C;+ C.=80pF

Khi d6 né€u C, trong khodng tir 1pF d&€n 80pF thi chiing ta thay ddi dugc
C, dé thda diéu kién trén. Trong trudng hgp C. > 80pF thi phdi thay ddi C; cho
phu hgp.
Gid st C. = 100pF, thi C; phdi thay tri s6 16n hon (vi du C; = 15pF).

Khi d6: Cy + 100pF = (135pF — 10pF); diéu chinh: C, = 25pF.

Khi dua tin hiéu xung vudng vao, sé cé 4nh huéng d€n dang cda tin hiéu
tu C; vd C; nhu di néi & trén. N€&u tin hiéu xung vudng xud't hién trén man
anh c¢6 dang hinh 10.19a.
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L

a) b) c)

Hinh 10.19: Cdc dang tin hiéu xung vuéng ddp vkng

vdi tin hiéu xung vudng dua vao ngé quét doc

Piép ting ciia mach RC ngd vao cla dao dong ky khong thich hop vdi tin
s6 cao (b3 chinh tin s& y&u). Khi d6 chiing ta diéu chinh Cs d€ tin hiéu xung
vudng c6 dang nhu hinh 10.19¢ (b8 chinh tan s& diing).

Né€u tin hiéu xud't hién ¢6 dang nhu hinh 10.19b mach RC ddp d@ng qud
mifc d6i v6i canh 1én va xudng clia xung. Chiing ta phdi diéu chinh tu C, &€ c6
ddp dng nhu dang hinh 10.19¢c.

10.6 BO TAO TRE

Da&i vdi tin hiéu khdo sit ¢6 tan s cao, d€ cho van toc bay clia chiim tia
dién tir catdt d&€n ban l1&éch doc hoic 1éch ngang, phit hgp vdi tdc d6 truyén cla
tin hiéu tr ngd vao d&én ban cuc 1éch doc hoic léch ngang, ngudi ta thudng cho
tin hiéu di qua bd tao tré (vi tdc do truyén tin hiéu 16n hon van tdc bay cla
dién t).

Bo tao tré thudng c6 hai dang loai day song hanh hodc diy ddng truc, cé
hai dang mach nhu sau:

L/2 L L L L/2
Dang 1: o T BT B0 0~~~ - O——Tf™ m_o_l
T—=C =cC =c R
(tai)
o 0-----0
L L L L L/2
Dang 2: o—rmw T T &Tmﬂr T
Ck== C== C== c c= cr= 3R
'|' (tai)
o 0-----0

Hinh 10.20: Mach tao tré

Khi tin hiéu di qua mdt mach LC, né sé& c6 thdi gian tré 1a:
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t(s) =LC {L(H), C(F)}
Khi d6 tin hiéu di qua n bo sé& c6 thdi gian tré: T = nt
Va dién tr§ tdi R = \/L/ic dé€ c6 sy diéu hop téng trd, gitip cho cong
sud't tin hiéu ra khong bi suy gidm.
Vidu 10.4: T =0,25usec; n=11boadR= 600Q. X4c dinh t, tri s6 L va C
Gii: Thoi gian tré cda 1 bd t=0,25x10"%/11sec
Do d6 ~/LC =0,25x107%/11sec vagR2=L/C = 600

Suyra L =600%C ;vC?x600% =(0,25x10"%)/11sec

-6
c_025x10° 2500 . 1,
11x600 66

C =37,87pF # 38pF
L =36x10%x38x107*? # 13,68uH

U Loai day ddng truc.
1m
V(m/s)
V: téc do truyén tin hiéu, véi V =1//LC , L, C1a dién cdm va dién dung
clia cdp dong truc.

Khi tin hiéu truyén qua day cé thdi gian tré t(s) =

1- L&i polyetilene

2- D&y kim loai xodn 6¢

w

- Lép cach dién

4- Day dan ngoai

5- VO boc bao vé

Hinh 10.21: C&u tao ciia ddy dong truc
Vi du 10.5: Cdp ddng truc ¢6 L =10uH ; C = 40pF. Xdc dinh ¢
Giai: Thoi gian tré t cda tin hiéu truyén qua day
t=1/V =1/(I/A/LC) =JLC =v4x10° =2x1078sec = 0,02usec

1

1 8
= =0,5x108m/s
JLC 2x10°®

Do d6 tdc do truyén tin hiéu: V =
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10.7 UNG DUNG CUA DAO PONG KY

10.7.1 Po bién d va chu ky
Po bién dj: Phu thudc vao nit phan tAm do (theo don vi Volt/Div).
Vidu 10.6: Nhu & hinh 10.22 bién @6 dinh cia céc tin hiéu:
A : V4 =450mV (p-p);
B : Vg =200mV(p-p)
Do chu ky: phu thudc vao nit chu ky cla tin hiéu quét ring cua (don vi
usec/div) .
Chu ky cia tin hiéu A:
2T, =8,8divx0,5 msec/div = 4,4msec= T, =2,2msec
Chu ky cda tin hi¢u B:
Va= (4,5DIV)x 100mV/DIV; Vp= (2DIV)x 100mV/DIV
2T, = (8,8DIV)x 0,5ms/DIV; 6T, = (8,8DIV)x0,5ms/DIV

8,8DIV

TIME/DIV

™
R B B

: il Nl linluluki dnlulnis
o N

\
)

4,5DIV

Er—

HHHHHHHHHHHANNHEEHHHHHHHHHHHHHHHHHH

AN A
2D1'V /\\1[1(\\:/\1\[\4
KR V) & S

Hinh 10.22: Cdch tinh bién dj va chu ky ciia tin hiéu quan sdt

6T = 8,8divx 0,5msecldiv = 4,4msec
Tg =4,4msec/6 = 0,73msec
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10.7.2 Do sy léch pha giira hai tin hiéu (H.10.23)

i 8DIV i
V. N /
HH iiil H+H II:Hi\éiﬁ“'mI{H HHHHHH
/ |
| £\ /
i ) i

Hinh 10.23: Cdch tinh sy léch pha gita hai tin hiéu A va B

Tin hi€u A va B c6 su léch pha dugc tinh theo truc thdi gian:
AU/T =1,4div/8div=0,7/4ma T =2nradian =360° suy ra géc 1éch pha a
tuong ng véi At:

o= %360° = 360°><% =63°

| Duing hinh Lissajous d€ do su chénh 1éch pha giita hai tin hiéu (H.10.24). Tin
hi€éu A dwa vao ngd quét doc, tin hiéu B dua vao ngé quét ngang.

LI A, B cuing pha: hinh Lissajous 13 dudng thing (H.10.24c).

U A, B trdi pha (H.10.24d)

U A, B 1éch pha 90° (H.10.24e).

LI A, B 1éch pha bat ky hinh elip (H.10.24f, g). sino. = 2B/2A
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12 3 4
Man hinh
Tin hiéu '\ Man hinh
vao doc Tin hiéu >
vao doc i,
Tin hiéu o
Tin hiéu vao doc 6=90—=0 =3 1 | 13
Va0 ngang |
Tin hiéu 7 Bt
a) vao ngang / \/ 4
Man hinh a)
Tin hiéu
vao doc
Tin hiéu
vao ngang U A
Tin hiéu "\
b) vao doc Man hinh
12 3 4 6<0<90° |° \ p
A
Tin hiéu Man hinh ) .
vao doc b Tin hiéu j \
\J 7 vao ngang \ /
N/
Tin hiéu
i id
vao ngang b
©) AN\
Tin hiGu \ Man hinh
vao doc
. i a N N \ N \\\
Tl‘n hiéu Man hinh 90°<0<180° o N
vao doc J ™ — <
Tin hiéu /-\
/-\ vao ngang A \ /
Tin hiéu . N
' N’
vao ngang |
d) £

Hinh 10.24: Diing hinh Lissajous dé do sy léch pha

gitta hai tin hiéu
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Vi dy: 2A = 6div, 2B = 4div, sina=2/3 = o = 41°8
(trudng hgp hinh elip vé phia phai).
a =131°8 (trudng hop elip vé phia trdi)
T TIME/DIV

9%

10%

Hinh 10.25: Cdch tinh t,, ty
10.7.3 Do thdi gian 1én t, cia xung: theo dinh nghia tir 10% bién
do dén 90 % bién do
t, = 0,5divx 5us/div=2,5usec
Va thdi gian xudng t; =0,6div x 5usec = 3usec
Con toc dd ddp dng clia xung & canh 1én.

AV _ 3,6divx 2V/div

= 2,9voé/usec
t, 2,5usec

10.7.4. V& dic tuyén V-I ciia linh kién dién ti
L V& dic tuy&n I, = f{V,) (H.10.26a)

Mach dugc phan cuc bdi tin hiéu ring cwa hoidc tin hiéu sin, dié€n dp hai

ddu dién tré R; vao ngd doc Y, c6 dién 4p hai diu diod dua vao ngd quét

ngang X (di€m 0 ndi mass ctia dao dong ky).

Dic tuyén I, = f{V,) dugc xudt hién trén man dnh dao dong ky (H.10.26b)
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(mA)
= 18
B 15
S -41
Ti Y b e {3 11F
l—»] ) ) ¥ 1o
I. 2R, Pau vao doc S )
/Il/ 1kQ O may hién song S f
I 1o % b
= V.= Pau vao ngang
Tl X [maynienson T T Y P
y i€ 9 (V) 0,7 0,60,50,40,30,20,1 0
- VF
a) b)
] It (ma)
- 16
Ig=50pA 2 s
Ig=40pA 3 144
1g=30uA rrmrrr—— : 1H-H— 431
IB=20}1A f . 2
Iz=10pA : 44
0

(VY 87 6543210

Hinh 10.26: Mach vé ddc tuyén 1, = f(Vy) va I. = f(Veg)
ciia diod va transistor

a) Mach vé ddc tuyén V - I ciia diod

b) Ddc tuyén 'V - I ciia diod trén man hinh dao déng ky

¢) Mach vé ddc tuyén Vcr - Ic ciia transistor BJI theo théng sé I

d) Ddc tuyén Ver - Ic trén man hinh dao dong ky

LI V& dic tuyén Ic = f{Veg).

Cuc nén dugc phan cyc bdi dién 4p mot chiu Vg thay ddi, p A- k€ theo ddi
dong phan cuc Iz. Pién 4p cda tin hiéu ring cua dugc cung cip cho cuc C-E
cla transistor (c6 thé cung cip bdi tin hiéu sin nhung phii mic ndi ti€p vdi
diod chinh Ivu ban ky duong cung cip cho mach).
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10.8 VON KE TU GHI KET QUA (Voltmeter Recorder)

Nguyén Iy hoat dong:
Dung phuong phdp do dién dp biing bi€n trd tu cin bing (self balancing
potentiometer) (xem hinh 10.27).

+

boéng co servo

- _| RE
= ©

Hinh 10.27: Mach nguyén Iy cia mdy vé X - Y

V. =V, —KE # 0 sé& dugc khuéch dai bdi A, di€u khi€n dong co servo M
quay theo chiéu kim ddng hd né€u V, >0 hoic quay ngugc lai né€u V, <0, qua
hé théng truyén dong cd hoc sé lam dich chuyén con chay ctia bién trd do
ludng R, d€ diéu chinh dién dp KE cho d&€n khi V, =0 thi dong cd dirng lai.
DPdng thdi cling 1am dich chuyén but ghi k€t qud do V; trén bing gidy.

So dé khé'i ciia vén ké tu ghi két qud do:

So @b khdi dugc dién t3 bdi hinh 10.28

Von k& tu ghi ¢6 dic di€m nhu sau:

- Pédp ttng v6i nhitng tin hiéu V; thay d6i c6 tin s6 thap (do ddp dng tan
s0 clia hé thong co hoc).

- Sy tuyén tinh phu thudc vao do tuyé€n tinh ctia bi€n trd do ludng.

- Po dugc nhitng dién dp khodng millivon (millivon-k€ tu ghi), khong phu

thuéc vao ndi trg cia ngudn dién dp do.
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|_| Bién trg do ludng
Jrd | E

Nguén
° ° 6[‘! ép DC

V=KE

Poéng co

&l

=

Bang giay ghi—

D 4—Truc thdi gian

q béng co= i
N servo =

/\./'\,/*_/f\/ AN

Budng
biéu diénV,

Hinh 10.28: Von-ké tu ghi két qud trén gidy theo thoi gian

10.9 MAY GHI TREN HE TRUC X - Y (X - Y recorder)

P a N Mach
Tin hiéu vao x khuéch
— ] )
Mach | dai servo
khué&ch dai A

AR Ban vé
dién ap sai biét IA“Q e 4 b
R, servo
E _____________________ ———— —————————
s 1
1

. 1
jijt i
1 . |
1 . .
N Y Pong co / - But ghi
e sevo _(0)--1- H
\Y
Mach

Knuecn aai
o—| dién ap sai biét I Mach %
> ap ; khuéch
Tin hiéu vaoy dai servo

Hinh 10.29: So dé khé'i ciia mdy ghi X — Y
Midy ghi X - Y gdm c6 hai khdi hoat ddng trén nguyén ly bi€n trd tu cin
bing.
Biit ghi V di chuyén trgt trén thanh H khi dién 4p vao X thay ddi.
Thanh H di chuyén theo tin hiéu vao Y trgt trén thanh S.
Ham truyén cda tin hiéu y theo x dugc bit ghi vé trén gidy khd A, dit
trén bdn vé D.
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PHU LUC
1. PE THI KY THUAT PO - LGP DD 96 - HQC KY 2/99

Cau 1: a) Gidi thich tai sao phdi dung hé s6 dang k; va hé so dinh k, trong
von-k€ dién tir do dién dp A.C.?

b) Cho bi€t quan hé tin hiéu ra cia mach tich phan hai d§ ddc trong bién
ddi A/D ctia von-k€ chi thi s6 theo dién 4p do Vi, dién dp chudn E,, th3i gian
nap t; va thdi gian xa ¢, ?
Cau 2: a) Cho biét sy chinh xdc clia phan t& do ding ciu do phu thudc vao
yé&u t& gi clia cdc phan ti¥ trong cau do?

Hinh 1

b) V&i mach ciu do & hinh 1, hdy tinh L,, R, va Q clia cudon diy can do
theo cdc phan tif con lai ctia ciu khi cAu cin bing.
Cau 3: V& mach do cong suit tic dung, cong sudt phan khidng vd cos¢ cho
tdi ba pha diing watt-k& ba pha, var-k& ba pha loai 2,5 phin tit va Cosp-k& ba
pha k&t hgp véi bi€n dong.

Phan ty chon (SV 1am phan A hoic B)

Phan A
Cau 4a: Cho mdt von-ké& dién dong c6 thang do DC va AC triing nhau tai tin
s0 £,

a) Hiy vé mach tuong duong cho von-ké trén

b) Tinh sai s6 tuong ddi [Vac —Vpc/Vac|100% theo cdc thanh phin
twong duong R va Lo khi do dién d4p AC tai tan s f|.

c) Ap dung khi f, = 50Hz; f; = 1kHz; L = 100mH; R = 1kQ..
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Cau 5a: Cho mach do nhu hinh 2

FFes

“Rg

Hinh 2

a) Xdc dinh R, Zi (t3ng trd vao).

b) Tri s6 thm do V, V;, khi tim do V,=0,1V, R;=900kQ, R, =90kQ,
R; =10kQ ; Ips = 50pA ; Rg =1kQ
Phian B
Cau 4b: Ngudi ta do mot dién trd c6 tri s6 danh dinh 12 20k Q bing von va
ampe theo hai cdch ré dai va ré& ngin. VGi ampe c6:
ndi trd Ry = 1Q; von-ké& c6 thang do 0 — 50V va do nhay 20kQ/V .

a) Hay tinh gid tri dién tré do dudc tir hai cdch trén theo s6 chi clia von
va ampe.

b) Tinh gid tri sai s6 tuong ddi phan trim cla hai s6 liéu do trén. Tir d6
hay cho bi€t nén dung cdch do nao thi phu hgp?

Cau 5b: Cho mach do dong nhu hinh 3. Bi€t ring khung quay ti dién c6 Irs =
50uA,

Rg = 2kQ; V5 (RMS) =+/2/2 (V); 1,(RMS) =1,00005+/2 (A);
I,(RMS) = 3,00015/2 (A). Tin hiéu do ¢6 k,, = k; =+/2.

a) Hay vé dang cia dong dién cin do.

b) Tinh céc tri s6 cla dién trd R; va R, theo tri hiéu dung ctia cdc dong
dién cho trén hinh 3.

¢) Né&u dong dién do c¢6 dang sin thi cdc thang do mdi sé 12 bao nhiéu néu
cdc dién trd nhu ciu b.
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Hinh 3

2. PE THI KY THUAT PO - K95 NAM HOC 97-98

Cau 1: Cho biét nguyén ly hoat dong clia mdy do dién trd dat dung ti s6 k€ tir
dién (H.1). Trong thyc t& dong I, I, va dong qua dién trd dat 1a dong DC hay
AC. Pién dp E;, E; 1a DC hay AC. Nhu vdy mdy do thyc t€ ¢6 thém bd phin
gi?

Cau 2: Trong cau do (H.2) sinh vién hiy cho biét cau do nao do cudn diy Z c¢6 Q
16n va cudn day Z c6 Q nhd. Tinh Ly, Rx, Q cho hai dang ciu do.

Hinh 1 Hinh 2
Cau 3: Tai sao tin hiéu thdi chudn (tin hiéu quét ngang) trong dao dong ky cé
dang rang cua? Gidi thich.
Cau 4: Gidi thich watt-k€ 3 pha 2(1/2) phin t& dugc chuyén thanh
var-k€& do cong suit phan khdng tdi 3 pha thuc hién nhu th€ nao? N&i mach do
(H.3) cho hgp ly.
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Hinh 3 Hinh 4

Cau 5: Khdo sdt tin hiéu ra cda mach tich phan hai do doc (H.4).

a) Cho biét t;, 1, V, c6 dic di€m gi va phu thudc vao y&u td nio clia
mach do va dung lugng clia bo d€m.

b) X4c dinh dién ap do (V)wmax khi dd doc 16n nhit (K)yax = 1mV/msec. Cho biét
dung lugng bd d€m 2000 xung c6 chu ky T = Imsec.

Cau 6: Khio sdt mach do va dang tin hiéu do (H.5).

a) Xéc dinh dién trd R khi Vp = 0,3V (RMS)

CdciudoM (Iyax =50 A, R = 1IKQ)

Hé s0 dang k¢ = 1,155; Hé s0 dinh k, = 1,732.

b) Véi R da dugc xdc dinh & cdu a, thi Vpe (hinh sin) cé tri s6 bao nhiéu?
Bi€t k;=1,11;k,= 1,414

Vin A

—~ FoHE T S
el mi N7

Hinh 5

Vin

—-

.||||_
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3. PE THI MON KY THUAT PO LGP DD95

Cau 1: Cho biét khdc nhau ctia nguyén 1y do clia Ohm-ké& thudng va Ohm-ké&
dién tad.

) ) %)
Hinh 2

R' T‘). e
al

Se w V. R,

7

._w_ i V, R, R = 2kQ
Ra 18K +1,,,= 50uA
N©® Rq R = 1kQ
2K
Hinh 3 Hinh 4a

CAu 2: a) Cho mach do sau day (H.1) x4c dinh Ly, Ry, hé s6 Q clia cudn day.
b) Cho biét tai sao phai diing Q-k& dé do hé s6 Q & tin sd cao.
Cau 3: Gidi thich nhiém vu cla ti‘ng khéi trong hinh 2.
Cau 4: a) Cho bi€t vu diém cda watt-k& 2,5 phan tif so vdi watt-k€ hai phdn
ti.
b) N6i mach do hgp 1y cho hinh 3.
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Mach theo dién ap

T
1
1
L6i vao v i
1
1

+V

A AP |

i 10kQ o
Iz} Dong chudn |
4 _V |
] 1
; = ;
i = i
[ . EEE (O = I YUy iy Sy Sy Sy S Uy S U - S ——
1 1
1 1
i i
i > . i Hinh 4b
! R, Ngudn !
i v dong |
; Pre-amplifier Main
Signal A | and 0000 Vertical
Attenuator Delay line Amplifer (
J==; I; =
| —7| = ﬁ
T
L N
; = Delay line :
Signal B |Pre-amplifier Main
— and > m Vertical
Attenuator Amplifer
Trigger
Selector
A/ “switch
S Triaaar Sweep Horizontal
B P ; T IISUUI - Ld o M AR .l =
< Circuit ”|Generator > Amplifer
ExT—T l
Line Hinh 5

Phan ty chon (Chon ciu 5A hosic 5B)
Cau 5a: Cho mach do sau (H.4a)

a) Xdc dinh R;, R,, R; khi Z; = IMQ (t8ng trd vao) va V, = IV(DC), V; =
10V(DC).

b) Xdc dinh V’;, V’,, V'3 (AC) khi thém diod ndi ti€p vdi cd cau chi thi c6
Vp=0,3 V (R;, Rs, R; vin c6 tri s& khong d6i).
Cau 5b: Cho mach tich phan hai d6 déc (H.4b). Xung vuong diéu khién c6 ban
ky tuong duong vSi 1563 xung clock, bi€t ring xung clock c6 tan s 1MHz.
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Thdi gian T, tuong duong véi 1500 xung clock, khi dién dp can do V; = 1V.
Hay tinh tri gid nguén dong I khi Rs = 10kQ, C; =0,1 u F.

4. PE THI MON KY THUAT PO HK1 1999-2000

Cau 1: a) Chirng minh géc quay cda khung quay dién dong ti 1€ thudn véi
cong suit tdc dung clia tdi xoay chiéu.

b) Trinh bay tat cd cdc phuong phdp do cong suat tdc dung cda tdi ba pha
bing watt-k€ mot pha.
Cau 2: Mot ohm-ké€ c¢6 mach do nhu hinh 1. Cho biét co cidu d6 c6 noi trd
Ry =5kQ, dong |-g =100pA, ngudn V; = 3,2V, khi Ry =6kQ kim léch
nita thang do. Tim gid tri cia R; va R, (bi€t R; 16nhon R,).
Cau 3: Cho mach do hinh 2a va dang dién ap nhu hinh 2b.

a) Tinh gid tri dién trd R. Bi€t ring khung quay c6 |pg =50uA,
R, =1kO

Tin hi€u do ¢6 hé s6 dang K; = 2/\/5 ; hé s0 dinh K =3

b) Tir gid tri R vira tinh, n€u tin hiéu do c6 hé s& dang K, =m/2v/2 ; hé

s6 dinh K, =+/2 hay tinh gid tri hiéu dung 16n nhAt cda tin hiéu ndy ma méy
do dugc.
Sinh vién chon mot trong hai phan sau:
R1

AAA
VWv

Hinh 1 Hinh 2a Hinh 2b
Phan A
Céu 4: Ung dung céc dang ellip lissajour d€ 14y mAu tdn s6 mot mdy ph4t tin
hi€u dang séng sin.
Cau 5: Phuong phdp tron séng dé€ do L hoic C.
CAau 6: Trinh bay ro phuong phdp nic thang trong von-k€ s6.
Cau 7: Mach bi€n ddi dang tin hiéu tam gidc sang dang sin.

Phan B
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Cau 8: V& so dd khoi clia tang dong bo trong dao dong ky tia 4m cyc. Dang
séng sau mdi khdi? Nguyén tic d€ tao séng ring cwa & mach quét?

C4au 9: Nguyén tic hoat dong ctia Q k&? Cdch do L va C bing Q k&?

Cau 10: Phuong phdp tich phan hai d6 doc (sd dd, dang séng, bi€u thifc tinh).

5. PE THI MON KY THUAT PO HK2/ 1999-2000
LOP BT98 PCN PT VT

Cau 1: Cho biét nguyén 1y phan tim do clia ampe k& thudng va ampe k& dién
t, gidi thich?

Cau 2: Cho biét tai sao c6 hién tugng khong ddng bd cida tin hiéu quan sit
trén dao dong ky? Lam th& nao dé€ c6 su ddng bo?

Cau 3: Viét phuong trinh cin bing cda cdu do (H.1).

Tai 3 pha

R

Hinh 2 s —HF—
T
N
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Xdc dinh Zy = Rx + jX (X 1a cdm hoic dung khing) dé€ sao cho tri s cda
phan ti do khong phu thudc vao tin s§ va tinh hé s6 Q (hoic D) clia phan t
do?

Cau 4: V& mach do cong suit tic dung va phan khdng clia tdi ba pha véi watt-
k€& ba phan tf va var-k& 2,5 phan tif theo hinh 2.
Cau 5: Cho mach do sau day (H.3):

Mach do c6 chd sai s6t, hdy vé lai cho ding; bdo chi thi c6
| ax = BOpA vagR,, = R =1kQ. Xdc dinh R; d€ cho tri s6 R, ... =100Q & tdm
do X1.

Khi thay ddi tam do (X10, X100...) thi R; c6 tri s6 nhu th& nao?

Phu luc: Dang tin hiéu va hé s6 dang K; — hé s6'dinh K 0

. Heé so
Tri hiéu Tri trung dang Hé s& dinh
Dang tin hiéu dun, binh i ’
ang v 1ng 1 B RMS KP
RMS MAD = MAD
. . V. 2 b J2 =
Séng sin —_m Zv T 1111 2=1,414
O%Lvn N 2
0,707 Vp, 0,637 V,
OLFD/W Xung vudng Vim Vin 1 1
doi xitng
Vol Sén ig Vin Vin 2 _ J3=1,732
g tam gidc —mn —n — =1,155 >
0%[ - ; 7
hodc ring cua
Chudi xung
X Vm\/ﬁ Vi A s
n b6 rong \/ﬁ \/ﬁ
T
1 o =i Vm Vm 1 1
V., 1-n
\ 0,25 0,3333 0.5V 0.25Vy 2 2
Bé rong xung n
0,0625 |  0,0667 0,25V, | 0,0625Vy, 4 4
0,0156 |  0,0159 0,125V, | 0,0156V, 8 8
0,01 0,0101 0,1V, 0,01V, 10 10




343

Tai lieu tham khdo

David A. Bell, Electronic Instrumentation and Measurements, Prentice
Hall International Edition.

Larry D. Jones and Foster Chin, Electronic Instruments and
Measurement, John Wiley & Sons, xudt bdn 1an 1, 1987; Practice Hall
International,

H. S. Kalsi, Electronic Instrumentation, Ta Ta Mc Grawhill Publishing
Company Limited - New Delhi, 1995.

Clyde F. Coombs Jr. Edition Chief, Electronic Instrument Handbook, Mc
GrawHill Inc, 1995.

V. Bopov, Electrical Measurements, Mir Publisher - Moscow, 1982.

Georges ASCH ef collaborateurs, Les Capteurs en instrumentation
industrielle, Dunod e’dition, xuat bdn 1an 3, 1998.





