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Chuong 1
KHAI NIEM VE PO LUONG

B

1.1 KHAI NIEM VE PO LUGNG

Do ludng 1a qué trinh so sdnh, dinh lugng giita dai lugng chua bi€t (dai lugng do) véi
dai lugng di dugc chuin héa (dai luong miu hoic dai lugng chuin).

N ow vdy. céng vige do %&o’w (G 1y hict? by do veo 4 &%}y g
Ahdio 3G/ vi guan 30/ £ed gud do cic dgr %&Zvy ciin il

Ton fszer e - 12 tin hiéu mang thong tin vé gid tri cda dai lugng do ludng

% lwtpng e 12 thong s6 xdc dinh qud trinh vatly cla tin hiéu do . Trong mot qud
trinh vat Iy c6 nhiéu thong s6 nhung trong mdi trudng hdp cu thé , ta chi quan tAim d€n mot
thong s6 cu thé . Pai lugng do dudc phan thanh 2 loai 1a #r lupng oo licn dink v
s lapng o ngiu nkiésn . Dailugng do tién dinh 1a dai lugng do da biét trude quy lult
thay d8i theo thdi gian cla ching va dai lugng do ngiu nhién 13 dai lugng do ma sy thay
ddi clia ching khong theo quy luat nhat dinh

This7 by e 1a thi€t bi ky thuat ding d€ gia cong tin hiéu mang thong tin do thanh
dang tién 1¢i cho ngudi quan sdt . Thi€t bi do gdm c6 : £rd/ by midéer . caic al@%é}a 7
e %&0’/@ . che dung cu de . chéc /o‘}/o’/z 1hre7 by o %J’OW v e Z%W &%f&y
lin Ao ludng
1.2 PAILUQONG PO LUONG

Dua trén tinh chd't co badn clia dai lugng do, ching ta c6 thé phin dai lugng do ludng
ra thanh hai loai cd ban

- DPailugng di€n
- Pailugng khong di€n
1.2.1 Dailugng dién
Pai lugng di€n dugc phan thanh hai dang
- DPailugng dién tdc dong ( active )
- DPailugng dién thuy dong ( passive )
Pai lugng dién tac dong



Pai lugng dién tdc dong l1a nhitng dai lugng dién ¢ sin ning lugng dién nén khi do
ludng cdc dai lugng nay , ta khong cin cung cip cung cip ning luong cho mach do . Pai
lugng dién tdc dong nhu dai lugng dién 4p, dong dién, cOng suit . . .

Trong trudng hop ning luong ciia dai lugng can do qud 16n sé dudc gidm bét cho phil
hdp v6i mach do . Vi du dién 4p cdn do qud 16n , ta c6 thé st dung cAu phan dp d€ cho phu
hdp v6i co ciu do hay thong qua mot thiét bi khac dé gidm nhd ning lugng cin do hoic khi
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Trong trudng hgp ning lugng qud nhé thi duge khuéch dai di 16n cho mach do c6 thé
hoat dong dugc.

Pai lugng dién thu dong

bPai lugng dién thy dong la cdc dai lugng khong mang ndng lugng dién . Vi vy khi
do ludng cdc dai lugng loai nay , ta can phai cung cAp ngudn ning lugng dién cho mach do .
Dai lugng dién thy dong nhu dién cdm , dién tr§ , dién dung , hd cdm . . .

Sau khi cung c4p ning lugng dién cho cdc dai lugng nay , cdc dai lugng nay sé dugc
do luong dudi dang dai lugng dién tdc dong . Nhu vay cdc dai lugng di€n thu dong c6 su
tiéu hao ning luong , cho nén phai cé nhitng yéu ciu riéng cho dai lugng nay nhu : tiéu hao
niing lugng it , khi dugc cung ciAp niing lugng dién , badn chit cia cdc dai lugng dién nay
khong thay d6i . Thi du : dong dién cung cAp cho dién trd can do c6 tri s& 16n khi€n cho mot
nhiét lugng ddt néng dién trd lam thay d6i tri s6 dién trd

1.2.2 Pai lugng khong dién

La dai lugng khong mang ning lugng dién , d6 1a dai lugng vat ly ching han nhu
nhiét do , Iyc, 4p sudt , 4nh sdng , toc do . . .

D€ do ludng cdc dai lugng vat Iy ndy , ngudi ta c6 nhitng phuong phdp va thiét bi do
ludng thich hgp dé€ chuyén ddi cdc dai lugng khong dién thanh dai lugng dién . Nhat 13 véi
hé thong tu dong héa cang hién dai s& cAn nhiéu thong s& d€ xit 1y trong d6 cic thong s6
khong dién cin x{t Iy ngdy cang nhiéu . Tuy nhién viéc do cdc dai lugng khong dién thudng
phifc tap va rdi rac . Do d6 , ciAn chuyén d6i nhitng dai lugng khong dién thanh dai lugng
dién d€ phép do dugc dé dang , thuin Idi , tin cdy va chinh x4dc dong thdi ting tinh ty dong
hod . Cédch thitc do nay da md rong k¥ thuat do ludng néi chung cho cdc dai lugng va khong
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dién . Nhitng thi€t bi bi€n ddi dai luong vat 1y sang dai lugng dién dudc goi 1a cdm bién
dién hoic chuyén ddi ma ching ta sé dé cip d&€n & phin sau .

1.3 CHUC NANG VA CACH SUDUNG THIET BI PO
1.3.1 Chdc ning
C4c thi€t bi do ¢6 chitc ning cung c4p cho chiing ta k&€t qud do clia dai lugng dang
khio sat
1.3.2 Cach st dung thiét bi do
Khi stt dung thi€t bi do ta phdi chi y d€n cdch thitc va qui trinh sit dung cia thiét bi
do

4  Phdi doc va tim hi€u k¥ dic tinh, cdch sit dung va qui trinh hoat dong cta thiét
bi do trudc khi cho thi€t bi hoat dong

4+  Canchd y dén tAm do cda thi€t bi

4+  Khong d€ cho mdy bi cdc chdn dong

4+  Phdichd y dén c4p chinh x4dc cda thi€t bi
1.4 CHUAN HOA TRONG PO LUGNG
1.4.1 Cap chuin héa

Khi st dung thiét bi do ludng, ching ta mong mudn thiét bi do dugc chuian hoi
(calip) v6i cédc thi€t bi do ludng chudn ( standard) . Viéc chudn hod thi€t bi do ludng dudgc
xdc dinh theo 4 c4p nhu sau

4  Cap1 “Chuin quéc t&” ( International standard ) cdc thi€t bi do ludng cip
chuin qudc t€ dudc thuc hién dinh chudn tai Trung tAim do ludng qudc t& dit
tai Paris (Phdp) . Céc thi€t bi do ludng cip 1 dugc dinh ky ki€m tra ddnh gid
theo tri s6 do tuyét doi cla cdc don vi cd ban vat 1y dugc hdi nghi qudc t& vé
do ludng gidi thiéu va chdp nhan

& Cap2 “Chuin qudc gia” cic thi€t bi do ludng dugc thuc hién dinh chuén tai
cdc vién dinh chuidn qudc gia. Cdc thi€t bi do ludng tai cdc vién dinh chuidn
qudc gia & cdc qudc gia khic nhau trén th€ gidi phdi dugc chuin hod theo
chuin qudc t€ va cdc thi€t bi do ludng duge chudn héa tai cdc vién dinh
chuin qudc gia .

4  Cap3 “Chuin khu vuc” Trong mot quéc gia c¢6 thé c6 nhiéu trung tim dinh
chuin cho tirng khu vuc ( standard zone center ) . C4c thié€t bi do ludng tai cdc
trung tAm nay dudng nhién phdi mang chuin qudc gia. Nhitng thiét bi do ludng
dudc dinh chudn tai cdc trung tAm dinh chuin nay s& mang chuin khu vuc
( standard zone ) .



Nudc ta ¢6 3 chuan khu vuc 13 trung tAim do ludng 1 ( Khu vyc 1 & Ha Noi ),
trung tAm do ludng 2 ( Khu vyc 2 § Mién Trung ) va trung tim do ludng 3
( Khu vyc 3 & Tp. H6 Chi Minh )

Céc thi€t bi do ludng tai c4 trung tim do ludng , vién dinh chudn qudc gia thi
phdi dugc chuidn héa va mang tiéu chuin cdp cao hon . Ching han nhu , cdc
thi€t bi tai phong thi nghiém phai trang bi cdc thi€t bi do c6 tiéu chuin ving
hoic tiéu chudn qudc gia . Con cdc thiét bi tai vién dinh chuidn qudc gia thi
phdi c6 chuin qudc t& .

+ Cap 4 “Chudn phong thi nghiém” Trong tirng khu vuc chuin hod sé& cé
nhitng phong thi nghiém dudc cong nhidn dé chuidn hod céc thiét bi do dudc
dung trong san xuit cong nghiép. Nhu vay cdc thi€t bi dugc chudn hod tai cdc
phong thi nghiém nay s& c¢6 chuin hod ctia phong thi nghiém . Do d6 cdc thiét
bi do ludng khi dudc sdn xud't ra dugc chudn hod tai cAp nio thi s& mang tiéu
chuin do ludng cla cap d6

1.5 PHUONG PHAP PO LUGNG
Trong k¥ thuat do ludng chiing ta c6 thé chia ra 2 phudng phap do ludng mot cich
tong qudt :
+  Phuong phdp do ludng truc ti€p
+  Phuong phdp do ludng gidn ti€p
1.5.1 Phuong phap do luong truc ti€p

V6i nhitng phudng phép do ludng truc ti€p , thi€t bi do ludng sé cho chiing ta bi€t k&t
qua do tryc ti€p dai lugng do , ma khong thong qua dai lugng do ndo khéc .

Phuong phdp do ludng truc ti€p nay cho k&t qua nhanh chéng chinh xdc , tuy nhién
khong phdi bat ky dai lugng nao ciing c6 thé diing phuong phdp do ludng truc tiép dugc vi
khong c6é dudc nhitng thi€t bi c6 thé cho bi€t ngay k&t qua do clia dai luong do duoc

Thi du Trong mach do chi c6 Volt k&€ va Ampere k€ , ta khong thé ding phuong
phdp do ludng truc ti€p dé€ do cong suit duge ma phai sit dung phuong phap do gidn tiép
1.5.2 Phuong phap do ludng gian ti€p

Trong phuong phdp do ludng gidn ti€p , dai ludng do s& dugc biét két qud thong qua
dai lugng do khdc , ma cdc thi€t bi do sé do dai lugng do khdc nay bing phuong phdp tryc
ti€p . Nhu vay giita dai lugng can do phai c6 su tuong quan vdi cdc dai lugng do khdc nay .

Thi du : Cong suit cé sy tuong quan vdi dién 4p va dong dién cho nén dung Volt k&
hoic Ampe k& dé do cong suit bing phuong phap gidn ti€p. Hay mudn do dién trd cia phu
tdi , ta c6 thé do dién 4p va dong dién , tir d6 suy ra dién trd cin do
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Trong linh vyc do ludng , cdc dai lugng dién dung phuong phdp do ludng gidn ti€p
bao gdm nhitng phuong phdp sau

Phuong phap do bién ddi thang
Phuong phdp ndy cé cau triic theo ki€u bi€n ddi thing , khong c6 khau phdn hdi

Pai lugng cian do X dugc dua qua cdc khdu bi€n d6i va chuyén thanh con sd Ny ,
dong thdi don vi cia dai lugng do X ciing dude chuyén ddi thanh Ny, sau d6 cdc dai lugng
nay dudc so sanh véi nhau ( thong qua bd so sdnh SS ) . Qué trinh dugc thyc hién bing mot

hép chia
phép chia «
., —

Két qua do dugc X Ny N

thé bing biéu thic BD A/D SS WX
N Xo Xo No 0

X = X, — BD b0 bicn déi

Ny A/D bd chuyén d6i tuong tuf - s&

SS bd so sanh

Tir so d6 trén
, ta thi'y qud trinh do 12 qu4 trinh bi€n d6i thing . Thi€t bi do st dung trong ciu tric trén goi
13 thi€t bi bi€n d6i thing

Phuong phap so sanh

A

So d6 mach c6 ciu tric mach vong vi ¢6 khadu phdn hdi D/A . Tin hiéu can do X
dudc so sdnh véi mot tin hiéu X ty 1& vdi dai lugng miu X, . Qua bd so sdnh , ta c6 X —
XK = AX

Tuy theo cdch thifc so sénh ma ta ¢6 so sdnh cin biing , so sdnh khong cin bing , so
sdnh dong thdi hay so sanh khong dong thdi

Phuong phdp so sdnh con c6 tén goi khdc 1a phuong phdp tuong quan . Khi dung
phudng phdp nay thi€t bi do dudc diing d€ so sanh dai luong do va dai lugng miu , sau d6
s& suy ra dai lugng do. Tuy nhién , phuong phdp nay dai luong miu can phdi c6 tri s6 chinh
xdc cao. Phuong phdp nay c6 thé dat d€n dd chinh x4c khd cao néu dai lugng miu va thiét



bi chi thi ¢6 d6 chinh xdc cao tuy nhién qua trinh do thuc hiénkhéng dugc nhanh chéng va
thao tdc tuong doi phic tap

Thi du : Po dién 4p va dién trd bing phuong phdp thay th€ nhu hinh vé DPdng ho chi
thi Volt va dong hd chi thi Ampere dung d€ chi thi sy tuong quan giita dai lugng va dai
lugng mau.

So sanh khong dong thoi

La phuong phdp do ma cac gia
tri do X dugc thay bang dai lugng —
miu Xy . Cic gid tri do va gid trj —— % e
mau dudc dua vao thi€t bi do khong T
cung thdi gian , thong thudng gid tri Mach do dién dp Mach do dién tr&
mau Xk dugc dua vao khic dd truge ,
sau d6 qua cac vach khidc do dé xdc dinh gid tri dai lugng cin do . Thi€t bi do theo phuong
phdp nay Ia cdc thi€t bi ddnh gid tryc ti€p nhu volt k& , ampere k€& chi thi kim ( loai dong ho
cd)

|
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So sanh dong thoi

La phuong phdp so sdanh cing mot dai lugng do X va dai lugng mau X . Khi hai dai
lugng X va X trung nhau , thong qua Xk ta xdc dinh dudc gi4 tri dai lugng cin do X

DPay ciing 12 phuong phdp so sdanh nhung & phuong phdp nay dai lugng miu va dai
lugng cin do dugc thuc trong cing mot thdi gian . Thay vi 1an Iugt so sdnh nhu trong
phuong phép thay th€ . Trong phudng phdp nay khong ddi hdi bd phan chi thi di€m phai cé
dd nhay cao va chinh xdc cao nhung doi hdi cdc phan t trong mach cé tri s6 chinh xdc
khong thay ddi trong qud trinh do .

Thi du : Po dién 4p bing phuong phdp bi€n tré k& , hoic do dién trd , dién 4p , dién
dung biing ciu cin bing .

So sdanh cin bing hoic phudng phap “di€ém khong”
La phép so sdnh giita dai lugng do X va dai lugng mau Xk sao cho
AX=X-Xg=0 hay X=Xg=Ng Xy (v6iX, ladonvido)

Nhu vdy Xk 12 mot dai lugng thay d6i sao cho khi gid tri X thay doi thi gid tri Xk
ciing thay ddi d€ ddm bdo AX = X - Xk ludn biing khong ( zero ) va phép do ludn cin bing

Do chinh xéc clia phép do phu thudc vao dd chinh x4dc cia Xy va do nhay cia thiét
bi chi thi cAn bing

So sanh khong cin biing
Néu X 1a dai lugng khong ddi , lic dé ta c6
X-Xg =AX suy ra X =AX + Xk
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K&t qud cta phép do dudc danh gid qua AX ( vi Xk 1a dai lugng biét truSc ) . phuong
phdp nay dudc st dung d€ do cdc dai luong khong dién nhu nhiét do ( si dung mach cau
khong cin bing )

Ngoai nhitng phuong phdp do ludng ké trén , hién nay ngudi ta s dung mdy tinh d€
Xt 1y cdc tinh hiéu diéu khién hé thdng tv dong , diéu khi€n diing phuong phdp sd ( digital )

Trong phuong phdp s6 , cdc tin hiéu clia cdc dai lugng do ludng 12 nhitng tin hiéu c6
dang xung s& dudc mi héa , vi vay trong phuong phdp niy cin doi hdi c6 do bién ddi tin
hiéu dién th€ hoic dong dién goi chung 1a tin hiéu tudng tu (analog) sang tin hiéu s&
(digital)

Tém lai cdc phuong phdp do ludng néi trén can phai dat dugc nhitng yéu ciu chung
sau day :

Nhanh chéng
Thuén 1gi khi st dung
Chinh xdc cao

Thi€t bi gon gang

- F F -

Pat dugc hiéu qud kinh t€ cao .

TN 502 dogng HieY by do (ibng cdin pifbdis geuan lim dé ngugén (G fhoal
eng ve phiucng ghidre de.
1.5 SAI SO TRONG PO LUONG

Trong qud trinh do , ta khong thé tranh khdi nhitng sai s& nhu sai s6 x4y ra trong k¥
thuat do ludng , sai s6 nay do nhiéu nguyén nhan vi thé€ do ludng khong thé do dugc tri s&
chinh xdc mdt cdch tuyét d6i ma phdi c6 sai so .

1.5.1 Céac dang sai so
Ta c6 thé phan loai sai s6 theo nhiéu phuong phdp khic nhau nhu sau :

Nhirng sai s6 do nhiéu buéc khiac nhau cia cach thic ti&€n hanh do ludng :

+ Saisd do viéc chuin héa

£ Saisd do viéc bi€n ddi dai lugng do cho phit hgp vdi mach do

+ Saiso cda sy so sdnh

+ Saisd clia sy quan sdt
Nhirng sai s6 theo nhiéu ngudn khiac nhau

+ Sai s& phuong phdp : do cdch thitc ti€n hanh do ludng tao ra , hoic do nhitng
khdi niém todn hoc vé thong s6 do ludng can gidi quyét , sai s& nay cé thé
khic phuc dudc bing cdch ti€n hanh nhiéu phuong phap khic nhau .



*
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Sai s6 do thi€t bi : do sy khong chinh x4c ctia thi€t bi do . Nguyén nhin giy
ra do sy 1am viéc clia mach do va sy khong 6n dinh cda phan ti¥ trong mach
do.

Sai s do diéu kién bén ngoai tic dong vao di€u kién do ludng

Sai s& do con ngudi thuc hién , ¢6 nhitng 16i 1am khi do nhu chon sai phuong
phédp do , doc k€t qud sai , ndi dung sai .

Sai s6 theo diéu kién ma cach thic ti€n hanh do luong lam viéc

+

Sai s6 cin ban 12 sai sd von c6 ctia dung cu do , do qud trinh ch€ tao dung
cu giy ra hay do diéu kién chung quanh clia mdi trudng nhu nhiét d6 dd
4m , ngudn cung cip dién . . .
Sai s0 phu : 12 sai s6 gdy ra do phudng phdp do khong chinh xdc hodc do cd
nhin ngudi st dung dung cu gy ra . Sai s6 nay sé ting 1én khi diéu kién do
ludng bat ddu tir tri s6 chuidn

Sai s6 theo sy hoat dong ctia nhitng dai Iugng cAn do trong khoang thdi gian do luong

*
*

Sai s6 tinh : khi dai lugng do khong thay d6i theo thdi gian

Sai s& giao thdi ( qud dd ) : nhitng dai lugng dot bi€n thay ddi theo thdi gian
tao ra sai sO giao thdi .

Sai s& dong : khi dai lugng do thay déi theo thdi gian , trong sudt qué trinh
do ludng , sai s6 dong s€ x4y ra phu thudc vao ddp tng cla thi€t bi do doi
vdi dai lugng thay ddi . N&u tan sd cia dai luong do vugt qué tin s dap dng
clda thi€t bi do s& tao nén sai sd dong cang I6n .

Theo hinh thitc ma hé théng xay ra sai so

C6 hai hinh thifc sai s& xdy ra

+

Sai s6 hé thong : sai s6 dudc duy tri § két qud do ludng , khi sy do ludng
dudc 1ap dilap lai trong cing mot diéu kién .1am viéc . Sai s6 nay c6 thé do
dung cu do, do viéc dinh cho ciu thang do, do 4nh hudng clia moi trudng
nhu : nhiét d6 , do &m , tir trudng hodc dién trudng nhiéu .

Sai s6 ngAu nhién : sai s6 ndy hoan toan khdc hin sai s6 hé thong , khi su do
ludng dudc 1ap di 1ap lai thi tri s6 sai s6 nay lai khdc nhau . Mudn tinh todn
sai s6 ngiu nhién nay thi phdi dung dén ly thuy€t xdc suit va thong ké .

1.5.2 Sai so trong ky thuat do

Sau khi dugc xud't xudng ché tao, thi€t bi do ludng sé& dugc ki€m nghiém cha't lugng,
dugc chudn hod theo cip tuong ng va sé& dugc phong ki€m nghiém dinh cho cip chinh xdc
sau khi dugc xdc dinh sai s6 cho tirng tAim do cida thi€t bi . Do d6 khi s dung thi€t bi do
ludng, chiing ta nén quan tdm dén cap chinh x4c clia thi€t bi do dudc ghi trén thiét bi do
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Chat lugng thiét bi do dugc danh gid thdong qua cdc tiéu chuidn nhu d6 nhay , do
chinh xdc , kha ning qud téi . . .

10



Z/éﬂ/gy 7
D6 chinh xac

Nguyén nhan chinh cla sy sai s6 12 do mitc do chinh xdc cuia thi€t bi do . Su sa s6&
nay goi 1a sai s& chinh . Ngoai sai s6 chinh , con c6 cdc sai s6 khdc do khdch quan nhu nhiét
dd moi trudng thay d6i, do 4m , tlr trudng . . .

Mot dai lugng c6 tri s6 that 12 Xy, - Tri s6 do duge 1a Xy, thi ¢6 cdc sai s6

& Saisd tuyét doi AX = | Xonge = Xao |
4+  Saisd tuong doi %IOO=%%

Pé€ ddnh gid @6 chinh xdc cda mdt dung cu do , ngudi ta quy dinh ra cAp chinh xdc

CAp chinh xdc cla dung cu do 12 gid tri sai s6 cuc dai ma dung cu do mic phdi .
Ngudi ta qui uSc cap chinh xdc clia dung cu do ding bing sai s6 tuong ddi qui ddi ctia dung
cu do dugc nha nudc qui dinh cu thé

max

AX
AXga (%)=

max

100 %

?9(22/1 chink wdc ciw ung cu (% lrg 56 (b nha/ cho pfhién link Moo yifidin

Ltim i sad 36 e bbn s vdr by 56 (0 nkil /%/w e
Theo tiéu chuidn do dung cu c6 8 cap chinh x4dc: 0,05-0,1-0,2-0,5-1,5-2,5-4
1.5.3 Cach tinh to4n sai s6
Sai s6 tuyét doi
S 36 liwgel iz 1a hi€u sO gilta gid tri dai lugng do X va gid tri thuc Xy (12 gid
tri dai lugng do xdc dinh thong qua dung cu mau )
Sai sO tuyét d6i dugc dinh nghia bing biéu thic sau diy
AX = | Xhat — Xao |
X4 12 tri s6 do dudc do thi€t bi do
Xmge  tri sO that clia dai lugng do

Nhung trong thyc t€ trj sai s6 tuyét d6i khong xdc dinh duge vi Xy khong thé xdc
dinh . Cho nén trong thuc t€ chiing ta chi xdc dinh tri s6 gidi han 16n nhit cia sai s6 tuyét
doi AX ma thoi

AX = | Xthﬁt — Xdo |max
Do dé Ox < AX
NFow vy S, ovpr gol (o gér Soan sai 36 ciiw dal lo ipng de

Thi du : Mot dién trd c6 tri s dugc viét nhu sau : R =200 + 20 Ohm

11
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+ 20 Ohm c6 y nghia 13 giSi han sai s6 tuyét d6i cta dién tré do dudc . Nén biéu

dién gidi han sai s6 theo phan trim ( % )

Aa
100
a

AX (%)=
Theo thi du trén , ta co

20
AX(%):@ 100 = 10%

Sai so tuong doi

Trong thuc t€ tri s6 sai sd tuwdng ddi tinh theo (%) thudng dugc suy tir dd chinh xdc
hoidc c4p chinh xdc cua thi€t bi do thudng dudc cho bdi nha sdn xuat va thudng dudc ghi
trén thiét bi do.

s 36 lutong 6712 phan trim clia ty sO giita sai s& tuyét d6i va gid tri thyc . Sai
s6 tuong doi dugc xdc dinh theo bi€u thic sau

AX
AXiq = ? 100 %

Sai so tuong doi cia tAm do ( hoic thang do )

Da6i véi thi€t bi do ¢6 nhiéu tAm do khdc nhau ngudi ta thudng ding sai s6 tuong doi
clia tim do . Sai s6 tuong ddi ciia tim do dugc xdc dinh nhu sau :

Aa

8rL= L

L : 14 tri s6 16n nha't cda tAm do

Thidu: Mot volt k& ¢6 tim do 0 — 150V tri s6 Aa cda Volt k& ndy 1a 1V5 . Nhu vay sai
s0 tudng ddi clda tAm do nay 1a :

Aa 1.5

8i.=" =Ts9 =001 hodc 1%

N&u tri s6 thang do t6i da 1a 100V thi sai s6 tuwdng d6i ctia thang do nay 1a

Aa 1.5
O, =L =100 = 0.015 hodc 1,5%
Nhu vay n€u Aa khong d6i trong tim do va tri sd do thay ddi t thi khi s& do cang nhé
thi sai s6 tuong doi cang 16n . Cho nén thdong thudng Aa dugc xdc dinh theo tAim do va do

chinh xdc trén thiét bi do.

12



Z/éﬂ/gy 7

Thi du mdt thi€t bi do c¢6 d6 chinh xdc 1a 1,5% va thang do 12 0 — 150 V . Sai s6 twong ddi
clia tAm do 12

Aa = 98, x 150V = 1.5% x 150V = 2.25V
Vay gidi han sai s& cda tim do nay 1a 2V25 cda thiét bi do.
Sai s6 tuong ddi ciia tong hai dai lugng

N€&u 2 dai lugng d6 c6 tinh cha't ddc 14p véi nhau mdi dai lugng c6 tri s6 sai s6 tuong
doi riéng biét 8, va 8 . Sai s6 tuong d6i cla tong 2 dai lugng a va b dudc xdc dinh

5 ~ Aa = Ab
r(axzb) — aib
. Aa . Ab
Ma O, = a— va O = b_
5 ada=+=bdb
Do d6 r(azb) = axp

Sai s6 tuong doi cia tich hai dai lugng

N€u hai dai lugng ddc 1ap vdi nhau ma mdi dai lugng cé 1 tri s sai s6 twong doi
riéng biét thi sai s twdng doi cla tich hai dai lugng dudc xdc dinh

5r(a.b) = Sra +8rb

Tur bi€u thifc trén , ta c¢6 thé suy rong cho nhiéu dai lugng ddc 1ap

8rp =X 8rai

Sai s0 quy dan

Sai s6 quy din (quy d8i ) 12 ty sO giifa sai sO tuyét ddi vSi gidi han 16n nh4't cla thang do

AX
D0 nhay
Do nhay ctia dung cu do dugc xdc dinh theo bi€u thifc sau
S aY f(X
- dX - ( )

Trong d6 , Y 1a dai lugng ra ( hién thi ) va X 1a dai lugng vao

1 . y
bai lugng C = ? la hdang s6 cua dung cu do

13



Tttt s niim of de /?(‘(}‘/gy/

N6i cdch khic , @6 nhay bi€u thi quan hé géc 1éch phan dong khi c6 dong dién tic
dong 1én cd cau do . P6 chinh 12 dong dién nhd nhi't c6 khd niing lam 1éch kim chi thi . Do
nhay thyc t€ , dugc bi€u dién theo ti s6 Q / V. Pong hod cang nhay thi ti s& cang 16n
Sai s6 ngiu nhién

Pay 12 mot sai s6 khong thé loai bd dugc , ma phai gidm thi€u sai s6 nay bing k¥
thuit do ludng tdt nha't 1a phdi phan tich biing 1y thuyé&t xdc xuat . Trong nhiéu trudng hgp
nhitng lugng ngdu nhién c6 thé dién t3 that t5t dudi dang phan bd xdc xuit, ciing vi 1y do
d6 ma khi thuc hién do ludng theo sy phdn b gi ma né tuan theo . Sy phan bs nay thay ddi
tir thi€t bi do nay dé&n thiét bi do khdc , phan 16n né tuan theo dudng phan bd chuin , con
goi 12 phan bo Gauss.

Tri s& trung binh ctia mdi chudi quan sit trong diéu kién gidng nhau cda thiét bi do
YA;
n

ludng Ay =

Tri s6 nay dudc xem nhu tri s6 ¢ x4c xud't 16n nh4t cia dai ludng do .

Sai s6 cla tri s6 nay dugc goi 1a sai s6 ngdu nhién nay qui tu thi phan nira s6 lugng
do s& vugt qua tri sai s6 nay con phan nita thi s& khong vudt qua no .

Sai s6 ngdu nhién ndy dudc xdc dinh bdi phuong trinh sau :

g =2 i+ i
3 n(n—1)

Trong dé sy khdc biét giita tri s6 trung binh va tri s6 do dudc & mdi do 1a :

L=A-A, vdii=12...,n

Pudc goila do 1éch ngiu nhién hoic sai s6 thing du ( Residual error )

Sai s6 ngau nhién tuong doi :

A()r

Ay

A
OAr = 100 %

va gidi han cda sai s6 ngiu nhién dudc cho bdi :

Lim AA()r = 4.5AA01-

Nhitng tri s6 do nao vugt qué tri s& gidi han nay , phdi dudc loai bd . Do d6 két qua
do c6 thé dudc vi€t nhu sau : A=Ajx AA,

Thi du : trong mot thi nghiém xdc dinh gid tri dién strd . Trong 8 1an do c6 k&t qua 1an lugt
nhu sau :

14



R,=116.2 R,=117.0 R,=117.8
R,= 118.2 Rs=118.2 Rg=118.1
R;=118.5 R¢=118.4

Gia tri trung binh dién trd

Ri+R,+...+Rg

RO = 8 = 1178 Ohm

Do 1éch ngiu nhién :

Il=R1—R0 =-1.6 R4 =-0.8 R7 = 0.0
IZ = Rz— RO = 04 R5 = 04 Rg = 0.3
I3 = R3— RO = 0.7 R6 = 0.6

Do d6 sai s6 ngau nhién ctia k&€t qua do

l 112+122+...+182
ARor =73 8.7

ARy =0.19=0.20 Ohm

Gidi han cia sai s6 ngiu nhién nhu sau
R =Ry + Ry = 117.8 + 0.20 Ohm

Nhu vay két qud duéi diéu kién da cho khong dugc vudt qua 0.9 Ohm theo két qua
do 1an thit nhat R, = 116.2 Q ¢6 I, = -1.6 Ohm khong thé chdp nhan dugc

Pham vi thang do

D€ ddng hod c¢6 kha ning do dugc cdc dai lugng khac nhau , phdi cin c6 nhiéu thang
do khdc nhau . Thang do dugc xem 13 phu hdp khi gid tri do dugc hién thi trén dong hd
khoang 2/3 khung do ( thang do )

15
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1.6 PON VI PO - CHUAN - MAU PO
1.6.1 Khai niém chung
Pon vi do 13 gid tri don vi tiéu chudn vé mdt dai lugng vé mdt dai luong do nao d6
dudc qudc t&€ qui dinh ma mdi qudc gia déu phai tuan thd . Trén thé€ gidi , ngudi ta dua ra
nhitng don vi tiéu chuidn dudc goi 1a cdc chuin
Vidu Chuin Ohm qudc t€ cla dién trd 13 dién trd cda cot thity ngan cé ti€t dién
Imm® dai 106,300 cm & nhiét d6 0°C va c6 khdi lugng 14,452.1 gam
Chudn “ Ampere “ 1a dong dién c6 thé gidi phéng 0,001.111.800 gam bac
khdi dung dich nitrat trong thdi gian 1 gidy
Cap chinh x4c cda cdc chuian nay khodng 0,001% ( 1/ 100.000 )
1.6.2 Hé thong don vi
Hé thong don vi bao gdm hai nhém
Don vi ¢d ban

Pugc thé hién bing cdc don vi chudn véi d6 chinh xdc cao nhat ma khoa hoc k¥
thuat hién dai c6 thé thuc hién dugc

Chuin cip 1 12 chuidn ddm bio tao ra nhitng dai lugng c¢6 don vi chinh xdc nha't cla
mot qudc gia
Vidu

Chudn don vi dd dai mét ( m ) 12 quing dudng dnh sing di dugc trong chan khong
trong khodng thdi gian 1/ 299.792.458 gidy ( CGPM lan tht 17 nim 1983 — CGPM Ila tén
vi€t tit ti€ng Phép clia Pai Hoi Can Po Qudc T€)

Chuén kh&i lugng ( kg ) bing khdi lugng cia miu kilogam qudc t& dit tai trung tAm
mau va cin qudc t€ & Paris ( nudc Phdp )

Chuin don vi thdi gian ( gidy — second ) 13 khodng thdi gian cda 9.192.631.770 chu
ky phdt xa , tuong ng véi thdi gian chuyén giita hai mic gan nhat & trang thdi cd ban clia
nguyén t xesi 133

Chudn don vi dong dién (ampe — A ) 12 dong dién khong ddi khi chay trong hai ddy
din thing , song song , dai vd han , ti€t dién tron nhd khong dang ké , dit cdch nhau 1 mét
trong chan khong , s& gy ra trén mdi mét dai cia diy mot luc 2.10” Niuton ( CGPM lan
thit 9 — 1948)

Chuén don vi nhiét @6 ( Kenvin — K ) d6 1a nhiét do cé gid tri bing 1/ 273,16 phan
nhiét d6 dong clia di€m thit ba clia nudc (1a di€m cin bing clia 3 trang thdi rin — 18ng va
hai )
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Chuén do don vi cudng d6 4nh sdng ( Candela — Cd ) 1a cudng dd 4nh sing theo mot
phuong xdc dinh cia mot ngudn phét bic xa don sic c6 tin sd 540 x 10'* Hz va ¢6 cudng
dd bitc xa theo phuong d6 1a 1/ 683 watt trén steradian ( CGPM laan thit 6 — 1979 )

Don vi kéo theo
La don vi c6 lién quan dé€n cdc don vi do co bdn thé hién qua cdc bi€u thic

(V)

Vidu Theo dinh ludt Ohm ta cé bi€u thdc R =—— (A)

[ tuong ung véidonvi (Q) =

Ngay nay , cdc nudc thirong stt dung hé thong don vi thong nhat dé 12 hé thong don
vi quoc t&€ SI 1a hé thong da dugc thong qua & hdi nghi qudc t€ nim 1960 . C6 7 don vi co
ban la

TEN PON VI CO BAN KY HIEU
Mét ( do chiéu dai) M
Kilogam ( do khd&i lugng ) Kg
Tho1 gian Gidy ( second)
Cudng do dong di€n A
Nhiét do K
don vi s6 lugng vat chat Mol
Cudng do dnh sdng Cd

Ngoai 7 don vi ¢d ban trén , con c6 cdc don vi kéo theo trong linh vuc co , dién ,
quang hoc va tur. . .

CAC PAILUQNG TEN DPON VI KY HIEU
1. Cac dai lugng co ban
bo dai Mét m
Khoi lugng Kilogam kg
Thoi1 gian Giay S
Dong dién Ampere A
Nhiét dd Kelvin K
S6 lugng vat chat Mol mol
Cudng do dnh sdng candela Cd
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2. Cac dai lugng co hoc
Toc dd
Gia toc
Néang lugng va cong
Luc
Cong suit

Néang lugng

3. Cac dai lugng dién

Lugng dién

DPién dp , th€ dién dong

Cudng do di€n trudng
Dién dung
bién trd

bién trd riéng

Hé s6 dién moi tuyét doi

4. cac dai lugng tu
Tu thong
Cédm dng tir

Cudng do tu trudng

5. Cac dai lugng quang
Ludng 4nh sing
Cudng do sang riéng

Do chi€u sdng

Thar nicm vé de %&’é’/fy

Mé€t trén gidy
M¢ét trén gidy binh phuong
Jun
Niuton
Watt
Watt gidy

Cublom
Volt
Volt trén mét
Fara
Ohm
Ohm mét

Fara trén mét

Vebe

Tesla
Ampere trén mét

Henri

Henri trén mét

Lumen
Candela trén mét vudng

Lux

m/s

2
m/s

F/m

Wb

A/m

H/m

Im
Cd / m?

Ix
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Chivieny 7
CAUHOI ON TAP
Thé nao 1a tin hiéu do va dai lugng do ? cho vi du minh hoa ?
Phan biét sy gidng va khdc nhau giita tin hiéu do va dai lugng do ?
Pai lugng do dudc phan loai nhu thé nao ? Cho vi du minh hoa
Thi€t bi do 1a gi ? Thiét bi do dugc phan loai nhu thé nao ?
Pon vi do 13 gi ? Thé nao 12 don vi tiéu chuin ?
Phuong phap do 1a gi ? Trinh bay cac loai phuong phap do ?
C6 may loai sai s6 ? néu y nghia tirng loai sai s6 d6 ?

B QL D
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Chuong 2
CACCOCAUDO

O

2.1 CAUTAO CO CAU CHI THI
2.1.1 Khai niém chung

DéE biét tri s6 do ludng ciia dai lugng do , ta cAn c6 mot cd cAu chi thi két qué do ludng
D&i véi cdc thi€t bi do cd dién , d€ chi thi k&t qua , cd cau chi thi s& mang kim chi thi kim
chi thi s& di chuyén trén mit c6 vach do chia va s6 tuy thudc vao vi tri cia kim chi thi ma
chiing ta s& dudc két qui do . Dung cu do tuong tv ( Analog ) 1a loai dung cu do ma s
chi ctia dung cu ty 1€ véGi dai lugng do ( 1a dai lugng lién tuc ) . Trong cdc dung cu
do tuong tu , ngudi ta thudng ding cdc chi thi co dién , vi th€ tin hiéu vao 12 dong
dién hay dién 4p con tin hiéu ra 1a géc quay ctia phan dong ( kim chi thi ) hoic sy di
chuyén clia bit ghi trén may ( dung cu ty ghi ) . Nhitng dung cu nay chinh 13 nhitng
dung cu do bi€n ddi thing Céc dai lugng cin do 13 nhitng dai luong dién nhu dong
dién , dién 4p , tAn s6 . . . dudc bi€n ddi thanh géc quay clia phan dong nghia 13 bién
doi ndng lugng di€n thanh ndng lugng cd hoc o = f(x) trong dé x la dai lugng dién ,
o 1a géc quay . Con d6i vé6i cd cau chi thi clia cdc thi€t bi hién dai ngay nay ngudi ta dung
led d€ chi thi k&t qua . Do d6 trong chudng nay chiing ta s& trinh by cédc loai co ciu chi thi
c6 dién .
2.1.2 Nguyén ly lam viéc cua céc chi thi co dién

Khi cho dong dién vao mdt co cAu chi thi cd dién , do tdc ddng clia tif trudng 1én phan
dong cla cd cdu do s€ tao ra mdt moment quay M, . P9 16n clia moment nay ty 1& véi do
16n cia dong dién dua vao co ciu do :

dW.
do

Trong d6 W. la ning lugng tif truGng

M, =

o géc quay phan dong
Né€u ta dit vao truc cia phadn dong mot 1o xo cdn , khi phadn dong quay 16 xo bi xodn
lai sinh ra moment cdn Mc . Moment nay ty 1& thudn véi géc 1éch o va dudc bi€u dién bing
bi€u thtc M¢c =D . o
Vi D 1a hé s6 phu thudc vao kich thudc va vat liéu ché tao 10 xo .
Khi moment cdn bing moment quay , phan dong clia co cdu do dirng lai & vi tri cdn
bang M, =Mc



o, -
J(//‘ e’ e de

dW,
Hay da - Da A
Mgz
1 dW,
Suy ra o= D da Mgy
Phuong trinh trén 1a phuong trinh dac tinh

thang do . T phuong trinh trén , ta biét dudc dic
tinh cda thang do va tinh chat clia c¢d ciu chi thi . —— >

Vi tri cin bing o, c6é thé xdc dinh bing db
thi nhu hinh v& . Ung véi cdc dong dién khdc nhau ta c¢6 cdc géc 1éch khdc nhau .

2.1.3 Cac bd phan chinh va chi ti€t chung cta co ciu chi thi co
Truc va tru

La bd phan ddm bdo cho phin dong quay trén truc nhu khung diy , 10 xo cdn , kim chi
thi . . . Truc dudc l1am bing thép cing pha iridi hodc osimi ¢ va ¢6 ti€t dién tron ¢ dudng
kinh ti 0.8 d&n 1.5 mm , d4u truc hinh chép v6i gée dinh 1a y = 45— 60 ° va dinh bdn ciu
c6 bdn kinh 0.05 — 0.3 mm . Tru d& 1am bing d4 ciéng agat hay carbua rundum .

Lo xo phan khiang

La chi tiét thuc hién hai nhi€ém vu : Zze »w mement cin vi oin dong dén vac /ﬂ/a/ﬂy iy .
Lo xo dudc ché tao bing ddng berili hoic ddng phot phat d€ c6 @6 dan hoi tot va dé han
10 xo dugc ché tao thanh hinh xodn 6c .

LO X0 phén khdng Déay cang va day treo

DAy cang va day treo

Khi cidn gidm moment cdn d€ ting d6 nhay clia cd cdu chi thi , ngudi ta thay 10 xo
bing diy cing hay diy treo .

DAy cing va diy treo 13 cdc doan diy phing , c6 thi€t dién hinh chit nhat dudc lam
bing dong berili hoic dong phot phdt . Moment phdn khdng clia ddy cing va diy treo nhd
dé€ han ché& ma s4t .



Kim chi thi
Kim chi thi dugc ché€ tao bing nhom hay hgp kim nhdm . VGi dung cu c6é cap chinh

xdc cao , kim dugc 1am bing thdy tinh , hinh ddng ctia kim chi thi dugc ch€ tao tuy theo cip
chinh xdc clia dung cu do va vi trf dit dung cu d€ quan sét .

Thang do
Thang do 13 bd phian dé khic dd cdc gid tri cia dai lugng . C6 nhiéu loai thang do
kh4c nhau , thy thudc vao cdp chinh xdc va bdn chit clia cd cdu chi thi . Thang do thudng
dudc ché tao tif nhom 14 , trén mit c6 khic vach chia @6 . D€ tranh sai s trong qué trinh
do trén mit thang do ngudi ta gdn thém “ mit guong “ phdn chi€u phia dudi va khi doc két
qua do bdt budc kim va béng clia kim do trénmiit guong phai tring nhau . Dic biét d6i véi
cdc dung cu lam viéc cd ban dém va ban ngay , cdc s6 trén thang do dudc ké bing chat
phat quang ( da quang ) trong béng t6i . C6 nhiu loai thang do khdc nhau , tuy theo cip
chinh x4c va ban chat clia co cAu do . Thong dung nhit 12 loai thang do c6 géc 1éch kim 1a
+ 45° v& hai phia so vdi truc thing ditng nghia 12 c6 géc 1éch kim do 12 o = 90° .
Bo phan can diu
La bd phan 1am gidm qué trinh dao dong cla phan dong va xdc dinh vi tri cin bing
dudc nhanh chong .
Cén diu dugc phan thanh 2 loai :
+ Cdn diu bing khong khi .
£ Cén diu ki€u cdm tng tir .

Cén diu khong khi ¢6 cdu tao nhu hinh vé& , gdm mot hop kin trong c¢é 14 nhom
chuyén dong dudc gin lién véi truc quay . Khi phan dong clia cd ciu chi thi chuyén dong ,
14 nhom chuyén dong theo tao nén luc cdn 1am gidm qud trinh dao dong .

2.1.4 Cong dung cia cic dung cu do ( dong hd do )

+ Ampe k&€ (A) dung dé do dong di€n c6 cudng do I6n (> 1A).
Miliampe — k& dung dé do dong dién c6 cudng d6 nhd (< 1000mA ) .
Vonké& (V hoic KV ) dung d€ do dién 4p .

Milivon — k&€ ( mV ) dung d€ do dién d4p milivon .

- + + +

Kilowat hoic watt — k& (KW hoic W ) diung dé do cong suit .
£ Diénning k€ ( Whhoic KWh ) ding d€ do dién ning tiéu thu .

2.2 COCAUTUPDIEN (D’ ARSONVAL)

2.2.1 Cautao

Bo phan chi thi diing cd cdu tir dién gdm hai phin cd ban : phan tinh va phan dong
nhu hinh vé



Ciiv co’ cimn o
Phan tinh

Go6m ¢6 nam chAm vinh clru , mach tir , cuc tir va 18i sit . Cdc bd phan nay hinh thanh
mach tir kin . Giita cuc tir va 16i sit c6 khe hd déu nhau goi 12 khe hd 1am viéc , trong d6 cé
khung quay chuyén dong . Pudng sic qua khe hd 1am viéc huéng tim tai moi diém . Trong
khe hd nay c6 d6 tif cAm B déu nhau tai moi di€m .

Ngoii ra , trong mach tir con c¢6 Shunt tf dung d€ diéu chinh tir thong qua khe hd
lam viéc

Phan dong

GOm c6 mdt khung biing chit nhom hinh chit nhat trén khung c6 quin day dong rat
nhé ¢d 0.03 — 0.2 mm ( ciing ¢6 trudng hgp khung quay khong c6 16i nhém bén trong nhu
dién ning k&) .

Khung quay dudc gdn vao truc quay ( hodc ddy cidng hay diy treo ) , truc quay nay
dudc dit trén hai di€m tua trén va dudi ( § hai ddu truc ) Nhu vy khung quay dudc 13 nhd
truc quay né€n ching ta goi khung nay la khung quay .

O hai ddu trén va duéi cha khung quay con gin chit vao 2 10 xo xodn ¢6 nhiém vu
din dong dién vao khung quay . Khung quay dudc dit trong tif trudng tao ra bdi hai cuc clia
nam chidm vinh cttu . P€ lam ting 4nh hudng cla tir trudng d6i v6i khung quay ngudi ta dit
mot 161 sdt non hinh tru bén trong 1ong cia khung quay di chuyén trong ke hd ctia khong khi
gifta 161 sit non va 2 cuc clia nam chdm , khe hé nay thudng rit hep.

Kim chi thi dugc gdn chit vao truc quay ctia khung quay , cho nén khi khung quay di
chuyén thi kim chi thi s& di chuyén tudng tng .

Trong cd ciu do tir dién , chdt lugng nam chdm vinh ctu dnh hudng rat 16n dé€n do
chinh x4c ctia dung cu do . Do d6 , yéu cau ddi v6i nam chAm vinh citu 12 tao tif cdm B 16n
trong khe hd 1am viéc , 6n dinh theo thdi gian va nhiét do . Tri s6 tir cdm B cang I6n thi
moment quay tao ra cang 16n nén d6 nhiy clia cd cau do cang cao va it bi 4nh hudng ctlia tir
trudng ngoai .

2.2.2 Nguyén ly lam viéc
Su lam viéc cua khung quay

Khi ¢6 dong dién chay qua khung diy , dudi tic dung tir trudng ctia nam chdm vinh

cttu khung quay léch mdt géc do. . Moment quay tao ra dudc x4c dinh theo bi€u thitc
M dW.
17 do

W, ti 1€ v4i @6 16n cda tir thong & trong khe hd 1lam viéc va dong dién I chay trong
khung day

W, =®.1



Chiviong 2
Ma d®=BSWa
Trong do
B 1a d6 tr cdm cua nam chidm vinh ciu
S di€n tich khung day
W  s0 vong diy quan trén khung day
o g6c léch cla khung day so véi vi tri ban dau
Céc gi4 tri trén 12 hing s6 ( const ) khi khung diy quay
Ta c6 thé viét lai bi€u thiic trén nhu sau

_d(®I)  d(BSWIa)

17 do do
M, = BSWI
Do d6 M, = K,I
Khi cdn bing , moment quay bing véi moment cidn
M, = M.
BSWI= D«
BSWI
Suy ra o = D

Ta nhan thdy B, S, W, D 1a nhitng hiing s6 nén géc quay khung day ty 1& bac nhit véi
dong dién 1.

D6 nhiy clia co cdu do dugc xdc dinh bing bi€u thitc sau S = Nghia la d6 nhay

dov

dI
dong dién tudng ¢ng vdi sy bi€n thién gdc quay khi c6 sy bié€n thién dong dién qua khung
day . Trong thyc t€ ngudi ta thudng dung tri s6 dong dién tdi da hay con goi 1a dong dién
cuc dai RMS ma kim chi thi 1éch t6i da hay 1éch hét khung do (FSD = Full Scale Deviation)
dé dic trung d6 nhay clia co ciu .

D6 nhdy cang 16n khi I, ciang nhd vi géc quay ctia kim chi thi 12 khong ddi ( vao
khodng 105° ) Do d6 muén ting d6 nhiy , ta ting gid tri K, ( nghia 13 ting cim Gng tir B
hay ting dién tich khung day hoic ting s6 vong ddy quin trén khung day ) .

Theo biéu thifc xdc dinh d6 nhay S cia cd cdu dudc xdc dinh

Kp 50

- Ke 50



Ciiv co’ cimn o
Thi du

D06 nhay cida co ciu chi thi 1a 50 micro ampe nghia 12 dong dién t6i da qua cd cau chi
thi 1éch t8i da qua cd c&u chi thi 12 50 micro ampe nhu vay dong dién 16n nhit qua cd ciu
c6 tri s6 cang nhd thi co cAu cang nhay .

& (0 ciu do tir dién con dung d€ 1am chi thi trong cdc mach do cdc dai lugng khong

dién

+ Dung d€ ché tao cic dung cu do dién tif twong tu nhu volt k& dién tit , tin so dién

tr, pha k& dién tif . . .

+ K&t hop vdi cdac bd bi€n d6i nhu cau chinh lvu , cdm bién , cip nhiét d€ c6 thé do
cdc dai lugng xoay chiéu ( dong va 4p xoay chiéu )

2.3 CO CAUDIEN TU

Cd ciu do dién tir con dugc goi 1a cd cAu c6 mi€ng sit di ddng ( Moving Iron )
2.3.1 Cautao co ciu do dién tur

Co ciu do dién tir c6 hai loai 14 loai hiit va loai ddy
Co cau do dién tir loai hut

GOm c6 cudn diy cd dinh , mi€ng sit di dong trong viing tir trudng do cudn diy tao ra
khi c6 dong dién chay qua cudn ddy . N€u tf trudng tao ra cang 1én thi mi€ng sit cang bi
hiit manh vao va kim chi thi cing bi 1éch nhiéu . P& cin bing lyc hiit , ta gdn thém 10 xo
ki€m sodt ddi khdng lai . Khi khong c6 dong dién chay qua cudn diy , tir trudng s& khong
con nén kim chi thi s& trd vé vi trf cin biing ban

Thang chia

dau

Sy chuyén dong cta kim chi thi cling dugc -
dém dé€ 1am diju , bd phan dém gdm mdt 14 nhdm
gin chit vdi kim chi thi di chuyén trong budng Kim chi th
dudgc che kin

Lo xo
0/ .
ki€m soat

Cd cau do dién tir loai luc day

GOm c6 hai miéng sit di dong dudc gin chit
véi truc quay , con miéng sit c6 dinh dugc gin :
v4i vach trong clia nong cudn diy . Khi ¢6 dong L4 thép < Ld thép
dién chay qua sé& tir héa 2 mi€ng sit cé cling cuc di dong ' ¢6 dinh
tinh cho nén 2 mi€ng sit sé ddy nhau , khi d6
miéng sit di dong sé& di chuyén

Nguyén Iy lam viéc

Co ciu dién tir 1a loai lyc hit va ddy cé cling nguyén 1y 1am viéc



Khi cho dong dién chay qua cudn diy, cudn diy tr§ thanh nam chim dién va trong
cudn diy xud't hién moment quay dudc x4c dinh theo biéu thic

dW.
do

M, =
Ning lugng tif trudng tich lily trong cudn diy dugc xdc dinh theo biéu thic

15
th= 2LI

Trong d6 L 1a dién cdm cia cudn diy

Tu trudng trong 10ng cudn day s€ tir hod cac 14 thép. Su phdn cuc cdc 14 thép tao
thanh nhitng nam cham ciing cuc ¢6 tic dung ddy 14 thép dong. Luc nay 1am quay 14 thép di
dong quanh truc

Khi 14 thép bi hiit vao cudn diy sé ton hao mot ning luong tif trudng 13 dW,, , ning
lugng nay dudc chuyén thanh cd ning tic dung 1én 14 thép M,.da

Ta co dWy = M,. da
1 5
d( 2LI ) =M,. do
1 2
d(? LI%)
Suy ra qu—doc =5 do

Dodé M =K,.I’

Khi kim & vi tri cAn bing , moment quay bing véi moment phdn khdng

Mq = Mpk
K, =Ky o
K
—4aq 2
Ha o = I
y Ko

a=K.I
7&;{/ gl guay I7 lé vér /?ﬁ///é/mﬁy wenyg iir . Yo b, z%?///(y o clin oo cdn do
Liii dogn 107 c6 cdie vack chiw /}//é/[y i nbiaer .
2.3.2 Pic diém cuia co cau do dién tur
T biéu thitc trén , ta ¢ mdt sd nhan xét sau

* Go6c quay o cia khung ddy ty 1€ vGi binh phuong dong dién va khong phu thudc
vao chiéu dong dién nén co ciu do dién tir c6 thé do dai lugng dong dién va
dién 4p mot chiéu va xoay chiéu c6 tan sd 1én dén 10.000 Hz ( 10kHz )



o, -
({//‘ e’ e de

+ Do géc quay khung day ty 1€ binh phuong véi dong dién nén thang do chia vach

. . dL . y
khong déu va phu thudc vao ty sd do. (day la dai lugng phi tuyén ) . Thuc t€ ,

da
ddi theo qui ludt ngugc véi binh phuong dong dién . Nghia 13 ta phai tinh todn
va luva chon kich thudc , hinh diang 161 dong clia mach tr va vi tri ddt cudn day
cho phu hgp

ngudi ta tinh todn sao cho géc léch o clia khung day thay ddi thi ty s& thay

Pé€ cdn diu, cd cdu do dién tir thudng st dung khong khi hodc cim tng
2.4 CO CAU PO PIEN PONG

La co ciu do phdi hdp gitta cd cau do tir dién ( khung quay mang kim chi thi ) va
co cAu do dién tir ( cudn day cd dinh tao tir trudng cho khung quay )

2.4.1 Cautao co cau do dién dong

Phan tinh gdm cudn diy dudc chia thinh 2 cudn diy ndi ti€p nhau d€ tao ra tif trudng
khi c6 dong dién chay qua cudn diy . Hai cudon diy dugc dit cich nhau mot khodng dé
cudn day dong nim trong khodng ndy va chiu 4nh hudng cia tr trudng do cudn diy day
tinh tao ra

Phian dong gdm mot khung day dat trong Kim
1ong cudn day tinh . Khung day dudc gin véi truc chi thi
quay , truc quay ¢6 gin 10 xo cén diu va kim chi Cudn

thi .Truc quay dugc dit xuyén qua khe hd khodng  ¢5 dinh
khong ciia cudn day tinh .

Phin dong va phan tinh dugc dugc boc kin
bing mang chin d€ trdnh dnh hudng cda tir
trudng ngoai lam sai 1éch gia tri do .

Thong thudng cudn diy di dong khong c6 161 sdt non ( nhu § co ciu tir dién ) ma 1a 161
khong khi cho nén trdnh dudc hién tuong tir tré va dong dién xody . Khi dudc st dung d€ do
dong dién xoay chiéu cudn diy phan tinh va phian dong dudc ndi vSi nhau nhu thé nao thi
phu thudc vao sy st dung cia cd cidu do . Co ciu do ki€u dién dong dugc sit dung d€ 1am
ampe k& , Volt k& hoic Watt k& .

2.4.2 Nguyén ly lam viéc

Khi c¢6 dong dién chay qua cudn day tinh , trong ldong cudén diy tinh xuit hién tr
trudng , tU trudng nay tic dong l€én dong di€n chay trong khung day ( cudén day dong ) Gilra
cdc cudn day sé c6 luc tic dong twong hd tao nén moment quay lam cho cudn day dong
quay di mdt géc o

Khi c6 dong dién mot chiéu di vao cudn diy tinh



zﬂ/éﬂfy 2
Moment quay dudc xdc dinh theo bi€u thifc

Voo AWe _dMy
197 doo = do 72
M =K. L. L,

Néu I,=L=1 thi M,=k,.TI

o vi trf cAn bing moment quay bing v6i moment cdn . Ta c6 ding thifc sau M, = Mk

dM,
do Il Iz =D.a
1 dMy,
Suyra o =" L I,

Khi dong dién xoay chiéu di vao cudn day tinh
Moment quay dudc xdc dinh theo bi€u thifc

M dW, dM,, | .
1% doo T do P

Do c¢6 qudn tinh nén phin dongkhong kip thay ddi theo gid tri tifc thdi . Cho nén , trén
thuc t&€ ngudi ta 18y gid tri trung binh trong mot chu ky tuong tng vé6i gia tri hiéu dung RMS
1 7
Ta c6 Mq=? I M, dt
0
dM;,

Suyra M,= da I, I, coso

My=K,.I;. 1. coso

Véi ¢ 1a goc léch pha gitra hai dong dién I, va I,
0 vi tri cAn bing moment quay bing véi moment cdn . Ta c6 ddng thic sau
dM;,
T I I, cosp=D .o
1 dM,,
Suy ra o = S do. I I, coso

k
Hay a=—L1*=K.I*
kP

Ning lugng tir trudng trong 2 cudn day phan tinh va phan dong 1a :

W, =%L1 1P +%L2 I2+M.I 1,



Ciic co i do
M 12 hé sd tuong hd giita 2 cudn ddy phan tinh va phin dong thay ddi theo vi tri cia
cudn diy phan dong d6i véi cudn ddy phan tinh tifc thay ddi theo géc quay o .

B6 bié/n thlén dwtt 12\1 . dwtt = Mq . d(X«

2.43 Pic diém cda co cau do kiéu dién dong
Co ciu do dién dong c6 wu va nhugc di€m clia cd ciu do tir dién va cd ciu do
dién tur
Uu diém cia co ciu do ki€u dién dong
4+ Cdciu do ki€u dién dong c6 thé st dung dé€ do dién mdt chiéu va xoay chiéu
+  Moment quay M, ty 1& v6i gid tri hiéu dung dong dién va cos@ nén ta c6 thé st
dung co ciu do ki€u dién dong d€ 1am watt k€ ( do cong suit)
Nhugc diém cia co cdu do ki€u dién dong

4+  C0 cdu do ki€u dién dong tiéu thu cong suit nén chi thich hgp cho viéc do cong
sut 16n

4+ Moment quay clia cd cAu do khdng 16n vi tlf trudng clia bdn thidn cudn day sinh ra
nhé va tir thong kép kin qua khong khi cé tir trd 16n vi th€ t6n hao tir nhiéu . Do
d6 co cau do kiéu dién dong bi 4nh hudng nhiéu bdi tir trudng ngoai nén dé€ han

2.4.4 Ung dung cia co cau do ki€u dién dong

Co cau do ki€u dién dong dudc sit dung dé ché tao cdc ampe k& , volt k& , watt k& mot
chiéu va xoay chiéu véi tin s& cong nghiép . Pong hd do hé s cong suat cos® hay géc léch
gifta cdc pha . Khi st dung trong mach xoay chiéu tin s6 cao , ta phdi 1ip thém mach b

A ~ N A N 2 g c A A ~ N ~ 2 g
tan s6 va ¢ cdu do nay c6 thé do dugc & dai tan 1én dén 20 kHz . Ngoai ra , ta cling cé thé
tao ra ti s& k& dién dong d€ lam cos@ k&

ZJ!JI g

Chiin gray i oo can o diirn ‘ong Y774 rgre (éi/y / Airpe wdc dinkk lewade Ahe hoal
d{'ﬁ/y el Qﬁt/{y arén diérn rowy ehiiew . Niew cdy . HSor Kotz chov Ihy cliw e’ civ de // %fc/zﬁ ngege
0l pifhdi s odin dG7 cqre link cia coagn ity 2O Mt i s gray Lovedin

2.5 CG CAU CAM UNG

2.5.1 Cautao co cAu do kiéu cam @ng

GOm hai phan chinh 12 phan dong va phan tinh

Phan tinh gdm ¢6 hai cudn diy quan trén mach tir (
16i thép ky thuat ) d€ tao ra nam chim dién . Khi c6
dong di€n chay qua cdc cudn diy s€ sinh ra tUr trudng

Cudn day

10

Khung quay



méc vong qua mach tir va qua phan dong . S6 lugng nam cham it nhat 1a 2

Phin dong 12 mdt dia kim loai thudng 1am bing nhdm gin vao truc quay va trén c6
mang kim chi thi
2.5.2 Nguyén ly hoat dong

Khi ¢6 dong dién I; va I, chay qua, tir thdng sinh ra s€ cdm ng 1én dia nhdm lam cho
trénn dia nhom xuat hién dong dién xody .

Khi 2 cudn diy clia nam cham dién c6 dong dién xoay chiéu i; va i, ¢6 bién dd 1a I,
va I, di qua hai cuén diy cia nam chdm dién va ching léch pha m6t géc ¢ . Cac dong dién
nay tao ra tr thong ®; va &, c¢6 cung pha vé6ii; va i, . Nhu vy @, tao ra sic dién dong cim
ting E;” va ®, tara E,’ . Stc dién dong cam dng E,;” 1éch pha 90° so v6i ®; va sdd cdm (ing
E,’ 1éch pha 90° so vdi @,

Trén dia nhém , sdd cam tng E,’ tao ra dong dién xody i'; ( ¢6 bién d6 1a I;”) va sdd
cam ung E,’ tao ra dong dién xody i’, ( ¢6 bién d6 1a I,’ ) c6 cung pha véi stc dién dong
cam tng phdt sinh ra dong dién xody nay . Cdc dong dién xody nim trong tlf trudng cia cic
nam chim dién nén chiing sé& tdc dung tuong hd 1an nhau , 1am xu't hién céc lyc tir trén dia
nhom va 12 xud't hién moment 1am cho dia nhdm quay

Moment quay dudc x4c dinh theo biéu thic
M, =C.f.®,.P,sing
Trong d6 C 12 hiing s& cia co cau do ki€u cdm tng
Hay My =K.U.Icos¢ =K.P

Moment phan khdng ti 1& véi t6c do quay clia dia nhdm

Mpk = K’.n
Dia nhom quay déu khi moment quay cAn biing véi moment phan khing
Mq = Mpk
Hay K.P=K’.n
K
Suy ra n= ? |

DPé€ c6 dugc tir thong 16n cAn phai cé tir trd clia mach tif nhd , ngoai ra con phdi chiu
dudc qué tdi va chdng lai tir trudng nhi€u bén ngoai . Hon nita chiing ta con ghi nhin nhiét
dd ciing 4nh hudng dén dién trd cia dong dién xody trén dia va cudn diy . Do d6 cd ciu
nay ciing c6 sai s6 do nhiét do

K&t luan
£ Toc do quay cla dia nhom ti 1€ v6i cOng sudt cia phu tdi

+ Khi M, >M,j dia nhom quay nhanh

11



Ciic co i do
+ Khi M, <My dia nhém quay chim
2.5.3 PDic tinh cia cd cau do kiéu cam wng
Uu diém cia cd cau do ki€u cam wng
4+ C6 moment I6n
4 Cautaochicchin
4+  Khd nidng chiu qud tdi cao
Nhugc di€m cia cd cau do ki€u cam dng

4+ Do chinh xdc thap do c6 sai s6 va do tir tré nén chi y&u dung dé do cong suit
xoay chiéu

A BN A XA N c R . A ~
+  Moment quay phu thudc vao tan s6 nén can phdi 6n dinh tan s6
Pac tinh

Piéu kién d€ c6 moment quay 12 phai c6 it nhat hai tif trudng

Moment quay dat gi4 tri cuc dai n€u géc 1éch pha giita hai tf trudng 1a ® = 5

Moment quay phu thudc vao tan sd clia dong dién tao ra tif trudng
Co ciu do ki€u cdm tng chi lam viéc trong mach dién xoay chiéu
I’J’ng dung

Co ciu do ki€u cdm wng chi yéu dung d€ ché tao cong td dién ( counter dién hay
compter dién ) d€ do dién ning tiéu thu . P6i khi ngudi ta dung d€ do tan s6
2.6 CAC KY HIEU GHI TREN CG CAU CHI THI

Thoéng thudng trén mat cia bd phin chi thi thudng dugc ghi ky hiéu § hai géc dudi
Nh¢ nhitng ky hiéu ndy ma ching ta sé biét dugc cap chinh xdc clia thi€t bi do , do dién
mdt chiéu , xoay chiéu hoidc cho cd mot chiéu ( DC ) va xoay chiéu (AC) . ..

Ngoai ra dua vao ky hiéu nay chiing ta bi€t dugc co ciu chi thi cho thi€t bi do nay tir

dé ta suy ra nguyén ly hoat dong cda cd cdu do ciing nhu bi€t dugc vu va khuyét di€m cla
co cau do d6

+ Cd cdu do tir dién + Co cau ti s6 k€ tir dién (
4 Cocu do tir dién c6 bd phan logomeét )

chinh lvu dung diode + Cd cau do dién tir ( mi€ng sit di
dong ) co cdu dién tf c6 nam

4«  C0 cdu do tir dién c6 phan
cham thudng truc

N 2. o« A DN
bi€n doéi di€én xoay chi€u

sang mot chiéu ding cd ciu 4+  Tiso k& dién tr
nhiét di¢n + Cd ciu dién dong

12
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£  Cociusitdién dong £  Cociucdm ting
+ Co ciu ti s6 k€ dién dong + Cd ciu ti s6 k€ cAm tng
+ Ti s6 k& sdt dién dong + Co cau do tinh dién

Ngoai ra ¢6 nhitng ky hiéu khdc ghi trén cdc mdy dudc nha sdn xudt sé quy dinh cho
chiing ta bi€t khi st dung cdc thi€t bi do . Vi thé , khi st dung thiét bi do ching ta can luu y
dén cdc ky hiéu ghi trén mdy
2.7 CHI THI SO ( DIGITAL )

Trong qud khit cdc thi€t bi co hoc va quang hoc da gidp ich cho k§ thuat do Iudng .
Tuy nhién cdc thi€t bi nay vin con mdt s6 han ch€ nhu khong ddp tng dugc cdc dai lugng
do ¢6 tan s6 cao , sai s6 16n , khé truyén tin hiéu di xa va khé x 1y cdc tin hiéu nay nén
viéc ty dong héa s& gip nhiéu khé khiin .

Hién nay trén thi trudng ngoai cdc thi€t bi do hién thi co ( Alnalog ) con c6 cic thi€t bi
do hién thi s& ( Digital ) . So vdi cdc thi€t bi do co dién , thi€t bi do hién thi s§ di khic phuc
dudc mot s6 nhugc di€m cda thi€t bi do co dién nhu ting dd nhdy , ting tong tr§ dau vao
nén han ch& dudc sai s trong qud trinh do , cAu tao nhd gon . Pic biét 13 do hi€n thi sd nén
k&t qua doc dugc nhanh chéng dong thdi ddp tng dudc tan s& cao
Thiét bi do hién thj s6 ¢6 cdc vu diém sau

+ DO nhay thich hgp
Ti€u thu ndng lugng it
T6c do ddp dng nhanh

D& tuong thich va tin hiéu dé dang truyén di xa

- + +

D0 tin cdy cao

+ Tinh linh hoat cao phil hdp védi cdc van dé vé do ludng
2.7.1 Nguyén ly hoat dong cua chi thi s¢
Mot thi€t bi do hi€n thi s6 gdm c6 ba khdi

Cdm bién ——»{ B6 bién ddi tin hieu —— | B hién thi két qud

Cam bién : dung dé€ bi€n d6i cic dai lugng khong dién sang dai lugng dién . Bo
phan nay chi § cdc thi€t bi do cdc dai lugng trong cdng nghiép

B bién ddi tin hiéu : dung d€ bi€n d6i cac dai lugng dién nhu dong dién , dién dp
dién trd . . . cho phit hop vdi bd hi€n thi k&t qua ( hién thi s& ). Bd ndy gdm c¢6 mach
phin tim do , mach diéu chinh tong trd , mach khuéch dai tin hiéu do . Ngoai ra con



Cic co can do
c6 mach loc , mach chinh luvu , mach stra dang tin hiéu , mach chopper , mach bi€n
ddi tin hieu (A/D). ..

B6 chi thi két qua do : k&t qua do dudc hién thi dudi hai hinh thitc kim hoic hién thi
s6 (‘hién nay da phan 12 hién thi s6 )

Khdo st s¢ d6 khéi ctia hé théng do ludng dang sé ( Digital )

Bai lugng do BS chi thi
quan sat s6 SG
dung
k&t
qud
Cdm Ché bién tin I & do
bidn hiéu S/H ADC XU ly s&
B6 diéu khién DAC
logic
" a” . R M A
Thiet bi dieu Microprocessor (;y
khién — ch ghi
[ ucong
trinh

Hé théng do ludng s6 két hgp véi P

Bo vi xit 1y ( Microprocessor WP ) tham gia vao hé thdng do dé€ x{ Iy nhanh tin hiéu
do va chong nhiéu khi truyén tin hiéu di xa . Vi sy phét tri€n clia mdy tinh caa nhan
( PC ) hé thong do ludng st dung PC d€ tu dong héa hé thdng do ludng & mic do cao
hon va viéc st dung ciing dugc thuén tién hon . Hién nay ching ta buGc sang giai
doan “ mdy tinh ho4 thi€t bi do ludng “ ( Computerized Instrumentation )

Trong hé thong do ludng k§ thuit s§ , tin hiéu Analog dudc bi€n ddi sang tin
hiéu Digital bing mach ADC ( Analog Digital Converter ) , tin hiéu nay dudc chuyén
dén bd PP dé xir 1y dit liéu . Mudn thé hién tin hiéu & dang Analog , ta diilng mach
DAC ( Digital Analog Convertor ) d& chuyén d6i tin hiéu sang analog .

Ngoai ra , hé thong do ludng dang s& con c¢6 vu di€m 13 hoat dong thong minh vi
c6 phidn mém ( soft ware ) Xt 1y tin hiéu do ludng va diéu khi€n hé thdng mot cich
tu dong héa . Viéc xit 1y tin hiéu va diéu khién hé thdng tir xa ( remote ) 12 nhd dudc
k&t ndi v6i mdy tinh , mdy tinh sé& diéu khién thi€t bi do ludng thong qua bd giao ti€p
chudn ( interface bus standard ) thong dung 13 IE488 hoic RS232C . Phan giao ti€p
truyén s6 da ning ( GPIB — General Purpose Interface Bus ) dugc thi€t k& dé dudc
thuc hién sy diéu khién .

Sd do6 khdi cia hé thdng thu nhan va x{ 1y dif liéu ding mach giao ti€p RS232
nhu sau :
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chuong tinh [ Rs232  |* > Biukhien
g i A Giao tiép Hién thi
BO nhé a liéu RS232 (man hinh )




o, -
({//‘ e’ e de

CAUHOI ON TAP

Caul Co ciu hién thi bao gdm nhitng bd phan nio ?
Cau 2 Cong dung cta tirng bd phin trong cd cAu hién thi ?
Cau3  Neéuciutao co cdu do tir dién ?

Cau4 Trinh bay nguyén 1y hoat dong ctia co ciu do tir dién ?

Cau s Néu uu di€m clia cd ciu do tir dién ?
Caub Néu nhugc di€ém clia cd ciu do tir dién ?

Cau7  Neéucdutao co cdu do dién tir ?

Cau 8 Trinh bay nguyén ly hoat dong clia cd cAu do dién tir ?
Cau9 Neéu vu di€m ctia cd cdu do dién tir ?

Cau 10 Néu nhudc di€m clia cd ciu do dién tir ?

Caull Neéucau tao cd ciu do dién dong ?

Cau 12  Trinh bay nguyén ly hoat dong clia cd ciu do dién dong ?
Cau 13 Néu uvu di€m cda co ciu do dién dong ?

Cau 14 Neéu nhudc di€m cla cd ciu do dién dong ?

Cau 15 Neéuciutao cd cidu do cdm tng ?

Cau 16  Trinh bay nguyén ly hoat dong clia cd ciAu do cdm tng ?
Cau 17 Néuuu diém clia co cdu do cdm ng ?

Cau 18  Néu nhugc diém clia cd cAu do cdm ting ?

Cau 19  So sianh vu va nhugc di€m cla cdc co cdu do ?

Cau 20 Gidi thich cdc ky hiéu ghi trén thi€t bi do

Cau2l Néu tinh vu viét clia co ciu do hién thi s6 so vdi cd cidu do hién thi co ?

Cau22 V& so dd khdi va gidi thich nguyén 1y hoat dong cda hé thong do ludng dang s6 ?



Chuong 3

PO DONG PIEN VA PIEN AP
BOW

3.1. KHAI NIEM

Trong cdc dai lugng dién , dai lugng dong dién va dién dp la cdc dai lugng co ban
nhat Cho nén trong cdng nghiép ciling nhu trong cdc nghién citu khoa hoc , ngudi ta ludn
quan tAm dén cdc phuong phdp va thiét bi do dong dién

Ta c6 thé do dong dién bing phuong phap

+ Do tryc tiép
+ Do gidn ti€p
+  Phuong phdp so sdnh ( hay con goi l1a phudng phdp bu )

0 phuong phdp do truc ti€p , ta st dung cdc dung cu do dong dién nhu ampe k&
miliampe k& hay microampe k€& tuy theo cudng do dong dién cin do va gid tri do dudc doc
tryc ti€p trén dung cu do

Trong phuong phédp do gidn ti€p , ta do dién dp rdi trén dién trd miu dugc mic trong
mach can do dong dién . Thong qua tinh todn , ta s& xdc dinh dugc dong dién can do
(4p dung dinh ludt Ohm )

o phuong phdp so sdnh , ta so sanh dong dién cin do véi dong dién mau chinh x4c . 0]
trang thdi cAn biing clia dong dién cian do va dong dién miu , két qud dudc doc trén mau .
Ta c6 thé st dung phuong phép so sdnh truc ti€p va phudng phap so sdnh gidn ti€p
3.2 CAC DUNG CU PO DONG PIEN

3.2.1 Pic di€m co cau do

Khi do dong dién, ta mic dung cu do ndi ti€p véi mach dién cin do . Vi thé ampe k&
s& 14y mdt phan ning luong clia mach do , cho nén sé giy ra sai sd trong qud trinh do .
Phan ning lugng nay con goi 1a cong suit tiéu thu ctia ampe k& va dudc tinh theo bi€u thitc

PA - IA2 . RA

Tur bi€u thic trén , ta nhan thdy cong sudt tiéu thu cia dung cu do cing nhd thi sai s6
ctia phép do cang nhd nghia 1a dién tr§ clia cd cidu do cang nhd cang tot

D6i v6i cdc dung cu do dong dién xoay chiéu , do tin s& dnh hudng dén co ciu do
Xy =27 fL 1a thanh phan trd khdng cda cd cAu do . Cho nén ngudi ta thi€t k& co cau do
lam viéc § d4i tAn s& nhat dinh d€ ddm bio c4p chinh xdc cho cd cdu do
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3.2.2 Cécyéu caucua cd ciu do

Trudc khi do

4 Kiém tra sy an toan cho ngudi va thiét bi

& D4m bdo do tin cdy clia mach can do dong dién
Trong khi do

+ Chon thang do thich hgp

4 Diéu chinh kim va que do diing vi tr
Sau khi do

4+ Ddnh gid k€t qua do dudc

4 Tinh sai s6

3.2.3 Cach tinh sai s&

Mic ampe k€ ndi ti€p véi phu tdi nhu hinh vé K
Goi
Zz v A
I  1a dong dién qua phu tdi khi chua mac ampe ké (
Khi khod K déng ) R
I, 1a dong dién qua phu tdi khi mdc ampe k€& ( Khi
khéa K hé )
R, 1a dién tr§ ndi cia ampe k&
R 14 dién trd cia phu tai
U 1a dién 4p ngudn cung cAp cho mach dién
N
a cé =R V& L=} R
Sai s6 a5 A% =" 100% = =2 1009
ai s0 tuong d6i b=""] 6= R.+R o
Vi du

Tinh sai s& ctia phép do khi mic vao mach mot ampe k& cé noi trd 12 R,, = 50 Q , dién
trd tai c6 gid tri la 1kQ va dién dp dit vao mach dién la 12 von

K
Dong dién qua dién trd tai khi khéa K dong ( khdong c6 ampe
k& trong mach ) A
I 4 1 0.012 A=12mA
=R T 1000 ~O0i=A=lm R



Lo %}/y Aoén va dedr dp
Dong dién qua dién trd khi khéa K m§ (c6 ampe k& trong mach)
U

Ir= R.+R = 1050 =0.0114 A=11.4 mA
- ‘. I[-14 12-114
Sai s0 tuong doi A% = 1 100%=T100%= 5%

3.3 PO DONG PIEN MOT CHIKU
3.3.1 Pic di€m

D€ do dong dién mot chiéu , ta cé thé st dung co
cidu do ki€u dién tr , tir dién hay dién dong . Thong
thudng ta st dung cd cidu do ki€u tir dién vi c6 d6 nhay
cao lai tiéu thu ning lugng it khodng 0.2 dén 0.4W va
vach chia trén thang do déu nén dé doc

Khung ddy clia ampe k& ki€u tir dién dudc quin
bing diy déng c6 dudng kinh tir 0.03 dén 0.2mm , s6 vong diay khodng 300 vong nén dong
dién cho phép qua cd ciu do tr 100uA d&én 20mA va dién tr§ clia cd cdu do khodng 20Q
dén 2000Q

3.3.2 Phudng phiap mé rong thang do I I .
—> —»
Trong qud trinh do dong dién , do6i khi @ Ry —
gid tri cAn do 16n hon gidi han cho phép cilia IS¢
co ciu do , khi d6 ta phdi m§ rong thang do
cho ampe k& . Phuong phéap phd bi€n 12 diing Rg

dién tré Shunt , dién trd Shunt thudng lam
bing manganin mic song song vdi c¢d cau do ( thudng dong dién di qua dién trd Shunt 16n
hon dong dién di qua cd ciu do rdt nhiéu )

Khi ¢6 dién trd Shunt trong mach do , dong dién phin nhanh vao khung quay va dién
trd shunt ti 1& nghich vdi gid tri dién trd ctia ching . P& thay ddi gidi han khung do clia
ampe k€ , ta thay ddi gid tri dién trd shunt . ta ¢6 th€ diéu chinh gid tri dién trd shunt d€ phu
hop cho tirng gid tri dong dién can do

Is R4 Ri. 14

IA = RS hay RS = IS

Lie = In+1s
Vi du

Mot ampe k& ki€u tir dién c6 noi trd R, = 99 Q va dong dién 1am kim 1éch t8i da 1a
Inax = 0.1mA . Tinh gi4 tri dong dién thuc t€ néu gia tri dién tr§ shunt 1a Rg = 1Q

Gidi
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D¢ han ch& dong dién chay qua cd cdu do , ta mic song song vdi cd ciu do mot dién
trd shunt Rg

bién 4p roi trén cd cdu do 1a
Viu=1s.Ry = 0.ImA .99 Q =99 mV
Dong dién qua dién trd shunt 1a

L= Vi _ 9.9 mV
ST Ry~ 1Q

=9.9mA

Dong dién qua ampe k& 1a
I,=1I, +Ig=0.1mA + 9.9mA = 10 mA
a. Cdc loai dién trd shunt
C6 hai loai dién tr@ shunt
+ Dién tr§ shunt gin trong
# Dién trd shunt gdn ngoai

Dién tré* shunt gin lreny duge ch€ tao dit trong ampe k€ do dong dién nhd hon
30A

ien trct sthunt gin ngeas1a bd phian dién trd gdn ngoai di keém véi ampe k&€ bd
dién trd shunt ngoai dugc dit trong mdt hdp riéng d€ ddm bio diéu kién tda nhiét . Vi bd
dién tr§ shunt gdn ngoai ta c6 thé do dong dién c6 cudng do tir vai ampe dén 10 kA .

Shunt gdn ngoai c¢6 4 cuc , 2 cyc nhd con goi 1a cuc 4p gin vao ampe k& va 2 cuc 16n
con goi 1a cuc dong dau védi cuc can do dong dién . Khi st dung , ta cAn luu ¥ cdc cuc nay
trdnh nham 14n d€ khong 1am hu co cau do

1 IA
Le e 0
&) | R | A/

(e P At ) ey

Pé€ c6 nhiu cip do khdc nhau ( nhiéu thang do ) , ta c6 thé mic cdc dién trd shunt
ddc 1ap hay ndi ti€p . Pién trd shunt mic ddc 1ap nhu hinh 1 ( song song ) it dugc st dung
hon dang dién trd shunt mic ndi ti€p ( hinh 2)

D6i v6i dién tré shunt mic ndi ti€p , gid tri dién trd thanh phin dugc xdc dinh theo
bi€u thic
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1 1 1
n 1 ( = )
1- Nk Ng +1

RK=RA

Tinh todn dién tré shunt d€ mé rong thang do

Goi n 12 hé s diéu chinh dong dién ( 12 ty s6 giita dong dién tdi va dong dién qua

ampe k€& )
I IA+IS 1 RA
T T o TR
Ta c4 I Ry
a cé I. = R.
R
Suy ra Rg = n-Al

Nowr vy déme ring //'?/1///}// Ao . la mdic dign ldt shnel cé g nhe for diin

Lt cti co cdn do [ — 7/ in
Vi du

Mot cd cAu do c6 gid tri giGi han do 1a I, = I, = 50uA , dién trd ndi cla co ciu do l1a
1o = 300Q . Tinh cdc gid tri cia dién trd shunt d€ c6 thang do 100pA , ImA va 10mA

Giai
Hé s6 diéu chinh dong dién & tirng thang do tuong tng 1a
1, 100

Thang do 100pA n; = I, = 50 - 2
Thane do TmA L 1000
ang do Im n, = L, = 50
Thang do 10mA _h 10000
ang do 10m n3—IA— 50 =
Rop, —u— L L
l—Anl_l(n1 _Hz)
22 1 1 270 O
Ri=300.5 1 (5 - 59)=270
Tuong tu ta c6 R, =27Q
R;=3Q

34 PO DONG PIEN XOAY CHIEU

D€ do dong dién xoay chiéu & tin sd cong nghiép , ta thudng dung cic ampe k& dién
tr, dién dong hay sit dién dong .
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D¢ do dong dién xoay chiéu & tin s6 4m tin va c6 thé sit dung nhiéu cap thang do
khdc nhau , ta thudng st dung ampe vong tir dién chinh luu . Ampe nhiét dién dudc dung dé
do dong dién xoay chiéu c6 tan sd cao va siéu cao

3.4.1 Ampe ké dién tir

Ampe ki€u dién tir dugc ché tao dua trén co cdu do chi thi dién tir . Mdi cd ciu do
dugc ché tao v6i s6 ampe vong IW nhit dinh .

+  Do6i v6i cic co cau do ¢6 cudn day hinh xuyén thudng cé6 ampe vong la
IW =200 A.vong
+ D6i véi cudn day dep c6 ampe vong 1la IW = 100 =+ 150 A.vong
+ Doi véi mach tir khép kin ¢6 ampe vongla  IW =50 + 1000 A.vong
K&t luan
Mowuén mét ring Mang do ciw ampe £E dign o2 A cdn By déi sao che
IW=WI, =W, =Wil;3=...=W,I, =const
Vi du

Mot ampe k€& dién tir ¢6 IW = 300 A.vong c¢6 3 taim do (thang do ) 1a I, = 1A I, =5A
va I; = 10A . X4c dinh s6 vong ddy & tirng phan doan

Tacé IW = Wlll = WzIz = W3I3 =300 A.V(\)l'lg
Khi d6 ta x4dc dinh dugc s& vong & tirng phan doan cho tirng thang do

) 300
Othangdol; =1A1a W, ="

300 vong

) 300

O thangdoI,=5A1a W,= 5 = 60vong

) 300

O thang do I, = 10A 1a W3="7," = 30vong

Ampe k€& dién tir c6 nhiéu thang do dugc ché tao biing cdch chia cudn diy tinh thanh
nhiéu phan doan bing nhau , khi thay ddi cdch ndi ghép cdc phin doan niy song song hay
ndi ti€p ta s€ ¢ cdc thang do khdc nhau

TS lordin
L/%/Iyé(’/ KO doin 1ar cé nkbeiu nkat (i bo /%/iy o 00 Hhbr ling 36 éwwy

z%/gy o lin veée (& 1ot /l&.aﬂ/ 0%%{2}& /%M/w o é /1/5&"0 laye //Ziﬂy e
%4&0 /a:?/& g
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Awuin o cie long Wién cé cé lf 56 Abtic nbbaee . la et unyg lrén
dong dé oo chan de dipe den gedn Son [ i ung anye A /
Vi du

Mot ampe k€ dién tir c6 2 thang do , ta chia cudn diy tinh thanh hai phan doan bing
nhau

4+  NEundi ti€p 2 phan doan nay ta sé dugc dong dién 1a I,

4+  N&u diu song song hai phdn doan nay ta sé dugc dong dién 1a I, = 2I,

R L e—/ Y Y O\
/Y Y L /Y Y, = .
Y Y

12 e 211

Viéc md rong tam do cho cd ciu dién dong : mic dién trd shunt song song véi cudn
day di dong (tuong tu nhu md rong tAm do cho cd ciu tir dién)

Nhu di trinh bay & trén , co cdu dién tir va dién dong déu hoat dong dugc vdi dong
xoay chiéu. Do d6 c6 thé diing cd ciu nay truc tiép hoic md rong tim do dong nhu di dé
cip & phé\il’l trén. %/{fﬂy cot e L doin AhT ding la Jihhdi s bain db ong AC #oni’ DC f(iﬂy
cick ding dicde d6 chink lin deng dizn . SO lugng diode c6 the 1a 1 (ndn ban ky ) 2 hoic 4
diode ( ndn toan ky )

Dong dién qua diode ndi ti€p véi cd cdu tir dién 12 dong dién xoay chiéu da chinh luu
thanh dong mdt chiéu.

Tri trung binh ctia dong dién chinh luu

T

1+,
Law = ? Ilcldt < Lhax
0
[ ]
A d \
IAC IDC
—AGy, DGy,
. (A)—e
\_/ ‘ N

Chinh luu ding 1 diode

)
&)

Né&u dong dién xoay chiéu c6 dang i=1I,, sinmt
4+  Khi d6 n€u dung phuong phéap chinh lvu bdn ky ( dung 1 diode ) thi
Icltb = 0318 2 Ihd = 0318 Imax
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&  N&u dung phuong phap chinh luu toan ky ( ding cau diode ) thi
Icltb = 0636 2 Ihd = 0636 Imax
4+  Trudng hop dong dién AC c6 dang bat ky thi Iy, c6 tri s6 phu thudc vao dang
va tan sO cua tin hiéu

D€ md rong tam do cho cd cau do tir dién ta ciing c¢6 thé st dung dién trd shunt . Gid

tri dién trd Shunt dugc xdc dinh néu
dong dién xoay chiéu c6 dang sin I

I
Vp + R, max
D m 03182

I (RMS)

Ia I
—

Rs:

Ngoai viéc st dung dién trd
shunt , ta con c¢6 thé md rong tim do
bing cdch dung bi€n dong TI ( CT ) . TI ¢6 s6 vong

day cudn so cAp W, ratit ( thudngla 1 vong ) so vdi &

s0 vong day cudn thit cap W, . Khi thay doi s6 vong - L4 / * *
Ao~ 2. . o Wi —> 1 |o
day s€ thay doi thang do theo ti sO W — |~ %
._/
Ta nhan thdy dong dién tdi ( dOng dién sd cip —

) I, ¢6 gid tri 16n hon dong dién qua cd ciu do ( dong
dién thit cAp ) rat nhiéu , thudng tir 25 d€n hang trim lan
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Nguyén tic hoat dong cia CT ( TI)

Dya trén hién tugng cdm t¢ng dién tr , khi ¢c6 dong dién i, di qua cudn sd cip , lam
xuit hién tir thong bién thién trong mach , tir thong nay méc vong qua cudn diy thit cip
nén o hai diu cudn day thit cAp c6 stc dién dong cdm ttng Do cudn diy thit cip clia TI kin
mach nén c6 dong dién i, , dong dién nay phu hgp véi cd cau do

Theo nguyén 1y hoat dong ctia bi€n dong, ta c6

L W
L W,
Do s6 cap ¢c6 W, = 1 vong nén
I,
I, =
2 = W,

CT thudng c6 cac thong sé sau : 50/5A , 100 /5A hay 250/5A

+ Tk e dong diin chuy guw déng oo cin luw G deén déng AT ding dé chen
/%/zy o thiekh Hgre (Lig=3 -Tlim)

* TR s ing anmyee Ao e (/fé}/ﬂ’}z liirn do pilbtis liich Kb raw ARGT el
cin de. amype Ll chi do dorpe %}/y woay chie .

4+ TEK 307 onyg CT. lugel %i//%ﬁy A N0 ek thor e of lite b doérn b &
2 it migelf ther cap cé he 1 e gy nguy Siimn che il by vo ng ity s
Aung .

! S A p ) 4 N . N o . ” P A ) 4 ~
+ S v bde an lodgn che ng et ea Bret br . lor nén néy di? bie vé ke CT

3.4.2 Ampe kém
a. Chifc ning ciia ampe kém

P& thuin tién cho viéc do cudng do dong dién I6n va han ché thao tdc khi do , ngudi
ta st dung ampe kém . Pdy 12 mot dang k&t hop dic biét clia co cau do vdi bi€n dong CT .

Ampe kém 12 thi€t bi do dong dién rat tién Igi vi khi can do dong dién chay qua mot
day din nao dé, ta khong cin ngit mach dién d€ mic dung cu do vio nhu cdc loai ampe k&
khéc .

Mach tir cia mdy bi€n dong trong ampe k& kém c6 thé déng md dugc nhu mot chiéc
kém. Khi can do dong dién chay qua diy din ( phu tdi ), ta cho diy din vao mach tir khép
kin , day din c6 dong dién can do lic nay dong vai trd cudn diy sd cAp clia mdy bién dong
vdi s6 vong W, = 1vong . Trén mach tif ta mic thém cudn thi cAp W, vong , hai dau cudn
thit cAp dudc ndi vé6i co ciu do .
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Chtic ning chinh ctia ampe kém 13 ding d€ do dong dién xoay chiéu tir 1A d€n 600A

ho#ic 16n hon tlly theo hang ch€ tao . Ngoai ra con c6é thém chifc ning do dién 4p va dién

trd nhu khong chinh xdc vi hai chifc ning nay chi la phu

b. Cach sit dung ampe kém ( dé do dong dién xoay chiéu )

Budc 1 Uéc lugng dong dién phu tdi va thang

do 16n nha't cia ampe kém AN

Buéc 2 Chon thang do thich hgp 6A — 15A -

60A — 150A hay 300A ( 600A ) bing

cach chuyén gallet vé tim do thich hop

Buée 3 T4ch riéng diy din can do dong dién
chay qua ( ddy din dién d€n phu tdi)

Budc 4 bit diy din vao trong mach tir cda
ampe kém

Budc 5 CAp dién cho phu tdi

Budc 6 Gat cong tic “ LOCK “ sang vi tri : _
“hold” d€ giita ¢& dinh kim chi thi ( Khi -;
thanh thuc , ta khong cin thuc hién
thao tdc nay )

Bué6e 7 Poc gid tri dong dién trén mit ddng hd ( mit hién thi)

Budc 8 LAy day din ra khdi mach tir cda ampe kém

Buéc 9 Vin gallet vé tAim do dong dién cao nhat ( 600A ) d€ ddm bdo an toan cho
thi&t bi

3.5 PO PIEN AP
Thi€t bi dung d€ do dién 4p dugc goi 1a volt k&
Volt k&€ dugc mic song song vdi phu tai

Khi dién 4p can do tao ra dong dién nim trong giGi han dong tdi da cla co ciu , thi
ta c6 thé do tryc ti€p

Khi dién 4p can do 16n, ta phdi md rong tim do cho volt k&

Khi mic volt k€ vio mach dién , volt k€ sé tiéu thu mdt phan dién ning nén giy ra
sai s trong qud trinh do

Khi chua méc volt k€ vao mach ( khod K hé ), dién 4p roi trén tdi 1a

Khi mic volt k&€ vao mach ( khéa K déng ) , dién 4p roi volt k&

10



Lo deong doin va dign dp
U = Iy.Ry = Ig. Ry;

Rt
I = Iv+1Lg = Ir(1+7 )
Ry

Né&u I=1Iy thiphép do chinh x4c nhat .
T bi€u thic trén , ta thdy dé phép do dat dugc

c—»> 9
~
_@_/._
=
e

chinh xdc khi
Rt .
=0 hay RV >> Rtf\i
Ry
Cong suat tiéu hao trén volt k&
UZ
AP = Ry

D€ cong suit tiéu hao trén volt k& nhé thi ndi trd cda volt k& phdi rat 16n ( 16n hon
dién trd tai cang nhiéu cang tot , tot nhat1a 10 14n)

Vi du

Mot von k€ ¢6 tdm do 5V dude mic vao mach nhu so db Ri

a. Tinh gid tri dién 4p trén dién trd R, khi chuwa mdc von — 12V .
k& vao mach

b. Tinh gid tri dién 4p trén dién trd R, khi mdc von k€ vao

mach (von k&€ c6 R,, = 100 kQ ) =
Bi€tring R; = 70 kQ va R, = 50kQ

Khi chua mic von k€& , ta ¢6

R, (9 50kQ
R, +R, B 70 kQ + 50kQ

Vey =E = 5von (1)

Khi mic von k& vao mach , ta cé
Ry // R, =100 kQ // 50 kQ = 33.3 kQ

R, // Ry

Nén VRZ =E Rl + Rz//RV

=3.87 von (2)
Sosdanh (1) va (2), tanhin thdy gid tri do nhd hon gid tri thuc vi lic ndy c6 ndi trd
ctia von k& tham gia vao mach lam cho gid tri cda phép do bi thay ddi

3.5.1 Po dién 4p mot chiéu

C4c cd ciu do tir dién, dién tr, dién dong déu hoat dong vdi dong dién mdt chiéu
nén dugc dung d€ ché tao volt k& mdt chiéu .

11
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Trong cdc cd cdu do trén , cd ciu do kiéu tir dién dugc sit dung nhiéu hon ci vi ¢6 do
chinh x4c cao va tiéu ton it ning lugng ( tdn hao thdp ) nhung co cdu nay c¢é nhudce di€m la
dién d4p dinh mdc khodng tr 50 mV d€n 75mV . Cho nén khi do dién 4p I6n hon gia tri dinh
mifc , ta phdi midc thém dién tr§ shunt ndi ti€p v6i co cau do

So @6 hinh bén st dung mot dién tré shunt mic ndi ti€p v6i cd cdu do d€ gidm dién

dp ditlén co ciu do

) Uy  Us
Ta co Iy = Ry — Rs
U = Uy + Ug
4o
U_( +RV )UV
) ., . U
Goi Ky 1a hé s6 md rong thang do . Khidé tacod Ky = U
\%
Rp
Suyra U = Ky Uy hay Ky =1+
Ry
T
— O O
b U

® - U -

D€ ting tinh linh hoat cho cd cdu do c6 thé do dugc & nhiéu thang do , ta st dung bd
dién tr§ shunt gdm nhiéu dién trd shunt c¢é gid tri khdc nhau dudc mic ndi ti€p véi nhau
hodc mic doc 1ap v6i nhau nhu hinh vé

D€ han ch€ sai s trong qud trinh do , dién trd shunt thudng dugc ché tao bing
manganin 13 vat liéu it thay ddi gid tri dién tr theo nhiét do
Vi du

Mot co ciu do tr dién c6 dong dién cuc dai cia khung do 12 60mA , dién trd cia cd
cdu do 12 Ry = 10Q Tinh gi4 tri dién trd shunnt gin thém vao d€ khung do 1éch hét kim khi
do ngudn dién 4p 30V

Gidi
Ta cé | Y
aco VT R¢+Ry
U
Suy ra Rg = _I - Ry
Vv
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Lo dong dign v dign dye
Thay cédc gid tri vao, ta dugc Rg = 490 Q
Nhu vay d€ kim 1éch hét khung do khi do ngudn dién 30 V thi dién trd shunt cAn mic
thém vao phdi c6 gid tri la Rg = 490 Q
3.5.2 Po dién ap xoay chiéu

P€ do dién 4p xoay chiéu , ta c6 thé st dung cd ciu do ki€u tir dién , dién tir hay
dién dong k&t hop vdi bo chinh luu

1. Volt k& dién ti

O O

Uy —— L) U

Cd ciu do dién tr mic du do chinh xdc khong cao nhung gid thanh ha nén dudc st
dung rong rai trong cdng nghiép . Do yéu cau dién trd ndi clia cd cAu do phdi I6n nén sd
lugng vong diy quan trén cudn tinh rat 16n tr 1000 d€n 6000 vong vSi ¢d day nhé ( do dong
dién qua cudn didy nay nhd )

2 oA < , G, G2, GC3y

b€ md rong thang do cho cd cau do , ta su 1] 1] 1]

dung dién tr§ shunt ( gidng nhu do dién 4p mot —®—<>—| Rl 4 R2 4] R3
[ J [ J

chiéu )

[ ]

Khi do dién 4p xoay chiéu & tin s6 cao sé
xuat hién sai s6 do tan s6 . D€ khic phuc hién
twong nay , ta gin cdc tu dién song song vGi
dién tir cdc dién tr§ shunt nhu hinh vé ° u

Riéng d6i vdi dién dp 16n hon 600 V ta c6 thé st dung bi€n dp do ludng TU ( VT )
k&t hop vdi co cdu do . Ta dung bién dp do ludng dé chuyén d6i dién 4p cao thanh dién dp
thap . Viéc st dung bié€n 4p do ludng TU c6 wu di€m 1a ddm bio an toan trong qud trinh do
va tao ra dién 4p phi hdp véi dién 4p co cau do
Nguyén 1y hoat dong ctia bi€n 4p do ludng TU ( VT ) gidng nhu bi€n dong TI ( CT )
U, W, I

KU=E= szll

Hay U = Ky. U,

Khi biét gi4 tri U, , ta sé xdc dinh dugc gid tri thuc clda dién 4p cian do ( Ky dugc ghi
trén bién 4p do ludng )

Vi du
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Chaiong

Xdc dinh dién dp clia ngudn dién cip cho phu tdi , biét ring dién dp hi€n thi trén co
ciu do 1a 50V va ty s6 bi€n 4p do ludng 12 Ky =100

Giai
Tacé U = Ky. U, =100.50 =5000 V
Nhu vay dién 4p ngudn cung cAp cho phu tdi c6 gid tri 1a 5000V
2. Volt k& tir dién

Do c¢o ciu do tir
dién chi do dudc dién

d4p mot chiéu , vi th€ g,
dé do dién 4p xoay
chi€u bing co cdu do  go o

ki€u tr dién ta phai
chinh luwu dién 4dp
xoay chiéu thanh dién
mot chiéu

D€ han ch€ sai s§ , ngudi ta gian dién trd shunt vira ¢6 tic dung md rong thang do vira
c6 tdc dung bi nhiét nén dién tré R, dudc 1am bing dong va R, dudc 1am bing manganin
con tu dién C ding d€ bu sai s6 do tan s , ta ciing ¢6 thé thay tu dién C bing cudn khang L
nhu hinh vé

Mach chinh Ivu c6 th€ sit dung mot diode , hai diode hay bon diode ( ciu diode )

D1 D>

Chinh Iuu ban ky Chinh luu toan ky 2 diode Chinh luu cau diode

Trong mach chinh luu dung 2 diode , diode D, dudc gian ngudc cuc d€ tranh cho diode
D, chiu dugc dién 4p ngudc & ban ky Am cda hiéu dién th& xoay chiéu ( chi c6 ban ky
duong clia dién dp xoay chiéu qua co ciu do )

3. Volt k& dién dong

Volt k€ dién dong c6 ciu tao tuong ty nhu ampe k& dién dong , nhung s6 vong day &
cudn tinh nhiéu hon va ¢ diy nhd hon do volt k& cin dién trd ndi 16n d€ han ché sai sd

14



Y %}/gy Aoérn va defr dpe
trong qud trinh do . (7 ved7 47 dign ding . codn iy link va cougn Ay ding liubn mdie néy

liep ntbeer .

U
Nghia 1a Il = 12 = I =
Zy
Phuong trinh dic tinh thang do clia ¢d cdu do dién dong cho volt k€ dugc vi€t nhu sau
U>  dM,,

- D.Zy¢  do

o

Véi Zy 1 tdng trd toan mach cda volt k&

Ngudi ta c6 thé ché tao volt k& dién ddng cé nhiéu thang do bing cdch thay ddi cich
dau hai phan doan cudn day tinh tif song song sang ndi ti€p va ndi ti€p vdi cdc dién trd phu

2 ¢ N A A ~ N A A A A < P OIRY-¢ N O g 2
O volt k€ ndy , cudn day tinh va cudn ddy dong ludbn mic ndi ti€p nhau va ndi ti€p cdc
dién trd phu Rp

Bo ddi ndi K 1am nhiém vu thay ddi gii han do .

4+ Khi khéa & vi tri 1, hai phdn doan A, vd A, ciia cudn day tinh dudc dau song
song v61 nhau tuong 'ng v4i gidi han do 150V

4+ Khi khéa & vi tri 2 , hai phan doan A; va A, clia cudn diy tinh dugc ddu noi
ti€p véi nhau twong tng véi gidi han do 300V

Céc tu dién C tao mach bu tan s6 cho volt k&

3.5.3 Do dién 4p biing phuong phap so sanh

1. Cd s6 cua phuong phap so sanh

Cédc dung cu do trinh bay § trén st dung co ciu do I _l_ C/
cd dién d€ bi€u dién két qua do ( do truc ti€p ) vi vay cT
cAp chinh xdc ctia dung cu khong thé vugt qud cAp chinh <

xdc cia chi thi . Mudn do dién 4p c6 dd chinh x4c honm ,
ta st dung phudng phdp so sdnh véi miu . Tic 1a so
sdnh dién 4p cin do véi dién 4p roi trén dién trd miu .
Phuong phdp nay con cé tén goi khdc 1a phuong phdp bu

Uk

P - ————————
¢ ————————

Nguyén ly c¢d ban clia phuong phdp dugc mo ta trén so d6
Ta c6 UK =1. RK

Uk 12 dién 4p mau chinh xdc cao dugc tao bdi dong dién I 6n dinh chay qua dién tré
mau Ry khd chinh xdc

CT la thi€t bi ty dong phét hién sy chénh 1éch dién 4p AU = Uy — Ug

15



Chaiong

Khi thyc hién phép do , ta so sdnh dién 4p cin xdc dinh Uy véi dién 4p mau Uk , néu
AU # 0 thi ta chinh con trugt D sao cho AU = 0 , khi d6 ta doc két qua do dugc khic trén
dién tr§ mAu theo thit nguyén dién dp

C6 cdc loai dung cu bu dién 4p khdc nhau , nhung nguyén 1y chung van giong nhau ,
ching chi khdc nhau & cdch ché tao dién 4p mau Uk

2. Dién th& k&€ mot chiéu dién tré 16n

Loai dién thé k& nay dudc ché tao dua trén nguyén tic giit dong dién 6n dinh I = const
Khi thay d6i dién trd Rg d€ thay d6i Uk bu cho dién d4p Ux 12 gid tri dién dp cin do

b€ didm bio @6 chinh xdc cao cho dién thé k& , ta phdi thda min cdc yéu ciu sau
+ Dién trd miu cé dd chinh xdc cao
( Phu thudc vao vat liéu ché tao , quy trinh cong nghé , thi€t bi mau )
4 Dong dién qua dién trd miu phdi chinh xdc cao
( Mach hop 1y va ngudn dién 6n dinh )

4 B0 chi thi cAn bing di nhay d€ phdt hién sy chénh 1éch giita tin hiéu do va
mau

Mach dién thé k&€ mét chiéu cd dién géom Uy |
hai bé phan chinh |

4+ B0 phidn mot bd phin tao dong cong
tac Ip

U
+ B0 phinla mach do -

Bo phin tao dong dién cong tic gdm ngudn
cung cip Uy, dién trd diéu chinh Ry , ampe k& dé
do dong dién cong tic Ip va dién trd miu Ry A

Bo phan mach do gém dién 4p cin do Uy , Uo Rae

dién th& chi su cin bing gitta Ux va Uk , mot phan
dién tréd mau Ry

16



Dién thé& k& hoat dong nhu sau

Trudc tién , ta xdc dinh gid tri dong dién cdng tidc Ip nhd ngudn dién U, , dién trd
ddiéu chinh va ampe ké&

Giff gid tri dong dién Ip ¢d dinh trong sudt qud trinh do

biéu chinh con truct cda dién trd mau Rg cho dén khi dién k& chi zero ( ¢d ciu do
cian bing )

Poc két qué do trén dién trd mau Ry . Khi d6 Ux = Ug =1, . Rg

Ta nhan thdy , trong mach ndy ampe k& ding d€ xdc dinh dong dién I, nén dién th&
k& khong thé chinh x4c hon cAp chinh xdc clia ampe k&

D€ loai trir ampe k& ra khdi mach dién thé k& , ngudi ta st dung pin miu dé€ xdc dinh
dong di€n Ip

Pin miu thudng dugc ché tao véi gid tri nhat dinh Ey = 1.01863V c6 do chinh x4c kha
cao ¢d 0.01% - 0.001% . Nhung ngudn pin miu lai bi 4nh hudng clia nhiét do moi trudng ,

En

12 mot s6
RN '

do dé d€ khdc phuc nhugc di€m nay , ngudi ta ché tao dién trd Ry sao cho
tron

b€ dat dude dd chinh xdc cao cho dién thé k&€ , dong dién cong tic Ip va mach do
cling nhu cdc gia tri dién trd Ry, Rk phdi c¢6 d6 chinh xdc cao thuong dat téi 0.02%

Trinh ty vin hanh
; N G
+ Lidp mach theo nhu so d6
+ G?t cong tic Ksang vitri (1-17) _‘ | 2 K .1 |
dé€ xdc dinh dong dién cong tic Ip Ex Il Ey |
N 2 ' ” '
£ Diéu chinh dién trd Ry d€ dién 2 n_-1
k&€ G & vitri 0 ( zero) Ux ; ‘—I
.
EN=URN=IP-RN r_>—|RK RX:_
Ex 10186 Ie

Hay =R = 710186 =1mA Ucc |, d{ﬁ
|
" |

C6 dinh vi tri con truct cla dién
tré Rdc

£ Gatkhéa K sang vi tri (2 —2’) d€ do sitc dién dong Ex

£ Diéu chinh con trugc cla dién tré Rg cho dén khi dién k& G chi zero . Liic d6 gid
tri Ex dugc xdc dinh l1a

Ex
EX =URK=UK=IP-RK hay EXZ?NRK
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Choveng 1M

* Trén dién tr6 Ry , ngudi ta khic dd sin twong ¢ng véi gid tri dién 4p . Ta chi
viéc doc gid tri trén dién tr§ Rg

So dd dién thé k& ki€u nay chi do nhitng dién 4p c6 gid tri c& volt trd 1én va chiu dnh
hudng bdi dién trd ti€p xic & cdc decac va cdc dién trd Ry, , Rk c6 gid tri 16n . PE do dién
dp c6 gid tri nhd ta dung dién th€ k€ dién tré nhd . Con mudn do dai lugng dién 4p cao , ta
stt dung cAu phan dp d€ gidm dién 4p cho phi hdp véi dién thé k&

3. Pién thé ké xoay chiéu

Vé nguyén tic dién th& k& xoay chiéu ciing giong nhu dién k& th€ mot chiéu , nghia 13
ciing so sdnh dién d4p cin do vdi dién 4p roi trén dién trd miu khi c6 dong dién cong tdc di
qua .

C6 nhiéu loai dién k& thé€ xoay chiéu nhu dién k€& th€ xoay chiéu toa do cuc , dién k&
thé& xoay chiéu toa d6 vudng géc . Sau diy ta nghién citu so d6 dién k€ thé& xoay chiéu toa
do cuc

Trong dién k& th& ndy , dién 4p can do Ux dudc cin biing vdi dién dp trén dién trd R
( xdc dinh bdi cdac dién trd D; va D, ) dong dién cong
tdc Ip dudc xdc dinh nhd ampe k€ ¢6 dd chinh xdc cao
va dién tr§ di€u chinh Ry, . BO diéu chinh pha ding dé
cin biing vé pha dong thdi ciing ding d€ lam ngudn
cung cAp cho mach tao dong cong tdc Ip

Tuy nhién , nhugc di€m cda dién k& thé€ nay la

can phai c6 bo diéu chinh pha cung cidp cho mach ,
khé xdc dinh chinh xdc vi tri 8n dinh cia phan quay
trng v6i géc pha khi quay rotor diéu chinh pha , dong Ip
tthay ddi 1am cho viéc diéu chinh cin biing khé khin

4. Céch st dung va bao quan co ciu do
Trué6e khi sit dung thi€t bi do , ta can luu § nhitng di€m sau

+ Poc k§ cdc ky hiéu ghi trén volt k€ ( thudng & phia dudi géc trdi hodc goc
phdi cia miit chi thi ) : cAp chinh xdc, cdch dit co cdu do , ndi tr§ clia cd cau
do...

+ Chon volt k& theo muc dich st dung : dung d€ dién dp xoay chiéu , dién 4p
mot chiéu hay dién 4p dang xung

£  Chon volt k&€ c6 ddi tan s6 triing v6i ddi tAn clia dién 4p can do
+ Chon theo dai lugng trinh do cia volt k€

&  Chon noi trd cia volt k€ Ry 16n hon dién trd R ctia mach do tir 50 dén 100 1an
( € gidm thi€u sai s& ) va Cy nhd ( ddi véi volt k& xoay chiéu )

+  Khi do dién 4p mdt chiéu can lvu y d€ncuc tinh cdia ngudn can do
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Bao quan

Chon thang do c6 tri s6 16n hon gi4 tri can do ( gid tri dién 4p can do khodng
2/3 thang do . N&u chua phdng dinh dugc gid tri dién d4p cAn do , ta d€ chon
thang do cao nhat rdi sau d6 gidm din xudng cho dé&n khi c6 dugc thang do
pht hgp

C4c ti€p xidc phdi chidc chin va khong dudc cham tay vao phan t& din dién
khi do

Khong d€ volt k€ & noi c6 nhiét @6 cao , hay & ndi c6 tir trudng manh hoic noi
Am udt

Tranh gay chdn dong mach trong qud trinh van chuyén hay trong qud do
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Chuong 4

PO PIEN TRO
B3O

4.1 KHAINIEM

bién trd 1a mdt trong nhitng dai lugng dién quan trong . Ngudi ta phin loai dién trd
theo gid tri ohm ctia ching , dién trd dugc phan thanh 3 cip

& Dien rd c6 gid tri 16n 1a dién tr c6 gid tri tir 0.IMQ ( IMQ = 1.000.0009 )
trd 1€n
4+  Dién trd ¢6 gid tri trung binh tr 1KQ dén 0.1MQ
4+  Dién trd ¢6 gid tri nhd tr 1kQ trd xudng
4.2 PO PIEN TRG BANG VON KE VA AMPE KE
U

Theo dinh ludt Ohm ,tacé R = 1

Nhu vay d€ xdc dinh gid tri dién trd ta s& dung ampe k€ va volt k& . O phuong phép
ndy , ta xdc dinh gi4 tri dién tré dang hoat dong ( do néng ) theo yéu cau .
C6 hai ddu mach 1a

+ Aie ré dwc " hay :,/?QIIW S8 mdie sae Nghia 1a mic volt k&
truéc — ampe k€ mic sau

“ <z ~ Z “ “ /4 0 Z ) “ ~ N <
+ A ré rgare  hay .,,7?5//1/1/4 A& mdie Zewsie  Nghia 1a mdc ampe
k€ truge — volt k€ mic sau

(A)—s

o/
® | ot
J— ! !

Mic ré ngin Mic ré dai

¢e——[ —>9¢
¢e——[—>9¢

4.2.1 Mic ré ngin ( Ampe k& mic truéc )
Do volt k€ mic song song v4i dién trd tdi nén ta ¢

IA=IV+IR



Néu Iz >>1Iy thisaisd dodnh hudng clia volt k€ khong ddang ké
That vay , ndi trd ctia volt k€ va dién trd tai dién tr§ twong dudng dudc xdc dinh
’ RV . RX RX

RX - RV+RX - 1+ RX
Ry

Sai s tuong doi cia phép do A%

% =D 100% = ( ——
Ao_AT 0—(1 Ry
+RV

-1)100%

0 . . 0 R
Pé sai s0 A% nhd nhat thi bi€u thic (1 + RX )2 1
v

Rx

Nghia la Ry

9 0 hay RV >> RX

4.2.2 Micré dai (Ampe k& mic sau)

Do ampe k& mic ndi ti€p véi dién trd can do nén téng trd dugc xdc dinh theo bi€u
thic RX, =R + Ry hay U =U, + Ugx

Sai s0 tudng doi ctia phép do
Rx - (Ry +Rx) _ Ra

A% = Ry =Ry 100%
DPé€ gidm thiéu sai s6 tuong ddi A% thi Ry >> R, (nghia 13 Ugx >> Uy )
4.3 PHUONG PHAP SO SANH . T 1
6] phuong phdp nay , ngudi ta thudng ding cau Ry /I R, //1
do Wheatstone dé xdc dinh gid tri dién tré dudc chinh q l ' /] l ’
xdc hon va thudng dudc ding trong phong thi nghiém AT //4\ TC
vi nhitng vu di€m ctia n6 1 &/
Ry Ry W
C6 hai phuong phédp do 12 //
+ %Jo’/y /1/}1/1 cizre /d/y ° T I

Siong phivip Khbing cin ling
4.3.1 Do dién tré dung cAu Wheatstone cin biing
CAu Wheatstone dugc mic nhu hinh vé .
Trong do

R,,R,,R; 1acdc dién trd miu



G 12 dién k& chi thi 0
Ry 12 dién trd cin do
Véan hanh

Ta chinh cdc gid tri dién trd R, , R, , R;3 cho dén khi dién k& G chi zero . Khi cdu cin
bing , dong dién qua dién k& G bing khdng ( zero ) nghia 1a Ug = Uy

Hay UR1 = URZ va URX = UR3
11R1= IZ Rz va IlRX= IZ R3

S Rl & h Re = R].R3
uy ra Rx — Rs ay x="p,

V6i phuong phdp do nay Ry sé dugc so sdnh véi cdc dién trd miu

Ta nhan thdy , két qud do dién trd Ry khong phu thudc vao ngudn cung cip cho
mach dién , diy 1a vu di€m clia cdu do Wheatstone . Tuy nhién phuong phdp thao tac phiic
tap vi phdi di€u chinh c4c dién trd miu nhiéu 1an va gid tri dién trd can do Ry lai phu thudc
vao do nhay cla dién k€ G , do nhay cla dién k€ G cang cao thi sy xdc dinh cin bing cang
dingva phu thudc vao diy ndi va dién trd ti€p xiic & cdc mdi ndi . Ngoai ra sai s6 clia cdc
dién tré miu ciing 4nh hudng dén sai s6 ctia Ry, ching han , n€u sai s6 clia cdc dién trd 1an
luot 12 AR; = AR, = + 0.5% , AR; = + 10% thi sai s6 cia dién trg khi do 1a

AR = ZRl’z’g =AR;+ AR, + AR3;=0.5% + 1% + 1% =+ 2.5%

Véi dién trd bat ky Ry , d&€ cau Wheatstone cin biing , ta thay ddi ty so giita R;/ R,
va thay ddi gid tri dién tr§ Ry, dién trd R; c6 gid tri thay d6i tirng cAp , mdi cap cé gid tri
0.1Q hodc tirng Ohm mot nhu cdc cau Wheatstone trong phong thi nghiém

Ung dung ctia phuong phép ding cAiu Wheatstone 13 xdc dinh chd cham “ mass” ctia
day cdp di€n

Gia su

feoK)

UV  la doan day con tot
XY la doan day bi cham vd R;

Cé4c doan diy UV , XY c6 chiéu daila L va
dién trd cta cdc doan ddy nay 1a R

Khi cAu Wheatstone cin biing , ta c6

Rl 2R-RX R2
R, - Ry —_—

Suy ra
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2R . R,

RX - R] + R2
Do chiéu dai diy din ty 1& véi dién trd clia ddy dan, nén ta c6
L= 2L
XTHR 4+ R,

4.3.2 Do dién tré bing cAu Wheatstone khong cian béing

Trong cong nghi€p , ngudi ta thudng dung
nguyén ly cau Wheatstone khdng cin bing nghia
la cdn cif vao di€n dp ra hay dong dién ra ¢ ngo ra
clia cAu Wheatstone d€ do dién tir hay sai s AR E
clia phan t& do . phuong phdp ndy cian c6 ngudbn ——
cung cdp 6n dinh vi dién 4p ra phu thuéc vio ——
ngudn cung cip E , ngoai ra sai s6 con phu thudc Ry
vao cdc dién trd miu thanh phan clia cdu
Wheatstone . Con dd nhay cda cau lai phu vao

ngudn cung cAp E va ndi tr§ clia bo chi thi . - -
Dién 4p ngd ra d€ hd clia cau Wheatstone
Khi thdo dién k& G ra khdi mach , ta cé

+ Tong trd dude xdc dinh

Ry =(R;//Rx)+ (R, //R3)
4+ Dién dp § ngd ra cla cau
Rx R,
= E( - )
Rx + R, R, + R;

Ux— Uc

Nhu vdy mach twong duong Thevenin clia cau dugc xdc dinh . Do d6 dong dién
I, qua dién k€& khi cau khong can bing
Uas—-Uc  me
I, = r, 1a nd1 tro cua dién k€ G
r+r,
Vidu
X4c dinh sy thay nhd nhit cla gia tri dién trd Rx ma dién k&€ G phat hién dudc
khi dd nhay clia dién k€ G 1a 1pA / diV ( diV 1a mot vach chia clia thang do ) .
Bi€t ring R; = 3.5 KQ, R, =7 KQ va R; =4 KQ , Ry = 2 KQ va noi tr§ clia
dién k€ G 1a r, = 2.5 KQ , st dung ngudn dién E = 10V



Giai

Theo biéu thitc mach tuwong dudng Thevenin
Ur—Uc = L (r+1y)
r=(R{/Rx)+(R,//R3)
r =(35x2)(35+2)+(7x4)/(7+4)=3.82KQ

Khi I, thay d6i 1pA thi (U, — U ) ciing thay ddi . Sy thayu ddi nay dugc xdc dinh
A(Upr=Uc )=AL (r+1,)=1uA X (3.82+2.5)=6.32mA

Ma A(Up-Uc )=E(ARx+Rx )/ (ARx+Rx+R;)-R,/(R,+R3)

Nhu vy AR ¢6 dude khi A(Us — U ) cang 16n , dd nhay cang ting thi ngudn cung
cap E phdi 16n , nhung viéc ting ngudn cung cip chi c6 thé ting trong pham vi ndo d6 . Do
d6 dé€ khic phuc hién tugng nay ta phdi khuéch dai A( Uy — Uc ) va tdng trd Z; clia mach
khué&ch dai phai I6n .

n o o *’VV/\/*
4.4 MACH PO PIEN TRG TRONG OHM K IT
R+ Rm
4.4.1 Nguyén ly do dién trg T :
Trong ddng hd do van niing con co tén goi khic
13 multimeter VOM , diy 13 loai dong hd dung d€ do dién dp , dong dién va dién tr§ .

Trong trudng hop ding Ohm k€& dé do dién trd thi trang thdi do 13 phan t& dién trd do Ry
khong c6 niing lugng ( do ngudi ) mach do s& st dung ngudn pin riéng

Pay 1a mach Ohm k&€ mic ndi ti€p , dong dién qua cd ciu chi thi I,
_ E,
" R,_+R/ +R,

LN A A
R, dién tré chuan cia tam do.

Il

R, dién trd noi cda cd ciu.

Khi R,20Q,1, 2 L. ( dong cuc dai clia cd ciu tir dién )
Khi Ry o, [,20 ( khong c6 dong qua cd ciu )
Vidu
Cho mach do

| dién trd nhu
hinh vé . Biét
ring dién 4p
nguén pin 13
E, = 1.5V va
R, + R, = 15




kQ - I = 100pA
X4c dinh dd 1éch kim clia cd cau do khi
a. Rx dudc ndi tit
b. X4c dinh gid tri dién tr& Ry khi kim cd ciu do 1éch ¥ D,,
Giai
Tl so dd trén , ta nhian thdy khi Ry = 0 ( ndi tit ) thi dong dién qua co ciu do c6
gid tri 16n nhat (L, =Ipa )

_ E, _ 1.5V
- Ri+R, ~ 15kQ

Iy = Lyax = 100pA

Thatvay,ta cod I, =l = 100 LA

Khi kim co cdu do léch %2 D,, , thi dong dién qua co cdu do c6 gid tri 1a

1
I, = ) [hax =50 LA

Twr d6 ta xdc dinh dudc gia tri cua dién tré Ry 1a

Ep
Rx = I_ -(Ri+Rp)
Rx =15kQ

4.4.2 Mach do dién tré thuc té&

Trong thyc t& ngudn pin E, c6 thé thay d6i . Khi R, > 0Q , dong dién I, qua cd ciu
khong bing I, do d6 mach do c6 thé mic thém R, , bién trd nay diung dé chinh di€m “0Q”
cho mach do khi E, thay d6i . Nhu vay, truSc khi do ta phdi ngan mach AB ( ndi tit dién trd
Rx - dong tic chip 2 que do ) va diéu chinh R, ( nit Adj ctia @ hd VOM ) d€ cho kim chi
thi cda Ohm k& chi “0Q* .

R R I
R . 1 S m _In’m
X /
;—f\fw—ﬁ \"

b
E — ?mﬁ

Theo mach trén dong I



— Eb
R.+R,+R, /R

L

Néu R, // R, << R, thi:
— Eb
R, +R,

b

Nhu vay, di€n dp V,, dudc xdc dinh
V. =1,(R,/R,)

Dong dién I, qua co ciu chi thi

v, I(R//R,)

I,=-
R R

Do d6 mdi 1an do ta cho R, — 0 biing cdch diéu chinh R, d€ cho
E R,//R
Im — b X ( 2 m) — Imax
R, R

m

Nhu vdy , viéc chinh gid tri dién trd R, c6 tic dung khi E, ¢6 su thay d6i ( do ngudn
pin st dung luén ngay sé& bi y&u ) thi su chi thi gid tri dién tré R, s& khong thay ddi

Vidul

Cho mach dién do dién tr§ nhu so d6 bén . Biét ring E, = 1.5V - R, = 15 kQ -
I, =50 A vA Ry =R, = 1kQ

Xéc dinh gi4 tri clia dién tr§ Ry khi dong dién qua cd cau do 1a I, = L.y

Xéc dinh gi4 tri clia dién tr§ Ry khi dong dién qua cd cau do 1a 25 pA
Giai

Khil,=I,,x=50pA thi V=1, .Ry=50uA.1kQ=50mV

Vy, S0mV
R, = 1kQ

Dods L= =50 pA

Viay Iy =1, + L =1+ 1, =50 pA + 50 uA = 100 pA

E .
RX+R1#I_b néu  (Rx+R;)>> (R, //R,)>> 500 Q
b
Eb 50 mV

# L, - 100 pA =15kQ.Rx+ 15kQ =15kQ

Suyra Rx =0Q

25



1 .
Khi I,= ? Ihax thidién dp datlén co cau do do la
Vo=1,.R,=25mV
Dong dién qua dién tré R, 1a

I—Vm _ 25 mV
27 R, T 1kQ

=25 uA

Dong dién qua dién trd Ry 1a
Ib=Im+IZ=50uA

Ey
Do d6 Rx+R; = I
b

Suyra Ryx = 15kQ
4.4.3 Nguyén ly do Ohm ké tuyé&n tinh

Thang do clia Ohm k& theo nguyén ly dong dién nhu di dé cip & trén khong tuyén
tinh theo dién tr6 do. Do d6 cdc mach do Ohm k€& tuyén tinh trong mdy do dién t chi thi
kim hoic chi thi s8, ching ta chuyén tri s6 do dién trd R, sang dién 4p do V, bing cich
cung cAp ngudn dong dién I khong d6i (bat chap tri s6 R,). V, = R.I. Sau d6 R, dugc do
bdi mach dién 4dp, V, tuyén tinh theo R,

Nhu vay, khi Ry —» 0, V, —» 0V

Khi R, — o, V, gid tri 16n nhit cia mach do

Nhu vdy néu von k& c6 dién tr§ chinh mdy trude khi do, thi phdi chinh R, — oo cho
mach do. Khong chinh R, — 0 nhur § mach do diing nguyén 1y dong trong phan trudc
4.5 DO DPIEN TRG PAT

Coc do dién tré dat thanh din dién biing kim loai (thudng biing déng) hoic nhiéu
thanh din dién dugc d6ng xudng dit, viing dat cin do dién trd, khi d6 chiing ta c6 coc dat.
Sau d6 cdc coc da't nay dudc ndi vao mach do bing nhitng day dan dién.

Pién tré dat dién trd cda viing dat can do ti€p xic véi coc dat sé& duge xdc dinh bsi
dién 4p roi trén dién tr§ dat khi c6 dong dién di qua né. Trong thuc t€ dién trd dat phu
thudc vao diéu kién mdi trudng xung quanh (nhiét do, do 4m), thanh phan clia dat.

Khodng cach giita cdc coc dat d€ cho dién trd di't khdo sdt cic coc dat khong dnh
hudng v4i nhau (nghia 13 cdc dién trd coc A 1a R, khong bi 4nh hudng bdi viing d4t cia coc
B ¢6 dién trd da't1a Rp). hai coc dat cach nhau 20m sé c6 dién tré dit khong 4nh hudng 1an
nhau.

Ngudn dién ap cung cdp cho mach do ngudn tin hiéu cung cip cho mach do la
ngudn tin hiéu xoay chiéu dang sin hoic xung vudng.



+  Chiing ta tranh diing nguon DC do dnh hudng clia dién gidi s& 1am ting sai s&
do dién thé€ dién cuc.

+ Né&u dung dién lugi dién luc thi phdi dung bi€n dp cdch ly trdnh dnh hudng
dong trung tinh va coc dat clia day trung tinh.

4.5.1 Mach do dién tré dat dung von ké& va ampe ké&
Phudng phap truc ti€p

Mach do dudc mic nhu so do

. : :lllllllll.
Vs g E E E
EEEEEEEEESR -.......... A B C
. 20m 20m
Coc A : coc do dién trg dat R,. U
Coc B : coc phu do dién 4p. R. Rs Rc

Coc C : Coc phu do dong dién.

d>I

Theo mach tuong duong clia dién tré dat coc A, B, C :

i

Ta dudgc :

i
e
<

Vap = RA.I, + Rg.Iy

Tacé:I1=T +Iy maily <<’ D 1= T

FEEEEEEEEEEEEEEEEEEEEEES
-Illlllllllllllllllllll

Nén VAB = RA.I’ = RAI
Suyra RAZ% EE NN EEEEEEEEEEEEEEEEEEE

Vay dién trd dat coc A dugc xdc dinh bdi tri s& doc trén von k&€ va ampe k€.
Phudng phap do gian ti€p
Trong truong hgp nay ta do dién trd dat clia tirng hai coc :
Von k€& va ampe k€& s& cho gid tri dién trd cla tirng hai coc :
\

1
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Sau d6, 1an lugt do cho coc A - C va B — C ta dudc :

v
I,
v
Ry +Ro=—

3

Sau d6 giai ba phuong trinh ta xdc dinh dudc R4, R, Re.

mEEEEEEEEEE mEEEEEEEEE A B ’_L‘C
20m 20m
R2 R
° /G\ : Ra Rs Re
Vs &,
[
R
A B

U U
4.5.2 Mach do dién tré dat dung cadu Kohlrausch

Pay 12 dang cAu Wheatstone d€ do dién trd ctia dung dich c6 tinh chi't dién gidi bing
hai dién cuc ciing dudc ¢ng dung dé do dién trd dat.
bién tr§ Ry + Ry dugc xdc dinh khi ciu cin bing :

R
RA +RB :R—l.R3
2



Tuong ty ta 1an lugt xdc dinh dugc Ry + Rec va Rp + Rc sau d6 gidi hé ba phuong
trinh ta dugc Ry, R, R (gidng nhu phuong phdp gidn ti€p dung von k&€ va ampe k€).

4.5.3 Do dién tré da't bing dong ho chuyén ding

Hién nay , d€ don gidn trong qud trinh do dién trd da't , ta st dung phuong phdp do
tryc ti€p bing ddng hd do dién trd dit . Pong hd c¢é dang nhu sau

Loai dong ho nay cé thong so k§ thuat 1a

EARTH RESISTANCE TESTER
(M4dy do dién trd dat)
Thong s6 ky thuat

+ Dién tréd dat : 0-20Q/0-200Q/0-
2000Q

b6 chinh xac: £0.1Q

bién 4p dat : 0-200V AC (40-500 Hz)
b0 chinh xac : £ (1%rdg+2dgt)

b6 phan gidi: 0.01Q/0.1Q/1Q

Man hinh hién thi LCD 3 ¥ digit
Pién 4p ngudn : pin 1.2V loai AA
Kich thuéc : 163x 100x50mm

Khéi lugng : 480g

Ll ol ol ol ol Sl ol

Cach dong coc dat cho may do dién tré dat

Vé6i loai ddng ho trén , ¢6 3 coc 1a coc diat ( E ) coc dién 4p (P ) va coc dong dién( C
), trong d6 coc E la coc chinh con 2 coc P va C 1a hai coc phu ( coc giad dinh ) .

Khodng céch giita cdc coc tir 5 dén 10 mét, vi tri cdc coc tao ra modt géc 16n hon 100°

Né&u cic coc déng thing hang thi khodng cdch cic coc EC , EP can phdi 16n hon 10
mét ( thong thuong la 15 mét)
Cach do dién ap roi trén cac coc E,Pva C

Nhv ching ta da biét , n€u dién 4p gitta hai coc d4t thAp hon 10 von thi tinh an toan
chap nhin dudc , khi d6 ta ti€n hanh do dién trd d4't . Néu dién dp trén cdc oc 16n hon 10V
thi viéc do dién trd dat va khd ning an toan vé dién can phdi luu ¥ do cé sy hién dién clia
dong dién ro va sy hién dién clia dong dién trung tinh do sy mat cin bing cla ludi dién .
Hién nay trén thi trudng , c6 nhitng mdy do dién trd d4't cho phép ta do dién 4p roi trén coc
dat 1 v6i coc dat 2 , khi d6 bd chi thi trén mdy do dién tré dat s€ cho chiing ta bi€t dién dp

trén hai coc

Thyc hién ddu ddy nhu so d6

29



Cau 1l
Cau 2
Cau 3

Cau s
Cau 6
Cau7
Cau 8
Cau 9

Cau 10

Cau 11

Cau 12

Céu 13

CAUHOI ON TAP
Khi can do dién trd theo phuong phdp gidn ti€p , ta can thi€t bi nao ?
C6 may cdch mic thi€t bi dé6 ? Néu vu va khuyét di€m ciia tirng phuong phép ?

Khi do dién trd theo phuong phdp ré dai thi sai s6 cia két qua do phu thudc vao
thi€t bi ndo ? Chitng minh

chitng minh ring ndi tré cia von k€& s€ dnh hudng d€n k€t qud do dién trd khi
mic theo phuong phép ré ngin ?

Trinh bay cdch do dién trd theo phuong phdp so sanh ?

Mo ta cdch do dién trd bing ciu Wheatstone khdng can bing ?
Trinh bay nguyén 1y do dién tré § mach dién do Ohm k€& ?
Trinh bay cdch do dién tré d4't dung von k& va ampe k& ?

Pé do dién trd da't dung von k& va ampe k€ , ngudn dién sit dung cho mach dién
12 ngudn nhu thé€ nao ? Tai sao ?

Cho mach do Ohm nhu hinh vé . Bi€t ring ngudén cung cip cho mach la E, = 3V
dong dién ctia co ciu do 1a Igg = S0pA va R, + R, = 15 kQ

a. Xdc dinh gi4 tri dién trd Ry khi dong dién qua cd ciu do 1a I, = 40 pA
b. Tinh gid tri dién tr& Ry khi kim I&ch % FSD ( FSD 1a d¢ 1éch t6i da thang do )
c. Xdéc dinh do 1éch kim chi thi né€u dién tré Ry c6 gid trila 1 kQ

Mt ohm k&€ ¢6 mach do nhu sd d6 bén . Bi€tring E, = 1.5V-R; = 15kQ - R, =
R, =50 Q, cd ciu do ¢ Izg = 50 pA

a. Tinh gid tri dién tr6 Rx khi kim chi thi ¢6 d6 1éch 1a Y2 FSD
b. Tinh gid tri dién trd Rx khi kim chi thi c¢6 d6 1éch 1a 34 FSD
c. Tinh gid tri dién trd Rx khi kim chi thi ¢6 d6 1éch 1a 3/5 FSD

xdc dinh gid tri dién tr§ Ry khi kim 1éch % FSD , 34 FSD va 3/5 FSD néu céc
thong s6 nhu cidu 11 va ngudn lic nay bi suy gidm con Ey=1.3V

tinh dong dién chay qua cd cAu do va dd 1éch kim chi thi n€u ta st dung tAm do
Rx1 va gid tri dién trd Ry 1an luot 12 0Q va 24Q

3 O ™
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Chuong 7
PO PIEN CAM VA DPIEN DUNG

7.1 KHAI NIEM VE PIEN DUNG C

Mot tu dién duge xem 12 1y twdng khi khong ti€u thu cong suat ( nghia 1a khong cho
dong di€én mot chiéu di qua tu dién ) nhung trong thy t€ do c6 16 dién mo6i nén van c6
dong dién rd di qua tir bdn cyc nay sang ban cuc kia . Vi th€ tu dién van tiéu t6n ning
lugng dién nghia 14 c¢6 su t6n hao cong suit . PE danh gid sy ton hao cong suit ndy ,
ngudi ta thudng do géc ton hao .

Mot tu dién thuc t€ dugc xem tuong dudng v6i mot tu dién ly twdng va mot dién trd
mic ndi ti€p nhau hodc mic song song vdi nhau .

C R C
0—| p P >

R
-« | —
Ug Ur
- u >
I
Ue
U
o
Us
¢

Hinh a : Tu dién c6 t6n haonhd Hinh b :Tu dién c6 t6n hao 16n
Cin ct vao do thi vector , ta xdc dinh dugc g6c tdn hao &

4+  D&i v6i tu c6 tdn hao nhd ( s6 dd hinh a ) , ta x4c dinh géc t6n hao tgd theo
biéu thic sau :

I
UR:I.R va UC: ®C
5= & IR h ted= @.R.C
180 y. = VeC ay go= a.R.

4+  D&i vdi tu c6 tén hao 16n ( so @6 hinh b ) , ta xdc dinh géc t6n hao tgd theo
bi€u thitc sau

U
IR:E va IC=C0.U.C
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tg5 = K U/R h tad
g_IC_O)UC ay g0 =

7.2 XAC PINH PIEN DUNG C

C6 hai cdch x4c dinh dién dung ctia tu dién 1a phuong phdp do gidn ti€p va phucng
phdp so sanh

o.R.C

7.2.1. Phuong phap do gidn ti€p

Ta xdc dinh dién dung bing cich st dung déng hdé von k& va ampere k& d€ xdc
dinh Uc va Ic. T d6 ta xdc dinh duge dung khdng cda tu dién va suy ra di€n dung C cia

tu di€n /A\
Mic mach theo s6 @b hinh bén T UIC
/ 1 1 U — Xc
Taco  Ze = "¢ =onfc ! [ v

Cin ctf vao cdc dong hd do , ta xdc dinh dudc
UC va IC .

Dung khdng cua tu dién

W—()7
S Ve 1 ! I
¢= . = mfC ti (V) )

S C _Ic
uyra - 2nfUc

Phuong phép trén c6 sai s& 16n néu dién 4p ngudn khong hoan toan 1a dién 4p hinh
sin . Vi thé , d€ gidm sai s0 , ngudi ta sit dung thém Watt k& . Mach dudc mic nhu hinh
trén

. P
bién trd dugc xdc dinh theo bi€uthtc R = ?

Téng trd cia dién dung dugc xdc dinh theo bi€u thitc

U 1
Z=—"=1R+X ha C=""T>—
I y Y o\ 22 -R?
P
K&t hgp v6i biéu thitc trén , tacé  C =
P o\ U - P? N
Ry
7.2.2 Phuong phap so sinh Y,
CAiu do dién dung tu dién cé tén hao nhé ©
Cm
P&i v6i tu dién c6 tén hao nhd , ngudi ta st dung cidu do i -
dién dung . Cau do gdm c6 4 nhdnh trong d6 dién tré R; va R,

la dién tr§ thudn con cdc nhdnh con lai gdm c6 cdc thanh phian
Cx, R, va dién trd miu Ry Cy diéu chinh dudc . Hai dinh con A
lai dugc mic mot dién k€ G nhu hinh vé




%/I/ll('/&y 7

Khi ciu can bing , dién 4p & dién k&€ G biing 0. Do d6 ta c6 mdi quan hé

RZ(RX+ JO)CX ) = RI(RM+ JO)CM)

R, Rx + RiRy +

jo Cx jo Cy

Can bing thanh phan thuc va thanh phin khdng , ta dugc

R, Rx = RiRy
Suy ra Rx = Ry I;_l
2
Ry R,
Jo Cx Jo Cy
Suy ra Cx = Cyu 11{{_2
1

tg8= ORx Cx=0Ry Cy
CAiu do dién dung tu dién cé tén hao 16n

Lip mach theo nhu hinh vé , trong d6 R, va R, 1a dién trd thuan . Ry mic song
song v6i Cy 1a dién trd va dién dung miu , Cx va Ry 1a dién dung va dién trd cda tu
dién can do

Khi cdu do cAn bing Z, Zx = Z» Zy

Trong d6
1
Zl = va 22 = Rl va Z3 = R2
R_X +]0 Cx
1
Zy= 1
Ry +] o Cy

Thay vao phuong trinh trén , ta dugc
Ro (= o C R (=& 4 C
z(RM"'JO) M) = 1(RX+J03 x)
Can biing phan thuc va phan 4o, ta cé
= _ S R = R
uyra  Rx = Ru'p

Ry R, S C C R,
joCy — joCx W X = "M R,

z R A ~.
G6c ton hao cOng suat
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1 1
o Ry CM B o Ry CX

7.3 KHAI NIEM VE PIEN KHANG

tgd =

Theo hién tugng cdm dng dién tr , tdc dung cia dong di€n cam dng trong mach
dién xoay chiéu c6 cudn diy 1a chdng lai sy thay ddi cia dong dién xoay chiéu . Sy cdn
trd nay dugc goi la cam khang X .

Mot dién khiang dudc xem 1a 1y tudng khi khong tiéu thu cong sudt . Nghia 1a chi
c6 thanh phan dién khdng X, = ® L = 2 © f L . Nhung trong thyc t€ ngodi thinh phin
dién khdang X con ton tai dién trd clia cudn day R .

Pién trd R cang 16n thi @6 phdm chat clia cudn day cang kém . Néu goi Q 1a do
phdm chi't clia cudn diy thi Q dugc dit trung bdi ty s6 giita dién khang X, va dién trd
ctiia cudn day

7.3.1 Phuong phap do gian ti€p

Nhu ta d3 bi€t modt cudn diy gdm c6 hai thanh phin 12 thanh phan thuin tré Ry va
thanh phan cdm khdng X, . P€ x4c dinh thanh phin thuin trd R, , ta st dung ngudn dién
mot chiéu va 1ip mach theo so do sau :

Ta xdc dinh dudc gid tri dién tr§ thuan cda cudn

UDC ® /D
déy RL= I U
DC
Sau d6 thay ngudn mot chiéu bing ngudn dién (V) Ly
xoay chiéu AC d€ xdc dinh tong trd cudn diy Z; =
Uac
IAC e

Thanh ph?in cam khdng X; dudc xdc dinh theo

bi€u thitc sau  Xp, = \/ 7.7 -R,?

XL
Suy ra dién cdm cta cudndiyla L =

2nf

7.3.2 Céac mach cau do thong sé cudén cam

Pé€ do cdc thong s6 X , Ry va Q ngudi ta thudng diing mach ciu xoay chiéu bén
nhdnh

Cau xoay chiéu dung dién cAm miu

Mic mach dudc nhu so dd bén Khi do ngudi ta o
diéu chinh céc dién trd Ry, R, va R, d€ dat dugc cin
bing cau

O ch€ d6 canbing ta c6 ZyZg = Z, Zs

e
N
— |

Uo

Q.‘b
‘4

O,

>




Chirong 7

Trong d6

Z, = Ry+joLy

Z; = R,

Z, = Rx+joLy

Z, = R
Thay vao biéu thic trén , ta c6

Ri(Ry+joLy) =R; (Rx+jowLy)

Can biing thanh phan thuc va thanh phan do ta dugc : R{Ry =R, Ry

Suy ra Rx = RM?
2

Hay jRI(DLM:ij(DLX
Ry
Suy ra LX = LM Rz
Cau do dién cam Maxwell

Do tu dién chudn dé ché& tao hon la cdc cudon diy dién cdm . Vi thé ngudi ta thudng
dung dién dung chuin d€ do hon 13 s dung dién cdm chudn . Cu do c6 tu dién chuin
dudc goi la cau do Maxwell , trong mach do nay tu di€n chuin C; dugc mic song song
v6i dién trd R; , cdc nhdnh con lai 1 dién trd R, va R, . SJ dd mach dién nhu hinh vé

. A A Y 2 R 4,
Khi mach cau cén bang , ta ¢6 bi€u thitc sau :

Z1 Z4 = Z2 Z3 % l
Trong dé % ¢
1
7 ——— ® .
R3 +] O® C3 5 o
Z, = Ry+j oLy y ‘

ZI=R1 va Z4=R4

Thay vao biéu thiic va cin biing cdc thanh phan thyc va thanh phin 4o, ta c6

R Ry R R,
R, = R, Suy ra Rx = R,
oLy
0 C3R; = T Slly ra Lx = C3 R; Ry
4

7.4 PO PIEN CAM VA PIEN DUNG BANG PONG HO VOM

C6 mot s& dong hd do VOM ngoai chifc ning do dién 4p , dong dién , dién trd , con
c6 chitc niing do dién dung , dién cdm nhung v6i khodng thang do han ché
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Mach do ciing dua trén nguyén tic “ do tdng trd “ va nhitng dai ludng nay dudc

chuyén sang nhitng dai luggn xoay chiéu va dudc chi thi trén thang do clia ddng hd

VOM bBon vi tinh ctia dién cdm 12 mH va don vi tinh cia dién dung pF ( MF — micro
fara )

So dd mach do dién dung va dién cdm nhu hinh vé

Vs 12 ngudn dién 4p bi€'t dugc bién d6 va tan s6 va thudng cé sdn trong dong hd do
VOM

B0 chi thi G bao gdm co ciu do dién tir va bo chinh luvu dong dién xoay chiéu

Dong dién I qua cd cau do phu thudc vao tri s§ Cx hoidc Ly . Khi biét tri hiéu dung
Vs va tan s& ngudn o = 27f , ta xdc dinh dudc gid tri Cx hodc Ly

I hoi Leo—YS
XZ ve.m 0¥ X Lo

7.5 PO HE SO HO CAM M

C

. . U .
Hé s6 hé cam M gitta hai cudn ddy dugc xdc dinh bdi bi€u thiic M = E , gid tri U

va I dugc xdc dinh bing volt k&€ va ampere ké

N v
Ngoadira , ta ciing c¢6 biéu thitc kAj N
M W,..W, <V>
B R
Trong d6 W, va W, 1a s6 vong diy § cudn _

day 1 va cudn day 2

Trong trudng hop , hai cudn diy mic ndi ti€p trén cling mot mach tr va cling chiéu
quin diy ( cung cyc tinh ) nhu hinh 1, thi dién cdm téng dudc xac dinh la

La = Ll + LZ +2M @
Véi L, dugc xdc dinh béi tdng trd Z, cho bdi volt k& va *
ampere k€ (Z, 1 tong tr§ clia 2cudn diy ) <> v
Vv

1
Lo="y \ Z+ (R +R, )’

Trong trudng hop , hai cuén ddy mic ndi ti€p nhau trén
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cung mOt mach ti nhung ngugc chiéu nhau ( ngudc cyc tinh ) nhu hinh 2 . Khi d6 tf;ng

dién cdm cda 2 cudn day 1a (a)

L, dugc xdc dinh tir tng trd ciia 2 cudn ddy Q)

Nhu vay tit hai gid tri dién cdm L, va L , ta xdc

N .
Lb=L1+L2—2M

1
L=\ Z - (R +R;)’

dinh dugc gid tri hd cdm M

La - Lb
L,-L,=4M hoic M= 4
CAUHOI ON TAP
Cau l Trinh by cdch xdc dinh gid tri dién dung ctia mot tu dién bi mat nhan ?
Cau2  Lam thé nao d€ xdc dinh gid tri dién cdm ctia mot cudn daiy ?
Cau3  Trinh bay cdch xdc dinh gid tri dién dung cla tu dién bang phuong phdp so
sanh ?
Cau4  Neéucéch xdc dinh gid tri hd cdm ?
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Chuong 6
PO CONG SUAT VA PIEN NANG

6.1 KHAINIEM CHUNG

Cong suit va ning lugng 1a cdc dai lugng co ban clda hé thong dién . Cdc dai lugng
nay lién quan nhiéu d€n nén kinh t& qudc dan . Do d6 viéc xdc dinh cong sudt va ning
lugng 12 nhiém vu rit quan trong

Trong thuc t€ , ngudi ta phan thanh céc loai cong suit sau
4+ CoOng sudt thuc hay con goi 1a cong suat hitu ich P ( Watt)
4+ CoOng suit phdn khdng , con goi la cong suit vo cdng Q ( VAR)
4+ Cong suit bi€u ki€n hay cong suit danh dinh S ( VA)

TAm do cha cong sudt tir 10°° W dén 10'° W va gidi tin s6 tir 0 d€n 10° Hz

DP&i v6i mach dién mot chiéu , cong suat thuc duge xdc dinh theo bi€u thifc

2 U
P=U.I =T.R = R
V6i mach dién xoay chiéu mot pha
T T
p oL [ pdt _ L [uids
T 9% T 9%

Né&u dong va 4p c6 dang hinh sin , thi
4+  Cong suit thyc dugc xdc dinh theo bi€u thifc
P=U.I.cos@

Trong d6 U, I 1a cdc gia tri di€n dp hi€u dung , cudng d6 dong di€n hi€u dung va cos
¢ 12 hé s0 cong suit

4+  Biéu thic tinh cong suat phdn khdng 12 A
Q=U.I.sin¢g

4+  Biéu thic tinh cong suit bi€u kién

S = \P+Q 0

Ngoai cdc thong sd cong sudt dién , con c6 mot >
thong s& quan trong 13 ning lugng W . D6 1a cong suat P

tiéu thu cia mach dién trong khodng thdi gian t; + t,



Y clng sudlow dién ning
Ning lugng dugc tinh theo biéu thitc

W = tdet — thUIcosq)dt
t1 tl

6.2 PO CONG SUAT PIEN
6.2.1 Phuong phap do gian tiép

2 ‘A A DN < ‘A 2PN 2 PR A . R
O mach dién mot chi€u hodc mach dién xoay chi€u c6 tdi 1a thuan tr§ ta c6 thé st
A A A N A A A , . A ~
dung dong ho von va dong ho ampere d€ xdc dinh cong suat

®

Ra

®,, = O

Ry

Ampere k& mic trong Ampere k& mic ngoai
Seiong piftdipe mdae ampere Long phuong phap nay dude st dung trong trudng hgp
dién tr§ can do c6 gid tri 16n hodc ndi trd clia ampere k& ¢ gid tri nhd
%&0/&}’ /z/fa‘/z/ mie ampere ngeas phuong phdp nay duge st dung trong trudng hdgp
dién trd can do Rx c6 gid tri nhé hoic volt k&€ c6 gid tri 16n . Phuong phdp nay cé sai sd
tuong d6i 16n vi khi tdi thay d6i ta khong thé cuing lic doc chinh x4c tri s6 ampere va von .
Mit khdc phdi st dung cong thiic d€ tinh todn sau khi do

Cong suit dién dugc xdc dinh theo bi€u thifc sau
P=U.I=IZ.R=_

Phuong phdp nay c6 sai s 16n ( sai s6 & volt k& va ampe k& ) vi khi t3i thay ddi , ta
khong thé quan sdt sy thay ddi thong s6 & cd hai dong hd do cung lic . Mic khic , phuong
phdp nay kh4 phifc tap va phdi sit dung cong thitc d€ tinh todn sau khi do va ciing gy ra sai
s6

That vay , ta thdy cong suat tdi P, dugc xdc dinh bdi volt k& va ampe k€ . Theo cdch
dau day nhu so db trén , tri s6 cong suit clia tdi dugc xdc dinh bdi gid tri dién 4p va dong
dién

Ching han § so d6 ampe k& mic ngoii , ta c6 bi€u thifc sau

I = IV + I,

Suy ra I, =1-1Iy



PL= UV°IL =Uv.(I -Iv)
P, = Uv.I + Uv.IV

Nhu vdy , sai s6 do cdch mic nay phu thudc vao dong dién Iy di qua volt k€ , néu Iy
cang nhd thi phép do canh chinh xdc

6.2.2 Phuong phdp do truc ti€p bing Watt ké&

Unguén

KIORE UNIveg S
FeRRaRls e

ot

3 a 5 & o
= j_'.‘_\_-‘_'l_l;_'l_l.'._l_LLl_'Ll_L;_.-. il
1_|.1—._—-,—'.—.11|-r1—1-,—_|,- £

bk 3

Nhu di trinh bay & trén , phudng phdp do gidn ti€p cé nhitng han ché& nhat dinh . D€
khic phuc nhitng nhugc diém trén , ngudi ta st dung phudng phéap do truc ti€p 1a duing Watt
k&
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Watt k& 1a dung cu cd dién , dung d€ do truc ti€p cong suit thyc trong mach dién mot
chiéu hoic xoay chiéu mot pha

Watt k& dugc ché tao theo ki€u dién dong hoic sit dién dong , gdm c6 2 cudn diy :
mot cudn day di dong ( cudn day di€n 4p ) va mdt cudn diy tinh ( cudn day dong dién )

Cudn day tinh c6 ti€t dién 16n nhung it vong diy ( nén ¢ dién trd nhd ) dudc meie nés
liép vbr lidr nén duge gor (i cudn dong

Cudn day dong c6 ti€t dién nhd, nhiéu vong day (nén cé dién tré 16n) dudc vede seng
seng 06T i nén con goer i cugn V7

Nhu vdy dong dién I; qua phu tdi s€ di qua cuén dong , con dién dp dit 1én cudn day
tinh ty 1€ vdi dong dién I, di qua cudn day ap

Khi c6 dién dp U dédt vao cudn day dong va c6 dong di€n chay qua cudn dong ( dong
dién di qua phu tdi) dudi tdc dong cla tr trudng dién tir , kim ctia watt k&€ 1éch di mot géc
o

DP6i v6i ngudn dién mot chiu , gid tri clia géc 1éch o ndy dugc xdc dinh theo bi€u

thic
1 Ul dM,,
“=D Ry+Ry da
Y dM,, .
Gia su da =const thi a=K.U.I =K.P
B 1 1 dM,, . ., b ) A
Véi K="~ goi la hé so cua watt k€ v8i dong di€n mot chiéu

D Ry+Rp do

DP6i véi mach dién xoay chiéu , gid tri clia géc léch o nay dudc xdc dinh theo biéu
dM,,
do

thitc (X=B I.Iy.cosd

Véi o= o—vy
Trong d6 Iy 1a dong dién trong mach song song clia watt k&

_ U véi dM,, ¢
R, + R, oSV Ve da = cons

IU=
Ta c6 aa=KUI.cos(@—7)cosy
Khi @ =7 tht a=KUIcos¢ =KP

Tur bi€u thifc trén , ta nhan thdy chi s6 clia watt k& i 1& vdi cong suit tiéu thu trén phu
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6.3 CACHMAC DAY WATT KE

Do watt k&€ dién dong c6 cuc tinh , cho nén khi ddo pha clia mot trong hai cudn day ,
kim clia watt k€ s& quay ngudc vi vdy cdc cudn day duge danh ddu diu dau d€ tranh lam
kim watt k& quay ngudc . Khi ddu mach dién , ta phdi ndi cdc ddu day c¢é ddu * vSi nhau

Watt k& dién dong thudng c6 nhiéu thang do theo dong va 4p . Gidi han do theo cudng
dd dong dién 12 5A va 10A , theo dién 4p 1a 150V va 300 V . Gidi tin tir 0 dén hang KHz ,
cAp chinh x4c c6 thé dat tir 0.1 d&€n 0.2% & tin s6 thap hon 200Hz .

Do dé khi do mudn doc gi4 tri cho ding , ta can phdi x4dc dinh hiing s6 Watt k& Cy ( i
Watt k& c6 nhiéu gii han do ) ddng thdi phdi chid ¥ d€n cuc tinh cla cdc cudn day

Udm Idm
Cw= (W /vach)
Olam
Udm la ¢G do dién dp da chon
Lim la ¢@ do dong dién da chon
O s6 vach chia gidi han trén watt k&

Gia st khi do , kim chi vach thi o thi cong suat mach 1a

Py =Cyw & véi o0 12 s6 vach kim chi thyc t€ trén dong ho do )

L1 ] JI o]

Hinh a Hinh b

Theo so d6 dau ddy nhu hinh trén , chi thi cia co cdu dién dong dudc xdc dinh nhu sau

o= K . IL . IA
. _E

Ma IA - RS + Rz
Trong dé

Rg 1a dién trd dung dé€ han ch& dong di€én qua cudn diy dién dp ( cudn day dong
)

R, 1a dién tr§ cudn diy dién dp
Suy ra OL=K.IL.RS_|_R2
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Tu bi€u thic trén , ta nhin thay dién trd ndi cia cudn diy dong dién cang nhd thi sai
s6 cang gidm ( do t6n hao trén cudn diy nay gidm ) . dién trd Rg diing d€ gidm bét dién dp
trén cudn day dién 4p vi th€ néu dién 4p vao cang 16n thi dién trd Rg phdi cang 16n .
O hinh a : dong dién tdi bing dong dién qua cudn day tinh
O hinh b : dong dién qua cudn diy tinh bing tdng dong dién qua tdi va dong dién qua
cudn day dong
Ta xét so dd mach dién sau , khi dién tr§ Rg
mic nhu hinh bén , hiéu dién th€ gitta diu day 2
va dau day 4 gin biing dién ngudn . Do d6 ¢ kha
ning gy hu hdng cho Watt k€ vi sy cdch dién 4 I:]
Ri

clia 2 cudn diy . Ngoai ra khi mic nhu th€ sai s6
phu sé ting 1én do 4nh hudng tinh dién 14n nhau
clia 2 cudn day Watt k€ . Vi th€ ta phdi mdc dién
trd shunt & diu ddy 4 d€ gidm thi€u sai s6 va ting
tudi tho cho Watt k&

[ ]

Mudn mé rong thang do , ta ¢6 thé
+ Phin doan cudn day dong dién
+  NG&idién tr§ phu n6i ti€p véi cudn day dp
6.4 DUNG WATT KE V6I MAY BIEN AP PO LUONG
6.4.1 Dung Watt k& v6i may bién dong TI

Khi dong dién phu tdi 16n hon dong dién dinh mic cia Watt k€ , ta phdi k€t hgp Watt
k& v6i bién dong TI . Sd dd dau ddy nhu sau

I Phu A v
S~ > tdi '
Y

*

- 0|

Sd d6 mac Watt ké va
bién dong TI d

Gidn d6 vector dong va ap

Cong suat cho bdi Watt k& 1a
PW=P2=12UICOS(P2=12UICOS((pl -8)

Khi biét gi4 tri cong suat trén Watt k€ , ta xdc dinh dugc cong suat thuc
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Pthu-c=K1.IzU1COS((p1-8)
Trong d6 Py 12 cOng suat trén Watt k€
K; 12 ty s6 danh dinh ctia bi€n dong
Do g6c 8 nhd nén ta c6 thé xem @, = ¢, ( xem gidn db vector dong va dp )
Vi thé’ ta co thé Vié/t Pthu’c =K;j. 12 U1 COSQ,
Nber vy . cong sudl liéew Ay ciiw lir f/(i/y liekh 36 griie lrp 36 dpe depe Lén W att #& vér
Yy 6 fandt donsd brn lonyg TI
6.4.2 Dung Watt k& véi may bi€n dong TI va bién dién ap TU
Khi cin do cong sudt cda phu tdi c6 dong dién va dién 4p 16n hon dong dién va dién
4p danh dinh ctia Watt k& , ta phdi sit dung bi€n dong TI va bi€n dién d4p TU dé tuong thich
vdi dong dién va dién 4p clia Watt k&

So db dau day

Phu
tai

Gidn dé vector dong va ap

S¢ d6 mdc Watt k€ , bi€n dong TI va bi€n dién ap TU
Cudn diy dién 4p clia Watt k&€ dudc mic & hai dau
cudn day thit cAp ax ctia TU ,hai ddu day so cdp clia TU dudc ndi véi ngudn dién ( dau song
song vGi phu tdi)
Cudn diy dong dién ciia Watt k€ dugc mic ndi ti€p v6i cudn day thit cap cia TI ( thuc
hién tuong ty nhu & 6.4.1 ) @€ ddm bdo an toan , v4 clia TI va TU dudc ndi dat

Cong sudt trén Watt k& 1a Pyw = U, I, cos,
Cong sudt thyc cia phu tdi l1a Pui’ = Kyiy Ky uy cos (@) + Oy - 9;)

Néu géc léch 8y va 8, nhd , ta c6 thé xem @, = ¢,
Nhu vay cong suit thuc gin ding clia phu t3i dudc xdc dinh bgi bi€u thic
Pthu’c = K] . KU . PW = U] I] COS(P]



gzwa%yémﬁﬁd Aiér ning

Sd d6 cdch mic watt k&€ ¢6 nhiéu tam do

P= C I P N
C
U | 150v | 300V /YW\
1A 1 2
5A 5 10 L )
1A 5A 150 300
! T T T ? I
C
SOURCE

LOAD




6.5 PO CONG SUAT MACH PIEN BA PHA

6.5.1 Mach ba pha ddi xitng
Mach ba pha 4 day

P6i v6i mach dién ba pha c6 tdi d6i xdng ,
ta chi can st dung mot watt k& d€ do cong suit &
mdt pha , rdi sau d6 ta nhan vdi 3 sé& dudc gid tri
cong suit cho toan bd mach dién

Phép do dugc thyc hi€n nhu sau
Cong suat mot pha
Pw = U, I, cos@
Cong suat ba pha
P3, = 3. Pw=3U, I, cos@

Mach ba pha 3 day
A e QN/ A e
B e
oo | Ry B
Hinha “—H_R [ R J C
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Ry

A
B
C
N
Q[”y
C { W,
Hinh b j

b€ do cong suit dién , ta tao trung tinh “gid” biing cach st dung 2 dién trd phu c6 gid
tri bing gid tri clia cudn ddy 4p . So do didu dy theo so d6 hinh a

Cong suit ba pha dugc xdc dinh theo biéu thic

P3p =\/§.PW

Ngodira , ta ciing c6 thé st dung 2 watt k€ d€ xdc dinh cong suit dién cho toan mach

. SO dd ddu ddy nhu hinh b . Cong sui't ba pha dugc xdc dinh theo biéu thic

P3, =Pwi + Pw»

Trong qud trinh do , n€u mdt trong hai watt k& chi ngudc thi ta ddi cuc tinh cudn day
dong dién hay cudn diy dién 4p . Liic d6 két qua nhan dudc tir watt k€ d6 sé 14y gid tri 4m .

Vi du nhu watt k& 2 quay ngudc , sau khi ddi cuc tinh cudn day thi cong sud't toan

mach s€ la P3p = PWI - sz

6.5.2 Mach dién ba pha khong doi xitng ( tai khong cin biing )

Mach ba pha bon day
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D€ xdc dinh cong suat dién , ta phdi st dung 3 watt k& . Viéc dau diy ciing tudng tu

nhu didu day Watt k&€ mot pha doi xing (luvu y dén dong dién dinh mic clia Watt k€ va dién
4p danh dinh cda cudn 4p § Watt k&)

Cong suit toan mach dudc xdc dinh theo biéu thifc sau P3, = Pwi + Py, + Pys
Mach ba pha ba day

Thuc hién twong tv nhu 8 mach ba pha doi xitng
6.5.3 Si dung watt k& ba pha d& do tai ba pha khong can biing
Watt ké& ba pha hai phan tif

Pugc ciu tao gdm hai cudn day dién 4p ( hai cudn diy di dong ) c6 cling truc quay va
hai cudn diy dong dién ¢ dinh . Phuong phdp do st dung Watt k€ nay ciing giong nhu
phuong phdp do diung 2 Watt k€ mdt pha d€ do cong sudt tdi ba pha ba day . Vi th€ cich
mic ciing giong nhu cdch mic 2 Watt k&€ mot pha d€ do cong suat tdi ba pha ba ddy

Watt ké& ba pha hai phan tif rudi

—° _TWT_ It
TII TI2
¢ ¢ _TWT_ ! pHU
TIs 2 -
¢ ¢ _T\J\JT_ ¢
[ L 4 L ]

Watt k& hai phan ti rudi

Loai Watt k& nay thudng dugc st dung trong cong nghiép . Watt k& hai phan t rudi
c6 2 cudn diy dp cé clng truc quay va 3 cudn diy dong dién gom cudn diy thit 3, mot nira
G cuon day ap (1), mot nita & cudn diy day ap (2)

Phuong phdp do va cdch ddu diy giong nhu Watt k& ba pha , hai phin tf 3 cudn day
4p va loai ba phan tf § phan cudn day dong

6.5.4 Do cong suit ba pha cua tdi sit dung bi€n dong va bién 4p

10
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Ciing giong nhu & Watt k&€ mot pha , khi dong dién tdi 16n hon dong dién danh dinh ciia Watt
k& , dé€ stt dung Watt k& nay ta phai k&t hop vé6i bi€n dong TI. Mach duge ddu nhu sd @ trén
Ly luan tuong ty nhu di trinh bay & trén ( xem 6.4.1 ), ta x4c dinh dugc cong suat tiéu thu
ctia phu tai
Pohaa = K. Pwi
Poap = Kpo. Pw
Ppha c = K. Pw;
Pphu tai = Ppha At Ppha B+ Ppha C
Thudng ta stt dung 3 TI ¢c6 ty s& bi€n dong gidng nhau . Do dé
Ponutai = Ki (Pwi+ Pw2 + Pw3)
Khi phu tdi c6 dong dién va dién dp 16n hon dong dién va dién dp danh dinh ciia Watt
k€&, ta phdi st dung bi€n dong va bién dién 4p .

So dd d@au mach nhu hinh vé

—0
g

A
= ® ™o

X!

PHU

TI, TAI

3 PHA

’ |
Luu §
D€ d@im bio an toan cho ngudi va thi€t bi, cac TI va TU phai dudc ndi dat
6.6 PO CONG SUAT PHAN KHANG
6.6.1 Po truc ti€p biing watt k& phan khiang mot pha ( VAR k&)
Theo dinh nghia , cong suit phdan khdng cua tdi

Q=U.I.sing=U.1.cos(90°-9)

11
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Watt k€ phan khang c6 ciu tao tuong ty nhu watt k& dién dong , nhung dé€ lam léch

pha & cudn day dién 4p , ngudi ta midc ndi ti€p mot cudén diy cdm hay mdt tu dién nhu hinh
\(E

Tuong tu nhu watt k€, géc quay cuia kim ciing |

ty 1€ v6i dong dién qua cudn day dong va cudn diy :

dp , dong thdi cling phu thudc sin clia géc 1éch pha
gitta dong dién va dién dp . Do d6 géc quay ty 1é :
I

=N

I
I
I
I
1
I
) A A d , RU I I

vdi cong sudt phan khdng |
' |

6.6.2 Cich do cong suat phan khiang U : L | R
nguon I
Viéc do cong sudt phdan khdng tuong tu nhu do : |
cong suit hitu ich da dudc trinh bay & trén [ | :
PN y | |
Ngoai cdch do cong suat bang watt k€ , ta P SR

ciing c6 thé do gidn ti€p bing von k& va ampere k&€ va Watt k€ . Nhung phudng phdp nay
cho k&t qud khdng chinh xdc va sd dd diu day phic tap nén it dugc sit dung

6.6.3 Do cong suat phan khang cua tdi ba pha
Do cong suit phan khdng trong hé thong dién ba pha bon day

Nhu ta da bi€t dién dp day Ugc , Uac va Uap tr& pha 90° so véi dién dp pha Uy , Ug va
Uc . Vi thé ta c6 thé st dung Watt k€ mot pha dé€ do cong suit phan khdng Q

S6 dd nhu hinh vé

Ve

Va I Cong suat & pha A : P, =1,.Ugc.cos (90°-
A (P )
2 900—(pA PA = \/g IA UA Sin(P =
Vsc
> \/5 Qa
v Nghfala Qy =
B ia 1a =
g A \/3
Gi4 tri P, dudc doc trén Watt k&
Tuong ty d6i véi pha B va pha C, cong suat phdn khdang ctia phu tdi ba pha sé& bing
tong cong suit phan khiang & cic 7
pha A- . W >

Qba pha = QA + QB + QC ) k/

Q B PW1+PW2+PW3 N |*
ba pha \/3 B o Wz >

o

VHd V4 IVL

O

[ ]

Yy
)
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Do cong suit phan khiang trong hé thong dién ba pha ba day
* Néw tids ciin /ri//y v dign dp ngedin iy wiing

Trong trudng hdp nay , ta c6 thé sit dung 2 Watt k€ mot pha hoic 1 Watt k&€ ba pha hai
phin tf

Gia str, ta stt dung 2 Watt k€ mot pha va mic mach nhu hinh vé
Cong suat do bing 2 Watt k& mot pha cho két qua 1a

Pw=1Ix.Ugc.cos (90°- @)+ I.Ugc.cos (90°-¢)
Do tdi can bing va dién 4p d6i xitng , nén Uge = Ucy va Iy =14
Vi vay cong suit tic dung la

Py =2 I Ugc sing = 233 I, U, sing

Ma Q = IA Uy sing
Dods Py =24/3Q

1
S = —FP
uyra  Q 273"

K&t luan

Awén (w/}(yrf}z Wwts £ thaonk VAR — K& 147 £or gud doc lén //ﬂ//y o Tl £ nkbdin
s fog 36 ly ¢ ve don 0o VAR (Sege KVAR)

£ Nou diin by di7 viing v ity liir //{i/gy cirn /(1’/%

Trong trudng hgp nay , ta phdi sit dung 3 Watt k€ va dudc ddu mach nhu hinh bén .
Cong suat phdn khiang & mdi pha bing k€t qua doc trén cdng suit tdc dung chia cho \/3

Pwi Pw»> Pw;
Qa= ,Qp = va Qc =
PWI + 1:\/)‘/72 + Pw3
3

Q=Q.+Q+Qc =

Y

o

3
y
VHd vd IVL
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Ciing v6i cach mic trén , néu tdi cAn bing thi k&t qui cong suit phdn khdng sé 1a tich
so gitta k&t qua doc trén Watt k& vdi \/g

Q =\/3PW

Néu sit dung Watt k& hai phan ti¥ hodc hai Watt k€ mot pha , mach dién dugc mic nhu
hinh vé . Mach sit dung 3 dién tré méc ndi ti€p tao ra mach sao cin bing , nhu viy dién dp
pha C dudc 4p vao mach thit nhat va dién 4p pha A dudc 4p vao mach tht hai

DP6i véi pha B, ta ¢6
Pw =Pwi + Py, =I,Uccos( 60° - @)+ IcUx cos( 120°- ¢ )
Py =L Upa [ 0.5 cos@ + (\[3/2) sing - 0.5cos@ + (\[3 /2) sing |
Py = \/3 Ipha Upha SINQ =73 Qppa

Suy ra \/.:3 Pw =3 Qpna

Tt lordin
5‘5(0‘/15; seii/ pifbiin AA/%/(////;; ciie liis bar potber é%/fy ctin /{iﬂy L 56 dpe dicpe cida far

Wwtt £ nhbcin 00/\/:)
6.7 CONG TGO PIEN MQT PHA - PO NANG LUQNG DIEN
6.7.1 Khai niém chung
Dién ning 12 sdn pham chinh cda nganh dién viéc do dién ning cé y nghia rat 16n vé
mit kinh t€ va ky thuat .

Ning lugng dién trong mach dién xoay chiéu mot pha dugc xdc dinh theo bi€u thitc

12 t2
W = J.Pdt = IUICOS(Ddl‘ =K.P.t
t1 t1

Trong dé
P 12 cOng suit tiéu thu trén phu tdi
t=t,—t; la khodng thdi gian phu tai ti€u thu dién
K lahéss
6.7.2 Cautao cong to dién
Cong to dién dudc ché tao dya trén cd ciu chi thi cdm ¢ng dién tir , gdm hai phin
chinh 1a jstiin /ink va psicin ding

Phan tinh gdm c6

14
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Z/aﬁﬂy 3
Cudn diay dong dién dugc mic ndi ti€p v6i phu tdi nén cudn day cé cd day 16n
nhung it vong day
Cudn day dién 4p mic song song v6i phu tdi, nén c6 sd vong diy nhiéu nhung
co diy nhd

Mot nam chdm vinh ctru hinh chit U dit vudng géc v6i dia nhom dé€ tao ra
moment him

Phan dong gdm

*

+

M4t dia nhom D méng c¢6 dudng kinh tir 80 dé€n 100 mm bé day 0.5mm dudgc gin
v6i truc , dia nhdm D ¢6 mép dia nim trong khe hd clia mach t cudn dong va
cuon dp . PE cho dia nhdm quay déu , ngudi ta gin thém nam chim dém M va
bd ¢d hoc E ¢6 banh ring dn khép truc quay cua dia nhém D

Bo6 hién thi dugc ndi lién vdi bo sd cd khi (hé thong banh ring ) d€ hién thi gid
tri di€n nang ti€u thu

6.7.3 Nguyén tic hoat dong cia cong to dién

Khi c¢6 dong di€én chay qua cudn dong va qua cudn 4p, s€ sinh ra tr thong &, va &,

Cdc tir thdong nay xuyén qua dia nhom va cam Gng trong dia nhom cdc sic dién dong

cam tng E; va E, , cdc stic dién ddng tao ra cdc dong dién xody trén dia nhom . Cdc dong
dién xody ndy lai nim trong tif trudng cia nam chAm dién tao bdi cudn ddy dong va cudn
day 4p nén no chiu lyc tdc dung va tao thanh moment quay .

Vi cudn diy 4p c6 nhiéu vong diay nén hé s& tv cdm L ddng k€ so vdi cudn dong nén
c6 thé xem dién dp 1éch pha 90° so véi dong dién . Tdc dong twong hd gitta tr thong ®; va

®, vbi cac dong dién xody tao thanh moment [am quay dia nhom

Moment quay M, la tdng cdc moment thanh phan

I, ty 1& véi tin s6 f cda ngudn dién va tir thong sinh ra

ching

Mq = K;®,1,, Sin\l’ + K, ®, 1, Sin\l’
Y la g6c 1€ch pha gitta @, va d, 4

K,.K, 1ahéso — . D
. ) E§

Né&u dong dién tao ra tr thong @, va @, 1a hinh sin va Y
dia nhom dugc ciu tao dong nha't thi dong dién xody I, va ::g
A

[ v B—
—

G@)

[

1

AN

112=C3f va 122=C4fq)2

Nhu vay , ta c6

Vi

Mq= C fq)lq)z Sill\|l
C=C1+C2+C3+C4

15
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(1)1 =KII
YU
q)z =KUIU=KU 7
U

Trong dé U la dién dp dit1én cudn 4p
Zy 1a tdng trd cudn dp
K;, Ky 1a hé s6 ty 1&
Do cudn day 4p c6 dién tir thuan nhd so v6i dién khdang nén ta c6 thé xem
Zy=Xy=2nfLly
Ly 1a dién cdm clia cudn day va f1a tdn s6 ngudn

KyU .U .. _Ky
dnflLy U f

Do d6 oy =

N€u ta xem @, =P;va &, =Py thi M, =CfP;Pysiny

Do d6 M, =CK; Ky’ Ulsiny

Ngoaira,taco M, =K, Ulsiny

Néu v = 90°- ¢ thi siny=sin(90°- @) = cose

Do d6 bi€u thitc moment quay c6 thé viét lai 1a My= K;UlIcos¢p=K,P

Duéi tdc dung cia moment quay , dia nhom sé quay véi tdc do 1a ny ( vong / phut ).
Dong dién xody k&t hgp vdi tir trudng do nam chdm vinh ctfu tao thinh moment him dia
nhom MC = K2 ny

Khi dia nhdm quay déu (trang thdi cAn bing ) , ta c6
Mc=Mq hay Kzl’lo =K1P

S pot2
uy ra =K, ng

Trong khodng thGi gian t =t, — t; , dia nhém quay dugc N vong . Vi vy ng = T

Nhu vay , di€n ndng ti€u thu dudc xac dinh

Ky N
W=P.t = K, ny.t="4
N
Hay C= W (vong /KWh )
K, X y , : ’ )
Trong dé C= K la hdang so thuc cua cong td dién , 1a s6 vong quay cua dia
2

nhom khi tiéu thu cong suat 1IKW trong 1 gid

16
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N=ny.t la sd vong quay thuc t€ clia dia nhdm
K&t luan

S6 vong quay clia dia nhom trong khodng thdi gian t ty 1& thudn véi dién niing
ti€u thu

+ Tir sd vong quay clia dia nhom , ta xdc dinh dudc dién niing tiéu thu
£ MObi cong to dién dugc dit trung bdi cdc thong s6 sau
b6 nhay Sim (vong / KWh)
Hiing s6 dinh mic cdng to Cam = Sdam ( vong / KWh)

N . . \\%
Hang s6 thuc té cia congtd C = N (KWh/vong)

bién dp dinh mic cia cong t6 Uy, ( dién dp dinh mitc cia cudn diy dp )
Dong dién dinh mdc clia cong td dién Iy,
6.7.4 Kiém tra hiing sé cong to
P& ki€m tra hiing s cong td C , ngudi ta di€u chinh sao cho I =14, , U= U, va hé
s6 cong sudt cos@ = 1. Khi d6 P = Uy, . Iy
Trong khodng thdi gian t, cong td s€ quay dugc N vong
N N
" Udm: limet  ~ Pgpm - t

Ta co C

Hiing s6 nay khong d6i d6i véi mdi loai cong td va dugc ghi trén mit cong to dién .
Ching han nhu mot cdng td dién trén c6 ghi thong s6 1KWh — 1500vong , nghia 1a néu dia
nhdm quay 1500 vong thi mit hién thi s& nhdy thém 1 don vi cong suat

N€u hiing s6 C khong bing gid tri dinh mitc da ghi trén mit cong to dién , ngudi ta
s& diéu chinh vi tri nam cham vinh ctu d€ ting hodc gidm moment cin M cho d&n khi gid
tri C dat dugc gid tri dinh mic thi dung lai

Sai s clia cong td dién

Cdm - Cdo
Y% =" ¢ 100%
do

17



Y clng sudlow dién ning
6.8 SOPO PAUDAY CONG TO PIEN MOT PHA — BA PHA

Khi 1dp dit cong to dién , ta phdi ddu cdc dau day ding theo so d6 hudng din cda
hdng sdn xuit . Mdi loai cong to dién c6 mot ki€u mic diy riéng nhung vin ddm bdo
nguyén tit  “ Cudn dong mic ndi ti€p v4i phu tdi, cudn diy 4p song song vdi phu tdi «

6.8.1 Mic cong td dién mét pha

N. - N. >

Tuy theo cdch diu cdc dau diy cudn dong va cudn 4p ma ta c6 cdch ddu diy khdc
nhau

So d6 dau day thudng dudc ghi trén nip cdng to dién .
6.8.2 Cach mic cong to dién ba pha

Cong td dién ba pha c6 ciu tao twong tv nhu cong t6 dién mot pha . Thong thudng
cong td di€n ba pha c6 cédc loai sau

Cong to dién ba pha 2 phan td : loai
cong td di€n nay c6 2 cudn day dong dién va 2
cudn day dién dp , cdc diu ddy cudn dong va
cudn dp dudc dau lai v6i nhau d€ dua ra ngoii 6
dau day . Cdch mic cong td dién loai nay tuong YT
tw nhu cdch mic watt k& 3 pha .

Cong to dién ba pha 2 phan ti dudc sk
dung d€ do dién ning trong hé thdng dién ba []

pha 3 diy . Sd d6 dau day nhu hinh vé

TAI

Cong td dién ba pha 3 phan ti loai cong

\/

to di€n nay c6 3 cudn day dong dién va 3 cudn

18
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day dién dp , cdc ddu day cudn dong va cudn dp dugc ddu lai véi nhau d€ dua ra ngoai 7, 8
hodc 11 ddu ddy ( n€u c6 st dung may bi€n dong ) . Cdch mic cong td dién loai ndy tuong
tu nhu cdch mic watt k€ 3 pha 3 phan tir

Cong td dién ba pha 3 phan tif dugc st dung d€ do dién ning trong hé thdng dién ba
pha 4 diy ( c6 day trung tinh ) . S6 d6 dau day nhu hinh vé

Khi dong dién di qua phu tdi c¢6 tri s& 16n hon nhiéu so v6i dong dién dinh mifc cla
cong td dién 3 pha , ta phdi k&€t hgp véi 3 mdy bién dong . Gi4 tri thyc sé 1a tich s cla ty sd
mdy bi€n dong K; véi gid tri do dugc trén cong td dién

Tsr ﬁ%(}/// nedty lrén ///‘}/4//; , lew

AT e ctb vee céng sudl cie pliy

i e chon dong dign miy lrén »NV\—‘ Y Y

Aoy che phn ey

Vi du
Né&u phu tdi c6 dong dién dinh

muc trong khodng 100A > I, > 50A
thi ta chon TI ¢6 ti s6 K; 1la 100/5
hodc 150/5

z Q%W

TAIL

N&u phu tdi c6 dong dién dinh mic trong khodng 150A > I, > 100A thi ta chon TI
c6 ti s6 Kjla 150/5 hodc 200/5

CAUHOI ONTAP

Caul  Néu c4utao cia watt k€ tdc dung ? Tai sao watt c6 cuc tinh ?
Cau?2 Neéu tdc dung clia cdc cudn day trong watt k& tdc dung ?
Cau3  Trinh bay cdch mic watt k& ?

Cau4 Trinh bay cdch do cong suit tdic dung & mach dién ba pha c6 tdi doi xing ?
( mang di€én ba pha 3 day va ba pha 4 day )

Cau5  Néu c4u tao watt k€ phdn khdng ? So sdng v6i watt k&€ dién dong ?

Cau 6 C6 bao nhiéu cdch do cong sudt phdn khdng ? Trong cdc cdch d6 , cach nao la
thong dung ?

Cau7 Trinh bay c4u tao cia cong td dién mdt pha ?
Cau 8 Trinh bay nguyén 1y lam viéc ctia cong td dién mot pha ?

Cau9  Veé cdc so do ddu cong td dién mot pha ?

19



Cau 10

Cau 11l

Cau 12

Cau 13

Cau 14

Cau 15

Cau 16

Cau 17

Y clng sudlow dién ning
Trinh bay cdch xdc dinh cdng td dién quay nhanh hay quay chim ? néu cdch khic
phuc ?

V& cdc so dd dau ddy cong td dién ba pha ? Néu diém khic nhau cia cdc loai
cong td di€n nay ?

Lam thé& nao dé do ning lugng dién khi dong dién phu t3i 16n hon dong dién dinh
muc cia cong td dién ?

Tinh cong suat dién tiéu thu clia mdt phu tdi dudc gdn vao cong td dién trén cd
ghi 600 vong / kWh . Biét ring phu tdi dugc st dung trong thdi gian 15 phiit va
cong td di€n quay dugc 50 vong

Mot b&p dién c6 cong sudt 1000W — 220V
a. Tinh dong dién va gid tri dién trd clia ddy may xo ding lam b&p dién

b. Tinh s6 vong quay clia cdng to dién néu ta st dung bé&p dién trén trong
khodng thdi gian 1a 20 phit . Bi€t ring trén cong td dién c6 ghi 450 vong/kWh

Mb t4 cdch xdc dinh cong sudt dién cda mot dong bi mat nhian ? ( ta c6 thé st
dung von k& ampe k€& , watt k€ va cos@ k& dé x4c dinh )

Trong qud trinh do cong suat tic dung , n€u kim cta 1 trong 3 watt k€ bi quay
ngudc thi ta xit 1y nhu th€ nao ?

Neéu y nghia cdc thong s6 ghi trén cong td dién mdt pha va ba pha ?

3O
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Chuong 8
PO HE SO CONG SUAT VA TAN SO

8.1 KHAI NIEM

Dong dién va dién ap la hai tin hiéu dién khi di qua tai sé léch
pha nhau moét goc ¢ goc léch nay tuy thudc vao tinh chat cta tai .

N€u tdi la thuan tr6 thi ¢ =0 (cose = 1)

N€u tdi la thuan cdm thi dién ap sé nhanh pha so véi dong
T

dién mot gocla ¢ = 9

4+ Né€u tdi la thuan dung thi dién ap sé cham pha so vGi dong
T

dién mot gocla ¢ = -

Pai lugng thé hién sy léc a gitda hai tin hiéu nay la cos¢ , dai
lugng nay goi la hé s6 cong SMS({) . bai lugng nay dung lam chi tiéu
dé danh gia chat lugng cung cap dién ning . Hé s6 cong sudt cos¢ cang
16n ( cang gan bang 1 ) thi hiéu qud st dung dién cang cao va qua trinh
truyén tdi dién nang cang hiéu qua

Viéc nang cao hé s6 cong sudt sé tan dung tot cong suat nguon .
Vi du moét may phat dién cé cong suat dinh mic Sy, = 10000kVA

Néu hé s6 cong sudt cua phu tai la cosg¢ = 0.5 thi cong suat tac
dung ciia may phat cung cdap cho phu tdi la

P = S4m - cosp = 10000 x 0.5 = 5000 kW

Néu hé sbé cong suat cua phu tai la 0.9 thi cong suat tac dung ciua
may phat cung cdp cho phu tdi la

P= Sgm . cose = 10000 x 0.9 = 9000 kW

Nhu vay hé s6 cong sudt la dai lugng c6 y nghia rat 16n vé kinh té€
ciing nhu chat lugng cung cap dién . Do d6 , trong linh vyc do ludng
dién , ta can phdi biét hé s6 cong sudt cose . T dé6 c6 bién phap nang



g[é&o’ﬂy d
cao hé s6 cong suat cos¢ néu hé s6 cong suat thap hon qui dinh nham
cai thién chat lugng luéi dién
8.2 PO HE S0 CONG SUAT COS(

8.2.1 Do cosg biang volt ké&
D€ kiém tra hodc lay chudn cho cos¢ ké hodc do sy léch pha ¢
gitta hai tin hiéu
e; = E; cosmt va ey =Ey cos (ot + ¢)
Ta c6 thé st dung phuong phap sau
E
4+ Dung volt k€ do S la téng dién ap i
cua tin hiéu e; va ey S
+ Do D la hiéu so gitta hai tin hiéu

S* = E\*> + E;*> + 2E| E; coso >
E,

D? = E® + E;® - 2E; E, cos¢
§*-D* @%W

4E,E, o 521‘“ | - Ep

Tuong tu ta cang co thé@glc dinh hé s6 cong suat coso cta tai
khang bang cach st dung 3 volt k€ So d6 ddu mach nhu hinh vé

Nhu vay coso =

V3 2 V12 _ V22

CcosQ =
Trong do

®

IV\/\, °

V, la dién ap trén dién tré thuan V3 V1

V, la dién ap trén tai

V3 la dién trén dién tré thuan va
phu tai

Phuong phap nay c6 sai s6 tit 5° dén 10° néu goc lech pha khoang
90° va sy sai s6 nay ciing phu thudc vao cap chinh xac ciia volt k& V, ,
V2 va V3

8.2.2 Phuong phap do gian ti€p

Do hé sé cong suit cos¢p mach dién mét pha
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Dung von ké , ampere k€ va watt ké . Phuong phap nay don gian

nhung sé do6 mac day phic tap va co sai s6 16n . Watt ké cho bi€t cong

suat hiéu dung cua tai , von ké va ampere ké cho biét gia tri dién ap
va cuong do dong dién .

So dé6 mac mach nhu hinh vé
Hé s6 cong suat dugc xac dinh theo biéu thiic

P

w1 (DD

T biéu thic trén , ta nhan thay ,
néu bi€t cac gia tri cong suat hitu ich P,
dién ap U va cudng do dong dién I ta sé
tinh dugc cos¢

cosQ =

v Téi

Po hé sé cong suit cos¢ mach dién ba pha ddi xiing
Trong trudng hgp nay goc léch pha dugce do gitta dong dién ciia mot
day pha v6i dién ap gitta cac day pha %%wﬁal ba pha
NV

P=U4 I coso ot

Suy ra cosQ = Uy Id@)‘(

8.2.3 Phuong phap truc tiép
Cos¢p k& dién dong mét pha

Co cau do kiéu ti s6 ké dién dong hodc sit dién dong , phan tinh
va phan dong chia lam hai cuon day mdac néi ti€p nhau . Dac biét cudon
day 1 dugc mac néi ti€p véi dién tré R va cudén day 2 dugc mac néi ti€p
v6i cuon khang L dé sao cho dong dién I; va I léch pha nhau mot goc
90° . Do 2 cudn day dugc dat vuong goc vii nhau sé tao ra hai moment
quay dugc xac dinh theo biéu
thuc

M; =M. cosf

M, =M. sin6

Trong do

M; la hé s6 hdé cdm gita
cuon day di dong 1 vdi cudn




g[é&o’ﬂy d
day c6 dinh

M, la hé s6 hdé cdm gitta cudon day di dong 2 vGi cudén day c6 dinh

M la hé s6 hé cdm 16n nhat khi cac cudon day di dong co tu
thong ( do cudén day c6 dinh tao ra

Gid sl tong trd clia cuon day rat nhé so véi gia tri dién tré R va X
cia cudn day L
Taco ugy = U\ 2 cos ot la dién ap cua tai
iz = U/ 2 cos (ot - @) la dong dién cua tai
Khi d6 dong dién qua cudon day 1 va cudn day 2 la

L =R 2 cos ot va L =" L 2 cos (ot-0¢)

Do d6 moment quay cta ctua cudon day 1 va cudn day 2 1a

Ul dM, R Ul dM,
My = "R de Cos¢ va qu = oL do Sine
Tai tri s6 6; cua cudn day di do g ql = , hai cuon day di dong
ding yén ( can bang ) . lac nay t ggﬂﬁc dinh du’dc goc léch pha ¢ gita

hai tin hiéu ap va dong

oh

Néu nhu cuén day va mach dién dudc ché tao sa cho R = oL thi tai
vi tri ctia chi thi clia 2 cuon day ta c6 6; = ¢

oL
tge = R tgo;

Trén cos@ ké dugc khdc do theo tri s6 cos cia goc léch pha ¢ co tri
s6 0 & gitta ( tuong Ung vé4i gia tri cose = 1)

4+ Né€u kim cos@ k€ léch vé phia trén ( hay phia phdi ) thi dién
ap nhanh pha hon dong dién ( Lead )

i N€u kim cos¢ k€ léch vé phia dudi ( hay phia trai ) thi dién
ap nhanh pha hon dong dién ( Lag )

Viéc lay chuan cho cos¢ k€é phu thudc vao tadn sé cia tin hiéu do .
D€ han ch€ dnh hudng ctia tdn s6 ta st dung cuon day 2 géom 2 phan
td bang nhau , phan t 1 néi v6i L va phan ti 2 néi tu dién nhu hinh .
gia tri cia L va C dudc chon sao cho LCw»”* = 1 khi do géc léch pha ciia
cac tin hiéu (Cong huéng & tan s6 cua tin hiéu do)

Cos@ k& ba pha
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Khi do hé s6 cong suat cos¢ ba pha nghia la ta do goc léch pha ¢

gita dong dién mot day pha vé6i dién ap gitta cac day pha cua tai ba

pha . Theo hinh vé , ta thdy cuén day c6 dinh ctia pha k€ dugc mac noi

ti€p v6i tdi & mot trén ba pha dién cta tai , con 2 khung day 1 va 2

dudgc mdc gitta cac pha cia tdi qua trung gian cac dién tré R co6 tri so
16n va dién cdm cda cudn day cé tri s6 khong dang ké

Moment quay trung binh ciia khung quay 1 va 2 la
My = K, Uag Is cos ( 120° + ¢)
Mgz = Ko Uac In cos ( 120° - ¢ )

Tai vi tri can bang , ta c6 Mgy = Mg

K, cos (120° + ¢)
Hay "k, = cos (1207 - ¢)

Do d6 coso = G(o)

Ngugc v6i mot pha , pha k€ 3 pha khong dnh hudng béi tan s6 néu
nhu tan s6 cla tin hiéu khong cao

Ngoai ra ta cing c6 thé do do 1@@2\ pha bang dao dong ky ( may
hién séng hay may Oscillocope cho gae tin hiéu c6 bién do nho )

"

8.3 PO TAN SO
8.3.1 Khai niém

Tan s6 va goc pha la cac dai lugng diac trung cho qua trinh dao
dong c6 chu ky . Tan s6 dudc xac dinh béi s6 chu ky 1ap lai cia tin
hiéu trong mot don vi thdi gian .

V6i ky thuat tién ti€én ngay nay , cac phép do chinh xac nhat dugc
qui vé do tan s6 do tan s6 chuan c6 thé dat do chinh xac cao véi sai s6
tit 10'® dén 10?2 ma cac dai lugng mau khac kho dat duge . Ngoai ra ,
viéc so sanh tan s6 c6 nhing bién phap dat do phan ly rat cao va co
thé truyén di dé dang

Chu ky la khodng thdi gian nhé nhat ma gia tri cda tin hiéu lap lai
qua trinh bién thién va théa man phuong trinh u(t) =u(t + T)

Néu goi T la chu ky cida tin hiéu va f 1a tan s6 cta tin hiéu thi

1
f="7 (Hz)

TAn s6 goc cia tin hiéu dudc xac dinh theo biéu thiic



g/;/;”wy d
wo=2nf
Tan s6 , chu ky va goc pha c6 moi quan hé chat ché véi nhau theo

béu thrc

0 =2np

¢ la goc léch gita hai tin hiéu
Tt la khodng thgi gian léch nhau gitta hai tin hiéu

Do do6 viéc do tan s6 goc va goc léch pha duge qui vé do tan s6 va
khoang thdi gian t . That vay , gid s ta cé hai tin hiéu x;(t) = X, cos(
ot + @, ) va tin hiéu thut hai la x5(t) = X5, cos( wat + @5 )

Goc 1éch pha gita hai tin hiéu dudc tinh nhu sau

¢ =01 - ¢ kKhi ®; = o,
(O)] . 3
(P=(P1-0)2 05 néu o; =n o (nla sé nguyén )
< _W2
Hoac o= -0+ o, 0,

Thong thudng , goc léch pha d@‘ tinh biang gradian hoac do ,
khodng thdi gian dugc tinh bang gigy;l s - second )

D€ do tan s6 , ta c6 thé thuchién theo 2 phuong phdp la : phuong
phap bién déi thing va phlIdr@fﬁiép so sanh . Cac dung cu dung dé€ do
tan s6 dudgc goi la tan so k€

D€ do goc léch pha , ta c6 thé thyc hién theo 2 phuong phap la :
phuong phap bién déi thing va phuong phap bu

8.3.2 Tan sé k&

Hién nay trén thi trudng c6 nhiéu loai dung cu dé do tdn s6 tin
hiéu , ta co thé do tAn s6 ngudén bing tan s6 k€ ban rung ( tdn so ké
cong hudng co hoc ) , tan s6 k€ dién dong ( hay sat dién dong ) , tan so
k€ ti dién c6 chinh luu hay tan s6 k€ dién t
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Tan so k& dién dong

ov

Rsh

A

Sau day ta khdo sat cdu tao tan s6 k€ dién dong ( hay sit dién
dong ) nhu so do trén

Tan s6 k€ dién dong gom c6 co cau ti s6 k€ dién dong dua trén co
cdu logommet dién dong va sat dién dong,

Phan dong ctia c¢d cau gom 2 c p@aéy B, , By gdn chdc véi nhau
va léch mot goc vy va dugce néi voi ién C; . Phan tinh la cudn day co
dinh A dudc tach lam hai phan néi v6i dién cdm L va tu dién C, . Dé
diéu chinh dong dién qua cu@ ay By cho thich hgp ngudi ta con mac
thém cudn day Rg, song song vdi véi cudén day B, .

Nguyén 1y hoat dong cia tan sé k& dién dong

Diéu chinh L va C, dé dat tdn s6 cong hudng . Lic nay moment
quay M; sé lam quay cudn B; bing O . Moment quay M, tao bdi dong
dién I, trong cuon day A va B, lam di chuyén cuoén day sao cho tit
thong tao nén bdi cudén day A va B, truing nhau . Nhu vay dong dién I,
sé thay d6i bat ky su léch tdn s6 cta tin hiéu do so v6i tdn s6 cong
huéng . su léch pha gita dong I, va dién ap theo chiéu duong khi f tang
va theo chiéu am khi f gidm . VGi cac tan s6 cong hudng thi M, khac O
sé tao nén ngau lyc phu thuéc vao sy léch pha gita dong I, va dong I, .
Hai moment nay quay ngudc chiéu nhau va phu thudc vao tan sé cia
tin hiéu

dMag,
M;=1.1,cos(I,]1I;)cosa da

dM
My, =1I,cos (I, 1) cos (y- a) d[:xm




g/;/?”wy 4
G vi tri can biang M; = M, ( lic nay kim sé ding yén )

dMABl dMAB2 . I; cos ( I,1; ) COS ('Y - (X)
do T da 1 Ibcos (I,1,) cos o

I cos (I,1;)
I, cos (I, 1)

Dodo o=F/(

Ta nhan thay goc léch o ti 1€ v6i ti s6 cda hai dong dién I, , I, va
cos (I,1;), cos (I,1y)

Nhugc diém clia logommet dién dong 1a do nhay thap . D€ tang do
nhay cta co cdu , ta gadn thém 16i thép vao va dugc goi la cd cau do chi
thi st dién dong . Moment quay cia cd cdu sit dién dong khi c6 dong
dién i; chay vao cuon day tinh va dong dién i, chay vao cuon day dong
dugc xac dinh theo biéu thic

Mt =B SQ W2 12
V6i B la do ti cdm cda khe hd khong khi dugc tao bdi dong dién
i
S, , Wy 1a dién tich va sé V()r@wiﬁa cuon day dong

Moment trung dudc xac dinh |y

1
M, =71

Mdr @y@;}‘wzlz cos(B, 1)

O

Néu ta st dung doan tuyén tinh ciia dudng cong ti hoa thi
B=K [ va (B, L1)=(1L,])
Do do Mq = Kl SngIllg COS ( Il , 12 )

Tan so ké dién t&

X

]

Hién nay trén thi truéng , ngoai tan s6 k€ cd con c6 tan sé k€ dién
td . TAn s6 ké dién tif c¢6 uvu diém la co6 thé do tdn s6 am tan va cao
tAn ma cac tan s6 k€ co khong thé do dugc . Tan s6 ké dién ti¥ 1a dung
cu do tAn s6 phoi hgp gitta cd cau do tit dién v6i cac bo bién déi dé

8
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thuyc hién bié€n ddi tAn s6 thanh dong dién mot chiéu . Sd dé nguyeén ly
cda tan so k€ dién td nhu hinh vé

Khi khoéa K G vi tri 1, tu dién C dugc tich dién dén dién ap U cua
ngudn dién . Dién tich nap 1a Q = C. U . Khi khéa K chuyén sang vi tri
2 , tu dién phong dién qua co cau do tu dién .

Néu khoa K thay déi v6i tdn s6 do f; thi gia tri dong dién trung
binh quacocaudola Iy =Q.f=C.U.f

Néu C va U la dai lugng khong déi thi dong dién trung binh ti 1é v6i
tan so f;

I, = K. v6i K 1a hing s6

Do dong dién ti 1é v6i tAn s6 can do , nén ta c6 thé khic vach truc
ti€p trén tan sé k€ .

Ta c6 thé thay khoa K bing khoa dién tif transistor . Liic nay dién
ap ¢6 tan s6 can do Ug dugc dua qua bo tao xung TX .

Khi chua c¢6 tin hiéu dat vao cuc nén B cida transistor, transistor &
trang thai “khoa“ va tu dién dugc n \ﬂdé‘n dién ap U véi dién tich
W
Q=C. U %)Ev

ol
Khi c6 dién ap dat vao cuc néoéﬁ% cua transistor , lic d6 transistor
dan lam cho tyu dién C phong L@i’{}f qua transistor T , diode Dy va co cau
do ti dién CT va lam cho kint’chi thi léch . Thang do ctia ¢cd cau dugc
khdc d6 gia tri tan s6 do .

V6i loai co cau do nay co6 thé do tdn s6 tit 10Hz dén 500 kHz va sai
s6 la + 2% . Néu tin hiéu & dang xung thi c6 thé do véi tdn s6 10Hz
dén 20 kHz sai s6 la * 2%

Tan s6 k& digital ( tan s k& k& s6 )

Ngay nay do cong nghé digital phat trién nén cac thiét bi s6 ngay
cang dugc st dung rong rai vi c6 nhiing tinh nang vugt troi nhu thiét bi
do gon nhe , ddi tan rong ti vai hert ( Hz ) dén vai mé ga hert ( MHz ) ,
hién thi bing s6 nén dé doc vi th€ han ché dugc sai s6 , tiéu ton nang
lugng rat it nén khong lam dnh huéng dén mach do va nhat la co thé
ty dong hoa mot cach dé dang

Nguyén ly hoat dong

Nguyén tdc chung la tin hiéu mang tan s6 can do f; dudc chuyén
thanh dang xung vuéng cé tan s6 bang vGi tan s6 f, . Cac xung vudng
nay dugc dua vao bo dém trong khoang thdi gian nhat dinh ( thudng la
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1 giay ) vi th€ s6 xung dém dugc qua bo hién thi ty 1é v6i tAn s6 f; can
do .

Khdo sat sd do khoi tan s6 k€ digital nhu sau
A = ML AN a7,

f x N Tdo

[ J

A L
Tin hiéu vao MHz tt may
phat tan sé Q
L
| > - |e]]s (% bfb
- g " |a
: : Khuéch dai &
suy gidm
Tin hiéu td Schmit &
T
-
Tin hiéu Q tu Trigd Schmit |

»

D€ do tan s6 thdp ta st dung #i€t bi c6 so dé khéi trén . Tin hiéu
c6 tan s6 can do f, dugc dua Vao 0 khuéch dai suy gidm roi dua vao
mach Trigor Schmit dé chuye )@3’ thanh dang xung vuéng c6 cung tan
s0 V@i tin hiéu can do tan s6 7 Cac xung ra cia mach Schmit dugc dua
vao mach Trigor va tin hiéu ngdé ra Q cda mach Trigor dugc dua vao
cong AND déng théi tdn s6 f, chudn ( 1 MHz ) tif may phat xung cing
dugce dua vao ngd con lai cia cong AND

Cac xung tif may phat tdn s6 chudn dudc dé€m trong thoi gian do

N=L - hay fx=ﬁ
TO fx N

Vi du

D€ do tan s6 co6 f, = 100Hz , cong AND sé mé trong khodng thai
gian 10ms .

Cac xung tif may phat xung chuan coé chu ky Ty = 1lps va s6 xung
dém dudc trong khoang thdi gian 10ms la N = 10ms/1ps = 10.000 va
con s6 nay dudc hién thi trén tan sé k€ digital 1a 100Hz

10
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Chuong 9 : PO KHONG PIEN

1.1. SO PO CAU TRUC CUA MOT DUNG CU PO KHONG PIEN
M4y do dii don gidn hay phic tap déu c6 ciu tao gdm 3 khiu (hinh 1.1)

. Chuyén d6i so cAp
. Mach do
. Cd cau chi thi
X 2 2. Y z .
Chuyén doi Mach do Co cau chi thi
sd cap
bai lugng Dai lugng dién
khong di€n

Hinh 1.1 C4u tao clia mot dung cu do khong dién

Chuyén ddi 12 bd phan thu nhin va bién ddi su thay ddi cda dai lugng khong dién dic trung
cho d6i tugng cAn nghién citu thanh sy thay d6i cia dai lugng dién ddu ra theo quan hé ham don
tri. Trong dung cu do khong dién chuyén d6i 1a khdu quan trong nhat clia may do né quy dinh do
nhay va dd chinh xdc ctia mdy do, khau chuyén ddi so cap bi€n dai lugng khong dién thanh dai
lugng dién.

Mach do : gia cong tin hiéu tir khau chuyén ddi so cAp cho phii hgp véi cd cau chi thi gdm:
khuéch dai, dich mifc, loc, phdi hgp trd khdng

Co c4u chi thi : chi thi k&t qua do (s6, dién ti, kim ...)
1.2. PINH NGHIA

Chuyén ddi 12 bd phan thu nhin va bién di su thay dbi cia dai lugng khong dién dic trung
cho d6i tugng dic trung cAn nghién citu thianh sy thay ddi cia dai lugng dién ddu ra theo quan hé
ham don tri.
1.3. CAC THONG SO PAC TRUNG CUA CHUYEN POI
1.3.1. Phuong trinh chuyén d6i

X 2 2. Y
4| Chuyénddi |
bai lugng Dai lugng dién
khongdién

< ~ N N R .
Hinh 1.2 ngd vao va ra ctia chuyén doi

Pai lugng dién (Y) & ngd ra clia chuyén d6i ludn cé thé bi€u dién theo ngd vao khong dién
(X) qua mot ham f. Tac 1a Y = f (X)) (1.1)

Biéu thifc (1.1) dudc goi l1a phudng trinh chuyén ddi ctia cdm bi€n. Nhu vay, phuong trinh
chuyén ddi 1a bi€u thic todn hoc biéu thi m&i quan hé diu vao va diu ra cla chuyén ddi.

Thuc t& ngoai dai lugng cin do tdc dong vao chuyén d6i thi vin c6 nhidu y&u t& tic dong
vao chuyén d6i nita. Vi vy, c6 thé biéu dién ngd vao va ngd ra cia chuyén ddi nhu hinh 1.2
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X
X,
Cb
Y
X; "
Pai lugngXg—
khong dién

Hinh 1.2 bi€u dién ngd vao va ra clia chuyén ddi theo thuc t&

Theo hinh 1.2 quan hé vao ra cia chuyén ddi c6 thé bi€u dién:
Y = (X, X1, X5....) (1.2)
Trong d6
X 1a dai lugng khong dién cin do ( dai lugng chi dao ).
X ,X; ... 1a dai lugng phu (nhi€u). Do vy ludn mong mudn dnh hudng ctia X; 1a bing 0 tic 13 dat
dugc (1.1).
1.3.2. Dy nhay
1.3.2.1. Pinh nghia:
Do nhay 1a t s& bién thién diu ra trén bi€n thién diu vao
1.3.2.2. D) nhay chi dao :
S.=lm Ay =5 13)

Sx cang 16n cang do dudc cdc dai lugng c6 do bién thién nhd, titc 1 chuyén ddi cang tot.

1.3.2.3. D¢ nhay phu
) AY oY
S, = lim A0V
Toaxi»0 AXi 0Xi
vdi Xi 1a bi€n phu thit i.
Sxi cang bé cang tot (1i twdng Sx; =0 )
Vi dul P& do kich thudc thi nén chon cdm bi€n nao trong ciac cdm bién sau :

(1.4)

C4am bién Sx Sx1
CB1 100Q/mm 1Q/°C
CB2 105Q/mm 0,05Q/°C

Theo dinh nghia vé do nhay c6 thé tha'y khi chon cdm bi€n nén chon cdm bi€n c6 do nhay
chi dao 16n va do nhay phu nhd. Nhu vy cdm bién 2 s& dugc chon vi : Sxcpa > Sxcpi VA Sxicsa <
Sxic1-

D6 nhay c6 thé gitip ich rit nhiéu trong viéc chon Iya cdm bi€n nhung c6 nhiéu trudng hop
néu chi dwa vao dd nhay thdi thi khong di cd s dé chon lya nén mot thong s6 méi dude dua ra.
b6 1a @6 chon lva.

1.3.3. P6 chon lva
Dinh nghia : d6 chon lya la i s§ giita do nhay chii dao va do nhay phu

S,
== (1.5)
Ki=g.
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Khi chon lya cdm bién thi cdm bi€n nao c6 K;cang 16n cang tot.
Vi du 2: nén chon cdm bi€n nio trong 2 cdm bi€n sau d€ phuc vu viéc do khdi lugng

Cam bién Sx Sxi
CB1 8.10°mV/kg 4.10°mVv/°C
CB2 9.10°mV/kg 8.10°mV/°C

Theo dinh nghia d6 chon lya nén chon cdm bi€n c6 K; 16n, tir (1.5) tinh dudgc

SXCBI > SXCBZ
SXlCBl SX1C82

1.3.4. Ngudng do nhay va giéi han do
1.3.4.1. Nguong do nhay

Dinh nghia : ngudng do nhay la tri s& bi€n thién 16n nhit clia clia ngd vao ma ngd ra chua
thay ddi

Y=1f(XtA)

Ao cang bé cang tot
1.3.4.2. Gidi han do

DPinh nghia : gidi han do 12 pham vi bi€n thién clia ngd vio ma phudng trinh chuyén d6i con
nghiém ding.

Khi chon Iya chuyén d8i ciAn chon chuyén ddi c6 gi6i han do 16n hon hoic biing khodng
muén do.
Vi du 3: Hiy chon chuyén ddi t6t nhat dé€ do kich thudc véi khodng cach cin do tir 0-800mm

Do vdy nén chon cdm bién 1.

CAm bién s Sx Khoéng do Viyeu
2 cau chon
CB1 120mV/mm 2.10%mV/°C 0+150mm o
CB2 130mV/mm 2.5.102mV/°C 0 +80mm ddiﬁé o
CB3 160mV/mm 8.10”mV/°C 0+1000mm .
CB4 80mV/mm 4.10°mV/°C 0 +1500mm R
thugc t

0 +800mm nén CB1 va CB2 khong d4p ting dugc do khodng do nhd nén c6 thé bd qua, chi cin xét
CB3 va CB4:

Sxcp3> Sxcp4

Sce3 > Sca4

K — S CB3 _ K — S XB4
3 4
“ S XCB3 < S XCB4

C6 thé nhan thdy d6 chon lwa cia CB3 va CB4 biing nhau, CB3 c¢6 dd nhay chii dao 16n hon
CB4, song d6 nhay phu ciia né ciing 16n hon CB4 do d6 khong dua vao dd nhay va do chon lva dé
chon cdm bi&€n. Tuy nhién cin ci theo diéu kién gidi han do ctia 2 cdm bi&n c¢6 thé chon CB3 vi:

Khoédng do ctia CB3 tir 0 +1000mm

Khodng do ctia CB4 tir 0 +1500mm

Trong khi khodng can do tir 0 ~<800mm = khodng 2/3 khodng do CB3-> Kich thudc cin do
chinh xdc hon.
1.3.5. Do phi tuyén

Dic tinh chuyén ddi 1a db thi quan hé diu vao va daura

Dinh nghia : d6 phi tuyén 12 ti s& gitta hi€u cla gid tri ra Ii tudng vdi gid tri ra do dudc trén
gid tri ly tudng. Gid tri ra ly tudng 1 gid tri ra dugc tinh dya trén dic tuyén ly tuéng.
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b6 phl tuyén =(Yur=Yrr)/ Yir
Do phi tuyén cang bé cang tot
1.3.6. Sai s& ctia chuyén ddi
Khi thuc hién phép do thi k&t qua do ludn c6 sai s8. Cin cif vio nguyén nhin giy ra sai s0,
c6 thé thdy c6 3 loai sai sd tac dong vao két qua do clia chuyén ddi la:
* Sai s0 phi tuyén
* Sai s6 phu
¢ Sai s6 ngudng
1.3.6.1. Sai s6 phi tuyén
Sai s phi tuyén 1a sai s6 xud't hién trong k&t qua do do dic tinh chuyén d6i 1a phi tuyén.
Cdch khdc phuc:
DPé€ gidm thi€u sai s phi tuyé&n thi phdi tuyé&n tinh hod dic tuyén chuyén ddi. Piéu nay c6 thé thyc
hién bing phan cing hoic phin mém.
1.3.6.2. Sai s6 phu
Sai s6 phu 1a sai s6 xuat hién trong k&t qua do do sy 4nh hudng cia cdc dai lugng phu (nhiéu).
Chinh vi vy d€ gidm sai s6 phu cAn gidm dnh huéng clia cdc dai lugng phu.
Cdch khdc phuc :
+ Dit chuyén ddi trong moi trudng 1am viéc nhu yéu ciu clia nha sdn xuit
¢ Loc nhiéu
¢ Bl nhiéu
¢ Ph&i hgp tong trd ...
1.3.6.3. Sai s0 ngudng
Sai s6 ngudng 12 sai sd do ngudng do nhay clia cdm bi&n. Sai s6 ndy chi y&€u phu thudc vao
cong nghé ché tao nén khong c6 cdch khic phuc.
1.4. PHAN LOAI CHUYEN POI1
Chuyén ddi c6 thé dudc phan loai theo 1 trong cic tiéu chuin sau :
¢ Nhitng yéu cdu vé nguon cung cap :
— Tich cyc va thu dong
¢ Trang thdi tin hiéu ra :
— Tuong ty va sd
¢ Trang thdi do luong
— Trang thdiléch va trang thdi cAn biang
1.4.1. Chuyén ddi tich cyc va chuyé&n ddi thu déng
1.4.1.1. Chuyé&n d6i tich cyc
Céc chuyén d6i nay doi héi c6 su cung cip ning lugng tif bén ngoai hay tin hiéu kich thich
dé hoat dong.
Ngudn tin hiéu ra ¢6 dugc nhd ning lugng cung cip
Vi du : Thermistors, Chemo-resistors
Vé mit nguyén 1y chuyén ddi tich cuc thudng dya trén hiéu wng vat 1y bién ddi dugi dang
ning lugng nao d6 (nhiét, co hodc biic xa) thanh ning lugng dién. Dugi diy mo td mot cich tdng
qudt cdc dang dng dung cla cdc hiéu Gng nay:
1.4.1.1.1. Hiéu &ng nhiét dién :
Giffa cdc dau ra cda hai ddy din c6 ban chat héa hoc khdc nhau dudc han lai v6i nhau bing
mdt mach dién cé nhiét do & hai m6i han 1a T; va T, s& xuit hién mot xui't dién dong e ( Ty, T,)
Hiéu ttng nay dugc tng dung d€ do nhiét @6 T, khi biét truc nhiét d6 T», thi du cho T, = 0°

C.
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T, M)
(M,) Te%Tl
0°C
(M)

Hinh 1.3-Hiéu tng nhiét dién
1.4.1.1.2. Hiéu @ng hoa dién :

Mot s6 tinh thé, goi 12 tinh thé hda dién (thi du tinh thé sulfate triglycine ) ¢6 tinh phin cuc
tu phat phu thudc vao nhiét dd. Trén cdc mit d6i dién clia ching ton tai nhitng dién tich trdi ddu
c6 d6 16n ty 1€ thuidn vSi do phan cuc dién

Hiéu ting hda dién dugc tng dung dé€ do thong lugng clia birc xa 4nh sang. Khi tinh thé hda
dién hap thu 4nh sdng, nhiét dd clia n6 ting Ién 1am thay ddi phan cuc dién. Sy thay ddi phan cuc
nay c6 thé xdc dinh dugc biing cdch do sy bi€n thién cta dién 4p trén hai cuc cda tu dién

Hinh 1.4-Hiéu ting hod dién
1.4.1.1.3. Hiéu ung ap dién :

Khi tdc dung Ivc co hoc 1én mot vat lam biang vat liéu 4p dién, thi du thach anh, sé gdy nén
bi€n dang clia vat d6 va lam xudt hién lugng dién tich bing nhau nhung trdi ddu trén cdc mit d6i
dién cia vat d6. P6 1a hiéu ung dp dién

Hiéu ttng nay dugc tng dung d€ xdc dinh luc hodc cdc dai lugng gay nén lyc tic dung vao
vatliéu 4p dién (nhu 4p suat, gia tdc...) thong qua viéc do dién 4p trén hai bdn cuc cla tu dién .

v>F

4

o
Hinh 1.5- Hi€u tng dp dién

1.4.1.1.4. Hiéu @ng cam ng dién tir :

Trong mot day din chuyén dong trong tir trudng khong ddi s& xua't hién mot xuat dién dong
ty 1& vdi tir thong cit ngang ddy trong mot don vi thdi gian, nghia 13 ty 1& véi tdc do dich chuyén
cia ddy din

Ciing tuong ty nhu vay, trong mot khung day din chiu tdc dong cda tir thdong bi€n thién sé&
xuat hién suit dién dong biing va ngudc dau vdi sy bi€n thién cia tir thong

Hiéu ttng cdm Gng dién tir dugce tng dung dé xdc dinh toc do dich chuyén clia vat thong qua
viéc do suat dién dong cAm ng
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Hinh 1.6- Hi€u ¢ng cdm @ng dién t&r
1.4.1.1.5. Hiéu @ng quang dién :

Hiéu ting quang dién c6 nhiéu sy bi€u hién khic nhau nhung déu ciing chung mot ban chat :
dé6 1a hién tugng gidi phong ra cdc hat ty do trong vat liéu dudi tdc dung cla biic xa dnh sdng
(hodc birc xa dién tit n6i chung ) c¢6 bitoc séng nhd hon gid tri ngudng dic trung cho vat liéu. Hiéu
ting nay dudc tng dung dé€ ché tao cdc chuyén ddiquang ( thi du cdc cong tic ty dong déng ngit
dén chi€u sdng cong cong).
1.4.1.1.6. Hiéu @ng quang phat xa dién tif :

Hiéu ting quang phét xa 1a hién tugng cdc dién ti dugc gidi phong thodt ra khdi vat liéu tao
thanh dong dugc thu lai dudi tdc dung cia dién trudng .

+ Hiéu dng quang dién trong chat ban din :

Khi mot chuyén ti€p P-N dugc chi€u sdng sé& phat sinh ra cdc cip dién ti — 15 trong, chiing
chuyén dong dudi tic dung clia dién trudng clia chuyén ti€p lam thay d6i hiéu dién thé giita hai
diu chuyén tiép.

¢ Hiéu dng quang — dién - tu' :

Khi tdc dung mot tif trudng B vudng géc véi bitc xa dnh sdng, trong vat liéu ban din dudc
chi€u sdng sé& xui't hién mdt hiéu dién thé& theo huéng vudng géc vdi it trudng B va véi hudng biic
xa dnh sidng.

Hiéu trng quang dién tr cho phép nhin dudc dong hoic thé€ phu thudc vao do chi€u sang.
Dua trén nguyén tic nay c6 thé do cdc dai lugng quang hoic bi€n d6i cdc thong tin chira dung
trong d4nh sdng thanh tin hi€u dién .

o

B Tv%d>

Hinh 1.7-Hi€u t'ng quang dién tu

1.4.1.1.7. Hiéu ng Hall :

Trong mdt vat lidu (thudng 12 ban din) dang tim mdng c¢6 dong dién chay qua dit trong ti
trudng B c6 phuong tao thanh géc 8 v6i dong dién I, s& xuit hién mot hién mdt hiéu dién thé Vy
theo hudng vuodng géc v6i B va 1. Biéu thitc clia hiéu dién thé Vycé dang

VH = KHI B.sin 6

Trong d6 Ky 1a hé s& phu thudc vao vat liéu va kich thudk hinh hoc clia mau

V> X

Hinh 1.8-Hiéu tng Hall
Hiéu tng Hall dugc tng dung d€ xdc dinh vi tri cia mot vat chuyén dong. VAt nay dudgc
ghép ndi c¢d hoc v6i mot thanh nam cham. o) moi thdi diém, vi tri cia thanh nam cham x4dc dinh gid
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tri cda tr trudng B va géc O tuong tng vdi tAim ban din mdng dung Iam vat trung gian. Vi viy, hiéu
dién th&€ Vydo dudc gitta hai canh clia tim bdn din trong trudng hdp ndy( mdt cich gidn ti€p) 1a
ham phu thudc vao vi tri cia vat trong khong gian (h.1.8)

Céc chuyén d6i dua trén hiéu tng ctia Hall 12 chuyén d6i tich cyc bdi vi thong tin c6 lién
quan dén suit dién dong. Pay khong phai 12 bo chuyén ddi ning lugng bdi vi trong trudng hgp nay
ngudn clia dong dién I (chit khong phai 1a dai lugng cAn do) cung cAp ning lugng lién quan dén tin
hi¢u do.
1.4.1.2. Chuyén ddi thu dong

LAp titc phat tin hiéu ddp trd lai su tic dong bén ngodi ma khong can ning lugng cung cip
tir bén ngoai .

Nguon tin hiéu output ¢é dudc nhd cdc tdc nhin kich thich

Vidu : cdp nhiét dién thermocouple

Chuyén d6idp dién (Piezoelectric sensors)

Chuyén d6i thu dong thudng dugc ché tao tir nhitng trd khang c6 mot trong cdc thong s& chl
y&u nhay véi dai lugng can do. Mot mit gid tri cla tré khang phu thudc vao kich thuée hinh hoc
clia mau, nhung mit khac né con phu thudc vao tinh chat dién clia vat liéu nhu dién trd suat p, tir
thAm p ,hiing s6 dién moi €. Vi vay gid tri clia tr§ khdng thay d6i dudi tic dung clia dai lugng do
4dnh hudng riéng biét d&€n kich thu6c hinh hoc va tinh chit dién clia vat liéu.

Théng s6 hinh hoc hoic kich thudc clia tré khang c6 thé thay ddi néu chuyén ddi c6 phan ti
chuyén dong hay phin tif bi€n dang. Trong trudng hgp thi nhat, chuyén ddicé chita phan t dong,
mdi vi tri cia phan tif chuyén dong tuong tng v6i mot gid tri clia tré khang cho nén do gi4 tri cla
trd khdng sé& xdc dinh dudc vi tri clia d6i tugng. PAy 1a nguyén 1y ctia nhiéu loai chuyén d6i vi tri
hoic dich chuyén (chuyén d6i dién thé, chuyén d6i cdm ng c6 16i dong, tu dién ding ban cuc di
dong ...). Trong trudng hgp thit hai, chuyén d6i c6 phan tir bi€n dang. Su bi€n dang dugc gy nén
bdi luc hoidc cdc dai lugng dAn dén luc ( 4p suit, gia tdc) tdc dung truc ti€p hodc gidn ti€p 1én
chuyén ddi(thi du ban cuc di dong clia tu dién chiu tdc dung cla 4p suit vi sai, chuyén ddido tng
lyc lién quan chit ché d&n ciu tric chiu tdc dung cla ng suit Sy thay ddi clia tré khang (do bi€n
dang ) lién quan dé&n luc tdc dong 1én ciu tric, nghia 1a tic dong clia dai lugng can do dugc bi€n
d8i thanh tin hiéu dién ( hiéu ing 4p trd).

Phu thudc vao ban chat clia cdc vat liéu khdc nhau, tinh chit dién clia chiing, c6 thé nhay
vdi nhiéu dai lugng vat 1y nhu nhiét do, dd chi€u sang, 4p sui't,dd &4m ..N&u chi c6 mot trong cic di
lugng néu trén c6 thé thay d6i va tat cd cdc dai lugng khdc dugc giit khong ddi, ching ta s& thiét
1ap dugc sy tuong tng don tri gitta gid tri cla dai lugng nay va trd khdng cia cdm bién. Pudng
cong chuén sé& thé hién sy tuong ng d6 va cho phép xdc dinh gi4 tri cda dai lugng cAn do tir phép
do tré khang.

Bang 1.1. Pic trung cic dai lugng can do.

Pai lugng can do Pic trung nhay cdm Loai vt liéu st dung
Nhiét @6 p Kim loai :Pt, Ni, Cu, B4dn din
Biic xa 4nh sing p Bé4n dan
Bié€n dang p Hgp kim Ni, Si, pha tap
Tir thAm() Hop kim st tir
Vi tri (nam cham) p Vit liéu tir dién trd : Bi,InSb
b6 Am p, € LiCl, Al,O3 polyme
Miic € Chat luu cdch dién
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Trd khdng clia chuyén d6ithu dong va su thay d8i cia trd khang dudi tic dung ciia dai lugng
cin do chi ¢6 thé xdc dinh dudc khi chuyén d6ila mot thanh phin trong mot mach dién. Trén thuc
t&, ty tiing trudng hop cu thé ma ngudi ta chon mach do cho thich hop véi chuyén ddi.

1.4.2. Chuyén ddi tuong ty va chuyén ddiso’
1.4.2.1. Chuyén ddi tuong tu
Cung c4p tin hiéu lién tuc trong ca cudng do,

thdi gian va khong gian " !/—\
l A+ q.
2

HAu hét cdc gid tri do ludng vat ly . 7 Mmang ban
cha't tuong tu , - C
Vi du : nhiét @0, sy dich chuyén, t,‘u,} cudng do

sang ...

1.4.2.2. Chuyé&n d6i s :
Tin hiéu output cia ching giit & trang thdi cdc budc hay rdi rac
Tin hiéu s6 d€ dang lap lai, ddng tin cay va dé truyén di xa hon
Vi du : Shaft encoder, contact switch

W —=

et e

Tk |1:ul:gr.. i -

P ol ol L Time difference comesponding

o amgghe: of borsiom (o loncpeel
ST T
E ~
Lla.

1.4.3. Trang thai hoat djng
1.4.3.1. Ché& do 1éch

Chuyén ddi hay dung cu do 1am viéc & ch& do 1éch sé& ph4t
tin hiéu phdn hdi lai sy thay ddi (1&ch) so vdi diéu kién ban diu ctia
dung cu do. Su thay ddi (bi€n dang) nay tuong ¥ng vdi gid tri do.
1.4.3.2. Ch& db cén biing

Chuyén ddi hay dung cu do dua sy 4nh huéng clia n6 1én hé
thong do ludng d€ chdng lai tic dong cia dai lugng do.

Su 4nh hudng va dai lugng do dugc cAn bing (hdi ti€p dic
trung) cho d&n khi chiing can biing nhau nhung trdi ngugc nhau vé
gid tri.

Dung cu do ludng & ch& do cin bing c6 thé c6 két qui do rit
chinh x4c nhung ddp dng thudng chAm hon ché do 1&ch.

1.5. CAC PON VI PO LUONG :
Céc don vi do ludng co s& cia hé thong don vi qudc t& SI :
Béng 1.2 : Cdc don vi do

DPai lugng Tén goi Ky hiéu | Pugc dinh nghia(tif ndim)
Chiéu dai mét m Chiéu dai dudng chuyén 4nh
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sing trong chian khong trong
khodng thdi gian 1/299792458s

(1983)
Khdi lugng kilogam kg MAu qué cin platin-indi (1889)
Thdi gian giay s Khodng thgi gian 9192613770

chu ky bitc xa Gng vdi chuyén
ddi gitta 2 mic siéu min trang
thdi cd bédn cla nguyén t&
Cesium 133(1967)

Dong dién ampe A Luc biing 2.107 N trén 1 mét dai
clia 2 day din mang dién trong
chan khong dit cich nhau 1 mét

(1946)
Nhiét dd nhiét kelvin K 1/273.16 cia nhiét do nhiét dong
dong cia di€m boi ba cta nudc (1967)
Lugng vat chat mol mol Lugng vat chat chia trong 0.012
kg Cacbon 12 (1971)
Cudng dd sdng candela Cd Cudng do sang theo 1 phuong da

cho cda 1 ngudn bifc xa don sic
c6 tdn s6 54010' Hz va cudng do
ning lugng theo phuong nay la
1/683 w/ streradian

1.6. CAC CHUAN CHUYEN POI:
1.6.1. Chuén don gian :

Chuén don gidn 1a phép do trong d6 chi c6 mot dai lugng vat ly duy nhat tic dong 1én mot
dai lugng do xdc dinh va sit dung mot chuyén ddikhong nhay vdi cdc dai lugng dnh hudng va ciing
khong chiu su tdc dong cta cdc dai lugng nay. Pay la trudng hgp dic biét clia cdc dai lugng do
tinh, nghia 13 cdc dai lugng c6 gid tri khdng d6i, thi du do khodng cach cd dinh bing mot chuyén
ddima chi thi ciia né khong phu thudc vao nhiét dd va cdc dai lugng dnh hudng, do mot nhiét do
khong d6i bing mot cip nhiét ...

Trong nhitng diéu kién nhu vay, chudn chuyén ddichinh 12 k&t hgp cdc gid tri hoan toin xdc
dinh ctia dai lugng do vdi cdc gia tri tuong ¥ng ciia dai lugng dién & ddu ra. Viéc chudn dudc ti€n
hanh biing mot trong nhitng cdch sau diy :

Chuin tryc ti€p: Céc gid tri khdc nhau cla dai lugng do 14y tif cic mAu chudn hoic cdc phdn
tl so sdnh c6 gid tri biét trudec v6i dd chinh x4c cao.

Chuin gidn ti&€p: St dung k&t hgp chuyén ddican chudn véi mot chuyén dbiso sanh da c6
sdn dudng cong chudn, ca hai dugc dit trong ciing diéu kién 1am viéc. Khi tdc dong 1an lugdt 1&én hai
chuyén ddibing cing mot gi4 tri cia dai lugng do, ta nhian dudc cdc két qui tudng ng cia chuyén
ddiso sdnh va chuyén ddican chudn. Lip lai tuong tu v6i cdc gid tri khdc clia dai lugng do s& cho
phép xay dung dudng cong chuin cho chuyén ddi can chuin .

1.6.2. Chuén nhiéu lan :

Khi chuyén d8i c¢6 chira nhitng phan t&r c6 do tré (tré cd hoc hoic tré tir ), gid tri do dudc &
d4u ra phu thudc khong nhitng vao gid tri titc thdi clia dai lugng can do & ddu vao ma con phu
thudc gia tri trudc d6 cla dai lugng nay. Trong nhitng trudng hgp nhu vay can phdi dp dung
phuong phdp chuin nhiéu 1an va ti€n hanh nhu sau:
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Dit tai di€m 0 cda chuyén ddi: Pai lugng can do va dai lugng dau ra c6 cdc gid tri tuong
duong v6i di€ém gbc, m=0 va s = 0.

Dung lai dai lugng dau ra biing cdch lic ddu ting gi4 tri diu clia dai lugng can do & diu vao
dén cuc dai, sau d6 gidm gid tri do. Céc gid tri biét trudc cla dai lugng can do cho phép xdc dinh
dudng cong chuidn theo c hai hudng do ting din va gidm din .

Céc tinh chat vat 1y clia vat liéu chiu tdc dong clia dai lugng can do c6 thé 1a mot trong
nhitng thong s& quyét dinh dnh huéng d&€n hdi ddp cta cdm bi€n. Thi du dién dung ctia chuyén
dditu dién do mic chat 18ng khdng nhitng phu thudc vao chiéu cao clia chi't 1dng ma con phu
thudc hiing s& dién moi € cla né. Pién trd clia diu do nhiét dd bé mit cia mot vat1a ham cla
nhiét do bé mit va ban chi't cda 16p vat liéu nim dudi bé mit d6, sy gidn nd cla 16p vat liéu nay
giy nén tng lyc cho cdm bién. Trong nhitng trudng hdp tuong tu nhu vay, cin phai ti€n hanh
chuén chljyé’n déiriéng biét v4i tirng loai vat licu.

1.7. NHIEU PO:

Nhiéu c6 thé dugc dinh nghia nhu bat ki tin hiéu khong mong mudn lam md hay lam bi&
dang tin hi€u quan sit .

Nhiéu c6 thé dugc chia 1am hai loai :

¢ Nhiéu noi tai
¢ Nhiéu do truyén din
1.7.1. Nhi€&u néi tai

Nhi&u ndi tai phdt sinh do khong hoan thién trong viéc thi€t k&, cong nghé ché tao, tinh chat
vat liéu cla cdc bd cdm bién..., do d6 ddp tng c6 thé bi méo so vdi dang 1y tudng. Su méo clia tin
hiéu ra c6 thé c6 tinh hé thong hoic ngiu nhién. Dang tin hiéu ra lién quan chit ché d€n ham
truyén, dic tinh tuyé&n tinh va dic tinh dong ctia bo cdm bién.

Tir bo cdm bién, tin hiéu dugc khuéch dai va chuyén d6i thinh dang s6 khong bi€u thi bing
dd 16n hoic dic tinh phd ma theo do phan gidi s6. Khi ting d6 phan gidi sd tri s cda bit c6 trong
s0 thip s& gidm.

Pién 4p léch diu vao va dong dién phan cuc c¢6 thé bi troi. Tin hiéu nhiu (dién dp va dong
dién) do co ché& vat 1y x3y ra trong cdc dién trd va transistor st dung d€ ché tao mach. Mot nguyén
nhin giy nhiéu 12 do tinh chit rdi rac cda dong dién, bdi vi dong dién 1a dong cla cdc dién tich
chuyén dong, mdi dién tich mang mdt gid tri xdc dinh. 3 mic nguyén ti dong dién rat linh dong,
chuyén dong clia chiing phu thudc vao nhiét do. Gid tri quan phuong cda dién 4p nhiéu c6 thé
dudgc tinh theo cong thic :

e’ =4k *TRAf(V? | Hz)

Trong d6 k 12 hiing s6 Boltzmam :k = 1.3810(J/K).

T 1a nhiét do tuyét doi (°K)

R 12 dién tr&(Q)

F 12 d6 rong dai tin(Hz)

J nhiét do phong nhiéu do dién trd tao nén c6 thé tinh bing e = 0.13VR .

Ngudn nhiéu dong dién xoay chiéu bi€u dién tap xoay chiéu tao nén do dong dién mot
chiéu trong tap chit bdn din. Khi dong dién phan cuc ting nhiéu ndy sé& ting vi th€ chat bdn din
FET va CMOS c6 dong dién nhiu rat nhé. Ngudn nhidu dién dp va dong dién c6 mat do phd thap
hon va ti 1& véi 1/ f, do d6 goi 1a tap hong giong nhu phia mau dd ctia phd 4nh sdng nhin thiy c6
buéc séng thap hon.

Nhiéu 1/ f phdt sinh trong moi vat dn. O tdn s6 thap khong thé téc nhidu 1/ f v6i 4nh hudng
clia sy troi dién 4p mot chiéu. Poi khi con goi nhigu 1/ f 12 nhiéu thing gidng, x4y ra § tin s6 duéi
100 Hz 1a viing hoat dong ctia cdc bd cdm bi€n. Do su tién bd trong cong nghé ché tao vatliéu ban
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din ngudi ta da gidm nhiéu 1/ f ddng k& nhung khi ché tao mach phai sit dung mang kim loai va

dién trd diy cudn, do d6 van dé€ nay van giy nhiéu dang ké.
Pay la thudc tinh co badn clia cdc thi€t bi tdch séng, cdc bo do hay cdc bd khuéch dai dién ti
Nhiéu noi tai khong thé khic phuc nhung c6 thé gidm xudng mitc t8i thi€u

1.7.2. Nhiéu do truyén dén :

Ngudn nhiéu
Quad dod trong ngudn nudi

Mach phdi
»| hop

Tu trudng, tinh dién
Trudng dién tif tan s&
radio

Dién dung
Tu trudng
MGéi truGng

A 4

Mady thu

Phan t& cdm nhin
bién tré

bién dung

B6 tién khuéch

Hinh1.9- So db khdi ctia ngudn nhiéu va mach phdi hdp v6i mdy thu.

D& chdng nhiéu ta ding k§ thuat vi sai phdi hgp bd chuyén ddititng déi, trong d6 tin hiéu ra
12 hiéu clia hai tin hiéu ra cla tirng bd. Mot bo chuyén ddigoi 1a chuyén ddichinh va bo kia 1a
chuyén ddichuin dugc dit trong man chin.

Y,

Nhiéu

Bo cdm bién
2
chuan

Y>

Yi- Y,

Hinh 1.10-K¥ thuat vi sai
DPé€ gidm nhiéu dudng truyén ta c6 thé sit dung cdc bién phap dugc trinh bay trong bing sau:
Bang 1.3 Cdc bién phap gidm nhiéu

Ngudn nhiéu bd 16n Bién phdp khic phuc

Ngudn 50Hz 100pA Céch ly ngudn nudi, man,ndi dat

Ngudn 100Hz 3uv Loc ngudn

150 Hz do mdy bi€n 4p bi bdo hoa | 0.5uV B4 tri linh kién hdp ly

bai phét thanh ImV Man chin

Tia Itta do chuyén mach ImV Loc, ndi dat,man chin

Dao dong 10pA Ghép ndi co khi, khong d€ day cao
4p gin dau vao chuyén ddi

Dao dong cdp ndi 100pA St dung cdp it nhiu(dién moi tAim
Cacbon)

Bdng mach 0.01-10pA | Lau sach, dung céch dién Teflon
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2.8. Cdm bién

Khdi niém
C4m bién 1a cdc linh kién dung dé phdt hién hoidc ddnh gid dai lugng vat 1y va gdi dén bo
phan diéu khién khai thdc.

Moi bd cdm bi€n gém c6 hai phan :
[ Phat hién su thay ddi ( phan tif nhay ) clia dai lugng vat 1y cAn phdt hién.
] Tao va truyén thong tin vé bd x{t Iy biing cdc tin hiéu dién.
Ngudi ta phan loai cdc bd cdm bi€n ngoai viéc theo dai lugng vat ly can phat hién (
phﬁn tir nhay ) nhu cdc tin hiéu phét hién ti€p can, vi tri, tf trudng, nhiét do, 4nh sdng, dp
Suat....., ngoai ra con theo loai tin hiéu ma bo cdm bi€n phdt ra ( tin hiéu truyén ) nhu :

Tin hiéu cé hoidc khéong (TOR ) :

A

/

Thudng dung trong cic loai tin
hiéu phat hién ti€p cin, vi tri...

e

v

Tin hiéu tuong tu :

Thudng dung trong cdc loai tin
hi€u phét hién nhiét do, 4nh sdng, dp T
suit...dudi dang tin hiéu nim gitta hai
giéi han.

Vidu : trong b phan phat nhiét
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Tin hiéu so :

Thudng dung trong cac loai tin hi€u phat hién géc quay, ma vach....

B§ cdm bién phdt hién do tiép diém mot vi tri

Cic dic diém
[] s tugng cin phat hién tiép xtc vdi thi&t bi.
[] Chuyén dong gay nén sy thay ddi ti€p diém dién.
[ Tin hi¢u ra ki€u TOR,
[ Cong téc vi tri thudng st dung cdc bd cam bién cd dién cé chifc nang cung cip thong
tin vé dién (0 hoic 1 ) § mdi tdc dong.

Phan loai
C6 nhiéu loai cong tic vi tri, tuy theo van dé dit ra khi stt dung ( kich cd, ngudn goc
chuyén dong cin quan tim.. ) ciing nhu diéu kién st dung chiing ( sy khidc nghiét cia moi
trudng, noi bi in mon hodc dé nd ..)
Céc loai cOng tdc vi tri :
[ Loai c6 ddu di chuyén thing :

[ 1 Loai thiét bi diéu khién :
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Cach lap dat
[ B cam bién cong téc vi tri duge mic ndi ti€p giita ngudn cung cip va ddu vao didu
khién.

[] Sy tdc dong clia bo cdm bi€n cong tic vi tri 1am cdc cuc cda modul diu vao tic dong
tin hiéu dudc luu gitt va xit 1y biing aptomat 1ap trinh.

[] Cong tic vi tri 12 cong tic TOR (d6ng hoic md ) chuyén mach co dién.

[1B6 cdm bién duge ndi véi phan didu khién bing hai day.

[l Nguén cung cAp cho aptomat 14p trinh thudng 13 24 VDC.
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B§ cam bién phdt hién tiép cdn

Cdc bo cdm bi€n nay ri't phd bi€n vi c¢6 nhiéu tng dung, mdi khi cAn phat hién ma
khong ti€p xiic truc ti€p vdi sy hién dién cia mot phan tit. Cdc bd phdt hién nay cung cip
tin hiéu dién ( 0 hodc 1) khi phdt hién déi tugng.

Céc dic diém :

[] Khong ti&p xiic truc ti€p vdi d8i tugng cAn phat hién.
Khong mon, c6 kha ning phdt hién cdc ddi tugng d€ v&, mdi son.

[ ] Bo phat hién dit c6 dinh, khong cé chi tiét di dong.

[] Tusi tho phu thudc vio s 1dn tic dong.

[]san pham hoan toan kin dit trong hdp nhya.

[] Chiu dung rat t6t trong moi trudng cong nghiép, khong khi 6 nhidm.

[1psi véi bo phét hién dién cdm diung cho cdc d6i tugng kim loai: dua vao su bién
thién trudng dién tir khi d6i tugng kim loai d&€n gin.

Phan loai :

GOm cac loai sau :

Cich ldp dat

Tuy thudc mdi loai cdm bi€n ta ¢é cdch lip dit khic nhau, sau day 12 mot sd sd dd cin
ban :

[] Loai hai day :

Brown Moo i
| Load [ | Brown IN'
)\;AVAVA'
Power Lot -,
SURpY Y3z iz~ K}
Blue J Blue GOM e
L]
24VDC | X
]
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Véi loai hai day ding ngudn tryc ti€p, khi cdm bié€n tic dong thi tdi dudc cAp ngudn
dién 4p truc ti€p qua day truyén tin hiéu.
Véi loai hai day ding ngudn 24VDC qua optron d€ cdch ly vé dién 4p, khi cdm bién tic
dong 1am led hdng ngoai dugc cdp ngudn qua diy truyén tin hiéu, phat tin hiéu qua
Transistor thu ( loai NPN, PNP hoiic Role ) cip tin hiéu tdc dong mach diéu khién cho
aptomat 1ap trinh....

[l Loaiba day :

Brown i ——
Load B H
rown |[N
Orange
Load Black | | el
i L oc o Yzizgo L}
ue ue o s i
T 2_4' \|/—|;>c Ycom X
1
Brown l___ —_——

I
- ]

Blue

Tuong ty loai hai diy vé nguyén 1y, ddy thi ba ding 1am diy cAp ngudn do dé mach
hoat dong s& 6n dinh hon, chdng nhiéu t5t hon.
Loai 4 diy : thuc chat 1a loai cdm bi€n 3 diy c6 thém mot diy phu ding dé truyén
tin hiéu bd xung ( NOT cida day truyén tin hiéu ).

Nhian xét
Véi loai 3 hodc 4 day ( dung Optron ) ddu ra day tin hi€u c6 cdc kiéu :
o Mo hinh NPN : chuyén dién thé (+ ) dén tdi ( hay thi€t bi diéu khién ).
o Mo hinh PNP : chuyén dién thé ( - ) d&n tdi ( hay thiét bi diéu khién ).
o M0 hinh ding Role : d6ng cit cdc ti€p diém role cho tdi ( hay thiét bi diéu khién ).
Do d6 can phai lua chon kiéu tin hiéu ra phu hdp theo logic ddu vago cuiia thiedt bo diéu
khién.

B§ cam bién phdt hién Quang - Pién
Pic diém

Con goi 12 hang rao 4nh sdng, 1a k§ thuat dién tif va cung cap thong tin ( 0 hodc 1)
mdi khi chim tia do bd ph4t tia bi vat cdn ndo dé tdc dong t6i phan nhan. Thudng dudc Gng
dung nhiéu trong céc thiét bi bdo dong, chong trom, diéu khién tir xa...

Phan loai

GOm cac loai sau

- 16 -
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[] Modul phit va thu doc 1ap nhau

Receiver

Be aware of the direction of
polarization

[ Modul phdt va thu trong ciing mot phin ti :

Ngoai ra ngudi ta c6 thé phan loai theo ki€u phat hién do che chidn chum tia
phédtra :
[] Cam bién phdt hién m4t chim tia phan xa dua vé.
[] Cam bién phdt hién chim tia phdn xa chi€u manh dua vé.
[1 cam bign phédt hién cé sy thay ddi chiim tia phdn xa so v&i chim tia phdt ra trong
moi trudng phdt tia.

Cich Iip dit

Tuy thudc mdi loai cdm bi€n ta c6 cach ldp dit khdc nhau, sau diy 12 mot s6 so dd
can bén :

V6i loai modul phat va thu doc 14p nhau : can ding hai ngudn dién 4p cho bo phat
va bo thu, dau diy ra bd thu ngoai diy tin hiéu ra ndi k&t vdi tdi con c¢é thém diy két ndi
thi€t bi bdo dong.

White (Black) Red FBI’OWH) 1210
19ta Red(Brown) e e o o . White 22 VDC
24VDC LY 1 (Black)

Black (Blue) -z Z| - Load
V Black (Blue)
oV
Blue
(QOrange)
Load

Alarm output
IEO mA may
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Véi loai modul phit va thu trong cling mdt phan tf : k&t ndi don gidn hon nhu hinh

ve
Red (Brown) 1210
24VD(
White
1, (Black)
&2 (. :h; Load
Black (Blue)
oV
Blue {Orange) W
—|_Load |
Alarm output
(50 mA max.)
Ung dung

Labeler

Reset

B§ cam bién nhiét dj ( thermocoupler )
Pic diém
Dung phdt hién sy thay d6i nhiét do trong cdc thi€t bi diéu khi€n nhiét dd nhu 10

s&y, nhiét do phong....cung cip thong tin theo dang tin hiéu tuong tv (analog ) gid
tri dién trd thay d6i theo nhiét do.

- 18-
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Phin loai

GOm cac loai
[] Hai dau day ra

Ngo
agi
ra
cogn
phaa
n
biedt
theo

nguyén 1y hoat dong

Nhiét dién trd kim loai : thdng thudng ky hiéu Pt 100U, c6 gid tri dién trd 1a 100U &
0°C va khi nhiét do ting thi gid tri dién tr§ sé ting theo mdt lugng tuong ng, dugc ng
dung do nhiét do trong khodng -200°C d&n 450°C.

Cip nhiét dién ( thermocouples )

Tao dién thé ti€p xdc gitta hai kim loai tir 7 d&n 75uV/°K.

Vi du cdp nhiét dién NiCr - NiAl : Khi nhiét dj khodng 1000°C thi dién dp sinh ra
gitfa hai cuc ciia cdp nay khodng 400mV Vay trung binh 40uV/K.

Cam bién nhiét 4o - dién ap : f
Ung dung su thay ddi dién dp ca Transistor

theo nhiét do, ngudi ta ché tao mot s6 mach IC c¢é

dién 4p diu ra ty 1& vdi nhiét dd cda moi trudng xung

quanh mach.

v

Vi du LM35 : Khi nhiét d6 0°C thi ddu ra OV
Nhiét do thay d6i 1°C thi dién 4p thay d8i 10mV
Pham vi lam viéc 55°C dén 150°C —1_
N&U Tpin < 0 thi phdi c6 thém ngudn —Vs va dién 6 R~ =
thod man diéu kién :
Vs> 10T, va R < Vg/50puA

-19 -
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