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Loi noi diau

Mon hoc ki thuat do Iuong trinh bay céac kién thirc vé k¥ thuat do dung trong
nganh dién hién nay. Gi6i thiéu nhirng phép do co ban dé ung dung cho cic nganh san
xuat cong nghiép.

K§¥ thuat Do luong Pién 1a moén hoc nghién ctru cac phuong phép do cac dai
lugng vat ly: dai lugng dién: dién 4p, dong dién, cong suét,... va dai lugng khong
dién: nhiét 49, do am, van toc...

Bai giang K§ thuat Do luong Bién dugc bién soan dya trén cac gido trinh va tai
liéu tham khao moi nht hién nay, duoc dung lam tai li¢u tham khao cho sinh vién céac
nganh: Dién cong nghiép, Pién dan dung, K¥ thuat Vién thong, K thuat Thong tin,
Tu dong ho4, Trang thiét bi dién, Tin hiéu Giao thong.

Cung cap cho sinh vién nhimg kién thirc co ban va chuyén sau vé k¥ thuat do
luong trong nganh dién. Trinh bay cdc dung cu do, nguyén ly do va phuong phép do
cac thong s6. Trén co s& d6, ngudi hoc biét cach sir dung dung cu do va xir 1y két qua
do trong cong viéc sau nay.

Trong qua trinh bién soan, da duogc cac dong nghi¢p dong gop nhiéu y kién,
mic du cb géng stra chita, bd sung cho cudn sach duoc hoan chinh hon, song chic

chan khong tranh khoi nhing thiéu sot, han ché.

Mong nhén duoc cac ¥ kién dong gop cia ban doc.
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Phén I: PAI CUONG VE PO LUONG PIEN

Trong qua trinh nghién ctru khoa hoc néi chung va cu thé 1a tir viéc nghién ciru,
thiét ké, ché tao, thir nghiém cho dén khi van hanh, sita chita cac thiét bi, cac qua trinh
cong nghé... déu yéu cau phai biét rd cac thong sd cua doi twong dé cé cac quyét dinh
pht hop. Su danh gia cac thong sd quan tdm cta cac d6i tuong nghién ciru duge thuc
hién bang cach do cac dai luong vat Iy dic trung cho cac thong sb do.

1.1 KHAINIEM VE PO LUONG PIEN.
1.1.1. Khai niém vé do lwong.

Do luong 1a mot qua trinh dénh gia dinh lugng dai luong can do dé ¢ két qua
bang sd so voi don vi do. Két qua do luong (Ax) la gia tri bang sd, dugc dinh nghia
bang ti s6 giita dai lugng can do (X) va don vi do (Xo):

Két qua do duoc biéu dién dudi dang: A :XL vataco X=A.X,

0
Trong do: X - dai lugng do
X - don vi do
A - con s6 két qua do.

Twr (1.1) c6 phuong trinh co ban ctia phép do: X = A, . X, , chi 10 su so sanh X
so v6i Xo, nhu vay muén do duge thi dai lugng can do X phai co tinh chat 1a cac gia
tri ctia n6 c6 thé so sanh duoc, khi muén do mot dai lugng khong cé tinh chit so sanh
dugc thudng phai chuyén déi chung thanh dai lugng c6 thé so sanh dugc.

1.1.2. Khai niém vé do lwdong dién.

Pai luong nao so sanh duoc v6i mau hay chuan thi méi do duogc. Néu cac dai
luong khong so sanh dugc thi phai chuyén dbi vé dai luong so sanh duoc véi mau hay
chuan r0i do. Po lwdong dién 1a mot qua trinh danh gia dinh lwong dai lwong dién can
do dé co két qua bang sé so véi don vi do.

1.1.3. Cac phwong phap do.

Phuong phép do 1a viéc phdi hop céc thao tic co ban trong qua trinh do, bao
gdm céc thao tac: xac dinh miu va thanh 14p mAu, so sanh, bién doi, thé hién két qua
hay chi thi. Cac phuong phép do khac nhau phuy thudc vao cac phuong phép nhan
thong tin do va nhiéu yéu t6 khac nhu dai luong do 16n hay nho, diéu kién do, sai s,
yéu cau...

Tuy thudc vao ddi tuong do, diéu kién do va do chinh xac yéu cau cua phép do
ma ngudi quan sat phai biét chon cac phuong phap do khac nhau dé thyc hién tét qua
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trinh do luong. C6 thé c6 nhidu phuong phép do khac nhau nhung trong thuc té thuong
phan thanh 2 loai phuwong phép do chinh 1a phuong phap do bién doi thang va phuong
phap do kiéu so sanh.

1.1.3.1. Phwong phap do bién doi thang

- Dinh nghia: 12 phuong phap do co so dd cau truc theo kiéu bién doi thang,
nghia 14 khong c6 khau phan hoi.

- Qua trinh thuc hién:

* Pai lugng can do X qua cac khau bién doi dé bién doi thanh con sd Ny, dong thoi
don vi ctua dai lugng do X, cling dugc bién d6i thanh con s6 No.

* Tién hanh qua trinh so sanh giita dai lugng do va don vi (thuc hién phép chia
NX/NO)a

* Thu duoc két qua do: Ax = X/Xo = Nx/Np .

X X N, Ny
NO
R:; BD ——{ AID —={ SS
Xo Xo No

Hinh 1.2. Luu @6 phirong phép do bién déi thang.

Qua trinh nay duoc goi 1a qua trinh bién d6i thang, thiét bi do thyc hién qua
trinh nay goi 1a thiét bi do bién d6i thang. Tin hiéu do X va tin hiéu don vi X, sau khi
qua khau bién d6i (c6 thé 1a mot hay nhiéu khau ndi tiép) co thé dugc qua bo bién doi
tuong tu - s6 A/D dé c6 Nxva Ng , qua khau so sanh c6 Nx/Np.

Dung cu do bién d6i thang thudng cé sai sé twong ddi 16n vi tin hiéu qua cic
khau bién ddi s& co sai sb bang tong sai sd cta cac khau, vi vay dung cu do loai nay
thuong duoc sir dung khi do chinh xac yéu cau ciia phép do khong cao lam.
1.1.3.2.Phuwong phap do kiéu so sanh:

- Dinh nghia: 13 phuong phap do c6 so dd cdu trac theo kiéu mach vong, nghia
1a c6 khau phan hoi.

- Qua trinh thuc hién:

+ Pai luong do X va dai lugng mau XO duoc bién d6i thanh mot dai luong vat
1y nao do thuén tién cho viéc so sanh.

+ Qua trinh so sanh X va tin hiéu XK (ti 1¢ véi XO) dién ra trong sudt qua
trinhdo, khi hai dai lugng bang nhau doc két qua XK s& c6 dugc két qua do.
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Qua trinh do nhu vay goi 14 qua trinh do kiéu so sanh. Thiét bi do thyc hién qua
trinh nay goi 1a thiét bi do kiéu so sanh (hay con goi 12 kiéu bu).

x AX Ne CT
— SS Yy BD N A/D Nooo

J

Hinh 1.3. Luu d6 phwong phdp do kiéu so sanh.

| D/A

+ Cdc phwong phdp so sanh: bg so sanh SS thyuc hién viéc so sanh dai lugng do X va
dai luong ti 1& v6i mau Xk, qua bd so sanh c6: Ax = X - Xk. Tuy thudc vao cach so
sanh ma s€ co cac phuong phap sau:

- 8o sanh cin bang:

* Qua trinh thuc hién: dai lugng can do X va dai luong ti 1€ voi mau Xy = N¢.Xo
dugc so sanh v&1 nhau sao cho Ax =0, tir do suy ra X = Xg = Ng.Xo

+ suy ra két qua do: Ax = X/Xo = Ng. Trong qué trinh do, XK phai thay d6i khi X thay
d6i dé duoc két qua so sanh 1a Ay = 0 tir d6 suy ra két qua do.

* Do chinh xac: phu thudc vao do chinh xéc cua XK va do nhay cua thiét bi chi thi can
bang (46 chinh xac khi nhan biét Ay = 0).

Vi du: cau do, dién thé ké can bang
- So sanh khong cin bang:

* Qud trinh thiee hién: dai lugng ti 16 véi mau XK 1a khong doi va biét trude, qua bd
so sanh c6 dugc Ax = X - Xk, do Ay s€ c6 dugc dai luong do X = Ax + X tir do co két
qua do: Ax = X/Xp = (Ax + Xk)/Xo.

* Do chinh xac: 6 chinh xac cua phép do chu yéu do do chinh xac cua Xg quyét dinh,
ngoai ra con phu thudc vao do chinh xac ctuia phép do AX, gid tri cia AX so voi X (4o
chinh xac cua phép do cang cao khi Ax cang nho so véi X).

Phuong phap nay thuong dugce str dung dé do cac dai lugng khong dién, nhu do
{mg suét (dung mach cau khéng cin bang), do nhiét do. ..
- So sdanh khong dong thoi:
* Qud trinh thuwe hién: dya trén viéc so sanh cac trang thai dap tng cia thiét bi do khi
chiu tic dong twong mg cua dai luong do X va dai luong ti 1& véi mau X, khi hai
trang thai dap img bang nhau suy ra X = Xy .
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Pau tién dwdi tic dong cia X gdy ra mét trang thdi nao do trong thiét bi do,
sau d6 thay X bang dai lwong mdau X thich hop sao cho ciing gdy ra ding trang thdi
nhie khi X tdc dong, tir do suy ra X = Xg. Nhw vy ré rang la Xy phdi thay doi khi X
thay doi.

* Do chinh xdc: phy thudc vao do chinh xac cuia Xg. Phuong phap nay chinh xac vi
khi thay Xg bang X thi moi trang thai cua thiét bi do van giir nguyén. Thuong thi gia
tri mau duge dua vao khic do trude, sau do qua cac vach khic mau dé xac dinh gia tri
cta dai lwong do X. Thiét bi do theo phwong phap nay 1a cac thiét bi danh gia truc tiép
nhu vonmét, ampemeét chi thi kim.

- So sdnh dong thoi:

* Qud trinh thwce hién: so sénh cung lic nhiéu gia tri cia dai lugng do X va dai lugng
mau XK, cin clr vao céc gia tri bang nhau suy ra gia tri ctia dai lugng do.

Vi du: xdac dinh 1 inch bang bao nhiéu mm: ldy thude c¢é chia d6 mm (madu),
thudc kia theo inch (dai luong can do), dat diém 0 trung nhau, doc dwoc cac diém
trung nhau la: 127mm va 5 inch, 254mm va 10 inch, tir do co duoc:1 inch = 127/5 =
254/10 = 25,4 mm

Trong thuc té thuong sir dung phuong phap nay dé thir nghiém céc dic tinh cua
cac cam bién hay cia thiét bi do dé danh gia sai s6 ciia ching.

Tur cac phuwong phap do trén c6 thé co cac cach thuc hién phép do la:

- Do true tidp : két qua c6 chi sau mot lan do

- Do gidn tiép: két qua c6 bang phép suy ra tir mot sd phép do truc tiép

- Do hgp bj: nhu gian tiép nhung phai gia mot phuong trinh hay mot hé phuong trinh
moi co két qua

- Do théong ké: do nhiéu 1an va lay gia tri trung binh méi ¢ két qua

1.2. CAC SAISO VA TiNH SAI SO.

1.2.1. Khai niém vé sai sd.

Ngoai sai sO cua dung cu do, viéc thuc hién qué trinh do cling gay ra nhiéu sai
s0. Nguyén nhan cia nhirng sai s6 nay gom:

- Phuong phép do dugc chon.
- Mirc d can than khi do.

Do vay két qua do luong khong ding véi gia tri chinh xac cia dai lugng do ma c6
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sai sb, goi 13 sai s6 ctia phép do. Nhu vy mudn c6 két qua chinh xéac ctia phép do thi
trude khi do phai xem xét cac diéu kién do dé chon phwong phap do phu hop, sau khi
do can phai gia cong cac két qua thu duge nham tim duoc két qua chinh xAc.

1.2.2. Cac loai sai so.
* Sai 5o tuyét doi, sai so twong doi, sai so hé thong.

- Sai so cua phép do: 1a sai s6 gitra két qua do luong so véi gia tri chinh xéac cia dai
lugng do.

- Gid tri thwe Xth cua dai lwong do: 1a gia tri ctia dai luong do xéc dinh dugc vo1 mot
do chinh x4c nao do (thuong nho cac dung cu mau co cap chinh xac cao hon dung cu
do dugc str dung trong phép do dang xét).

Gid tri chinh xdc (gid tri ding) cia dai lrong do thuong khéng biét trude, vi vy khi
danh gid sai s6 cia phép do thwong sir dung gid tri thie Xth cia dai lwong do.

Nhu vay ta chi c6 su danh gia gan dung vé két qua ciia phép do. Viéc xac dinh sai s6
ctia phép do - tirc 1a xac dinh d¢ tin twong ciia két qua do 1a mot trong nhitng nhiém vy
co ban cua do ludng hoc. Sai s6 ctia phép do c6 thé phan loai theo cach thé hién bing
s6, theo ngudn gy ra sai s6 hodc theo qui luat xuat hién cua sai so.

Ti€u chi phan loai Theo cach thé hién béng )
Theo ngudn giy ra sai sd
Theo qui luat xuat hién ciia sai s
Loai sai sb
- Sai s6 tuyét doi.
- Sai s6 twong doi.
- Sai s6 phuong phap.
- Sai s6 thiét bi.
- Sai s6 chu quan.
- Sai s6 bén ngoai.
- Sai s6 hé théng.

- Sai s0 ngau nhién.
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- Sai s6 twong di

- Sai sb thiét bi.

Tiéu chi Theo cich thé hién | Theo ngudn giy ra Theo qui ludt xuat
han loai ang so . X Ao . A
p oal bang 5o sai s0 hi¢n cua sai so0
Loai sai s6 - Sai s6 tuyét dbi - Sai s6 phuong phap | - Sai s6 hé thong.

- Sai s0 ngau nhién

- Sai s0 chu quan.

- Sai s0 bén ngoai.

Badng 2.1. Phén logi sai s6 ciia phép do.
* Sai s6 tuyét d6i AX: 1a hiéu giira dai lwong do X va gia tri thyc Xth :
Ax =X - X

* Sai s6 twong d0i yx : 12 ti sO giira sai s6 tuyét d6i va gia tri thuc tinh bang

phan tram: y, = A—X.IOO(%);

th.

Vi X = X, nén c6 thé co: y, ~|—*{100(%)

X
A

Sai s6 tuong d6i dic trung cho chat luong ciia phép do.

Do chinh xac ciia phép do ¢ : dai luong nghich dao cila sai s6 twong doi:

Apl_ L
A Vx

E =
X

* Sai s0 hé thong (systematic error): thanh phan sai s6 cta phép do ludn khong doi

hodc thay ddi c6 qui luat khi do nhiéu 1an mét dai luong do.

Qui ludt thay doi cé thé la mét phia (dwong hay dm), c6 chu ky hodc theo mét

qui ludt phiec tap nao do.

Vidu: sai sé hé thdng khong doi ¢é thé la: sai sé do khdc do thang do (vach khdc do bi

léch...), sai s6 do hiéu chinh dung cu do khéng chinh xdc (chinh dwong tim

ngang sai trong dao dong ky...)...

Sai so hé thong thay doi co thé la sai so do sy dao dong cua nguon cung cap

(pin yéu, on ap khong tot...), do anh hwéng ciia trieong dién tir...
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—»ii«—1d06
Hinh 2.1. Sai s6 hé théng do khdc vach la 1 d6 - khi doc can hiéu chinh thém 1 do.

1.2.3. Phwong phap tinh sai so.

Dua vao s6 Ién cdc gia tri do duoc co thé xdc dinh qui ludt thay doi cua sai s6
ngau nhién nho siv dung cdc phwong phdp todn hoc thong ké va Iy thuyét xdac sudt.
Nhiém vu cia viéc tinh todn sai s6 ngcfu nhién la chi ro gioi han thay doi cia sai s6
ciia két qua do khi thwe hién phép do nhiéu lan, nhw vay phép do ndo cé két qua voi
sai s6 ngcfu nhién vuot qua gioi han sé bi loai bo.

- Co s toan hoc: viéc tinh toan sai s6 ngau nhién dua trén gia thiét 1a sai s6 ngau
nhién clia cic phép do cac dai luong vat 1y thuong tuan theo luat phan bochuan (luat
phan b Gauxo-Gauss). Néu sai s ngau nhién vuot qua mot gia tri nao do thi xac suat
xuat hién s& hau nhu bang khong va vi thé két qua do nao co sai s6 ngau nhién nhu vay
s€ bi loai bo.

- Céc buéc tinh sai s6 ngiu nhién:

Xét n phép do vdi cac két qué do thu duoc 1a x;, X,, ..., X,

*, Tinh woc lwong ki vong todan hoc my cua dai lwong do:

chinh 14 gia tri trung binh dai s6 cta n két qua do.
*, Tinh d¢ léch ciia két qua méi lin do so véi gid tri trung binh vi :

v,=x,—X
v; (con goi 1a sai s6 du).

*. Tinh khodng gidi han ciia sai s6 ngdu nhién: duogc tinh trén co so duong phan bd
chuan: A =[A,A,], thuong chon: A=[A,,A,] véi:

v6i x4c suat xuat hién sai s6 ngau nhién ngoai khoang nay 1a 34%.
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*. Xir Iy két qud do: nhiing két qua do nao c6 sai sé du vi nam ngoai khoang [A,,A, ]
s€ bi loai.
1.2.4. Cac phwong phap han ché sai so

Mot trong nhitng nhiém vu co ban ctia mdi phép do chinh xé4c 1a phai phan tich
cac nguyén nhan co thé xuat hién va loai trir sai s hé théng. Maic du vi¢e phat hién sai
s6 hé thong 1a phirc tap, nhung néu da phat hién thi viéc loai trir sai s6 hé thong s&
khong kho khan.

* Viéc loai trir sai so h¢ thong c6 thé tién hanh bing cach:

- Chudn bi tot trwde khi do: phan tich 1y thuyét; kiém tra dung cu do trudc khi sir
dung; chuan bj trude khi do; chinh "0" trude khi do...

- Qua trinh do cé phwong phdp phit hgp: tién hanh nhiéu phép do bang cac phuong
phap khac nhau; st dung phuong phép thé...

- Xir Iy két qua do sau khi do: st dung cach bu sai sé nguoc dau (cho mot luong hiéu
chinh voi ddu nguoc lai); trong trudng hop sai s6 hé thong khong

d6i thi co thé loai dugc bang cach dua vao mot luong hiéu chinh hay mot hé sb hiéu
chinh:

+ Lwong hiéu chinh: 13 gia tri cung loai voi dai luong do dugc dua thém vao két qua
do nham loai sai sd hé théng.

+ H¢ s6 hiéu chinh: 1a s6 dugc nhan véi két qué do nham loai trur sai s6 hé théng.
Trong thuc té khong thé loqi trir hoan toan sai sé hé thong. Viéc giam anh hwong sai
6 hé thong cé thé thiee hién bang cdch chuyén thanh sai sé ngau nhién.

* X Iy két qua do.

Nhue vdy sai sé ciia phép do gom 2 thanh phan: sai s6 hé thong 0 - khéng doi
hodc thay déi ¢é qui ludt va sai s6 ngau nhién A - thay déi mét cach ngau nhién khéng
c6 qui ludt. Trong qud trinh do hai logi sai s6 nay xudt hién dong thoi va sai sé phép
do AX dwoc biéu dién dwdi dang tong cia hai thanh phan sai s6 d6: AX = 0 + A. Bé
nhéan dwoc cac két qua sai léch it nhdt so voi gia tri thuc cua dai lwong do can phai

tién hanh do nhiéu lan va thwc hién gia cong (xir Iy) két qua do (cdc sé liéu nhan dwoc
sau khi do).

Sau n lan do s€ c6 n két qua do x4, X, .., X, 12 sO 1i€u chu yéu dé tién hanh gia
cong két qua do.

* Logi trir sai s6 hé thong.
Viéc loai trir sai s6 hé thong sau khi do dugc tién hanh bang cac phuong phap.

- Str dung céch bu sai s6 ngugc dau
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- Pua vao mdt lugng hi¢u chinh hay mdt hé s6 hiéu chinh

Xét n phép do cd két qua x,

Tinh ki vong toan hoc cua dai lwgng do:

— ® .
Mixp= =32

il

Tinh sai s6 dw: vi=x-F

Kiém tra digu kién?
»

2w=0
dml

—

Yes

Tinh wére lrgng do léch binh gquan phuong:

ot = }(ﬁvf)f(;s—l)
dml

Tinh wéc lweng d§ léch binh quan phwong cua
gia trj trung binh dai s6:

o = J(ivf).n"[;s(n—l)]: a
=1

B

/I.\\ .
No Kieém tra so Yes
Qﬁ&
Bz 20
1. Cho gia tri xac suat dang 1. Cho gia tri xac suit dang

tin P, tim hé& s6 phan bo tin P, tim h& s& phan bo
Student h,, (tra bang phan bé chuin k (tra bang phén bé
Student). chuén).

2.Tinh khodang dang tin cla 2. Tinh khoang dang tin caa
ket qua do: ﬂlLﬁ — ;3”_5-3 ket qua do: ﬂILZ =k.cr§

Két qua do: AX = fiﬂll,z

Hinh 2.2. Luu dé thudt todn qud trinh gia céng két qua do.

Phén II. CAC LOAI CO CAU PO THONG DUNG

2.1. KHAINIEM VE CO CAU PO.

Co ciu do 1a thanh phﬁn co ban dé tao nén cac dung cu va thiét bi do luong &

dang twong tu (analog) va hién sé Digitans.

- O dang tuvong ty (analog) 1a dung cu do bién doi thang: dai luong can do X nhu dién

ap, dong dién, tan sb, goc pha... duoc bién d6i thanh goc quay a ciia phan dong(so voi
phan tinh), tirc 14 bién ddi tir nang lugng dién tir thanh nang luong co hoc.

Ttr @6 ¢ biéu thirc quan hé:
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a =(X) voi X 1a dai lugng dién.

Céc co cau chi thi nay thuong dung trong cac dung cu do céc dai luong: dong
dién, dién &p, cong suat, tan so, goc pha, dién tro...cia mach dién mot chi€u va xoay
chiéu tan so cong nghiép.

- Hién s6 (Digitans) 1a co cu chi thi s6 ung dung céc k¥ thuat dién tir va k§ thuat may
tinh dé bién d6i va chi thi dai luong do.

C6 nhiéu loai thiét bi hién sé khac nhau nhu: dén soi dét, dén dién tich, LED 7 thanh,
man h&nh tinh thé 1ong LCD, man hinh cdm tng. ..

2.2. CAC LOAI CO CAU PO.
2.2.1. Co céu do tir dién..
* logomét tw dién (Permanent Magnet Moving Coil).
a) Ciu tgo chung: gdm hai phan co ban: phan tinh va phan dong:

- Phan tinh: g@)m: nam cham vinh ciru 1; mach tir va cuc tir 3 va 15i sit 6 hinh thanh
mach tir kin. Giita cuc tir 3 va 18i sat 6 ¢6 c6 khe ho khong khi déu goi 12 khe hé 1am
viéc, & gitra dat khung quay chuyén dong.

- Phén déng: gdbm: khung diy quay 5 duoc quan bang day dong. Khung day duoc gin
vao truc quay (hodc ddy cing, ddy treo). Trén truc quay c6 hai 10 xo can 7 mic nguoc
nhau, kim chi thi 2 va thang do 8.

Hinh 2.1. Co cdu chi thi tir dién.

b) Nguyén Iy lam viéc chung: khi c6 dong dién chay qua khung day 5 (phan dong),
dudi tic dong ciia tir truong nam cham vinh ciru 1 (phén tinh) sinh ra mémen quay Mq
lam khung ddy 1éch khoi vi tri ban dau mot goc o. Momen quay duoc tinh theo biéu
thirc:

dw,
da

M, = =B.S.W.I

q

vol  B:dd tir cam cua nam cham vinh cuu
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S: tiét dién khung day
W: s6 vong day cua khung day
Tai vi tri cAn bang, mémen quay bang moémen can:
M,=M,=BSW.I=Daa= %.B.S.W.I =S,.1
V&1 mot co cau chi thi cu thé do B, S, W, D 1a héng s6 nén gbc 1éch a ty 1€ bac
nhat v6i dong dién I chay qua khung day.

¢) Cdc ddic tinh chung: tir biéu thirc (5.1) suy ra co cau chi thi tir dién ¢ cac dic tinh
co ban sau:

- Chi do dugc dong dién mot chiéu.

- Pic tinh cta thang do déu.
-Donhay S, = %B.S.W 1a hang s6

- Uu diém: 4o chinh x4c cao; anh huéng cta tir truong ngoai khong dang ké (do tir
truong 1a do nam cham vinh ctru sinh ra); cong suét tiéu thy nho nén anh huéng khong
dang ké dén ché do ciia mach do; do can diu tot; thang do déu (do goc quay tuyén tinh
theo dong dién).

- Nhwoe diém: ché tao phirc tap; chiu qué tai kém (do cudn day cia khung quay nho);
d6 chinh xac cia phép do bi anh hudng 16n boi nhiét d6, chi do dong mot chiéu.

- Ung dung: co ciu chi thi tir dién ding dé ché tao ampemét vonmét, Gmmét nhiéu
thang do va c6 dai do rong; d6 chinh xac cao (cip 0,1 + 0,5).

+ Che tao céc loai ampemét, vonmét, mmeét nhicéu thang do, dai do rong.

+ Ché tao céc loai dién ké c6 do nhay cao co thé do duoc: dong dén 10-12A, ap
dén 10 - 4V, do dién luong, phat hién su léch diém khong trong mach can do hay trong
dién thé ké.

+ Sir dung trong cac mach dao dong ky 4nh sang dé quan sat va ghi lai cac gia
tri tirc thoi cia dong ap, cong suat tan sd c6 thé dén 15kHz; dugc sir dung dé ché tao
cac dau rung.

+ Lam chi thi trong cdc mach do cac dai lugng khong dién khéac nhau.

+ Ché tao cac dung cu do dién tr tuong ty: vonmét dién tir, tan sd ké dién tu,
pha ké dién tir. ..

+ Dung v6i cac bd bién d6i khac nhu chinh luu, cam bién cip nhiét dé co thé do
dugc dong, ap xoay chiéu.
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d) Logémét tiv dién: 1a loai co céu chi thi dé do ti s6 hai dong dién, hoat dong theo
nguyén 1y gidng co ciu chi thi dién tir, chi khac 13 khong c6 16 xo can ma thay bang
mot khung day th{r hai tao ra mémen c6 huéng chéng lai mémen quay ciia khung day
thtr nhat.

Nguyén Iy lam viéc: trong khe hé cua tir truong ctia nam cham vinh ciru dit phan dong

gdm hai khung quay dit léch nhau goc & (300 + 900). Hai khung day gan vao mot truc
chung. Dong dién I1 va 12 dwa vao cac khung diy bang cac day dan khong momen.

Hinh 2.2. Logomeét tu dién

- Dong I1 sinh ra momen quay Mq: M = 11.%
a
- Dong 12 sinh ra mémen can Mc: M = 12'6611_%
a

v6i @1, d2: tir théng ctia nam cham méc vong qua cac khung day, thay doi theo a.
DAu cua Mq va Mc nguoc nhau. Céac gia tri cuc dai cia cac moémen 1é€ch nhau goc o.

O trang thai can bang co:

d¢,
_ 46 _ , d$ L _da _ fi(@) _
Mq—Mc<:>11.da . L= de " L) f(a)
da

v6i fl(a), 2(a) 1a cac dai lwong xac dinh toe do thay doi cua tir thong méc vong.
NERY: , A I,
Tur biéu thirc trén co: o = F(—1)
2
Diic tinh co bdn: goc léch a ti 18 véi ti s6 ciia hai dong dién di qua cac khung day.
Ung dung: 16gomét tir dién duoc tng dung dé do dién tro, tin sb va cac dai luong

khong dién.
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2.2.2. Co ciu do dién tir.
* logomét dién tir.
a) Ciu tao chung: gdm hai phan co ban: phan tinh va phan dong:
- Phan tinh: 13 cudn day 1 bén trong c6 khe hé khong khi (khe ho 1am viéc).

- Phan ddng: 13 18i thép 2 dugc gan 1én truc quay 5, 151 thép co thé quay tu do
trong khe lam viéc ctia cudn day. Trén truc quay ¢ gan: bo phan can diu khong khi 4,
kim chi 6, d6i trong 7. Ngoai ra con ¢6 16 xo can 3, bang khac do 8.

Hinh 2.3. Céu tao chung cua co cdu chi thi dién tir.

b) Nguyén Iy lam viéc: dong dién I chay vao cudn ddy 1 (phan tinh) tao thanh mot
nam cham dién hut 161 thép 2 (phan dong) vao khe hd khong khi véi momen quay:

aw, .. LI®
M, =—=,vOo1 W,=—
do
v6i L 1a dién cam cia cudn day, suy ra:
M =L
2 da
Tai vi tri cin bang co:
Moot e L
1 2D da

1a phuong trinh thé hién dic tinh ctia co céu chi thi dién tir.
¢) Cacdac tinh chung:

- Goc quay a ti 18 véi binh phuong ciia dong dién, tirc 1a khong phy thudc vao chiéu
ctia dong dién nén c6 thé do trong ca mach xoay chiéu hoic mot chiéu.

- Thang do khéng déu, co dic tinh phu thudc vao ti sé dL/dala mot dai luong phi
tuyén.

- Can diu thuong bang khong khi hodc cam tmg.
- Uu diém: céu tao don gian, tin cay, chiu dugc qua tai 16n.

- Nhuoc diém: do chinh xac khong cao nhat la khi do & mach mdt chiéu s€ bi sai
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s6 (do hién tuong tir tré, tir du...); 46 nhay thdp; bi anh huong ciia tir trudng ngoai (do
tir treong cua co cu yéu khi dong nho).

d) U ng dung: thuong duoc su dung dé ché tao cac loai ampemét, vonmét trong mach
xoay chiéu tan s cong nghiép véi do chinh xac cap 1+2. [t dung trong cac mach cé tan
s cao.
2.2.3. Co ciu do dién dong.

* logomét dién dong.
a) Ciu tao chung: nhu hinh 2.4: gdm hai phan co ban: phan tinh va phan dong;
- Phan tinh: gdom: cudn day 1 (dugc chia thanh hai phan ni tiép nhau) dé tao ra tir
truong khi c6 dong dién chay qua. Truc quay chui qua khe ho giita hai phan cudn day
tinh.
- Phin dpng: gom mot khung day 2 dit trong long cudn day tinh. Khung day 2 duoc
gan véi truc quay, trén truc c¢6 16 xo can, bd phan can diu va kim chi thi. Ca phan dong
va phan tinh duoc boc kin bang man chin dé ngin chan anh hudéng ciia tir trudng
ngoai.
b) Nguyén Iy lam viéc chung: khi c6 dong dién 11 chay vao cudén day 1 (phan tinh)
lam xuét hién tir trudng trong long cudn day. Tir trudng nay tic dong lén dong dién 1,
chay trong khung diy 2 (phan dong) tao nén mémen quay lam khung day 2 quay mot

gdc a.
Momen quay duogc tinh: Mg = C;WE
a

v6i: We la nang dién dién tr truong. Co hai truong hop xay ra:

_11, 12 14 dong dién mét chidu: o = L%

1.1,
v6i: My, 1a hd cam gifta cudn dy tinh va dong.

\ v s - . M
- I1 va I2 1a dong dién xoay chi€u: a = % a” A,.1,.cosy

voi: v 1a géc 1éch pha gitra 11 va 12.

Hinh 2.4. Cdu tao cia co cau chi thi dién dong
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¢) Cacdac tinh chung:
- C6 thé dung trong ca mach dién mot chidu va xoay chiéu.
- Géc quay o phu thudc tich (11.12) nén thang do khong déu

- Trong mach dién xoay chiéu o phu thudc goc léch pha v giita hai dong dién nén c6
thé tmg dung 1am O4atmét do cong suat.

- Uu diém co ban: c6 d chinh xac cao khi do trong mach dién xoay chiéu.
- Nhwoe diém: cong suat tidu thu 16n nén khong thich hop trong mach cong suat

nho. Chiu 4nh huéng cia tir truong ngoai, muén lam viée tot phai co bo phan chan ti.
D6 nhay thap vi mach tir yéu.

d) Ung dung: ché tao cac ampemét, vonmét, dGatmét mot chiéu va xoay chiéu tan sb
cong nghiép; cac pha ké dé do goc 1éch pha hay hé s6 cong suit cose.

Trong mach c6 tan s cao phai c6 mach bu tan s (do duogc dai tan dén 20KHz).
2.2.4. Co ciu do cam irng.
a) Ciu tao chung: nhu hinh 2.5: gébm phan tinh va phan dong.

- Phan tinh: cic cudn day dién 2,3 c¢6 cau tao dé khi c6 dong dién chay trong cudn day
s& sinh ra tir trudng moc vong qua mach tir va qua phan dong, c6 it nhat 1a 2 nam cham
dién.

- Phan dpng: dia kim loai 1 (thuong bang nhém) gin vao truc 4 quay trén tru 5.

Hinh 2.5. Co cdu chi thi cam iing

b) Nguyén Iy lam viéc chung: dua trén su tic dong twong hd giita tir truong xoay
chiéu (duoc tao ra bai dong dién trong phan tinh) va dong dién xoay tao ra trong dia
ctia phan dong, do d6 co cdu nay chi 1am viéc voi mach dién xoay chiéu:

Khi dong dién I;, I, vao cac cudn day phﬁn tinh — sinh ra céc tir thong @, ®,
(cac tlr théng nay léch pha nhau goc y bang goc léch pha giira cac dong dién tuwong
{mg), tir thong @;, ®, cit dia nhom 1 (phan dong) — xuat hién trong dia nhom céc s
dién dong twong tmg E1, E2 (1éch pha v6i ®1, ®2 goc 1/2) — xuit hién cic dong dién
x04ay I x1, Iy (I€ch pha v6i1 Ey, E; goc ay, ay).

Modull: Do luong dién 18



TRUONG CAO PANG NGHE VIET - PUC HA TINH

Céc tir thong @1, O2 tac dong tuong ho véi cac dong dién Iy, Iy, — sinh ra céc
luc F1, F2 va cac momen quay twong tmg — quay dia nhom (phan dong). Momen

quay dugc tinh: M =C.f.¢¢,sing

véi: C 1a hang so

¢) Cacdac tinh chung:

f 14 tan s ciia dong dién 11, 12

v 1a goc 1éch pha gitra I1, 12

- Piéu kién dé c6 momen quay 1a it nhat phai c6 hai tir truong,

- Mémen quay dat gia tri cuc dai néu goc 1éch pha v giira I1, 12 bang /2.

- Mémen quay phu thudc tan s6 cia dong dién tao ra cac tir truong.

- Chi lam vi¢c trong mach xoay chiéu.

- Nhugc diém: momen quay phu thudc tan s6 nén can phai 6n dinh tan so.

d) Ung dung: chi yéu dé ché tao congto do ning luong; c6 thé do tan sb...

TT Co cau chi thi Ki hiéu |Tin hiéu do ('ng dung
. ST
1 Co cau chi thi tlr dién | | = AV, Q G
BT — e . -
2 Légdmet tu dién |>< | Iy =/ly = Q, do khéng dién
3 Co céu chi thi dién tir 5 2= AV
4 Légémét dién tur ﬁ (li=/la=)*| Tan sb ké, 6mké, do goc pha...
5 Co cAu chi thj dién déng I$I Iyl = AV, Q W, coso, tan sb ké...
e sl o A . s
6 Co cau chi thi sat dién déng ‘\% l.lo = ALV, Q, tw ghi
7 Légémeét dién dong %I 4/ 9= Q, tan sb ké, cosg
.
8 Co cau chi thi tinh dién . Uiz W, kV
. f/__‘
9 Co cau chi thi cdm ung " } I, b= Congto

Badng A. Bang tong két cac loai co cdu chi thi co dién
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Phin III. PO CAC PAI LUQNG PIEN CO BAN

3.1.PO PAILUQNG U, L

3.1.1. Do dong dién.

* Khai niém chung

Dung cu dugc st dung dé do dong dién goi la ampe ké hay ampemet

Ky hiéu la: A

Ampe ké c6 nhiéu loai khac nhau, néu chia theo két cau ta co:

+ Ampe ké tir dién

+ Ampe ké dién tir

+ Ampe ké dién dong

+ Ampe ké nhiét dién

+ Ampe ké ban dan

0
bV 7= :‘\f‘\}’A
N
NP2
OFF

[V~ @
O+ ] [

Test leads

Test probes

Digital
multimeter

Analog
multimeter

<

_f/rl?ﬁﬁ\}_
\ \\)\ ::l: /4

Test leads

Test probes

Hinh 1.1: Pong hé sé va kim

Néu chia theo loai chi thi ta cé:

+ Ampe ké chi thi s6 (Digital)

+ Ampe ké chi thi kim (kiéu twong ty /Analog)

Hinh bén la hai loai d@)ng hd van nang s6 va kim. Néu chia theo tinh chat cua dai

lugng do, ta co:

+ Ampe ké mot chiéu
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