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TEN MO PUN: PO LUONG PIEN

Ma mé dun: MP10
Vi tri, y nghia va vai tro cia mé dun:

Po luong dién 13 moé dun co sé nganh, dugc to chic hoc sau cac mén hoc
An toan lao dong; Mach dién, Vit liéu ... va hoc trudec cac mon May dién, cung
cap dién ...

Do luong dién 1a mang kién thirc va ki ning co ban khong thé thiéu voi bat
ky nguoi tho dién nao, diac biét cho nhitng ngudi phu trach phan dién trong cic xi
nghiép, nha may, thuong dugc goi la dién cong nghiép.

Nhirng van de vé k¥ thuat do luong dién c6 lién quan truc tiép téi chat luong,
do tin cdy va tudi tho cua thiét bi va hé théng dién khi 1am viéc, vi vay doi hoi
nguoi tho 1anh nghé phai tinh thong cac co s¢ cua do luong ky thuat, phai hiéu 16
vé don vi do, cac mau chuan ban dau cia don vi do va to chure kiém tra cac dung
cu do; hiéu rd ngudn gbc va nguyén nhan cua cac sai s trong qua trinh do va
phuong phép xéc dinh ching.

Muc tiéu ciia mon hoc:
- Biét dugc cau tao va nguyén ly lam viéc cua mot so dung cu do dién thong
dung

- Po duoc cac thong sb va cac dai luong co ban cia mach dién.

- Sir dung duoc cac loai may do dé kiem tra, phat hién hu hong cua thiét bi,hg
thong dién.

- Ren luyén tinh chua dong, tu duy khoa hoc, nghiém tuc trong cong viéc.

No@i dung ciia mo dun:

Sb Thoi gian (gio)
Tén cac bai trong mé dun Tong Ly Thye | Kiém
T s6 | thuyét| hanh | tra*
1 | Bai mo dau: Pai cuong vé do ludng dién 2 2
2 | Cac loai co cau do thong dung 8 4 4
3 | bo céc dai lugng dién co ban 10 4 5 1
4 | Str dung céc loai may do thong dung 10 5 5
cong: 30 15 14 1




BAI MO PAU
PAI CUONG VE PO LUONG PIEN

Gidi thi¢u:

Do luong 1a sy so sanh dai luong chua biét (dai lvong do) voi dai luong da
duoc chuin hoa (dai luong mau hoic dai luong chuén).

Nhu vy cong viéc do luong 13 ndi thiét bi do vao hé thong dugc khao sat va
quan sét két qua do duoc cac dai lwong can thiét trén thiét bi do. Trong thuc té rat
kho xac dinh ¢ tri s6 thuc”” ciia dai luong do. Vi vay tri s6 do duge cho boi thiét b
do duogc goi la tri s6 tin cay duogc (expected value).

Bat ky dai luong do ndo ciing bi anh hudng boi nhiéu théng sd. Do d6 két qua
do it khi phan anh dung tri s tin cdy dugc. Cho nén cd nhiéu hé sé anh huong
trong do luong lién quan dén thiét bi do. Ngoai ra ¢ nhimg hé sb khac lién quan
dén con ngudi str dung thiét bj do. Nhu vay do chinh xé4c cta thiét bi do duoc dién
ta duéi hinh thic sai sb.

Muc tiéu:

- Giai thich céc khai niém vé do ludng, do ludng dién.

- Tinh toan duoc sai s6 cua phép do, van dung pht hop cac phuong phép han
ché sai sb.

- Po cac dai luong dién bang phuong phéap do truc tiép hoic gian tiép.

- Ren luyén tinh chinh x&c, chu dong, nghiém tuc trong cdng viéc.

No@i dung chinh:
1.Khai niém ve do lwong di¢n:
Muc tiéu: Trinh bay duoc cdc khadi niém co ban vé do lwong va do luong dién

Trong thuc t€ cudc song qua trinh can do dong dém dién ra lién tuc véi moi
doi tuong, viéc can do dong dém nay vO cung can thi€t va quan trong. V&i mot doi
tuong cu thé nao d6 qua trinh nay dién ra theo ting dac trung cua chung loai do,
va voi mot don vi dd dugce dinh trude.

Trong linh vyc k¥ thuat do luong khong chi thong bao tri so cua dai lugng
can do ma con lam nhiém vy ki€m tra, dicu khién va xt 1y thong tin.

Doi voi nganh dién viéc do luong cac thong so cia mach dién 14 vo cung
quan trong. N6 can thict cho qua trinh thiét ké l1ap dat, kiém tra van hanh cling nhu
do tim hu hong trong mach dién.

1.1. Khéi niém vé do ludng:

- Po ludong 12 qua trinh danh gia dinh luong dai lugng can do dé co duoc két
qua bang s6 so vdi don vi do (mau)

Két qua do dugc biéu dién dudi dang:

A=X vataco phuong trinh co ban X = A.X, 1)

XO



Vidu: I=5A thi: Pai luong do 1a: dong dién (I)
bon vi do la: Ampe (A)
Con so két quado la: 5

- Dung cu do va mau do:
+ Dung cu do: C4c dung cu thuc hién viéc do duoc goi 1a dung cu do nhu:
dung cu do dong dién (Ampemét), dung cu do dién ap (VOnmét) dung cu do cong
Suat (O4atmét) v.v...

+ Mau do: 1a dung cu dung dé khéi phuc mot dai luong vat 1y nhat dinh ¢

tri s6 cho trudc, mau do duge chia 1dm 2 loai sau:
Loai 1am mau: dung dé kiém tra cac mau do va dung cu do khac, loai ndy
duogc ché tao va sir dung theo tiéu chuan ky thuét, dam bao 1am viéc chinh xé4c cao.
Loai cong tac: dugc sir dung do luong trong thuc té, loai ndy gém 2 nhom
sau: Mau do, dung cu do thi nghiém va mau do, dung cu do dung trong san xuét.
- Cac phuong phap do dugc chia lam 2 loai

+ Phuong phap do truc tiép: 1a phuong phap do ma dai lugng can do duoc

so séanh truc tiép v6i mau do.

Vi du:

Dung cau do dién dé do dién tré, dung cau do dé do dién dung v.v...

+ Phuong phap do gian tiép: 1a phuong phap do trong d6 dai lugng can do s&
duoc tinh ra tir két qua do cac dai lugng khac co lién quan.

Vi du:

Muén do dién ap nhung ta khong c6 Vonmét, ta do dién ap bang cach:

- Dung Ommét do dién tro cia mach.

- Dung Ampemét do dong dién di qua mach.

Sau d6 4p dung cac cong thic hodc cac dinh luat da biét dé tinh ra tri s6 dién
&p can do.

1.2. Khéi niém vé do luong dién

Do Iuong dién la qua trinh do cac dai luong dién ctia mach dién. Cac dai
luong dién dugc chia lam hai loai: dai lugng dién tac dong va dai luong dién thu
dong.

- Pai luong dién tac dong: cac dai luong nhu dong dién, dién ap, cdng suat,
dién nang...la nhitng dai lugng mang dién. Khi do cac dai lugng nay, ban than
ning luong ndy sé cung cip cho mach do.

- Pai lugng dién thu dong: cac dai luong nhu dién tro, dién cam, dién

dung...cac dai lwong nay khéng mang nang lugng cho nén phai cung cap

dién ap hoac dong dién cho cac dai lugng nay khi dua vao mach do.

2. Sai sé va tinh sai s6:
Muc tiéu: Tinh todn dwoc cdc sai sé trong qud trinh do va bién phdap han ché sai
so
2.1.Khai niém vé sai sb:
Khi do, sb chi cua dung cu do ciling nhu két quad tinh toan ludn cé sy sai
léch voi gia tri thuc cua dai luong can do. Luong sai 1éch ndy goi 14 sai s6.
2.2 Cé4c loai sai sb



+ Sai s6 hé thong: 1a sai s6 co ban ma gia tri cia n6 ludn khong ddi hodc thay
d6i co quy luat. Sai s6 ndy V& nguy@n tic co thé loai trir dugc.

Nguyén nhan: Do qué trinh ché tao dung cu do nhu ma sat, khic vach trén
thang do, do hi¢u chinh “0” khong ding, do su bién d6i ctia ngudn cung cip
(ngudn pin) wW..

+ Sai $6 ngdu nhién: 14 sai 6 ma gia tri cua n6 thay doi rat ngdu nhién do sy
thay ddi ctia moi truong bén ngoai (nguodi st dung, nhi¢t do mdi truong thay ddi,
chiu anh hudng cta dién truong, tir truong, do am, ap suét V.V...).

Nguyén nhan:

- Do vi tri doc két qua ctia nguoi do khong ding, doc sai v.v...

- Dung cdng thire tinh toan khong thich hop, dung céng thirc gan ding trong
tinh toan. Nhiét d6 moi truong thay d6i, chiu anh huong cua dién truong, tir
truong, do am, ap suét V.V..).

2.3. Céch tinh sai so:

Pé danh gia sai sb cua dung cu do khi do mdt dai luong nao d6 nguoi ta tinh
sai s6 nhu sau:

Goi:  X: két qua do duoc.
Xy: gid tri thyc cua dai luong can do.

+ Sai s6 tuyét dbi: 14 hiéu giira gia tri dai luong do duoc X va gia tri thuc cua
dai luong can doX;

AX =| X=X, )

AX: goi 14 sai s6 tuyét dbi caa phép do

+ Sai s6 tuong doi:

49 = X 100% hoac ;96 = 2X 100% 3)
X AX
Phép do c6 y% cang nho thi cang chinh xAc.
+ Sai s6 qui ddi 744%

X - X
Voa % = i—x 1009 - X=X 10006 (4)

m m

Vi Xm: La gidi han do cua dung cu do (gia tri 16n nhit cia thang do)
Quan hé gitra sai s6 twong dbi va sai s6 qui doi:

qu—ﬁloO%—ﬁiloO%— %K, (5)
X X X

Véi K, = XL 1a hé s6 sir dung thang do (Kq < 1)

Néu K¢ cang gan bang 1 thi dai luong do gan bang gidi han do, AA cang bé
thi phép do cang chinh xac. Thong thuong phép do cang chinh xac khi Kq > 1.

Vi du: Mot dong dién co gia tri thuc 1a 5A. Dung Ampemét cé gidi han do
10A dé do dong dién nay Két qua do dugc 4,95 A.

Tinh sai s6 tuyét dbi, sai s6 twong di, sai sb qui doi.

Giai:

+ Sai 6 tuyét doi:

AX =|X1- X|=5-4,95=0,05 (A)
+ Sai s6 tuong doi:



y% = % 100%  hodc %= i—x 100% = 025 .100% =1%

1
+ Sai s qui doi:

YYo= ;%.100% = %*100% =0,5%

m

2.4. Phuong phap han ché sai sb:

Dé han ché sai sO trong tung truong hop, ¢6 cac phuong phap sau:

+ Pbi voi sai s6 hé théng: loai trir hét cac nguyén nhan gay ra sai s6 bang
cach chuan lai thang chia dg, hi¢u chinh gia tri “0” ban dau..

+ Ddi voi sai sb ngau nhién: nguoi sir dung cu do pha1 can than, vi tri dat mat
phai vudng goc voi mat do sé ciia dung cu (vi tri kim va anh caa kim tring nhau),
tinh toan phai chinh xac, sir dung cong thirc phai thich hop, diéu kién sir dung phai
pht hop vai diéu kién tiéu chuan.

2.5 Hg¢ don vi do:

- Gioi thiéu hé SI (System Internation): 1a hé théng don vi do ludong thong
dung nhét, hé théng nay qui dinh cac don vi co ban cho cac dai lugng sau:

- bo dai: Tinh bang mét (m)

- Khéi lugng: Tinh bang kilogam (kg)

- Thoi gian: Tinh bang gidy (s)

- Dong dién: Tinh bang Ampe (A)

- Bdi va udce sb cua don vi co ban:

Boi s6: Uéc s6:
+ Tiga (T): 10%2 + Mili (m): 103
+ Giga (G): 10° + Micro (u): 10®
+ Meéga (M): 108 + Nano (n): 10°°
+ Kilo (K): 103 + Pico (p): 10712

CAU HOI VA BAI TAP:
A. Tra loi nhanh cac cau hoi:

1. Gia tri bang hiéu sb giira gia tri ding cia dai lrong cin do va gia tri
do dwgrc trén mit dong hd do dwoc goi Ia:
Sai s phu;
Sai s6 co ban;
Sai s6 tuyét doi;
Sai sb twong dbi.
Ty 1¢ giira sai s6 tuyét ddi va gia tri thue can do (tinh theo %) dwoc

Ne e o

goi la:

Sai s6 tuong dbi;

Sai s phu;

Sai s6 co ban;

Ty 1¢ phan trim cia sai s tuyét di.

oo o



3. Khi do dién ap xoay chiéu 220V véi dung cu do cé sai sé twong ddi
1,5% thi sai s6 tuyét ddi 16n nhat c6 thé ¢é véi dung cu 1a:
a. 10V,
b. 2,2V;
c. 3,3V,
d. 1,1V.
Dap an:
1. b
2. a
3. ¢
B. Bai tap:
Néu cac dinh nghia vé& do luong.
Phuong phap do 1a gi? C6 miy phuong phap do?
Pon vi do 1a gi? Thé ndo goi 1a don vi tiéu chuan?
Dung cu do la gi?
Sai s6 1a gi? C6 mAy loai sai s6? Phuong phap han ché sai s6? Céch tinh sai s6?



BAI 1
MOT SO CO CAU PO CHI THI KIM
MA BAI: MP16_01

Gidi thi¢u:

Hién nay khoa hoc k¥ thuat rat phat trién. Nguoi ta da ché tao ra duoc nhiéu
thiét bi do ludong dién tir chi thi két qua do bing dén sb co do chinh xac cao. Tuy
nhién céc thiét bi do luong sir dung co cu chi thi két qua do bang kim van duoc
st dung rat pho bién trong cac xi nghiép, truong hoc cling nhu trong cac phong
thi nghiém vi tinh wu viét ctia nd. Cac thiét bi do luong st dung co cau do chi thi
kim dugc dung nhiéu nhat 1a Vén mét va Ampe mét hon thé nita cac co cau ndy
thao tac sir dung don gian va gia thanh ciing ré hon rat nhiéu so véi cac thiét bi do
ludng chi thi két qua do ludng bang dén sd. Vi vay ngudi cong nhan can phai
hiéu r6 ciu tao, nguy@n Iy hoat dong ciing nhu sir dung thanh thao cac co cau do
chi thi kim.

Muc tiéu thwe hién:
- Phan tich dwoc cau tao, nguyén ly cua cac loai co cdu do théng dung nhu:
tur dién, dién tur, dién dong...
- Lya chon céc loai co ciu do phu hop voi timg truong hop sir dung cu thé.
- Str dung, bao quan cac loai co cu do dung tiéu chuan ki thuat va an toan.
- Rén luyén tinh can cu, ti mi, tac phong va vé sinh cdng nghiép.
Noi dung chinh:
1. Khai quat vé co cAu do twong tw
Muc tiéu: Trinh bay dwoc cdu tao, nguyén Iy cac co cau do théng dung

Vi loai chi thi twong tu, tin hiéu vao la dong dién hodc dién éap, con tin hiéu
ra la goc quay cua phan dong (co gan kim chi). Nhimg dung cu ndy la loai dung cu
do bién doi thang. Pai luong can do nhu dong dién, dién ap, dién tro, tan sb hay
goc pha ... dugc bién d6i thanh gdc quay cua phan dong, nghia 13 bién doi ning
lugng dién tr thanh nang luong co hoc:

a=F(X) voi X 1a dai lugng dién, o la goc quay (hay goc léch)

1.1.Nhitng bé phin chinh ciia co céu chi thi twong tw

Lo xo

Hinh 1.1: mot sb chi tiét cta co cAu do twong tur



+ Truc va tru: 1a bo phan quan trong trong cac chi tiét co khi cua céc co clu
do co dién. La bo phan dam bao cho phan dong quay trén truc nhu khung day, kim
chi, 10 xo phan khang ... Chit lugng ché tao truc va try, dic biét 1a dau truc va bé
mat try d& c6 anh hudng quyét dinh dén sai s6 do ma sat.

Truc thuong duge 1am bang loai thép cing pha irini hic osimi, tiét dién tron
dudng kinh vao khoang 0,8+ 1,5mm. Pau truc duoc ché tao v6i goc dinh y =
45+60°, con dau kia duoc ché tao hinh béan ciu co tac dung giam ma sat giira dau
truc véi 6 truc.

Con tru d& 1am bang d4 cimg hay dong, c6 nhiém vu d& truc.Mit truc dugc
khoét hinh non 18m c6 g6c dinh bang 80° ¢ dinh c¢6 chéom ciu duong kinh
0,15+0,5mm. Tru c6 thé diéu chinh 18n xubng dé diéu chinh khe ho giira truc va
tru va dugc ¢b dinh sau khi d diéu chinh xong.

+ LO X0 phan khang hay 10 X0 can Ia chi tiét thuc hién nhiém vu 13 tao ra
momen can, dua kim chi thi vé vi tri 0 khi chua do dai lugng can do vao va dan
dong dién vao khung day (trong trudng hop co ciu chi thi tir dién hodc dién dong).
Dé dam bao chi thi duoc chinh x4c, mé men can riéng cua 10 xo phai 6n dinh nghia
|2 tri s6 khong thay doi theo thoi gianva theo nhiét 6. Pé dam bao yéu cau trén 10
xo duoc ché taotir cac vat lidu co kha nang dan hdi 16n va d& han nhu hop kim
d6ng berili hodc dong phdt pho, dong thiéc kém .

Lo X0 ¢6 dang hinh xo0dn bc. Pau trrong cua 10 x0 gan v6i truc quay, dau
ngoai gan voi bo diéu chinh khong cua kim ¢6 dinh trén phén tinh. Thong thuong
s€ ¢ hai 10 x0 d6i xng ¢ hai dau khung déy, ching co kich thudce rat manh nén
rat dé hong, md men can 16n dan dén do nhay cua co cau giam.

M6 men can riéng cua 10 X0 dugc xac dinh bang cong thirc:

b.h?
12

E: M6 dun dan hdi phy thudc vao vat liéu ché tao.

b: D6 rong cua 10 X0

h: D6 day cua 10 X0

+ Day cang va day treo: bé tang do nhay cho chi thi nguoi ta thay truc, tru va
10 X0 phan khang bang day cing hoic day treo.

Day cang va day treo c6 tiét dién hinh chit nhat, cau tao ciing bang vat liéu
nhu 10 xo0. DAy cang manh thi md men can sinh ra cang yéu, co cdu chi thi c6
dohay cao.Day cing va day treo dung dé dinh vi phan dong, dé né quay theo mot
truc co hoc nao déy.

+ Kim chi thi dugc gin trén tryc ¢6 nhiém vu chi thi két qua dai lugngcan do.
N6 duoc ché tao bang vat liéu nhe nhu nhém, hop kim nhém va déi khi bang thuy
tinh . Kim ¢6 nhiéu hinh dang khac nhau phu thudc vao cip chinh xéc cta dung cu
do va vi tri dat dung cu dé quan sat. Trong nhitng dung cu do c6 do nhay va Cép
chinh xac cao kim chi thi dugc thay thé bang chi thi anh sang nham giam thiéu anh
hudng cia chi tiét dong. Hé thdng chi thi quang hoc tao ra mot tia sang chiéu 1én
bang chi thi thong qua guong phan xa gan trén tryc. Kim chi dugc gan vao truc
nhu hinh bén.

D = E

10



+ Thang do ( bang chi thi ) 1a b
phan dé
khic d6 cac gia tri cua dai luong can do.
C6 nhiéu
loai thang do tuy vao d¢ chinh xac cua
chi thi ciing nhu ban chét ciia co cau chi
thi.. Thang do thuong duoc ché tao tir
nhoém 14, son tréng, khic d0 mau den

(46 chia déu hay khong déu phu thudc vao dic diém cua ting co ciu). Dic biét ddi
V6i cac dung cu do 1am viéc vao ban dém thuong mit sé duoc ké bang chit phat
quang(dung cu do gin trén may bay, 6 t6, tau hoa, d6i khi con ¢ ca guong phan
chiéu phia duéi thang do.

+ Bo phan can diu 12 bo phan dé giam qua trinh dao dong cua phan dong va
xac dinh vi tri can bang. Piéu ndy dan ti giam thoi gian tac dong cua dung cu do.
Quaé trinh nay con goi 1a qua trinh lam nhut.

That vay : Khi tryc chiu tdc dong cua moémen quay Mq (Theo quy udc
momen quay tring véi chiéu kim dong ho) Luc ndy truc va kim quay, dong thoi 10
X0 bi tac dong sinh ra mémen can cé chiéu ngugc véi mémen quay. Kim chi thi
dirng khi Mg=Mc. Gia sir goc 1éch cua kim tmg vé6i thoi diém d6 13 o. Tuy nhién
trong thuc té kim khong dirng ngay do ¢ quén tinh, 1am goc léch cua kim tang 18n
dan t6i Mq > Mc, lam kim quay nguoc trd lai thoi diém cén bang. Ct nhu vay ta
nhan thiy xay ra hién tuong kim dao dong ?
quanh vi tri can bang. B¢ chong lai hi¢n tugng n
nay nguoi ta su dung phuong phap can diu.

Co hai loai can diu 1a can diu khong khi va
can diu cdm Ung tur.

+ Can diu khong khi (a) : Pay 1a mot hé
thong can diu co hoc don gian nhat 1a 1am hop
kin c6 nip day bén trong c6 canh chuyén dong
gan trén tryc quay. Khi phan dong cua co cau
chuyén dong, canh chuyén dong di chuyén tir
bén nay sang bén kia tao nén lyc can 1am giam qua Hinh 1.3: Can diu
trinh giao dong. Canh chuyén dong duoc
ché tao bang hop kim nhom, c6 chiéu dai tir 0,1- 0,15mm, dé ting d6 bén vimng
canh tay duoc 1am bang nhiing go ndi

+ Can diu cam tmg tir (b) cd thé thyc hién nho loi dung chinh dong xoéay
(dong Fuco) xuat hién trong phan dong khi phan dong quay. Ngoai ra dé tranh anh
hudng cia cac tic dong tir bén ngoai, todn bd co cdu cé thé duge dat trong mot
man chan tir.

Nguoi ta gdn mot 14 nhom trén phan dong cia co ciu, sao cho khi truc quay 1a
nhdm cit qua cac dudng sirc tir cia nam cham vinh ctru, 1am cho trong 14 nhém
Xuat hién dong cam tmg c6 chiéu duoc xac dinh bang quy tic ban tay phai. Dong
dién ndy nam trong tir truong ctia nam chdm vinh ciru nén chiu tic dung cua luc
dién tir ¢6 chiéu duoc xac dinh bang quy tic ban tay trai, két qua 14 tao ra mémen

3)
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can c6 chiéu nguoc v6i chiéu ciia mémen quay lam cham téc do chuyén dong cua
phan dong, nhu thé s& nhanh chong dap tit dao dong ctia kim & vi trri can bang.
1.2.Nguyén tdc Iam Viéc ciia cdc chi thi co dién:
Chi thi co dién bao gio ciing gdm hai phan co ban 1a phan tinh va phan dong.
Khi cho dong dién vao co cu, do tac dong cia tir trudng gilta phan dong va phan
tinh ma Mot momen quay xuat hién 1am quay phan dong. Momen quay nay c6 do
16m ti 16 v&i d6 16n dong dién dua vao co ciu:
do
Vo1 We: 1a nang lugng tir trudong
o 13 goc quay cua phan dong
Néu gan mot 10 x0 can (hodc mot co ciu can) vai truc quay cua phan dong thi
khi phan dong quay 10 X0 s& bj xoan lai va sinh ra moét momen can, momen nay ti
& véi goc 1éch o va duogc biéu dién qua biéu thic:
Mc=D. « (1.2)
Véi D: 1a hé sé momen can riéng cua 10 x0, n6 phu thudc vao vat liéu, hinh dang
va kich thudc cua 10 xo.
Chiéu tac dong 1&n phan dong cia hai momen ké trén nguoc chidu nhau nén
khi momen can bang momen quay phan dong s& dimg lai & vi tri can bang. Khi do:
Mc=Mq = dﬂ:D.oc = a= L dwe (1.3)
da D da
Phuong trinh trén dugc goi 1a phuong trinh déc tinh cia thang do, tir phuong trinh
nay ta biét dugc dic tinh cua thang do va tinh chét cua co cau chi thi.

2. Co cdu do kiéu tir di¢n: .
Muyc tiéu: Trinh bay dwoc cau tao, nguyén ly, dac diém va itng dung ciia co cau do
Kiéu tir dién.

2.1. Ky hiéu: ﬂ
2.2. Chu tao

Co cau do kiéu tir dién gdm 2 phan co ban: phan tinh va phan dong
Phan tinh: Nam cham vinh citu (1) -nam cham hinh méng ngua, gom mach tu
va cyc tir (2). Nam cham vinh ctru duoc ché tao tir vat liéu tir cting. Tri sb tir cam
B duoc tao ra bai cac loai nam cham trén cd thé tir 0,1 dén 0,12T; 0,2 dén 0,3T.
L&i sit non (3) hinh tru tron. Giira cuc tir va 16i sit c6 khe hd khong khi (4)
rat hep va déu, dudng stic tir qua khe ho hudng tam tai moi thoi diém. Ngoai ra
phan tinh con c6 bang chi thi (10).
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Hinh 1.4: Co cAu chi thi tir dién

Phan dong: Khung day (5) dugc ché tao bang nhém va quan bang day dong
xung quanh. Khung day gin trén truc (6), n6 quay va di chuyén trong khe ho
khong khi giita cuc tir va 16i. Ngoai ra trén truc con gan kim chi thi (6) , dbi trong
(9) - 1am trong tam cho kim lu6n roi trén truc va 2 10 xo phan khang (7) méc
nguoc chiéu nhau. LO X0 ¢6 dang hinh x0dn c. Pau trong cua 10 X0 gédn vdi tryc
quay, ddu ngodi gan voi b diéu chinh khong cia kim ¢b dinh trén phan tinh ngoai
chirc ning sinh mdmen can con ¢ tac dung dan dong dién vao khung day.

2.3. Nguyén tic hoat dong

Khi c6 dong dién mot chiéu véi cuong do 1a | chay trong khung day qua 10 xo
phan khang nam trong tur truong cia NCVC, khung day s€ chiu luc dién tir F tac
dung.

Luc dién tir F duoc xac dinh:

F =W.B.LL siny (1.4)

W goc hop boi gitra canh tac dung cua khung day va vecto B

Do khe hep khong khi rt nho, cac duong sirc tir hudng tam tai moi diém nén
dong dién vudng goc véi cac duong stc tir (y=90%)—sin y = 1

F=W.B.lI (1.5)

Dudéi tac dong cua tir truong nam cham vinh ctru khung day quay 1€ch khoi vi
tri can bang ban diu mot goc « . Momen quay do tir truong clia nam cham tuwong
tac voi tir trudng cua khung day tao ra duoc tinh bang biéu thirc

Mg=Fb=WB.ILLb=W.B.S.I  (1.6)
Trong do:

W: sb vong day quan cua cudn day (vong).

B: mat d¢ tir thong xuyén qua khung day (tesla).
|: chiéu dai tac dung ctia khung day (m).

I: cuong do dong dién (A).

b: 1 bé rong tac dung ctia khung day (m)

Hinh 1.5:So d6 nguyén ly co
13 cAu do kiéu tur - dién



l.b = S: ladién tich ctia khung day (m?).

Khi khung day quay Iam cho kim chi thi quay di mot goc a nao d6 dong
thoi 10 X0 phan khang bi xoan lai tao ra mémen phan khang Mc ty 1¢ vdi goe quay
.

Mc=D.ao (D la dd ctrng cua 10 x0) ‘
Kim cua co cau sé dung lai khi mdmen quay bang mémen can:
Mc=Mgq < D.a=W.B.S.lI

> a :iB.S.\N.I =S,.1
D .7)
, W.B.S
Voi S, =———=const
D
S;: goi 1a do nhay cua co cdu do tir dién (A/mm). Cho biét dong dién can thiét
chay qua co cdu do dé kim do 1éch dwoc 1mm hay 1 vach.

*Két Iud@n: qua biéu thirc trén ta thay rang goc quay o cua kim do ty 1& voi
dong dién can do va do nhay cua co céu do, dong dién va do nhay cang 16n thi
goc quay cang lon.

Tir gbc o cia kim ta suy ra gid tri cua dai lugng can do.

2.4. Dac djém va ung dung:

a. Uu diém:

- Tt phuong trinh dic tinh cua thang do ta thiy goc o ty 1& bac 1 voi dong
dién I nén co ciu chi thi tir dién c6 thang do déu.

- D6 chinh x4c ctia co ciu cao vi cac phan tir cia co ciu c¢6 do 6n dinh cao, tir
trudng cua co ciu do manh nén anh hudng cia tir tredng ngoai 18n ¢6 cau 1a khdng
dang ké( vi do tir cdm ctia nam cham 16mn ).

- B0 nhay cta dung cu do 16n do nam chdm vinh ctru duoc ché tao béng vat
liéu tir clrng ¢6 d6 tir cam B 16n, mémen dugc tao ra 1on.

- Cong suat tiéu thu cta mach nho vi ngudi ta ché tao khung diy bang cach
quan day dong 1én 1 khung béng nhom - mot vat li€u khong c6 dac tinh tir nén anh
hudng khong dang ke dén che dd cua mach do,

- D6 can diju tét. Co cau do kiéu tir dién c6 bo phan can diu cam Ung tur dugc
thuc hién nho loi dung su xudt hién dong cam tng Fuco xuét hién trong phan dong
khi khung day quay. Tt truong do dong nay tao ra s& han ché sy dao dong cua kim
chi dé n6 nhanh chong dat vi tri can bang

b. Nhuoe diém

- Kha ning chiu qua tai kém do viéc d& chay 10 xo va thay dbi dic tinh cia
no, anh hudng cia nhiét d6 dén do chinh xac cua phép do.

- Chi 1am viéc & ché d6 mot chidu vi Mémen quay ti 1¢ bac nhat voi dong can

do .

Dong can do dua vao co ciu chi duoc phép theo mat chiéu nhét dinh, néu dua
dong vao theo chiéu nguoc lai kim chi s& bi giat nguoc tré lai va c6 thé gay hong
co cau. Vi vay, phai danh du + (diy mau do) Va (day mau xanh) cho cac que do.
Tinh chit nay duoc goi 1a tinh phan cuc cua co cdu chi thi.
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* Mubn do duoc cac dai lugng xoay chiéu phai qua bo phan nan dong.

- Co cAu ndy ciu tao phuec tap, ché tao kho khin nén gia thanh cao.

c. Ung dung:

- Co cAu chi thi tr dién duoc ung dung dé ché tao cac dung cu do:

* Do dong dién: Ampe mét

* Po dién ap: VOon mét

* Po dién tro: Om mét.

- Do co cau c6 d6 nhay cao nén dung dé ché tao dién ké co thé do dong dén
10"2A, do ap dén 10V, do dién luong.

- Lam chi thi trong mach do cac dai luong khong dién khac.

- DUNg V&i cac bo bién ddi khac nhu chinh luu, cam bién cdp nhiét dé c6 thé
do dong hay ap xoay chiéu.

3. Co céu do Kiéu dién tir:
Muyc tiéu: Trinh bay duroc cau tao, nguyén Iy, ddc diém va irng dung ciia co cau do
kiéu dién tir.

Dung cu do dién tir hoat dong dua trén nguyén tac khi hai chi tiét béng st
ké& nhau bi tir hoa bai dong dién chay qua mot cudn day thi xuat hién mot lyc day
gitra cac cuc cung cuc tinh (N hoac S).

3.1. Ky hiéu:

3.2.CAu tao:

o Cugn day det . 0 p /

73 o
1
N
rA 'A //
)
(8

)

Hinh 1.6: Co céu chi thj dién tir cudn day det

CAu tao cua mdt co ciu chi thi dién tir cudn day det gém cac phén sau .

+ Phan tinh: Gém cudn day det (8) quan trén khung cach dién, 6 truc (2),
bang chi thi (6).

+Phan dong: Gom 1a thép non (9) dé nhidm tir dwoc gin léch trong tim trén
truc. La thép c6 thé quay tu do trong khe hé 1am viéc caa cudn ddy, bo phan can
diu kiéu khong khi (7) duoc gin vao truc quay (1), kim (4) va ddi trong (5) ciing
dugc gan trén truc quay. Momen can duoc tao bai hai 10 xo phan khang (3) dau
nguoc chiéu nhau.

e Cugn day tron
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Hinh 1.7: Co céu chi thi dién tir cudn day tron

+ Phan tinh : Gom cudn day tron, 6 truc bang chi thi, 14 thép tinh gin phia
trong cudn day
+ Phan dong : gom try dat tring Vi truc ctia cudn day. Trén truc cé gin kim
chi thi, 10 xo phan khang, la thép dong dit d6i dién véi 1a thép tinh (14 thép co kha
nang di chuyen twong doi véi ld tinh trong khe ho khong khi, goi la la dong)
Co céu c¢6 bo phan can diu kiéu khong khi hodc kiéu tir
3.3._Nguyén ly lam viéc
e Cuon day det
Khi ¢6 dong dién c6 cudng do 1a | qua cudn day, trong 1ong cudn day xudt
hién tir truongma phuong va chiéu duoc xac dinh bang quy tic cai van nit chai.
Nang luong cua day cé gia tri phu thudc vao cuong do dong dién chay trong do.

L.1?

2
L : Gié tri dién cam cua cudn ddy phy thudc cau tao cudn day va I8i.
| : Dong dién qua cudn day
Do l4 thép bi gin léch tim ¢ dau khung day nén c6 xu thé bi hat vao trong
long cudn day tao ra My dbi véi truc, ¢6 chiéu cling vai chiéu quay cia kim dong
ho.
Gié tri cia Mq dugc tinh:

Ning luong cua cudn day ‘W, =

d LI?
M :dWe2: o
d da do
dL
M |2
"2 da (18)

(Vi L phu thudc vao goéc léch o)
Khi truc va kim quay xuat hién mémen can c6 gia tri Mc = D.a. ¢6 chiéu nguoc
Vo1 Mq
Kim chi thi ding lai & vi trf can bang, nghia 1a khi
Mc = Mq
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e Cugn day tron
Khi cho dong dién vao hai dau cudn day,trong long cudn day lam cac la thép
nhiém tir, cac dau 14 thép c6 cuc tinh gidng nhaunén day nhau sinh ra mémen
quay ddi voi truc va gia tri cua mdmen quay phu thudc vaop binh phuog cuong
do dong dién . Phuong trinh ciia co cau khong ddi so vai trude. Tuy nhién vai
cau tao nhu trén, co cdu kiéu cudn day tron c6 do nhay cao hon d6 6n dinh 16n
hon, vé mat két cu gon hon
3.4. Pic diém va tng dung

- GOc léch o ti 1€ v6i binh phuong cudng do dong dién, te 1a khong phy thude
vao chiéu dong dién do vay co cau chi thi dién tir ¢6 thé st dung truc tiép dé do
trong mach mét chiéu va xoay chiéu ( Dbi véi xoay chiéu 1 gié tri hiéu dung tan
sb dén 10.000Hz).

- Thang do khong déu ( ¢ dic tinh bac hai). Ngoai ra dic tinh thang do lai con
phu thudc vao ti sé dl/do 13 mot dai luog phi tuyén. ( Trong thuc té dé cho dic tinh
thang do déu ngudi ta phai tinh toan sao cho khi goc 1éch o thay d6i thi ti sé dl/da
thay ddi theo quy luat nguoc véi binh phuong cuong d6 dong dién.)

Néu dL/da. bién thién theo ham log thi két qua thu duogc s& 14 ham phi tuyén vi
vay thang chia s& déu (dé c6 diéu nay ngudi ta phai tinh toan dén kich thudce, hinh
dang ciia cudn ddy, ciing nhu vi tri twong d6i 1a thép cia cudn ddy sao cho phil
hop.

- Can diu thuong bang khong khi hodc cam tng.

- Chu tao don gian, tin cay, chiu dugc qua tai 16n.

- Cong suat tiéu thu tuong ddi 16n, do chinh xac khéng cao, nhit 1a khi do &
mach dién mot chiéu s& bi sai s6 do hién tuong tir tré, tir du, do nhay théap, bi anh
hudng cta tir trudng ngodi do tir trudng cua ban than co cAu yéu khi dong nho.

- Co céu dugc tng dung dé ché tao Ampemét, von mét trong mach xoay chiéu
tan s cong nghiép & cac dung cu dé bang cip chinh xac 1,0 va 1,5 va cac dung cu
nhiéu thang do & phong thi nghiém cép chinh xac 0,5 va 1,0.

4. Co ciu do kiéu dién dong:
Muc tiéu: Trinh bay dicoc cau tao, nguyén Iy, ddc diém va irng dung ciia co cau do
Kiéu dién dong.

4.1. Ky hiéu:

4.2. Chu tao:

- Phan tinh: gdm cudn day tinh (1) (khdng:16i thep) hay con goi la cudn kich
thich c6 s6 vong it dugc chia 1dm 2 phan bang nhau méc ndi tiép nhau (quan theo
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cuing chiéu) dé tao thanh nam cham dién khi c6 dong chay qua. Ngoai ra con c6
bang chi thi va try d&

Hinh 1.8: Co cAu chithi dién déng

- Phan dong: GOom c6 cudn day dong 2 ¢ khung bang nhom trén ¢ quan cac
vong day dién tir voi s vong nhiéu tiét dién day bé gan trén truc quay trong tir
truong dugc tao ra boi cudn tinh. Ngoai ra trén truc con gan kim chi thi, 10 xo tao
momen can va c4c chi tiét phu trg khac.

. Thong thudng chung s& duge boc kin bang man chin tir dé tranh anh hudng
Cua tur truong bén ngoai.

4.3. Nguyén ly hoat dong:

a. Khi cho dong mér chiéu vao cac cudn day.

Khi cho dong dién vao cac cuon day thi tir truong cua 2 cudn day tuong tac
v6i nhau khién cho cudn dong di chuyén va kim bi 1éch di khoi vi tri zero. Céc 10
X0 X0idn tao ra lyc diéu khién va dong vai tro ddn dong vao cudn dong.

Viéc tao ra su can béng cua hé théng dong (diéu chinh zero) duoc thuc hién
nho diéu chinh vi tri 10 X0 .

Dung cu do kiéu dién dong thudng c6 can diu kiéu khdng khi vi no khdng thé
can dju bang dong xody nhu dung cu do kiéu tir dién.

Do khong ¢4 16i sit trong dung cu dién dong nén mdi trudng dan tir hoan toan
la khong khi do d6 cam ung tir nho hon rat nhiéu so voi ¢ dung cu tir dién. Dicu
nay dong nghia vai viée dé tao ra momen quay du 16n dé quay phan dong thi dong
dién chay trong cudon dong ciling phai kha 16n. Nhu vay, d§ nhay ctia dung cu do
dién dong nho hon rat nhiéu so véi dung cu do tir dién.

M6men quay do 2 tir trudng twong tac nhau duoc tinh bang:

dWe

Mg =—-
q da

Vi We=t1z + L
2 2

120, +1,.1,M,, (1.10)

Vi cc cudn day co hé sd tu cam L riéng khong phu thude vao goc léch trong
dMm

N . dL "
ud trinh hoat dong (tirc 14 — =0) nén: M, =——-1.1
q at dong (ttrc o ) q quc 11 (L.11)
Vay dod léch cua kim chi thi dugc tinh theo bi€u thirc:
1 dM
o=— 111,
D da (1.13)
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Néu miéc cac cudn day ndi tiép nhau, nghia 1a I3 = I, = « =C.1? véi C 12 hing
sb. Trong trudng hop ndy can chi y rang dé co luc day 1am quay phan dong thi
chiéu quan day trén phan dong phai nguoc véi chiéu quin day trén hai phan cua
cuon kich.

b. Khi cho dong xoay chiéu vao céc cuén day.

Momen quay turc thoi s€ 1a

dMm . .
m, = —..,

‘ " da v (1.14)
Phan dong vi c6 quan tinh ma khong kip thay doi theo gia tri tirc thoi nén
thuc t€ lay theo tri so trung binh trong mét chu ki T.

1 T
M, = ?qut dt (1.15)
0
Néu iz = In.sinot i2 = Im.sin(wt-@ ) ta co
-5 -SIN 0t SIN (00t —(p).d—Mdt
da

Im*"2m

1
T

O —y -

1 dm e :
—> M, ==.—1,.1, |sin ot.sin (ot — @ )t =
T da -([

)
_ _T_Eh.lz.{ [cos (20t — ¢ )~ cos p Jit =

1 dMm I
=——.—.l,.1,.| (—cos p)dt =
T da b2 _([( ®)
=>M, = Il.lzd—M.COS(o
da (1.16)
¢: 1a goc I¢ch pha gitra iy, iz
Khi can bang ta c6: Mq = M

ez—haﬂ.ll.lz.cosw =Da

dM
—>a= A,.1,.cos¢

1aM
D da (1.

17)
4.4, Dic diém va tmg dung
- Vi g6c léch khong ti 18 tuyén tinh véi dong can do nén thang do cua co
c4u dién dong 13 thang do khong déu. Co thé thay dbi vi tri twong ddi cia cac cudn
day dé thay ddi ty s6 dM/ do. theo ham nguoc v6i I1.12 nhim dat dugc thang do déu
( thudng tir 20%-+100% cubi thang thang do ¢ thé chia déu, con 20 % dau thang
do chia khong déu).
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- Co céu dién dong co thé duogc sir dung dé do dong xoay chiéu va mot chiéu.
Tuy nhién né c¢6 do nhay kém va tiéu thy céng suat kha 16n nén dung trong mach
cong suat nho khong thich hop.

- Co cdu c¢6 do chinh xac cao khi do trong mach xoay chiéu vi khdng sir dung
vat liéu sit tir tire 12 loai bo dugc sai sé do dong xoay va bdo hoa tur.

- Co cAu khong c6 18i thép nén tir trudng cia co cdu yéu, dd on dinh thap do
phu thudc vao tir truong ngoai, dd nhay thap.

- Kha ning chiu duoc qua tai thap.

- C4u tao twong d6i phirc tap, gia thanh cao.

- Co cdu dugc tmg dung ché tao von k&, ampe ké va oat ké

5. Co ciu do kiéu cim irng ‘
Muyc tiéu: Trinh bay duoc cau tao, nguyén ly, dac diém va itng dung ciia co cau do
Kiéu cam vng.

5.1. Ky hiéu:

5.2. CAu tao:

Hinh 1.8: Co céu chi thj cam tng

Céu tao cua co cdu do cam tng gdém c6 hai phan 1 phan tinh va phan dong:

- Phan tinh 1 cé&c cudn day dién 2,3 cd ciu tao dé khi c6 dong dién
chay trong cuon day s& sinh ra tir trudng moc vong qua mach tir va qua phan
dong, c6 it nhat 12 2 nam cham dién.

- Phan dong 1a dia kim loai 1 (thuong bang nhdm) gan vao truc 4 quay
trén tru 5.

5.3. Nguyén Iy lam viéc.

Khi c6 dong dién I, I di qua cac cudn ddy phan tinh, chung tao ra cac tir
thong @1, ®y, c4c tir thong nay xuyén qua dia nhém 1am xuat hién trong dia nhom
cac suc dién dong tuong ung E; va E; Iéch pha vdi @1, d, mot goc /2 va cac dong
dién xoay I11, l22. Do tac dong tuong hd giita tir thong @y, ®,, va dong dién xody
l11, I22 tao thanh momen quay lam quay dia nhom.
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