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CHUONG 02 .
DONG CO' KHONG BONG BO 3 PHA

2.1.TONG QUAN VE TU TRUONG TRONG MACH TU’ CUA DONG CO DIEN :
2.1.1.CAC QUI TAC PHAN BO PUONG SIF'C TRONG MACH TU' :

Mach tir clia déng co cam (rng hay ddng co khéng ddng bd 3 pha gdm hai thanh phan:

4 Stator : phan dirng yén khong quay.
4+ Rotor: phan quay ctia dong co.

Phan tinh Stator thwong 1a 16i thép hinh tru vanh kh&n ndm ngoai cling, con phan quay rotor 13
I6i thép hinh tru nam bén trong. Cac 16i thép rotor va stator dbng truc va cach ly béng khoang h¢
khong khi . Bé rong cua khe h& khong khi gitra rotor va stator rat bé tlr 0,25 mm dén 0,5m. Bé rong
ctia khe hé khong khi thay déi theo cap cong suat va sé cwe tir dwoc tao thanh cho déng co.

_Khi cép dong vao cac bo day quan trén stator, sirc tir dong dwoc tao thanh trong mach tw, hé
thong dudng strc tir trdng hay tlr thong trong mach tir théa cac qui tac sau :
®» Duwong sire tir trrong ludn ¢é hwéng va khép kin trén mach tir .

® Duong st tir tredng di theo dwong ngan nhat co tir tré nhé nhat va tap trung
manh nhat trong vat liéu dan tur.

» Mot hé théng dwdng stre tir khép kin dwoc goi 1a mii dwéng sirc.
®» S6 mui dwong sirc bang véi sb cwe tiv hinh thanh trong déng co.

Sb cwc tir dwoc tao thanh trong déng co ludn ludn 1a sé
chan, dwoc ky hiéu 1a 2p. Cac cuc tir cé cwe tinh dwoc ky hiéu 13
cwe bac hay cwe nam, twong ty nhw cwe tinh cia nam cham vinh
ciru. Cac cuc tr ludn ludn xép lién tiép 1an can va doéi tinh xen
ké nhau tai khe h& khong khi gitra rotor va stator. Pudng strc tir
ludn c6 hwéng di ra tir cwe bac va cé hwéng di vao cwe nam.

Trong hinh H2.1 trinh bay phwong phap xay dwng hé théng
dwdng strc tir di trong mach tir ctia déng co' ¢6 2p = 4 cwe. Dau
tién, vé hai dwdng thang tao thanh hai truc déi xirng chia khéng
gian cua rotor va stator thanh 4 viing bang nhau. Sé viing phan
chia bang v&i s6 cwe. Dién tich ciia mdi cwe tlr bang dién tich
ctia mot phan tw mat tru trong cla 16i thép stator. Danh dau cuc
tinh bac, nam cho cac cwc tir lién tiép xen ké nhau.

Hinh H2.1
Cac dwong thang di qua bién gidi phan cach gitra hai cuc tr
ké can nhau dwoc goi la dwong trung tinh. Trong hinh H2.2 trinh
bay cach dinh hwéng dwong sire tr tredng tai vi tri tdm cua cac
cwc tw. Tuy thudc vao cwce tinh cua cyc tw, vé so bd hwdng dwdng
strc tr trwdng theo tinh chéat vira néu & ndi dung trén. Thyc hién
n6i dung nay nham dam bao tinh chat dwong sirc tir c6 hwéng.

Tuy nhién, dwong strc luén tao thanh dworng khép kin, chu
yéu tap trung trong mach tw, vat liéu co tir tinh. Hon niva duwéng
strc phai di theo dworng ngan nhat . Dya vao cac dwong sire dinh
hwéng vé so bd trong hinh H2.2, ndi cac dworng strc lai véi nhau
dé tao thanh cac dwdng stre khép kin mach, xem hinh H2.3.

Hinh H2.2
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Hinh H2.4

Trong hinh H2.4 trinh bay phwong phap tao thanh 2p = 2 cwc trén mach tir stator ctia dong
co dang cwc tir 16i. L6i thép stator dwoc ghép tir cac |4 thép kY thuat dién da dwoc dap dinh hinh
san hai cuc tlr. Chon cwe bac va cwe nam cho hai cwe tir. Dwa vao cac tinh chat ctia dwéong sire tiy
da néu trén, vé hé thdng dudng sirc di trong mach tlr. Mach tir stator ¢6 2 cyc twong (rng véi hai
mui dwdng strc vé dwoc trong hinh H2.4.

Theo nguyén tic co ban, muébn tao thanh hé théng duwéng stre tir di trong mach tir, trong
mach tlr phai ton tai strc tlr d6ng. Theo dinh luat Ampere muén tao dwoc sirc tir ddng trong mach
tlr can phai quan cac bd day quan trén mach tir va cho dong di qua day quan. Huwéng cia duwong
strc tir phu thudc vao chiéu dong dién di trong day quén va dwoc xac dinh theo qui tAc ban tay phai.
Trong hinh H2.4 m6 ta chiéu dong dién di qua cac bd day quan I&p trén cac cuc tir dé tao thanh sé
cuwc 2p = 2 cwec trén 16i thép stator.

Qui tac phan bb dwdng strc trong mach tir vira trinh bay cho dong co hay may dién quay noi
chung, co thé xem la phuong phap thwc hanh ap dung dinh tinh sy phan b tlr trwrng theo sé cuc
can tao ra cho dong co. Mac du cac qui tac trén dwoc phat biéu don gian nhwng hoan toan dya vao
cac tinh chat vat ly. Trong qua trinh thlet ké may dién dwa trén cong cu toan hoc va phan mém mé
phéng, két qua nhan dwoc hoan toan gibng nhw nhirng diéu vira phan tich trén, xem hinh H2.5.

Hinh H2.5: Phéan b6 dwong sirc tir trong mach tir stator dong co’ bang phwong phap phan tir hieu han
( Mach tir thwe hién so cwe 2p =4) .
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2.1.2.PHAN BO TU TRUONG TAI KHE HO' KHONG KHi :

~ Mubn hiéu rd phan b6 tir trrong tai khe hé khéng khi gitra rotor va stator, can vé lai két
cau mach tw trong hinh H2.4 tir dang phdi canh ba chiéu dwa vé dang khai trién trong mat phang,
xem hinh H2.6.

Theo dién tir hoc, tai vi tri c6 dwong slre tap trung day déc hay mat do dwong sirc tiy
trwong phan bé tiang cao thi tr cam B cé gia tri I&én. Ngwoc lai, tai cac vi tri cd dwdng sirc ty
phan bd thwa thot, tie cam B cé gia tri thap. Twong tw, tai cac vi tri khéng co dwdng stre tir di qua,
tlr cAm co gia tri 1a B = 0 . D& phan biét cuc tinh cla cac cwce tir bac va nam trén két cdu mach tr,
c6 thé qui wéc nhw sau :

4+ Taicwc BécquiwdcgiatriB>0.
4+ Tai cwc Nam qui woc gia tri B < 0.

L CUC TU

DONGI DIEN 1 STATOR r AN )|
| QUA

DAY QUAN J | |\

STATOR :
|
|
|
|
|
|
|

WYY YW

TU THONG DI TU STATOR QUA ROTOR TREN MQT CAP CUC TU

TRUC VI TRi KHONG GIAN

|
|
|
| |
: BIEU DIEN TU CAM (MAT B TU THONG) TREN MOT CAP cyc TU
, |

Hinh H2.6: Phan b tir trieng clia mét cap cwe tir theo vi tri khong gian.
(dang khai trien trén mat phang)

Trong hinh H2.6, trinh bay d6 thi (hay dwodng biéu dién) mé ta gia tri tiec thi 9ﬁa tir cam B
tai tirng vi tri khéng gian trong pham vi mét cap cwc twr. Tuy thudc vao sy phéan bo cua hé thong
dwong stre, gia tri B thay dm theo tirng vi tri trong khéng gian. Phan bd Tlr Cam trong khéng gian
c6 dang tuan hoan gan giébng nhw dang sin theo vi tri khéng gian.

Trong thiét ké may dién, phan bd tir cam trong khéng gian dwoc qui don gian vé dang sin
trong khéng gian, ta cé:

B=B_.cos (HJ (2.1)
T
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Trong do6 :

% Bm: bién do cwc dai cua twr
cam B.
% T: budc cyc tlr, hay khdang

»  khong gian trai rébng cua moét
’ cuwetlr (twong rng pham vi géc
dién 180° theo vi tri khdng gian)

Khéang mé& rong mot cuc tir
- >

T

% x:latoa dd cha vi tri khao
sat trong khoéng gian.

HINH H2.6: Phan b6 tir cdm dang sin trong khéng gian
CHU Y: ]
Gia str may dién co hai cyc tlr, bd day quan trén mach tir stator c6 N vong va cho dong i(t)
di qua cac vong day quén. Theo ly thuyét, sirc tlr dong hinh thanh trong mach tir 1a F(t) =Nei(t).
Néu xem nhw vat liéu sét tir c6 hé sé ttr thAm vé cuing, goi O la bé rong cua khe hé khoéng

khi, strc tlr dong sé g&i cac dwong sirc tir triedng tir stator sang rotor thong qua khe hé khéng khi .
Theo dinh luat Ampere ta co:

Bs
Ho

Tw quan hé (2.2) cho thdy Tlr Cam tai khe hé khong khi Bs ti Ié thuan véi dong i(t) cap
vao day quan. N6i cach khac Tiwr Cam cwe dai Bs tai khe hé khéng khi phu thuéc vao bién do
cla dong i(t). Tém lai :

F(t) =Nei(t) = (28)-Hs = (2+3) (2.2)

4 Néu i(t)=A (Ala hang sb) dong cap vao day quén la dong mot chiéu thi Tir Cam cyc dai

Bs c6 gia tri khdng bién thién theo thi gian nhung phu thudc vao d6 Ién cta dong dién. Trong
trwong hop nay cuc:u’nh clia cac cuec tir tao ,thénh trén stator luén luén duy tri tinh chat da co.
Tuy nhién Tr Cam van duy tri dang phan bo sin trong khéng gian.

Cac dang tlr trweéng nay thwéng gap trong may dién mot chiéu.
4 Néu i(t) =l sin(at), dong cp vao day quén la xoay chiéu thi Tir Cam cyc dai Bs co6

gia tri bién thién theo thi gian twong (rng. T trwdng nay thuéng gap trong may dién xoay chiéu
va duwoc goi la twe triwaong dap mach.

2.1.3. TU TRUWONG DAP MACH :

V&i mé hinh phan bé tir trdng trén mot cép cuc tir theo hinh H2.6, néu cip dong xoay chiéu
hinh sin i(t) = l,+sin(ot)vao day quén thi T&r Cam cuc dai tai khe hé khéng khi co bién do bién
thién theo thoi gian vi ti 1€ thuan vdi bién do dong dién, tuy nhién Tw Cam van phai duy tri tinh phan
bo sin theo vi tri khdng gian da co truwoc.

Biéu thirc tirc thdi md t& cho T Cam B phan bé theo vi tri khéng gian tai tirng thoi diém
khao sat c6 dang la:
T.X
B{t,x) =B _esin{wt)ecos| — (2.3)
(1) =8, o) on{ )

Tir Cam phan bd tai khe hé khong khi co dang dap mach: phén b6 sin theo vi tri khéng gian
nhwng bién dd tai moi vi tri lai bien thién theo qui luat sin doi v&i théi gian.

Biéu thirc T Cam trinh bay trong quan hé (2.3) c6 dang twong tw nhuw séng dirng co’ hoc.
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'

Dé hiéu rd hon tinh chéat va y nghia hinh hoc cla tir trwéng dap mach, xem hinh H2.7,
trong d6 1an lwot thay do6i thong so6 thei gian t trong quan hé (2.3) va vé dang phan bé cua T
Cam B theo vi tri khéng gian (theo bién x). Cac thdi diém khao sat dwoc chon trwdc va tinh téan
nhuw sau day :

% Khiwt=0, B= Bm.sin(o).cos(LOJ =0 (dwdng 1 hinh 2.7)
T
() (~x\ (B
# Khi mt=£, B=B,_.sin T \.cos KL I ] .cos[n—'xJ (dwong 2 hinh 2.7).
B
% Khi ot = =, B=B,.sin T\ cos| ZX || “m .cos[n—'xJ (@wérng 3 hinh 2.7).
4 4 ) LT 2 T
() [y ) B /3
% Khi wt=£, B=B_.sin 7| cos X "'\/_ .Cos i (dwdng 4 hinh 2.7).
3 3 T L 2 T
2 Khi ot =~ - inl * X _ X : -
% Khi ot = 2 B Bm.S|n\2).cos\ c ) Bm.cos[ . J (dwdng 5 hinh 2.7).
% Khi ot=mr, B= Bm.sin(n).cos[n—'xJ =0 (dwdng 1 hinh 2.7).
T
% Khi ot = 2 B= Bm.sm( > J.cos( . J_ Bm.cos( . J (dwdng 6 hinh 3.7).
| Bm ——
T \G N
09 X /o~
o8 Vi \ // \
os 177 NN\ N\
\
oal W 7 N\ /40 NQ\\
> N\ SO\
w 020 N\ N
= © 1
S o
=S N /AN //
_0.3 \\ //// \\ ///
P NN NN /|
0.5 \\. ~___— // NN\ S~~~ //,//
o NN /) \ /)
07 N\~ _“"1// A\ /)
o7 ANN // \\ /)
0.9 \t j § \t '—;‘/
-1 L L
O 0.521.04 1.562.08 2.6 3.123.64 4.16 4.68 52 572 6.24 6.76
VITRI X

HINH H2.7: Cac dwong biéu dién Tir Cam B (phan b6 tir trwong) theo vj tri khong gian, khi thoi
gian thay déi. (Hinh vé mé ta bién déi ctia phan b6 tir cam khi thoi gian ot bién déi)

CAO DANG LY TU TRONG — KHOA DIEN DIEN TU’ — NGU'®'I SOAN : NGUYEN THE KIET



“ BAI GIANG MAY DIEN — CHWONG 2 — DPONG CO KHONG DONG BO 3 PHA

Cac két luan rat ra tir duong biéu dién phan bé tir truong trong khong gian tai nhiéu thoi diém
lién tiep khac nhau:

4+ Tai cac vi tri khéng gian c6 tir trieerng dat bién do cwe dai, khi thoi gian bién ddi bién
do cua cac vi tri nay luc nao ciing cwc dai .

4+ Twong tw, tai cac vi tri khong gian tir trweong dat bién do triét tiéu, khi thoi gian bién ddi
bién d6 & cac vi tri nay luc nao ciing triét tiéu.

. + Nhuw vay, tir trr'ng dap mach dwoc xem twong dwong véi hién twong séng dirng cla

tong hgp song co hoc hay giao thoa séng co.

4+ Cac vi tri khéng gian twong (rng v&i bién dé tir cam B = 0, twong (ng nut dao déng
cla sbéng dirng, cac vi tri nay dwoc goi la trung tinh cta cwec tur.

4+ Cac vi tri khdng gian twong ng voi bién dé tir cam dat cwe dai, twong (rng bung dao
dong cua song dirng, cac vi tri nay dang & ngay chinh tam cac mat cac cwc twr cia dong co'.

Tém lai, trén stator dong co, khi cap dong xoay chiéu hinh sin qua day quén sé& hinh
thanh tw trwarng dap mach trong khe hé khdng khi gilra rotor va stator.

2.2.CAU TAO CUA PONG CO KHONG DONG BO (DONG CO' CAM NG) :

HINH H2.8: Céau tao dong co khong déng b 3 pha, rotor 16ng séc (squirell cage rotor)

DPong co khéng déng bo (hay cdm (rng) gém c6 hai thanh phan chinh:

4+ STATOR: phan dirng yén cla dong co. Stator dwoc tao thanh tir nhiéu la thép ky thuat
dién da dwogc dap dinh hinh rang ranh trwéc va ghép lai véi nhau thanh khoi. Trong hinh H2.9 trinh
bay hinh dang ctia mét bo la thép stator va rotor da dwoc dap réng ranh hoan chinh. Bé day cla
moi |4 thép tir 0,35mm dén 0,5 mm, trén mét cla cac |4 thép da son phu 16p cach dién dé giam
thap tén hao do dong xoay. Trong hinh H2.10 trinh bay mach tir stator va rotor sau khi da dwoc
ghép hoan chinh tir cac la thép roi.
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HINH H2.9: Hinh dang mét bola thép stator va rotor da dwoc dap dinh hinh rang ranh.

HINH H2.10: Mach tir stator va rotor da dwoc ghép thanh khéi tir cac la thép roi.
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HINH H2.11: Céng doan 16t cach dién ranh va 16ng ba pha day quan vao stator.

Stator con dwoc goi la phan cam cla déng co ¢6 nhiém vu tao thanh tir triwdng quay
kich thich ban dau. Trén stator clia dong co khéng déng bod 3 pha duoc lap ba bd day quan doc
lap. Cac bd day quan dwoc |ap vao cac ranh stator theo dang quén rai. Ca ba bd day quan duoc
phan bb déu trén stator theo qui luat dinh trwé'c dé ba bé day co thé léch vi tri khéng gian tirng
ddi 120°. Trong hinh H2.11 trinh bay cong doan 16t cach dién ranh trén stator trwdc khi thi cong 1dng
ba bd day quan vao cac ranh cua stator. Khi van hanh déng co, ngudn ap 3 pha sé dwoc cip vao
ba bo day quén, tir tredrng tao b&i méi bo day la tir treéng dap mach nhung tie treéng téng
hop cua ba bd day sé la tw tredng quay tron. Noi dung nay sé dwoc khao sat trong cac muc sau.

4 ROTOR: 13 phan quay clia dong co. V&i ddng co cam trng, rotor thudng dwoc ché tao theo
mot trong hai dang: rotor 16ng séc va rotor day quén. Véi yéu cau van hanh binh thwdng, déng co
thwdng c6 dang rotor 16ng so¢. Cac thanh dan trong ranh rotor dwoc diuc nhém va dwoc nbi tat kin
mach v&i nhau béng hai vanh ngdn mach & hai dau. Trén vanh ngén mach thwong c6 thém céac
canh khuéy dé giai nhiét cho dong co’ luc rotor quay. Cac phan nhém dw do dau ngét ctia khuén duc
tao ra trén vanh ngan mach thuwéng dung dé can bang dong cho rotor. Trong hinh H2.12 trinh bay
céu tao rotor 16ng séc thanh dan bang nhém. Véi cac dong co cap cong suét Ién hay can c6 momen
quan tinh I&n, thanh dan rotor 16ng s6¢ bang déng, két ciu rotor thudc dang nay dwoc trinh bay
trong hinh H2.13.

Rotor 16ng s6c biang nhém sau khi dac Cau trac cua 16ng séc khi bé di mach tir rotor

HINH H2.12: Rotor I6ng séc v&i thanh dan nhém.
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HINH H2.13: Rotor I6ng séc vé&i thanh dan dong.

HINH H2.14: Rotor I6ng séc dic bang dong.

Trong trwéng hop can
diéu chinh thay ddi tbc do dong
co hay diéu chinh gia ting
momen m& may, rotor dwoc
ché tao theo dang day quén.
Trén rotor ciing b tri ba bo day
quan déc lap cé s6 cwc bang
v&i sb cuc tao boi day quan
stator. Day quén rotor duoc
dau Y, ba dau day ra cia day
quan trén rotor dwoc diu néi
vao 3 vanh truwot bang déng
dwoc dinh vi trén truc rotor.
Trong hinh H2.15 trinh bay day
quan rotor dang trong qua trinh
thi cong.

Trong hinh H2.14 trinh bay mét dang rotor
I6ng séc dac biét véi thanh dan va vanh ngén
mach dwoc duc bang dong . Céng nghé cheé tao
loai rotor nay phurc tap va gia thanh cao, thuwong
dung trong cac dang dong co' véi yéu cau diéu
khién d&c biét. Cau tao cua rotor 16ng séc dlc
bang déng trong hinh H2.14 hoan toan khac véi
cau trac cua rotor Iong soc co thanh dan bang
déng dwoc han ndi véi vanh ngédn mach nhw
trong hinh H2.13.

Cac rotor 16ng s6c thworng ¢6 dang ranh
xién, khéng song song voi truc cua rotor. Céng
dung cla ranh rotor xién dung chdng rung cho
ddng co trong qua trinh van hanh do anh hwéng
cua cac momen phu sinh ra b&i song hai bac cao
khi tr trwong phan bd tai khe hé khong khi
khéng hoan toan sin.

HINH H2.15: Day quan trén rotor.
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Vanh trwot 3 pha Day quan 3 pha cla rotor da dau néi lén 3 vanh trwot

HINH H2.15: Rotor day quan v&i hé thdng vanh trwot.

Cac vanh trwot cé6 mat ngoai bang déng, phan bén trong clng 1a éng thép dé tra ép toan bo
hé thdng vanh trwot 1én phan truc rotor. L&p ddng bén ngoai va éng thép bén trong dwoc lién két
bang vat liéu cach dién cé dd bén nhiét va do bén co hoc cao. Cac vanh truwot cach ly nhau khéng
lién lac dién. Day quéan rotor sau khi da dwoc nbi dén 3 vanh trwot dwoc ndi tat kin mach bang bod
ba bién tr& ngoai, xem hinh H2.16.

So d6 két ndi day quan rotor vé&i bién tré ngoai & giw chdi than

HINH H2.16: Day quan rotor néi tat bang bé 3 bién tré& ngoai.

) Tém [ai, Rotor Béng Co Khéng E)éng BO co hai dang: rotor I6ng soc va rotor quén day. Day
quan cua tat ca cac loai rotor nay ludn trong trang thai ngan mach khi van hanh. Ngi tré' cua rotor
I0ng soc khong diéu chinh dugc, nhwng ndi trd clua rotor day quan co the diéu chinh thay doi bang
bién tr& ngoai.

CAu truc cuia dong co khong ddng bo 3 pha rotor day quan dworc trinh bay trong hinh H2.17.

Trong qua trinh hoat dong, tr trwdng quay tao bdi stator quét 1én cac thanh dan rotor sé tao
thanh cac strc dién déng cdm ng trong thanh dan rotor, tir d6 sinh ra dong cdm (ng va lyc dién tiv
lam quay rotor. Do tac dong nay, Rotor 1& phan quay va con dwoc goi la phan (ng cta déng co
khéng déng bo 3 pha.
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HINH H2.17: CAu tao dong co khdng déng bé 3 pha, rotor day quan (wound rotor)

2.3.KHAI NIEM VE TU TRUONG QUAY TRON:

Wt B
o~ .
y o
Chiéu quay

o
\e

HINH H2.18: Hinh anh t&r trwong
quay tron khi quay thanh nam cham
vinh ctru quanh truc d&ng.

Trong hinh H2.18 trinh bay thanh nam cham vinh ctru hinh
chi» U dwoc d&t trén truc thang ding. V& vector cdm tng tir B
trong khoang khéng gian gitra hai cwc Bdc Nam ctia nam cham
dé biéu dién hwéng ctia duwong sire tir trwdng . Khi quay tron
déu thanh nam cham quanh truc, vector B ciing quay tron déu
cung chiéu quay va cung téc dd véi truc quay.

Hinh anh cua vector B quay tron trong khéng gian cho
ta hinh twong don gian cua mét tw trieo'ng quay tron.

Mubdn hinh thanh tl trvong quay tron trong dong co’ khong
ddng bd ba pha, ta can cac diéu kién sau :

+ Trén stator bé tri 3 bd day quan doc lap.

+ Ba b6 day duoc Iép dat léch vi tri khéng gian tirng
doi 120°

4+ Cap cac dong dién xoay chiéu léch pha th&i gian tirng
doi 120°vao 3 b day .

‘Diéu kién b tri 1&ch vi tri khéng gian cua cac b day quan dwec thie hién trong qua trinh
che tao khi quan day stator. V&i ba bd day quan dugc ché tao giong hét nhau vé so liéu, ta xem ba

bo day la tai 3 pha can bang .

Muébn tao dong dién hinh sin léch pha thoi glan trng déi 120° qua ba bo day, chi can dau 3
b6 day theo dang hinh Y hay A , sau d6 cip ngudn ap ba pha vao b6 day quan da duwoc dau néi.
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T két qua khao sat dwoc trong muc 2.2, ta co:

4+ T trwdng tao bdi mdi pha day quén la tr triedng dap mach.

+ Do cacbod déy,quén dwoc dat léch vi tri trong khong gian va dong qua cac bd day 1éch
pha thoi gian, tai thoi diem khao sat bat ky neu tw trwong tao béi mét trong ba bd day cé gia tri
cwc dai thi cac tlr treong hinh thanh trong hai bé day con lai khéng dat gia tri cwc dai.

4+ T trwong tong hop tr ba tir tredrng dap mach (tao bdi ba bo day quan) 13 tir trwdng
quay tron.

T trwdng téng hop dwoc khai sat theo mot trong hai phwong phap sau:
PHUONG PHAP 1: 4p dung phwong phap téan hoc tng hop cac tir truong dap mach dé tim ra
biéu thirc cho tw trong tong hop, va chirng minh tir tredng tong cé dang quay tron. Sau do vé
dang tr treo'ng tong hop khi thoi gian thay doi.

PHUONG PHAP 2: 4p dung phwong phap téng hop vector xac dinh tir truong tong tai cac tho
diém lién tiép.

2.3.1 PHUONG PHAP 1 : (AP DUNG GIAI TICH KHAO SAT TU TRUONG QUAY)

Trong hinh H2.19 trinh bay md hinh stator véi ba

z L1
X E A iA bd day dwoc dat léch vi‘trl' khong gian 120°, cac bd day
Y dwoc dau Y va cap nguon ap ba pha thtr tw thuan vao
) day quan. Cac biéu thirc tire thoi cua dong 3 pha thir tw
== thuan qua maéi bd day quan la :
i (t) =1_.sin(wt)
| i (t) =1_.sin(wt-120°) (2.4)

i (t) =1,,-sin(wt - 240°)

Chon truc vi tri khéng gian chuén 1a truc cta bo day
AX , tir trrng dap mach tao nén béi bd day nay khi cho
dong i a di qua la:

HINH H2.19 B, (t,x) = Bm.sin(mt).cos [%) (2.5)

B6 day BY Iéch vi tri khdng gian so v&i bd day AX mét goc 120° dién va cho dong is di qua,
nén tw trwong dap mach c6 dang sau:

By (tx) = Bm.sin(mt : 120°).cos ["T—x . 120°J (2.6)
Tuwong tw b day CZ, tao ra ti tredng dap mach khi cho dong ic diqua la:
. X
B, (t,x) = Bm.sm(cot — 240°) .cos LET — 240°J (2.7)
Goi B la tir trwong tdng hop tir cac tir trwérng dap mach thanh phan :
B(t,x) =B, (t, x) +Bg (t,x) +Bg (t,x) (2.8)

Mudn xac dinh biéu thirc giai tich cia B cin ap dung cong thircbién dbéi lwong giac co ban

sinp.cosq = %[sin(p +q) + sin(p - q)] bién dbi cac quan hé (2.5); (2.6) va (2.7) réi tdng hop lai.
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Biendo tutruong B

Ta co két qua sau:

1. [ . . .
B (t x) 28 sm(mt+“Tx)+sm(mt—“Tx)} (2.9)
B. (1, 18 [ sin(ot+ X — 240%) + sin(et - =) 2.10
( x) > Bm sin(w +T_ ) + sin(® _T) (2.10)
B, (LX) = %Bm sin(mt+nT'x—480°)+sin(mt—nT'x) 2.11)

Can chu y tinh chat sau:

T T T

sin[mt + "—'XJ + sin[mt X 24o°J + sin[mt 4 IX_ 480°J =0 (212

Phéi hop (2.9); (2.10) va (2.11) suy ra biéu thirc giai tich cua tir trwdng tdng hop, ta co:

B(t, x) = i (wt - “TXJ (2.13)

L. HUGNG DI CHUYEN CUA TU TRUGNG B -
12 s i—o0 % s Mudn nhin thay
1.3 ol = > va AN . t‘ t N tx
17 N\ _— LSS SN NN > W reong tong
o IR\ ot = =/ /- A\ ) la tw tru’fyng quay
08 EN\ fooffoffofofr NN trong khéng gian,
4\ W — ot=" Sy (R 1 trwére thoi diém
Se VN L\ pt= 77/ \ )t Lal
SN\ VL \ a AR A e \C Ji vé gquan heMB
02 N\ N\ N\ ot = —7 7/ \ vi tri x. Thie hign
N \ S lai tai nhidu thoi
92N\ \ et=Z 77/ lién tiép sé thay
0% \\ \\ \\\ \\ ‘ // ////// // ; adona sin cus
A NV VW — A Sy 7 — ‘wong di chuyén
58 NN\ N/ ST phwong cua vi tri
3 NN NS LSS
43 NN\ XSS/ . w2
1z NN\ \\\ /\ /// / // Cac thoi diém
-1.3 N R ~
1 o N\X LS 3 chonAIuJa qe ve
(o] 0.5231.0461.5692.0922.6153.1383.6614.1844.707 5.235.7536.2766.799 -]g ’phan bo tu’
. . Vit x . 1g tdbng nhuw sau:
HINH H2.20: D6 thi mé ta tir trwdng hinh sin dang chuyén dong
3B | . (-mx T (3 B,|.(n -mx
> ot=0;B= sin ot=—;B= sin| — —
2 T 6 L 2 6 T
T 3B T -TX T 3B T —-mX
> ot==;B= M isin| = — ot==;B= M isin| = —
4 2 4 1 3 T
\ \
L 3B .|t —mX
> mt=E;B= 2“‘ sm[i— J
\ < T

Trong hinh H2.20 trinh bay dang cla tw trwong téng di chuyén trong khéng gian khi vé tai
cac thoi diém lién tiép nhau. Truc hoanh biéu dién vi tri khong gian tai khe h& khéng khi gitra stator
va rotor dong co' .
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Ta rat ra nhan xét sau:
4+ Tl trwong tdng phan bé theo dang sin trong khéng gian .

4 Khi thoi gian thay ddi, tir triedng sin di chuyén theo hwéng truc x (trén hinh H2.20 di
chuyén tir trai sang phai).

Tw trwdng tdng di chuyén trong khodng gian theo truc vi tri x. Néu truc vi tri dwoc uén cong
thanh hinh tron (theo khdng gian cua khe h& khéng khi thiy'c sw gilra rotor va stator) tte_trwong
nay sé di chuyén doc theo chu vi trong ctia stator. Chuyén déng nay chirng té tir trwéng tong
hop la dang tw trwong quay tron bén trong dong co.

TOM LAI :

Néu Iap dat 3 bo day quén doc Iap trén stator dong co 3 pha, thda cac qui tac ; 1éch vi tri khong
gian 120° va dong qua cac bd day léch pha thoi gian tirng déi 120° thi két qua nhan dwoc la :
% T trwvdng tao b&i méi bd day la dang tr trwdéng dap mach.
22 Tl trwong tong tao bdi 3 tir trwdrng dap mach thanh phan (ttr 3 bo day quén) la tir trwdng
quay tron.

~ ~ A N 3 X A ~ > ~ Py py A
% ién do twr trro'ng tong bang [EJ lan bién dé cua tw trwrong thanh phan

2.3.2 PHUONG PHAP 2 : (TONG HOP VECTOR)

Mudn khao sat sw
hinh thanh tlr trrd'ng quay
bang  phwong  phap
vector, dya vao gia tri ttec
thoi cua dong 3 pha qua 3
bé day quén, suy ra cac
vector tir tredng B tao boi
moi bd day tai tirng thoi
diém.Sau cung téng hop
cac vector tv trwong B
thanh phan dé cé dwoc
vector tlr trwong tdng tao
tai thoi diém khao sét.

Thyec hién lai phwong
phap trén tai vai thdi diém
lién tiép, co thé thdy dwoc
hinh &nh t trwéng tong la
tr trdng quay.

HINH H2.21: D6 thi dong tirc thdi ctia ngudn 3 pha .

Tir d6 thi biéu dién dong 3 pha tirc thoi qua day quén trong hinh H2.21, Iap bang ghi nhan
gia tri trc thoi clia cac dong dién ia, is, ic tai 6 thoi diem.

ot /6 /2 5n/6 /6 3n/2 111/6
ia 0,51Im Im 0,5 Im -0,5In =Im -0,51n
iB =Im -0,51m 0,5 Im Im 0,5 Inm -0,51n
ic 0,51Im -0,51m =Im -0,5In 0,5 Inm Im

Céc gia tri tlr trwdng dap mach tao bdi mbi bd day ti 1& thuan véi gia tri dong tire thoi qua
day quén. Dya vao bang gia tri tirc thdi clia dong 3 pha, biéu di&n cac vector tir cam dac trung cho
tlr tredng tao ra tai tirng thoi diém. Ap dung phép tdng hop vector suy ra vector tr triéng téng, xem
hinh H2.22 va H2.23 sau day:
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TU TRUONG )
TONG 1B==Im

TU TRUDNG TONG TAI LUC oof = %

iA=1Im
A Ba
B
¢ Bs Bc Bs
B
c==05Im Ba
iB==-051Im
B
v TU TRUGNG TONG TAI LUC of = =
TU TRUBNG 2
TONG
Bi A= 0.51 m
Ba

iB= 0,5.I m Be

ic==Im Bc A

o ; 2 - Sz B
TU TRUGNG TONG TAI LUC ot = v

TU TRUGNG
TONG

3 . e . a2 T 3n 5n
HINH H2.23: Khao sat tir trwdng quay tai cac thoi diém: ot = ret ot = ry ;o = ry
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TU TRUONG

TONG E ia=-05Im

Ba

ic=-0,5Im

iB=1Im

TU TRUGNG TONG TAI LUC  pf = 7?”
UTRUUNG
TONG

A B

iA==Im
Ba
B Ba

c

Bs
ic=05Im iB= 05Im

TU TRUONG TONG TAI LUC TONG TAI LUC ot = 37”

TU TRUONG B1A=-051m
TONG
Bc B@B ==0,5Im 5

Ba
ic=Im Bc

TU TRUGNG TONG TAI LUC of = ¥ Bs

7 9 1
HINH H2.24: Khao sat tiy tredrng quay tai cac thoi diém: ot = ( Gn] ot = (—EJ ot = (—nj
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2.3.3 DAC DIEM CUA TU TRUONG QUAY :
2.3.3.1. VAN TOC CUA TU TRUONG QUAY :

Van téc cua tir tredng quay tron dwoc ky hiéu a ny hay nas, con dwoc goi la van téc déng
bd. Van téc nay phu thudc :
o Tan sé fcuangudn ap cap vao day quan stator.
o S6 déi cwe (p) cha dong co.
V&i cac phwong phap khao sat cach thiee tao thanh tlr trwong quay trong cac myc 2.3.1 va
2.3.2, tr d6 rat ra cac nhan xét nhw sau doi véi may dién cé 2p = 2 cwe hay p = 1 doi cuec.
4 Khi cip dong sin 3 pha vao cac bo day quan , trong quan hé (2. 4) gia tri @ trong cac biéu
thirc tlrc thoi dong 3 pha 1a tan s6 géc. Gia tri nay quan hé véi tan sé f ctia nguon dién la:
o = 2x.| (2.14)

4+ Trong biéu thirc (2.13) cho thdy Tir Cam Téng Hop B 1a ham diéu hoa theo thi gian t,
nhw vay vector dac trwng cho tir cam tong hop la vector phase quay nhan gia tri ® lam van téc
goc. Gia tri nay c6 quan hé va&i van toc tw tir tredng nq nhw sau:

® = 27N, (2.15)

% Tw(2.14) va (2.15) suy ra véi may dién c6 2p = 2 circ, tan s6 ngudn dién cap vao stator
va so cuwc 2p thoa quan hé sau:
f=n, (2.16)

No6i theo cach khac, khi dong dién sin hoan tat mot chu ky thi tir triedng quay da quét
qua khoang khéng gian trdi rong bang 1 cap cwc tw cua may dién.

4 T do suy ra voi may co 2p = 4 cuec, muén tw trwong quay queét qua tron ven khong gian
tuo’ng (rng v&i 4 cwe ta can 2 chu ky cua dong sin cap tr ngudn. Mot cach téng quat véi may dién
c6 2p cwe quan hé gitra tan sb ngudn dién véi van tbe tir trworng quay théa quan hé sau:

f= p.n, (2.17)

Trong do, p la sé ddi cwe tu; LfJ = LHZJ va |:n1:| = L%J .

Néu déi don vi do ctia van téc |:n1:| = L%J thi quan hé dwgc ghi lai nhw sau:
pnu
.n
] (2.18)
60

2.3.3.2. CHIEU QUAY CUA T TRUONG :

Chiéu quay cua tir treong phu thudc vao thi tw pha ciia dong dién cap vao day quén
stator. Khao sat trén hinh H2.23 va H2.24 ta r(t ra nhan xét sau:

* ~ Huwdng cla vector tir trvong tdng B ludn ludn cling hwéng véi vector tlr trudng tao bdi bo
day quan nao dang c6 dong dat gia tri cyc dai (+ Im) hay gia tri cyc tiéu (-Im) qua no .
+ Trong hinh H2.23 di doc theo chu vi cua stator, cac dong qua cac bd day cd bién dé cuc

dai (+ lm) 1an lwot theo thir tw A,B,C : chiéu cua tir trwdng quay hinh thanh quét qua cac bd day
theo th tw twong rng A, B, C.

= Khi héan vi hai trong ba pha nguén cap vao day quén stator, thir ty clia hé thong thay
doi, nén chieu quay cua tw trieong sé dao hwéng nguoc lai.
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2.4. NGUYEN LY HOAT DONG CUA PONG CO KHONG DONG BO :
2.4.1. CAC DINH LUAT BIEN TU’ AP DUNG KHI KHAO SAT NGUYEN LY HOAT BDONG:

Nguyén tac hoat ddng clia dong co khéng ddng bo dwoc giai thich dwa trén cac dinh luat
dién tlr hoc co ban sau day:

-~ +* Dinh luat cam rng dién ttr khao sat hién twgng hinh thanh strec dién déng trong thanh
dan di chuyéen cat dwong stre twr treong.

4+ Dinh luat Laplace khao sat lwc dién tir tdc dong 1én thanh dan dang mang dong dién va
dat trong tw trwong.

2.4.1.1. DINH LUAT CAM I’NG DIEN TU:

Trong hinh

B H2.24, dat hai thanh

dan song song nhau,

y cach nhau khdéang
v cach la ¢. Bat thanh

T dan th ba vuéng

goc véi hai thanh dan
e

. \ - trén. Toan bd cac
: 5 @ thanh dan duwgc dét
Huéng ciia dong dign By %@e \e‘ + trong tr trwong déu,

dx cac dwong swre twr co
hwéng vubéng goéc

HINH H2.24: Strc dién dong hinh thanh khi di chuyén thanh dan trong tir truong V@i mat phang tao

b&i cac thanh dan.

cam fna oua mach

Tac déng bang ngoai lyc dé kéo thanh dan thir ba nay di chuyén thang déu vai van toc
la v . Gia st tai thoi diém ban dau tq1 = 0 tir thong xuyén qua dién tich gi¢i han béi cac thanh dan la
@, ; sau khdang khéang thoi gian dt, tai thoi diém t, = dt, thanh dan di chuyén dén vi tri khac,tai
day tlr thdng xuyén qua tiét dién mai 13 @..

Ap dung cong thirc Faraday, strc dién ddng cam (rng trén thanh dan di dong thda quan hé:

o _ D, - @, =_B.(sz-s1)

€= dt dt dt (2.19)
e= _B._dS = —B.| d_x =-B.lL.v (2.20)
dt dt

D4u (-) trong biéu thirc (2.20) thé hién tinh déi khang cua
strc dién dong sinh ra; khi van tbc dai lam téng tlr théng xuyén
qua tiét dién, strc dién dong hinh thanh cé khuynh hwéng lam
giam tir thong xuyén qua tiét dién. Hwéng cla slre dién dong e

sinh ra phu thudc vao hwéng ctaR va van téc v, dé xac dinh
hwéng cta @ ta ap dung qui téc sau: (V,B,® ) tao thanh tam
dién thuan nhw trong hinh H2.25. hoac dung qui tac ban tay trai,
hinh H2.25.

Vi qui woc nay xem thanh dan tuong dwong véi ngudn ap
e hinh thanh trong thanh dan v&i dau (+) & vi tri ngon vector a
va dé’u (=) & vi tri gbc vector & (xem hinh H2.24). NOi cach khac
HINH H2.25: Quitic bantay trai €O thé xem hwéng cua e hinh thanh trong thanh dan chinh la

dinh huéng strc dién dong e. hwéng cua dong cdm (bng di gua thanh dan (khi mach & trang
thai kin).
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@
|

Trong hinh H2.26 trinh bay mét thanh dan thang mang
dong dién i dwoc dat trong tw trwong B, theo dinh luat

Laplace thanh dan chiu tac dung cua lwc dién tw _F.

Trong trwdng hop téng quat, phwong clia dong i va
phwong cia B hgp nhau mot goc co gia tri la a., lyc dién tir F

dworc xac dinh theo quan hé sau:
F=B..L.sina (2.21)

Trong d6 L la bé dai ctia thanh dan dang mang dong .
Khi phwong cua dong | va phwong cua vector tir cam B hop

nhau goc 90° , lwc dién tir cwc dai théa quan hé sau:

F=BIL (2.22)

HINH H2.26: Qui t&c ban tay trai
dinh hwéng lyc dién te.

Hwéng cua lwc dién tr F dwoc xac dinh theo qui tAc ban tay trai (hinh 2.22)

2.4.2. NGUYEN TAC HOAT DPONG CUA PONG CO' CAM UNG :

T trudng
difng yén

Chiéu quay cia
tir trudng

3.

nguyen Iy hoat dong cla dong co khoéng déng bo.

TU TRUGNG B
BUNG YEN

HINH H2.28: Strc dién dong sinh ra trong thanh dan rotor.

Trong hinh H2.27, trinh bay md
hinh don gidn cia déng co khong
ddng bd. Gia str day quén trén stator
tao ra twr trrng quay tron (vector tw
cam téng B quay tron trong khong
gian v&i van téc nq). Day quéan rotor
néi tat dwo'ec mod ta don gian nhw la
khung day kin. Trong hinh H2.27
khung day dwoc biéu dién bang céac
mét cat cda hai thanh dan tao thanh
khung day.Tl trwong quay tao boi
day quan stator chuyen dong va queét
lén cac thanh dan cua rotor . Ap dung
chuyén déng twong dbi trong co
hoc, cé thé xem: trang thai thanh
dan rotor dirng yén va tir trwong
quay tron (gid st theo chiéu kim
dong hd) twong dwong véi trang
thai twr trirong dirng yén va thanh
dan rotor quay twong doi theo
chiéu ngwoc lai (chleu quay twvong
ddi cua thanh dan rotor 14 chiéu
ngwoc kim déng hd).

Nhw vay khi_ap dung chuyén
déng twong doi ta co: thanh dan
rotor quay tron va cat dwong strc tir
trwong, trén thanh dan hinh thanh
strc dién déong cam rng e, Téc do
quay twong ddi cta thanh dan bang
tbc dd cla tlr trwong quay la nq. Vi
rotor ngan mach nén strc dién déng
e, sé tao ra dong cam wng i trong
céac thanh dan.

Gia s trén rotor chi ¢ hai thanh dan, hwéng ctia dong cam (rng sinh ra trén méi thanh dan

trinh bay trong hinh H2.28 .
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Khi cac thanh dan rotor c6 dong cam (rng di qua va cac thanh dan nay dang dat trong tir
trwéng B nhw vay céc thanh dan sé chiu tac dong cla lwc dién tir F. Hwdng cla lwc dién tlr tac
dong lén cac thanh dan xac dinh theo qui tdc ban tay trai. Cac lwc dién tir tac dong 1&én cac thanh
dan hinh thanh ngau lyc lam quay rotor .

Rotor quay theo hudng ngwoc voi huo’ng chuyen dong twong ddi cta cac thanh dan trén
rotor, noi khac di chiéu quay rotor cung chiéu vé&i chiéu cia tir trieng quay.

Tuy nhién, van téc cua rotor khéng thé dat bang van téc cua tir trwong, vi néu hai tbc
d6 quay bang nhau: Itc do thanh dan rotor va tw treong xem nhw dirng yén khi so twong doi voi
nhau. Tém lai, van toc cua rotor luén luén nhé hon van téc cua tw tredng quay.

Ta c6 dinh nghia cho dé trwgt s 14 van téc chénh léch twong dbi gitra van tdc rotor so
v&i van toc cua tw tredng quay. Goi :
< nq:van téc clia tr trdng quay ( hay toc dd dong bo).
% n2:van toéc cla rotor .
% s :d0 trwot ctia déng co.

Trong d6 ta dinh nghta d6 truwot bang quan hé sau:

n,-n n
s=1_2_q_2 (2.23)
n1 n1
Hay
, =N,.(1-5) (2.24)
THi DU 2.1:

Dong co khdng dong bd ba pha 2p = 4 cwe, dugc cap ngudn xoay chiéu 3 pha cé tan sb la
f = 50Hz. Bang ly lich cta déng co cé ghi van téc dinh mirc la 1425 vong/phut . Xac dinh :

a./ Van téc cla tir trwong quay.
b./ B trwot cua dong co tai tai dinh mirc.
GIAI
TOC DO CUA TU TRUONG QUAY:
Ap dung cong thirc (2.18) suy ra van téc dong bd hay van téc tir treéng quay:
_60.f _60.50 3000
1 p 2
DO TRUOT CUA DONG CO::

= 1500 [vong/phat]

% Van t(f)c cula tw trwdng quay : n1 = 1500 vong/phut.
% Van toc cula rotor tai luc tai dinh mdc : n; = 1425 vong/phut.

n,-n n 142 1 -142 7
1" g M2y 5 500 5= 5 = 0,05

n, n, 1500 1500 1500

Do trvotscuadéngco: s =

2.5. CAC PHUONG TRINH CUA DONG CO KHONG DONG BO:
2.5.1. PHUONG TRINH CAN BANG AP & STATOR:

Véi ba bo day quén stator dwoc ché tao cung so liéu va hoan toan giong nhau, ta néi day
quan ba pha can bang. Day quén stator co thé dau theo dang Y hay A tuy theo ap hiéu dung dinh
murc cho phép dat ngang qua hai dau méi pha day quén. Khi cAp nguén ap 3 pha can bang vao
day quén stator, mach dién tai stator & mach 3 pha can bang, nhw vay tach mach 3 pha can bang
bang 3 mach 1 pha twong duwong.

Tom lai chi can khao sat ddng co dwa trén mach 1 pha twong dwong.
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Goi

% Vi:Ap pha hiéu dung cép vao méi pha day quén phia stator.
% f1:tan so nguon dién cap vao day quan stator.

Twong tw nhw may bién ap, day quan stator xem la day quan so’ cap, khi cap dong hinh
sin qua day quan stator méi pha day quan tao thanh tir thong dap mach véi bién dd 1a D, T

thong nay bién thién theo thdi gian nén hinh thanh cac strc dién dong cam trng trén mdi pha day
quan . Strc dién dong cam rng hiéu dung trén moi pha day quan xac dinh theo quan hé sau:

E, = 4,44f N K, O (2.25)

Trong do6 :
4+ N :tdng sbé vong mot pha day quén stator.
4+ Kuq1 : hé s6 day quan mét pha stator, tinh dén sy phan bd day quéan trén mét cép cuc tiy

i thé inh T thong tan ranh stator Tir thong ta . r oz
Tu théng chinh g Tu théng tanitap stator Trén déy quén stator, cin dé

7S y thém cac phan t& sau:
Ol 00 [EET ] + Dién tr ndi Ry ciia mdi
1l (O] ] 1—[ { ] pha day quan .
§ STATOR 4+ Thanh phan dién khang

tan tir dac trwng cho tr thong

PN tan (thanh phan tlr théng tao nén

g - OTOR do day quén stator, khép kin

mach trén day quéan stator

nhung khéng méc vong qua

P rotor) . Cac thanh phan tir thong

- \ tan trong may dién quay gém c6

Tiv thAann tan ranh entar  Ti¥ thiinn tan tan rninr tlr théng tan trong ranh, tr théng
tan tap ....xem hinh H2.29

ol b

HINH H2.29: Phan bé tr théng tan trong ranh stator va rotor
) Goi Xu la thanh phan dién khang tan tir trén mbi pha day quén stator. Phuong trinh can
bang ap viet cho mét pha day quan phia stator twong tw nhw da thyc hién trong bién ap la:
Vi+ E1 = (R, +].X,). 11 (2.26)

Phwong trinh nay ding cho truong hop dong co van hanh & ché do khong tai cling nhw khi
ddng co mang tai . Khi tai trén truc ddng co thay doi, dong dién I thay doi gia tri twong wng.

2.5.2. PHUONG TRINH CAN BANG AP & ROTOR:

Khi khao sat phwong trinh can bang ap phia rotor, ta chia ra cac trwéng hop sau :

% Trwong hop rotor dirng yén khdng quay.

’0

% Trwdng hop rotor quay.

Trong méi truong hop diéu quan trong can chi ¥ sy thay ddi fz: tan s6 dong dién rotor va
cac théng s6 mach phia rotor.

2.5.2.1. PHUONG TRINH CAN BANG AP ROTOR (LUC ROTOR DUNG YEN):

Khi rotor dirng yén, tlr trrong quay quet qua day quén rotor hinh thanh sirc dién dong
cam (rng E2 trén mdi pha day quén rotor. Tai lic nay, Stkc dién dong rotor cung tan sé véi strc
dién dong phia stator:

E, =4, 44'f2'Nz'qu2'¢m (Rotor dirng yén) (2.27)
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f, = f, (Rotor difng yén) (2.28)

4+ N :tdng sd vong mét pha day quén rotor.
4+ Kuq2 : hé sé day quan ctia mét pha rotor. .

Vi rotor thudc dang ngén mach, phwong trinh can bang ap mdi pha phia rotor lic dirng yén
c6 dang sau:

E2 = (R, +]X,;).12  (Rotor difng yén) (2.29)

Trong do:

0 R : dién tré ndi ciia mbi pha day quén rotor
0 Xg : dién khang tan ttr moi pha phia rotor

2.5.2.2. PHUONG TRINH CAN BANG AP & ROTOR ( LUC ROTOR QUAY):

Khi rotor quay v&i tbc dd quay 1a nz trong khi tlr trwéng quay cé téc do 1a nq > ny , toc do
quay twong déi gitra tir trwng quay va rotor [a snq = (N1 — n2).

. Vi tan sé dong dién phia rotor tilé thuan véi toc dé quét cua tir trwdng quay Ién thanh
dan rotor suy ra:

TRANG THAI T6C PO T TRUVONG QUAY SO VOI ROTOR | TAN SO ROTOR
Rotor dirng yén n1 fa=f1
Rotor quay s.n1 f2
A x . . , . S.n1.f1
Tan so phia rotor lUc dang quay dwoc xac dinh nhw sau: f, = =s.f,

n

1

Tom lai : f, =s.f,  (Khi rotor dang quay) (2.30)

Tan sé6 phia rotor phu thudc vao d6 trwot s, nén luén thay déi theo téc dd quay cua
déng co. Nhu vay khi tai trén truc dong co thay déi , tbc dd thay dbi, cac phan tir mach phia rotor
co lién quan dén tan sb déu thay doi. Bién khang tan tir, sirc dién dong cam (rng phia rotor thay
ddi theo gia tri tan sb f2 khi rotor thay déi tbc d6 quay. Goi :

O Eas : strc dién déng phia rotor khi rotor quay.
O Xis: dién khang tan twr phia rotor Iuc rotor dang quay.

TRANG THAI | SUC PIEN BPONG CAM I'NG ROTOR | PBIEN KHANG TAN T’ ROTOR

Rotor dirng yén E, =4,4414.N, k. ,.® X, =2ntL,
Rotor quay E)s =4,44.L N, Ky @, Xips = 2n.t, L,
Suy ra:
E s.f
2 =2=-"1=5 Hay E,, =SE, (2.31)
E2 f1 f1
Tuwong tw tasuyra:
X 2n.f,.L s.f
s =2 2 -""1=s  Hay X5 = SXp (2.32)
X, 2nf.L, f
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Khi rotor dang quay, phwong trinh can béng ap phia rotor 13;

E2s = (R, +j.X,,.)-12 (Rotor dang quay, tan sé f,) (2.33)

THi DU 2.2:
Vi dong co trong thi du 2.1, xac dinh tan sé phia rotor khi déng co dang tai dinh mirc.
GIAI

Vi hé s trwot clia dong co tai lic mang tai dinh mirc 14 s = 0,05 ; ap dung quan hé (2.30)
suy ra tan so phia rotor luc tai dinh mic la

f, =s.f,  (Khi rotor dang quay)
f, =0,05¢50 =2,5Hz

2.5.3. PHUWONG TRINH CAN BANG DONG DIEN :
2.5.3.1.TOC PO TU TRUONG QUAY STATOR VA TU TRUONG QUAY ROTOR KHI DONG CO' QUAY:

4 Khi l3p trén stator day quén ba pha va cap dong 3 pha c6 tan sbé f1 vao day quén, tir trwéng

' op

voi tir triedng quay, toc do quay clia rotor la nz = ny(1-s ) , tan s6 dong dién trong rotor 1a f, = s.f,

60f,
quay co6 tbc do quay la (n = —J Duwéi tac dung cla tir trwdng quay, rotor quay cuing chiéu

+* Vi dong co rotor l6ng s6c (dang rotor c6 day quan nhiéu pha) khi c6 dong cam rng
qua day quan rotor, trén rotor ciing hinh thanh t trwong quay tron vai van tbc quay la nr. Van
téc cua tw trwong quay tao b&i rotor ti 1& thuan v&i tan sé rotor va ti 1é nghich vé&i s6 doi cwe
tao b&i day quén trén rotor. Ap dung quan hé (2.18) suy ra tbc d6 quay cla tir trwdng quay hinh
thanh trén rotor.

60.f, 60.s.f, 60f,
nr - - = S.
P p p (2.34)

nr = s.n1

] + Khi rotor dang quay voi van tbc 1a nz va mang theo tr trwong quay tao béi rotor co van
toc 1a ny nay , suy ra van toc cua tw treéng quay tao béi day quan rotor so twong doi voi toc
do twr trwro'ng quay tao béi day quan stator la (n2 + n;). Ta co:
n,+n =n.(1-s)+s.n,

2 (2.35)

Toém lai :

Van toc cua tir treéng quay (tao béi day quan stator) va téc dd cda tir trng quay
(tao b&i day quan rotor) bang nhau

2.5.3.2.PHU'ONG TRINH CAN BANG DONG (KHI PONG CO DANG QUAY):

Ly luan twong tw nhw khi khao sat nguyén ly ctia may bién ap, ta co: tir trwdng (hay tr thong)
quay stator dwgc tao bdi strc tlr ddng stator khi c6 dong 3 pha qua cac pha day quén stator .Khi
rotor mang tai, dong cdm (ng qua day quéan rotor hinh thanh strc tir ddng rotor co tinh chat dbi
khang v&i strc tlr dong stator. Hién twong déi khang nay sé can bang va dam bao sirc tlr dong tdng
luén luén khong ddi va bang véi strc tir ddng hinh thanh do day quén stator ltc khong tai.
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Goi:
4+ Nikaqr.l1 : stec tir dong tao bi mot pha day quén stator (khi ddng co mang tai).
4+ Nzkaqa.l2 : strc tir ddng tao b&i mét pha day quén rotor (khi mang tai).
4+ Nikaqgt.lo : strc tir dong tao béi mdt pha day quan stator (khi khong tai).

Taco: N,.K_ . ..l1+ Nz'qu2'|2 = N1.qu1.l1o (2.36)

1""Ndq1"

2.6.MACH DIEN TUONG PUONG 1 PHA CUA DPONG CO KHONG PONG BO:

R, i-Xi4 TU TRUGNG auay R, i-Xis Thyc hién qua
NN A~ YY——  trinh khdo sat twong ty
) nhw da thwc hién khi khao
I sat mach twong dwong
2 clla may bién ap. Mach
ROTOR QUAY twong dwong 1 pha luc
n =0 dong co dang quay thoa
2 phwong trinh can béng ap
s #1 (2.26). Khi c6 chu y dén
-~ tén hao 16i thép do dong
—0 — x6ay va chu trinh ti tré
MACH STATNR TAN QA #1 MACH RNTNR TAN SA mach trong duong 1 pha
HINH H2.30: Mach twong dwong 1 pha lic rotor dang quay. c6 dang theo hinh H2.30.
. o . Hinh H2.31 trinh bay
R, Xy TU TRUGNG QuAY R, Xy mach twong dwong 1 pha
AA'A FYY¥—  cia dong co khi rotor
. ) dirng yén. Tai trang thai
I nay tan sé phia rotor va
i R stator bang nhau. Trong
ROTOR BUNG YEN thye té trang thai nay xay
n,=0 ra tai thoi diém dong co
s =1 khéi dong hay khi rotor
’ mang tai c6 momen tai
qua lon so v&i momen ra
MARH STATOR TAN SA #1 MACH RNTNR TAN SA # trén truc dong co lam rotor
. bi ghim dng yén khong
HINH H2.31: Mach twong dwong 1 pha lac rotor dirng yén. quay.

Mubn qui d6i mach rotor vé phia stator dé don gian di tac dong cia tir truong quay Ién rotor
twong ty nhuw mach qui doi da thyc hién cho may bién ap, ta can thwc hién 2 lwot qui doi.

+ Qui déi mach rotor tir tan sé f, sang tan sé f;, (n6i cach khac la qui ddi cac thong sb
mach rotor luc dang quay thanh cac théng so6 khac twong dwong nhw luc rotor dieng yén).

4 Khi da qui d6i mach rotor sang tan sé fi, ching ta qui déi rotor vé stator.

2.6.1. QUI DPOI MACH ROTOR TU TAN SO f, SANG TAN SO fi:

Phwong trinh can bang ap phia rotor lic dang quay (rng v&i tan sb f, thda quan hé (2.33).

E2s = (R, +j-X,,)-12 (Rotor dang quay, tan sd la f,)
Thay cac quan hé (2.31), (2.32) vao quan hé (2.33) ta suy ra :

s.E2 = (R, +].8.X,,). 12 (2.37)
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'

6

Chia hai vé quan hé (2.37) cho s, ta dwoc:

E R2 j.X i
2—(?"']- 12)' 2

1 Xy TU TRUGNG QUAY

-

(2.38)

T quan hé
(2.38) cho thdy cac
théng sé mach rotor da
dwoc qui déi vé tan sb fi,
mach dién twong duong
cua dong co luc nay
dwoc trinh bay trong
hinh H2.32.

MACH RNTNR TAN SA

= o
MArH STATNR TAN SN f1

HINH H2.32: Mach twong duwong 1 pha lic rotor quay va tan sé rotor qui vé f1

2.6.2. QUI POI MACH ROTOR VE STATOR :

Sau khi qui ddi mach rotor tr tAn sé f2 sang tan sé f1 , muén qui ddi mach rotor vé phia stator,
ta cdn clr vao cac phwong trinh can bang ap va dong (2.25), (2. 27) va (2.38). Phwong phap va co
s& qui déi thwe hién twong tw nhw da trinh bay trong bai may bién ap.

Can c vao cac pleu thirc strc dién dong hiéu dung ctia mdi pha day quén phia stator va
rotor suy ra ti so bién doi Kpq nhw sau :

E 4,441 N K N,.K
Kyg = =" = i i fat (2.39)
E2 4, 44I1N quz N quz
. N. K . .
Tl (2.36) suyra: lh+ 2" d42 d2 =110
N1.qu1
N, K .
Pt I, =202, = 12 (2.40)
N1'qu1 Kbd
Pat E'2 =K,,.E2 (2.41)
i ° Rz . °
T quan hé (2.38), nhan 2 vé cho Kea suy ra: K ,.E2 = Kba'(T +].X,)- 12
[ ] 2 R 1]
K,,-E2 = (Kba) ( +iX,,). o2 K (2.42)
ha
Pt R, = (K,,)* R, (2.43)
X, = (K,3)? X, (2.43)
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Cac quan hé (2.40) va (2.42) dwoc viét lai nhw sau:

° .| R2 L .|
E1=E"2 = (T + ].th).| 2 (2.43)
|1+|'2 = 40 (2.54)

R, Xy
O—VVVv % R Can cw vao cac quan
+ . D l1o . hé (2.26) , (2.43) va (2.54)
I4 = O - I’y suy ra mach twong dwong 1
*. . * pha dang chinh xac qui di
° o Ic Im o rotor vé stator theo hinh
Vi Eq § , E', H2.33.
R; X
- + 0 +
5 J

HINH H2.33: Mach twong dwong chinh xac 1 pha qui déi rotor vé stator

PN i
2.6.3. Y NGHIA VAT LY CUA[—Z] :
s

Muén hiéu rd y nghia ctia théng sb nay can, tach phan t&r thanh hai thanh phan :

R' -
TZ =R',+ (1{] R', (2.55)

Trong (2.55), cac thanh phan phan tich mang y nghfa nhw sau :

X'y

O—AA— Y Y ] + R’; : dién tr& day
+ ] quan rotor qui vé stator.

I'2 _

+ 1-s R, :
. 1-5) o, § s
V4 s | 2 dac trwng cho co’ nang hivu
ich trén truc cta dong co.

O

HINH H2.34: Mach twong dwong chinh xac 1 pha qui déi rotor vé stator

Mach twong dwong hinh H2.33 dugc vé lai theo hinh H3.24, day la mach twong duong 1
pha dang chinh xac qui doi rotor vé phia stator.
CHU Y: ] ‘ )
Khi tinh toan cac cong suat hay momen cho déng co, can nhé déng co khéng déng bd 3
pha c6 3 mach 1 pha twong dwong dang chinh xac qui doi rotor vé stator theo hinh H2.34.
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2.7. GIAN DO PHAN BO CONG SUAT — HIEU SUAT CUA PONG CO':

STATOR ROTOR
A A

A P1
ANG SUR Pm
- - CONG SUAT CO RA q
CONG SUAT BIEN TU CONGPi‘#‘T co P2
CONG SUAT DIEN Pdt (DA TRU MA SAT CO)

P1 v Y

CAP VAO STATOR Y \\
\ ; M) TON HAO DONG ROTOR 'O HAgma SAT c0 }
TON HAO DONG STATOR Pj2

TGN HAO THEP Pj1 P2
Pth

I‘

HINH H2.35: Gian db phan bb cong suét trong déng co khéng déng bo.
Tt mach dién twong duong trong hinh H2.34 suy ra cac thanh phan cong suét tir dong nang
lwong cap vao dong co nhw sau:
CONG SUAT DIEN CAP VAO DONG CO (THONG QUA DAY QUAN STATOR):
P, =3.V,.l,.cosq, (2.56)

Trong dé :
V, : ap pha cép vao mdi pha day quén stator.
Iy : dong qua méi pha day quan stator.
coso1 : hé sbé cong suat mbi pha day quan stator.

TON HAO THEP

P, = 3.R..2 (2.57)

TON HAO TREN DAY QUAN STATOR (TON HAO DONG STATOR):

_ 2
P,y =3.R.I; (2.58)
CONG SUAT DIEN TU CHUYEN TU STATOR SANG ROTOR:

Paigntir = Py = (Py, +Pyy)

R! R (2.59)
- 2 2 _ 2 |2
Pdiénl[r = 3.[—5 ]J 2= 3.[—5 ]Jz

TON HAO TREN DAY QUAN ROTOR (TON HAO DONG ROTOR):

— v o2 o 2
P, =3.R,.I% =3R,.1 (2.60)
CONG SUAT CO TREN TRUC CUA PONG CO (CHUA TRU BI TON HAO MA SAT CO QUAT GIO)
_ ' 1-s 2 _ 1-s 2
P, = 3.R2.[TJ.I 2= 3.R2.[T].I2 (2.61)

CONG SUAT CO RA TREN TRUC DONG CO (DATRU TON HAO MA SAT CO QUAT GIO)
~ Néu tinh @én t6n hao ma séat co khi do 6 bi, quat gi6 ..va goi tdn hao nay 1a Pmq thi cong
suat ra thyc sy trén truc cta déng co la P2théa quan hé :

Py =Py —Pue (2.62)
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Hiéu suét ctia ddng co khdng déng bo dwoc xac dinh theo quan hé sau :

2 P,
o e (2.63)
1 Py +(Py, +P +Pp +F)

o

n

_ Khi khao séat phan b nang Iuvgng phia rotor , can chii y thém cac méi quan hé gitra 3 thanh
phan céng suat : Pdientr , Pj2 va Peo . T (2.59), (2.60) va (2.61) suy ra cac quan hé sau:

Paigntr = P2 + Peg (2.64)
P, = SPyn (2.65)
Pcﬂ = (1 — s)'Pﬂiénh‘I (2.66)

THi DU 2.3:

Cho ddng co khéng dong bo ba pha: 100HP , 2p = 4 cwc, tan s6 nguodn dién cap vao dong
co la f = 50Hz, toc dé dinh mirc 1445 vong/phut.

Cho 1HP = 750W , biét tn hao ma sat co 1a 900 W, t6n hao thép 4200 W, t6n hao dong
stator la 2700 W ; xac dinh hiéu suat ctia dong co,.

GIAI
Ap dung cac quan hé da trinh bay trong gian dd phan bé céng suét, ta cé:
4+ Cong suat co hivu ich trén truc cla dong co (da trir di ma sat co ):

P, =100.750 = 75.000W

4+ Congsuatco: P,=P,+P = 75.000 + 900 = 75.900W

ma sat co

_ 60f,  60.50
p

4 Van tbc dong bd ciadongco: N =1500 [vbng / phl'lt:l

1

+ DO trwot ciia ddong co, ltc mang tai dung dinh mirc:
n
s=|1-T2|_[4_1445 =0,03667
n, 1500

4+ Cong suat dién tir chuyén tir stator sang rotor :

p Py 75.900

figntlt = (1.5) ~ 1-0.03667

4+ (Cong suat dién cp vao dong co :
P, = Paienu‘r
P, = 85.688,93W

=78.788,93W

+Pi1+P

hép = 78.788,93 + 2.700 + 4.200

4 Hiéu suét cua dong co :

P 75.000
‘n = —2 = = O, 87525 = 87, 530/0
P, 85.688,93
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2.8. DAC TINH CO CUA PONG CO KHONG PONG BO:
2.8.1. BIEU THPC TONG QUAT CUA MOMEN:

Momen c6 thé hiéu mét cach don gian 1a cong cap cho mét vat dé vat thire hién chuyén dong
quay. V&i dong co dién, goi P2 la cong suat co' ra trén truc rng voi van toc 1a nz . Bat M2 1a momen
co ra trén truc ctia ddng co néu goi Q3 la van toc quay goéc thi momen dwoc dinh nghia nhu sau:

P P

M =-2=_2 (2.67)
2
Qz ZTt.n2

Trong d6 don vi ctia cac dai lwong la: |_P2J = LWJ : [nz] = [Vﬁ"%} : LMJ = LNmJ.

Néu don vi do cla [n2:| _ [vongphﬂt] thi quan hé (2.67) dwoc viét lai nhuw sau:

60.P. P
= 2 _9,55.-2
21t.n2 n,

2 (2.68)

THi DU 2.4

Cho doéng co khéng déng bd ba pha: 100HP cé toc d6 dinh mirc 1445 vong/phit néu
1HP = 746W thi momen co’ ra dinh murc trén truc luc tai dinh mrc la:

M, = 9,55.100° 746 . 193nm
1445

2.8.2. MOMEN CUA DONG CO' KHONG DONG BO :

Néu gia s ton hao ma sat co khong dang ké thi Momen co ra trén truc dwoc xac dinh
theo quan hé sau day :

e [1-8) 2
)
M, =9,55.-¢ = 9,55, (2.69)
n, n,
P. R' -
Hay M, =9,55.— = 9,55.3[—2].l'§.[1 SJ (2.70)
n2 S I‘l2
Theo dinh nghia cltia hé sé truwot ta cé:
n —
2 _4_s Hay 1-s _1 2.71)
n, n, n

Thé quan hé (2.71) vao (2.70), suy ra:

3 & |2
P.s s )2 Paigntis
M, =9,55.- =9,55. ~ — 7 =955 " 57y
n, n, n
P P
Tom lai 9,55.-t0 — g 55 diéntw (2.72)
n, n,
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bat Momemen dién tir théa quan hé sau:

3[R}J

P.. . S

dientir

Maignyy = 9,85.—— =9,85. =—+— (2.73)

1 1

Tl cac quan hé (2.69), (2.72) va (2.73) suy ra Mz = Maien wr khi tén hao ma sat co khéng
dang ke. Mot trong cac nguyén nhan dwoc dung dén dé giai thich ly do vi sao can xay dwng quan
hé (2.73) la:

+ TailGc dong co khai dong (hay m& may) ta co tbc do dong co nz =0, nén hé sb truwot IUc
m& may la s = 1. Khi thé cac gia tri nay vao quan hé (2.69) ta khong thé xac dinh dworc gia tri

cla momen luc khéi dong vi quan hé nay c6 dang vo dinh[g].

+ Nhw vay, tr quan hé (2.73) dugc dinh nghia, ta xac dinh dwoc gia tri momen mé may
dwa vao biéu thirc cla momen dién tor.

2.8.3. BIEU THU'C TINH GAN DUNG CUA MOMEN DIEN TU ;

Theo quan hé (2.73),
khi can xac dinh momen dién tw
o O—AAN tai mot diém lam viéc (ng voi
+ ‘- van toc dinh truwéc hay tai do

I l10 trwot cho trwdre, ta can dwa vao

mach twong dwong theo hinh

*' | * H2.33 hay H2.34.
Ic Im %

V1 §R - ‘Trong mét sé truwong
¢ Mnm hop can xac dinh nhanh dac

tinh cta déng co, ta co thé ap

O

dung mach twong dwong 1 pha
HINH H2.36: Mach twong dwong 1 pha dang gan dung .

dang gan dung qui ddi rotor va
stator theo hinh H2.36 véi cac
gia thiét sau:

O—0

+ Ton hao thép déc Iap véi tai trén tryc dong co.
#+ Ton hao thép chi phu thudc ap nguén cap vao déng co.

Twong tw nhw trwdng hop may bién ap, ta dét cac dai lwong sau:

Thanhh phan dién tré ngan mach / 1pha: R, =R, +R’, (2.74)
Thanhh phan dién khang ngan mach / 1pha: X, =X, + X',, (2.75)
Téng tré ngén mach twong dwong /1 pha:  Z = «/Rﬁ + Xﬁ (2.76)
T mach twong dwong hinh 2.31, suy ra :
I') = V‘ (2.77)
2
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'

Momen dién tr dwg'c xac dinh theo quan hé nhw sau :

[R'ZJ
9,55.3.V2 s
—_ _ ’ 1
Maignww =M =| —— |- 2 (2.78)
1 R'Z 2
Ry+- 2| +X

2.8.4. DAC TINH CO CUA DPONG CO KHONG PONG BO :

Dac tinh co clia dong co la do thi hay dwong biéu dién trinh bay quan hé gilPa momen
theo téc dd quay.

_ Déi voi dong co khdng dong bg vi dé trwet s phu thudc vao téc dé quay n; cla rotor, nén
c6 thé xem dac tinh co’ la gquan hé ham gi’a momen quay theo bién s6 dd trwot s .

Néu gia tri ciia cac phan ti trong mach twong dwong 1 pha cla déng co la hang s6,
ap pha nguon Vi cap vao stator khéng thay doi thi ham momen dién tir theo do trwot s dwgc khao
sat dé suy ra do thi cta dac tinh co nhuv sau.

MIEN XAC DINH

o Khi rotor divng yén , tai thoi diém dong co bét'de‘“lu kh&i dong ,tacéna=0,suyra s=1.
o Khirotor quay khéng tai, toc dé quay xap xi toc dé tw trwdng quay nz= n4, gia tricias — 0.
o Mién xac dinh ctia s € (0,1] .

DAO HAM

2
. ia s n , u .. 2 R'z 2
Ham momen dién tr theo d6 trwots cd dang| — |, véiu=—=; v = R1 +—=| + Xrl
" s s

dMy _ vu'-uv'

Suyra: . Ta chi can quan tam dén tir s6 cia dao ham, ta cé:
ds V2
_ , ]
_R| Rl Rl Rl -Rl
vu'-uv' = —2 R1+—2 +X2|-| =2 2R1+—2.—2
s2 s n s s s2
(RN R,V R’ R’
w'-uv'=| —2|[|R, +—2| +X2-2|—-2|[|R,+-2
2 1T s n s 1T s
S ) J J
[ 2
—-R' R'
vu'-uv' = —22 RZ+Xx2-| -2
\ s° ) \ S
2
dMm v’ R'
Pao ham —1tt = W= _ g RZ+X2-| —2| |=0.Suyra, momen dat cyc tri khi
ds v2 S
RI
S, = ——2— (2.79)

th —
JRZ + X2

Gia tri do trwot lic momen dat cwc tri dwoc goi la do trwot téi han.
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Xét dau dao ham, suy ra diém cwec tri 1a cwe dai . Gia tri cwc dai ciia momen dwoc xac
dinh nhw sau:

9,55.3.\/2
M = 1. 1 (2.80)

max
M 2(R1+./Rf+xﬁ)

M
/ \\
/ X\
/ NS Twquan hé (2.78) thay
/ thé gia tri dé trwot s =1
/ M| max \ suy ra gia tri cia momen
& tai luc nz = 0 day chinh la
gia tri cia momen déng
/ co lac khai dong.
/ =
— i Momen khoi déng hay
I momen m& may Mmm xac
/ Mmm dinh theo quan hé (2.81).
y \
0 01 sth 03 04 05 06 07 08 09 1
s
HINH H2.37: D3c tinh co cla dong co khéng ddng bo
" 9,55.3.V2 | R, 281
mm o R2+X2 '

THi DU 2.5:

Cho mét dong co khong dong bd 3 pha , rotor I6ng soc cda nha san xuat CROMPTON

GREAVES (Anh quoc) loai TEFC; cach dién cap F ¢6 cac thdng so sau:

4+ Cong suat dinh mire clia dong co: Pam = 55 KW.
Ap day dinh mipc: Vam = 660V / 380V — Y/A. (Tan sb nguén dién f = 50 Hz ).
Téc dé dinh mirc ctia ddng co : Nam = 980 vong/pht.
Hiéu suat dinh muc 13 : Nam = 93,5%.
Hé s6 coéng suét Iic tai dinh mic: cospam = 0,86.
Boi s6 dong dién mé may cla dong co lam; = 6.

e

Khi cp ngudn ap 3 pha 380V (ap day) vao dong co, lic mang tai dinh mire xac dinh:

1./ Tan sé dong rotor .
2./ Dong dinh mirc cap vao stator dong co .

3./ Céng suat dién tir khi biét ton hao ma sat co, quat gi6 chiém 15% tong tén hao clia déng
co ; ton hao thép chiém 25% tong ton hao.

4./ Tén hao dong rotor va stator suy ra dién tré moi pha day quan stator.
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GIiAl:
1. TAN Sé DONG PIEN ROTOR KHI TAI DINH MUC:

+ Taitan s6 f = 50Hz, téc d6 dinh mirc nam = 980 vong/phut , suy ra dong co cb 2p = 6 cwe
va toc dé dong bd la n1 = 1000 vong/phut. |
day

-—
My — Mg _ 1000 — 980 °

+ DO trwvot dinhmicla: S = = 0,02
n, 1000
4 Tan sb dong drotor Iuc tai dinh mirc la :
=s.f =0,02.50 = 1Hz
fz '1 Vaay = 380 V

O

2. DONG DINH MUC DONG CO*:
+ Q(‘)ng dinh mrc tr ngudn cap vao dong co ldc tai dinh murc dugc xac dinh theo quan hé sau
(khi cap nguén ap 3 pha voi ap day la 380V vao ddy quan stator dang dau theo so’ do A).

P
dm = 55000 =103,92A

|y gay = =
MY J3V, Mg .C0S@,, 3 e380e0,935 ¢ 0,86

4+ Dong pha dinh m&rc qua mdi bd day quén Iuc tai dinh mde 1a:

| g 103,92

dmpha — ﬁ - \/5

3. CONG SUAT PIEN TU CHUYEN T STATOR SANG ROTOR:

= 59,99 = 60A

+ I6ng tdn hao cla dodng co:
| 1
A — — _@m
E Tonhao = Py, — Py = 2™ Py =P, [__1]

ZT(‘fnhao — 550004
0,935

- 1] = 3823,53W

4 T diéu kién tdn hao ma sat co va quat gio6 chiém 15% gia tri tdng tén hao, suy ra:

P — (15%)-2T6nhao — 0,15.3823,53 = 573,53W

mq

4 Cong suét co (khi chwa trir di ma séat co):
P =P, +P_  =55000+573,53 = 55573,53W

4 Tai tai dinh murc, ta co hé sé trwot s = 0,02, suy ra cong suat dién tr cap vao rotor:
p P,  55573,53

‘"=(1—s)_(1—o,02)

4. TON HAO TREN DAY QUAN TAI TAI DINH MUPC — PIEN TRO' PHA DAY QUAN STATOR:

= 56707,68 = 56708W

Tai tai dinh mirc rng v&i hé sb trvot dinh mic sam = 0,02, tdn hao trén day quén rotor dwoc
xac dinh theo quan hé sau:

sz = s'Pdt = 0,02 ¢ 56707,68 = 1134,15W
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4+ Vi tén hao thép chiém 25% téng ton hao, suy ra :

P

i = (25%) * ZTﬁ’nhao = 0,25 ¢ 3823,53 =955,88 = 956W

4 Tén hao trén day quén stator:

ZTﬁ’nhao =Py

+Py+Py + P,
Py = > T6hao - (P, + P + Pry)

Pi1 = 3823,53 —(955,88 +1124,15 + 573,53) =1169,97 = 1170W

e o _ P 1170
4+ Dién tré trén moét pha day quan stator: R1 = = = 0,1083Q
3.2 . 3.60%
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'

BAI TAP CHUONG 5

BAI TAP 2.1

~ Cho déng co khong dong bé 3 pha: 25 hp, 4 circ, 60 Hz; 460 V (ap day) co cong suét dién
tr cap vao rotor la 14,58 kW; ton hao dong rotor: 263 W; ton hao ma sat co quat gié: 197 W. Tim:

a./ Van Téc dong co. DAP SO:
b./ Céng suat co cap dén tai. - ]
c./ Momen co ra trén truc dong co. a./l 1767,6 vong/phat  b./ 14120 W
c./ 76,29 Nm
BAI TAP 2.2

Cho dong co khong ddng bo 3 pha: 100 hp; 6 cwe ; 60 Hz ; 230 V ' (ap day) co hiéu suat 1a
91 % khi dwoc cap dong day hiéu dung la 218 A . Cho ton hao 16i thep, tdn hao ddng stator va tén
hao dong rotor 1an lwot 1a : 1697 W ; 2803 W va 1549 W . Xac dinh:

a./ Coéng suét dién cip vao dong co.

b./ Tdng tn hao cia dong co. DAP S0:
c./ Cong suat dién tur. a.l 81978 W b. 7378 W
d/Véantocdongco. c./ 77478 W d./ 1176 vong/phut
e./ HE so cong suat cia dong co. e/HSCS=0,944  f/1320W
f./ TOn hao ma sat co + quat gi6. g./ 605,8 Nm
g./ Momen co’ ra trén truc .

BAI TAP 2.3

Cho dong co khong déng bd 3 pha: 40 hp; 8 cwc, 60 Hz, 2300 V (ap day) van hanh 80 %
tai dinh murc tai dién ap thap hon dinh mirc 6 %. Hiéu suat va hé sé cong suét cla dong co trong
trang thai nay lan lwot 14 85% va 90%. Tén hao ma sat co va quat gié [a 1011 W, tén hao déng
rotor 14 969 W, tdn hao ddng stator thép 1a 1559 W. Néu dét ton hao thép vé sat vi tri ctia t6n hao
ma sat co trong gian dd phan bd cong suét. Xac dinh:

a./ Cong suét co trén tryc.

b./ Hé s6 trwot BAP SO:
c./ Tdéc dé déng co. a.] 23872 W b./ 0,03653
d/Momencora = c./ 867,12 vong/phut d./ 262,913 Nm
e./ Dong day tir nguon cép vao dong co. e./ 8,333 A f./ 673,7W
f./ Tén hao thép.

BAI TAP 2.4

Cho dong co khong doéng bd 3 pha: 5 hp, 4 cwce, 60 Hz, 115 V (ap day) hoat dong tai ap
dinh mt]ic, tan so dinh mure .Tai hé so tai 1a 125 % , dong co co hiéu suat la 85,4% .va ton hao dong
stator, ton hao dong rotor, ton hao thép lan Iwot la : 223,2 W ; 153 W va 114,8 W . Xac dinh:

a./ Téc do dong co. DAP SO:
b./ Momen ra trén truc.

c./ Momen sinh ra do ma sat co, quat gi6. @/ 1746,2 vong/phit  b./ 25,5 Nm
c./ 1,674 Nm

BAI TAP 2.5

. Cho dong co khong déng bo 3 pha: 25 hp, 2 cwc, 60 Hz, 230V (ap day) dung kéo tai theo
yéu cau momen khéng doi (momen la hang s6 khong phu thudc vao toc dé quay). Bong co hoat
doéng tai ap dinh murc, tan so6 dinh mirc voi toc dé dinh mire la 3575 vong/phaut.

Bay gio giam thap tan sb dén 54 Hz , hé sé cong suét va dong  pAP sO:
day nguon trong diéu kién méi la 0,89 va 55 A tdn hao dong stator, tbn  —

hao déng rotor va tdn hao thép 1an luot 1a: 992,7 W , 496 W va 546 W a./ 16435,63 W )
. . n z n 3 n S s z b./ 3150,53 vonglphut
Xac dinh céng suat co trén truc, toc dé quay va hiéu suat c./ 84.284 %

trong diéu kién méi.
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BAI TAP 2.6

Cho dong co khong ddng bo 3 pha: 50 hp, 4 cwc, 60 Hz, 230V (ap day) hoat dong tai ap
dinh murc, tan s6 dinh mic . Péng co bi qua tai khi tAn sb glam thap 5% va ap nguon giam thap
7%. Dé tranh tinh trang qua tai cong suat co trén truc gidm con 70% cong suat dinh mirc . Dong day
ngudn cap vao dong co lic nay 1a 100 A. Cac thanh phan tén hao trong trang thai hoat déng nay la:
tdn hao ddng stator 1015 W ; tdn hao ddng rotor 696 W ; tén hao thép 522 W tén hao do ma sat co
va quat gi6 la 667 W. Xac dinh:

a./ Téc d6 dong co PAP SO:
b./. Higu suat cla dong co. aJl 1651,59 vong/phit  b./ 90 %

1 Hg 8 6ong Subt /152,83 Nm L0108

BAI TAP 2.7

Cho déng co khong dong bé 3 pha: 6 cwe, 60 Hz, 460V (ap day) day quan stator dau Y,
dung kéo bom ly tam tai toc d6 1185 vong/phut. Ton hao ma sat co va quat gio la 166 W. Thong
s0 mach twong dwong 1 pha qui vé stator la:

R1=0,2Q; R>2=0,25Q; R.=317Q
Xu=1,2Q; X2=1,29Q; Xm=420Q
Ap dung mach twong dwong dang gan ding, xac dinh:
a./ Hé sb trwot. o oA,
b./. Dong day cap vao day quan stator. BAF SO:
c./ Cong suét dién va hé sé cong suét cia dong co.  a. 0,0125 b./ 15,9 A
d./ Tén hao dbng stator, tén hao dong rotor. c./ 10985,97 W HSCS = 0,867
e./ Cong suat dién tir. d./ 102,163 W ; 127,7 W
f./ Hiéu suat clia dong co'. e./10216,3 W f./ 90,32 %
g./ Céng suét co va momen co trén truc g./9922,6 W ; 79,967 Nm
BAI TAP 2.8

Cho doéng co khéng déng b 3 pha: 4 cuwc, 60 Hz, 460V (ap day) day quéan stator d4u Y, téc
dod dinh mire 1a 1751 vong/phat . Théng sé mach twong dwong 1 pha qui vé stator 1a:

Ri1=0,102Q; R>=0,153Q; Rc.=102,2Q

X1 =0,409 Q ; X2=0,613Q; Xm =7,665 Q

Ap dung mach twong dwong dang gan ding, xac dinh:

a./ Téc do tai luc dat momen cwc dai.
b./ Momen cwc dai va momen dinh mtrc.
c./ Momen m& may.
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