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Chwong 2

MO HINH PONG CO KHONG PONG BO BA PHA

2.1 GIOI THIEU VE PONG CO KHONG PONG BQ BA PHA:
2.1.1 Gioi thiéu:

May dién khong dong bo ba pha c6 day quan stator duoc cung cip dién tir ludi
dién, va nho hién tugng cam tng dién tur c6 dugce suc dién dong cam ung va dong
dién bén trong diy quén rotor. Dong dién ba pha dbi ximg trong day quan ba pha s&
tao ra tir truong quay véi toc do dong bod o, (rad/s) [1], [3]. Rotor may dién khong
ddng bo gdm 2 loai:

Rotor day quan véi ddy quan nhiéu pha (thudng 13 ba pha) quan trong cac rinh
rotor, c6 cung s cuc véi ddy quan stator voi cac dau diy ra ndi véi cac vanh truot
duoc cach dién vai truc rotor. Viéc tiép dién dugc thong qua cac chdi than dat trong
cac bo gia d& choi than.

Rotor 10ng soc ¢ day quan rotor 1a cac thanh dan (nhom, dong) trong ranh rotor,
chung duoc ndi tat & hai dau nho hai vanh ngan mach. Do két cau rat don gian va
chéc chin, dong co khong dong bo rotor 16ng séc duge str dung 1am ngudn dong luc
rat rong rai trong moi linh vyc cong nghiép ciing nhu trong sinh hoat. [1]

Trong hai loai dong co trén, loai rotor léng soc d3 chiém uu thé tuyét ddi trén thi
truong vi d& ché tao, khong can bao dudng, kich thudc nhé hon. Su phét trién nhu
vii bao cua k¥ thudt vi dién tr vo1 gia thanh ngay cang ha da cho phép thuc hién
thanh cong cac k¥ thuat didu chinh phirc tap ddi véi loai rotor 10ng soc.

2.1.2. Mach dién twong dwong ciia dong co khong dong bo:
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Hinh 2.1: So' @6 twong dwong mot pha dong co khong dong bo.
Phuong trinh dién ap cung cap cho dong co: [1]
V., =E+1"(R, + jo,L,) 2.1)
Vi :
Vs : Dién 4p pha cua ludi dién cung cip cho dong co.
E : Stic dién dong cam tmg trong day quén stator.
I : Dong dién pha stator.
Rs : Dién tro pha day quén stator..
Ls : Pién cam tan tir diy quan stator.
o, : Téc d6 goc cua ludi dién
2.1.3. Cac quan h¢ cong suit trong dong co khong dong bd:
Cong sut dong co 1ay tir ludi dién:
P :x/EUdId cos @ (2.2)
Tén hao trong day quan stator:

=3|2% (2.3)

P

cul

Cong suat dién tir chuyén tir stator qua rotor qua tir théng khe ho khong khi:
P, =3I’R, (2.4)
T6n hao nhiét trén rotor do dong dién rotor sinh ra:

P, =3IIR, (2.5)
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Cong suat co cua dong co:

1-5s

P =3I’R — (2.6)
S
Moment dién tur:
M, = o gz R 1 2.7)
(OR S Wy,
Hay:
1 P P
M, =—— ¢ __¢ 2.8
v (2.8)
Véi:
o, =27 e 2 (2.9)
60 p

2.2. VECTOR KHONG GIAN VA CAC PAI LUQNG BA PHA:
2.2.1. Biéu dién vector khong gian cho cac dai lwong ba pha:
DPong co khong dong bd ba pha c6 ba cudn day stator voi dién ap ba pha duoc

bb tri trong khong gian [1] nhu hinh vé.

PLLE Pha B
9
stator
., Pha A
9
.. Pha C
9

Hinh 2.2: Vi tri khong gian cac pha.
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Phuong trinh di€n 4p stator :

Uga (1) +Ug, (1) + U, (1) = 0 (2.10)

ug (t) = |us|cos( o, t))
Ug (1) = |u,|cos(@,t —120°) 2.11)
Ug (t) = |ug|cos(@ t +120°)
Vé phuong dién mit phing co hoc (mit cit ngang), dong co khong dong bd
c6 3 cudn day léch nhau mdt géc 120°. N€u trén mit cit do ta thi€t [Ap mot hé
toa do phiic véi truc thyc di qua truc cudn day pha A clia dong cd, ta c6 thé xay

dung vector khong gian cho di€n 4p stator: [1]

<l

(0= 2T, (04 T, (0 + 0, (V)]

£ 2 3 1% -
U, (1) =§[usa(t)+usb(t)e’”° +Ug (t)e’ 120“] (2.12)
Theo cong thic (2.12), vector uy(t) 1a vector c6 modul khong dsi quay trén
mit phing phic véi tdc d6 géc o, =2zf, va tao véi truc thyc (truc cudn day
pha A) mot géc pha y =t (fs 1a tAn s6 mach stator). Viéc x4y dung dugc md ta

nhu hinh 2.3.
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Hinh 2.3: Xay dung vector khong gian tu cac dai lugng pha.

Dién 4p cia tirng pha chinh 12 hinh chi€u ctia vector dién 4p stator G, 1én truc
cudn day tuong ng. Pdi véi cdac dai lugng khic clia dong cd nhu dong rotor,
dong stator [3], tir thdng rotor va tir thong stator déu c6 thé xay dung trén vector
khong gian tuong ty nhu di€n 4p stator.

2.2.2. Hé toa do c6 dinh stator (a—f):

Vector khong gian dién 4p stator ¢c6 modul 1 lud va quay trong mit phing
phitc vé6i toc dd géc Ws va tao vdi truc cudn diy A modt géc Wg. Dit tén truc
cudn diy A 1a truc thuc a va truc vudng géc véi né la truc do B. Khi d6 ta c6
dugc mot hé toa do 1a hé toa dd co dinh stator (a - B) va cdc vector khdng gian

c6 thé mo ta thong qua 2 thanh phin 13 truc thuc « va truc 4o B.
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Cudn day
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Uy = Uep

Hinh 2.4: Hé toa d9 stator (a - p).

Biing cdch chi€u vector khong gian 1én hai truc toa d6 (a-B) ta c6 thé tinh

dugc thanh phan theo hai truc toa do bing phuong phéap hinh hoc [2]. Xét thanh

phan vector dién 4p trong hé truc toa do (- B) :

U, = Ug,
1 V3
Uy, = _Eusa +7usﬂ (2.13)
V3
Uge = —Ug —Ugy =——Ug, _Tusﬁ
Suy ra:

Us, =Ug,

1 1 2.14
usﬂ :ﬁ(usa—i_zusb)zﬁ(usb _usc) ( )

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

29

Theo phuong trinh trén thi ta chi cAn x4c dinh hai thanh phan dién 4p pha A
va pha B thi ta c6 thé€ xdc dinh vector dién 4p khong gian, vi ddy 1a dién 4p ba
pha cin biang, dién 4p pha C d3 nim sdn trong phuong trinh:

Uy =Ug, + jugy (2.15)

2.2.3. Hé toa do tu thong rotor (d - q):

Trong mit phing clia hé toa d6 (a- B) ta xét thém mdt hé toa do thit hai cé
truc hoanh d va truc tung q, hé toa do nay c6 chung di€m goc va nim léch di
mot géc 6, so v6i hé toa do stator [1]. Khi do6 sé ton tai hai toa d6 va mdt vector

khong gian c6 thé bi€u dién trén hai toa do nay.

do
Trong d6: @, = — quay tron quanh géc toa dd chung, vdéi

dt

0, =ow,t+o0,,

iq

Hinh 2.5: Moi lién hé giira toa do (o — ) va toa do (d-q).

T hinh trén ta ¢6 thé bi€u dién mdi lién hé giita hai toa d6 nhu sau:
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Uy, = Ug c.os 0, — U, sin (2.16)
Uy, = Uy sin & + U, cos 6
Va ta lai co:
Uy =ug, + jus,
(2.17)

s
dg _ H
S u sd + JU sq

<

Bi&n ddi hai phuong trinh trén ta dudc mdi lién hé gitta hai toa do trén:
(2.18)

sin 6 + U, cos O

Uy =Ug, cos & + U, sin O
u :_usa

Céc hé phuong trinh nay c6 tdc dung chuyén tir hé toa d6 (« - B) sang (d-q)
va ngudc lai cho dién 4p stator va cling ding khi 4p dung cho cdc thanh phan
khidc cta ddng cd [3]. Khi xét hé toa dd (d-q), ta cho truc d trung véi truc ti

thong rotor va quay vdi téc do géc bing vdi tdc dd gdc clia vector tir thong rotor.

, d
4B L
Cuébn day @, '
. N -
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Hinh 2.6: Bi€u dién vector khong gian trén hé toa do (d - q).
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e Trong hé toa do tr thong rotor, cdc vector dong stator va cdc vector tuf
thdng rotor quay cting v6i hé toa d6 (d — q), do d6 cdc phan tif cla vector dong
rotor 13 céc dai lugng mot chiéu, trong ch& dd xdc l1ap cdc gid tri ndy gan nhu
khong ddi, con trong qud trinh qua do, cdc dai lugng nay bi€n thién theo mot
thuat todn da dugc dinh trudc.

e Mot vu di€m nita 13 thanh phan tir thdng rotor trén truc (q) c6 gia tri 1a 0 do
vudng gbéc véi tir thdong rotor trung véi truc (d), do d6 tir thong rotor chi con
thanh phan theo truc (d) va 1a dai lugng mdt chiéu.

2.3. MO HINH PONG CO KHONG DONG BQ BA PHA :[1]

2.3.1. Thong sé ctia dong cd khong dong bo:

L, =L, +L,: Dién cam stator (2.19)
L =L,+L,:Dién cdm rotor (2.20)
L N PR
T, = R_S :Hang s0 thdi gian stator (2.21)
L Y A ~ ¢ .
T, = R—r :Hdang s6 thoi gian rotor (2.22)
L . 0
o=1-—"-: Hé s0 tr tdn tOng (2.23)
Trong do:
X
Ly =— 2.24
" 2af, (2-24)
_ Ko (2.25)
o 2af, '
X
L = (2.26)
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2.3.2. Cac phuong trinh cd ban ctia dong co khong dong bd ba pha:

Viéc xay dung mo hinh & diy khdong nhim muc dich m6 phdng chinh xdc vé
mit todn hoc ddi tugng dong cd [1]. Pi€u d6 cho phép chidp nhan cic diéu kién
gid dinh trong qué trinh thi€t 14p mo hinh, tit nhién s& tao ra mot sd sai léch nhat
dinh gita doi tuong va md hinh trong pham vi cho phép.

Dic tinh dong clia dong co khong dong bo dugc mod td v6i mot hé phuong
trinh vi phan. P& xay dung phuong trinh cho dong co, ta 1y tudng héa bing cic
gid thi€t sau:

e Cic cudn day stator dugc bo tri ddi xitng trong khong gian.

e B4 qua cdc tén hao sit tir va sy bdo hoa ctia mach ti.

e Dong tir héa va tf trudng phan bo hinh sin trong khe hd khong khi.
e Ciéc gid tri dién trd va dién khdng xem nhu khong thay ddi.

Phuong trinh di€n 4p trén ba cudn day stator:

Ug, (1) = Ry, (t)+% (2.27)
4o (0) = Ry (1) + L2 (2.28)
u, (t) = R, (t)+ w (2.29)

4 -  FE)

R i L. L, R
— . T
. l:f f,,!J' ] * * w! V]

M)

('\._ S

jov,

Hinh 2.7 : So @6 mach dién tuong duong dong ce khong dong bo.
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Biéu dién dién 4p theo dang vector :

e (t) = %(usa () +ug (e +u  (tHe!™) (2.30)

Thay cac phuong trinh di€n ap pha ta dugc:

dy; (t) 2.31)

) =R.i‘s(t
SO =R 1)+ ot

Tuong ty nhu ddi véi dién 4p, ta c6 phuong trinh clia dong dién stator va tir
thong stator :

NOE %(isa () +ig, (0 +i (t)el*) (2.32)

7 (M) =§(wsa(t>+wsb D™ 4y, (e (2.33)

Tuong tu ta c6 phuong trinh dié€n dp ciia mach stator khi quan sat trén hé quy

chi€u rotor :
G () =0=Ri'(t) +% (2.34)
Cac vector tur thong stator va rotor :
w, =L, +L,i (2.35)
w, =L i +Li (2.36)
Phuong trinh moment:

M =2 plg, xi;)=3 pl7, <) (2.37)

Phuong trinh chuyén dong:

.dw
M=M_+j— 2.38
I (2.38)

Viéc x4y dung mo hinh cho dong co khong déng b ba pha trong cidc phian

sau déu phai dwa vao cdc phuong trinh cd ban trén ddy cda dong co.
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2.3.3. M6 hinh dgng co khong dong bd trén hé toa dd (a - f):
Tir hé quy chi€u rotor quy vé hé quy chiéu stator [1], theo cdc phuong trinh:
if=i'e’? (2.39)
gl =yle (2.40)

Bién dbi tir cac phuong trinh trén ta duoc:

0= R0+ LD oy (2.41)
o =R, + 37 (2.42)
dt
W= LSTSS + Lmi:S (2.43)
7= Lo + L (2.44)
3 /. = 3 4~ .
M =2 pl, <) =2 ol <v7,) (2.45)

Pé x4c dinh dong dién stator va tur thong rotor, ta co:

i =L -L,00) (2.46)
Lr

G =R ol de L AV (2.47)
dt L dt

0=— ooty | Lo jo le (2.48)

TTTv T e '

Suy ra:

de 1 ok 1ol 1 g les Las (249

dt ol, ol, oL, \T, ol

d® L. (1 . ).

W _Znis | L jolpe 2.50

ot T " [Tr Jw]wr (2.50)

2.3.4. M hinh dong co khong dong bd trén hé toa dd (d — q):
Hé phuong trinh dién ap va tir thong duoc biéu dién trén hé toa d6 (d — q):

- f
0! =R+ o) + 2R (2.51)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

35

- f
0=RI'+jo, i+ d(’;’ts (2.52)
Gl =L L (2.53)
vy =Ly, + L0 (2.54)
Suy ra:

il = Li(.,/: L)) (2.55)

T T (2.56)
w! ™ a4 -

Thuce hién twong tu d6i véi viée xdy dung mé hinh dong co khong dong bo trén
hé toa do (a — ) khir cac bién i." va ! ta dugc hé sau: [1]
di _ L, 1o P jeil 20 L el a5
dt ol, o, oL, \T ol

m r

dp' L - 1 than,
il Sl IS 2.58
dt T Is (T + Ja)sl ]Ws ( )

r

Chuyén sang cac dang thanh phan ctia vector trén hai truc toa do:

di, o). o _
: :_{ 1.1 “Juwmsusqﬂ Ty 4 "a)qu+oLLusd (2.59)

d oT, ol L, oL, s
[ j -y + ;T_J: Wig — 101:_ Y 4 +oLLsusq (2.60)

d%%_ iy Tr Ly rouw, (2.61)

Y b Ly v our (2.62)

r r

v,

Trong hé toa d6 (d — q); v, = 0do vudng gbc véi 7, nén =Wy

dig 1 1-0) , l-o 1
¢ — + i, o i + + u 2.63
[ O'Tr J sd s'sq GTr Lm l//rd O'L sd ( )

S

di _ _
= Z—[ ! +1 O-]isq _a)sisd _—O-a)l»”rd +O_|_Lusq (264)
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dy, L 1

_Ley 1 2.65
dt Tr sd Tr l//rd ( )
L, .
T_Isq =0gVYy (266)
Phuong trinh moment:
3 L . .
M = 5 pL_(l//rd Isq - l//rqlsd ) (267)

Phuong trinh chuyén dong:

M =M, +3392 (2.68)
dt

2.4. Xay dung mé hinh dong co khong dong bd bang Matlab — Simulink:
2.4.1. M6 hinh dong co trong hé toa do (o —f):

Tarque

Rotor flux

Induction _motor_alpha _beta
Mo la

Scope

Hinh 2.8: so' do téng quan cac Kkhoi trong hé toa do (a—p3).
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Tteta . .
Us_alpha Ttetagsd | = pha'\\]_l Phi_alpha l ¢ Tk =
Transfer Fen Transfer Fend Froduct i S Trander Font
©
Al ]
Gain2 .: »
Productd I:l
Fruduc’ﬁz‘ ‘4 ) >
.1 Gaind Suope
Product? .I {J
{4 Products Gaind Torge B
ain3 —¥
L‘* SrZnEys) Rotar Flux >
| . 1 >
~ Tielase] | FLbetd Q Phir_beta ot "1
Sai_so Transter Fend .
O LI
Us_beta e
Gainl » ia L
. Sooped
ib d B
Alpha,beta to ABC (Cument)l
Hinh 2.9: So' do djng co trong hé toa do («—p).
Trong do:
® Ugaipha > Uscbeta : Hinh chi€u cua dién ap stator 1én hai truc ava f.
o M, : Moment tai cuia dong co.

e Induction motor  : M hinh dong co khong dong bo trong hé (a — ).

e Scope, scopel : BO do toc d6, moment, tir thong.
e Transfer F, - Khdi ham truyén.
e Gain : Khéi ty 18.

e Alpha, beta to ABC: Khbi chuyén tur toa do (a - ﬂ) sang toa do (ABC).
e Thoéng s6 cia md hinh dong co:

M. =0 (Nm).

o, =157(rad/s).

f =50(Hz).

R, =1,723(Q) : Pién tro stator.
R, =2,001(Q2) : Bién tré rotor.
L, =0,1666(H) : Dién cam stator.
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L, =0,169(H) : Pién cam rotor.

L, =0,1592(H) : Pién cam hd cam.
p=2 - Sb doi cuec.

J =0,001(kg.m?) : Moment quan tinh.
®=150(rad /s) - Toc db rotor.

2.4.2. M6 hinh dgng co trong hé toa do (d —q):

Us_alpha L} Us_alpha
wrad/s) |
. i Torque

Us beta W
m
— Pl !
|07 Rotor flux
Induction _molor _dq
Me - la

Scope

Hinh 2.10: So dd tong quan cac khoi trong hé toa do(d —q).

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

E: Transier Fen 2
-
in 1 brrac

g o ASIC
romerEon

Hinh 2.11: So dd dong co trong hé toa dd (d —q).
Trong do:
e U.4, U, : Hinh chiéu ctia di¢n 4p stator 1én hai truc ctia h¢ toa do (d —q).

Isq, Isq: Hinh chiéu cta dong dién stator 1€n hai truc cua hé toa do (d - q).

Integrator: Khoi tich phan.

f(u) : Khi tao ham, thiét 1ap ham cho ngd ra tir cc tin hiéu ngd vao.

Mux, Mux1: Cac khdi tron 4 sang 1 va 3 sang 1.

Thong sb ctia mo hinh déng co trong hé (d —q):
M. =0 (Nm).
o, =157(rad /s).

f =50(Hz).

R, =1,723(Q) : Dién tro stator.
R, =2,001(QY) : Bién tro rotor.
L, =0,1666(H) : Bién cam stator.
L, =0,169(H) : Bién cam rotor.
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L, =0,1592(H) : Pién cam ho cam.
p=2 : Sb dbi cuc.

J =0,001(kg.m?) : Moment quan tinh.
@ =150(rad /s) : Téc db rotor.
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