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Chuwong 3: MO HINH PCKPB TRONG HE QUI CHIEU QUAY

X3 Mot s6 khai niém co ban ciia dong co khong dong bd ba pha

I.1. Mot s6 qui wéc ky hiéu dung cho diéu khién PCKDPB ba pha
Pé xay dung mo hinh mé ta dong co KPB ba pha, ta théng nhat mot sé qui
udce cho cac ky hi€u cho cac dai lugng va cac thong s6 cia dong co.
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Hinh 2.1: M6 hinh don gidn cua dong co KDB ba pha
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Hinh 2.2: Mach tuong duong ctia dong co KDB ba pha

=]

Truc chuin cia moi quan sat dugc qui udc la truc ciia cudn day pha A nhu
hinh 2.1. Moi cong thirc dugc xay dung sau nay déu tuan theo qui udc nay. Sau day
la mdt sO cac qui udc cho céac ky hiéu:

* Hinh thirc va vi tri cac chi so:
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o Chi s6 nhé géc phdi trén:

S dai luong quan sat trén h¢ qui chiéu stator (h¢ toa do ap).

f dai luong quan sat trén hé qui chiéu tir thong rotor
(h¢ toa do dq).

r dai lugng quan sat trén h¢ toa do rotor véi truc thuc 1a truc
cua rotor (hinh 1.6).

* ref, gia tri dat /1énh (reference)

e gia tri udc lugng

o Chi sé nhé géc phdi dudi:

0 Chir cdi dau tién:

S dai luong ctia mach stator.
r dai luong ctia mach rotor.

0 Chir cai thir hai:

d, q ph?m tur thudc he toa do dq.
o,  phan tir thudc hé toa do op.
a,b,c dailugng ba pha cua stator.
A, B, C dai lugng ba pha cua rotor, ludi.

o Hinh miii tén () trén dau: ky hiéu vector (2 chiéu).

Gach chan () o duwoi: ky hi€u vector, ma tran.

o D¢ Iom (modul) ciia dai lwong: ky hiéu gitra hai diu gach dtmng (| |).
» (Cac dai lwgng cia DPCKDB ba pha:

u
i
d
\
T

(&

e

¢

dién ap (V).

dong dién (A).

tur thong (WD).

tir thong moc vong (A.vong).

momen dién tir (N.m).

momen tai (momen can - torque) (hay con ky hi€u 1a M) (Nm).
tdc dd goc cua rotor so véi stator (rad/s).

toc d6 goc ctia mot hé toa d6 bat ky (arbitrary) (rad/s).

tdc d6 goc cua tir thong stator so vdi stator (o = @ + ) (rad/s).
tdc d6 gdc cua tir thong rotor so véi stator (o, = o) (rad/s).

tdc d goc cua tir thong rotor so véi rotor (tbe do truot) (rad/s).
gbc cua truc rotor (cudn day pha A) trong h¢ toa do af (rad).
goc cua tryc d (hé toa do quay bat ky) trong hé toa d6 o (rad).
goc cua truc d (hé toa d6 quay bt ky) so véi truc rotor (rad).
gbc cua tir thong stator trong hé toa do af (rad).

gdc cua tur thong rotor trong hé toa do af} (rad).

gbc cua tur thong rotor udc lugng (estimated) trong hé toa do a3 (rad).
gbc pha gitra dién 4p so vo1 dong dién.

= Cic thong s6 ciia DPCKDB ba pha:

R,

T

=

m

oS

or

- SaN el

dién tr¢ cudn day pha cua stator (€2).

dién tré rotor dd qui ddi vé stator (Q).

hd cam gitra stator va rotor (H).

dién khang tan cua cudn day stator (H).

dién khang tan ctia cudn day rotor di qui d6i vé stator (H).
s6 doi cuc cua dong co.
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J momen quan tinh co (Kg.m?).
Cac thong so dinh nghia thém:
Li=L, + Lg dién cam stator.
L,=L,+Lg dién cam rotor.

L O
T, = RS hang s6 thoi gian stator.

L O
T, = RT hang s6 thoi gian rotor.

r 2 7 2
c=1-—2=x hé so tur tan tong.
Tsamp chu ky 1dy mau.
Cc dai lwong viét bang chir thwdong — chir hoa:
Chtr thuong: Dai luong tirc thoi, bién thin theo thoi gian.
Dai lugng 1a cac thanh phan cua céc vector.

Chtr hoa: Dai luong vector, module cua vector, do 16n.

I.2. Cac phwong trinh co ban cia PCKDB ba pha
Cac phuong trinh toan hoc cua dong co can phai thé hién o cac dic tinh thoi

gian cua dbi _tuong. Viéc xay duyng m6 hinh & day khong nham myc dich mé phong
chinh x4c vé mic toan hoc ddi tuong dong co. Viéc xdy dung mo hinh & day chi
nham muc dich phuc vu cho viéc xay dung céac thuat toan diéu chinh. Piéu d6 cho
phép chép nhan mot s6 diéu kién gia dinh trong qua trinh thiét 1ap mo hinh, tat
nhién sé& tao ra mot sb sai 1éch nhat dinh giira d6i tuong va mé hinh trong pham vi
cho phép. Cac sai 1éch nay phai dugc loai trir bang k¥ thuét diéu chinh.

biéc tinh dong cua dong co khong dong bo duge mo ta v6i mot he phuong

trinh vi phan. Dé xiy dung phuong trinh cho dong co, gia dinh 1y twéng hoa két cau
day quén va mach tir v6i cac gia thuyet sau:

Céc cudn day stator dugc bd tri ddi ximg trong khong gian.
Bo6 qua cac ton hao sat tir va sy bdao hoa ctia mach tu.
Dong tir hoa va tir trudng phan bd hinh sin trong khe hé khong khi.
Céc gia tri dién tré va dién khang xem nhu khong doi.
I R, 1Xs i R X

s r r

Mach tuong duong dong co KDB véi ton hao st tir
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Mach tuong duong dong co KPB véi dong tir hoa
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™

T i
cosf n:c-‘{f-f+ 3 | ccslkfr— 3 J
[ 2r) (o)
L_=1I, n:-::--'Jﬂ'—— cos oo |
. \, 3. L 3
S T
l:-::--'.l &+ -:04 &—— costy
RN - !
[ Irr.: -[ai L:r: | |-L.L-! L.:’.E L_JC‘ -|
L, j Do Le e L =r£1 Lsz LECJ
er.' ‘E:El Ln'—. L\C‘.i ‘ECB L\CC
Phuong trinh dién 4p trén 3 cudn day stator:
d¥ (t
a0 = Riia(0) + 20 (2.12)
. Y, (t
() = Riia() + 2 @2.1b)
d¥, (t
()= Rija(t) + 20 @10
Biéu dién dién ap theo dang vector:
ug(t) = % U (0 +ug (0™ +u, (e ] (2.2)
Thay céac phuong trinh dién ap pha (2.1a),(2.1b),(2.1c) vao (2.2), ta dugc:
Vidu 3.1: Chung minh:
@) =R.1: (1) + Wdt(t) 2.3)
Trong d6, tuong ty nhu ddi voi dién ap:
INOE % i (01, (00" i (00" ] (2.4)
2 . o
VO =2y, O+ v, 0 +y 0™ ] (2.5)
Tuong tu, ta c6 phuong trinh dién ap cua mach stotor. Khi quan sat trén hé qui
chiéu rotor (rotor ngan mach):
~ = < d\?r t
uﬁ(t):Oerlrr(t)+?() (2.6)
Céc vector tu thong stator va rotor quan h¢ vadi cadc dong stator va rotor:
Vi du 3.2: Chung minh:
CM ¥, =Li+L_i (2.7a)
CM W, =L,i +L,i, (2.70)
=Lty =L, (i +1) (2.7b)

Vidu 3.3: Ching minh: Eg= 3/2L,,?

DCKDB la mdt hé dién co, c6 phuong trinh momen:

l rdL
le=71 —71
2" deé
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-~

27

T,=-L_ ,isinélii, +iyz +z":_r'c:|+r.-in[ﬂ —
L " 2
T, =%P(¢Sxi)= —%P(y?rxi) (2.8)

% { . P
:z'ﬂic +igi i) +*~3iu| B+ i ip+igio i, :I
M 3

Vidu3.4: Ching minh:
T, = %PII:—I:‘(VZXYS)= %P(y?mxi)= %PLm (ixis)

va phuong trinh chuyén dong:
Jdw
T.=T +—— 2.9
LT S (2.9)
% Viéc xay dung cac mo hinh cho DPCKDB ba pha trong cac phan sau déu phai
dua trén cac phuong trinh co ban trén day ctia dong co.

+3* I1. Mé hinh lién tuc cia PCKDB trén hé toa dj stator (toa do of3)

Tuong tu nhu (1.13), tir hé quy chiéu rotor quy vé hé quy chiéu stator theo céc
phuong trinh:
Vi du 3.5: Chimg minh: |i" = i’¢™’ (2.10)
Va wi=we (2.11)

voi % = w, trong d6 o 1a tbc dd quay cuia rotor (theo hinh 2.3).

Thay pt (2.10) va pt (2.11) vao pt (2.6), qui pt (2.6) vé hé quy chiéu stator:

Vidy3.6: Chimg minh: 0=R_i° +%— joy: (2.12)
I.i“'
R, Ly L  ——
| SN
Z,
v, iml Lm R,v
.‘_
Y
Ry
S

So d6 mach dién twong dwong ciia mé hinh dong ciia PCKPB trong HTD stator

Vay tur cac pt (2.3), (2.7), (2.8), (2.9) va(2.12) ta c6 hé phuong trinh:

B=R, +d(‘1'is (2.13a)
0=R, i’ + % - oy (2.13b)
¥ =L i*+L_i° (2.13c)
¥y =L, i’ +L,i (2.13d)
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T = 2 p(9,x0)= -2 p(7,x1) (2.13¢)
T,=T, + 29 (2.130)
p dt
Dé xac dinh dong dién stator v tir thong rotor, tir pt (2.13d) va pt (2.13c¢) ¢o:
S BT
lr = L_(\Ijr_Lmls ) (214)
- s -8 L — S -5
Yo=Lg is + =¥, -L,is 2.15
i e i) @15)
Thay (2.14) va (2.15) vao (2.13a) va (2.13b), vdi cac dinh nghia sau:
= II; : hang sb thoi gian stator.
L S A
= T = Rr : hang s0 thoi gian rotor.

2
: hé s0 tir tan tong.

sTTr

Phuong trinh (2.13a) va (2.13b) tr¢ thanh:

i =R Pt 4oL, d La 4V (2.16)
L dt
Lo~ (1 ... dy
0=—"20"+| —— S —L 2.17
T " (Tr Jw]\vr g (2.17)
suy ra:
d\y L_ - 1 g —
— =" | ——jo V] 2.19
i T (Tr ] ]\vr (2.19)
Thay (2.19) vao (2.16):
di; 1 1-0) l-ofl 1
s '5_+_ __'a) _.S+—_.S 2.20
dt (O‘TS oT, jl oL, (Tr ! }//r oL, B (220)
ay* L= (1 . )
L= - ——jo |y 2.21
d¢ T ° [Tr ) j\lfr (221)
Chuyén sang dang cac thanh phan cta vector trén hai truc toa do:
di 1 1-o l-o l-o 1
= + +——oOy,,+—u 2.22a
dt [GTS oT, ] oT.L_ Ve oL, Vo oL, ™ ( )
di 1 l-o l-o l-o 1
SB
=- + ——oy,, t— 2.22b
dt [GTS oT, j oTL '® oL Ve Tor U (2.22b)
dy L. 1
— =y ——y - 2.22c
dt Tr lsa Tr Wm (’OWrB ( )
dyg L 1
P_oZmi oy o 2.22d
d 1 g VetV (222d)
S
Thay pt (2.14) i = L—(\ur—L it)

vao pt (2.13e), co:
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T, = —%p{wfx(*: L0 )i} :%Pli—m(g;:x.ij)

L T
Thay céc thanh phan cuia vector tir thong rotor va dong stator, duoc:
Vidu 3.7 Chimg minh:

3 L .
T=po" C (P, i, — Wi, ) (2.24)
do p
—H[Tt -1
dt J[ e L]

+3* M6 hinh to4n dong co DC
Mach tuong duong cua dong co DC :

Phuong trinh mach vong dién ap cho phan tng cta dong co.

U=E +Ri, + L, %

Trong do : E = K¢w
Ore = K it
Phuong trinh cdn bang moment trén tryc dong co :

T.=TL+] do | Bw
dt
Trongdo: T.=k.0.1,
J - Moment quan tinh cta hé théng quy d6i vé truc dong co.
B - Hé s6 ma sat
T. - Moment can quy d6i vé truc dong co.

Ap dung bién d6i laplace, tir cac phuong trinh trén, c6 mé hinh déng co DC:
V(S) = E( )+ R,I, (S)+ Lysl, (S)

E(s)=Kgols)
)=T
)

T(s ( )+ Ba)( )+ Jsa)(s)
T(s) =k, (5)
_VO)-E6)

= Iu(s =
L,s+R,
. ofs) = T(s)-TL(s)
Js+B
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So d6 khbi mé hinh dong co DC:

L(s) T(s)

v
ﬁ)’Q—' — T 1
L,s+R, Js+B
E (s)

K¢

+3* I11. M6 hinh ciia DCKDB trén hé toa d¢ tir thong rotor (toa do dq)

Theo hé pt (1.17), biéu dién pt (2.3) va pt (2.6) 1én hé truc toa do tir thong rotor (hé

truc dq):
B =R, P + 0 2.3)

i'(t)=0=R. i’ (t)+%t(t) (2.6)
Véi Ir i jort _ lr fait:

_-1'rr _ ifej(a)s—a))t _ ifej(a)s—a))t

Vidu 3.8: Chung minh:
3 f
i =R+ jo, \if;+ddits (2.292)

G f

0 =R, i +jog ¥+ (2.29b)

= - ‘L_im jmlETCD_

So dé mach dién twong dwong ciia mé hinh dong ciia PCKPB trong HTP dq

Két hop véi hai pt trén véi hé phuong trinh (2.7), ¢6 hé phuong trinh:
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Jsf
i =R+ joas‘i’s“rddits (2.302)
7s
0 =R, + j(oas-oa)‘Pf-l-% (2.30b)
gl=Lif+L i (2.30c)
gl=L if+L.i (2.304d)

Suy ra

i = LL(Tf ~L,i")

T

2\ L
S DL TR
L L

r

r

Thyc hién tuong tu ddi véi viec xay dung mdé hinh dong co trén hé toa do aoff, khi

cac bién i’ va W, dugc hé sau:

di/ B RS Sl oA FY DT ol L—ja) 1,/7f+iﬁf
dt S J S™S iy d{ S

dgf L - (1 . .,
—=—"i | —+]jo
dt T S T .] sl l//r

T

Chuyén sang dang cac thanh phﬁn cua vector trén hai truc toa do:

dig, I I-o). . l-o l-o 1
€= _ + 1sg T Oglgg + Y+ oV, +—u 2.31a
dt [GTS oT, J TN oTL, ™ oL,k ™ oL, ™ ( )
di 1 1-0o). . l-o l-o 1
2= + 1~ Oslgg™ Y —o¥Y,t—u 2.31b
dt (GTS oT, ] OSMTSTL, " oL, M oL, (2.31b)
dv, L, . 1
=i, -—VY,+0,¥Y 2.31c
dt Tr sd Tr rd sl ~ rq ( )
d¥ L 1
rq m :
dt :T—rlSq —T—r\Prq _a)sl\Prd (231(1)
Trong h¢ toa do dq, do vudng goc vdi vector ! nén ||yl | =y
dig, I I-o). . l-o 1
€= _ + 1sg T Oglgg + Y+ u 2.32a
dt [GTS csTJ METSMT T, M oL, ™ (2.322)
o [ 29 i Sl w Ly (2.32b)
dt 6T, ofT )% 7 oL, oL, ™ '
v, L, .
it TP 2.32¢
dt Tr sd Tr rd ( )
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d¥
“m= (2.32d)
dt

. L .
va _Tm 13— g Y,

T

Vidy3.9: Chingminh: y, =y, =
1+Ts
, L L i
Vidu 3.10: Chirng minh: o, =—2>1
L v,
Phuong trinh moment:
L) L
Tha Wi =|L, - i+ 2.33
y S ( S Lr ]15 Lr T ( )
N, 3 T e 3 L 3 Lm .
Vao: T, :5p<‘Psf X1 f):Ep( L TRV j_EpL_r(\Prdlsq ‘"Prqlsd) (2.34)
. 3 L, :
co TC :EpL_(\Prdlsq \Prqlsd) (235)

L
v6i toe do truot: m = T_m L (2.36)

r \Prd

Vidu3.11: Ching minh: T, =

P i i)

r

Vidu3.12:

3 . . 3 Lm r : -

T:* = P[ Wastys — !’;ﬂfﬁrﬂ'ﬁ] =_F _[ Varlgs ~ w‘f’jf“]
2 2 L
3 3 -

?1: = P[ wrdm'rqfi ]J;rm”.f ds ] PLHT[ Lar 'r-ffﬁ B J‘F"‘f“]
) 2

T.= T, + 25 B (2.37)
pdt pdt

Trong hé toa do tir thong rotor (hé toa do dq), cac vector dong stator i va
vector tir thong rotor ', cing v6i hé toa do dq quanh (gan) dong bd voi nhau véi
téc do m, quanh diém goc, do d6 cac phan tir ciia vector i (igy va igq) la cac dai
luong mot chiéu. Trong ché d6 xac lap, cac gia tri nay gan nhu khong d6i; trong qua

trinh qua do, cac gia tri nay co6 thé bién theo theo mot thuat toan diéu khién da dugc
dinh trudc.

Hon nira, trong h¢ toa d6 dq, y,;=0 do vudng gboc vdi vector y|

_\Ifrd
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Pbi véi DPCKPB 3 pha, trong hé toa do dq, tir thong va mémen quay duoc
biéu dién theo cac phan tir cua vector dong stator:

-
Wr Wrd 1+TrS sd

) T __ﬁ i =T +1d_a)

e 2 Lr pl//rd sq L P dt

(Hai phuong trini trén duoc trinh bay tya theo phuong trinh (2.34c) va phuong
trinh (2.34d) trong chuong II).

Phuong trinh trén cho thdy c6 thé diéu khién tir thong rotor v, =|i, | thong

qua diéu khién dong stator 1y4. DPac biét moi quan hé giira hai dai luong nay 1a mbi
quan hé tré bac nhat véi thoi hang T..
Néu thanh cong trong viéc ap dit nhanh va chinh xac dong iy dé diéu khién 6n
dinh tir thong vy, tai moi diém lam viéc cta dong co. Va thanh cong trong viéc ap
dé,‘t nhaqh va chinh xac dong iy, va theo pt (1.20b) thi co thé coi isq 1a dai luong
di€u khién ctia momen T, cia dong co.

B:?mg viéc m6 ta DPCKDB ba pha trén h¢ toa do tir thong rotor, khong con
quan tdm dén ting dong dién pha riéng 1é nita, ma 13 toan bd vector khong gian
dong stator ciia dong co. Khi d6 vector i, s& cung cip hai thanh phan: iy dé diéu

khién tir thong rotor |y |, isq dé diéu khién momen quay T,, tir d6 c6 thé diéu khién

toc do cua dong co.

—

iSd _> \Ijr

0

Ig—>Te—> o 0

Khi do, phuong phap mé ta DCKDB ba pha tuong quan gidng nhu d6i véi
dong co mot chiéu. Cho pheép xay dung hé thong di€u chinh truyén dong DPCKDB ba
pha tuong tu nhu truong hop st dung dong co dién mot chiéu. Pi€u khién toc do
DCKDB ba pha o thong qua diéu khién hai phan tir ctia dong dién i, 13 iy va ig,,

U'u diém Khi ciia mé hinh ton cia PCKDPB trong HTD dq so véi HTD of:

1. Céc dai lugng khong bién thién dang sin theo thoi gian.

2. H¢ phuong trinh don gian hon (y,q=0).

3. Phan ly diéu khién tir thong rotor .| va momen T, (toc d6 o).
4

v,
. Gan giong voi diéu khién dong co mot chicu.

Chuong 3: M6 hinh PCKDB trong hé qui chiéu quay 1.12
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Te = JP(y.x1)=-J P(3,x1)= T P(7,x1) 777 (2:8)
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Chuong 3: M6 hinh PCKDB trong hé qui chiéu quay I1.13
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