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Chuong 4:

PIEU KHIEN PINH HUONG TU THONG PCKDB

I. Hiéu chinh PID (PID CONTROL)

r(t) e(t) ut) | pa; c(t)
PID »f DoLtuong L
+ diéu khién

Phuong trinh vi phan mé ta hi€u chinh PID:
U(t) = Kp e(t) + K]Ie(t)dt + KD%

Kp: hé s0 khau ti 18.

K: hé s0 khéu tich phan.

Kp:hé s6 khau vi phan.

Bién d6i Laplace:

us) _ !
G(s) = ) K (1+TI.S

Van d¢ thiét k€ 1a can hiéu chinh céc gia tri K, K; va K, sao cho hé théa dat

, K K
+Tys trong do: T, = —-, T, =—2%
KI KP

dugc chat luong tdi wu.

Thi tuc hiéu chinh PID

Khau hiéu chinh khuéch dai ti 18 (P) duoc dua vao hé théng nham lam giam
sai sO xac lap, voi dau vao thay doi theo ham nac s€ gay ra vot 10 va trong mgt s
truong hop 1a khong chap nhan dugc doi vdi mach dong luc.

Khau tich phan ti 1& (PI) c6 mat trong hé thong dan dén sai 1éch tinh triét tiéu
(hé vo sai). Mudn tdng do chinh xéac cta h¢ thong ta phai tang hé s6 khuyéch dai,
xong v&1 moi hé thong thuc déu bi han ché va su c6 mat cua khau PI 1a bat budc.

Su c6 mit ciia khau vi phan ti 1& (PD) lam giam d6 vot 16, dap tmg ra b6t nhip
nho va hé thong s€ dap img nhanh hon.

Khau hi€u chinh vi tich phan ti 1€ (PID) ket hgp nhiing wu diém cua khau PD
va khau PI, c6 kha nang tang d6 duy trit pha ¢ tan s cat, khir chAm pha. Sy c6 mit
cta khau PID c6 thé dan dén su dao dong cua hé do dap ung qué dd bi vot 16 bai
ham dirac §(t). Cac bd hiéu chinh PID duoc ting dung nhiéu trong linh vuc cong
nghiép dudi dang thiét bi diéu khién hay thuit toan phan mém.
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Tém tit Vai tro ctia mdi khau hiéu chinh (adjustment) trong bo diéu khién PID:

Khau khuéch dai ti 1¢ Kp (Proportional gain):
Khi Kp tang

Sai s6 xac lap giam

Vot 16 ting

Thoi gian 1én nhanh

Khau tich phan ti 1€ Ki (Integral gain):
Khi Ki tang
Sai 1éch tinh giam (triét tiéu - vo sai véi ham nic)
bép tng cham
Khau vi phan ti 1€ Kd (Derivative gain):
Khi Kd tang
Vot 16 giam
Dap Uimg nhanh
Bot nhap nho (dao dong)

PI roi rac:

r(k) e(k) —1uk) | Déi tuong
T DT "l didu khién

c(k)

u(ky=u , k)+u, (k)
u, (k)=K , .e(k)
u,(k)=u,k-1)+K,.T.e(k) =u,(k-1)*+K",. e(k)

Trong d6:T la tan sé ldy mdu

void PID Control(void) /*Khau PI1*/
{
ss n=n_dat - RPM; /* tinh sai so toc do hoi tiep ve*/
Up= Kp *ss n; /* hieu chinh khau ti le (P)*/
Ui=Ui+Ki* Tsamp * ss_n; /* hieu chinh khau tich phan (I)*/
U pt=Up + Ui,
if( U pt<0) /*Gioi han dien ap >= 0%/
U pt=0;
if( U pt>1.0) /*Gioi han dien ap <= 1.0*/
U pt=1.0;

DRX = (int)(U_pt*(float)T1PR); /*Do Rong Xung tich cuc muc cao */

TICMPR =TIPR - DRX;
CMPRI1 =TIPR - DRX;
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Pap tng ciia hé thong sir dung b diéu khién PID

Step response Sten Response
1&
14
12
= 1.0
E E
2, 0.8 =
0.&
0.4
0:2
a s L L L
] 5 10 15 20 25 30 e} 1B 32 45 B4
Titrie (secs) Time (2c)

bép Umg budc ham budce 1(t)

PID s6 (Phwong phap 1):

ult)= K el K, el K, S0

Ro1 rac hoa:

u(k) =, (k) +u, (k) +u, (k)
up(k) =K, e(k)

u,(k)=u,(k—1)+K, Te(k)=u,(k-1)+K,.e(k)

e S SR

Trong d6:T la tan sé ldy mau.

Roi rac hda _ Phuong phép gan ding (khau I):

”(k): (uP(k)+ul(k)+uD(k))
”P(k): KP'e(k)

u,(k)=K, (e(k)+e(k —1))

)
uD(k) = KD(e(k)_e(k _1))
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PID s6 (Phuwong phap 2):

g, dult) _ o delt) g e(t)+KD&(t)

Dao ham 2 vé: =K, , >
dt dt dt
) 6) o, ), 1)
)=, BT ()i

Q—
s}
—~

b
~

I
o
—

o)
—_

b
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Q
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b
|
—_
SN
+
Q
—_
b
|
\9]
=

Piéu khién téc d6 dong co DC:

Ngat

+
O © PIDy do bong co

\ 4
\ 4
v

[ 4

o=

Néun > Ny thi e < 0. PID s& diéu khién GIAM u dé n giam bét.
Néun < ngy thi e > 0. PID sé& diéu khién TANG u dé n tang thém.
Néun ~ ngy thi e ~ 0. PID s& GIU NGUYEN u dé n ON PINH.
(k) = uk = 1)+ (up (k) + 1, (k) 0, (k) = ulk 1)
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void PID(void)
{

1

ek  =(int)(((long)(N_ref - N_sensor)*255)/3000);
// Téc dd cao nhét ctia ddng co [a 3000, quy ddi la *255/3000
/] dé ek < 255 (s6 8 bit chira gia tri tdi da la 255).

Proportional = (ek - ek_1)*Kp;
Integral = ek*Ki;
Differential = (ek-2*ek_1+ek 2)*Kd;
PID D = (Proportional + Integral + Differential);
uk = uk_1 + PID_D:; // uk phai la sb interger (s 16 bit)
I
uk_1 = uk;
ek 2 =ek 1,
ek 1 = ek;
I
if(uk < 0)
uk = 0; // Khong c6 gia trj (dién ap) am
if(uk > 255)
uk = 255; // Gia tri I&n nhét 13 255 (sb 8bit)

1

duty _cycle = uk /Umax * T_PWM,;

Mot sé dap ing ciia hé thong diéu khién sir dung bd diéu khién PID

Step response Step Resporse Step Resporse

Amplituce
Ampiituce

Amplitude

3 10 15 20 25 3 ] 1B 32 45 &4
Time (secs) Timetszc) Time(s2c)

bap timg budce Vot 16 Dao dong
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I1. Piéu khién tiép dong - diéu khién moment, tir thong

s [deal CRPWM:
Calculation of La _ i =
e P ?l‘ _ signals .:| a
s . £
vector |, 1. from motol LAy
@ i¥=i;
'I+I' [ [
;
@ L = ' 'a '
: Speed c Torque Y 1 C a
contr. | contr. = . N
o e ig | ROy
i e ! E
. ] ” - v |
Field [T s s gf5] ¢ ;:[ s
weak.

I11. Piéu khién tiép 4p - diéu khién dong di¢n trong HQC quay

13
8 2 Iy
€ -
3
. h=9
lqs T
#® % S * =
@ Speed 1qs | contr. "qs . \qs Va ; 1a
g2 COntr. las 5" P . n |
- %y ” ¥, ¥ Vo1
[01] 1 1 W e
# ds v By * r s ro|.
Las a conitr. Vs \>|< Vs Ve L e
Ej 14 A M .

Diéu khién dong dién dong co (hoi tiép) bang dong dién lénh (ddt) bang cdch diéu
chinh dién ap dau ra (tiep ap).

IV. Phuong phap diéu khién dinh hwéng truong (FOC)
IV.1. M6 hinh dong co KPB 3 pha
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ia ic:; i-:Is 1 ‘-F:

1y 3 _j ¢|r 1=+ I;T:

-
A
]

1E=

0, 3PL, T, P |w

F 3

Calculation of ) ]:'a _
rotor flux i b . signals
. N 1 oI Motor
vector W png
E-:l
ve | | % 0

IV.2. Di¢u khién true tiép
Diéu khién truc tiép tir gia tri hoi tiép do vé:
Diéu khién tiep dong:

Calculation of [ 1 _ :i“-‘ﬂi iRP"va‘r'I:
rotor flux % 1b signals s
vector W from motor ir =i,
v \ﬁ/ ig =1,
T
* T* BE it 1
w - L1 e s . : .
Speed Torque ; J
comtr. |1 contr. 2 I 2 C .—\/__
_ i [l iz | R |iy \
o eJ ! II.I S p —3 IM
: _ | _ T
' Ve e 1 \ s [/, 12 ] W /
Field 1 Flux | —— 95 |MBs [f3] e . ]
%{ weak. >\>" contr. | 1 A= M
L
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w w

Field
weak

Piéu khién trwe tiép tir gia tri hoi tiép - tiép ap:

i
58 2 1y
€ -
3
. =06
1 as T
# = #E * &
(o] 1 - v v ] v 1
Speed s confr. | 'gs . 'G5 a ; a
;; contr. lqs 5[( s* P n
- & ' v v |1
q -5 b b
. ; i e
o ® ! ds o ed = € W = T .
Las <' contr. Vds \>|< Vs Ve 1; te
Ej A 14 At M r
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u"r* i-:isl'c Ajd: "'-ds:az "-a*

— 1L -@—> PI 2 [—»
_ e

‘R.'b*

Decoupling jie "

circwt, Fig 3.5

o* 1. —~ At v
A’Q_' Speed c. "‘\1:) PI ™ 3 >
- - 3
(b estumation N
3 1y
14s 2 fle—
it [T i
i e —
1/ 3 ‘ i
[0} [0}
Vis
i
q_§
Voltage-fed
Y rotor flux
oriented
4 induction
machine
id;
v vE
as 93
Diéu khién true tiép tir gia tri dat - tiép ap:
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L%
Las

X 1
— < X o lg
1';3 v, |- v v
ds ds os ]
&? P50 VOLTAGE
s o it SOURCE INDUCTION
-* o * . MACHINE
* 1 v + v PWM
w Q5. —~ Qs qs fs
%Q% P+ P+1 A INVERTER
® Yas i,
N < a -
_ AR
10 -
3 e
[
* &
1 (%l mr ¢r
T ds + Nt
/L'J
Sy

IV.3. Piéu khién gian tiép
Diéu khién gidn tiep tir gia tri dat - tiép dong:

* N =
N iy
Tr 5 | Lm >
W
T* N *
£ = L 1
% ) T as
3P L 4
m .
“
% L >
T
T; 5 1/ Lm >
To*
‘ INERS L s
— e 3P L .
ot oy dr
L
k]
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™ ids™ I A
2
R

f@:'e ﬂt Plio
= W
M

* T 1® 1* 1* 1
w L1 "e s s a a
Speed - 49
%9?9 C{I)Jn‘rr. g i z R
- ix | R |
i >
® ‘ K, . e’ 1] _
7 13 ¥ 1* W
5 Bs 3 c
- M
X e
2 L1 1
r1 = ; = K} = =
3P Lm Tis j|—r|'3.1:|’

(er fas™ ig." is” i
q i a a
—(;‘; { Pl 2 —C
_ o R
= mr| Pl7
sl 1 Ids® fg®] 3| dc= Wi
Lm | 1%
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IV .4. Piéu khién truec tiép - tiép ap

i
10 2 1y
= -
3
) =10
1qs T
* * _a::t: _a: *

@ Speed lqs - | contr. "qs - ‘qs Va ; la
;2 contr. gs ﬁr _s* P n |
- % ” V. Y Vo1
o i J W e

= ds s B4 « | € 1 r ]
Las 3 contr. | Vds \>|< Vs Ve ; e
Ej 14 At M .

Céu trac clia hé thong diéu khiép dinh huong truong dinh hudng truong
(Field Oriented Control -FOC) trong di€u khién dong co khong dong bo ba pha
dugc trinh bay trong hinh vé sau:

. u
v, i o Al y u o
sd S . d sd L
. _A DCld MT ub
MTi u
* L . u
©, lyq +O Ai,, »|  DCi, Yq Ysq , BBD ‘3| Dongco
A
i, J iy
i |cThil|
sq
® Ao | o | o L9 J‘ 0.
- +
()] ()]

Hinh 4.1: Céu trtc cta hé thong diéu khién PCKDPB ba pha ding FOC
Béng viéc mo ta DPCKDB ba pha trén h¢ toa do tir thong rotor, vector IS s€

chia thanh hai thanh phan: iy dé diéu khién tir thong rotor |\T/r N dé diéu khién

momen quay T, tur d6 ¢6 thé diéu khién tdc do ctiia dong co.

iSd _> |\_|:,r
Ig—>Te > o (4.1a)
(4.1b)
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IV.4.1. Xdy dwng thuit toan diéu khién
Giai thuat cua ting khdi trong hé théng diéu khién dinh huéng trudong (hinh
4.1) duoc trinh bay nhu sau:

"] Mang tinh dong (MT}i)

i* = (14T, ) (4.22)
Lm

. TWY .

i = (4.2b)

m

'] Mang tinh ap (MTu)

L
=Ry,——= 4.3a
usd SYd 1+STGS yq ( )
L L .
=R + o] 4+ Yy 43b
usq SYq 1+STGS Yd Lr rd ( )
Trong do, T, = Lo Li-L,
RS RS
7] Tinh géc 0,
0, == (4.4)
S
] Chuyén doi hé toa d9 dong dién (CTDi)
lgq = 1ga (4.52)
. 1
Isg= — isa + 2is (45b)
[3( )
Igq = 154080, + 15810, (4.6a)
Isq = - 150S1N0; + 1,3c080; (4.6b)
] Bo bién dbi (BBD)
0 Chuyén doi hé toa @9 dong dién (CTDi)
Ug, = UsgCOSO; — UgqSINO, (4.7a)
Ugp = UsgSIN0; + UgqCOS0; (4.7b)
o B bién di dién ap (bd diéu ché vector khong gian)
Uy = Ugg (4.8a)
u, = —%um +£usﬁ (4.8b)
Usc = = Uga — Ugp (48C)
] Khéu diéu ché toc @6 quay (PCo)
La khau hi€u chinh PI:
o, = (pr + K )(w* - (0) (4.9)
S
Chuong 4: Piéu khién dinh hudng tir thong DPCKDB V.13

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


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

(PK.CMDXC) TOB

1 Céc khau diéu ché dong (DCiy4 va DCi,)

Chuy: Xét trong hé toa do tir thong rotor nén ¥, =0,

0 Khau diéu ché dong iyq (DCig)

v, =K, +% Ai (4.10)

0 Khau di¢u ché dong i, (DCi,)

Ky ..
yq = KPq +T Alsq (411)

Y

r

7 (4.12)

'] Céc thong s6 Kp va Ky trong cac bo diéu khién PI dugc hiéu chinh sao cho hé

thdng dat toi dap Gmg t6t nhat.
IV.4.2. Panh gia dap &ng cia thuit toan diéu khién FOC
H¢ thong 6n dinh.
Sai sb xéc 1ap cta toc do nho, sai sd xac 1ap cua tir thong rotor 16n.
Thoi gian dap Ung cta hé thong tuong d6i nhanh.
Momen tai khong tac dong nhiéu dén dap tmg cua toc do, va dap Gmg cua tir
thong rotor.
Chat lugng dép tmg suy giam khi bi nhiéu tac dong 1én tin hiéu hoi tiép.
He¢ théng d& mat 6n dinh khi c6 sai s6 mé hinh hay bi tac déng cua nhidu.
Dong dién khéi dong 16n so voi1 dong dién lam viée; dong khéi dong tdng 1€n

khi co sai sO mo hinh.

torque limit —p

e

0 Lime
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V. Tinh toan thiét ké hé théng diéu khién gian tiép PCKDPB theo phwong phap
dinh hudéng tir thong rotor

- Ideal CRPWM:
Calculation of [ La _ i:—; i
rotor flux R signals a8
vector Wi_ Z i-: from motor ig = ib
(i) . .
i* =1
v, L o o
. T| |- K 1 S mmn ¥
(L1 Speed LI "e Torque qs et Py c a
contr. | contr. . ] _ \N/"
B e f 11: R v \
o 39, / 5 P d IM
) ) / . i
. Ve 3 I_Iias 165 f 12 W L >\ /
pr i e Bl
w
* T* 1% * ®
i i i i
[0} L I e s s a a
)gg} Speed - 4
C{I)Jntr. I Ky 2 C LN
) '¢.E' 11; R
]
® ‘ Ko e” '] _ P
. 13 ¥ ¥ W
s Bs 3 c
- M
AT
2 L1 1
- Ll -
=3P s
Lm I rid
¢’-th
* o™ ig; " i
[ [i5 a :]
o c
_ o R
e N
gt 1 fas* T 3| icx |W| i
Lm . 'ﬂ
a three-phase four-pole star connected
at 50 Hz
R, =10 Q R =630 X:m:|3.5Q X},_=IZ.6Q X, =132 Q.

Rated current and voltage equal 2.1 A and 380 V
The rated torque and inertia of the machine are 5.07 Nm and 0.1 kgm®

Chuong 4: Piéu khién dinh hudng tir thong DPCKDB V.15

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


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

(PK.CMDXC) TOB

Tinh Isd9 Isq, @515 Yrs nr?

i, R, X i R, Xa
._)_:_m__(—:_m_
Y

I I I-s .
o, § e
RFe .]Xm

Mach tuong duong dong co KBB véi ton hao sit tir

X X L
Lm — m LoS :_OS LS :Lm +LOS Ts = s
21f 21f R,
X L
L =_—o L .=L_+L, T, =—
27t R,
Lmisd N A A Ai i
p, =—ns Tt thong khong doi, = Y, =L, 1,
1+T.s
2 LT 2L T .. _ 2 L
1sq =35 - =35 . = lsqlsd =75 2 e
3PL,yw, 3PL_L.i, 3P L,

Ma i, =i, +i2 =21,
Khi biét momen dién T, va dong dién I,
Tt 2 phuong trinh trén tinh dugc 144 va i va ‘P,

o

Chu y: khi dong co van hanh ¢ dinh murc, thi iy thudng nho hon ig,.
Thong thuong iy bang 20-40% Is dinh mirc.

N g7 Lmiqs
Va tinh duoc o, =
TI‘ \Pl‘
Tir d6 tinh dugc toe do goc truot co: Q = Oy = P9 va tinh dugc toe d6 dong co.
+y, T L, T L, ®
i, Y TVialS isq :ii_e W, =—" L,
L, 2p L, v, T.Y,
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ids”

Tur thong khong doi: ¥ =L i
. . i, 2L 1
Lys =K T, = K, = - =Tz v
Te 3p Lm 1ds
. " w, L L Co -
a)sl :K21qs = K2 = .:1 :—m*: n}k Vi1 Lmlqs :Tr\Pr a)sl
1qs Tr\Pr Trlds
Chuong 4: Piéu khién dinh hudng tir thong DPCKDB V.17

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


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

(DK.CMDXC) TOB
ia itu; ids 1 Y,
— L -
1p 3 =10 1+ 8T,
» e
I 2| ipg g I%m on
! O
M, 3PL, P |lo
2 L, Js
mr
]
S
* T j* j* i *
0] L1 e qs oS
Speed
Q 5 C(])Jntr_ 1 Kl 2 ) C
- . [IJC I F) R
® K ) eJ f 3
1 :l . 1 I§ S 5 1 ; W
M
;ﬁk 4
_2 L1 o
YN T
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K, = T:f:}m /20.

B
T, =40
V61 Tygom = J/P va 6 = Tgelay = chu ky xtr Iy (= tong thoi gian tré).

Thém khau smooth:

|
(‘r.mr:}:}ﬂr[ 5) = 1+ [40.:”
Limiter
o* I Ky(1+sT; ) il T.*
| D‘ — >
1+(40)s -¥ sT; 1
®
Reference Pl
smoothing controller
®
Limiter
w* | 500(1+0.00029) | | l L*
b
1+0.0002s = ; 0.0002s 1
®
Reference Pl
smoothing controller
w
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Vi du:

Calculation of all the necessary values, required for indirect rotor flux oriented control, will be
illustrated using an example. Consider a three-phase four-pole star connected squirrel-cage induction
machme, whose parameters at 50 Hz are

R.=100Q R =630 X,=135Q X,=126Q X,=132Q.

Rated current and voltage equal 2.1 A and 380 V. The machine is to be operated as an indirect rotor
flux oriented current-fed induction machine. Current control is performed with phase current controllers
so that actual and reference phase currents can be assumed to be the same for the purpose of
calculation. The speed is to be controlled from zero up to its rated value, using a constant, rated value of
rotor flux. The rated torque and inertia of the machine are 5.07 Nm and 0.1 kgm', respectively.

Diéu khién truc tiép tir gia tri hoi tiép:

- Ideal CRPWM:
Calculation of K La _ it =i
rotor flux 1 b signals a :
vector W_ from motor 1 =1,
i: = ic
: T - i i+ i
© Speed |/ © lﬁ'ﬁuquc._\. i I O LN a
contr. | contr. | “ . 4 Ny
i . / 1]:; R lb ,// \
o o / > P A IM
) ) / . I
- "4!; ~ I_Ilas 1Es f 1; W Le >\_ /
el | e LRy RSy %
L]

Diéu khién gian tiép tir gia tri dat:

* T 1 = 1 * 1%
(0] LI e s, s a
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Tinh tat ca cAc gia tri can thiét dé dicu khién gian tiép tir thong rotor, duoc minh
hoa trong vi du nay. Bdng co KDB 3 pha 4 cuc, ndi Y, rotor léng soc, cac thong s6
0 50Hz la:

R =100 R =630 X}:=13.Sﬂ X},.zllﬁﬂ X, =132 2.

Dong dién dinh murc 1 2.1A & 380V. Diéu khién gian tiép dinh hudng tir thong
rotor (FOC) dong co KPB trén.

Tr 5 1 .-"r.Lr.m »

C
R
iy iv* P | it
W
M

o

o

P

2 L1 1
Kl —— ; r K} = —72
3P Lm Ta: }:'Ia’.':

Bo diéu khién dong can tinh toan tir gia tri dong dién do vé va gia tri dong dién dit.
Téc d6 dong co duoc diéu khién tir 0 dén toc d6 dinh muc. Tur thong khong d6i va
bang gia tri tir thong dinh mirc. Moment dinh mtrc 13 5.07Nm va moment quan tinh
la 0.1 kgmz. Vi vay can tinh dong dién dinh mirc iggn, 1sqn tr moment dinh muc T,
tinh tir thong dinh mtc W, , va tinh van tde gboc dinh muc wy,?

(Chu y, khi van hanh o cong sudt dinh mire: iy, < Isqn)
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Diode
bridge DC linf PWM
rectifier mverter
- - -
Ramp comparison 1, |1, | 1, position
current control sensor
Fy b F
o P 1gs* los™ ¥ -
» - ¥ - { 1+
et 1 exp 2 ¥ N
- Jo | s
> W e

(L] 1d_=*=0 1|3b
TsmI a
cos

Y

d/dt

Bai tap:

Mot dong co khong dong bo co cac thong sb (tit ca quy vé stator) nhu sau:
R.=10Q R =63Q L,=L,=004H L, =04H
DPong co 3 pha, 4 cuc, cudn day stator ndi Y, 50Hz, 380V, 1400rpm. Tinh dong
dién dinh muUc i, 1sqn, t thong dinh muc ¥, , va dong dién dinh murc I,,? Tinh K,
Ks, K, Ti? Biét chu ky xu ly cua bo diéu khién 1a 20us, moment quan tinh cua dong
co 12 0.5 kgm®.

R,
IS Rs ijs I; S JX’YI’
>t "N ] Y N—
Im
U, E|E
X
Stator véi dong tir hoa Rotor quy vé stator
i, R X, . R, Xy
—>1]J1—"rm — M
A
U, l_SR; ]
X 3 S
<
. £

Mach tuong duong dong co KPB véi dong tir hoa

. 2 2
Lan = AVl dsn + 'rq.m
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w, =K,i, = 27 T sk viL, i, =T.% o,
1 e 1qs Tr\Pr Trlds ! 1
ﬁ‘;} = ?:f:}m /25
T, =40

V61 Tgom = J/P va 6 = Tyeray = chu ky xur ly (= tong thoi gian tré).
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Dong stator: 15, = 3.549093
Momen dien tu: Te = 6.401969

s = 3.549093 A
T, =6.401969 Nm
1 = 3.549093 A

igqn = 1.984
igqn =2,941

K, = 0.462
K, =2.888
K, =6.25%10’
T; = 0.00008
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