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Research of vector control system of BLDCM based on SVPWM

LIU Yun, JIA Hong-ping, ZHANG Peng, GENG Tian-jun
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Aiming at the problems of start shaking,large torque ripple and loud noise of brushless direct current motor( BLDCM ) under the
control of square-wave , the sinusoidal current drive based on space vector pulse width modulation( SVPWM) method was proposed , the mathe-
matical model of BLDCM in d-q coordinates was deduced and the variation of quadrature axis current(i,) in vector control was qualitatively
analyzed. The basic principle and control algorithm of voltage space vector control was introduced and the simulation model of system with
Matlab7. 0/Simulink was established. The results indicate that vector control system of BLDCM based on SVPWM has good static and dynamic
characteristics ; At the same time,the simulation results compared with the results under control of square wave indicate that BLDCM under
different loads by vector control can achieve low torque ripple,smooth movement, starting fast and high efficiency running effects.
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A B, 5y T, AELBR AN A - WP oy T LA ik 3l

0 51 &

Tk B F AL A - S ACBOAR A JETiT B T
FIRLE —RAL AL, R B L BR3P
LB AAEE & 174, B BAT PO A e fE, &
BERBAETEHIVERE LS IR B YL B vE R Sh R R a1y
RN TR iy TR

LG 9 JC Rl ELIR AL — SBCAT R T O e 42 o, 0k

YFSEEA:2014 -04 24
EETE LI AR PN g4 55T H (07JDGO13)
EEE X

K AR AL R CR AR AR ST i X G R L
LSRRG 37 B 20 BT, 8 S 16 R AR E 6 Ak b 22 T O BL
SRR I3 S BT sl L I A B S PR IR R A8 L
23 [A) S Sea hlF 1  DX 1 T A IR o VR FH B (] Ay
FE R I 5. JF A F Matlab/Simulink 425 2 JC kil
ELI AL P i R e, A5 B0 | B R AL i O
B i S50 7 AR g, uE TR R 4%

(1989 - ) TLFRZENN , TN IOH B H AL B HAZ ) 7 T A 5T E-mail : 1790745420@ qq. com

BEBKRERAN SULE, B BIEZ, 5i+-4: S0, E-mail ; jiahongping5555@ 163. com



- 1178 - Hl H

T R 31 &

ok BLDCM SR
1 JCh LR HAIL d-q AebR T AR

PRLAPIAS = AR TC ) LI F AL A 9], T R v 5l
BURHAZ SRy B A Ry 1 401 A8 O 8, 5 e %
BLDCM BRI LR R - 2005 25 [\ 3 0, E 5~ = AHSE
58 RXFR, 23 B H. 22 120°, 2800 [R] ; 286 5E 80

RSSO 14 5 00 5 220, ) 238 285 A1 3 R0 SC BRI ) 1) 7Y 52
M) , I3 A 1 30 e B, O B F5 2 30 H BEL TS 55
K 5 B A8 B AR SN 52, - 5820 [ A L)k
TESE AL s AL BRI S 1 50, 200 W e AR A, AN T
HFE SR A, 75 RIS, = AHE FA
S TC R B H AL B 2 AR R

U, R 0 0 L, Ly Ly, Ly ly €,
w, =0 R O |+p Ly Lg Ly|-|i|+|e
u, 0 0 R L Ly Ly L L, 2
(1)

X p— O T 5w, vy u,—E T =ML e, e

e, ——HMIH B0, 1, i, — AR R—— AR
FLRH s Ly— = AHE F F G L, — =S 4L 2 [A] 19 LIRS
MR = HERSEAHN,H i, +i, +i, =0,

HAA(D) B3t
Ly L 00 L e,
i, 0 0 L i, e,
/E\:EP:L:LS_LMO

R 0 0

R o
0 R

(2)

BLDCM (1) i HL B # A - 2 B IE 7% X, 307 &

BFTie . BLL A M HL# e, SR G3fE S — AH S L 34k

SFARAR

e, = A0 (3)

APy (0)—A HHGE AL T HE (0 7K WG 7 5%  0—%% 1 1L
B

TR 10 I B eSS , S22 AX T » B IE DT 1) 7
B, A GEALA RURE S T EEA BT . Gk 1(a)
TG LB AN 6, A FHSELLRESE N «

W(0) = No(0) = N[ Blx)Sdke (&)

Afo(0) —5T0IE M 0 B A FHLELLREE ; N—A
FHSE 2 I K5 S—28 21 £ 52 - A A4 3% T [ Al i £ ; B
() 1 o Bl BRI 20 A (5 5k EAARAR ) < BRIE 3

B () JI R 2 [A]H 2 B(x +7) = -B(x) o

San(3) M(4) nlft

e, =w,f,(0) (5)

Ko, —He T AEE 54, =2NSB,,, i A HISE4L G BE
WRAE/, (2) =B(x +m/2) O A AHIRAE A 1 A9 07
L

B AL ML BTG 32 A s E B BB JE B, ~F TS 12
120° IR AR 04T B (x) I BARBAARERL g -

B(x) = Bm( -
B

KB, —B(x) B 43R 120° 58 T506F 17 119 1 3 1
8, BARE 1(b) Fims,

A
() HeF B
B ARHERER

B,
[ Ly

S
-~ z L= 3n
2 ! 2 x

1
-z ®o
AN
o :
1 1 I
1 1 I
_£+Ig ! £|+9
2! ! 21
(b) W@ AT

B1 ARG 3 o3 A
[FIEE RIS, B AHAN C AR B S HL 3B ARy

6[):a)r(/lﬂl-f;)(6+2?,rr) = _wrlme(G-l-%)

e, =w,1/f,,,fc(0+4l) = -wi, B(0+%n-)
FRHE clack Fl park AR K 306 A8 46 | ARG = A
IRABFR R R A F i AR Rl ) 20 e i Ak bR R R
d .q il o



559 1

X =8 FET SVPWM By JCh B i LR B3 6 REWF5R - 1179 -

i di, 2
u,=Ri, +L m +?[ cosGa),z,me( 0

di
u, =Ri +L*+*[ - sinfw,,,B (

d-q AR R T HARAK:

12T) +sin(9—

i(l
e,i, +eyl, +e.i, 1 . 1
Te — a’a b cre  _ 1 [ea e, ec] i, - =
0 0 0
iL'
-1
[ea €, ec]M(.

[l 1 . ™ . ) .
1 - . L _ A
M, [iq] = [(/osaea +sm(0 6 )eb sm(G + 6 )eC]Ld

1 . . 0 . ) . 1
+ ) [ —sinfle, +sm(0 +?)eb +s1n(0 —?)ec] i, = a

[cos@w,L/me( 0+ %) - sin( 0 —%)w,me( 0+ %) ;

S5

s1n(9+€)w 1/ B(0+?) ]id +% [ - sinfw, ,, B

(0+%) —sin(0+%)a)r1/1m3(0+%) —sin(@—%)w,

5m\ 1.
v, B(0+?)] \
. cosf  sinfy] | N
ﬁ$ﬂ@{ , yﬁmwﬁﬁﬁﬁwgﬁ
—sinf cosf
R 5
Lo
: 2| b clak AR, M
M, = 3 . @ _é s clark 2% M,
2 2
ST LG

¥ o, =pQ LA EALRTS

LR N _m T
T, =pp, [COSHB(0+ 2) Sln(@ 6 )B(0+76 ) +
sin(0+1)8(0+5£)]i + pis [—sinOB(0+1)_
6 6 d m 2

sin(0+?)3(0+€) sin(6-3)8 (9+56 g

QRIS BLDCM fEA Al T BIFERE A, HH
(1) PMSM Rl T AR AN 2% 1 TRk s
il G AR i, =0 RPN 7=, ) R

_ g g 0 A
Te—pg[/m[ 51n03(0+2) sm(0+3)B(0+6)

sin(@—%)B(@ %“)]iq (8)

M KPR LA, YEPLEf T ERERET |
T 2t A ARAEL R, P i P (K B T ) £98) 728 £ 1 A W
AEA BN i, R PMSM H1i i, 5 (R

+%) —sin( o —%)w,lme( o +%) +sin(0

+%)a),¢m (0 +%“T)]

S5

TJourp(0+) -l 0= 5 Jown(0+5)]

S ISR B 2 1 s TR S 25 4k
2 SVPWM A JEH 3

SVPWM == L B30 A8 15 1 B 5 11 0 1 e 6 ST F
KAF Tl TR HE 9 L PO TR
RS AN, BT LR T2 B BT SRS e LA
WP Z TR S S 205 1 F10 FoR L Hi e
%3@%&#5’]%@%3@&5%* B4 =AW AR S A 8
P TARIRAS XA 8 FEAS 1% 23 (] o e J% 2 (U, (000) |
U,(001) .U, (010) .U, (011) .U, (100) .U, (101) .U,
(110) .U, (111)) , B U, ~U, BEFERE,U, MU,
NEFR G, 6 M EERREIRMEAHSE, ¥R 20, /3, F4B
IRt ] F 60° B AR GRS — N TAE R 43 B 6 4B IX
B P 5 2 L BARAS  S 4  B
A I A E R B ], 82t PSR O p SR
] el i s ) O b e Pt T S I
2.1 BT

FE SC—HT Y A 2 —AH A A 4

a=U,
b=y3/2U, -1/2U, (9)
c=-32U, -1/2U,

E X N =4sign(c) +2sign(b) +sign(a),
Horr sign 5 REL,
. 1, x>0
sign(x) ={O, L<0 (10)

LT, N 55 XX R IR 1R
®1 NERRMEXR

N 1 2 3 4 5 6
i X 11 VI I v 111 A%

2.2 SREEBERMEHE

TR R B2 K RAE 6 B DX PN 9 A4B 2%
KU, U, 1R RIS T, 7, 52 S I [ 4 B 725 it
X,Y, 7.

X 0 B U
_ pwml 3,2 ﬁ/2 [ a] (11)
Udc UB
Z -3/2 32

fﬂj PWM ﬁ#nﬁﬂo
it 6 AURRI T, T, A5 N 55 7, T, [R5



- 1180 - HL H, T i $31 %
nk 2 iR, MLRBEIN ST, T T IR RN 3 Frs.
x2 NST..T WIEXER £®3 NET, T, T B K R
N 1 2 3 4 5 6 N 1 2 3 4 5 6
T, VA Y -7 -X X -y T, T, T, T, T T T,
T, Y -X X Z -Y -7 Toa T, T, T, T T, T,
- N T, T T, T T, T, T,
2.3 REVIRESHHE
y i *‘B Et AI\J_:_': ]1('m \71(' \Tj('m b n TE X H \‘ -_ > 2 AT
A TASTERUR RO T T oo WATRIER: 3 o fa g5 B AL 2 F 1 R G AL 2L
Ta =( TPWM - Tx - Ty)/4
T,=T,+T./2 (12) ABFFE R i, =0 B RS R, LS
T =T,+T/2 BN U, =300 V,R, =0.9585 Q,L, =L, =0.0085 H,

ST R RS R AR TR 6 4R XN A R D)4

PO P =4, BAKARRR RG A 2 s,

E—»@»l 10utl Ud ot =
© ] Out Ualfal Ualfa J‘ ﬂ
Tm: Vab(V)1
id ref Uq pluse=l [, g wm {>—
idre P12 J herbelt—={Ubeta| | * J Al.ﬁL_. A N
' DC1 m=pHm Gainl
6{)—»11110““ —>®——> Inl Outl I-PARK  SVPWM L’" i gl E‘( thetan {>
seepd ref Pl PI3 L Gain
Universal Bridge P elma];ilg glagnet Te ! KK7
Gain2
Demux1
B 1Y ]
Voltage Measurement v/, )
n Ten
a Add
Ibelt Talf Constant4|
[abc
14 theam Lbelta
- —
PARKE Clarke
powergui thetam
To Warksnace
E2 BT SVPWM [ Johil B LR B H R4 E

4 PiEER 50

9 T Bk SVPWM 5l (Y i | Sh AR, & %
25 % R 500 t/min, ¢t =0 s B, BBALHE 0.8 N - mjz =
0.15 s Bf , kAL N ZE 1.2 N - m, 53] 5E 7 =4
LU 28 LR UL PR PLA AR AN BB AT

BLDCM J s 5 il T = AH v it 09 08 BTG &l 3 i
o FTh AR A B 22 120° /9 = AHAZ I H
0.15s M2k 0.8 N - mHZA] 1.2 N - m, =fHH
i W (L i B AR S B 38, EL 3N

0.3

I/A

1
0.15
t/s

K3 T AR OE

0.05 01 02 025

SRR POE R 4 o, K4 hATLUE
PSS, 29 10 ms 24, 3 /N F 15 r/min,
HIFLAE 0. 15 s B S SR MUE TR, 2208 29 15 ms P RE I}
6], Blisfsta e, JL T HRRe Jr ok, E Al IR i, A1l
HLL 1, SEI RBTBOE EAnIE 5 s, BS i, #ili,
B R st R 5 i, = 0 By ® 5 X W &, 52 4
H, O 2 00 [T 1 S S0 M A Ak, a5 B R O 1Y)
—2.

1./N-m

_ N W B W

(=]

600
500
400
300 : : ; ’ 7

n/r-min~!

-100 ;

t/s

K4 BRI HEROE



559 1 Xz, AT SVPWM B JC I B AL B4 il SR GEm 50

- 1181 -

i, /A

i, /A
(98]

i H ; i i
0 0.05 0.1 0.15 02 0.25 0.3
t/s

K5 A o, AR i, SR BHE K

J T UEA AR A 2T 42 320 ) BLDCM 2% 45 1 7 i1
Pt , IS T 7 P 6 ) BLDCM 4 HARAY , H:
R BB R 4G R AL S S R B A —
B, 15 20 XT N e A R ARl 6 iR o

n/r - min~!

0.05 01 015 02 0.5 03
/s

6 TR T e RN

K4 FE 6 By LB BB A R 4 T Y
BLDCM Ji5 B[] B, AT 54 10 4% il 17k e , 7 o bk
SN, LB AT AR

A5 AR

5 ZEHRIE

%) BLDCM 1< Bt i 5 B R AT 5T, ASBE 58
25 T K EE O ELRUHAILLE d-g Bl T AR AR
S, JFAIH Matlab/Simulink #4578 7 ¢ T Ikl B AL
R RGER . 8 R B RGO, 15
PR e N P, I8 A5 D7 il B gl 4 o]
RGN HPICAERT L, R B SO ARG | 3
Wi o PR LA R 1B AT B AN

£ %% 3L ik ( References) :

(1] SRS, A B JCh i sh LR SBR[ M].
db5T: B L I s sk, 2008.

(2] A ¥ AR IRIEME. AR JC R T LA i 25 7 55
PMRER[T]. HLHL T F2,2004 ,21(4) :59-64.

(3] AR, WHs . Jo R B i s AL B HL s il 5 AR ) & R
[J]. B HL,2002,5(5) :36-38.

(4] & 78 JEF SVPWM $:= i Y JC Il B o AL A 5
E[J]. Pl TR ,2013,30(9) :1106-1108.

[5] JAIV,RIEE, EEhis, 5. SVPWM S8 75 I SVPWM
5 SPWM (A BE & [J]. v B WAL T %4, 2006, 26
(2):133-137.

(6] ZEfLifg, 2= 0, Mgk, 55 23 8] % B bk i IR il 45 AR 4
KA T [T]. IR K24 ,2005,35(2) :27-31.

(7] 4Bk, 4K I, T . 1F 5% 3 TC M L3 o AL 10 37 280 7
T BRI [T]. T E AL TR 4]k, 2002,22 (12)
47-55.

(8] ffuml, FAA, F W&, % TRk SVPWM [
PMSM #3e m#EH R Gt T].2013,32(5) :55-59.

(9] BRART. o dzh AshiEH R4 @ e 24 [ M]. At
T AU Tl s AL, 2003,

[ GREE: PLAE IR ]

Xz BEIRE sk ,55 JE T SVPWM Y JERI B LR SR R EEATSE L 1] AL TR ,2014,31(9) : 1177 - 1181.
LIU Yun, JIA Hong-ping, ZHANG Peng, et al. Research of vector control system of BLDCM based on SVPWM[ J]. Journal of Mechanical & Electrical Engi-

neering, 2014 ,31(9) .1177 - 1181.

CHLEL LY 247 - hitp : //www. meem. com. cn





