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Vector Control System Simulation of Two-Phase Hybrid Stepping Motor
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Abstract; In order to solve the problems of low-frequency oscillation, high-frequency step-out and torque decline in the
open-loop control system of stepping motor used in embroidery machines and flat knitting machines in textile industry, a
novel vector control system model of two-phase hybrid stepping motor was established. Based on the two-phase hybrid
stepping motor (hybrid stepping motor, HBS) mathematical model, the three-phase space vector pulse width modulation
(SVPWM) was used to deduce the two-phase SVPWM method based on the double-H bridge inverter circuit. The
coordinate transformation ,vector control and PI regulation were also combined to build this novel model under MATLAB/
Simulink. The current simulation results show that the current of the motor is stable at 0.3 s after operation. The speed
simulation results show that the speed of the motor is stable and without oscillation at 0. 018 s at low frequency
operation, and the torque is stable after the speed reaches the peak at high frequency operation. Therefore, the scheme
can improve the performance of two-phase hybrid stepping motor oscillation and step-out.

Keywords ; hybrid stepping motor; SVPWM ( space vector pulse width modulation) ;vector control ; MATLAB/Simulink
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Figure 1  Double bridge inverter circuit
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Table 1  Basic voltage of inverter circuit Table 2 Relationship between ¢, ,¢, and sector

e TR Zedl LR B R B IX. P IR] ¢ YERIITTR] ¢
* (o8 c, € C U, Uy M Us 1 X Y
Uy 0 0 0 0 0 0 0 2 Y X
3 -X _y

U, 1 0 1 0 Ug Ue ,/27Uce"% 4 -Y X
G: 0110 U U Ut 2.3 AMXENERRBE
Us 0 1 0 1 -U; -U; «/EUCC"STTI Ehﬂéz ﬂ‘%n ,%fl»;%‘rﬂj Lyt %‘Zﬁﬁgiuﬁﬁtﬁd‘ﬂg Us
b e o o puen TEAFEEBIK I 2 AR (6) TN S

2.2 EXEEEAMETE

WE 2 iR A R R R R 2
RN U, FF R T, Us 7555 1 B X
W Uy, U, Uy PERBSIRLA ¢, 0, 8, WA

tSUS:tlUl+t2U2+tOUO;} (5)
by =ts =1 =10
7
B2 RABEZEXZ
Figure 2 Basic voltage space vector
i 2 Alf
U, =1Uglcos 0;
] (6)
Ug =1Uslsin 6,
Us 7E55 1 33 DX H A RIS T8] 2,0,
UC!
by :th59 (7>
Uﬁ
t, _thSo

U
FUSET 45 310 B O F D D, 4 X = 20, Y =

U
?‘*zs,ﬂﬁﬁ X, Y HRFIR Us AL T AR RS XA F ],
X R AN 2 Fs o

B U WATFEHEI EXE,0<0 <m/2,0 cos >0,
sin >0,B1 U, >0,U, >0; 4 JERK &5 Us T4 2 Ji
X}, m/2<6 <, cos #<0,sin §>0,0 U, <0,
Ug >0 iR Ug b T56 3 B IX AT, m<6 <3m/2,
M) cos 6 <0,sin § <0, R Ua<0,Uﬁ<0;§']Eﬁ}£§E§ Uy
AET56 4 FIXE ,3m/4<0<2%w, 0 cos 6 >0,sin 6 <0,
BPU,>0,U, <0, 3did U, 1 U, 1E 5B AT BT BT 7 B
DX, X OE R AN 3 P o
K3 U AU, BREREXF
Table 3 Relationship between U, , U, and sector

3 X HE U, HLHE Uy
1 + +
2 - +
3 - _
4 + -

2.4 EXBEEAIRFE

BT H AR FHWE 2 A 17 98020 S 4k, BEAR T
FFRE, ik PWM R R W LI A 2 b
—Fh 7 Bex SVPWM; 58 —Fh 2 5 Best SVPWM, i
B R 5 BeX SVPWM,

TER X 1 ~4 T RV 53 38 U, - U, -
u,-U,-U,,U,-U, -U, -U, -U,, Uy -U, - U, -
U4 - U3 ’U4 - Ul - Uo - Ul - U4s§’)3i3[X—FX¢EZE/‘JEE}£
YIS P T2 A8 3 7R o

TEmFE 5L I SVPWM B, JEAS fg R AR FH B[] 42 4
SR, GRRTTER X R & U,, Uy IE57H
W , A i A T AR i 18] 3 R A B E
3 WHEEXATHBINRERHREGERS
hE
3.1 EHRGSEEE

£ Simulink FREE A b i 20 i AL RE 4 R 4
PRI & 4 Fr s, F R H A 45 Ak AR A8 3 | R A
SVPWM 5 ik L LA PT . 7ERCAEAY N F b - H
Ja G SR AL AC LI 1, 1, DAL B



.58 . B THI# Light Industry Machinery

2020 FEEE5 HA

PWML! 1 00 P 1
PWM2! 0 1 0 1 0 !
: 1 1 1 1 1
PWMG, 1 | 1 0 1§ 1
PWMA, 0 L 0 ' 0 1 0 ! 0 |
x2  m T, mooxn

(@FEIREX

tS

PWML! 0 1 0 1 0 |
i I 1 ‘\ 1
— B
pwM2. 1 |0 | o i 0 ro
PWM3' 0 10 . 0o 0o | o |
T —
PWM4! 1 ! 1 0 11
X2 -2 E R axn

©)F3MX

PWMII 0 ! 0 ! o 1 0 1 0 |
| , i | i i
PWM2! 1 0 1 0 11
i o ! —
PWM3! 1 ol 0o !0 1|
PWM4! 0 1 0 1 0 !
‘w1, m

b)FE2HKX

tS

S —— _— 1
PWMII 1 1 1 0 IS
PWM2 0 1 0 ! 0 I R
PWM3! 0 1 0 1 0 |
M ! | :
PWM4! 1 | 0 ! 0 | 0 1!
o xn T, X2 -m

(D4 X

B3 ApEeEWHIRGLTYE

Figure 3 Voltage switching sequence waveform of each sector
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Figure 4 Aggregate model of control system
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Figure 5 Stepping motor module
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