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The research and implementation of hybrid stepper servo motor based on two-
degree-of-freedom PID
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2. Shenzhen Wanzhida Motor Manufacturing Co., Ltd., Shenzhen 518106, China)

Abstract: The stepper motor has simple control and low cost. it has been widely used in various industrial control
fields. Due to its large size, complicated installation, the conventional stepper motor has limited control precision,
the problems of low control precision, high cost and complicated installation of the hybrid stepping servo motor
driver need to solve. The control strategy and hardware aspects of the drive are studied. A two-degree-of-freedom
closed-loop control position loop, speed loop, current loop combined with subdivision control is used to improve
the response speed and anti-interference ability of the controller, and reduce the low frequency vibration at the
same time. In terms of driver hardware, STM32 is used as the main control chip, combined with A5950 full-bridge
driver chip and magnetic encoder, low-cost, high-performance driver hardware structure is designed. A complete
experimental platform of 48 W/24 V is built. Experiments show that the motor has no out-of-step, high control
precision angle, good effect in vibration and noise. The volume is small, the cost is low, the installation is relatively

simple and has certain application prospects.
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Fig. 2 8 Subdivided magnetic field vector diagram
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Fig. 5 Driver interrupt program
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Tab. Experimental platform and prototype device table
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Fig.6 Dynamic model experiment platform
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Fig. 7 40 subdivision experimental waveform

LU R, RA D RGER —EILE T
fasE, MR AER1K200 kHz, & fa g i vl ik
1 500 r/min, {#HE &M THER, BIET A

www.eage.com.cn

R R

Application Research |

Tek S i Stop M Pos:—100.0ms CH4
Y oma
EE3
il
§4200 MHz
N\
10X
Voltage
A
il
M 10.0ms CH3/ —49.6mV
CH45.00V  29—Aug—1919:39  <l10Hz
E8 RESHFAR— 2004 5 LI KR
Fig. 8 200 subdivision experimental waveform
Fi1 5 PTD 7 il 36 Wi 200 3R 12 Y T A PR R A

5 HARiE

{6 & 20 0 1) AR — T WL A2 28 A8 il 3 403k 1 o6
AT, M HSUR)TIZ, HEEOHAR
I F 98 H A — o 1Y L A St o AR SOk 3 4 1l 1f
W . AR SERIETUIR, R HEERT
MR OEAR, PR T A3Cikil 17—
Fp Ak FSTM32+A4950/9 1k & & it — (R HLAE 1
Tl ARG, LB TR RGACRA . mERED
Hir. R, fE&H# XL T —fMEEANR
HEB LR, WA THRS, @
T, R T A, 70T R g 5 1 B
FE R T A FEEPID b R 45 S, [R5
Ik I A7 B IR L BRI R O R AT TR Ok R
PIALEE, BA—EmMelEtt. &fa, AC#ER
TREMNZESEHELER G, T RENE

5, RAE T bR R GE B AR AT AT
Sk

(1]  EFB4k, XM, A&, %. Dbk RS
B ROhne o Bl Ze A1, Bl S 4 il A,
2018, 22(1); 37-42.

(2] GFE, kids, £%X, %. ETFPGAY
LI IR AN 5 W) RS [T] }"’%IJI%; 2017,
24(1): 16-21.

2019%E 128 - TU TR -#Lfd | 55



RMAHE |

[3]

[5]

[9]

Application Research

YANG S M, LIN K W. Automatic control
loop tuning for permanent-magnet AC servo
motor drives[J]. IEEE Transactions on Industrial
Electronics, 2016, 63(3): 1499-1506.
AL-MAYYAHI A, ALI R S, THEJEL R H.
Designing driving and control circuits of four-phase
variable reluctance stepper motor using fuzzy logic
control[J]. Electrical Engineering, 2017(2).
1-15.

FLIL, HSbk . gk B ) Al H AL 2% - fim O 6F HL AL
PERERISZMAREZE[T]. AL 52 HI2# 4k, 2016,
20(1): 52-59.

sRoTR, BAE, X%, . DRI R ]
Jic i T B s 7 AT AL S R A4
2018, 22(2). 17-23.

QPR AT, SElE. Rk BRI Tk BEIR
ARPHERYLIERELLESHSTIT]. v E AL TR
i, 2017, 37(21). 6255-6265.

JKW, PrdksE, AR, . 2 TDSPRIMAR
Bt PR B B i THI]. OD R TFER,
2017(4). 87-89.

SRIVASTAVA S, PANDIT V S. A PI/PID controller
for time delay systems with desired closed loop time
response and guaranteed gain and phase margins[J].
Journal of Process Control, 2016, 37. 70-77.
RUBAAI A, CASTRO-SITIRICHE J, OFOLI A R.
Design and implementation of parallel fuzzy PID
controller for high-performance brushless motor
drives: an integrated environment for rapid control

prototyping[J]. IEEE Transactions on Industry

56 | @ bl - T THR - 2019538551288

[11]

[14]

Applications, 2008, 44(4). 1090-1098.

WANG Z F, WANG Y D, RONG Y N. Design
of closed-loop control system for a bidirectional full
bridge DC/DC converter[J]. Applied Energy,
2017, 194. 617-625.

ZANG CQ, GAOMY, LIUYF, etal. Study
of subdivision stepping motor driver based on the
controllable dead-time compensation[J]. Applied
Mechanics & Materials, 2014, 556-562(1): 1294-
1297.

SEOL W K, CHUNG S K. Current vector
control of wireless power transfer system with 2D
transmitting coils[J]. Electronics Letters, 2017,
54(2): 91-93.

CHEKARI T, MANSOURIR, BETTAYEB M. IMC-
PID fractional order Filter multi-loop controller
design for multivariable systems based on two
degrees of freedom control scheme[J]. International

Journal of Control Automation & Systems, 2018,
16(2): 687-701.

1E&®ET

W (1994—) , 5, fii
EWFTE A, EBEHEI TS A &
ALY P RE SR 75 i

(KckE AT 201901 - 18)EA





