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Large Oscillation Mechanism and Optimization Control of Stepping Systems

ZHANG Gao-Yang' JIN Xin? ZHANG Zhi-Jing?

Abstract In order to solve the stepper motion control drive system oscillation, lost step and imbalance issues to improve
the control performance of stepper drive system and optimize the control of stepping drive system, an overall model of
stepping drive system including speed trajectory generator, micro-step driver, hybrid stepper motor and load is established
through the investigation on the structure of hybrid stepper motors, stepper-driven methods and modern stepping drive
system drive control process. The influence of speed trajectory control on the stepper drive system performance and
the mechanisms of oscillation, lost step, disorders are analyzed. A steady cutoff frequency identification method and a
speed trajectory optimization control method based on stability-frequency characteristics are proposed. Subsequently, an
example of stepper drive systems i.e. an arm system is tested. The results show that the speed trajectory optimization
control method based on stability-frequency characteristics can very well eliminate the oscillating, lost step, imbalance and
significantly improve running smoothness and precision positioning capability of the arm system. This optimal control

method described in the arm system can be widely applied to the control of various stepper drive systems.
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Fig.1 Step motor system architecture
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Table 2

Speed trajectory optimization results

TEURCE S RE (°) A (N-m)

FaHUESA (Hz) I el (e () LA (Hz)

Process 1 0 0.137
Process 2 9 0.0135
Process 3 18 0.130
Process 4 27 0.122
Process b 36 0.110
Process 6 45 0.096
Process 7 54 0.081
Process 8 63 0.062
Process 9 72 0.042
Process 10 81 0.006

298 0.067114 298
303 0.066006 303
322 0.062111 322
353 0.056657 353
397 0.050377 397
450 0.044444 450
507 0.039447 507
581 0.034423 581
660 0.030303 660
808 0.024752 808




92 §] 3l 1 2 1 413
500 JHRTE, DL A F 3 A 2 T B AR
w0l SEE R T, SE T 1 1 s ROR
700} 4 gER

iﬁw S Bl 2R 5 1193 5P B A5 AT RS A 7T 43

500 PRAL TS | 00 il 2

400}

300F

N =AU AR N R E I8 AT
LR TROE BRI AN IR G is sl 7 20k
R TSR RS o 1k N 2R Y I R

1 UK R G A 3 RE AL AR F AR OGS
A, PRGHOR, FeE U AR A, AR R R S

200 —
0.05 01 015 02 025 03 035 04

045 05

o P, A5 R G I AT/ T AL I, g
A% i 1 24 0 75 47 3 20 1 R B G
s L LIS ) B LS M 4 25 0 8020 R 3 TR 1

Fig. 12 Optimized speed trajectory curve
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