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Transient Response Characteristics Analysis of Permanent Magnet
Type Stepping Motor with Claw Poles

Ji-Hyun Ahn', Kyung-Min Kim', Seung-Chan Park’, Se-Hyun Rhyu”,

In-Sung Jung”

Dongyang University’, Korea Electronics Technology Institute™

Abstract - This paper analyzes static and transient response
characteristics of a permanent magnet type stepping motor with
claw poles using three-dimensional finite element method. The
outer diameter of the stepping motor to be analyzed is
approximately 6 mm. In this paper we analyzes only 2 poles of
the stepping motor, which has 10 magnetic poles made up of
NdFeB material, using periodic boundary condition. We clarify
transient response and static torque charateristics using Maxwell
3D and Matlab Simulink.
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Fig. 1. PM type stepping motor with claw—-poles model
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Table. 1. Specification of the PM type stepping motors with

claw-poles
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Fig.2. Bridge driver scheme for a two-phase stepping motor
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Fig. 3. Excitaion current waveform to a stepping motor
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Fig. 4. Holding torque characteristics of two-phase on
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Fig. 5. Holding torque characteristics of one-phase on
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Fig. 6. Distribution of magnetic flux vector
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Table 2. Motor parameters

EELD EBLE] e
Supply DC voltage 5 Vv
Self—inductance 0.97 mH
Coil resistance 78 2
Motor inertia 25% 197 kgm®
Detent torque 2.6 %1078 N'm
Back—emf constant{Xg) 0.002828 Vs/rad
Damping constant 0.0000089 Nms/rad
Friction torque 1.2x1077 Nm
Pairs of poles 5
Step angle 18 degree
Step rate 20 pps
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Fig. 7. Drive model of stepping motor using Matlab Simulink
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Fig. 8. One-phase excitaion current waveform
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Fig. 9. Two-phase excitaion current waveform
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Fig. 10. Torque characteristic {one-phase on)
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Fig. 11. Step Response characteristic (one-phase on)
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Fig. 12. Torque characteristic {two-phase on)
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Fig. 13. Step response characteristic (two-phase on)

3.8 &

B mgdAE 97 emmIoe AASHH 4289
claw-pole & Zte PME 288 2 g 329 884
s ojg3ld FEjd] AHEHES HEIFHY, 2dYP
23 TE9 Ix $¢ E‘H° Matlab SimulinkZ o]
43ld 1, 2899ziAe) 4F AR/, Ea 2n 29 &
o 548 dHRgich

B =EE AdAARAA A HF sl
Z1eME A (AN 5:ETI-RD-2004018)

32 g 8

[1]Tekeo Isthikawa, Ryuichi Takakusagi, “Static Torque
Characteristics of Permanent Magnet Type Stepping
Motor with Claw poles”, IEEE Transaction on Magnetics,
vol 36,No 4, pp.1854~1857, 2000

[21FA", A8, 4314, €99, “Claw-Poleg zte 243
TEl9) LFsle} BF IF,

A7 ek s =83, pp.929-931, 2004

[3]Tatsuya Kikuchi, Takashi Kenjo, "Developing an
Educational Simulation Program for the PM  Stepping
motor”, TEEE Transaction on Magnetics, vol 45No.l,
pp.70~78, 2002

- 1266 -



