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Development of a dynamics analysis model of mechanical system driven by DC motors

M. Kim'(Mecha. Eng. Dept. POSTECH), W. Moon(Mechanical Eng. Dept., POSTECH), D. Bae (Mechanical
Eng. Dept., Hanyang Univ.), 1. Park(Electrical. Eng. Dept, SungyunKyan Univ.), J. choi (Mecha. Eng. Dept.,
Kyunghee Univ.)

ABSTRACT

When one is interested in the dynamics of a mechanical system with electric motors, the force generated by the motor is
generally considered as only an applied torque or force independent of mechanical state variables such as velocity. For a
system operated in non-steady dynamic conditions, however, the usual analysis approach may fail to predict some
characteristics in the dynamic behaviors because of electromechanical coupling effects. In this paper, we propose dynamics
analysis model in which dc motor dynamics with the electromechanical coupling effects are embedded to mechanical
dynamics models. The dc motor is modeled based on its equivalent circuit model and included in the dynamics solving
algorithm which we developed before, called generalized recursive dynamics formula. The developed dynamic analysis
model is effective and realistic for analysis of electromechanical dynamics of a system with dc motors. The developed model
is evaluated by constructing and simulating the flexible antennas of an artificial satellite driven by dc motors.

Key Words : Electromechanical coupling effect(7] 714 A% &3}, Recursive dynamics formula(3# 93 &
21), DC motor equivalent circuit modeling (57} 32 Z A ), Anificial satellite model(A T A4 )
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Fig. 1 Flexible antenna model of artificial satellite

Table 2 DC motor parameters (Parker Hannifin Co.)’

Parameter Units Value

Amps Peak 32.2
Volts/rad/s | 0.468
Nm/Amp Peak | 0.402

Peak Current

Voltage Constant

Torque Constant

Resistance Ohms 0.96
Inductance MH 15.09
Viscous Damping Nm/Krpm 1.2x1072
Static Friction Nm 2.9x107
Maximum Bus Voltage Volts DC 340
Rotor Inertia 7.1x107° Kgm®
Motor Weight 4.3 Kg

DC B8 249 mzd 2o AP EH 1
e ov Adg ¥F& 2H 2 de FUIAE &
Pt o 2 = 2E 2 o 4F At 98
wAste REe £8 EFojg JHEL H H7
Mo Fygoz 4o Koz B2 P B
s otk 29" 3L §EA 19 FAGolth ZE 9
A7) 714 A Ane 2E 1 9 ZJAEE THA
1= g8 st 19 3 & B3 444 1 9 &

N

e Ao gt ¢ ¢ 4 A 2P 4E R
QA 2 o BYel Y & AHE etk fAH 1
ol Asl AL} 2k YRl £AM 2 & FHE

oz Al BAst
wel mE 2l s ge A 9
3¢ e U o ATFE BAY

,d
o M
)
it
o
o
t!
™ e

s
o] mHA ol ZE 2 X VAHE TF
wztgo]l g HIEAEE ¢ F Jdoh
S FdA 2 9 SFYANE HFS UA 74

S, 18 of Jo Lol
o
I

N, 1o

- 499 -



A 29 B A Exe Fr)E €0 E4 o
A 3% 694 BE nlsh Zo| f4d4 29 €Y
9 &L opElz A HHE FA3A "k

gunarated targ. of [C rokor 2

Fig. 2 Moto Itage

Fig. 3 Rotation angle of flexible body 1

Aupincarrant of ¥ oo port o tre ekle body 20 mds)

Fig. 4 Y axis displacement of the flexible body 2

otation angle of Sexitte body Ytwkhaut OC rtor erodel)

Fig. 5 Rotation angle of flexible body 1(without DC motor
model

optacerrart ofthe and peirt of the bedtis body 20Y mde)

R I v 0
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DC motor model)
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