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DYNAMIC ANALYSIS OF DC MOTOR AND PLANETARY GEAR BY FUNCTIONAL MODEL
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As shortened development period has been recently requested to every companies, the simulation

models of each project are usually used for this purpose. However, actual models such as automobile and

aircraft require new modeling method exceeding mechanic and electric fields, which is too large to make

a full modeling by the conventional method. This new method can make same modeling between

mechanical and electrical systems by equally dealing with force and current as intensive quantity, velocity

and voltage as extensive quantity. Moreover, the simultaneous modeling with an electrical and mechanical

properties is conducted and compared with experimental data. As a result, it is found that the simulated

angular velocity is nearly equal to the value obtained by the experiment, excluding transient response. The

frequency of the angular velocity fluctuation of the experiment and simulation value were equal by FFT

analysis. Also, a planetary gear was modeled and it was combined with a model of motor. Both input and

output, the simulated angular velocity is nearly equal to the value obtained by the experiment. However,

there are some problems in transient response.
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Fig.1 Main symbols for functional model
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Fig.2 Single degree of freedom system
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Fig.3 Single degree of freedom system by functional model
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Fig.5 Analysis model of the DC motor
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Fig.6 Function model of the DC motor

Table 1 Characteristic values

l 2 :
VIV]  [rad/s] Symbol Unit Value
i Eg \Y 2.5
Electric
system Rpat Q 0
Y L H 8.97 x 1075
A ¥ T[Nmj Ry, Q 0.4
- M N m/A 4.01x 1073

N VIW] |, oT [W]

Fig.4 Conversion to mechanical system from the electrical .
Table 2 Characteristic values

system of the motor
Symbol Unit Value
) kg - m? 6.0 X 10~°
Cp N - m/(rad/s) 1.33 x 1075
Cload N-m 0




600

500 f

400 | Exp

300

=)
o
(=}

Angular velocity [rad/s]

—
[l
[=]

[}

Time [s]

Fig.8 Angular velocity of DC motor for comparing
numercal simulation results with experimental results.
The numercal simulation results and experimental
results are solid (red) (blue) curves by small arrows in
the figure, respectivery.
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Fig.9 FFT analysis for comparing numercal simulation
results with experimental results. The numercal
simulation results and experimental results are solid
(red) (blue) curves in the figure, respectivery.

Table 3 Characteristic values

Symbol Unit Value

J(Load=0 [Nm]) 9.3x107°
J(Load=0.005 [Nm]) kg - m? 3.0x107*

J(Load=0.01 [Nm]) 3.9 x 10~*
Cym(Load=0 [Nm]) 6.1x107%
Cpn(L0ad=0.005[Nm]) | N-m/(rad/s) | 8.6 x 10™*
C,n(Load=0.01 [Nm]) 1.1x 1073
0
Cload N-m 0.005
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Fig.10 Angular velocity of DC motor for comparing
numercal simulation results with experimental results.
The numercal simulation results and experimental
results are solid (red) (blue) curves by small arrows in
the figure, respectivery.
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Fig.11 FFT analysis for comparing numercal simulation
results with experimental results.

Table 4 Characteristic values

Symbol Unit Value
J(Load=0 [Nm]) 93 x 107
J(Load=0.005 [Nm]) kg - m? 2.5%x 1075
J(Load=0.01 [Nm]) 2.7 x 1075
Cyn(Load=0 [Nm]) 6.0 x 1075
Cyn(Load=0.005 [Nm]) N-m/(rad/s) | 6.1 x 1075
C,(Load=0.01 [Nm]) 6.3x 1075
PRM, 4(Load=0 [Nm]) 5.0 x 1073
PRM, 4(Load=0.005 [Nm]) 5.0 x 1073
PRM, ,(Load=0.01 [Nm]) 5.0 x 1073
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Fig.12 Angular velocity of DC motor for comparing
numercal simulation results with experimental results.
The numercal simulation results and experimental
results are solid (red) (blue) curves by small arrows in
the figure, respectivery.
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Fig.13 FFT analysis for comparing numercal simulation
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Fig.14 Error of angular velocity amplitude of numercal
simulation results and experimental results for
comparing the improved back with the improved front.
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Fig.15 Functional model of a planetary gear
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Table 5 Characteristic values

Symbol Unit Value
] 6.00 x 107°
Js 2.00x 107
Jo kg - m? 3.00 x 107°
Je 1.00 x 107°
Jr 0
Cm 7.00 x 1075
C N-m/(rad/s) 3.10 x 1073
C. 1.00 x 1075
C, 1.00 x 1075
K 1.00 x 105
K, N-m/rad 1.00 x 10°
K, 1.00 x 10°
Nps 1.5
Ny 0.375
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(b) Output axis
Fig.16 Angular velocity of DC motor with planetary
gear for comparing numercal simulation results with
experimental results. The numercal simulation results
and experimental results are solid (red) (blue) curves
by small arrows in the figure, respectivery.
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Fig.17 FFT analysis for comparing numercal simulation
results with experimental results. The numercal
simulation results and experimental results are solid
(red) (blue) curves by small arrows in the figure,
respectivery.
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Fig.18 Simulation results of angular velocity in the case
where input voltage is parameter.
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Fig.19 Simulation results of angular velocity in the case
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