A AFI A Al 18H 435 2001d 39Y)
Journal of the Korean Society of Precision Engineering, Vol. 18, No. 3, March 2001,

BH7|xe] FEE MAS B SHHH Y
AUME", 2287, HEj2™

Analysis of Dynamic Performance of Model Trains for Their Drive Train
Design

Suc Tae Kim*, Soon Hyung Yoon ** and Tae Oh Tak***

ABSTRACT

Model trains should have very similar motion characteristics to real trains in order to provide realistic feeling to their
operators. Main purpose of dynamic analysis of model trains is to predict velocities in straight and circular tracks and
estimate stopping distance after power shut off. Equations of motion for a model train are derived that relates velocity,
traction, rolling resistance, and pulling force. Also, energy equations for calculating stopping distance after power shut
off are derived. Experiments with mode! trains are performed to measure velocity, rolling resistance, slip, and stopping
distance. The results are compared with the prediction based on the equations of motion, and they showed good
agreement. It can be concluded that the prediction is more accurate when the slip between wheel and rail is accounted for.
The analysis procedures can be applied to determining various design factors in model trains.
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Fig. 1 External appearance and the drive train of a model

train
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Fig. 2 Free body diagram of a model train
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Fig. 4 The relation between slip and traction
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Fig. 5 External forces to a model train on a curve track
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Fig. 6 An experimental setup to measure rolling
resistance
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Fig. 8 Rolling resistance on the curve track
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Fig. 10 An experimental setup to measure traction and
slip
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Fig. 13 An experimental setup to measure stopping
distance

Table 1 Comparison of measured and predicted stopping

distance
A} | AFHAAZ | AEAHA AR 2 2H%)
v) (m) (m)
9 1.54 1.17 24.35
12 2.17 1.85 14.89
15 2.56 2.39 6.74
18 2.81 2.96 5.38
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Table 2 Comparison of measured and predicted velocity
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dgt | Anss S (ms)
P PR
(v) (m/s) B} ;
(2.4%) (2.44%)
9 0.75 0.78 (3.49) 0.81(7.32)
12 1.05 1.07 (1.88) 1.17 (10.12)
l15 1.27 1.34 (5.73) 1.47 (13.70)
18 1.52 1.47 (3.14) 1.79 (15.15)
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