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Abstract : This work deals with dynamic analysis of a monorail system with magnetic caterpillar where magnets are

embedded inside each articulated element of the caterpillar, augmenting traction force of main rubber wheels to climb
up slope up to 15 degree grade. Considerations are first given to determine stiffness of the primary and secondary
suspension springs in order for the natural frequencies of car body and bogie associated with vertical, pitch, roll and

yaw motion to be within generally accepted range of 1-2 Hz. Equations for calculating magnetic force needed to climb
up given slope are derived, and a magnetic caterpillar system for 1/6 scale monorail is designed based on the derivation.
To assess the hill climbing ability and cornering stability, and make sure smooth operation of the side and vertical

guiding wheels which is critical for safety, a multibody model that takes into account of every component level design
characteristics of car, bogie, and caterpillar is set up. Through hill climbing simulation and comparison with
measurement of the limit slope, the validity of the analysis and design of the magnetic caterpillar system are

demonstrated. Also by studying the curving behavior, maximum curving speed without rollover, functioning of lateral

motion constraint system, the effects of geometry of guiding rails are studied.
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Fig. 1 Car, bogie and rail of monorail system
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Table 1 Suspension parameters and values

Symbol Definition Value

m Mass 5000 kg

I X-axis moment of inertia 6688.2 kgm2

Lyy Y-axis moment of inertia 50371.5 kgm”

L, Z-axis moment of inertia 49332.2 kgm2

CG Mass center location (49.8, 0, 1281.3) mm
L Wheel base 6.3 m

t Wheel track 241 m

ki, ke |Spring stiffness for driving wheel |271666 N/m

ka, ki, |Spring stiffness for vertical guide

kn, ke | wheel 271666 N/m
ke, ke, | Spring stiffness for side guide 200000 N
kal, krsr | Wheel

Ko, kon,| Spring stiffness betweem car body|
Korr, kot [ and bogie

Koels Spring stiffness for magnetic belt | 1630000 N/m
Longitudinal distance of springs
between car body and bogie spring

349750 N/m

Iy 32m

Lateral distance of springs

. . |14
between car body and bogie spring m

Table 2 Equivalent spring stiffness and natural frequencies

Equivalent stiffness Natural freq. (Hz)

Vertical 752845.8 N/m 1.95
Lateral 400000 N/m 1.42

pitch 2932154 N-m/deg 1.21

Roll 346415.7 N-m/deg 1.15

Yaw 198450 N-m/deg 1.00
. H

Sl
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Vertical motion
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Fig. 3 Vertical and pitching motion
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Table 3 Required number of magnets and driving forces for
given acceleration

Acceleration Magnetic #of | Traction force
(2) Bl b porce (N) | magnets (N)
0 2136 7 12699
0.1 14399 48 17604
0304
0.2 26661 88 22509
0.3 38924 128 27414
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Fig. 8 Analysis model of Monorail system
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