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Abstract

To identify the dynamic characteristics of the Auto-leveling system applied to the Tractor-Trailer type
Transporter for mounting a large scale precision equipment, Dynamics Modeling & Simulation were performed
using general Dynamics Analysis Program - RecurDyn(VOR2). The axial load data, transverse load data and pad
trace data of leveling actuators were obtained from M&S. And they were analyzed and compared with each other
by parameters, i.e. friction coefficients on the ground, landing ram speed of actuators, and direction & quantity of
ground slope. It was observed that ground contact friction coefficients affected to transverse load and pad trace;
the landing ram speed of actuators to both amplitude of axial & transverse load, and this phenomena was able to
explain from the frequency analysis of the axial load data; the direction of ground slope to driving sequence of
landing ram of actuators. But the dynamic behaviors on the two-directional slope were very different from them
on the one-directional slope and more complex.
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Table 1. Characteristics of the analysis model for
multi—body dynamics

Group & Division |Qty.| Characteristics | Mass(kg)
Trailer Body | Trailer Main %f)‘(‘i;““e 10,0401
Axle 2 Dual Axles 408x2
Shock Absorber 8 | With Hinge Elements 2x8
Wheel Drum 4 | Between Axle and 16x4
Tire Body 8 Dual Wheels 52%8
Adaptor 1 Betv;ﬁg“gfggg‘“k 4801

g Air Coupler 1 | Air bag linking plate 63x1

& Actuator Body 4 Fixed to Trailer 276x4
Actuator Ram 4 | Extension/Retraction 354x4
Actuator Pad 4 Contact to Ground 149x4
Landing Leg Body| 2 Fixed to Trailer 35x2
Landing Leg Ram | 2 | Extension/Retraction 22x2
Landing Leg Pad | 2 Contact to Ground 10x2
Dummy 1 Mass on the Trailer | 15,607x1

sum 44 30,752
Revolute(A) 4 Trailer-Axle Hinge -
Revolute(B) 8 | Shock Absorber Hinge -
Revolute(C) 4 BeﬂNe%xle and -
Revolute(D) 1 Air Coupler Hinge -

& Cylindrical 4 Shock Absorber -

g Translational(A) 4 Actuator Ram -
Translational(B) 2 Landing Leg Ram -
Revolute(E) p | Between Landing Leg |
Spherical 4 B %?Iflegnﬁcg ':11tsor -

sum 33 -
Spring(A) 4 Suspension Air Bag -

- Spring(B) 1 Coupler Air Bag -

g Spring(C) 4 Shock Absorber -
Tire 8 Tire-Road Contact -

sum 17 -
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Fig. 1. Configuration of the trailer with dummy weight
and auto—leveling system
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Fig. 2. The process of auto—leveling(é = —2°)
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a) Trailer body FE model b) 1st mode(13.62 Hz)

¢) 2nd mode(19.94 Hz) d) 3rd mode(24.70 Hz)

e) 4th mode(25.52 Hz)

f) 7th mode(49.06 Hz)

Fig. 3. Configuration of the trailer FE model and
natural modes & frequencies
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Fig. 4. Ram speed of actuators during auto—leveling
(at ©=-2°, v =50 mm/s)
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Fig. 5. Comparison of the axial load of actuators
with friction coefficients on the ground
(at & =-2°, v = 50 mm/s)
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Table 2. Comparison of the trailer FE model natural
frequencies and the FFT frequencies from

time—axial load data of actuators during
auto—leveling
Mode 1st 4th 7th 11st | 13th
@ FE model
Z-axis motion | 3 6> | 9555 | 4906 | 7496 | 96.52
natural
freq.(Hz)
fr? FFT 64.50
qUENCICS 4y 41 | 23.97 | 4566 | or | 89.62
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data(Hz) :
13.9
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