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Computer Simulation of Sideways Overturning of Side—Loaded Mini—Forwarder

S. B. Shim Y. J. Park K. U Kim

J. W, Kim M, S Park T.Y. Song

This study was conducted to evaluate the sideways overturning stability of side loaded mini-forwarder. The model of a

prototype was developed using a 3D CAD modeler and the performance was experimentally validated. The prototype model
was run on the multibody dynamic analysis program, RecurDyn 6.0, to simulate motions when the model traversed over

a circular bump on a inclined ground surface. The simulation was performed at a constant forward speed of 1.85 km/h

under the loaded and unloaded conditions. The forward direction was also controlled to vary from 0 to 360 degrees with

an increment of 10 degrees. Results of the simulation showed safe regions in which the mini forwarder could travel safely

in terms of direction and slope of the ground. Even when the mini-forwarder was loaded by 20 logs of 3.6 m long and

12 cm diameter, it traveled safely within the ground slopes of 1 to 45 degrees by directions.

Keywords : Mini-forwarder, Computer simulation, Stability evaluation, Stability area
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(a) Chassis

(b) Track

(c) Engine

Table 1 Specifications of prototype side loaded mini-forwarder

Items Specifications
Overall size 2.21 (L)x1.45 (W)x2.27 (H) m
. Type Air-cooled, gasoline engine
Engine
Power ps/rpm: 19/3,600

Weight 8 kN
Running Rubber tracked drive

gear Min. turning radius: 1.4 m
Winch Max. pull speed: 80 m/min
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Fig. 2 Solid models of prototype components.
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Fig. 3 Model of prototype assembly.

Table 2 Mass properties of prototype model

Total mass, kg 8254
Mass center, mm -636.5, 288.2, 670.0
Mass moment L 2654
of Inertia, 1, 369.1
kg m’ I, 3343
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Table 3 Average size of cut-to-length log model

J. of Biosystems Eng. Vol. 32, No. 2.

Fig. 4 Modeling for cut-to-length log.

Table 4 Mass properties of cut-to-length log

Total mass, kg 878
Mass center, mm -1800, -180, 240
Mass moment Ly 42.70
of Inertia, 7, 9743
kg I, 964.8
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Table 5 Soil parameters used for the ground model

Diameter Length Volume Mass
(mm) (mm) (m’) (ke)
Mean 120 3,760 0.0541 52
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Soil parameters

Specifications

Terrain stiffness, k, 0.351
Terrain stiffness, k, 0.018
Exponential number, n 03
Cohesion, ¢ 0.014
Shearing Resistance Angle, ° 22
Shearing deformation modulus, & 25
Sinkage ratio 0.05
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Fig. 5 Types of obstacle model used for bump simulation.
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Table 6 Errors in weights of components and assembly predicted
by models

Components Prototype Model % Error
Winch, N 363.95 363.97 0.005%
Track, N 1638.3 1616.1 1.36%
Engine, N 388.5 386.3 0.57%

M, N 384.6 405.5 5.43%

Assembly, N 8093.3 8096.8 0.04%
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Fig. 6 Traveling directions and gradients for simulating sideways
overturning of the mini-forwarder.
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* Travel speed (v) = 1.85 kin‘h
* Unloaded

* A rigid body bumper

* The soil ground
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Fig. 7 Safe region when tracked mini-forwarder override a rigid
bump with unloaded condition against sideways overturning,

Critical slope angle

(a) Before crossing bump

Critical slope angle

$

(b) Crossing bump

Fig. 8 Ciritical slope angle of side loaded mini-forwarder when
6=290".
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Critical slope angle

(c) After crossing bump

Fig. 8 Critical slope angle of side loaded mini-forwarder when
9=290". (Continued)
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* Unloaded
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Fig. 9 Safe region when tracked mini-forwarder override a soil
bump with unloaded condition against sideways overturning.
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Critical slope angle

(a) Before crossing bump

Critical slope angle

(b) Crossing bump

Critical slope angle

(c) After crossing bump

Fig. 10 Critical slope angle of side loaded mini-forwarder when
0=0".
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* Travel speed (v) = 1.85 kan'h
* The log loads of 360 cm
# A soil bumper

* The soil ground

! 180° D Safe region

Fig. 11 Safe region when tracked mini-forwarder override a soil
bump with loaded condition against sideways overturning.
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(b) crossing bump

Critical slope angle

(c) After bump passing

Fig. 12 Critical slope angle of side loaded mini-forwarder when
6=260°.
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* Travel speed (v) = 1.85 knvh
*The log loads of 360 cm
+ A rigid body bumper

o * The soil ground

Fig. 13 Safe region when tracked mini-forwarder override a rigid
body bump with loaded condition against sideways overturning.

Critical slope angle

(a) Before crossing bump

Critical slope angle

(b) crossing bump

Fig. 14 Critical slope angle of side loaded mini-forwarder when
0=80°.
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Critical slope angle

(c) After crossing bump

Fig. 14 Critical slope angle of side loaded mini-forwarder when
0=80°. (Continued)
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