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Sideways Overturning Analysis of Forwarder Using a
Multibody Dynamics Analysis Program
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ABSTRACT

The objective of this study was to analyze a stability of sideways overturning of a forwarder developed by
the Forestry Research Institute. The stability analysis was conducted using a multibody dynamic analysis
program, VisualNastran Desktop. A solid model of the forwarder was constructed and its physical properties
such as mass, mass center and mass moment of inertia were determined on 3D CAD modeler of the Solid
Edge 8.0. 3D simulations of sideways overturning of the forwarder were also performed on the Visual
Nastran using the solid model when it traveled across the slope and traversed over an up-hill side obstacle.
Stability comparison between a bogie-wheeled and a 6-wheeled forwarders was also made and found that the
bogie-wheeled forwarder was more stable than the 6-wheeled one on slopes. The safety speeds of the
forwarder predicted by the simulation under various conditions can be used as a guideline for safe operations
of forwarders in moumtainous area. The technique of using a solid model for the sability analysis can also be
applied successfully to other vehicles like agricultural tractors, loaders and construction equipments.

Keywords : Forwarder, Sideway overturning, Stability analysis, Computer simulation
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Fig. 1 A view of developed forwarder.

A FAe AN E
A1 71t} (Nabo, 1992).
z9 9

v, 13
Z3sld 23 o] tKKim and Rekugler,
1987). 1ejv o]z e 48 Ede
45, 8y X7 (tandem bogie) AEFS AEE 6
= HE&57 etk B7 Ae&2 &
Ao wEy B7) zZede] FFHo) 25Fo] A
FZolth. ol&d FRE AFel HANEH F
g oz By Z Yo H¢=2
F A7 o 2! o el A= 3t
gl es B dold L ct. 2] 3l
st A7l w ol Asg
A& ] 4= At}
AdA el A AEst 9o F

Grbetol SAskel FAHYO, A
4o

-

s}
%S|

2y

: 54
o

15

e

A=

i=) A~
= ax T

=
o

ot

it

=
k]

A 2|

o

L
D‘l)‘J

e

T

LN

. [e]
. AL =o

SN Vo S )

=13
=

o

o}

a3

186

Mass 2910 kg
Density = 7800kg/m?
Ixx = 6536.7kg.m?
Iyy = 1928.2kg.m?
I1zz = 6048.4kg.m?

Fig. 2 Model of main structure of forwarder.

Front drive wheels

Fig. 3 Solid model of front axle assembly.
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Pivot point

Rear view

Front view

Fig. 4 Solid model of bogie wheel assembly.

Table 1 Predicted physical

properties of
forwarder components

Component Predicted physical properties
Mass(kg) 122
Density(kg/m”) -
Driving wheel I« (kg - m%) 3.89
L, (kg - m) 4.18
I, (kg - m’) 4.25
Mass(kg) 80.9
Density(kg/m’) 7800
Front axle Iy (kg - m%) 0.74
Ly (kg - m’) 84
L. (kg - m) 8.2
Mass(kg) 34
Density(kg/m’) 7800
Bogie frame I (kg - m’) 4.1
I, (kg - m’) 0.74
L. (kg - m°) 34
Mass(kg) 2910
Main body Density(kg/ﬂm“) 7800
I (kg - m’) 6536.7
assembly i
I (kg - m’) 1928.2
L, (kg - m) 6048.4
Mass(kg) 2000
Density(kg/m’) 850
Loaded lug I« (kg - m’) 2203
I, (kg - m’) 397
L. (kg - m?) 2529

Density = 7800kg/m?
Ixx = 8147kg m?

Fig. 5 Completed 3D solid model of for-
warder.
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Fig. 6 Solid mode of loaded logs.

EdgeE ol &3ted /Ml 22 & 53
A Z 279l VisualNastrano] A4 T & s =zt
Z A EHoIME Lol 3T £ U= FHo
Ak 4 F4 FEY EdE o] &ste Ig 59
A9} o] EAF T ¢ xS GAE
3o 3L NRoT AWHTL xade T &
ZHo By AERE FE2Z A¥ste AHA)
3D 289 2YE S H T e JA 299
2, 74, FA 4, x y, 2% R FHFAA
EHEE T3 I Jep A

AAGge] 5L HA AAHs 9459 AF,
2k Aol & IEstd 19 6o M o] B
Healdoh BE AR AN EEFHE 959 AE
£ 20-25 cm HEol, Zolx 360 cm A Tolt}

—187—



T 71 A 83 A

Mass center w

‘[ Floor scales
{

d Rq

Fig. 7 Determination of mass center in x-
axis direction.
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Fig. 8 Determination of mass center in y-
axis direction.

Table 2 Comparison with measured and
predicted physical properties

Measured |Predicted
spec. of |value using | %Error
forwarder {3D modeler
Weight of
driving 1206.6 N 1196.8 N 0.8%
wheel
Weight of 75439 N | 7642 N | 13%
crane
Total weight 91 KN | 372 kN | 5.0%
of forwarder
Location of
mass center | 0 om | M9 em | 1.4%
X axis direction
(%)
Location of
mass center -\ g7 om | 96 em | 9.0%
y-axis direction
() J
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Fig. 9 Degrees of freedom of forwarder
model.

Obstacle approach angle
Obstacle height

Obstacle

Fig. 10 Height and appproach angle of
obstacle.

Fig. 11 Simulation of sideways overturning
of forwarder.
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Fig. 12 A view of tandem-axle forwarder.
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Fig. 13 Measurement of the maximum
static angle of sideways overturn-
ing of forwarder.

mrne

Fig. 14 Predicted static angle of sideways
overturning by simulation.
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Fig. 15 Slope angle vs. critical velocity of
forwarder crossing a 10 cm height

obstacle.
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Fig. 16 Slope angle vs. critical velocity of
forwarder crossing a 15 cm height
obstacle.
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Fig. 17 Slope angle vs. critical velocity of
unloaded forwarder crossing a 10
cm height obstacle.
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Fig. 19 Slope angle vs. critical velocity of
loaded forwarder crossing a 10
cm height obstacle.
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Fig. 20 Slope angle vs. critical velocity of
loaded forwarder crossing a 15 cm
height obstacle.
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