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Abstract: This study was conducted to analyze the running stability of a semi-crawler type mini-forwarder. The
running stability analysis was performed by using a dynamic analysis program, RecurDyn. Physical properties
of the semi-crawler type mini-forwarder was performed by using 3D CAD modeler, AutoCAD 3D. As a result
from the computer simulation of stationary sideways overturning, it was found that the semi-crawler type mini-
forwarder runs safely on a road with a slope not bigger than 20° regardless whether it is empty or loaded, but
in case of a road with a slope bigger than 20°, it is assumed that it is difficult for the car to run safely due
to some dangers. In addition, it was found that the critical slope of its sideways overturning gets much smaller
when empty since the location of its gravity center is elevated and much higher when it is loaded. As a result
from the computer simulation of its hill-climbing ability, since the running speed is unstable in case of a road
with a vertical slope not smaller than 28° it is assumed that it is safe to drive it on a road with a slope not
bigger than 28°. Taking a look at the result from an analysis of the running safety when it passes an obstacle,
it was observed that a front tire comes off the ground when the running speed of the car is 5 and 4 km per
hour respectively when it is empty and loaded while the gravity center of the front tire is watched. When taking
a look at the changes in the location of the gravity center of the rear wheel crawler shaft, it was not found that
the shaft comes off the ground at the test speeds both when it is empty and loaded.
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Table 1. Specifications of the semi-crawler type mini-forwarder.

Items Specifications
Speed (km/h) 8.5
Capacity Max. payload (kg) 2,500
Vehicle weight (kg) 2,000
Overall length (mm) 5,000
Overall height (mm) 1,645
Standard Overall width (mm) 1,900
Load height (mm) 960
Load length (mm) 3,652
Suspension Independent suspension
Crawler Rubber crawler
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Table 2. Degrees of freedom of Semi-crawler type mini-
forwarder.

Items Degrees of freedom
Front axle 3 rotational
Rear axle 16 rotational

3 translational
Body of forwarder 3 rotational
Total 25
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Table 3. Coefficient of friction of vehicle at road condition.

Wettest

Road condition Dry Wet (Water Saturated) Freezing
Asphalt 0.8 0.7 0.6 0.3
Concrete 0.8 0.6 0.4 0.3
Block 0.7 0.4 0.3 0.2
Unpaved road 0.5 0.4 0.3 0.2
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v

Figure 1. Height and approach angle of obstacle.
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Figure 2. 3D model of the semi-crawler type mini-forwarder.

Figure 3. 3D modeling for cut-to-length log.
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(a) slope 20°

(b) slope 25°

(c) slope 33°

Figure 4. Predicted static angle of sideways overturning by simulation when unloaded.
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Figure 5. Predicted static angle of sideways overturning by simulation when loaded.
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Figure 6. Variation of velocity for surface slope when unloaded.
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Figure 7. Variation of velocity for surface slope when loaded.

o= o)

) AN ET0FH EA4

A 72710 W2 F84 - H3h= Figure 7
2tk 71871 0°, 100, 20°, 30°0A4] &5 HslE B

TR SrRiske} Bls=alA| v AR A 0] FFo R A
APE B TS S A Zo] ¢ 2 Ao ® YEbTh
FTH71E7] 30%0AM = TR S5 wislel Hlsel] £
WS B sl S EEY A7t AojAls Al
2 Uehston, £x9f 74t gol vEbstth B3 A
oA SA] E9A%0] A Yehde AS & 5 3
of ArAldl= 7HHE T AAE A @ Ao]
Ao g et

AN A TR E 342 e o, ]S
7] 28° o]Fe] A AJolA= FPEHETT EQHYFro 2 Fo
7171 28° mgke] A QoA FePsh= o] HFHL A
o2 FEch

x

il

5) FHMYE 4
(1) A F3EE T4

Figure 8 WHI|=2] JdWZA=7} 4, 5, 6 km/hr= 533
P2 v A& Etolo] FAFTA ] fAHstolth. FPLw
7F 4 km/hrd ®) A& BRojoje Aol zg kA dol
7he e ' g Aoy, FRSETE S km/hed wl=
H&g dS o goloj7h AWt 3 om A E2lHe @
ol yehkon, #3846 kmhrd W= A 6 om

540.00

@ 4km/h
A Ske/h-
- 6km/h

510.00

480,00 -}

420.00

Position (mm)
g
8

360.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00
Time (s)

Figure 8. Variation of mass position of tire when crossing of
obstacles at unloaded.

700.00

@ 4km/h
A skm/h
680.00 o kin/h

660.00

640.00 }

A

position (mm)

620.00

600.00 E m l

3.00 4.00
Time (s)

Figure 9. Variation of mass position of rear axle when crossing of
obstacles at unloaded.

e ZelH e AR qFHUTh
Figure 92| %-& A% o] 7754 sAHsls B
4, 5, 6 km/hr FRHEEAN = o= FRNM = A
Tt 2 oE ASEHATY FF AR A7t
e FEHE THOE & IFH TR A=t 7
o1

oS B Yown uzte] B2@ate] Yehix

ZAA] F3 3 AlEE o] S BH, Figure 102 7o)
Elojo]¢] Tﬂ]%’%'ﬂ 2] Wl AR HY FYPEETE ]
ToA oS dS W AW 3

A= "?‘315] Aol vebton, F3EE 5 kmhrd
EHL”* AHH 9em F&E FEHE R GSH AT
Figure 11¢] ¥& A% ¢ FASA S1AHsE B

600.00

@ 3km/h
550.00 h A& 4km/h
\ % Skm/h
E 500.00
g /?'\L‘
< s
g 450.00
o

\
1R\

350.00
0

.00 1.00 2.00 3.00 4.00
Time (s)

Figure 10. Variation of mass position of tire when crossing at
loaded.



B L2 IS o §8 WA= QAR AP 1A 103

A @ 3km/h
A 4km/h

- Skm/h

Position (mm)

2.00 3.00 4.00 5.00
Time (s)

Figure 11. Variation of mass position of rear axle when
crossing of obstacles at loaded.
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