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Abstract- This study studied stability or rollover resistant of agricultural truck manufactured by Anan Karn Chang 
Agriculture Truck in Chatturat district, Chaiyaphum province, Thailand, using FEA software. 3-D beam element was used 
under linear elastic homogeneous material behavior assumption. Refer to TIS 1315-2538 (Thai Industrial Standard, 
Agricultural vehicles: farm trucks, Ministry of Industry) rollover angle was not less than 40 degree. After analyzing rollover 
resistant of agricultural truck by considered the reaction force of wheel tries. It was found that reaction force was 929.7 N. 
Reaction force when tilt 40 degree was more than zero and it was said that rollover at 40 degree was not happened. By this 
way, this study will be beneficial for the safety of agricultural truck user and will be beneficial to the agricultural truck 
manufacturer for design and development process. 
 
Index terms- Agricultural Truck, Finite Element Analysis, Rollover, Truck Stability, Static Stability Factor. 
 
I. INTRODUCTION 
 
Stability is a crucial component of safety in 
automobile industry, especially agricultural truck 
used. In 1995 Thai Industrial Standards Institute 
(TISI), Ministry of Industry was declared that 
agricultural truck was required 40 degree rollover 
stability. The agricultural truck was tested using tilt 
platform and there was no rollover under 40 degrees 
[1]. Furthermore, tilting platform was used for a long 
time such as tilting platform of M.A.N. Corporation 
developed by Isermann in 1970 that shown in figure 1 
[2], the Swedish National Road and Traffic Research 
Institute in 1978 [3], and Australian Road Research 
Board in 1984 [4]. 

 
Figure 1:  Tilting Platform of M.A.N. Corporation. 

 
After reviewing literature, center of gravity (CG.) of 
truck is a critical factor for bus rollover. If there was 
high CG height, rollover was more at risk comparing 
to low CG height. Tilt angle of the truck which can 
balance without rollover was related to CG. as shown 
in figure 2.  roll or Static Stability Factor (SSF) was 
calculated from equation 1 in previous studies. 
Implicated SSF for the bus was 1.1 – 1.25 [5, 6]. 

 
Figure 2:  Rollover angle or Static Stability Factor. 

 
roll = SSF = b/2h   (1) 

 
FEA Software was widespread in agricultural truck 
especially strength and stiffness analysis [7, 8] that it 
was considered in reliable and accurate. There was 
only found in study of L. Prochowski et al. (2012) [6] 
in case FEA software was used to examine rollover 
resistant finding out what degree the vehicle could tilt 
without rollover. They analyzed rollover resistant 
investigating what velocity the vehicle could be 
driven into curve without rollover. Reaction force of 
wheels was observed in terms of vehicle’s rollover. If 
there was under zero or negative reaction force, it was 
considered that there was a rollover which was 
consistent with the study of D. Croccolo et al. in 2011 
mentioned [9]. 
So that, this study was focused on stability or rollover 
resistant in case the agricultural truck could resist 
rollover with tilt angle at 40 degrees regarded to TIS 
1315-2538 of Ministry of Industry. Agricultural truck 
manufactured by Anan Karn Chang Agriculture 
Truck in Chatturat district, Chaiyaphum province, 
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Thailand, was studied. Reaction force at wheel was 
considered in terms of rollover and there must be 
more than zero. The researcher also expected that this 
study will be benefit for safety of passengers and the 
bus manufacturer for design and development 
process. Furthermore, it was easy and low-cost 
method and accuracy of analysis using the software 
was reliable. 
 
II. MATERIAL AND METHOD 
 
FE model of an agricultural truck manufactured by 
Anan Karn Chang consisted of chassis and pick-up 
truck simulated by computer aided design and 
engineering software. 3-D beam element was used for 
the 3-D model whereas cross section of steel of 
agricultural truck was set as shown in figure 3 and 4. 
 

 
Figure 3:  FE model of agricultural pick-up truck (a) C channel 

75 x 150 mm steel, (b) Square hollow 37.5 x 75 mm steel, (c) 
Plate 75x12 mm steel. 

 

 
(a) 

 
(b) 

Figure 4:  Agricultural truck (a) FE model and cross section of 
chassis (b) Real structure. 

 
Linear elastic homogeneous material behavior 
assumption was considered in the study. Used 
material properties were received from standard 
consisting of chassis and pick-up truck. For C 
channel steel 75 x 150 mm, yield stress was 245 MPa, 
Young modulus was 199 GPa, and Poisson ratio was 
0.3. For square hollow steel 37.5 x 75 mm, yield 
stress was 314 MPa, Young modulus was 200 GPa, 
and Poisson ratio was 0.28 and for plate steel 75x12 
mm, yield stress was 314 MPa, Young modulus was 
199 GPa, and Poisson ratio was 0.26. Then, 5 loads 
that shown in table 1 were applied providing all loads 
tilt at 40 degrees along vertical line regarded to TIS 
1315-2538. After that, reaction force at wheel support 
was observed. If there was less than zero, there was a 
rollover. On the other hand, if there was more than 
zero, there was no rollover. 
 

 
Table 1 List of loads applied to agricultural truck 

superstructure 
 

III. RESULT AND DISCUSSIONS 
 
Analysis of stability or rollover resistant of 
agricultural truck manufactured by Anan Karn Chang 
Agriculture Truck was analyzed under a conditions 
which was 40 degrees rollover resistant to declare of 
TIS 1315-2538. Load was tilted at 40 degrees along 
vertical line and load was applied for the structure as 
shown in figure 5. 

 
Figure 5:  loads located on agricultural truck superstructure. 
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After FEA was employed and reaction force was 
observed at 4 locations of wheel support including 
front left, front right, rear left and rear right, load was 
provided to tilt to front left and rear left support. 
Then, reaction force was observed at front right and 
rear right support. It were found that front right 
support was +1,057.2 N and reaction force was 
+929.7 N at rear right support. It was stated that 
rollover was not happened at 40 degrees because 
reaction force was more than zero [6, 9]. 

 
CONCLUSION 
 
In the study stability or rollover resistant of 
agricultural truck manufactured by Anan Karn Chang 
Agriculture Truck in Chatturat district, Chaiyaphum 
province, Thailand, using FEA software was 
investigated. 3-D beam element was used under linear 
elastic homogeneous material behavior assumption. 
After having analysis rollover resistant of agricultural 
truck superstructure using setup FE condition, it was 
found that reaction force was +1,057.2 N at front 
right support and +929.7 N at rear right support in 
terms of 40 degrees according to declare of TIS 1315-
2538 Thai Industrial Standards Institute (TISI), 
Ministry of Industry. There was more than zero 
reaction force in this cases, it was said that there was 
no rollover at 40 degrees. By this way, this study will 
be beneficial to the agricultural truck user for safety 
and to the bus manufacturer for design and 
development process. 
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