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Abstract - The vehicle chassis functions as a structural
frame that supports loads such as engines, passengers, and
cargo while maintaining the rigidity of the vehicle. Combat
vehicles and cruise vehicles usually add additional frames
to the front and rear areas of the vehicle as additional
protection for the vehicle. This study analyzes the strength
of the additional frame design installed in the front area of
the Maung 4X4 tactical vehicle. The material used is
STKM 13-B pipe. Two design models were tested using the
Finite Element Method (FEM) approach through
Solidworks simulation. The results show that the second
design (modified) has a higher safety factor than the initial
design.

Keywords: Tubular Frame, STKM 13B, Safety Factor, FEM,
Solidworks.

I. INTRODUCTION

The Maung 4x4 Tactical Vehicle, developed by PT
Pindad, is designed for close combat support, mobility, and
all-terrain  operations. It features a 6-speed manual
transmission, a top safe speed of 120 km/h, and weighs
between 1,200-1,300 kg. With dimensions of 4,931 mm (L) x
1,640 mm (W) x 1,820 mm (H), it offers a range of up to 800
km and agile, reliable maneuverability. The Maung can be
equipped with a 7.62 mm weapon bracket, SS2-VV4 console,
GPS, tracker, and other mission-specific gear. Its appearance
is shown in Figure 1.

Figure 1: Maung 4x4 tactical vehicle

One of the key components of the Maung 4x4 Tactical
Vehicle is its chassis, which serves as the structural support
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for the vehicle’s weight, including the engine, passengers, and
cargo. Typically made from steel, the chassis provides rigidity
and prevents bending [1]. During manufacturing, the vehicle
body is moulded to fit this frame. Chassis materials—usually
metal or composites—must possess high strength to sustain
structural loads. Although the Maung’s chassis design is
already robust, an additional front protective frame is
recommended. A tubular frame is ideal for this purpose,
offering excellent torsional stiffness, heavy load resistance,
and impact protection. The area designated for this
enhancement is shown in Figure 2.

Figure 2: Frame addition description

The Maung 4x4 Tactical Vehicle has been enhanced with
a tubular space frame added to the front, extending from the
lower front end to the sides, and an additional frame along the
side, connecting the front and rear. These design
improvements, based on observational analysis, offer both
functional and aesthetic benefits.

The frame used is a tubular space frame—an assembly of
steel pipes shaped to match the vehicle’s construction. Its
strength depends largely on the quality of the welds. This type
of frame provides excellent yield strength, particularly in
torsional stiffness, heavy load resistance, and impact
absorption [2].

The frame utilized in this study is constructed from
STKM 13-B, a low-carbon steel known for its toughness and
potential for enhanced mechanical strength. This material is
widely applied across various industries, including machinery,
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automotive components, bicycles, furniture, tools, and other
structural parts [3-6].

This research employs the Finite Element Analysis (FEA)
method. The fundamental principle of FEA involves
discretizing a continuous structure into a collection of small
interconnected elements joined at nodal points located at the
element boundaries. Each element comprises several nodes,
and each node possesses multiple degrees of freedom [7-10].

The analysis is conducted using SolidWorks 2024, a
widely adopted computer-aided design (CAD) software used
in product, mechanical, and structural engineering design.
SolidWorks 2024 is equipped with simulation tools capable of
evaluating structural responses such as stress, strain, and
thermal effects. As a parametric, feature-based modelling
software, it allows modifications to geometric relationships
and features even after the model has been fully developed,
significantly facilitating the design and optimization process
[11,12].

The primary objective of this study is to perform a
structural analysis using SolidWorks 2024 to obtain key
mechanical indicators including displacement, stress, and
safety factor. Furthermore, the research aims to compare the
displacement values between the original and the optimized
frame designs.

Il. METHODOLOGY

This study uses the Finite Element Analysis approach by
utilizing Solidworks 2024 software as a tool. The study of how
much displacement, Safety of Factor, and stress values occur
in the frame models will be the main study point.

2.1 Troubleshooting Procedure

In SolidWorks 2024, analysis using Finite Element
Analysis (FEA) involves three main stages: pre-processing,
processing, and post-processing. In the pre-processing stage,
the user prepares the model by creating 3D geometry and
specifying materials, loads, and boundary conditions. This
stage also includes meshing, which divides the model into
smaller elements for more detailed analysis. The processing
stage is when the simulation is based on the input from
preprocessing. The simulation is used to solve the equations
that govern the physical behavior of the model, generating
data related to stress distribution, displacement, and safety
factors. In the post-processing stage, the results of the
calculations are analyzed and visualized.

To start the static loading analysis in Solidworks
software, click "Simulation">"New Study" and select "Static".
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Figure 3: Create new simulation

In this section, material selection will be carried out to
determine the material specifications of the front tubular frame
for analysis. The following are the steps to apply material in
Solidworks simulation. Click "Apply Material" > "Material
Dollies" and then select the material "STKM 13-B" > "Apply”
> "Ok".

Properties  Tables & Curves Appearance CrossHatch Custom  Application Data |4 | *
Material properties

Materials in the default library can not be edited. You must first copy the material
to a custom library to edit it.

Madel Type: Linear Elastic Isotropic v [Jsave modeltype in library
Units: Sl - N/mm*2 [MPa} =

Category: Fame Tubullar Depan

Name: STEM 13-B

Default failure  paxvon Mises Stress ~

criterian:

Description: STEM 13-B

Source:

Sustainability: ~ Undefined Select...
Property Value Units
Elastic Modulus 215000 N/mm*2
Poisson's Ratio 0.29 MN/A
Shear Modulus 82000 M/mm*2
Mass Density 7900 ka/m*3
Tensile Strength 30.5 MN/mm*2
Compressive Strength 30.5 M/mm* 2
Yield Strength 30.5 M/mm* 2
Thermal Expansion Coefficient|1.382-05 K
Thermal Conductivity 25 Wm-K)

Save Config Apply Close Help

Figure 4: Material properties

In this section, we will select the fulcrum when given a
load. Press "Fixture">"Fixed Geometry" and then select the
joint that should be the fulcrum, choosing the joint at the end
of the frame because that part is the fulcrum of the frame
when given a load. After determining the joint that becomes
the fixed geometry, then click "Ok".
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Figure 5: Fixed geometry

In this section, we will add the force that will be received
at the front of the frame by determining the position using the
front plane. The force that will be received by the frame is
with the variations that have been provided. The following are
the steps to add the force that will be received by the frame.

The first step is to click "External Loads">"Force". Next is to
determine the position that will be subjected to the load and
enter the force value to be received by the frame, determine
the position using the front plane and given a force variation.
Next, to set the loading point, namely on the part of the frame
that has a curve and on the part of the frame that has a meeting
point on the other frame connection which can be called a
joint, set it in the Z direction.

Force/Torque @
vX
Selection ~
@ Joint<91, 1>
Joint<73, 1=

Joint<40, 1=
S '

@ | Front Plane |

Units ~
ERE ~
Force ~
h& 1 N
|1 N

|1oo <|n

ﬂ Reverse direction

Figure 6: Determining the external load and setting the impact position
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In this section the frame will be divided into several
small objects with a certain shape and connected between
points and nodes. Here are the steps to create meshing in the
simulation using Solidworks application. Press "Mesh", then
click "Create Mesh".

hd gE Mesh |

- E % Mesh Advisor...

B simplify Model for Meshing

FEL

Qb Create Mesh...
Mesh and Bun

@ Apply Mesh Control...

2 Details...
% Create Mesh Quality Plot...

E* Collapse Tree ltems

Figure 7: Meshing

After all the steps above have been carried out, the next
step is to simulate and see the results that will be obtained.
The trick is to click "Run Study".

Run This
Study

Figure 8: Run study

2.2 Calculation Formula

Basically, stress can be defined as the amount of force
acting on a unit area. Voltage or stress can be found by the
force divided by the cross-sectional area, Voltage is denoted
by o, Force (N) is denoted by F, and Area (m?) is denoted by
A. The stress value can be found by Equation 1.

Stress (o) :if (D)

Strain can be found by the total length increase divided
by the initial length, Strain is denoted by e, total length
increase is denoted by &, and the initial length is denoted by L.
Strain values can be found with Equation 2.

Strain (¢) => )

Structure-failure, the actual strength of a material must
exceed the required strength. The ratio of the actual strength to
the required strength is called the factor of safety. Factor of
safety can be found with the maximum permissible stress
value (G aiowanie) divided by the value of the stress imposed on
the structure (gappiiea). The factor of safety value can be found
by Equation 3.
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SF = Oallowable (3)

Oapplied

This impact analysis can be simplified with static
analysis using the relationship of the forces acting at a short
time and the change in momentum of the vehicle. Time of
vehicle impact can be found by Vehicle mass times Vehicle
speed minus After collision Vehicle speed. The force on the
Front Crash Impact can be found by the Time of vehicle
impact divided by the vehicle stopped after collision. Force on
Front Crash Impact (N) is denoted by F, Time of vehicle
collision (s) is denoted by AP, Vehicle mass (Kg) is denoted
by m, Vehicle speed after collision (s) is denoted by Vqp,
Vehicle speed (m/s) is denoted by V, the time the vehicle
stops after collision (s) is denoted by t. The value of Time of
vehicle collision and Force on Front Crash Impact can be
found by Equation 4 and Equation 5.

AP =m X (Vsip — V) 4
F=— (5)
2.3 Validation

The test validation process uses a case study in the book
Strength Mechanics of Materials page 11 by Amrinsyah,
2013) [13]. In this case study, a 2m long perforated cylinder
has an outer diameter of 50 mm and an inner diameter of 30
mm. If the cylinder bears a load of 25 kN, find the stress in the
cylinder. Also find the deformation that occurs in the cylinder
if the modulus of elasticity of the cylinder material is 100
GPa. It is known that the length of the cylinder (1) is 2 meters
or 2000 mm, with an outer diameter (D) of 50 mm and an
inner diameter (d) of 30 mm. The applied load (P) is 25 kN or
25 x 103 N, and the modulus of elasticity (E) of the cylinder
material is 100 GPa or 100 x 103 N/mm?% The results of
manual calculation analysis obtained with the stress that
occurs in the cylinder is 19.9 MPa and the deformation that
occurs is 0.4 mm.

To validate the analysis, namely by comparing the results
of the case study calculations with the results of the finite
element method simulation analysis in the Solidworks 2024
application. The following simulation results are shown in
Figure 9.

SX(N/mm*2 (MP3))
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Figure 9: Simulated Stress Value Results (a) and Simulated Deformation
Value Results (b)

The Solidworks simulation results with a maximum stress
of 20,350 MPa and a displacement of 0.4 mm show a very
good agreement with more than 2% of the simulation results
with manual calculations. This shows that the finite element
method analysis used is accurate enough to predict the stress
in tubular pipes subjected to static loading.

I1l. RESULTS AND DISCUSSION
3.1 Data

The research data needed to perform the analysis are the
actual design of the front tubular frame, the design
improvement of the front tubular frame, the material
characteristics of STKM 13-B, and the value of the force
variation that will be given to the simulation. The actual
design and design improvement of the front tubular frame of
the Maung 4x4 tactical vehicle and the addition of support to
the tubular frame. Improvements to the frame with the
addition of a tubular frame at the front connected from the
lower end to the side end of the front, this improvement has
the aim of strengthening the front structure and as a buffer so
that the front frame is sturdy. The second addition is on the
side, the addition is located on the front to rear link, this has
the aim that in the event of stress or displacement the frame
will withstand a significant tilt displacement. The following is
the actual design and design improvement shown in Figure 9.

(@)
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Figure 10: Isometric view of actual design (a), and isometric view of
improved design (b)

Characteristics or material properties used for simulation
in Solidworks 2024 software. The following are the Material
Characteristics of STKM 13-B shown in Table 1.

Table 1: Material characteristics of STKM 13-B

Property Value Units
Elastic Modulus 215000 N/mm#*2
Poisson’s Ratio 0.29 N/A
Shear Modulus 82000 N/mm#2
Mass Density 7900 kg/m*3
Tensile Strength 30.5 N/mm*2
Compressive Strength 30.5 N/mm*2
Yield Strength 30.5 N/mm#*2
Thermal Expansion Coefficient|1.38e-05 /K
Thermal Conductivity 25 W/(m-K)
Specific Heat 465 J/(kg-K)

Front Crash Impact is assumed that the vehicle is
traveling at varying speeds of 30 Km/h, 60 Km/h, 90 Km/h
and hits a stationary object such as a parapet or stationary
object. Collision conditions with these speeds are assumed that
the vehicle stops after 0.2 seconds from the collision. Finite
element modeling (FEM) simulation based on the actual
condition of the vehicle when driving is used to find the
loading value in each condition. The amount of loading in the
finite element modeling based on the actual condition
approach of the vehicle when driving is used to find the front
impact loading value, each speed and force variation is
contained in Table 2.

Table 2: Speed and Force values

Speed (km/h) Force (N)
30 49800
60 99600
90 150000
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3.2 Result Analysis and Discussion Chart

The results of the analysis on both designs with static
simulation of the chassis frame with Solidworks 2024
software produce stress, displacement, and factor of safety
with the material used in both designs is STKM 13-B.

In the Finite Element Method (FEM) analysis using the
Solidworks 2024 application, the stages carried out to find
stress, displacement, and safety factors can be divided into
three parts, namely pre-processing, processing, and post-
processing. Pre-processing involves the initial stages such as
drawing and modeling the geometry to be analyzed. This stage
ensures that the geometry created is accurate and in
accordance with the actual conditions. After the geometry has
been created, the processing stage is carried out. In this stage,
perform numerical analysis of the structural model that has
been made. This analysis includes the use of methods such as
the Finite Element Method (FEM) to predict stress and
displacement in the structure. The post-processing stage is
carried out after the analysis is complete. In this stage, it
displays the results of the analysis that has been carried out,
such as stress, displacement, and safety factor. The following
is a view of the applied load and a view of the meshing
geometry shown in Figure 11.

(@)

(b)

Figure 11: View of applied load (a) and View of meshing geometry (b)
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Display of actual design simulation results that obtain
stress, displacement, and factor of safety values. The
following is a display of the results of the stress, displacement
and factor of safety simulation on the actual design shown in
Figure 12 to Figure 14.

Name Type Min Max
Stress1 Upper bound axial and 0,000N/mm*2 (MPa) 57.934,930N/mm"2 (MPa)
bending Element: 303 Element: 182

Upper bound axial and bending (N/mm*2 (MPs))
57.994,930
l 52.151,250
. 46367570

. 40.583,891

. 34800211
ra,:, 29016527
. 23232848

. 17449168

11.665,487
5,881,807
98,127

- Yield strength: 30,500

Figure 12: Display of stress simulation results on actual design

Name Type Min Max
Displacement1 URES: Resultant Displacement 0,000mm 4.944,268mm
Node: 150 Node: 73

URES (mm)
4.944 268

2449841

_ 2.955415
. 3460988 [MinJocoo

. 2.966,561
. 1.977,707 7

_ 1433281
989,854
I as4427
0,000

Figure 13: Display of displacement simulation results on actual design

Name | Type | Min | max |
Factor of Safety1 Automatic 0,000526 0,000900
Node: 97 Node: 1

FOS

0,000%00
l 0,000863
| 0,000825

st [eifoooeszs

0,000751 N
I oxor3 S

omocre

0,000639

. 0,000601

I 0,000564
0,000526
Figure 14: Display of factor of safety simulation results on actual design

Display of improvement design simulation results that
obtain stress, displacement, and factor of safety values. The
following is a display of the results of the stress, displacement
and factor of safety simulation on the actual design shown in
Figure 15 to Figure 17.
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Name Type Min Max
Stress1 Upper bound axial and 0,000N/mm*2 (MPa) 26.367,520N/mm*2 (MPa)
bending Element: 344 Element: 233

Upper bound axial and bending (N/mm*2 (MP3))

26.367,520

o
23.736,842 »
. 21106164 pr = o
zsaez,sza
. 19475466
. 15.844,809 .
13214130 50,739

. 10583452

. 7.952,774

5.322,09%
269,417
= 60,739

— Yield strength: 530,000

Figure 15: Display of stress simulation results on design Improvement

Mame Type Min Max
Displacement 1 URES: Resultant Displacement | 0,000mm 1.045,896mm

Node: 40 Node: 262
URES ()

1.045,896
l 941,306
. BIE717
. T
. 627537
L s
. 418358

. 313,769

209,179

I 104,550
0,000

Figure 16: Display of displacement simulation results on design

improvement
Name Type Min Max
Factor of Safety1 Automatic 0,0201 0,0300
Node: 240 Node: 1

FOS
0,0300
l 0,0290
| 00200
_ 00270
. 00260
]
. 00241
. 00231

_ 00221
. 00211
00201

Figure 17: Display of factor of safety simulation results on design
improvement

From the analysis results, we can observe the comparison
of stress, displacement, and factor of safety results against the
speed variation between the actual design and design
improvement. The following are the simulation results on the
actual design and design improvement in Table 3 and Table 4.
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Table 3: Simulation Results on Actual Design

Design Actual

Speed(km/h) M?)I\(/I ngt;;ess disp(lra;]crf]l;went Fg;tf(; ;f
30 57.934 4.944 0,00052
60 115.869 9.888 0,00026
90 174.502 14.892 0,00017

Table 4: Simulation Results on Design Improvement

Design Improvement

Speed(km/h) M?)l\(/l it;)ess disp(l;c;r)nent Fg(;tfoe; ;f
30 26.367 1.045 0,020
60 52.735 2.091 0,010
90 79.420 3.150 0,007

Based on the results of stress analysis on the frame, the
actual design has a higher stress level than the improvement
design. This shows that the actual design has the potential to
experience damage or structural failure faster than the
improvement design. The improvement design is more
recommended for the chassis frame because it has a lower
stress level and less potential damage. The graphical results
can be seen in Figure 18.

200000 4

1B0.000

160.000

140.000 115.863

-
)
=]
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=]
=

100.000 .
e D25 gn ACtUE]

80.000

Max Stress (Mpa)

57.334 @== DEsign |Mmprovement
60,000
40,000 26.367

20,000

30 &0 30

Spead (km/h)
Figure 18: Stress result graph of the two designs

Based on the analysis results, the actual design of the
frame produces a higher displacement than the Improvement
design. This shows that the actual design is more prone to
deformation when given a load. Stress on the improvement
design is lower, indicating that the design has a higher
resistance to the load acting on it. The graphical results can be
seen in Figure 19.
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Figure 19: Displacement results from both designs

Based on the analysis, the actual design of the frame
results in a lower factor of safety compared to the
Improvement design. This indicates that the actual design has
a smaller safety margin and is more at risk of failure. Stress in
the improvement design is higher, but the factor of safety is
higher. This indicates that the improved design has a higher
ability to withstand greater loads without failing. The
graphical results can be seen in Figure 20.
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10,0000 - >
30 E 20
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Figure 20: Safety of factor results from both designs
IV.CONCLUSION

Based on the analysis of stress, displacement, and factor
of safety, it can be concluded that the modified and improved
frame design demonstrates clear advantages over the original
tubular frame. These improvements were achieved through the
addition of relatively simple components, strategically
positioned to produce a significant impact on the overall
structural performance. This highlights the importance of
thoughtful design modifications in enhancing mechanical
efficiency without the need for complex interventions.
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