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Abstract - The chassis serves as a frame work for supporting
different vehicle components and also the chassis should be
rigid enough to withstand the shock, vibration and other
stresses due to various road conditions. In this paper fatigue
life assessment of automotive chassis is carried out the chassis
of heavy-duty truck that is Mercedes-Benz Actros was used for
analysis. Initially the static structural analysis is performed by
taking different material to compare various stresses and to
choose the best material is chosen based on the factor
available for analysis. When the vehicle is in motion there will
be having vibrations in order to analyze the natural
frequencies the Modal analysis is carried out on chosen
material then the harmonic analysis is carried out to check the
response of the frequencies under dynamic loading condition
and alternating stresses induced in the chassis is compared
with endurance strength of the material and Fatigue life
assessment by using Goodman approach. The chassis is
modelled in Spaceclaim and FEA analysis is performed on the
modelled chassis using the ANSYS Workbench 2022

Key Words: chassis, vibration, stress, natural frequencies,
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1. INTRODUCTION

The importance of the chassis in the automotive industry
and the need to ensure its structural integrity and dynamic
characteristics. The chassis plays a vital role in supporting
the vehicle’s body and components while also withstanding
various forces and vibrations.

Purpose of the chassis in vehicle

e Carrying load of passengers or goods carried in vehicle’s
body.

 Supporting the weight of the body, engine, gearbox, and
other components.

e Enduring the forces resulting from sudden braking or
acceleration.

 Handling the stresses caused by bad road conditions.

Resonant vibrations acting on chassis

* Resonant vibrations occur when the excitation frequency
matches the natural frequency of the chassis.

¢ This phenomenon can lead to ride discomfort, safety issues,
and stability problems.

« [nvestigating the dynamic characteristics of the chassis is
crucial to controlling vibration and noise and avoiding
resonance.

1.1 Sources of vibration in a vehicle
The following are some sources of vibration in vehicles.

1.Road roughness: The road surface is not perfectly smooth
and contains various irregularities such as bumps, potholes,
cracks, and undulations. When a vehicle passes over these
road irregularities, it experiences vertical accelerations and
vibrations. Free vibrations occur when the vehicle
encounters isolated irregularities, while forced vibrations
result from persistent disturbances caused by obstacles or
rough sections on the road.

2.Suspension system: The suspension system of the vehicle
plays a crucial role in handling road-induced vibrations. The
springs, shock absorbers, and other components in the
suspension system are designed to dampen and absorb the
impact of road irregularities to minimize the effects of
vibrations on passengers and enhance ride comfort.

3.Tires: Tires also contribute to the transmission of road
vibrations to the vehicle. The tire’s sidewall flexibility and
tread design can affect how vibrations are transmitted to the
chassis and, ultimately, to the passengers.

4.Drivetrain: The engine, transmission, and drivetrain
components can generate vibrations due to their moving
parts and interactions. Engine vibrations, in particular, can
be transmitted to the cabin, affecting passenger comfort.

5.Aerodynamic forces: At higher speeds, aerodynamic
forces acting on the vehicle can cause vibrations and
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buffeting, especially in open-top or high-performance
vehicles.

6.Braking and Acceleration: Sudden braking or
acceleration can create transient forces that lead to
vibrations in the vehicle chassis.

2. LITERATURE SURVEY

Mr. M Sani [1] presents a computational study on the modal
transient response and stress analysis of a car chassis. The
analysis aims to understand the behavior of chassis structure
when subjected to loads and to assess whether the stress
levels are within the allowable limits for the chosen material.
Based on results obtained from stress and modal analysis, the
study concludes that stress and modal analysis techniques
are essential and significant in the design of automotive
chassis structures. These computational analyses provide
important information about the behavior of the chassis
under different load conditions and help ensure that the
chassis can withstand the expected stresses during vehicle
operation.

Han Quan-li [2] did the optimization analysis of the frame of
a heavy-duty truck. The study aims to improve the design of
the truck’s frame by employing a finite element model to
study its characteristics under different loading conditions.
The optimization process involves selecting design variables,
state variables, and an objective function to achieve an
optimal heavy truck design. The results of the frame
optimization analysis will provide valuable insights into the
structural behaviour of the heavy-duty truck’s frame and
allow for the identification of an optimal design that balances
mass reduction with required strength and stiffness.

Dr. R. Rajappan [3] focuses on analyzing the static and
dynamic load characteristics of a truck chassis using finite
element (FE) models. The research aims to identify areas of
high stress, analyze vibrations, determine natural
frequencies, and study mode shapes using the FE method.
Modal updating of truck chassis model is performed by
adjusting chosen properties such as mass density and
Poisson’s ratio. The predicted natural frequencies and mode
shapes are validated against previously published results.
Based on findings, modifications to the FE truck chassis
model are proposed to achieve several objectives.

3. PRESENT STUDY

The present study focuses on investigating the vibrations
induced and fatigue life of the chassis due to vibrations
induced of a heavy truck, specifically the Mercedes-Benz
Actros. The chassis under consideration is of the ladder type,
which is a common design used in heavy-duty trucks. The
Mercedes-Benz Actros is a heavy-duty truck model
introduced by Mercedes-Benz in 1996 at the Commercial
Vehicle IAA in Hanover, Germany. The Vehicle specifications
are as shown in Table-1

To study the induced vibrations in the chassis, the
researchers likely employed various methods, such as finite
element analysis (FEA) or experimental testing. The study is
essential to ensure the structural integrity, safety, and
performance of the truck during its operation.

Table -1: Vehicle specifications

SI No. Specifications Standard ratings

1 Engine type V6

2 Capacity 400 liters

3 Fuel type Diesel

. 394HP at 1800

4 Maximum power
rpm

5 Maximum torque 1850 Nm at 1080
rpm

6 Cylinders 6 cylinders

7 GVW Weight (Kg) 26000

3.1 CAD model of truck chassis

The truck chassis chosen for the analysis is used in the
Mercedes-Benz Actros. The detailed dimensions and 3D
sketch of the truck chassis are given below Fig-1.
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Fig-1: Detailed dimensions and 3D sketch of chassis
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4.MATERIAL SELECTION

The study is carried out for two materials Aluminium T6 and
High strength steel. The material properties of both the
chosen materials are given in the below

Table-2: Material properties of materials used in analysis

Properties Aluminum T6 High strength
steel
Modulus of
Elasticity, GPa 700 200
Density, kg/m3 2700 7500
Poison ratio 0.33 0.28
Yield strength, MPa 245 500
Percentage of 12 15
elongation
Endurance
strength, MPa 93 195

5. STATIC STRUCTURAL ANALYSIS

The analysis is performed for both the materials under the
static loading condition. Stresses, deformation and Factor of
safety is evaluated for both the material and based on safety
margins, cost, reliability, availability and safety best material
is chosen for further study.

5.1 Boundary conditions

Fized Support 3
Tirae: 1.5

Bl Fi<ed Suppart
B Fixed Support 2
[ Fied Suppart 3

Fig-2: Fixed supports applied to chassis

The chassis is constrained at specific locations in all degrees
of freedom with respect to the global coordinate system. This
means that the chassis is prevented from moving or rotating
at these constrained points. This kind of constraint is
commonly known as a “fixed support” or “fully constrained”
boundary condition as shown in Fig-2.

5.2 Loading conditions

This present Mercedes Benz Actros is built to take the
maximum load of 26000kg. The force of 26000kg load is
applied on the top surface of the chassis to check its
structural integrity under the maximum loading capacity as
shown in Fig-3.

Fig-3: Load applied on chassis

The analysis is performed for both the materials under the
static loading condition. Stresses, deformation and Factor of
safety is evaluated for both the material and based on safety
margins, cost, reliability, availability and safety as shown in
Table-3 best material is high strength steel is chosen for
further study.

Table-3: Comparison of two materials

Properties Aluminum T6 Highsig:lngth
Elasticiy, GPa 700 200
Yield strength, MPa 245 500
Stress, MPa 127.1 137.8
Deformation, mm 2.08 6.2
V"Ci‘i‘;:f]:ge 456 1321
Cost Per Kg 280 70
Total Cost 127680 92470
FOS for static 1.9 3.6

6. RESULTS AND DISCUSSIONS

6.1 Static structural analysis

This analysis is carried out to check the deformation and the
stresses developed due to self-weight of the truck and its full
loading capacity scenario. The developed stress is checked
with the strength of the truck chassis material.

6.1.1 Equivalent stress- High strength steel

Type: Equivalent fwan-bises) Stress - Top/Bottom

13782 Max
122.51
107.19
o1.88

TESET
61.254
45.04

30627
15.3132
O Min

Fig- 4: Equivalent stress- High strength steel
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The truck chassis observed equivalent stress of 137.8 MPa
under the maximum load carrying capacity of 26000kg and
its self-weight. The allowable strength of high strength steel
is 500MPa. The allowable strength of the material is greater
than the developed stress in the truck chassis as shown in
above Fig-4. Hence it meets the requirement of design.

6.1.2 Total deformation - High strength steel

Twpe: Total Deformation
"

Fig.-5: Total deformation - High strength steel

The magnitude of the total deformation of 2.08mm is
observed as shown in above Fig-5 on the cross channels of
the truck chassis with respect to the global coordinate system
predominantly due to gravity loads. The maximum allowable
deformation of the given material i, e 24.28mm (as per length
to span ratio L/360 where L=Total length of chassis) is
greater than observed deformation. Hence it meets the design
requirement.

6.1.3 Equivalent stress- Aluminium T6

Equivalent Stress

Type: Equivalent fvon-Mises) Stress - TopsBottom
Unit: MPa

Tirmne: 15

127.18 Max
113.05
93,915
54,784
FO.653
56.523
42,292
28,261
14.131
O Min

Fig-6: Equivalent stress- Aluminium T6

The truck chassis observed equivalent stress of 127.1 MPa
under the maximum load carrying capacity of 26000kg and
its self-weight as shown in Fig-6. The allowable strength of
aluminium T6 is 245MPa. The allowable strength of the
material is greater than the developed stress in the truck
chassis.
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6.1.4 Total deformation - Aluminium T6

Total Deformation
Type: Total Defarmation

Unit: rrn
Time: 1s

6.231 Max
5.5387
4.5484
4.154
34617
2.76%94
2.077
1.3847
0.69234

0 Min

Fig-7: Total deformation - Aluminium T6

The magnitude of the total deformation of 6.2 mm is
observed on the cross channels of the truck chassis with
respect to the global coordinate system predominantly due to
gravity loads as shown in above Fig-7. The maximum
allowable deformation of the given material i, e 24.28mm is
greater than observed deformation.

6.2 Modal Analysis

Performed an undamped free vibration analysis on the truck
chassis to extract its eigenvalues and mode shapes. This
analysis helps you understand the natural frequencies and
corresponding mode shapes of the chassis. These mode
shapes represent the different ways the chassis can vibrate
without any external damping or forcing. It’s crucial to
analyze and interpret the mode shapes to understand how
the chassis responds to various vibration modes. The mode
shapes can help identify potential weak points or areas of
high stress concentration that might need design
adjustments.

Modal analysis was carried out and extracted 20 modes and
frequencies as shown in Table-4 and critical frequencies were
found in Y direction as ithas more deformation in Y direction
as compared to other 2 directions. Only critical direction was
plotted in this paper.

Table-4: Natural frequencies of chassis

Nf;c;:e Frequency in Hz
1 20323
2 28.955
3 44 869
4 45.009
5 60.869
6 61.727
7 70.039
8 77.213
S 87.529
10 100.33
11 101.19
12 101.72
13 102.44
14 110.61
15 11538
16 11926
17 121 44
18 143 07
19 15037
20 156.08
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6.2.1 Primary dominant mode in Y direction

Type: Total Deformation
Frequency: 61.727 Hz
Unit: rmm

1.8 348 Max
1.6309
1.4271
1.2232
1.0193
0.81547
06116
0.40774
0.20287

Fig-8: Primary dominant mode in Y direction

The sixth mode observed at the frequency of 61.7 Hz as
shown in Fig- 8. The maximum deformation observed at the
sixth mode is 1.8 mm This mode is primary dominant mode
in Y direction where the more mass is participating in Y
direction.

6.2.2 Secondary dominant mode in Y direction

The seventh mode observed at the frequency of 70.03 Hz as
shown in above Fig-9. The maximum deformation observed
at the seventh mode is 3.1 mm This mode is secondary
dominant mode in Y direction where the more mass is
participating in Y direction.

Tywpe: Total Deformation
Frequency: 70,039 Hz
Urit: rrom

2.0962 Max
27522
2.408%
2.0641
1.720
1.37a1
1.0321
062805
0.34402

O Min
-
oy

Fig-9: Secondary dominant mode in Y direction

6.2.3 Third dominant mode in Y direction

Type: Total Defarrmation
Frequency: 101.19 Hx
Unit: rmrm

T.2993 Max
64583
56772
4.8662
4.0552
324901
24331
1.6221
Q.21102

O Min

Fig-10: Third dominant mode in Y direction

The twelfth mode observed at the frequency of 101.2 Hz as
shown in Fig-10. The maximum deformation observed at the
twelfth mode is 7.3mm This mode is third dominant mode in
Y direction where the more mass is participating in Y
direction.

6.3 Harmonic Response Analysis

The Harmonic response analysis helps to analyse how a
structure will respond to repetitive dynamic loading. It is
linear dynamic analysis which will determines response of
system at specific frequencies. The alternating stresses are
induced in the truck chassis due the rotation of engine and
those stresses are very important in fatigue life estimation.
Harmonic analysis is carried out to extract the alternating
stresses. The results are plotted for the worst case in worst
direction.

Fig-11: Harmonic excitation through global acceleration
method

Above Fig-11 shows that global acceleration method is used
for giving the harmonic excitation in the dynamic analysis to
compute the alternating stresses. Harmonic analysis is
carried out in all three direction and critical results are
observed in the vertical direction that is Y direction. Only
worst-case direction is plotted in this paper. As the
frequencies found in this direction has higher mass
participation as shown in Fig-12 under dynamic loading
conditions.

6.3.1 Mass participation factor in Y direction

“wess PRRTICIPATION FRCTOR CALCULATION +*+++ ¥ DIRECTION

Fig-12: Mass participation factor in Y direction

The Fig-12 shown above likely presents a list of vibration
modes in the Y direction, along with their corresponding
frequencies and the percentage of mass participation in the Y-
direction for each mode. The “Primary mode in Y direction”
with a frequency of 61.7Hz. Harmonic analysis is important
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for understanding how the chassis behaves under specific
frequencies that are close to its natural frequencies.

6.3.2 Stress plot for primary dominant frequency in
Y direction

Equivalent Stress
Type: Equivalent eon-hdises) Stress - Top/Eommarn
Frequency: 61.72 Hz

Lirmit: hAPs

amimum Chver Phase Hz

6513 Max
50,808
43,102
26,397
0.6016

7. 7533
5.815

3.8767
1,938

o Min

Fig-13: Stress plot for primary dominant frequency in Y
direction

The equivalent stress of 76.5MPa is observed at the 61.7Hz
frequency as shown in Fig-13 which is primary dominant
mode in Y direction. The developed stress is well below the
endurance strength of the material i, e 195MPa

6.3.3 Stress plot for second dominant frequencyinY
direction

Twpe: Equivalent (wvon-Pdises) Stress - Top/Bottom
Frequency: 70.03 Hz

Unit: hAPa
Maxirmum Ovwer Phase Hz

43.247 Max
38442
33.637
28,831
24.026
19,221
14.416
0,610
48052
o Min

Fig-14: Stress plot for second dominant frequency in Y
direction

The equivalent stress of 43.2 MPa is observed at the 70 Hz
frequency which is second dominant mode in Y direction as
shown in above Fig-14. The developed stress is well below
the endurance strength of the material i, e 195MPa.

6.3.4 Stress plot for third dominant frequency in Y
direction

Trpe: Equivalent fwon-izes) Stress - TepsBottarm
Frequency: 150, Hz

Lnit: bAPa

Faxirmurm Ower Phase Hz

19.393 Max
17232
15.083
1z.922
10774
2.6189
646492
4.32095
2.1547
O Min

Fig-15: Stress plot for third dominant frequency in Y
direction

The equivalent stress of 19.4 MPa is observed at the 150 Hz
frequency which is third dominant mode in Y direction as
shown in above Fig-15. The developed stress is well below
the endurance strength of the material i, e 195MPa.

6.4 Fatigue Life Assessment

The fatigue life is defined as the number of stress or loading
cycle a material sustains before failure of that material occur.
This fatigue life is affected by cyclic stresses, material
properties, defect in the material, design geometry, surface
quality, etc.

Fatigue life assessment is performed for two scenarios by
using Goodman plot.

6.4.1 Case 1: Maximum alternating stress location

FAasirmurm Princi pal Stress
Type: baximum Principal Stress
Frequency: 61.72 Hz
Unit: hAPa
FAaxirmurm Creer Phase Hz

- Top/Bottam

B£3.493 Max
TAZ16
54,939
55.662
46,3235
37105
27.831
12,554
22771
O Min

Fig-16: Maximum alternating stress location

acirmurn Principal Stress
Type: Maximum Principal Stress - Top/Bottom
Unit: MPa
Time: 1

88.233 Max
76617

65

53,364

a41.767

30,151

18,534

6.9174

-4.6002

-16.316 Min[[IIH

Fig-17: Mean stress at maximum alternating stress location

Maximum principal stress from harmonic analysis is taken
for fatigue life assessment as alternating stress and for same
location mean stress is extracted from static structural
analysis. Maximum principal stress of 83.5MPa as shown in
above Fig-16 is observed in the harmonic analysis in Y
direction at 61.7Hz frequency which is dominant frequency in
Y direction at the same location mean stress of 25.6MPa as
shown in Fig-17 is plotted from static structural analysis and
both the values are plotted in the Goodman plot for fatigue
life assessment.

Ultimate strength of high strength steel = 650MPa
Endurance strength =0.3* ultimate strength

Endurance strength =195MPa
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Mean Stress = 25.6MPa

Alternating Stress= 83.5MPa

Goodman Curve

Alternating Stress (NPa)
= = 1) 1)
o o, o o
& o © o

0
o

=] 100 200 200 400 S00 &00 Foo
Mean Stress (MF\;]

Fig-18: Goodman diagram for fatigue life assessment - Case 1

A pointlies in the safe region of the Goodman line as shown
in above Fig-18. Hence it meets the design requirement for
high cycle fatigue. It sustains infinite life.

6.4.2 Case 2: Maximum mean stress location

PAasxcirmura Principal Stress 2
Type: Maximurn Principal Stress - Top/Bottom
Linit: MPa
Tirme: 13

B88.233 hax
FEE1T

65

53.384
A41.767
30151
18.534
6.9174
-4.6002
-16.316 Min

Fig-19: Maximum mean stress location

Type: Maximum Principal Stress - TopsBottam
Frequency: 61.72 Hz
Unit: MPa

PAmimum Cwer Phase Hz

83.493 Max
74216
64,939
55.662
A6.385
3F.10s
27.831
18.554
2.2771
O Min

Fig-20: Alternating stress at maximum mean stress
location

Maximum principal stress from static structural analysis is
taken for fatigue life assessment as mean stress and for same
location alternating stress is extracted from harmonic
analysis. Maximum principal stress of 88.2 MPa as shown in
Fig-19 is observed in the static structural analysis and at the
same location alternating stress is extracted from harmonic
analysis as shown in above Fig-20 and both the values are
plotted in the Goodman plot for fatigue life assessment.

Ultimate strength of high strength steel = 650MPa

Mean Stress = 88.3MPa

Alternating Stress= 23.6MPa

Goodman Curve

)
[
o

m
o
o

Alternating Stress (MPa)
= =
o wu
o o
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o

0 100 200 300 400 s00 600 700
Mean Stress (MPa)

Fig-21: Goodman diagram for fatigue life assessment —
Case 2

A pointlies in the safe region of the Goodman line as shown
in above Fig-21 Hence it meets the design requirement for
high cycle fatigue. It sustains infinite life.

7. CONCLUSIONS

The present work dealt with fatigue life analysis of truck
chassis initially the material comparison study was carried
out between High strength steel and Aluminium T6. Based
on stress, deformation, weight and cost comparison the High
strength steel material was chosen over the Aluminium Té6.
In static structural analysis it was found out the equivalent
von misses stresses, maximum principal stresses and
maximum shear stresses are less than the allowable yield
strength of the material. Then the modal analysis was
carried out to extract natural frequencies and mode shapes
and mass participation factor of chassis in all 3 directions
and it was found that the modes and frequencies in Y
direction was critical as it has higher deformation in Y
direction under undamped free vibration condition. Then the
harmonic analysis was performed in all 3 directions and
critical frequency results was found in Y direction as the
critical frequencies are having higher mass participation
factor in Y direction under dynamic loading conditions and
results were analysed for critical frequencies and it was
observed that alternating stresses induced in harmonic
analysis were below the endurance strength of the material.
Fatigue life assessment by using Goodman approach was
carried out and it was observed that it will meet the infinite
life. Hence it was concluded that no fatigue failure of chassis
expected.

REFERENCES

[1] M.Sani, M.T. Arbain, M.M. Noor, G.L. Ming, M.H. Zohari,
C.K. E Nizwan & T.T. Mon Stress Analysis and Modal
Transient Response of Car Chassis, International
Conference on Advance Mechanical Engineering 2009

[21 Han Quan-li, Design and Analysis of Ashok Leyland
Chassis Frame Under 25 Ton Loading Condition,
International Journal of Innovative Research in Science,

© 2023,IRJET | ImpactFactor value: 8.226

IS0 9001:2008 Certified Journal | Page 269



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 09 | Sep 2023

www.irjet.net

p-ISSN: 2395-0072

(3]

(4]

[5]

6]

(7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

Engineering and Technology, Vol. 3, Issue 11, November
2014

Dr. Rajappan, Vivekananda Static and Modal Analysis of
Chassis by Using FEA, The International Journal of
Engineering and Science, Volume 2 Issue 2 2013

Balbirsingh R. Guron, Dr. D.V. Bhope, Prof. Y. L. Yenarkar,
Finite Element Analysis of Cross Member Bracket of
Truck Chassis, IOSR Journal of Engineering (IOSRJEN),
Vol. 3, Issue 3 Mar. 2013

Patel hirak, Jhanbux Variava, Patel lay, Patel Pratik, Patel
Jigar, Patel Krishna, Patel Roshan, Design and Analysis of
Trailer Frame, I[JARIIE-ISSN(0)-2395-4396, Vol-4 Issue-
22018

Pravin A Renuke, Dynamic Analysis of a Car Chassis,
International Journal of Engineering Research and
Applications (IJERA), Vol. 2, Issue 6, November-
December 2012

Stjepan L, Davor B, Analysis of Vehicle Vibrations - New
Approach to Rating Pavement Condition of Urban Roads,
May 4, 2011

Goutham Solasa, Nariganani SD Satadeep, T. Raghu
Krishna Prasad, Suresh Babu, Modal Analysis of Chassis,
International Journal of Engineering and Advanced
Technology (IJEAT) ISSN: 2249-8958 (Online), Volume-
2 Issue-4, April 2013

K. Biatas, Comparison of Passive and Active Reduction of
Vibrations of Mechanical Systems Journal of
Achievements in Materials and Manufacturing
Engineering, Vol-18 Oct-2006

Dr. M. Venkatraman, Modelling and Analysis of Chassis
Using Different Materials, Publication Since 2012 ISSN:
2321-9939 IJEDR 2020 Year 2020

Haval Kamal Asker, Thaker Salih Dawood and Arkan
Fawzi Said, Stress Analysis of Standard Truck Chassis
During Ramping on Block Using Finite Element Method,
ARPN Journal of Engineering and Applied Sciences, Vol.
7,June 2012

C. Bohn, Stress Analysis of Standard Truck Chassis Using
Finite Element Method, Journal of Engineering and
Applied Sciences,2015

Roslan Abd Rahman, Mohd Nasir Tamin, Ojo Kurdi,
Stress Analysis of Heavy-Duty Truck Chassis as A
Preliminary Data for Its Fatigue Life Prediction Using
FEM, Journal of Mechanical December 2008

Stjepan L, Davor B, Analysis of Vehicle Vibrations - New
Approach to Rating Pavement Condition of Urban Road,
May 4, 2011

[15] Goolla Murali, Design and Analysis of Tata 2518tc Truck

Chassis Frame with Various Cross Sections Using CAE
Tools, The International Journal of Engineering and
Science,2016

© 2023, IRJET |

Impact Factor value: 8.226

ISO 9001:2008 Certified Journal |

Page 270



