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Abstract - Chassis is the most important structural member in 

the On-Road vehicles. All the loads generated by other 

components of the vehicle are transferred to chassis only. So the 

chassis structure has to be strong enough to with stand the loads 

in static and dynamic conditions. In most of the On-Road 

vehicles the cross section of the chassis structure is uniform in 

spite of the variable loads. In order to overcome failure in the 

chassis structure and ensure the safety, the variable section 

chassis structure to be designed based on the variable loads 

along the length of the vehicle. This research work has 

developed a mathematical model for optimizing the cross section 

of chassis. 
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INTRODUCTION 

In modern world ON-Road vehicles have 

changed drastically based on the design and other 

functional aspects. Market demands the faster and 

higher transportation in a short span. In order to meet 

this market demand, vehicle manufacturers are 

designing heavy load carrying vehicles. These heavy 

load carrying vehicles gives an advantage of faster, 

heavy transportation in a short span. On the other side 

the safety of the heavy load carrying vehicle has to be 

ensured. Based on the historical data Chassis/body is 

responsible for only 7% of the failure types. However, 

failures of chassis are catastrophic with serious 

consequences. In some cases, a consequence of these 

in-service failures results in the recall of all affected 

vehicles with heavy costs and bad publicity. 

Every vehicle has a body, which has to carry 

both the loads and its own weight. Vehicle body 

consists of two parts; chassis and bodywork or 

superstructure. The conventional chassis frame, which 

is made of pressed steel members, can be considered 

structurally as grillages. The chassis frame includes 

cross-members located at critical stress points along the 

side members. To provide a rigid, box-like structure, the 

cross-members secure the two main rails in a parallel 

position. The cross-members are usually attached to the 

side members by connection plates. The joint is riveted 

or bolted in trucks and is welded in trailers. Chassis is 

the backbone of any vehicle. If any failure occurs in 

chassis it will leads to the collapse of a whole vehicle 

system. Also chassis is not a component that can be 

replaced easily. If any failure occurs at chassis, either 

have to replace the chassis totally or require the cost 

and effort similar to the new vehicle assembly. 

Chassis design should be cost effective, lesser 

weight, maximum payload, ensures vehicle safety by 

withstanding the worst loading conditions. A primary 

criterion in chassis design is to meet safety 

requirements first and later to reduce weight in order to 

satisfy fuel economy requirements. It is important to 

fully understand the primary loads that the vehicle 

structure must be capable to withstand. These loads 

must be efficiently transferred through the structure so 

that the chassis will not be prone to mechanical failure.  

 

LITERATURE SURVEY 

Alireza Arab Solghar, Zeinab Arsalanloo 

(2013) studied and analyzed the chassis of Hyundai 

Cruz Minibus.  ABAQUS Software was used for 

modeling and simulation. Self weight of the chassis is 

considered for static analysis and Acceleration, Braking 

and Road Roughness were considered for dynamic 

analysis. It’s observed that the stresses on chassis 
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caused by braking were more compared with 

acceleration. 

Kenji KARITA, Yoichiro KOHIYAMA, 

Toshihiko KOBIKI, Kiyoshi OOSHIMA, Mamoru 

HASHIMOTO (2003) had developed a chassis made by 

Aluminium. The material selected for the frame is 

6061-T6. They used the Variable section extrusion 

method for making the chassis. It’s developed with the 

help of computer Aided Engineering. Aluminium 

material gives an advantage of weight reduction. From 

this study authors found that the Aluminium chassis 

meets the target of weight reduction, strength and 

rigidity. Also they concluded that the remaining 

technical issues will be addressed to enable commercial 

adoption of the aluminum frame. 

Teo Han Fui, Roslan Abd. Rahman (2007) have 

studied the 4.5 Ton truck chassis against road roughness 

and excitations. Vibration induced by Road Roughness 

and excitation by the vibrating components mounted on 

chassis were studied. Chassis responses were examined 

by stress distribution and displacements. Mode shape 

results determine the suitable mounting locations of 

components like engine and suspension systems. 

Analysis results reveal that the road excitation was a 

main disturbance to the chassis. 

M. Ravichandra, S. Srinivasalu, Syed altaf 

Hussain (2012) studied the alternate material for 

chassis. They studied and analyzed Carbon/Epoxy, E-

glass/Epoxy and S-glass/Epoxy as chassis material in 

various cross sections like C, I and Box Section. TATA 

2515 EX chassis was taken for study. Pro-E and Ansys 

software were used for this work. Study reveals that the 

Carbon/Epoxy I section chassis has superior strength, 

stiffness and lesser weight compared to other materials 

and cross section. 

Kutay Yilmazcoban, Yasar Kahraman (2011) 

have studied and optimized the thickness of a middle 

tonnage truck chassis by using Finite Element 

technique. The main objective of this work was to 

reduce the material usage through that gaining reduction 

in material cost. They had analyzed three types of 

thickness material to chassis and compared the results 

by stress and displacement. Study reveals that the 4mm 

thickness is safe enough to carry 15ton load. 

Ojo Kurdi, Roslan Abdul Rahman (2010) 

studied the road roughness effects on stress distribution 

of heavy vehicle chassis. They had analyzed Static and 

Dynamic conditions using Finite Element Analysis 

software to reduce the cost and get optimum design. 

The load was assumed as a uniform pressure obtained 

from the maximum loaded weight divided by the total 

contact area between cargo and upper surface of 

chassis. In order to get a better result, locally finer 

meshing was applied in the region which was suspected 

to have highest stress. From study it’s understood that 

the dominant loading on the truck chassis comes from 

cargo and its contents as static loading. The road 

roughness has not given a significant effect to the stress 

of component. 

Alireza Arab Solghar, Zeinab Arsalanloo 

(2013) studied and Analyzed the chassis of Hyundai 

Cruz Minibus.  ABAQUS Software was used to 

modeling and simulation. Self weight of the chassis was 

considered for static analysis and Acceleration, Braking 

and Road Roughness were considered for dynamic 

analysis. It’s observed that the stresses on chassis 

caused by braking were more compared with 

acceleration. 

Zhongzhe D, Ping Z. (2006) has performed 

Fatigue life analysis and improvement of the auto body 

in a sports utility vehicle (SUV). The stress distribution 

under unit displacement excitation was obtained by the 

finite element (FE) method. A bilateral track model was 

adopted to obtain load spectra in accordance with the 

vehicle reliability test. The total life of the auto body 

was evaluated by the nominal stress method with the 

assumption of a uni-axial stress state, and thus the 

critical regions were determined. The life of 

components with critical regions was further 

investigated on the basis of multi axial fatigue theory. 

The results showed that components near suspension 

were damaged due to impact loads from the road. 

Topological optimization of the spot weld location in 

the critical region was carried out by the 

homogenization method to improve its fatigue life. 

 

DEVELOPMENT OF MATHEMATICAL MODEL 

Chassis design for heavy vehicle applications 

starts based on the loads primarily acting on it. In heavy 

transportation vehicles the vertical load due to pay load 

is a primary. In order to overcome this vertical load the 

chassis has to resist the bending moment acting on it. 

As per the basic equations of pure bending, 

M/I = F/Y =E/R   -------- (1) 

Where, 

M= Bending moment, N-mm,  

I= Mass moment of inertia, mm4,  

F= Bending stress, N/mm2,  

Y= Distance of the most distance point at the section 

from the neutral axis, mm,  

E= Modulus of elasticity, N/mm2,   

R= Radius of curvature, mm 

From equation (1), 

M/I = F/Y 

M = F*(I/Y)    -------- (2) 

But Z = I/Y = section modulus. 

Therefore  

Bending moment = bending stress* section modulus 
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From the above equations the bending moment 

is directly proportional to the section modulus. If we 

need to increase the pay load we have to keep the 

section modulus proportionately to withstand the 

bending moment created by the pay load. 

In most of the On-Road vehicles the cross 

section of the chassis structure is uniform in spite of the 

variable loads. The variable section chassis concept is 

based on the basic principle of more section modulus at 

more load acting places and less section modulus at less 

load acting places. 

Section modulus Z = I/Ymax -------- (3) 

Where I = I1+I2+I3+I4
 

Ymax  = ∑(a*y)/∑a  -------- (4) 

∑a  = a1+a2+a3+a4 

 

 

 

 

Where  a1= area of the section 1, a2 = area of the 

section 2 , a3 = area of the section 3, a4 = area of 

the section 4 

∑a = b1 h1+ b2 h2+ b3 h3+ b4 h4 

Where h1 = b2 = h3 = b4, b1 = b3   & h2 = h4    

∑a = b1 h1+ h1 h2+ b1 h1+ h1 h2 

∑a = 2(b1 h1+ h1 h2)  -------- (5) 

∑ay = a1 y1+ a2 y2+ a3 y3+ a4 y4 

= [(b1 h1)* (h1 /2)] + [(h1 h2)* (h1 +h2/2)] + [(b1  

h1)* ({(3/2) h1} +h2)] + [(h1 h2)* (h1 +h2/2)] 

= [(b1 h1)* {(h1 /2) + (3h1 /2)+ h2}]+[(h1 h2)* 

{(h1 +h2/2+ h1 +h2/2)}] 

= (2h1+h2)* (b1 h1 + h1 h2)   -------- (6) 

Sub Eqn (5) & (6) in Eqn (4) 

Ymax  = (2h1+h2)* (b1 h1 + h1 h2) / 2(b1 h1+ h1 h2)

  

Ymax = (2h1+h2) / 2  -------- (7) 

I = bh
3
/12 + aY

2 

Y = Ymax ~ y 

I = I1+I2+I3+I4 

I  = (b1h1
3
/12 + a1Y1

2
) + (b2h2

3
/12 + a2Y2

2
) + 

(b3h3
3
/12 + a3Y3

2
) + (b4h4

3
/12 + a4Y4

2
) 

I  = (b1h1
3
/12 + b1 h1Y1

2
) + (b2h2

3
/12 + b2 

h2Y2
2
) + (b3h3

3
/12 + b3 h3Y3

2
) + (b4h4

3
/12 + 

b4 h4Y4
2
) 

= (b1h1
3
/12 + b1 h1Y1

2
 +b1h1

3
/12 + b1 

h1Y3
2
) + (b2h2

3
/12 + b2 h2Y2

2
 + b2h2

3
/12 + 

b2 h2Y4
2
) 

= 2(b1h1
3
/12) + b1 h1 (Y1

2
 + Y3

2
) + 2 

(b2h2
3
/12) + b2 h2 (Y2

2
 + Y4

2
) 

I   = (b1h1
3
/6) + b1 h1 [(Ymax ~ y1)

2
 + (Ymax 

~ y3)
2
] + (b2h2

3
/6) + b2 h2 [(Ymax ~ y2)

2
 + 

(Ymax ~ y4)
2
]   -------- (8)

   

y1= h1/2 

(Ymax ~ y1)  = ((2h1+h2) / 2) ~ h1/2 

(Ymax ~ y1) = ((h1+h2) / 2)  -------- (9) 

y2= (h1+ (h2 / 2)) 

(Ymax ~ y2)  = ((2h1+h2) / 2) ~ (h1+ (h2 / 2)) 

(Ymax ~ y2) = 0   -------- (10) 

y3= (h1+ h2+ (h3/2)) 

(Ymax ~ y3)  = ((2h1+h2) / 2) ~ (h1+ h2+ (h3/2)) 

(Ymax ~ y3) = ((h1+h2) / 2)  -------- (11) 

Y4= (h1+ (h2 / 2)) 

(Ymax ~ y4)  = ((2h1+h2) / 2) ~ (h1+ (h2 / 2)) 

(Ymax ~ y4) = 0   -------- (12) 

Sub Eqn (9), (10), (11) & (12) in Eqn (8) 

I = (b1h1
3
/6) + b1 h1 [((h1+h2) / 2)

2
 + ((h1+h2) / 2)

2
] +  

       (b2h2
3
/6) + b2 h2 [(0)

2
 + (0)

2
]  

  

I = (b1h1
3
/6) + b1 h1 [((h1+h2) / 2)

2
 + ((h1+h2) / 2)

2
] +      

      (b2h2
3
/6)     

  = 1/6(b1h1
3
+ b2h2

3
) + b1 h1 [((h1+h2)

 2
 / 4) +  

       ((h1+h2)
 2

 / 4)] 

  = 1/6(b1h1
3
+ b2h2

3
) + b1 h1 [2((h1+h2)

 2
 / 4)] 

  = 1/6(b1h1
3
+ b2h2

3
) + b1 h1 [2((h1+h2)

 2
 / 4)] 

I = 1/6(b1h1
3
+ b2h2

3
) +1/2(b1 h1) (h1+h2)

 2
 -- (13) 

Sub Eqn (7) & (13) in Eqn (3) 

Z = [1/6(b1h1
3
+ b2h2

3
) +1/2(b1 h1) (h1+h2)

 2
 ]/ 

       [(2h1+h2) / 2]    -------- (14) 
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When we use this mathematical model to optimize the 

cross section of On-Road Heavy vehicle we have to 

define the parameters as a variables. 

In a rectangular cross section chassis 

 h1 = P1, b1 = P2 & h3 = P3. 

 Where P1, P2 & P3 are the Parameters 

 
Then, 

Section Modulus Z = [1/6(P2P1
3
+ P1P3

3
) +1/2(P2 P1)  

        (P1+P3)
 2

 ]/ [(2P1+P3) / 2] ----- (15) 
 

CONCLUSION 

In most of the On-Road vehicles the cross 

section of the chassis structure is uniform in spite of the 

variable loads. Hence in order to fill the gap, Variable 

section chassis concept has been developed. The 

variable section chassis concept is based on the basic 

principle of more section modulus at more load acting 

places and less section modulus at less load acting 

places. The present study has developed a mathematical 

model for optimizing the cross section of the chassis 

structure based on section modulus. 

 

REFERENCES 
[1] V. Veloso, H.S.Magalhaes, G.I. Bicalho , E.S. Palma. “Failure 

investigation and stress analysis of a longitudinal stringer of an 

automobile chassis”, Engineering Failure Analysis, Vol.16, PP 

1696–1702, 2009. 

[2] M.H.A. Bonte, A. de Boer, R. Liebregts, “Determining the von 

Mises stress power spectral density for frequency domain 

fatigue analysis including out-of-phase stress components”, 

Journal of Sound and Vibration, Vol.302, PP 379–386, 2007. 

[3] Yongjie Lu, Shaopu Yang, Shaohua Li, Liqun Chen, 

“Numerical and experimental investigation on stochastic 

dynamic load of a heavy duty vehicle”, Applied Mathematical 

Modelling, Vol.34, PP  2698–2710, 2010. 

[4] Cicek Karaoglu, N. Sefa Kuralay, “Stress analysis of a truck 

chassis with riveted joints”, Finite Elements in Analysis and 

Design, Vol.38, PP 1115–1130, 2002. 

[5] K. Chinnaraj, M. Sathya Prasad, C. Lakshmana Rao, 

“Experimental Analysis and Quasi-Static Numerical 

Idealization of Dynamic Stresses on a Heavy Truck Chassis 

Frame Assembly”, Applied Mechanics and Materials, Vol.13-

14, PP 271–280, 2008. 

[6] Johann Wannenburg, P. Stephan Heyns, Anton D. Raath, 

“Application of a fatigue equivalent static load methodology 

for the numerical durability assessment of heavy vehicle 

structures”, International Journal of Fatigue, Vol.31, PP 1541-

1549, 2009. 

[7] Ojo Kurdi, Roslan Abdul Rahman, “Finite Element Analysis of 

Road Roughness Effect on Stress Distribution of Heavy Duty 

Truck Chassis”, International Journal of Technology, Vol.1, PP 

57-64, 2010. 

[8] N.K.Ingole, D.V. Bhope, “Stress analysis of Tractor Trailer 

Chassis for self weight reduction”, International Journal of 

Engineering Science and Technology (IJEST), Vol.3, No 9, 

2011. 

[9] S. Butdee, F. Vignat, “TRIZ method for light weight bus body 

structure design”, Journal of Achievements in Materials and 

Manufacturing engineering, Vol.31, Issue 2, 2008. 

[10] N V Dhandapani, G Mohan kumar, K K Debnath, “Static 

analysis of Off-High way vehicle Chassis structure for the 

effect of various stress distributions”, Journal of Mechanical 

Science and Technology, Vol.1, No 6, 2012. 

[11] 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”, Jurnal Mekanikal, 

Vol.26, PP 76-85, 2008. 

[12] N V Dhandapani, G Mohan kumar, K K Debnath, “Static 

analysis of Off-High way vehicle Chassis structure for the 

effect of various stress distributions”, International Journal of 

Advanced Research in Technology, Vol.2, Issue 1, 2012. 

[13] Teo Han Fui, Roslan Abd. Rahman, “Statics and Dynamics 

structural analysis of a 4.5 ton Truck chassis”, Jurnal 

Mekanikal, Vol.24, PP 56-67, 2007. 

[14] Vijaykumar V. Patel, R. I. Patel, “Structural analysis of a 

ladder chassis frame”, World Journal of Science and 

Technology, Vol.2, PP 05-08, 2012. 

[15] Patel Vijaykumar V, R. I. Patel, “Structural Analysis of 

Automotive Chassis Frame and Design Modification for 

Weight Reduction” International Journal of Engineering 

Research & Technology (IJERT), Vol. 1 Issue 3, 2012. 

[16] Kutay YILMAZÇOBAN, Yaşar KAHRAMAN, “Truck 

Chassis structural thickness optimization with the help of finite 

element technique”, The Online Journal of Science and 

Technology, Vol. 1 Issue 3, 2011. 

[17] Juvvi Siva Nagaraju, U. Hari Babu, “Design and structural 

analysis of Heavy vehicle Chassis frame made of composite 

material by varying reinforcement angles of layers”, 

International Journal of Advanced Engineering Research and 

Studies, Vol.1, Issue.2, PP 70-75, 2012. 

[18] M.Ravi Chandra, S. Sreenivasulu, Syed Altaf Hussain, “ 

Modeling and structural analysis of Heavy vehicle chassis 

made of Polymeric composite material by three different cross 

sections”, International Journal of Modern Engineering 

Research(IJMER), Vol.2, PP 2594-2600, 2012. 

[19] Jangyeol Yoon, WankiCho, JuyongKang, BongyeongKoo, 

Kyongsu Yi, “Design and evaluation of a unified chassis 

control system for rollover prevention and vehicle stability 

improvement on a virtual test track”, Control Engineering 

Practice, Vol.18, PP 587-597, 2010. 

[20] Ashokan. P , Saravanan. R and Vijayakumar. K, “Machining 

parameters optimization for turning cylindrical stock in to 

continuous finished profile using GA and SA” .International 

Journal of Advanced Manufacturing Technology, Vol.1, PP 16-

25, 2002.  

[21] Jerald. J,  Saravanan. K, Sateesh. R, Thangadrai. P,  

“Optimization of operating parameters in Wire Electric 

Discharge Machining using Particle Swarm Optimization and 

Memetic Algorithm”  . International Journal of Manufacturing 

Technology Today, Vol.2, PP 34-42, 2004.  

International Journal of Engineering Research & Technology (IJERT)

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS091022

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 3 Issue 9, September- 2014

1132


