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Abstract— The chassis of a heavyweight vehicle aids as a 

mainstay for supporting the body and its various parts. It 

contracts with the static and dynamic loads, deprived of 

excessive deflection or malformation. Weight lessening is 

now the main concern in automobile industries with growth 

of new composite materials and various reinforcement 

structures. In the present work, the proportions of an existing 

heavyweight vehicle frame of a TATA 1109 EX vehicle is 

taken for modeling and analysis. The chassis frame is 

primarily modeled by taking ‘C’ cross section in modeling 

software and then analyzed using finite element analysis. The 

dynamic performance is acquired for the Carbon/Epoxy 

composite material. Several mode shapes and their respective 

natural frequencies are determined so that the flaws caused 

by vibrations can be eliminated. Through harmonic analysis 

of different lay-ups such as, [0/90/45/-45], [90/0/0/90], 

[0/45/-45/90] and [90/0/45/45] the frequency and amplitude 

of vibration are determined. Then the results are compared to 

finalize the best lay-up sequence among them. 

Key words: Chassis, Carbon/Epoxy, Dynamic behavior, 
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I. INTRODUCTION 

The frame of the regular heavy vehicle cares all types of 

intricate loads impending from the road and goods being 

loaded. So, the concentration and the forte of the frame play 

an immense role in the chassis design. The chassis frame 

should be stiff enough to endure the tremor, twist, vibration 

and further stresses. Beside strength, an imperative attention 

in chassis design is to have satisfactory bending stiffness for 

better handling physical characteristics. The dynamic 

analysis gives the vibrational characteristics of the chassis 

frame. The mode shape and natural frequency determination 

gives the appropriate positions for the intensifying of 

components like engine, suspension arrangement and 

supplementary parts of the vehicle. 

II. LITERATURE REVIEW 

Many research scholars had led analysis on chassis of 

various heavy vehicles. The free vibration behavior of 

laminated composite beams by the conventional finite 

element analysis using a higher-order shears deformation 

theory. The Poisson effect, coupled extensional and bending 

deformations and rotary inertia are considered in the 

formulation were studied [2]. 

The finite element analysis of a truck chassis was 

done. The analysis showed that increasing the side member 

thickness can reduce stresses on the joint areas, but it is 

important to realize that the overall weight of the chassis 

frame increases [4].  

III. CARBON FIBERS 

Carbon fibers are categorized by a grouping of high 

strength, high stiffness and less weight. The benefits of 

carbon fibers are their very high flexible strength-to-weight 

ratio, high tensile modulus-to-weight ratio, very small 

amount of thermal enlargement and high fatigue strength. 

The drawbacks are their low impact resistance and high 

electrical conductivity. 

Owing to the high cost the usage of the carbon 

fibers is acceptable only in weight precarious structures that 

are mostly useful to aerospace industry [11]. It is 

conceivable to exchange many layers of glass fiber 

reinforcement with a distinct layer of carbon fiber 

reinforcement, generating savings on resin and labor costs, 

permitting structure weight to be reduced and probably 

producing a more cost-effective solution.  

When related with the glass fiber reinforcement the 

carbon fibers have less mass since their density is less [9]. 

The density of Carbon/Epoxy composite material is 1600 

kg/m3 which is less than E-Glass/ Epoxy of 2600 kg/m3, and 

S-Glass/Epoxy of 2495 kg/m3.So the drop in weight of 

Carbon/Epoxy composite material gives more economical 

compared to glass fiber reinforcement.  

The mass of the chassis frame is calculated as 

follows 

A. Steel 

Density = 7850kg/m3 

Volume of frame = 4.9104×10-2 m³ 

Total mass of frame = 7850 × 0.04910 

= 385.46 kg 

B. Carbon/Epoxy 

Density = 1600 kg/m3 

Volume of frame = 4.9104×10-2 m³ 

Total mass of frame = 600 × 0.049104 = 79 kg 

Similarly the mass of E-Glass/Epoxy and S-Glass/ 

Epoxy are calculated to be as 127 kg and 122 kg 

respectively. So it is evident from the comparison Carbon/ 

Epoxy has the least mass than that of other materials. The 

Carbon/Epoxy material has less mass when compared with 

the existing steel chassis. This gives the weight reduction of 

79%.  

C. Deviation of UD properties with direction of the fiber 

The properties obtainable are for unidirectional (UD) 

laminates in the fiber direction. It is important to be agreed 

that these properties can reduce intensely in other directions 

and as most convincing structures will experience loads in 

several directions it is important to be able to expect the 

laminate properties in other directions [3]. 
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As an model of the increased intricacy of 

evaluating FRP composite materials linked to conservative 

isotropic materials such as metals, the Tsai-Wu failure 

criterion could be related to the well-known Von-Mises 

failure criterion commonly used for predicting the failure of 

metallic structures; 

1) Von-Mises Failure Criterion 

σO
2 = σx

2 - σx σy + σy
2 + 3 σxy

2 (1) 

2) Tsai - Wu failure criterion 

σx (1/Xt + 1/Xc) + σy (1/Yt + 1/Yc) + σx
2 / (Xt Xc) + σy

2 / 

(YtYc) + τxy
2 / S2 + Fxy σx σy= 1   (2) 

Providentially, the analysis of FRP composite laminates is 

easily preset and several laminate analysis software 

programs are available. 

D. Interlaminar properties 

One of the most substantial differences between FRP 

composites and metals is that the through-thickness or 

interlaminar properties of FRP composites can be ominously 

lower than their in-plane properties. This can be of specific 

importance in highly curved areas where important through-

thickness stresses may be created. So with the effect 

interlaminar properties of each lay-up sequences it creates 

enormous amount of load withstanding capacity. 

E. Fatigue Strength 

Fatigue strength is extremely reliant on resin properties and 

laminate excellence. Fatigue failure regularly arises 

progressively, beginning with fiber debonding and resin 

cracking. It should be renowned that FRP laminates can be 

lying to fatigue failure in firmness as well as in tension, in 

disparity to metals which will generally only grow fatigue 

cracks in tension. 

F. Thermal Expansivity 

The thermal expansivity of the materials such as ceramics, 

metals and plastics differs with esteem to that of the 

temperature as shown in the figure 1. The epoxy resins have 

less thermal expansivity when compared to that of the 

polyester [10]. 

 
Fig. 1: Thermal expansion coefficients for   various 

materials over a range of temperature 

G. Polymeric Matrix 

Polymers are separated into two wide categories: 

thermoplastic and thermoset. Thermoplastic polymers are 

those which are heat moderated, liquefied and reformed as 

many times as desired. But a thermoset polymer cannot be 

liquefied or reformed by the application of hotness or 

heaviness. The advantages of thermoplastic matrices are 

their enhanced fracture toughness over the thermoset matrix 

and their possible of much lower cost in the manufacturing 

of finished composites. 

Unadventurously, thermoset polymers are 

expansively used as a matrix material for fiber reinforced 

composites in structural composite constituents. Thermoset 

polymers enrich thermal constancy and chemical 

confrontation. 

For the resolution of a simple classification, we 

may divide the thermosets into five sets: 

 Polyester resin, 

 Epoxy resin, 

 Vinyl ester resin, 

 Phenolic resin and 

 High performance resin. 

Epoxy resins are frequently used in aerospace 

structures for high concert applications. It is also used in 

marine structures, hardly though, as cheaper varieties of 

resins other than epoxy are available. 

The widespread use of epoxy resins in industry is 

due to: (1) the comfort with which it can be processed, (2) 

tremendous mechanical properties and (3) high hot and mist 

strength properties. 

H. Layered Composite Plate 

The layered composite plate consists of various orientations 
of fibers that are all combined together. By changing the 
orientations it is possible to attain the less amplitude of 
vibration at a certain frequency. 

 
Fig. 2: Schematic of a layered composite – [45/0/-45/90] 

IV. DYNAMIC ANALYSIS 

Through the dynamic analysis the vibrational characteristics 

of the chassis are obtained. This includes the natural 

frequencies and mode shapes. 

The Causes for the vibration in the chassis frame 

are such as,  

1) Road coarseness 

2) Excitation by vibrating components mounted on it [8].  

There are two types of analyses that are carried out 

for determining the dynamic performance of the chassis 

frame. 

 Modal analysis - Natural frequency and mode shapes 

are determined for the chassis frame. 

 Harmonic analysis – The amplitude of vibration for 

each lay-up sequence is determined for the certain 

frequency range. 

A. Modal Analysis 

A modal analysis computes the frequency modes or natural 

frequencies of a given arrangement, but not essentially its 

full-time history retort to a given input. The natural 

frequency of a system is dependent only on the stiffness of 

the structure and the mass which participates with the 

structure (including self-weight). It is not dependent on the 

load function. 
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B. Mode Shapes 

The various mode shapes are obtained for the chassis frame 

by using the ansys workbench software. The mode shapes at 

the respective natural frequencies provides the carbon/epoxy 

chassis frame properties. This can be used for placing the 

components of the heavy vehicle over the chassis. 

 
Fig. 3: Mode 1 

 
Fig. 4: Mode 2 

 
Fig. 5: Mode 3 

 
Fig. 6: Mode 4 

 
Fig. 7: Mode 5 

 
Fig. 8: Mode 6 

 
Fig. 9: The different modes and their natural frequencies 

Through the various mode shapes and the natural 

frequencies that are all obtained the resonance occurrences 

in the chassis can be avoided. By this modal analysis the 

mounting of various components at the respective place over 

the chassis can be predetermined. 

C. Harmonic Analysis 

The harmonic analysis is conducted for the chassis made of 

Carbon/Epoxy type composite material. In this analysis the 

loads acting over the chassis frame varies with respect to the 

time. So the load acting is not stable and it also varies with 

respect to the road roughness. 

The lay-up sequences that are all considered for the 

harmonic analysis are such as [0/90/45/-45], [90/0/0/90], 

[0/45/-45/90] and [90/0/45/45]. By changing the orientation 

of the lay-ups the strength and stiffness of the composite 

material can be increased. Through this the amplitude of 

vibration at certain frequency can be reduced. 

The frequencies and amplitude of vibration of the 

various lay-up sequences at the node 670 is obtained for 

chassis frame by using Ansys software. 

The results can be obtained for any direction such 

as X, Y and Z. The results taken here are for Z direction for 

all the four lay-up sequence. 
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Fig. 10: [0/90/45/-45] 

 
Fig. 11: [90/0/0/90] 

 
Fig. 12: [0/45/-45/90] 

 
Fig. 13: [90/0/45/45] 

D. Comparison of Amplitude of Vibration 

The amplitude of vibration for each lay-up sequence at its 

resonant frequency are found from the graph and then 

compared. 

Type 
0/90/45/ 

-45 

90/0/0/ 

90 

0/45/- 

45/90 

90/0/45/ 

45 

Frequency(Hz) 17 32 25 30 

Amplitude(m) 0.09 0.014 0.12 0.38 

Table 1: Comparison of amplitude of vibration 

The amplitude of vibration at the resonant 

frequency for the lay-up sequence [90/0/0/90] is less than 

the other lay ups. Therefore the best lay-up sequence for the 

chassis is [90/0/0/90]. The lay-up sequences can be varied 

further to get more reduction in vibration of the chassis. The 

vibrations that are caused by engine components and the 

road roughness can be considered for the analysis work 

which gives the specific results at the different time periods. 

V. CONCLUSIONS 

At present steel is used as a material for the heavy vehicle 

chassis. By interchanging it with a polymeric composite 

material uncovered to the identical load carrying capacity, it 

provides drop in weight of more than 70% since the density 

of Carbon/Epoxy is less than that of steel.   

The dynamic analysis is carried out for the 

Carbon/Epoxy material. The different mode shapes and their 

natural frequencies are attained. The best lay-up sequence 

for that material is selected by comparing their amplitude of 

vibration at their resonant frequencies from the harmonic 

analysis. The lay-up sequence [90/0/0/90] is selected to be 

the best one since it is having less amplitude of vibration 

than other lay-ups. 

So it is concluded that to use Carbon/ Epoxy as a 

material for frames of heavy vehicle chassis with the lay-up 

sequence of [90/0/0/90]. It has more stiffness, higher 

strength, less distortion, less normal stress and less weight. 

So that the fuel conserved by the vehicle decreases. It also 

contributes the high damping capacity to the vehicles in 

which vibration, noise and hardness are abridged. 
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