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ABSTRACT 

Dump truck chassis is a major component in an Off-highway vehicle system. This research work contains modeling, design and 

fatigue life analysis of heavy vehicle chassis. The main objective is to determine the linear static stress distribution of the critical 

area which has highest stress of the chassis. The FE analysis have been done for a truck chassis model by utilizing commercial 

finite element analysis software packages like Pro-E, HYPER MESH and ANSYS.  

An attempt has been made to the study an off – highway higher ton dump truck, which is having a range between 50 to 60 tons 

load carrying capacity. The linear static analysis was carried out to determine stress distribution of the chassis. An entire fabricated 

structure consists of plates and castings, which is welded according to BS 5400 welding standard. A high strength electrode (E 70) 

used for welds the complete chassis. In order to withstand heavy load of the chassis, high strength structural steel (IS 1030) material 

as per the ASTM A 148 Gr.90-60 is used for plates and ASTM A148 Gr.150-125 is used for casting to fabricate chassis. 

A complete feature-based chassis model has been developed, to create 146 parts and assembled as per the fabricated structure by 

using Pro-E software. Meshing is carried out by using hyper mesh 9.0 software. FE mesh model consists of geometry cleanup, 2D 

and 3D mesh, nodes and elements with connectivity. The FE mesh model has 3D tetrahedral shape of solid element, which will 

give the closeness to the accurate result. To check the mesh quality parameters like Aspect ratio, Warpage, Jacobian and skew of 

an individual element. In order to get accurate result of the critical area of the chassis, locally finer meshing on the front and rear 

rail structure of the chassis has been done. Refine mesh applied on the critical region of the chassis. According to the equation of 

equilibrium condition, the bending and torsional left ramp and right ramp loads were calculated manually and applied on the FE 

model. Based on the FE results, it was observed that the maximum stress concentration is more on rear side of the rail structure. 

Further to the FE analyses were carried out to determine the safety factor of the chassis. 

A study has been done from the field failure of the chassis, from FE analysis it has been found that the maximum stress and 

deflection at the rear rail structure of the chassis. To calculate the torsional resistance, section modulus, plate thickness and tire 

reaction forces for FE analysis. 

The method of hand calculations and FE iterations to arrive the rear rail structure width, plate thickness of the box type variable 

section chassis. Redesign the existing chassis structure has been done and incorporates to an existing Pro-E model of the chassis. 

Repeat the FE analysis has been carryout to determine the stress distribution of the modified chassis. FE results, varying stress 

distribution at the front and rear rail structure of the chassis and fatigue life approximately more than 30,000 Hrs. 
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1 INTRODUCTION  

The chassis forms the backbone of the dump truck and its chief function is to safely carry the maximum load, whether the vehicle 

is in static or dynamic condition. There are some advantages of off-road vehicles chassis over other chassis. It suffers from some 

major disadvantages like heavy weight, fatigue failure and welding cracks. With the help of simulation tools like finite element 

method, the extent of the effects of chassis input conditions can easily be estimated with minimum experimental cost. As a test 

study, a 3-D finite element model was developed to predict the complete static stresses and fatigue life of the high strength 

structural chassis, determine the stresses on the chassis. 

Main objective is to determine the static loads defined in pay load and vehicle weight acting in the form of reaction forces was 

adopted for static load condition. Another main load case is designed to verify the absence of any risk of fatigue cracks occurring 

under the combined effect of the main forces encountered during running condition. These load cases consist of different load 

scenarios subjecting chassis involving running of uneven track with 12% gradient, curve negotiation, rolling and bouncing effect 

and track twist. The load combinations are mainly three cases like bending, torsion and combined bending and torsion.  

The truck chassis is the main system of the vehicle and it is integrated with the main truck component systems such as the axles, 

suspension, power train, cab and body. The truck chassis has been loaded by static, dynamic and also cyclic loading. Static loading 

comes from the weight of payload and net vehicle weights. Individual system weights are acting on the CG points of the chassis. 

The movement of truck affects a dynamic loading to the chassis. The vibration of engines and the roughness of roads give a cyclic 

loading. The existing truck chassis design is normally designed based on static analysis. The emphasis of this design is chiefly on 

the strength of structure to support the loading placed upon it. However, the truck chassis is loaded by complex type of loads, 

including static, dynamic and fatigue aspects. It is estimated that fatigue is responsible for 85 to 90% of all structural failures (or) 

crack propagation on the chassis. The knowledge of dynamic and fatigue behavior of truck chassis in such environment is thus 

important to determine the stress and deflection on the mounting point of the components like engine, suspension, transmission. 

Many researchers have carried out studies on truck chassis to investigate stress analysis of a truck chassis with riveted joints using 

FEM. Numerical results showed that stresses on the side member can be reduced locally increasing the side member’s thickness. 

If the thickness change is not possible, then increasing the connection plate length may be a good alternative method. Industrial 

experience FE-based fatigue life predictions were better results. The objective of this research work is mainly focus to determine 

the fatigue life and static analysis on the heavy-duty truck chassis. Localized system analysis techniques have been applied on the 

critical areas in order to find the more reliable, more accurate and faster ways of simulation. 

 

2 REVIEW OF LITERATURE 

2.1 RESEARCH ON AUTOMOTIVE CHASSIS 

There are two main objectives, with respect to the development of truck chassis. Firstly, the appropriate static characteristics and 

fatigue life of the existing chassis have to be determined. Secondly, there are many factors involve and must take into account, 

which can affect on the vehicle rolling, handling, ride stability and fatigue life etc. 

Today, there are many research and development programs available in the market especially by the international truck 

manufacturers, which are very much related to this research work. Therefore, there are several technical papers from the 'Society 

of Automotive Engineering' (SAE) and some other sources which have been reviewed. 
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2.2 Overall Discussion on Research 

Many of the truck structures found in the research are subject to internal and external loads, which affected the ride quality of 

vehicle. These loads and behavior can be determined through a series of processes namely, Modal Analysis, Finite Element bending 

and Torsion Analysis. Besides that, the correlation and modal updating technique are also important to create a good model for 

further analysis. From the global torsion analysis, it has been found that the torsion load is more severe than bending load. In order 

to overcome this problem, a cross bar and material selection are important to be considered during design stage. Furthermore, the 

overall achievement is mainly to reduce the vibration level, so that the life of the chassis structure and performance can be 

maximized. 

The idea of a chassis carries several different connotations, depending upon the referenced source. For the purpose of this work, 

the chassis will be thought of in its racing context as a structure which carries and connects all of the major components including 

the body, cabin, power, and other vehicle systems. The chassis structure must safely support the weight of the vehicle components 

and transmit loads that result from longitudinal, lateral, and vertical accelerations that are experienced in a racing environment 

without failure. There are many aspects to consider when designing a chassis, including component packaging (including the 

individual systems), material selection, strength, stiffness and weight. 

The primary objective of the chassis is to provide a structure that connects the front and rear suspension without excessive 

deflection. When considering a automotive chassis, a frame that is easily twisted will result in significant stability problems related 

to stability. Suspension setup is based upon the assumption that all four corners of the vehicle are connected by an infinitely rigid 

body. If the chassis is not sufficiently stiff, the structure is merely another variable in the system as it acts as a torsional spring and 

damper. This variability within the chassis structure would very difficult to dial in a suspension setup that will generate the 

necessary levels of lateral grip to be competitive. Generally speaking, a chassis which is able to resist torsional loads resulting 

from inertial accelerations of components experienced during cornering or from applied loads acting on one or opposite corners 

(ie. Torsion) of the vehicle will almost always be sufficiently strong. 

 

2.3 Existing Research Work on Vehicle Chassis Finite Element Analysis 

Thompson and Vissert (1991) presents an overview of structural design methods for mine haulage roads. Through an analysis and 

quantification of the structural performance of existing pavements they recommend the mechanistic design procedure, together 

with a revised structural design and associated limiting design criteria. It can be concluded that the application of the mechanistic 

method to a design project can reduce the costs of haulage roads construction and accrue additional benefit in terms of reduced 

operating and maintenance costs. Load of 2086 kN In comparison, public road authorities permit a legal maximum dual-wheel 

axle loading of 80 kN, which is similar in magnitude to that associated with a 25 t truck with tandem rear axles. Large mine haulage 

trucks impose axle loads ranging from 110 to 170 t, which are applied to haulage roads that have been, at best, designed empirically 

on the premise of satisfactory. 

Wannenburg (1993) described an overall philosophy to generate intelligence from automotive warranty data and provides an 

approach supported by examples of situations, where analyzing warranty data led to additional insight in predicting organizational 

risk and driving earlier action. The method has proven successful in detecting an early transition to a field durability issue, the 

prediction of warranty risk from a diluted “quality spill” This process has been employed for some time and has been further 

enhanced by considering the dual nature of automotive warranty risk related to time and usage, involving a conditional probability 

analysis 

Fung and Smart et al (1994) investigated joints using the finite element method. Initially a single lap joint has been modelled as a 

‘stepped plate’ and the results for the stress concentration factor are found to be in reasonable agreement with published data. 

However, the stress concentration for this joint occurred at a point away from the point of failure of a riveted joint. 

Ibrahim et al (1994) conducted a study on the effect of frame flexibility on the ride vibration of trucks. The aim of the study was 

to analyze the vehicle dynamic responses to external factors. The spectral analysis technique was used. From the author’s point of 
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view, the excessive levels of vibration in commercial vehicles were due to excitation from the road irregularities, which led to ride 

and comfort problems. In order to study the frame flexibility, the author had came out with the truck frame modeled using (FEM) 

and its modal properties have been calculated. The results there were found to be good agreement with the experimental analysis 

and the modeling technique proved to be a very powerful one. 

John Crawford (1994) discussed racecar may be achieved by tailoring chassis stiffness so that roll stiffness between sprung and 

unsprung masses are due almost entirely to the suspension. In this work, the effects of overall chassis flexibility on roll stif fness 

and wheel camber response were determined using a finite element model. To validate the model, the change in wheel loads due 

to an applied jacking force that rolls the chassis agreed closely with measured data. The roll stiffness predicted from finite element 

models of the front and rear suspension compare closely to those calculated using a rigid body. 
 

3 LINEAR STATIC ANALYSIS OF CHASSIS  

Determine the stress distribution on the chassis for both bending and torsion load. According to the equation of equilibrium 

condition, the vertical tire reaction forces act upward direction and body weight with payload act on downward direction.  

Dump truck is mainly used for coal application. The chassis carries 50~60-ton range of payload. Static analysis calculates the 

effects of steady load conditions on a structure, while ignoring inertia and damping effects, such as those caused by time varying 

loads. A static analysis, however, includes steady inertia loads such as gravity and rotational velocity, and time-varying loads that 

can be approximated as static equivalent loads such as the static equivalent tire reaction loads and vehicle weight plus payload. 

3.1 CAD Model of Chassis 

 A 3D model of main frame structure is modeled using Pro-E software. It consists of bumper which is at the front side of the truck. 

The front rail structure is located next to the bumper on both LH and RH side. Horse collar, which is the portion at the middle of 

the chassis, carries engine and suspension system. Rear torque tube structure which is used to join left and right side of the rail 

structure is also used to withstand the load while the vehicle is in torsion and cornering cases. The body pad is fitted on the chassis 

to carry payload. Finally, rear rail structure is at the end of the chassis mainly used for mounting rear axle and suspension of the 

chassis. Totally 143 parts are assembled as per the fabricated structure. chassis is a main member of the vehicle, it is not a choice 

to use fewer members in frame. The second way to decrease the cost of the frame is using thinner sections for the profiles. There 

should be a limit for the thickness. If the limit is exceeded, the truck chassis is no longer robust or reliable. Initial CAD part of the 

truck chassis was modeled in Pro-E as shown in Figure 1. Boundary conditions are applied on the CAD model. 

 

Figure 1 Main frame chassis pro-E model 
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3.2 LOAD CASES 

 It is necessary to use a detailed model of the structure for analyzing of the vehicle chassis. It becomes even more necessary, when 

the center of gravity of the vehicle is towards left or right of the central plane of the vehicle. A lot of practical works has been done 

before finalizing the boundary conditions and load cases. 

The finite element model shows the possibilities of fulfilling requirements related to sufficient model description as well as 

efficiency. The finite element model has been tested with an experimental result available for some of the cases.  

The same finite element model can be used for the fatigue analysis of the chassis, if the adequate data are available on the repetitions 

of the loads creating stresses on the chassis above the endurance limit of the chassis material. The same model can also be used to 

analyze the lateral vibrations responses.  

It is impossible to cover all the conditions analyzing of the vehicle on road conditions; however, the above-mentioned boundary 

conditions can be used as the starting point for analyzing stresses in the chassis. 

3.2.1 Computation of Bending Load Case  

Assumption: Liner static analysis is carried out for the chassis structure of dump truck at zero inclination. Calculated reaction 

forces applied at the front and rear suspension mounting point’s vertically upward direction. Body weight and payload will act at 

the top of the body pad on the chassis. as shown in Figure 2 free body diagram below 

 

3.2.2 Free Body Diagram of Bending Load  

The load is assumed to be a point load acting on the CG of the body. Details of loading are shown in Figure 2 the magnitude of 

force on the CG point of the chassis 54500 N has been acting. 

 

Figure 2 Free body diagrams for bending load 

 

3.2.3 Boundary conditions of bending load 

Front axle tire reaction force is applied on the chassis front suspension mounting point on both LH and RH sides. Rear axle tire 

reaction force is acting on the rear suspension mounting point and body with pay load weight in terms of force acting on the top 

of the chassis as shown in Figure 3. 
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Figure 3 Bending Load on the chassis 

3.3 SOLVER AND OUTPUT OF BENDING LOAD 

The location of bending load total displacement occurs at the front bumper portion of the chassis. The numerical value of 

displacement is 7.02 mm.as shown in figure 4. 

 

Figure 4 Displacement plot (Bending) 

 

3.3.1 Torsion Load Analysis of Chassis 

Assumption: Liner static analysis is carried out for the main frame structure of dump truck at zero inclination. Torsion loading 

consists of, left and right torsional racking conditions. Calculated reaction forces applied at the left front (LF) and right rear (RR) 

suspension mounting points vertically upward direction. Body weight and payload will be constrained at the top of the body pad 

on the chassis. This is called torsional left racking condition. 
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3.3.2 Free Body Diagram of Torsion Load 

The load is assumed to be a point load acting on the CG of the body. Details of loading as shown in Figure 5, the magnitude of 

force on the CG point of the chassis 54500 N. 

 

Figure 5 Free body diagrams for torsion load 

 

Figure 6 Torsion Left Ramp Load 

 

Left right front (RF) and left rear (RR) suspension mounting points act vertically downward direction. Body weight and payload 

will be constrained at the top of the body pad on the chassis. This is called torsional right racking conditions as shown in Figure 6 

 

3.3.3 Boundary conditions of torsion load 

Diagonally vertical upward and vertical downward directional loads acts on the chassis as shown in Figure 7 

 

Figure 7 Left and Right Ramp Load on the chassis 
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3.4 SOLVER AND OUTPUT OF TORSION LOAD 

The location of torsion loads total displacement occurred at the front bumper portions of both LH and RH side of the chassis. The 

numerical value of displacement is 9.07 mm as shown in Figure 8 

 

Figure 8 Displacement plot (Torsion) 

3.4.1 Stress Histories at Specified Location of Chassis 

The results from the FE-analyses are maximum displacement and von misses stress in the form of contour plots. It can be noticed 

that the color bar to the right in the figure, which indicate the stress level in the structure, have different maximum values and 

interval steps of the scale for the maximum bending and torsion load cases. 

3.4.2 Von-misses Stress at Maximum 

Bending and torsion load cases have been evaluated and the results indicate that the vertical load case is the most critical area at 

the rear rail structure of the chassis. The location of Maximum Von-misses stress distribution occurred at the rear rail structure of 

the chassis, which is in contact with the body, as shown in Figure 9. The stress magnitude is noticed at critical point. 

 

Figure 9 Von-misses stresses Torsion 

 

Vertical maximum load case gives the highest stress at the position where the side member changes the cross-section height. Two 

of the major cross members take much of the load from the vehicle and reaches stresses up to 304 MPa in the rear rail structure. 

Some of the minor reaches stresses up to approx. 222.6 MPa, but many of them are low stressed. We also see that the rear part of 

the side member is less stressed, near the horse collar and the rear rail structure exhibits more stress on the chassis. Figure 9 Von-

misses stress shows maximum stress on the both the sides of the chassis.  
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A Figure 10 maximum principle stress shows the bottom rail structure of the chassis, it can be noted that the stress value is within 

the standard and recommended limit. 

 

Figure 10 Maximum Principal Stress (Combined bending and torsion) 

 

3.5 Field Failure of Chassis 

A prototype vehicle was submitted to the durability test, off-road at a proving ground test track. Failures of rear rail structure, 

horse collar portion and suspension mounting points were identified. Cracks were noticed at the rear side of the truck chassis. 

These cracks have grown leading to fracture of the chassis. Major cracks were observed at nearly the rear rail structure and 

suspension mounting points. Loads are transmitted by wheels to the body of the vehicle through the suspension components.  

During vehicle running condition chassis crack is propagated at the end of approximately 10,128 field hour. Crack is propagated 

at the beginning of the rear rail structure and horse collar portion, this is due to the torsional load case to determine the stress 

critical area on the chassis for further to do the localized system FE analysis. 

 

3.6 Modification of Critical Area of the Chassis 

In order to benefit from using high strength steel, a total redesign is recommended in this area. Some design changes are discussed 

below. Two approaches that are recommended for good design practice 

1. Re-design the location of the weld at the rear rail structure. 

2. Reduce stresses in the weld by adding web-stiffeners and / or increase sheet thickness in the rail structure. 

The effect of varying width and thickness of the chassis analysis has been done. This modification shows better design as shown 

in Fig 11, maximum shear stress and fatigue life of the bending load occur at the rear rail structure. A more optimized geometry 

of the transition from full rail structural section width and thickness would be most desirable for best fatigue performance. Since 

introducing this web-stiffener also introduces more welds, 

which should be avoided if possible. However, this minor modification at least shows that the critical area can be improved. 
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Figure 11 Rear Rail Structure (Box section modulus calculation) 

 

4 RESULTS AND DISCUSSION 

 

4.1 Total Displacement in Bending and Torsion Loads of Chassis 

The location of total displacement is maximum at the middle of the rear rail structure and the numerical value of maximum 

displacements 3.97mm. As shown in Figure 12. It was reduced 50% of the value with compared to linear static analysis. 

 

Figure 12 Maximum Displacement of combined bending and torsion 

 

4.2 Von-misses Stress in Torsion Case 

The location of Maximum Von-misses stress occurred at the rear rail structure of the chassis, as shown in Figure 13. The stress 

magnitude noticed at critical point at rear rail structure is 137.2 MPa. The formula given below can be used to calculate the von 

misses stress and shear stress of the chassis structure. 
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Figure 13 Von-misses Stress of Bending and Torsion 

According to the literature survey and vehicle standards, the ratio of yield stress to the working stress (Factor of safety) for an off-

high way vehicle should be the numerical value of 4 in a static condition and 1.5 in a dynamic condition. The vehicle chassis will 

be satisfied the factor of safety at the critical area of the chassis. 

 

4.3 Principal Stress in Torsion Case 

The Maximum principal stress occurs at the bottom of the rear rail structure, as shown in Figure 14. The stress magnitude noticed 

at critical point at rear rail structure is 115 MPa and total displacement at the middle of the rear rail gives the critical area. Stress 

value of the chassis with in that standard and recommended limit. 
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Figure 14 Maximum Principal Stress in Bending and Torsion 

 

 

 

4.4 Shear Stresses in Torsion Case 

The shear stress distribution provided from the FE analysis. Results shows, that the tensile stress concentrated in the region of 

torque tube and horse collar of the chassis. Due to the dynamic effect of torsion stress 

distribution at the location of torque tube on the chassis. The critical regions and the premature fatigue failure occur on the same 

area of the chassis as shown in Figure 15. 

 

Figure 15 Maximum Shear Stress in Torsion Load 

The maximum shear stress is in direction of parallel and perpendicular to the neural axis of the chassis. The value of average shear 

stress is 72.2 MPa, which is 1.5 times more than the yield strength of the chassis. This means that chassis rail structure satisfies 

the safety factors and conditions for maximum loading, as shown in Figure 16 
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Figure 16 Shear Stresses and Normal Stresses of Torsion 

5 CONCLUSION 

Based on the FE results of the modified chassis, it is clear that the total deformation and Von-misses stresses were to meet the 

standard and recommended value. The overall chassis performance significantly increased strength of the chassis and with stand 

the payload with 2% of additional payload and net vehicle weight. The highest stress occurred is 137 MPa by FE analysis. 

The calculated maximum principal stress is 115.2 MPa. The maximum displacement of numerical simulation result is 7.0294 mm. 

The result of numerical simulation is higher than the result of linear static analysis, which is 3.85 mm. The difference is caused by 

simplification of model and uncertainties of numerical calculation. The modified chassis was able to withstand the higher ton load 

capacity and also increase the performance of the chassis. 
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