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Abstract— The truck industry plays significant role in 

country’s economic activity and construction. There is 

considerable scope to improve the design of their products. 

In order to save unloading costs tipper trucks are becoming 

very popular now a day. These bodies are also known as 

dump bodies. These are useful in a simple way to unload the 

material. Every extra pound of vehicle weight increases 

manufacturing cost, lower fuel efficiency and reduces 

vehicle payload capacity. With this concept of reducing 

weight and stress reduction the optimized model of tipper 

dump body is modelled and analyzed. This is carried out by 

conducting the Finite Element Analysis on the models and 

according to standards, weight reduction and stress 

reduction is carried out. With the optimized parameters, 

optimized Model is developed and analyzed, stress analysis 

is carried out and the results are obtained. The modules used 

for analysis of tipper body are Explicit dynamics, Transient, 

Modal and Random vibration. 
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I. INTRODUCTION 

Today there is demand on trucks, not only on the cost and 

weight aspects but also in the vehicle features and overall 

work performance. There exists need for the industry sector 

to optimize design of dump truck body structure which 

allows maximizing dump truck payload capacity and 

simultaneously improvising its strength, reducing weight 

and prolonged operational life. Bulk material handling be it 

excavation, transport and delivery/discharge has been 

considered to be the toughest operational segment in the 

overall materials handling field. The application of tipper 

body assumes importance as it is directly related to mining 

and core sector of construction activities. The popular body 

sizes for tipper range from 6 cum to 36 cum or more 

depending on requirement. Tippers in medium size are 

generally used inside cities to carry construction debris and 

aggregates. As new vehicles such as transit mixers are in 

demand there is increasing need for analysis and design 

modification of tipper body. There has been significant 

improvement in applications of tipper body such as side 

tipper, multi side tipper tilting and roll off tipper but their 

sales are still low. Mainly because conventional tippers are 

still preferred and their performance evaluation is growing 

importance. A static structural analysis determines the 

displacements, stresses, strains and forces in structures or 

components caused by loads. Explicit STR extends the 

capabilities of mechanical to problems involving short 

duration severe loading, large material deformation and 

material failure. A transient analysis, by definition involves 

loads that are functions of time. Modal analysis is the field 

of measuring and analyzing the dynamic response of 

structures and or fluids during excitation. Random vibration 

analysis enables you to determine the response of structure 

to vibration loads that are random in nature.  

II. TIPPER BODY  

 Tipper body used in this study is of VOLVO FM 400 8X4 

heavy duty truck having 32 cu.m net volume. Coal body 

specially designed for a washed cool transportation. All steel 

welded construction. ‘U’ type body designed with tail gate, 

optimized for washed coal haulage. Side board with 8mm 

thick St 52 or equivalent steel. Tapered head board with 

6mm thick Steel 52 or equivalent steel.   

Length 8695mm 

Width 2600mm 

Height 1940mm 

Table 1: Body Dimensions 

Density 1.6 e-006 kg/mm3 

Yield strength 250 MPa 

Tangent Modulus 0 MPa 

Young’s Modulus 2e+005 MPa 

Poisson’s Ratio 0.3 

Bulk Modulus 1.667 e+005 MPa 

Sheer Modulus 76923 MPa 

Table 2  : Material Properties 

III. STATIC STRUCTURAL  

Structural analysis is probably the most common application 

of the finite element method. The term structural (or 

structure) implies not only civil engineering structures such 

as bridges and buildings, but also naval, aeronautical, and 

mechanical structures such as ship hulls, aircraft bodies, and 

machine housings, as well as mechanical components such 

as pistons, machine parts, and tools. A static analysis 

calculates the effects of steady loading conditions on a 

structure, while ignoring inertia and damping effects, such 

as those caused by time- varying loads. A static analysis 

can, however, include steady inertia loads (such as gravity 

and rotational velocity), and time-varying loads that can be 

approximated as static equivalent loads. In this module 32 

cu.m volume of tipper body is converted into tones 

(conversion factor=2.32). Meshed the body with coarse 

meshing type (minimum type= 5.33mm). The full load on 

floor of tipper body is given as 75 tones (7,56,548 N). Sides 

of the tipper body were subjected to 15% of full load, which 

is 11.34 tones ( 1,13,482 N) each. Head board of tipper is 

subjected to 18% of full load which is 13.61 tones (1,36,178 

N). For this loading, we calculated total deformation, 

maximum principle stress and total equivalent (von mises) 

stress in tipper body.    
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Fig. 1: Full Load Total Deformation 

Results:  

Maximum total deformation: 1.2695 mm.  

Equivalent (von mises) stress: 47.823 MPa.  

Maximum principle stress: 44.945 MPa.  

Time: 1 second.  

IV. EXPLICIT DYNAMICS  

Explicit STR extends the capabilities of Mechanical to 

problems involving short-duration severe loading, large 

material deformation and material failure. In explicit 

dynamics, we created a ground surface over which tipper 

body is dropped from distance of 1m. In order to neglect the 

effect of tipper body on the ground surface, the properties of 

ground surface were changed to rigid. Again total max 

deformation and equivalent stress on tipper body is observed 

in this analysis. Weight of tipper body without load is 

23000kg. The purpose of this explicit dynamic analysis is to 

test the strength of tipper body considering ultimate shock in 

the form of drop test. Results obtained from this drop test 

are as follows:  

 
Fig. 2: Drop Test 

Results:  

Maximum total deformation: 594.39mm (At front end of 

tipper body)  

Maximum Equivalent (von-mises) stress: 242.31MPa Time: 

1 second.   

V. TRANSIENT STRUCTURAL  

Transient structural analysis, by definition, involves load 

that are function of time. We performed transient structural  

analysis (also called as time-history analysis) in the 

mechanical application using ANSYS Mechanical APDL 

solver. Transient  

Structure is an integrated module of static structure. 

In static structure we applied the load conditions for 1 

seconds only. In actual practice load is applied for several 

hours. So in transient structure we applied load conditions 

for 3600 seconds. Same loads were applied for duration of 

one hour in transient structure analysis. Results obtained are 

as follows: 

 
Fig. 3: Transient Analysis 

Max Total Deformation: 1.9423mm  

Max Principal Stress: 13.611MPa  

Equivalent (von-mises) Stress: 18.937MPa Time: 3600 

seconds.  

VI. MODAL ANALYSIS  

Modal analysis is the study of dynamic properties of 

structures under vibrational excitation. Modal analysis is the 

field of measuring and analyzing the dynamic response of 

structures and fluids during excitation. The goal of modal 

analysis in structural mechanics is to determine the natural 

mode shapes and frequencies of an object or structure during 

free vibration.   

 
Fig. 4: Modal Analysis 

In this case study, we analysed 10 modes of free 

vibration ranging from 60Hz to 300Hz, examined natural 

frequency of tipper body and estimated its deformation at 

each mode. Results are as follow:  

 
Table 3: Modal Analysis Results 

We found max deformation 3.6398mm at frequency 295.  

VII. DESIGN OF EXPERIMENT  

Design of experiment (DOE) is a technique used to 

determine the location of sampling points and included as 

part of the Response Surface, Goal Driven Optimization and 

Six Sigma analysis systems. The Design of Experiment 

allows you to preview or generate and solve a DOE Design 

point matrix.   

In this case study, we took 25 points over which we 

carried out experiments by considering all forces to 

determine maximum and minimum deformation, equivalent 

(von-mises) stress and principal stress.   
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Table 4: DOE Limits 

 
Table 5: Schematic Table of Design of Experiments 

In DOE module, we get the following maximum 

and minimum values of Equivalent stress, total deformation 

and principal stress for all design points:  

 
Fig. 5: Equivalent (von-mises) Stress 

 
Fig. 6: Total Deformation 

 
Fig. 7: Principal Stress 

A. Parameter parallel Chart 

Parameters Parallel Chart generates a graphical display of 

the DOE matrix using y-axis to represent upper and lower 

bound while x-axis represents all parameters of input and 

output. Input includes magnitudes of three forces that are 

applied on body and output includes magnitudes of 

deformation, equivalent stress and principal stress.  

 
Fig. 8: Parameter parallel charts 

In the same way, we plotted a 4D graph of Design 

Points vs. Parameter in which lower x-axis represents design 

points and upper x-axis represents total deformation, 

whereas left y-axis consist magnitudes of equivalent stress 

and right y-axis consist magnitudes of principal stress.  

4D graphs are very useful for quickly analyzing the 

results obtained from design exploration. Although it 

provides a graph which represent a quick review, however it 

also gives detailed operation of any point in the form of 

output values.   

 
Fig. 9: Design Points vs. Parameter 

VIII. RESPONSE SURFACE SYSTEM  

There is one response surface for every output parameter. 

Output parameters are represented in terms of the input 

parameters, which are treated as independent variables.  

For the deterministic method, response surfaces for all 

output parameters are generated in two steps:  

 Solving the output parameters for all design points as 

defined by a Design of Experiments  

 Fitting the output parameters as a function of the input 

parameters using regression analysis techniques  

It builds a response surface from the DOE design 

points' input and output values based on the chosen 

Response Surface Type.  

In order to generate the minimum equivalent stress 

(so as to reduce deformation) in tipper body, we did 25 

experiments on all three force by considering upper bound 

and lower bound for each force. After DOE, all input 

parameters and their corresponding equivalent stresses are 

then converted into 3D graph of response surface. From 

Response Surface analysis, we converged to a single design 

point at which all input and output parameters were 

appropriate for body. 
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Table 6: Response surface 

 
Fig. 10: Response Surface 

IX. OPTIMIZATION  

Goal Driven Optimization (GDO) is a constrained, multi-

objective optimization technique in which the “best” 

possible designs are obtained from a sample set given the 

objectives or constraints you set for parameters. The GDO 

process allows you to determine the effect on input 

parameters with certain objectives applied for the output 

parameters. GDO is applied to design optimization by using 

any of the following methods: Screening, MOGA, NLPQL, 

MISQP, Adaptive single-objective, Adaptive multiple-

objective.   

We use screening method to generate candidate 

points. The Screening approach is a non-iterative direct 

sampling method by a quasi-random number generator 

based on the Hamersley algorithm. Usually the Screening 

approach is used for preliminary designs. Typically, the 

Screening method is best suited for conducting a 

preliminary design study, because it is a low-resolution, fast, 

and exhaustive study that can be useful in locating 

approximate solutions quickly. Since the Screening method 

does not depend on any parameter objectives, we can 

change the objectives after performing the Screening 

analysis to view the candidates that meet different objective 

sets, allowing us to quickly perform preliminary design 

studies. It's easy to keep changing the objectives and 

constraints to view the different corresponding candidates, 

which are drawn from the original sample set.  

In this case study, we run the screening process for 

100 samples, then use Tradeoff and Samples charts to view 

the Pareto fronts. After updating optimization to generate 3 

candidate points which were best amongst all.  

 
Fig. 11: Candidate Points 

 
Fig. 12: Optimization 

A. Tradeoff Charts 

The Tradeoff chart, as applied to the resulting sample set, 

shows the Pareto-dominant solutions. In screening approach 

where the solutions are distributed across all the Pareto 

fronts. The “Pareto front” or “Pareto frontier” is the list of 

non-dominated points for the optimization. A “dominated 

point” is a point that, when considered in regard to another 

point, is not the best solution for any of the optimization 

objectives. For example, if point A and point B are both 

defined, point B is a dominated point when point A is the 

better solution for all objectives.  

In this case study of tipper body, Tradeoff charts 

are plotted as Equivalent stress against Total deformation. In 

Tradeoff chart given further, we can see that green points 

represents feasible points which are optimized and 

appropriate for the design. Among all feasible points, the 

feasible point lying just left to 45Mpa equivalent stress and 

on the line of 1.3mm deformation is the best. In such a way 

by using sampling charts and Tradeoff charts, we again 

converges to accurate design points.  

 
Fig. 13: Tradeoff chart 

X. SIX SIGMA ANALYSIS  

Six Sigma Analysis (SSA) is an analysis technique for 

assessing the effect of uncertain input parameters and 

assumptions on your model.  

A Six Sigma Analysis allows you to determine the 

extent to which uncertainties in the model affect the results 

of an analysis. An "uncertainty" (or random quantity) is a 

parameter whose value is impossible to determine at a given 

point in time (if it is time dependent) or at a given location 

(if it is location-dependent). An example is ambient 

temperature: you cannot know precisely what the 

temperature will be one week from now in a given city.  

Once you have assigned the distribution functions 

to the input parameters in the DOE, you can update the 

project to perform the Six Sigma Analysis. We did Six 

Sigma Analysis by updating each individual cell in SSA 

module. Significance of an input parameter to an output 
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parameter is determined using a statistical hypothesis test. In 

the hypothesis test, a NULL hypothesis of insignificance is 

assumed, and is tested to see whether it is statistically true 

according to the significance level (or acceptable risk) set by 

the user. From the hypothesis test, a p-value (probability 

value) is calculated, and is compared with the significance 

level. If the p-value is greater than the significance level, it 

is concluded that the NULL hypothesis is true, and that the 

input parameter is insignificant to the output parameter, and 

vice versa.  

A Six Sigma Analysis uses statistical distribution 

functions (such as the Gaussian, or normal, distribution, the 

uniform distribution, etc.) to describe uncertain parameters.  

Six Sigma Analysis allows you to determine 

whether your product satisfies Six Sigma quality criteria. A 

product has Six Sigma quality if only 3.4 parts out of every 

1 million manufactured fail. This quality definition is based 

on the assumption that an output parameter relevant to the 

quality and performance assessment follows a Gaussian 

distribution, as shown below.  

An output parameter that characterizes product 

performance is typically used to determine whether a 

product's performance is satisfactory. The parameter must 

fall within the interval bounded by the lower specification 

limit (LSL) and the upper specification limit (USL). 

Sometimes only one of these limits exists.  

 
Fig. 14: Six Sigma Concept 

An example of this is a case when the maximum 

von Mises stress in a component must not exceed the yield 

strength. The relevant output parameter is, of course, the 

maximum von Mises stress and the USL is the yield 

strength. The lower specification limit is not relevant. The 

area below the probability density function falling outside 

the specification interval is a direct measure of the 

probability that the product does not conform to the quality 

criteria, as shown above. If the output parameter does follow 

a Gaussian distribution, then the product satisfies a Six 

Sigma quality criterion if both specification limits are at 

least six standard deviations away from the mean value.  

In reality, an output parameter rarely exactly 

follows a Gaussian distribution. However, the definition of 

Six Sigma quality is inherently probabilistic -- it represents 

an admissible probability that parts do not conform to the 

quality criteria defined by the specified limits. The non-

conformance probability can be calculated no matter which 

distribution the output parameter actually follows. For 

distributions other than Gaussian, the Six Sigma level is not 

really six standard deviations away from the mean value, but 

it does represent a probability of 3.4 parts per million, which 

is consistent with the definition of Six Sigma quality.  

The results of a Six Sigma Analysis are visualized using 

histogram plots and cumulative distribution function plots. 

 
Fig. 15: Distribution of function (Equivalent stress) 

 
Fig. 16: Sigma value of output 

The design or product is considered to be qualify 

Six Sigma quality, if sigma level is in between -3sigma and 

3sigma. From ‘Sigma value of output’ table, we can see that 

value of output (equivalent stress) lay within -2 sigma and 2 

sigma level which directly indicates that our design of tipper 

body is optimised well and has qualified the Six Sigma 

quality analysis.   

XI. CONCLUSION  

This analysis is prove to be very useful in analysing heavy 

duty tipper bodies under static conditions, dynamic 

conditions as well as for transient period. Deformation of 

tipper body under various natural frequencies is also 

determined by using Modal analysis. In modal analysis we 

observe minimum deformation at maximum natural 

frequency. Practically possible frequency is 170Hz and we 

conclude at 300Hz. From six sigma analysis, quality of 100 

samples is checked by FEA which is in between +2σ to -2σ, 

so we can prove that our tipper body is deformable accepted. 

If we varies the thickness of tipper, there is no change 

observed in the deformation, we validate this from 

optimisation.  
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