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Abstract - The objective of this paper is to show that how the development of skid plate can 

achieve without increasing the gauge and upgrading the material properties. There are 

certain factors which can influence the skid plate such as rail width, shape, ground 

clearance, attachment points, load coming on skid plate and the general shape of the object 

for which it is the skid plate's design and purpose is to protect (transfer case, fuel tank etc.). 

This document also covers the CAE procedure to evaluate performance of skid plate for 

structural integrity under static load condition for vehicles. Bead plays an important role to 

increase the structural stiffness but challenge is how to decide bead patterns and bead 

pattern can be achieved by using topography optimization approach. The skid plate should 

absorb the damage and protect underneath parts and protect vehicle function ability. This 

paper will demonstrate a few ways to achieve a successful skid plate design while gaining 

some other unexpected benefits described herein. 
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I. INTRODUCTION 

Skid plates are widely used by on and off-road vehicles 

to protect the underneath parts such as transmission, fuel 

tank etc. skid plate is an abrasion-resistant material affixed 

to the underside of a vehicle to prevent damage to the 

underside when contact is made with the ground if it 

touches then there are chances to lose the function ability of 

the vehicle.  Skid plate design is based on the few important 

parameters as customer usage like off road or on road, 

available space, design gap, ground clearance and break 

over angle etc [1-5]. The load is very important parameter 

which is derived from the trail rating of the vehicle. If 

vehicle made to drive mostly for on road condition so the 

load used to develop the skid plate is between 25% to 50% 

of (GVW) gross vehicle weight & if the vehicle is made for 

off road condition, then load is needed very high to develop 

skid plate it will go up to 90% of GVW. Skid plates are 

mostly made up of high strength material which goes over 

very high load during off road events. So, skid plates 

should be sustaining any load coming through off road 

event or driving condition. There are challenges to develop 

the skid plates such as load how much load needs to 

consider, skid plate profile how to develop profile which 

sustain the desired load, design gaps what are assumptions 

to be considered when actual design gaps are not available 

between the skid plate and protecting part [6-11]. 

In this paper we can understand the procedure to 

evaluate performance of skid plate for structural integrity 

under static load condition for vehicles and we can use the 

topography optimization method to develop the bead 

patterns which increases the structural stiffness without 

increasing any thickness or changing the high-grade 

materials. 

A. Problem Statement 

To protect the underneath parts from stones and from off 

roading is primary function of skid plate. Current skid plate 
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design is not meeting the strength requirement meaning it is 

touching the transfer case. The purpose of this study is to 

increase the structural strength or stiffness by implementing 

beads on the current skid plate so that it should not touch 

the transfer case. 

B. Objective 

Objective of the current research work is, 

1. To increase the stiffness of skid plate or minimize the 

deflection of skid plate 

2. To perform topography optimization to get an            

 direction of bead pattern 

3. Don't change the existing material and thickness to              

 increase the stiffness 

4. Validating CAE results with Experimental results. 

C. Scope of Work 

1. Transfer case skid plate of  off road vehicle is considerd 

for this reaseach work. 

2. Non linear analysis is perform for strength analysis. 

3. Linear Static approach is used for topography 

optimization.  

II. RELATED WORK 

Dong-chan Lee, et. al. [1] carried out the research to 

investigate performance improvement of mechanical 

structures. Most mechanical parts are complex and are 

objective treated as constraints in multicriteria optimization 

problems. Researchers do this study for optimization of 

design based on the Pareto optimal sensitivity is applied to 

the noise, vibration, and harshness qualities of automotive 

bodies. 

Author does the design on the basis of performance 

requirements, like strength and stiffness, and to cost 

constraints. Thus, it is important for a concept design to 

account for a minimum weight structure with maximum or 

optimum performance, given a set of constraints. Structural 

optimization can be categorized into three types: size 

optimization, in which the physical dimensions, such as 

cross-section, of the structure are used as design variables; 

shape optimization, where the geometric boundary of the 

structure is varied to obtain the optimal shape by 

parameterizing the structure’s geometry and topology 

optimization, which is concerned with finding the 

preliminary structural configuration that meets a predefined 

criterion.  

In this study topology optimization is carried out for the 

reinforcement of the geometric dimensions of the panel 

structure. The topological distributions of structural 

reinforcement are determined by topology optimization, 

and more detailed dimensions, such as panel thickness and 

mounting location, were designed by shape and sizing 

optimization. The most feasible designs can be made 

through the integration of multicriteria optimization and 

Pareto optimal sensitivity for various performance 

parameters and constraints.  

Rajan R. Chakravarty, et. al. [2] optimized the 

automotive body part. Topography is type of shape 

optimization, which changes the sheet metal shapes.  These 

studies highlight the advantages of Topography 

optimization. Easy optimization setup, large number of 

design variables, identification of sheet metal shape 

morphing locations, and a mass neutral or mass efficient 

solution is main focus in this study. Automotive body 

structures have to meet certain performance criteria. The 

performances can be broadly classified under Noise & 

Vibration, Vehicle Dynamics, Fluid and Aero Dynamics, 

Crashworthiness, Stiffness, Durability and other disciplines. 

If the performance is not met, then there has to be a design 

change. One important tracking metric of design changes is 

the change in mass. 

The case study illustrates the application of Topography 

optimization. After this study author going to change design 

and provide a forum for design changes. 

For the linear loads such as static, durability and modal 

on the body structure, an easy design change is to add mass 

and meet the performance. Structural optimization is a tool 

that can be most effectively used for this challenge.  

Paul McKune, Anthony Chih-Yu Lin [3] showed that 

50% of weight reduction can be achieved by without adding 

any cost to product, by changing the size and shape and 
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also by using high strength steel. So many factors influence 

the shape of skid plates such as ground clearance, shape of 

skid plate, packaging space, attachment locations, 

protecting part location, and the general shape of the object 

for which it is the skid plate id developed to protect transfer 

case, fuel tank, etc.). Skid plate design development 

happened in last from the design point of view so its design 

is depended on the packaging space. For this reason, skid 

plates are generally heavy and flat to meet ground clearance 

requirements and have ribs inserted to increase stiffness. 

Sometimes design parameters require a skid plate to be 

heavy and flat. But more often, a stiffer lightweight design 

can be obtained. This paper will demonstrate a few ways to 

achieve a successful skid plate design while gaining some 

other unexpected benefits described herein. 

Eduardo Domingo Morales, et. al. [4] used FE analysis 

for the development of vehicle structure. Optimization 

methods applied to problems of structural design, 

specifically in numerical problems in. Optimization 

provides faster directions and reduces the vehicle product 

development time. Often, a new iteration cycle is done for 

the same optimization problem, starting from the final 

result of previous iteration cycle, until it is reached the so-

called solution convergence. Main aim of researchers is to 

illustrate some examples of application, by using the 

optimization software Altair Optistruct. 

Author does the size optimization of sheet thicknesses, 

for this modal analysis of the body in white structure of a 

car is carried out, in order to obtain certain frequencies of 

the first mode of vibration. 

The topographic optimization is a particular case of 

shape optimization, in which a feasible design region is 

defined in a sheet and rib reinforcements are built as result 

of the optimization. In this study, the minimum width of 

ribs and draw angle must be specified to determine 

geometrically the ribs created by optimization. Thus, the 

shape variables correspond to nodal displacements in a 

normal direction to the shell finite element mesh, moving 

groups of nodes which form circular regions with diameter 

equal to minimum rib width. Therefore, the nodes within 

the circular regions are disturbed . 

III. GEOMETRY DETAILS AND TOOLS USED 

Below Table shows the thickness and martial used for the 

CAE analysis. 

TABLE 1.  

GEOMETRY DETAILS 

Material Thickness (mm) 

Mild Steel 3.0 

 

TABLE 1.1  

TOOLS USED 

Tools Function 

CATIA 3D CAD Model 

ANSA/Hypermesh Meshing and BC 

Hyper Work 
Analysis and post 

processing 

 

TABLE 2.  

FE MODEL DETAILS 

Element Type QUAD S4, TRIA S3R, MPC 

Constrained *BOUNDARY 

Force *CLOAD 

Below table shows material details used for FE analysis. 

TABLE 3.  

STEEL MATERIAL 

Property Value 

Young’s Modulus, E 200 GPa 

Poisson’s Ratio, ν 0.3 

Density, ρ 7.8 ton/mm3 

Yield Stress, σyield 550 MPa 

Ultimate Tensile Stress, σuts 690 MPa 

 

A. Methodology  

The transfer case skid plate design example to be 

analyzed. It has plane sheet metal shape, no beads. It is 

made from 3.0 mm thickness with steel material. The 

objective is to reduced the deflection because skid plate is 

touching the protecting part (transfer case). To run the 

analysis load prediction is most important parameter in skid 

plate development. So, below is the free body diagram to 
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calculate the load coming on skid plate based on front and 

rear axle weight. It is approximately 80% of GVWR. 

 

Fig 1. Theoretical Load Calculation  

 

 

Fig 2. Methodology Flow chart 

 

B. Non Linear Analysis 

Finite element models of the skid plates were 

constructed and ABAQUS solver is used to perform non 

linear analysis for this study and deflection value in 

millimetre (mm) at touching point of skid plate under 

specified static load is monitored. The gap between the 

transfer case and skid plate is 35 mm. So, target for this 

analysis is deflection should be less than the gap value. 

Below is the analysis setup for non linear analysis where 

ends are constranted in all DOF and load is applied at 

location A & B through rigid elements. 

 

Fig 3. Load and Boundary condition 

After applying loads at location A and B skid plate is 

touching the transfer case as shown in result imges below 

 

Fig 4. Nonlinear analysis Results 

To improve the deflection, topography optimization 

approach is used to generate the bead patterns. Below is the 

topograpgy optimization simplified model setup. Optistruct 

topoghrapy optimization is used in which objective function 

used as minimze the deflection in this paper we 

demonstarte topograpy for location B as this is the 

worstcase. 
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Fig 5. Topography Analysis Setup 

 

Fig 6. Topography Analysis Results 

Topography optimization results output has given a 

direction as to improve the deflection lateral beads need to 

be added. Lateral beads pattern with width 25 mm and 

height 5mm is introduced which was again analysed for non 

linear analysis as per set up and below is the result with 

bead pattern for location B which shows after adding beads 

skid plate is not touching the case and deflection value is 

improved from 40 mm to 32 mm. 

 

Fig 7. Non linear analysis Results 

 

 

IV. CAE RESULT SUMMARY 

Below table gives brief information about comparison 

between CAE results. 

TABLE 4 

COMPARISON BETWEEN CAE RESULTS 

Non-Linear Analysis Without Beads 

Load cases Target (mm) Deflection (mm) 

Location A 

35 

37 

Location B 40 

Topography Optimization Results 

Load cases Deflection (mm) 

Location A 
Without Beads 20 

With Beads 6.5 

Location B 
Without Beads 30 

With Beads 8 

Non-Linear Analysis with Beads 

Load cases Target (mm) Deflection (mm) 

Location B 35 32 

 

V. CONCLUSION 

From the above two tables, it is observed that with 

beads structure has benefits over the without beads and 

without changing any thickness or upgrading the material. 

A result summary table shows beads helps to increase the 

structural stiffness and gives a good deflection 

improvement to the structure. A future work can be done to 

study its modal frequency interacting with another 

subsystem. 
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