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Abstract— The present study is a methodology to predict the 

fatigue life of an engine rubber Mount of sports utility 

vehicles using stress – life approach. As an important 

vibration isolation component widely used in vehicles, 

rubber mounts have two functions; one is support the static 

load, the other is provide a dual damping mode passive 

vibration isolator to control high-amplitude, low-frequency 

road-induced vibrations and low- amplitude, high-frequency 

engine-induced vibrations and improve the comfort in 

riding. To improve the performance of the Engine rubber 

mount series of design iterations was carried out by taking 

the account of base model structure. Normal modal analysis 

for base model is carried out to find out the first natural 

frequency. Normal modal analysis was carried for all design 

iteration to improve the first natural frequency of the engine 

rubber mount. Eigen values of all design variants are 

calculated theoretical and compared with numerical analysis 

results. Static analysis is carried out for all modified designs 

to find out Max displacement and Von misses stress at 

critical location, Maximum principal stress and Minimum 

Principle stresses are evaluate for Fatigue analysis. Fatigue 

analysis(S-N approach) is carried out under static condition 

by considering all possible events likely, smooth road, left 

cornering, rough road, right cornering, and Braking. For 

these loading conditions fatigue calculations carried by 

theoretically for Base design and comparing with all 

modified designs. By observing all Modified designs, 

modified design type 3 is the suggested model by taking 

account of Normal modal analysis, static analysis and 

Fatigue calculation. 
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I. INTRODUCTION 

Nowadays, the highly competitive automotive business 

industry requires manufacturers to pay more attention to 

passenger comfort and riding quality. This has forced 

designers to direct their attention to the development of high 

quality engine mounting devices, as the rubber is having the 

properties such as large reversible elastic deformation, 

excellent damping and energy absorption characteristic, they 

are extensively used in engine mounting. Other Typical 

applications of rubber include tiers for automobiles, 

vibration isolators or household electric appliances and 

rubber bearings for bridges, etc. most of these rubber 

components are subjected to static and dynamic loading in 

service. 

An engine mount system is designed to reduce the 

transmission of engine vibration to the chassis. There are 

two essential criteria that an engine mount must satisfy. 

First, it should be stiff and highly damped to control the idle 

shake and engine mounting resonance. Also, it must be able 

to control the motion resulting from load conditions, like a 

shock absorber. One of the critical issues in rubber engine 

mount design is to prevent failure during operation. 

Therefore, fatigue analysis and strength evaluation are very 

important in design procedure to assure the safety and 

reliability of mechanical rubber components. 

The accurate fatigue life estimation of rubber 

components which is used for automotive application relied 

mainly on real road test, road simulation test, or bench 

fatigue test. Even though these methods give accurate 

fatigue life estimation, they cannot be used before the 

prototype is made and the fatigue test should be always 

conducted whenever material or geometry changes are 

made. Therefore, the fatigue life estimation using a fatigue 

life curve and a fatigue damage parameter that can be 

determined from specimen test and component analysis is 

needed for the fatigue design of the rubber component. 

As these rubber mount provide a dual damping 

mode passive vibration isolator to control high-amplitude, 

low-frequency road-induced vibrations and low-amplitude, 

high-frequency engine-induced vibrations and improve the 

comfort in riding. And they undergo into periodic load 

condition, will lead to fatigue cracks. In such condition they 

fail to absorb vibration which will affect the comfort of the 

customers in riding. Therefore the analysis and experiment 

on the fatigue lives of vehicle components play an important 

role in the design and study of vehicles to assure the safety 

and reliability of vehicles and it is of great significance to 

predict and evaluate the fatigue lives of the components 

utilizing theories on fatigue life. 

We can compare the fatigue strength of long fiber 

reinforced polymer matrix composites with other materials. 

But it is very much difficult to characterize the fatigue 

strength when we consider short fiber or particulate 

reinforced polymer composites. And it’s not possible to 

compare the fatigue resistance of rubbers with other 

composite materials for following two reasons: 

1) The deformation of elastomeric composites is 

extremely large in contrast to many polymeric 

matrices.  

2) The chemical composition and the chemical 

microstructure have a drastic effect on Fatigue 

mechanism, much more important than for other 

polymeric matrices.  

Key problem to understand fatigue of rubbers is the 

transformation from an amorphous to crystalline phase. In 

other words, an elastomeric matrix is not chemically stable 

under cyclic loading and the fatigue damage of rubbers is a 

combination of mechanical damage, chemical damage and 

thermal damage. The fatigue life prediction methodology of 

rubber components was developed by incorporating the 

finite element analysis with material characterization of the 

rubber material and fatigue damage parameter determined 

from fatigue test. The methodology was applied to the 

fatigue life estimation of an engine rubber mount used for 

automobile in order to assess the durability of the rubber 

components at design stage. 
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A. An overview of Typical Elastomeric Engine Mounts  

Whenever the engine is perfectly balanced for forces and 

moments at that time there is no tendency to move or to 

transmit vibration to frame or foundation to which it is 

attached. Practically it’s very difficult to find a perfectly 

balanced engine. In fact, for every internal combustion 

engine, there are two basic sources for dynamic 

disturbances, namely the firing pulse and inertia force, firing 

of the fuel caused in the cylinders will cause firing pulse and 

the rotating and reciprocating engine components produce 

the inertia force. These dynamic disturbances are mainly 

order based, i.e. for a specific engine speed the spectral 

content of the disturbance contains frequency components at 

frequencies equal to multiples of the rotational engine speed. 

Directly related to these reasons, several motives may be 

pointed for using flexible mounts for supporting an 

automobile engine. 

II. DESIGN METHODOLOGY 

A. Problem Statement  

This project will focus mainly on two aspects viz., (1) 

Normal mode analysis and (2) Structural fatigue analysis of 

an Engine rubber mounts. Normal mode analysis to attain 

the bench mark as per standards set by ASME, changing the 

design, and finalizing the suitable design variant among the 

iterations. Static analysis to calculate the stresses 

considering variables loads for all the possible events. After 

finding out the critical location, based on stress 

concentration, structural fatigue analysis carried out to 

predict the life of the critical part. 

B. Objectives  

 Normal mode analysis for the Engine rubber mounts to 

attain the fundamental Frequency (first natural 

frequency).  

 Theoretical calculation of Eigen values are carried out 

validate with numerical solutions.  

 Several iterations are carried by changing the shape of 

the engine rubber mounts to improve the First 

fundamental frequency.  

 Static analysis for all design variants to calculate 

Maximum principal and Minimum principal stress, 

considering all type of possible events (smooth, rough, 

cornering, braking) with Variables loads in different 

direction.  

 Theoretical fatigue calculation to predict the number of 

life cycles (Nf) on the rubber mounts, Based on S-N 

approach.  

III. FE MODELING OF AUTOMOTIVE ENGINE RUBBER MOUNT 

AND   SUV   ENGINE   RUBBER MOUNT 

The rubber mount is composed of three distinct regions: two 

made out of metallic materials and one composed of a 

rubber-like material. The structure of the rubber mount 

connects to the vehicle chassis and the engine is composed 

of mild steel and rubber mount is composed of natural 

rubber. 

A. Material Properties 

The material properties of the engine rubber mount are 

tabulated in table 1.  

Material Property Steel Natural Rubber 

Young's Modulus 210x103 Mpa 2.59 Mpa 

Poisson's Ratio 0.3 0.49 

Density 7819 Kg/m3 0.91x103 Kg/m3 

Table 1: Material properties of engine rubber mount 

B. Mooney-Rivlin Strain Energy Function  

Despite the relative simplicity of the Mooney-Rivlin strain 

energy function, results indicate that, without any additional 

experimental data concerning the static behavior of the 

rubber at hand, it can be used as a first choice in the 

modeling of the hyper elastic behavior of this kind of natural 

rubber. Although Gent mentions that a two-coefficient 

Mooney-Rivlin model shows good agreement with tensile 

test data up to 100% strain but has been found inadequate in 

describing the compression mode of deformation, it can be 

seen that, in this particular application, the use of this model 

has resulted in a quite macroscopically satisfactory mount’s 

static behavior. 

The material parameters found to fit with better 

accuracy the static behavior of the mount using a Mooney-

Rivlin material model. 

C. FE models of an Automotive Engine Rubber Mount and 

SUV  

1) Engine Rubber Mounts 

Meshing is done in order to convert the continuous model in 

to discrete model (FEA model). In the current project, 

meshing is done by using HYPERMESH software by 

mentioning priority the required number of elements. Before 

generating a mesh of nodes and elements, element attributes 

are defined first. 

2) Element used 

a) S4R 

S4R is used for 2-D modeling of solid structure. The 

element cannot be used either as a plane element (plane 

stress or plane strain) or an axisymmetric element. The 

element is defined by four nodes having six degree of 

freedom at each node, three translations and rotation degree 

of freedom. The element has plasticity, creep, swelling, 

stress stiffening, large deflection, and large strain 

capabilities. 

D. Assumption and Restrictions 

 The area of element must be non zero.  

 Surface stress print out is valid only if the condition 

described in element solutions are met.  

 All must have four nodes. 

 
Fig. 1: Second Order 2D Element 
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1) Meshing of Automotive Engine Rubber Mount 

 
Fig. 2: Meshing of SUV engine rubber mounts for different 

design 

2) Modification 

 
Fig. 3: Meshing of Base model 

IV. RESULTS AND DISCUSION 

A. Normal Modal Analysis 

Before analyzing the frequency response of the mount it is 

important to determine its free vibration behavior. Vibration 

is said to be “free” if the loads applied to a structure are 

either zero or constant. Furthermore, constant loads affect 

natural frequencies only if the loads create significant pre 

stress, hence modifying the structure’s stiffness or if they 

are associated with a certain mass. Both of these situations 

existed in this model: the load originated by the point mass 

that simulated the engine’s weight affected the mount’s 

configuration and eventually its stiffness and, hence, had to 

be considered in the free vibration analyses of the mount. 

A structure vibrating at only one of its natural 

frequencies does it with a characteristic pattern of amplitude 

distribution called a normal mode of vibration. Usually, 

unless there is shock loading, only the modes of lowest 

frequency are important in the structural response. 

B. Modal Analysis of Automotive Engine Rubber Mount 

1) 1st mode shape 

The Fig 4 shows the first mode shape of the engine rubber 

mount at 99.29 Hz. The rubber mounts experienced first 

lateral bending mode and fall under global vibration as the 

whole rubber mount follow to vibrate. 

 
Fig. 4: 

2) 2nd mode shape 

The second mode shape was twisting about Z-axis at 105.97 

Hz as shown in Fig 5 The maximum translation is at the top 

of the rubber mount. 

 
Fig. 5: 

3) 3rd mode shape 

The third mode shape was at 117.99 Hz that experienced 

bending about Y-axis. The Maximum translation is at the 

top of the rubber mount shown in Fig 6. 

 
Fig. 6: 

C. Nonlinear static analysis of SUV base model and 

modified designs of Engine rubber mounts 

1) Base model 

The stress, displacement and contact pressure contours have 

been obtained for the load cases mentioned, following 

figures shows the Stress, displacement and contact pressure 

contours for load of 1000N. 

The stress, displacement and contact pressure 

contours for the base model are shown In the figure.7 
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Fig. 7: Load and displacement curve for base model of SUV 

engine rubber 

From the above graph it is clear that the Engine 

rubber mount receiving the 100% of applied load, Hence the 

given model is passing the load carrying capacity criteria. 

V. CONCLUSION 

A successful effort has been made to predict the Eigen value 

and Eigen vectors of Engine rubber mounts by numerical 

simulation. Different design variants are made to reach the 

criteria. Theoretical calculation is done to validate the Eigen 

values obtained by numerically. So the FE model can be 

used for static analysis in order to evaluate the fatigue life of 

the model. Static analysis carried out to all possible events 

where loads are put in the form of point loads. By observing 

the stress concentration an attempt is made to calculate the 

hypothetical life of the model. 

The investigations and results obtained from this thesis, 

following conclusions can be made: 

 Iterations by changing shape of different mounting 

rubber the desired fundamental Frequency is attained by 

carrying out normal modal analysis. Desired frequency 

was based on mode Management chart.  

 Static analysis is carried out for all variants to find out 

von misses, Maximum principal stress and Minimum 

Principal stress to evaluate the Fatigue analysis by 

theoretically.  

 All possible events likely, smooth road, left cornering, 

rough road, right cornering, Braking are considered by 

accounting different Loads for different events.  

 Mounting Rubber are considered as the most critical 

parts.  

 Theoretical fatigue calculation is carried out to predict 

the fatigue life of the model and the results were well 

beyond sustainable limit.  

 By observing all Modified designs, Modified designs 

type three is the suggested model by taking account of 

Normal modal analysis and Fatigue analysis results.  
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