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Abstract
The effects of nitriding, cold rolled and shot peening on fatigue life of an automotive lower suspension 
arm component which fabricated of SAE1045 steel were investigated. The finite element modeling and 
analysis have been performed using finite element analysis software Package MSC.PATRAN/ 
MSC.NASTRAN and the fatigue life prediction was carried out using MSC.FATIGUE software.  The 
finite element analysis results indicate a great effect for all surface finish parameters on fatigue life. It 
shows that nitriding increased the fatigue life of the component better than shot peening, while cold 
rolled effect was between them. In a nut shell, nitriding can be considered as the best surface treatment 
to improve the fatigue life of the automotive lower suspension arm which fabricated of SAE1045 steel. 
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1. Introduction 
Due to market pressures for improvements in 
productivity, reliability, ductility, and wear 
resistance as well as the durability of mechanical 
systems, manufacturers are placing increasing 
demands on available materials [1]. Moreover, 
fatigue is an important parameter to be 
considered in the behaviour of components 
subjected to constant and variable amplitude 
loading [2]. Fatigue is of great concern for 
components subject to cyclic stresses, 
particularly where safety is paramount, for 
examples automotive components. It has long 
been recognized that fatigue cracks generally 
initiate from free surfaces and that performance 
is therefore reliant on the surface 
topology/integrity produced by surface 
finishing. Whilst it is known that fatigue life is 
heavily influenced by residual stresses, the 
metallurgical condition of the materials and the 
presence of notch-like surface irregularities 
induced by machining play a key role [3]. The 
surface treatments have been the most effective 
and widely used method of introducing 
compressive residual stresses into the surface of 

metals to improve fatigue performance [4]. 
Surface treatments such as nitriding, shot 
peening, cold rolling are often performed on 
high strength aluminum, titanium alloys and 
steel to improve fatigue performance [3]. 

There are many factors affecting the fatigue 
behaviour; stress or strain range, mean stress, 
surface finish and quality, surface treatments, 
and sequence effects. The surface treatment can 
be applied to improve the fatigue resistance of a 
component. There are several methods for 
improving the surface condition of components. 
These include mechanical and thermo-chemical 
methods. These processes aim to increase 
hardness, wear resistance and/or fatigue strength 
and load-bearing capacity of material by 
creating a hard layer with high compressive 
residual stresses on or near the surface of tools 
[5]. These usually work by inducing a residual 
compressive stress at the surface. Under low 
amplitude cycles the stresses at the surface are 
significantly lower or even remain compressive. 
Therefore the fatigue life is greatly improved. 
There are several methods used to cold work the 
surface of a component to produce a residual 
compressive stress. The two most important are 
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cold rolled and shot peening. Along with 
producing compressive residual stresses, these 
methods also work-harden the surface material. 
The great improvement in fatigue life is due 
primarily to the residual compressive stresses. In 
shot peening process, the surface of the 
component undergoes plastic deformation due to 
the hit of many hard shots. The fatigue life of 
the component is improved due to the 
development of compressive residual stresses 
and the increase of hardness near the surface. 

Nitriding, one of the most widely used 
thermo-chemical methods, produces a strong 
and shallow case with high compressive residual 
stresses on the surface of steel components such 
as gears, crankshafts, dies and tools. Nitriding is 
a process for hardening the surface by diffusing 
nitrogen into the surface. Nitriding processes are 
performed at temperatures between 500 and 550 
C where the structure is still ferritic [6-7]. 

Cold rolling is a method of cold working a 
metal. When a metal is cold worked, 
microscopic defects are nucleated throughout 
the deformed area. These defects can be either 
point defects (a vacancy on the crystal lattice) or 
a line defect (an extra half plane of atoms 
jammed in a crystal). As defects accumulate 
through deformation, it becomes increasingly 
more difficult for slip, or the movement of 
defects, to occur. This results in a hardening of 
the metal. 

Shot peening is amechanical surface 
treatment that is known to improve the fatigue 
strength of many materials by producing a 
beneficial near-surface compressive residual 
stress [9,10]. The improvement in fatigue life 
stems from a combination of work hardening of 
the surface and an increased dislocation density, 
and the introduction of a near-surface 
compressive residual stress. Compressive 
surface residual stresses helps to improve the 
life of engineering components by retarding 
fatigue crack initiation and growth [11,12].

Despite the benefits of surface treatment on 
the fatigue life of metals are widely known, the 
modelling and simulation of this kind of 
treatment on the components under load service 
were recently performed [12-14]. Farrahi and 
Ghadbeigi [10] investigate the effects of gas 
nitriding, nitrocarburizing and shot peening on 
fatigue life of a cold tool steel. Gas nitriding and 
nitrocarburizing have been used in improving 
wear resistance of this steel. Yazdania et al. [11] 
applied shot peening to improve the durability 
life of cyclically loaded components. They 

experimentally studied the effect of tempering 
temperature and shot peening on fatigue 
behavior. The experimental results showed that, 
fatigue strength increases with decrease of 
tempering temperature and shot peening 
treatment and the last only has an effect on crack 
initiation stage. Mahagaonkar et al. [4] used a 
technique to examine the effect of process 
parameters such as pressure, shot size, nozzle 
distance and the exposure time on the fatigue 
performance of AISI 1045 and 316L material. 
After going through confirmation test the 
analysis reveals the right combination of the 
parameters for better process control. 
Expressions correlating fatigue life and the 
process parameters for both materials were 
developed, which are useful in predicting fatigue 
life. This technique could prove beneficial in 
industries for reduction of performance variation 
and cost and to increase productivity. 

The objectives of this paper is to predict the 
fatigue life of the automotive lower suspension 
arm using two of strain life approaches and also 
investigate the effect of Mechanical surface 
treatments on the component fatigue life. To 
investigate the effect of treatment methods on 
the structure, the linear finite element analysis 
under service loading was used. However, these 
investigations are essential in order to 
understand the involved microstructural 
mechanisms of hardening or softening in the 
wake of service load. Numerical investigates are 
performed to characterize completely the 
different induced effects before and after surface 
treatments. The numerical results were discussed 
and analysed. 
2. Fatigue Strain Life Models 
Many practical problems in engineering are 
either extremely difficult or impossible to solve 
by conventional analytical methods. Such 
methods involve finding mathematical equation 
which define the required variables. For 
example, the distribution of stresses and strain in 
a solid component. One of the main attractions 
of finite element methods is the ease with which 
they can be applied to problems involving 
geometrically complicated systems [18]. 

Fatigue life prediction represents one of the 
applications for finite element. Among the 
plastic strain models, the Morrow and smith 
Watson-Topper (SWT) models are widely used. 
In this paper, these two models have been used  
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The first strain-life model is based on the 
proposal by Morrow (1965) [19], the relation of 
the total strain amplitude  ( a ) and the fatigue 
life in reversals to failure (2Nf ) can be expressed 
as

c
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where E is the material modulus of elasticity,   
a  is a true strain amplitude, fN2  is the 

number of reversals to failure, f  is a fatigue 
strength coefficient, b is a fatigue strength 
exponent,   is a fatigue ductility coefficient and c 
is a fatigue ductility exponent. 

Another strain-life mean stress correction 
model was suggested by Smith et al. [20], or 
often called the SWT parameter. This 
relationship was based on strain-life test data 
which was obtained at various mean stresses. 
Thus, the SWT expression is mathematically 
defined as
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where   is the maximum tensile stress for the 
particular cycle. This equation is based on the 
assumption that for different combinations of 
strain amplitude, , and mean stress,  , the product    
remains constant for a given life. 
3. Methodology 
3.1. Material specification 
In order to classify the lower suspension arm 
material specification, analyzing the chemical 
composition of the steel sample is done. Based 
on table 1, the steel can be classified as medium 
carbon steel , since both AISI and SAE 
classified steel whose carbon content ranges 
between 0.3-0.6%, manganese content ranges 
between 0.60-0.9% to be medium carbon steel 
[21] which represents the fabricated material for 
the 2000 cc Sedan lower suspension arm . The 
measured values have been get using INCA 
Energy system. Three samples were cut from the 
lower suspension arm using a cutter. The 
samples were subsequently ground with 
successive SiC papers (grit 200-1200) and then 
polished with polishing cloth and Alomina 
solution of grain size 6µm then 1µm.  

Table 1 Chemical composition of the steel 
Element C Mg Si V Cr Ni Mn Fe 
Measured 

value 
wt%

0.330.13 0.29 0.04 0.14 0.49 0.9 Bal.

3.2. Geometrical and finite element model 
A geometric model of a lower suspension arm 
for a 2 Liter engine Sedan car is considered in 
this study, and this component is presented in  
Fig. 1. The finite element approach is used for 
modeling and simulating. Three-dimensional 
lower suspension arm model geometry is drawn 
using CATIA software, as shown in Fig. 2. 

Fig. 1.  A geometric model of a lower suspension 
arm

The auto tetrahedral meshing approach is a 
highly automated technique for meshing solid 
regions of the geometry. It crates a mesh of 
tetrahedral elements for any closed solid 
including boundary representation solid. 
Tetrahedral meshing produces high quality 
meshing for boundary representation solids 
model imported from the most CAD systems.
The TET10 mesh can give more accurate 
solution since the 10 nodes tetrahedral (TET10) 
element is used for the analysis with the 
adoption of a quadratic order interpolation 
function. There are three main parts in the lower 
suspension arm which their behaviour has been 
considered in the FE boundary conditions, ball 
joint, pivot 1 and pivot 2. The FEM (Fig.2) has 
boundary conditions as followed:  

Fig. 2.  Finite element model of the lower 
suspension arm 
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distributed load has been applied on the inner 
surface of pivot 1. Pivot 2 considers as a rigid 
section with a rotation around x-axis from the 
side of the vehicle body. In the same time, rigid 
has been considered on the ball joint with 
translations in x and y direction while rotation 
around x, y, and z-axis to represent the braking 
and cornering loads. There are no acceleration 
loads as inputs, due to collecting data during 
driving of the car at constant velocity. 
3.3. Loading information 
The load history which has been used for this 
analysis was obtained from the real automotive 
lower suspension arm, which was driven over 
country road. The frequency sampling, fs for this 
case is 500 Hz. This fs value was chosen in order 
to collect a wide range of road data [22,23]. The 
data was measured using a fatigue data 
acquisition system (Fig. 3) at car velocity of 25 
km/h, and, recorded data in a form of strain time 
histories.

Fig. 3.  The setup of fatigue data acquisition 
system data collection. 

A strain gauge was fixed in an exact 
position on the lower suspension arm as shown 
in figure 4. Finite element analysis was 
performed in order to classify the critical areas 
in order to get clear idea to choose the positions 
area for fixing strain gauge during the 
experimental test to get the strain history data, as 
shown in Fig. 5.  

Fig. 4.  Strain gauge location on the lower 
suspension arm 

Fig. 5.   Experimental loading history for the 
lower suspension arm. 

4.  Results and Discussion 
The linear static finite element analysis was 
performed using MSC.PATRAN-NASTRAN 
finite element software. The finite element 
analysis  has been performed using SAE1045 
steel due to use this kind of steel material in 
fabricate the automobile lower suspension arm. 
Fig. 6. shows the equivalent maximum principal 
strain contour of the lower suspension arm. The 
strain value from the analytical simulation was 
within the range of the collected data during 
driving of the car on the road. This was due to 
accurate boundary conditions and static load in 
the pre-processing stage. The value of the 
collected strain load history in the second 
critical area of the lower suspension arm 
between the ball joint and Pivot1 was 4.3x10-4
microstrain while the value from the finite 
element analysis was 2.7x10-4 . 

Fig. 6.  The equivalent maximum principal strain 
contour of the lower suspension arm 

The equivalent maximum principal stress 
contour is presented in Fig  7. From the stress 
contour result, the state of stress can be obtained 
and consequently used for life predictions. 
Linear elastic analysis was used, since the lower 
suspension arm is designed for long life. The 
maximum stresse of 264 MPa at node 14449 
was obtained. This value is less than the ultimate 
stress for the material. For that reason, linear 
analysis can be used. All the results presented in 
this paper are based on the fine mesh in the most 
critical area of the arm model.  
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Fig. 7.  The equivalent maximum principal stress 
contour

Fig 8 shows the fatigue life plot and critical 
location on the lower suspension arm using 
crack initiation method. The maximum damaged 
area was in the ball joint while the second 
damaged area was between the ball joint and 
Pivot1 area. A two mean stress correction 
methods are considered i.e. Smith-Watson-
Topper (SWT) and Morrow. The contributions 
of surface treatments on the lower suspension 
arm fatigue life at critical location are 
summarized in Table 2. It shows the fatigue 
component life results using Morrow and SWT 
strain-life methods for three kinds of surface 
treatment, nitriding, cold rolled, and shot 
peening, in addition to the untreated case. 
Mechanical surface treatments are often utilized 
after surface finishing in order enhancing fatigue 
performance. For the purpose of finite element 
analysis simulation, the polished surface finish 
has been used.

Fig. 8.  The fatigue life plot and critical location on 
the lower suspension arm 

From the Morrow and SWT model results 
of Table 2, longer life can be obtained for SWT 
model for all the three kinds of surface 
treatments. It is difficult to categorically select 
one procedure in preference to the other. 
However, for loading sequences which are 
predominantly tensile in nature the Smith 
Watson Topper approach is more conservative 
and is, therefore, recommended. In the case 
where the loading is predominantly 
compressive, particularly for wholly 
compressive cycles, the Morrow correction can 
be used to provide more realistic life estimates.  

The effect of the surface treatment results 
for the polished lower suspension arm which 
tabulated in Table 2, shows that nitriding surface 
treatment gave better enhancement for fatigue 
life while shot peening surface treatment gave 
less enhancement, but cold rolled surface 
treatment effect was between them. This is may 
be due to produce different amount of 
compressive residual stresses on Surface 
treatments (nitriding, cold rolled, and shot 
peening).

Table 2 The effect of surface treatment on lower 
suspension arm fatigue life 

Strain
life

method 
Life per Cycle for treatment status 

Untreated  Nitrided  Cold Rolled  Shot Peened 

Morrow 8.21E5 7.11E8 5.43E7 7.18E6 

SWT 9.98E5 8.51E9 9.25E8 9.54E7 

5.  Conclusions 
The effect of surface treatments on fatigue life 
of the SAE1045 steel were studied under 
variable amplitude loading conditions at most 
critical location of the automotive lower 
suspension arm. According to the results, all 
surface treatment processes can be applied to 
increase the fatigue life of the steel components. 
It can also be concluded that the nitriding has 
been found as the process that can give highest 
life for the lower arm. Mechanical surface 
treatments can be beneficial in improving 
components fatigue performance. Therefore it 
can be used an efficient and reliable means for 
the sign-off of durability of a prototype 
components with actual service environments in 
the early-developing stage. 
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