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Abstract— Vehicle Suspension system is very important for 

consideration in comfort and safety of persons using it. To 

avoid the effect of ups and downs of the road, vehicle 

should have good suspension system. And compression 

spring is crucial part of this system. As the spring in the 

suspension system is exposed to alternating cycles of the 

load it may lead to fatigue failure of compression spring. 

This paper shall deal with proposing alternatives to the 

existing (benchmark) spring geometry. The variants will be 

evaluated using computational techniques to assess the 

extent of damage in terms of fatigue life. The effect of 

prescribing a alternate value to the given geometrical 

parameters under consideration will be studied using Finite 

element modeling method. A preliminary mathematical 

treatment shall be offered to desire the fatigue life. 

Experimentation of any one variant should offer validation 

for the solution arrived using numerical computational 

methodology. The scope for effecting change in the 

geometry can be brought about using any one parameter like 

geometrical form of the wire, round or rectangular and/or 

the variable pitch of the spring. Altair Hyper Works will be 

deployed as solver to determine results in the structural 

assessment to determine fatigue life of the spring. 
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I. INTRODUCTION 

Helical compression springs are mainly used for shock 

absorbing purpose in most of vehicle’s suspension system. 

While driving the vehicle on road because of ups and downs 

on the road vehicle continuously feels some up-down i.e. 

vertical motion. Because of this up-down motion of vehicle 

on road, the person using it may feel abrupt shocks & 

discomfort. As this discomfort may directly relate to health 

and safety of the human while using the vehicle. Therefore 

shock absorbing is very important phenomenon in vehicle 

running on the road. For better shock absorbing all two 

wheeler vehicles are provided with shock absorbers. Helical 

compression springs is crucial part of this shock absorbers 

and is expected to work more than 106 numbers of cycles. 

To minimize or to avoid human discomfort while using the 

vehicle, it is important to study and analyze fatigue failure 

and fatigue life prediction of helical compression spring 

used in shock absorber system. A helical coil spring as 

shown in fig. 1 used in TVS shock absorber system is 

considered for analysis purpose. 

 
Fig. 1: TVS Shock Absorbers 

II. LITERATURE REVIEW 

Jaun Manuel Munoz – Guijosa et. al. [1] presented use of 

variable bending stiffness clothoidal strip for the analysis 

and synthesis of low variability torque-angle turned curves 

in spiral torsion springs. The study of how torque variability 

can be changed as per design certain application of spiral 

springs for low torque variability. Closed form equations are 

formulated for torque variability and spring deflection. By 

using these equations analytical model and systematic 

procedure for obtaining the spring geometry is defined. 

K. Michalczyk [2] discussed analysis of the 

influence of elastomeric layer on helical spring stresses in 

longitudinal resonance vibration conditions. The elastomeric 

coating influence on dynamic resonant stresses in spring are 

discussed and derived equation for the effectiveness of 

dynamic stress reduction in resonant condition as a function 

of coating parameters. Also proved rubber coating will not 

give satisfactory performance due to low modulus of 

elasticity in shear. 

Koutaro Wtanabe et. al. [8] reported simplified 

stress calculation method for calculating stress correction 

factor of helical compression springs. Different formulae 

were existed for calculating stress correction factor in 

different countries. But because of different assumptions 

used, in these previous formulae the effect of initial pitch 

was neglected which leads to incorrect stress correction 

factor. Here the derived stress correction factor equation 

considers effect of initial pitch angle and hence maximum 

stresses inside as well as outside of the coil spring. 

Aimin Yu et. al [5] discussed formulation and 

evaluation of an analytical study for cylindrical helical 

spring. An analytical study for the free vibration analysis of 

helical springs is done. Also here they defined governing 

equation of motion for springs. All displacement functions 

at centroid axis. Proposed a model which is included with 

effect of rotational inertia, axial and shear deformations etc. 

And the proposed model is validated comparing the results 
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with finite element model using two node standard beam 

elements. 

Mohamed Taktak et. al. [3] presented dynamic 

optimization design of cylindrical helical spring by using 

optimization algorithms. Dynamic behaviour of helical 

spring is coupled with optimization algorithms. Mechanical 

and geometrical objective functions and constraints are 

applied as well as dynamic ones. Four geometric parameters 

as design variables are considered like wire diameter, active 

coil numbers and spring pitch. 

Gulur Siddaramanna Shivshankar et. al. [7] 

reported design, end joint analysis and testing of 

monocomposite leaf spring for light weight vehicles. Also 

low cost fabrication of monocomposite leaf spring and 

mono composite leaf spring with bolted joints is discussed 

in this paper. As per results obtained here the spring width 

decreases hyperbolically and thickness increases linearly 

from the spring eyes towards the axel seat. Final results 

obtained with ANSYS software and analytical as well as 

experimental results are discussed and verified. 

Pӧllanen et. al [6] discussed optimal re-design of 

spring using fuzzy design and FEM. Optimal re-design of 

heavy duty springs used in machinery and industry is done 

by using fundamental machine elements design principles. 

Optimum design is obtained by minimization of wire 

volume space restriction, desired spring rate, avoiding 

surging frequency and achieving reliable long fatigue life. 

B. Pyttle et. al. [4] presented fatigue behaviour of 

helical compression spring at a very high number of cycles. 

Fatigue test on helical compression springs were conducted 

on spring fatigue testing machine. Three different materials 

were tested under this testing and their fatigue lives were 

calculated. Fractured springs are examined and analysis of 

fracture behavior and failure mechanism was done. 

Comparison of different spring size, materials & number of 

cycles is reported. 

III. PROBLEM STATEMENT  

Ascertaining the strength and fatigue life of the compression 

spring is a pre-requisite for any technical review or for 

Design approval in the corporate setting. The current design 

is traditional and has been utilized for long. The same needs 

to be reviewed in an attempt to enhance performance and/or 

rationalize its design to deliver equivalent stiffness with 

lower incidence of stress concentration. The stiffness needs 

to be maintained around the specs in effect while the 

geometry, say, pitch could be varied to find corresponding 

responses. The material, wire diameter, cross-sectional form 

or shape, free length and the end-condition of the coil and 

the operating loads shall remain unchanged during the study. 

The scope of study shall be limited to the choice of the 

significant geometrical parameter for effecting alternatives 

in realizing said performance. The current enclosure or 

housing for the shock absorber should be able to 

accommodate the new geometry of the spring. While lower 

region of stress concentration should be the goal of this 

work, the fatigue life should not adversely get affected due 

to the geometry of the spring, stiffness and stress should be 

the responses to be measured or monitored while evaluating 

the performance. 

IV. OBJECTIVE AND SCOPE 

The scope of the work is to find out the stresses obtained on 

the spring and life of the spring after cyclic loading.  

1) Study materials used in suspension spring, working and 

loads acting on suspension system 

2) Mathematical calculation of load acting on suspension 

spring 

3) Static and fatigue analysis of existing system. 

4) Identify the scope for improvement considering 

stiffness as a constant parameter. 

5) Change the geometry and re-run the analysis for 

alternatives  

6) Validation of benchmark geometry through physical 

experimentation 

7) Proposed the best alternative 

V. MATHEMATICAL CALCULATION 

The spring design under axial load can be done as follows. 

First up all, the load acting on spring is calculated using 

specification of vehicle. Stress and fatigue life of the spring 

can be calculated using similar approach. Load calculation is 

done with this method and this load will be considered as 

maximum operating working load for further study. 

Load and Boundary Conditions/ Operating Conditions: 

Weight of Vehicle = 110 kg 

Weight of persons =75 kg 

No. of persons        =2 

Total Weight of vehicle = 110 + (75*2) = 260kg 

Load on Rear Suspensions = 60% of total weight 

= 0.6*260 

= 156 kg 

= 1538.16 N 

No. of spring = 2 

Therefore, 

Load on Each Spring = 1538.16/2 

= 769 N 

Material Specifications of Spring:- 

Modulus of Rigidity (G)-77200 Mpa 

Tensile Strength (A=1867, m=0.146, Sut=A/dm) 

Endurance Strength, Ssa=241MPa, Ssm=379Mpa 

Max force Applied on Spring (Fmax)-769 N 

Preload applied on the spring (F)-100 N 

Now, 

By using above spring dimensions and load acting 

on spring calculation of spring shear stress, spring 

deflection, spring torque and fatigue life calculations can be 

done as below- 

Wahl’s Shear Stress factor, 
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Mean shear stress 
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39.183  

Spring material EN47 (Chrome Vanadium wire) values of 

A=1867 N/mm & Exponent (Constant)  

m = 0.146 

Tensile Strength, 

Sut= A/dm 

= 1867/70.146 

Sut = 1405.27 Mpa 

Torsional Yield Strength, 

Ssy= 0.45, Sut= 632.37 Mpa 

Modulus of Elasticity, G = 77200 Mpa 

Spring Rate of spring, 

𝐾 =
(G 𝑥 𝑑4)

(8 x D3x 𝑁)
 

𝐾 =
(77200 𝑥 74)

(8 x 473 x 16)
 

𝐾 = 12.47 𝑁/𝑚𝑚 

Now, Deflection of Spring is given by, 

Deflection(y) 

And can be calculated as,  

𝑦 =
𝐹𝑎

𝑘
 

𝑦 =
334.5

12.47
 

𝑦 =  26.8mm 

Shear Stress Amplitude, 

 τa =141.18Mpa 

Mean Shear Stress, 

τm =183.39MPa 

Let, 

Amplitude Endurance Strength, Ssa = 241 Mpa 

Midrange Endurance Strength, Ssm= 379 Mpa 

Torsional Modulus of Rupture,  

Ssu= 0.67Sut = 941.43 Mpa 

Load line slope, r = τa / τm = 0.769 

Endurance Strength, 

𝑆𝑠𝑒 =
𝑆𝑠𝑎

(1 − (𝑆𝑠𝑚/𝑆𝑠𝑢))⁄  

𝑆𝑠𝑒 = 241
(1 − (379/941.43))⁄  

𝑆𝑠𝑒 = 403.37MPa 

Amplitude Endurance Strength, 

𝑆𝑠𝑎 =
(𝑟 x 𝑆𝑠𝑢x 𝑆𝑠𝑒)

((𝑟 x 𝑆𝑠𝑢) + 𝑆𝑠𝑒)
 

𝑆𝑠𝑎 =
(0.769 x 941.43 x 403.37)

((0.769 𝑥 941.3) + 403.37)
 

𝑆𝑠𝑎 = 259.15 MPa 

Therefore Amplitude Endurance Strength is 259.15 Mpa 

Fatigue Fraction, f = 0.78 

Fatigue Strength, 

𝑆f =
𝜏𝑎

(1 − (𝜏𝑚/𝑆𝑢𝑡))⁄  

𝑆f = 141.18
(1 − (183.39/1405.27))⁄  

𝑆f = 162.37 MPa 

Constant, 

𝑎 =
(f x 𝑆𝑢𝑡)2

𝑆𝑠𝑒

 

𝑎 =
(0.78 x 1405.27)2

403.37
 

𝑎 = 2978.54 

Constant, 

𝑏 =

− ((
log(f x 𝑆𝑢𝑡)

𝑆𝑠𝑒
))

3
 

𝑏 =
− ((

log(0.78 𝑥  1405.27)

403.37
))

3
 

𝑏 = −0.1447 

Finite life, 

𝑁 = (

𝑆f

𝑛

𝑎
)
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𝑁 = (
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)
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𝑵 = 𝟖. 𝟓𝟐 𝐱 𝟏𝟎𝟏𝟎 

 

VI. FINITE ELEMENT ANALYSIS 

FEA is the most preferred method for analysis purpose, as it 

has several advantages like ease of calculation, more 

accurate results etc. Important suspension spring dimensions 

of this shock absorber are given in below table 1.  

Parameter Observation 

Wire Diameter,                   d 7.0 mm 

Outer Diameter,                 Do 54.0 mm 

Inner Diameter,                  Di 40. 0 mm 

Mean Diameter, Dm or        D 47.0  mm 

No of Active Turns,           Na 16 No's 

No of Total Turns,             Nt 17 No's 

Free Length,                        l0 212. 0  mm 

Spring Index,                      C 6.7 

Table 1: Suspension Spring Dimensions 

 
Fig. 2: CAD model of spring 
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Fig. 3: Spring model after meshing in HM 

 
Fig. 4: Load and constraints applied on the spring 

 
Fig. 5: Displacement of the spring under load 

 
Fig. 6: Von-Misses stresses in the spring 

 
Fig. 7: Fatigue testing of the spring 

By using Hypermesh software for meshing and 

Optistruct for solution, above results are found. Figure 5 

shows displacement of standard spring under applied axial 

load of 769N as per mathematical calculations. Figure 6 

shows Von –Misses stresses in the spring and Figure 7 

shows fatigue life of spring which is 1.645 x 1010 cycles. 

VII. DESIGN MODIFICATION 

To design new spring geometry for new model of a two 

wheeler, following iterations of existing spring design are 

considered and tested for displacement, Von-Misses stresses 

and fatigue life. First modification done in existing 

geometry is ground ends. Secondly spring geometry is 

modified by reducing the spring wire diameter and third 

modification considered for testing if increase in spring wire 

diameter. All these three iterations are tested with software 

Optistruct and MSC fatigue for fatigue life testing and 

obtained results are shown in following figures. Table 1 

gives brief idea about spring iterations considered. 

Dimensional 

Parameters 

Case - I Case - II Case - III 

By 

considering  

Same Spring 

with ground 

end 

Reducing 

the Spring 

wire 

diameter 

Increasing  

the Spring 

wire 

diameter 

Wire Diameter 6.9 mm 6.3 mm 7.5 mm 

OD 26.05 mm 26.35 mm 27.55 

ID 20.05 mm 20.05 mm 20.05 mm 

Free Length 212 mm 212 mm 212 mm 

Total No. of turns 15 15 14 

End Condition Ground End 
Ground 

End 
- 

Table 6: Specification for variants of spring 

A. Finite Element Modeling of New Spring Geometry 

Iterations 

1) Iteration I 

As discussed above the first iteration of modified spring 

geometry is considered as helical compression spring with 

grounded ends. And this is tested using Optistruct and MSC 
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fatigue software to know displacement, Von-Misses Stresses 

and Fatigue Life. 

 
Fig. 8: Modified Spring Geometry with grounded ends 

 
Fig. 9: Displacement of spring for Iteration I 

 
Fig. 10: Von Misses Stresses of spring for Iteration I 

 
Fig. 11: Fatigue Life of spring for Iteration I 

From Figure 8, it is observed that the maximum 

displacement of spring with ground ends i.e. iteration I is 

22.33 mm. Also from Figure 9, it is observed that Von 

misses stresses in maximum region are in the range of 

245.5Mpa to 306.9Mpa. From Figure 10 the minimum value 

of fatigue life observed for iteration Ist is 2.538 x 1012 cycles. 

2) Iteration II 

In iteration IInd, the spring wire diameter is reduced. And 

this is tested using Optistruct and MSC fatigue software to 

know displacement, Von-Misses Stresses and Fatigue Life. 

Below figures explains the obtained results for iteration IInd. 

 
Fig.12: Modified Spring Geometry with reduced wire 

diameter 

 
Fig. 13: Displacement of spring for Iteration IInd 

 
Fig. 14: Von Misses Stresses of spring for Iteration IInd 
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Fig. 15: Fatigue Life of spring for Iteration IInd 

From Figure 12, it is observed that the maximum 

displacement of spring with reduced spring wire diameter 

i.e. iteration IInd is 43.76mm. Also from Figure 13, it is 

observed that Von misses stresses in maximum region are in 

the range of 394.2Mpa to 591.4Mpa. From Figure 14 the 

minimum value of fatigue life observed for iteration IInd is 

1.028 x 106 cycles. 

3) Iteration III 

In iteration IIIrd, the spring wire diameter is increased. And 

this is tested using Optistruct and MSC fatigue software to 

know displacement, Von-Misses Stresses and Fatigue Life. 

Below figures explains the obtained results for iteration IIIrd. 

 
Fig. 16: Modified Spring Geometry with increased wire 

diameter 

 
Fig. 17: Displacement of spring for Iteration IIIrd 

 
Fig. 18: Von Misses Stresses of spring for Iteration IIIrd 

 
Fig. 19: Fatigue Life of spring for Iteration IIrd 

From Figure 16, it is observed that the maximum 

displacement of spring with increased spring wire diameter 

i.e. iteration IIIrd is 22.89mm. Also from Figure 17, it is 

observed that Von misses stresses in maximum region are in 

the range of 246.5Mpa to 369.7Mpa. From Figure 18 the 

minimum value of fatigue life observed for iteration IIIrd is 

4.732 x 108 cycles. 

VIII. EXPERIMENTATION & VALIDATION 

Experimental Set up: Fig.19 shows the typical test setup for 

determining the stiffness of the suspension spring. The 

gradually increasing load will be applied and corresponding 

deformation is determined by using this set up. 

UTM Machine specifications are stated as below: 

Machine No. : STS 248 

Load Cell 1: 1 KN 

Load Cell 2: 10 KN 

Load Cell 3: 100 KN 

Location: Praj Testing Loaboratory 

The load from the load cells present on the UTM machine 

will be applied gradually. Display attached to the machine 

will give a corresponding plot for load Vs displacement i.e. 

stiffness of the component.  Experimentally observed value 

of spring deflection of spring is 26.9 mm for given load. 
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Fig.20: Test setup for Physical Experimentation 

IX. RESULTS & DISCUSSION 

As shown in the below Table 2, the displacement obtained 

for iteration III geometry i.e. the spring geometry with 

increased spring wire diameter gives minimum displacement 

value 22.89mm. Out of all the iterations, the maximum Von 

Misses stresses observed for iteration III geometry are less 

which is 246.5Mpa. Also the minimum fatigue life value 

observed for iteration Ist is more in comparison with all 

geometries fatigue life value. 

Sr. 

No. 
Variants 

Max. 

Displacem

ent 

Max. 

Von 

Misses 

Stress 

Min. Fatigue 

Life 

1 Standard 33.12mm 
434 

Mpa 

1.645 x 1010 

Cycles 

2 
Ist 

Variant 
22.33mm 

368.2 

Mpa 

2.53 x 1012 

Cycles 

3 
IInd 

Variant 
43.77mm 

594.1 

Mpa 

1.028 x 106 

Cycles 

4 
IIIrd 

Variant 
22.89mm 

246.5 

Mpa 

4.7 x 108 

Cycles 

Table 2: Analysis Results for all Variants 

X. CONCLUSION 

As per results obtained less stresses are observed in 

modified helical coil spring design of iteration IIIrd in 

comparison with existing helical spring design, hence 

modified spring geometry of iteration IIIrd is preferred for 

new vehicle.  

XI. FUTURE SCOPE 

More iteration can be done for further modified design and 

will be tested by FE method. Also design modifications can 

be obtained by changing different materials of the spring. 
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