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Abstract— A suspension system or shock absorber is a 

mechanical device designed to smooth out or damp shock 

impulse, and dissipate kinetic energy. The shock absorbers 

duty is to absorb or dissipate energy and the helical spring is 

the most common element that has been used in suspension 

system. In this present study Non alloy steel helical spring 

will be used to suspend vehicle system. The uniform loading 

effect has been studied and Experimental, FEA analysis will 

be compared with analytical solution.  Afterwards, the 

analysis will be done by considering different parameters. 

Experimental analysis will be done to validate the strength 

and modal analysis is done to determine the displacements 

for different loading condi-tion. Comparison is done by 

changing the wire diameter of the coil spring to check the 

best dimension for the spring in shock absorber. Modeling 

and Analysis is done by using Pro/ENGINEER and ANSYS 

respectively. 
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I. INTRODUCTION 

The shock absorber is a mechanical device designed to 

smooth out or damp shock impulse, and dissipate kinetic 

energy. The Pneumatic and hydraulic shock absorbers 

constructions in the form of a cylinder and sliding piston. 

The cylinder is filled with a fluid (such as hydraulic fluid) or 

air. This fluid-filled piston/cylinder combination is known 

as a dashpot. In most dashpots, energy is converted to heat 

inside the viscous fluid or air. In   hydraulic cylinders, the 

hydraulic fluid will be heated, while in air cylinders the 

temperature will increase and hot air is available and same 

will be exhausted to the atmosphere subsequently. While the 

dashpot with electromagnetic coil the dissipated energy can 

be stored and utilized later. In general terms, shock 

absorbers help to reduce shocks and impulses. 

When a vehicle is travelling on a level road and the 

wheels strike a bump, the spring is compressed quickly. The 

compressed spring will attempt to return to its normal 

loaded length and, in so doing, will rebound past its normal 

height, causing the body to be lifted. The weight of the 

vehicle will then push the spring down   below its normal 

loaded height. This, in turn, causes the spring to rebound 

again. This bouncing process is repeated over and over, a 

little less each time, until the up-and-down movement 

finally stops. If bouncing is   allowed to go uncontrolled, it 

will not only cause an    uncomfortable ride but will make 

handling of the vehicle very difficult. The design of spring 

in suspension system is very important.  

II. LITERATURE REVIEW 

A few papers where discussed about the different types of 

mechanical springs used in the suspension system of 

automobiles. Also the different modes of spring failure and 

modifications were developed and validating the procedures 

for predicting the fatigue stress analysis. 

Prince Jerome Christopher.J, Pavendhan. R, ― 

Design and Analysis of Two Wheeler Shock Absorber Coil 

Spring‖ have conclude that the reducing diameter of the 

shock absorber and stress analysis, therefore the stress value 

is lesser in our designed spring than in  original, this is 

advantage the design. 

The helical spring is used for Shock absorber and 

which is one of the Suspension systems is designed 

automatically to handle shock impulse and dissipate kinetic 

energy. It reduces the amplitude of turbulence principal to 

increase in comfort and improved ride quality. Hence, the 

designing of spring in a suspension system is very critical. 

Design in an important industrial activity which influences 

the quality of the product. The Shock absorber coil spring is 

designed by using the modeling software Pro/ENGINEER. 

In modeling the time is spent in drawing the coil spring 

model and the danger concerned in design and 

manufacturing process can be easily minimized. So the 

modeling of the coil spring is made by using 

Pro/ENGINEER. Later this Pro/ENGINEER model is 

imported to ANSYS for the analysis work. The ANSYS 

software is used for analyzing the component by varying the 

load applied on it and the results are observed. A solver 

mode in ANSYS software calculates the stresses and their 

relation without manual interventions thereby      reducing 

the time compared with the manual theoretical work[1]. 

Achyut P. Banginwar, Nitin D. Bhusale, Kautuk 

V.Totawar , ― Design and analysis of shock absorber using 

FEA tool‖, have conclude that  the results for both materials, 

the total deformation value is less for Spring Steel than 

Phosphor Bronze. So stiffness is more for Spring Steel. 

In this paper discussed that the shock absorber is 

designed and a 3D model is created using Pro/Engineer. 

Structural analysis and modal analysis are done on the shock 

absorber by varying material for spring, Spring Steel and 

Phosphor Bronze . Structural analysis is done to validate the 

strength and modal analysis is done to determine the 

displacements for different frequencies for number of 

modes. Comparison is done for two materials to verify best 

material for spring in Shock absorber[2]. 

Vidhyadhar P.Kshirsagar, ―Design, Modelling And 

Analysis For Experimental Investigation Of Double Spring 

Damper Shock Absorber Performance‖, have concluded that 

the vibration transmissibility from the rough road to the 

vehicle’s body for all these suspensions was determined 

under the constraint that damping varies opposed to the 

excitation frequency which evaluate simulation of shock 

absorber velocity and displacement. Then, the optimal 

damping and stiffness ratios were decided in order to 

minimize the transmissibility of vibration from the rough 

pavement to the vehicle’s body with sinusoidal test in 
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simulation to maximize the vehicle’s ride comfort with 

double spring damper shock absorber[3]. 

Setty Thriveni, ―Design Evaluation & Optimization 

of a Two-Wheeler Suspension System‖, have conclude that 

the shear stress equation was used for calculating the 

maximum stress induced in the spring. Comparison had 

made for theoretical results obtained from the shear stress 

equation to the Finite Element Analysis (FEA) results. In 

both the cases the analysis results gives the better results 

than the existing one. By these FEA result was give the 

better accuracy. There is a chance for Investigations to be 

made on different alternate available suitable materials to 

achieve the overall weight reduction of the automobile 

without affecting the riding comfort of the two-wheeler 

suspension[4]. 

S. S. Gaikwad, ―Static Analysis of Helical 

Compression Spring Used in Two-Wheeler Horn‖, have 

conclude that the maximum safe pay load for the given 

specification of the helical compression spring was 4 N. At 

lower loads both theoretical and NASTRAN results are very 

close, but when load increases the NASTRAN results are 

uniformly reduced compared to theoretical results.  

In this project first he analyse the existing spring 

along with dimension and he took the suitable material as 

per requirement(spring steel).then he complete the  Static 

analysis of the  safe stress and corresponding pay load of the 

helical compression spring. This work describes static 

analysis of the helical compression spring is performed 

using NASTRAN solver and compared with analytical 

results. The pre processing of the spring model was done by 

using HYPERMESH software[5]. 

Mr. Sudarshan Martande, ―Design and Analysis of 

Shock Absorber‖, have conclude that the Percentage error in 

analytical results and ANSYS results are within 15%. This 

error occurs due to various reasons.  

In this project a shock absorber is designed and a 

3D model is created using any one designing software. The 

model is choose from the existing spring. Structural analysis 

and modal analysis were done on the shock absorber by 

varying material for spring, Spring Steel and other. The 

analysis is done by considering load and boundary 

conditions. Structural analysis were done to validate the 

strength and modal analysis was done to determine The 

different stress and deflection values in shock absorber 

components were obtained using FEA tools and compared 

with analytical solutions. Percentage error is calculated and 

it is found that percentage error is less than 15%.Various 

stress results are below allowable limits of material. Error in 

FE and analytical results occurs because of various reasons 

such as assumptions in analytical formulation, 

approximations in FE formulations, choice of element in FE 

analysis[6]. 

D.V. Dodiya, &. D.U. Panchal, ―Static analysis of 

leading arm in suspensions system with horizontal shock 

absorbers‖,have that conclude that the  work attempt was 

made to analyze a leading arm in a horizontally oriented 

spring damper assembly and the geometric and space and 

force requirements were studied to improve road handling 

abilities. The leading arm had been incorporated which 

essentially transmits the road undulations to the suspension 

shock absorber with the help of an arm which was robustly 

built and designed and its analysis had been carried out with 

ANSYS. The suspension system of the front wheels has a 

steering system to accommodate[7]  

Gajendra Singh Rathore, ―Fatigue Stress Analysis 

Of Helical Compression Spring‖,have conclude that  the 

spring undergo the fluctuating loading over the service life. 

FEM software used for performing meshing simulation. And 

the fatigue stress, shear stress calculation plays more 

significant role in the design of helical compression spring. 

This study was shown that shear stress and deflection 

equation is used for calculating the number of active turns 

and mean diameter in helical compression spring. 

Comparison of the theoretical obtained result by the shear 

stress equation to the Finite Element Analysis result of 

helical compression spring. 

In this paper the  research methedology such as 

Theoretical, Numerical and Experimental. Researchers 

employ the Theoretical, Numerical and FEM methods and 

after completed the study concludes Finite Element method 

is the best method for numerical solution and calculating the 

fatigue stress, life cycle and shear stress of helical 

compression spring[8]. 

B. Pytte, ―Fatigue behaviour of helical compression 

springs at a very high number of cycles–Investigation of 

various influences‖, have conclude that the long-term 

fatigue tests on shot peened helical compression springs 

were conducted by means of a special spring fatigue testing 

machine at 40Hz. Test springs were made of three different 

spring materials- oil hardened and tempered SiCr- and 

SiCrV-alloyed valve spring steel and stainless steel up to 

500 spring with a wire diameter of d = 3.0 mm or 900 spring 

with d = 1.6 mm were tested at different stress levels. 

Method to be used experimental procedure the VHCF-test 

on different wire diameter of spring. The paper includes a 

comparison of the result of the different spring sizes, 

materials, number of cycles and shot peening conditions and 

outlines further investigations in the VHCF-region[9]. 

Niranjan Singh, ―General Review Of Mechanical 

Springs Used automobiles Suspension System‖,  have 

conclude that  the shear stress and deflection equation is 

used for calculating the number of active turns and mean 

diameter in helical compression springs. Comparison of the 

theoretical results obtained by the shear stress equation and 

Finite Element Analysis (FEM) of springs provides the 

better solution of the problems arises in the existing design 

of the mechanical spring [10]. 

III. AIM AND OBJECTIVES 

Aim this project a shock absorber is to design and a 3D 

model will be create using Pro/Engineer. The model will 

tested for design parameters of the  spring and Analytical 

calculation and modal analysis will be done on the shock 

absorber by Spring Steel and Non Alloy steel (IS 4454 

PART-1 1981 GRADE-2).The analysis will be done by 

considering rider loads (one & two person). The necessary 

strength and modal analysis will be done to determine the 

deflection for different load for verity of modes. The final 

selection will be done by comparing the analysis. Modelling 

will be done using Pro/ENGINEER and analysis with the 

help of ANSYS software. 
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A. Objectives: 

 To study briefly about the Alloy steel(IS 4454 PART-1 

1981 GRADE-2) used in shock absorber  spring. 

 To select the designing parameter and calculate the 

stress along with the deflection and weight 

optimization. 

 To prepare the model in Pro-E. 

 Import the Pro-E model in Ansys and analysis of stress 

and deflection and to compare the same with existing 

shock absorber helical compression spring.  

 Final step is to prepare experimental model     according 

to research carried out in the previous steps. 

B. Problem Definition: 

The important problem that is faced by the automotive 

industry is that the vehicle handling becomes   difficult and 

leads to uncomfortable ride when spring bouncing is 

uncontrolled. This is based on a number of parameters such 

as load applied and the duration of it. Therefore the existing 

design is modified in order to minimize the stress and 

discomfort experienced by the passengers. In this study, 

calculations will be done analytically and Experimental are 

conducted by simulation, in order to find out the results. 

IV. DESIGN METHODOLOGY 

 
Fig. 1: Flow chart of design process 

V. DESIGN PROCEDURE FOR HELICAL COMPRESSION SPRING 

A. Solid Length (Ls): 

When the compression spring is compressed until the coils 

come in contact with each other, then the spring is said to be 

solid length. 

Solid length of the spring 
Ls = N d    ------- (5.1). 

B. Spring Index(C): 

Ratio of mean diameter of a spring to the wire from which 

the spring is constructed spring index, C 

   
 

 
  --------- (5.2) 

C. Deflection of Spring (  : 

Deflection of a spring is given by 

  
      

  
    --------- (5.3) 

D. Free Length (Lf): 

Free length of the spring, 

Lf = solid length + maximum compression + clearance 

between adjacent coil.—(5.4) 

E. Pitch (P): 

The distance from centre to centre of the wire in 

adjacent coil. 

Number of coils per length. 

P = Lf/(N-1)] -------(5.5) 

F. Spring Rate (K): 

Spring rate (k) is ratio of change in force to the change in 

length.  

K = 
   

   
 ---------- (5.6) 

G. Spring Shear Stresses ( ): 

Spring Shear Stress 

   
   

   
---------- (5.7) 

VI. DESIGN CALCULATION 

A. Spring Specification for Present Model: 

Spring Type-Cylindrical With Coned End 

Material-Non Alloy Spring steel 

Young’s modulus (E)-206800N/mm2 

Rigidity modulus (G)-83KN/mm2 

Density (ρ)-0.00000783Kg/mm3 

Total Coils (N)-18 

Wire Diameter (d)-7.5 mm 

Outer Diameter (Dₒ)-56.7 mm 

Mean Diameter (D)-49.2 mm 

Spring Height (H) -235 mm 

No of Active turns (Na)-16 

Bike weight (W)-120 Kg 

ASSUMPTION DATA 

Weight of 1 person (W1)-80 Kg 

Weight of 2 persons (W2)-160 Kg 

Bike + 2 persons - 280 Kg 

Rear suspension-70% 

Front suspension-30% 

70% 0f 280-196Kg 

Dynamic load will be double (W)-392Kg –   3845.5N 

Single shock absorber-(W/2)-1923N 

1) Solid length of the spring: 

From Equation no-5.1 

Ls = Nd = 135mm. 

2) Spring index(C): 

From Equation No-5.2 

   
 

 
  = 6.56 

3) Deflection of Spring(  : 

From Equation No-5.3 

  
      

  
 

~ 112mm 

4) Free length of the spring: 

From Equation No-5.4 

Lf = solid length + maximum compression + clearance 

between adjacent coils 

=135 + 112 + (0.15) (112) = ~263mm. 
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5) Number of coils: 

Free Length= PNa+2d =262.52mm 

Total coil = 18 

Solid height = 135mm. 

6) Pitch(P): 

Frome Equation No-5.5 

P = [Lf/ (N-1)] = 15.47mm. 

7) Spring rate (K): 

From Equation No-5.6    

K = 
   

   
 =17.16 N/mm = 1.75 Kg/mm 

8) Spring Shear Stresses ( ): 

From Equation No-5.7 

   
   

   
 

Analytical Calculation for Present helical spring 

Load 
Bike 

(120kg) 

1P + 

Bike 

(200Kg) 

2P + 

Bike 

(280Kg) 

STRESS(MPa) 699 1165 1631 

DEFORMATION(mm) 47.25 78.75 110.21 

Table 1: Analytical Calculation for Present helical spring 

VII. MODELING AND SOFTWARE ANALYSIS 

Pro/ENGINEER is a feature based, parametric solid 

modeling program. As such, its use is significantly different 

from conventional drafting programs. In conventional 

drafting (either manual or computer assisted), various views 

of a part are created in an attempt to describe the geometry. 

Each view incorporates aspects of various features (surfaces, 

cuts, radii, holes, protrusions) but the features are not 

individually defined. In feature based modeling, each feature 

is individually described then integrated into the part. The 

other significant aspect of conventional drafting is that the 

part geometry is defined by the drawing. If it is desired to 

change the size, shape, or location of a feature, the physical 

lines on the drawing must be changed (in each affected 

view) then associated dimensions are updated. When using 

parametric modeling, the features are driven by the 

dimensions (parameters). To modify the diameter of a hole, 

the hole diameter parameter value is changed. This 

automatically modifies the feature wherever it occurs – 

drawing views, assemblies, etc. Another unique attribute of 

Pro/ENGINEER is that it is a solid modeling program. The 

design procedure is to create a model, view it, assemble 

parts as required, then generate any drawings which are 

required. It should be noted that for many uses of Pro/E, 

complete drawings are never created. A typical design cycle 

for a molded plastic part might consist of the creation of a 

solid model, export of an SLA file to a rapid prototyping 

system (stereo lithography, etc.), use of the SLA part in 

hands -on verification of fit, form, and function, and then 

export of an IGES file to the molder or toolmaker. A 

toolmaker will then use the IGES file to program the NC 

machines which will directly create the mold for the parts. 

In many such design cycles, the only print created will be an 

inspection drawing with critical and envelope dimensions 

shown. 

A. Model of the Coil Spring: 

 
Fig. 2: Present Design of the Coil Spring 

Fig. 3: Modified Design of the Coil Spring 

B. Analysis of the Shock Absorber Coil Spring: 

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, however, includes steady inertia 

loads (such as gravity and rotational velocity), and time-

varying loads that can be approximated as static equivalent 

loads. 

C. Analysis of the Present Coil Spring: 

1) Case-1: Present Design of the spring Structural Analysis 

for the bike weight (Load: 120kg) 

 
Fig. 4: Shear stress for CASE-1 
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Fig. 5: Deformation for CASE-1 

2) Case-2: Present Design of the spring Structural Analysis 

for the bike weight (Load: 200kg) 

 
Fig. 6: Shear stress for CASE-2 

 
Fig. 7: Deformation for CASE-2 

3) Case-3: Present Design of the spring Structural Analysis 

for the bike weight (Load: 280kg) 

 
Fig. 8: Shear stress for CASE-3 

 
Fig. 9: Deformation for CASE-3 

VIII. RESULTS AND DISCUSSION 

Stress and Deformation values for present and modified 

design of the helical compression spring are found out 

through ANSYS and theoretical calculations for different 

the bike loads and compared. 

Sr 

No 

Loading 
Stress on the 

Coil(Mpa) 

Deformation 

on the 

Coil(Mm) 

Descripti

on 
Load 

Prese

nt 

Modi

fy 

Prese

nt 

Mod

ify 

1 Bike Load 
120 

Kg 
699 639.5 47.25 28.27 

2 
Bike + 1 

Person 

200 

Kg 
1165 

1065.

85 
78.75 47.14 

3 
Bike + 2 

Person 

280 

Kg 
1631 

1492.

19 

110.2

1 
66.04 

Table 2: Results 

A. Theoretical Result: 

 
Fig. 10: Chart comparing stresses for present spring 

 
Fig. 11: Chart comparing Deformation for Present Spring 

Sr 

N

o 

Loading 
Stress on the 

Coil(Mpa) 

Deformation 

on the 

Coil(Mm) 

Descripti

on 

Loa

d 

Prese

nt 

Modi

fy 

Prese

nt 

Modi

fy 
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1 
Bike 

Load 

120 

Kg 
685 682 42.30 32.68 

2 
Bike + 1 

Person 

200 

Kg 
1142 1138 70.51 54.46 

3 
Bike + 2 

Person 

280 

Kg 
1598 1593 98.71 76.25 

Table 3: Results 

B. Simulation Results: 

 
Fig. 12: Chart comparing stresses for modify spring 

 
Fig. 13: Chart comparing Deformation for modify 

IX. CONCLUSION 

In this study, the shock absorber has been redesigned so that 

the stress acting on the shock absorber is reduced. The 

proposed redesign will reduce the deformation and induced 

stress magnitude for the same applied loading conditions 

when compared with the existing design. This in turn 

increases the life of the shock absorber by reducing its 

failures. The analytical results conform to the simulation 

results from the ANSYS. 
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