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Abstract— Compression Springs plays vital role in industrial 

field. Compression spring or coil spring is used to resist 

axial compressive force. The available different shapes are 

cylindrical, conical, tapered, concave, convex. By changing 

spring parameters such as spring constant, spring ends, 

material & material finish, wire diameter, pitch, free length, 

outer diameter allows meeting industrial requirement. The 

Sheet metal industry needs 'die' for manufacturing stamped 

components. The stripper for the die uses a set of coiled 

springs sandwiched between the top plate and the stripper. It 

operates under high frequency of cyclic operation, typically 

30 to 60 cycles per min (with a maximum of about 300 

strokes per minute). High spring rate is the characteristic 

feature of this application. This poses a challenge for 

designing an appropriate spring for the given application & 

its predefined period. For designing proper compression 

spring, it needs to be considering all load, movement and 

available space for spring. Though this is an option of 

selecting the nearest available specification for the standard 

variety of spring. The spring is designed and modeled using 

CAD software. This further evaluated using FEA software 

for static, fatigue analysis for cyclic loading and produces 

the best suitable compression spring. 
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I. INTRODUCTION 

A spring is an elastic component which stores mechanical 

energy. Springs can be twisted, pulled, or stretched with 

some force. They can return to their original shape when the 

force is released. It is also known as a resilient member. A 

spring is a flexible element which is used to exert a force or 

a torque and to store energy. The force can be a linear push 

or pull, or it can be radial, acting similarly to a rubber band 

around a roll of drawings. The torque can be used to cause a 

rotation, for example, to close a door on a cabinet or to 

provide a counterbalance force for a machine element 

pivoting on a hinge. 

A compression spring is also an open-coil helical 

spring that gives resistance to a compressive force applied 

axially. Compression springs are metal spring configuration 

and are the most efficient energy storage devices available. 

The common shape of spring is cylindrical but other than 

that there are other shapes like conical, barrel, and 

hourglass. Generally, these coil springs are either fitted 

inside a hole or placed over a rod. When a load is applied on 

a compression coil spring, it makes spring shorter, it revert 

back against the load and gets back to its original size.  

 
Fig. 1: Spring Details 

A. Common Applications: 

Compression springs are used in a lot of applications like 

automotive engines, large stamping presses, other major 

appliances like lawn mowers, medical devices, cell phones, 

electronics and sensitive instrumentation devices etc. Metal 

springs of cone shaped are usually used in applications 

where low solid height is required and increasing resistance 

to surging. 

II. LITERATURE REVIEW 

S.S.Gaikwad [1], he concludes that the stainless steel spring 

completes 300000 cycles. It does not fail before its service 

and its fatigue life is very good. It satisfied the customer 

demand and is safe for design and manufacturing. 

B. Pyttel, I. Brunner, B. Kaiser, C. Berger, M. 

Mahendran [2], Long-term fatigue tests on shot peened 

helical compression springs were conducted using a special 

spring fatigue testing machine at 40 Hz. Test springs were 

made of three different spring materials – oil hardened and 

tempered SiCr- and SiCrV-alloyed valve spring steel and 

stainless steel. With a different test strategy for the running 

of test, up to 500 springs with a wire diameter of d = 3.0 mm 

or 900 springs with d = 1.6 mm were tested simultaneously 

at different stress levels. Fractured test springs were 

examined under optical microscope, scanning electron 

microscope (SEM) and by means of metallographic micro 

sections in order to analyze the fracture behavior and the 

failure mechanisms. A comparison of the results of the 

different spring sizes, materials, number of cycles and shot 

penning conditions and high lights further investigations in 

the VHCF-region. 

D.E. Moulton, T. Lessinnes, A. Goriely [3] A 

theory for the dynamics and statics of growing elastic rods is 

presented. Firstly, a single growing rod is taken under 

consideration and the formalism of three-dimensional 

multiplicative decomposition of morphoelasticity is used for 

describing the bulk growth of Kirchhoff elastic rods. 
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Possible constitutive laws considering growth are discussed 

and analysed. Secondly, a rod constrained or glued to a rigid 

substrate is considered, there is a mismatch between the 

attachment site and the growing rod  inducing stress. This 

stress can finally lead to instability, bifurcation, and 

buckling. 

R.Padmanabhan et al.[4]investigated the use of 

FEM with Taguchi technique to determine the proportion of 

contribution of three important process parameters in the 

deep-drawing process namely die radius, blank holder force 

and friction coefficient. FEM and Taguchi technique 

becomes an effective tools combination for predicting the 

influence of process parameters. The analysis of variance 

(ANOVA) was carried out for examining the influence of 

process parameters onto the quality characteristics 

(thickness variation) of the circular cup and their percentage 

contribution were noted. next optimization of these process 

parameters value can be facilitated based on the degree of 

influence of the factors on the deep-drawing behaviour of 

the circular cup in order to improve the quality of the part. 

The study provides an insight in the deep drawing of 

stainless steel blank sheet. The quality of this drawn part 

depends on the conditions of forming and the optimal value 

of process parameters and their favourable combination are 

important for deep-drawing process. 

J. Pradeepkumar et al.[5] suggested that the 

response table for signal to noise ratio and standard 

deviations indicates the order of importance of the three 

parameters and they are in the order of Punch Nose Radius, 

Blank Holding Force and then the Punch Force. The S/N 

ratio graph shows that the S/N ratio first decreases and then 

increases suggesting that the point for higher S/N ratio gives 

the best results. Also the standard deviation decreases with 

the increase in punch force. Both these graphs indicate that a 

higher punch force is required to produce optimum results 

during drawing. The plots for Blank holding force versus 

S/N ratios and standard deviation show almost a linear 

relationship for both the variables. This indicates that for a 

higher S/N ratio and a lower standard deviation plot, a lower 

blank holding force gives the optimum results. Thus a lower 

blank holding force ensures uniform thickness by not 

applying excessive pressure on the flange. The measured 

and predicted values based on the regression equation for 

the standard deviation are shown below along with the error 

percentage. 

B. Pyttel, B. Kaiser, C. Berger [6] explains 

procedure and preliminary research results of long-

term fatigue tests up to a number of 109 cycles on shot 

peened helical compression springs with two basic 

dimensions, made of three different spring materials 

(SiCr- and SiCrV-alloyed) 

III. PROBLEM STATEMENT 

The high frequency of cyclic loading spring has failed 

before predetermined period. Focus of the project is to 

undertake the design modification which will enhance the 

spring life, these modification includes design parameter of 

spring such as wire diameter, pitch, outer diameter, inner 

diameter, no. of coil, free length etc. 

IV. OBJECTIVES 

The main objectives here are to study design parameter 

Helical compression springs such as variable pitch and 

variable wire diameter using taguchi techniques and FEA, to 

Find the Optimum value of design parameter of spring using 

ANOVA and Optimum values given to the experimentation 

and compare the results of expt. values and FEA values. 

A. Scope of the work 

 Study the different properties of springs. 

 Create a General Layout for the standard spring. 

 Modify some parameters of standard spring and 

perform CAE on them.  

 Interpret the results. 

 Design the spring for the best performance and finalize 

the specifications and conduct trials for experimentation 

on special purpose machines. 

 Document the results for validation. 

B. Methodology 

1) Phase I – Design Review  

Study the journal papers published on the subject. Secure 

inputs in terms of the practices for Design and Analysis as 

also the methodologies for numerical/ analytical and/or 

physical experimentation followed by the authors. Identify 

the scope for the proposed work at hand.  

2) Phase II – Model the geometry  

Keeping the application and the design objectives in mind, 

decide upon the specifications for the  spring.  

The specifications to be determined could point to 

the following parameters:  

1) Material for the spring  

2) Wire diameter  

3) Coil diameter (OD/ID of the coiled spring)  

4) Pitch  

5) Free Length  

6) End condition (flat ends/ Ground)  

7) Plain/ Progressive or Conical geometry  

3) Phase III – Perform CAE analysis for depicting fatigue 

life  

Use suitable CAE software for determining the number of 

cycles before failure of the spring. The parameter value for 

the spring design can be modified to check its effect over the 

fatigue spring life. The perfect design alternative could be 

selected for getting the functional requirements of the 

application given. 

4) Phase IV - Validation of the design with the help of 

trials and testing of the compression spring for fatigue 

failure.  

Tests to be conducted over a suitable setup i.e. Spring 

Testing Machine SPM. More than one springs to be tested to 

determine the number of cycles achieved before the failure 

occurs. During operation, a `failure’ is said to have occurred 

due to any of the typical reasons below: The permanent set 

(change in `free length’) is beyond the specified limits  

The spring can be deformed axially or radically 

while affecting the intended function or performance. The 

spring has broken or a crack came within the geometry 
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V. DESIGN OF EXPERIMENT 

A. Material Specification of spring: 

Material-SS Spring steel 

Young’s modulus-2.1*105N/mm2   

 Density-7.9*106kg/mm3 

Modulus of Rigidity (G) = 78600 N/mm2  

Dimension of standard spring 

Parameter Dimension 

Outside Diameter 19mm 

Inside Diameter 13mm 

Free Length 70mm 

Pitch 5mm 

Thickness (wire diameter) 3mm 

Table 1: Dimension of the standard spring 

 
Fig. 2: part drawing of standard spring 

B. Force acting on a single spring 

From given problem, here a new design is prepared and 

analyzed for die spring to stand over high loads in stamping 

operation of sheet metal. According to stamping operation 

the given tonnage of die is specified as 10 Tone. 

As 1Ton = 1000 kg.  

Therefore, the tonnage will in the Newton form is 

given as follows,  

10 Tons = 10 x 1000 kg 

10 Tons = 10000 kg 

Therefore, this conversion into Newton is  

10000 x 9.81 =98100 N 

But during the operation of stamping this required 

some force to create blank in to sheet called as blank 

holding force. This is considered to be as 25 % to 33 % of 

tonnage load. 

Blank Holding Force (B.H.F.) is 25 % to 33% of tonnage 

load [1].  

Therefore B.H.F. can be calculated as, 

Blank Holding Force (B.H.F.) = 33 % of tonnage load 

                =0.33 x 98100 

                =32700               

                =33 KN 

As there is 4 numbers of springs, hence we can 

calculate the force acting on single spring during operation  

Therefore, force acting on single spring is as,  

Load (force) on single spring = 33÷4 =8.25 kN. 

VI. TAGUCHI TECHNIQUES 

Taguchi introduced several approaches to experimental 

designs which are called Taguchi method.  This method uses 

an orthogonal array, which is a fractional factorial design 

containing representative set of all possible combination of 

experimental conditions. Using this method, a proper 

comparison of process parameters levels and significant 

reduction in the total number of required simulations can  be 

achieved.  

In study of present situations, Taguchi method of 

experimental design was used to plan the numerical 

simulations. In Taguchi method design, using two levels of 

each variable factors form screening experiments to 

determine a model of the system to a linear approximation. 

By this, the least influential parameters are identified and 

eliminated before the most influential process parameters 

can be further studied. 

Design 

Parameter 

level and their range 

1 2 3 

Material 
Chrome 

Vanadium 

Chrome 

silicon 

SS30

4 

Wire 

Diameter(mm) 
2 3 4 

Pitch(mm) 4 5 6 

Table 6.1: Orthogonal array (L9) of Taguchi method 

Table 6.1 shows the chosen process parameters and 

their levels used in the FEA simulations. The high order 

interactions among the above three factors are assumed 

negligible and the information on the main effects can be 

obtained by running 3³=27 experiments. However, the 

appropriate Taguchi orthogonal array for the above three 

parameters with three levels is L9 to conduct nine 

simulations, Table 6.2. The first column represents the 

number of simulation and the subsequent columns represent 

the process parameters and the rows represent simulations 

with the levels of each parameter. Once the experiments are 

designed with various given combinations of process 

parameter levels, FEA simulations were carried out to 

predict the equivalent stress on the spring.  

 
Table 6.2: Orthogonal array (L9) of Taguchi method 

Expt. 

No. 

Parameter 

Material 
Wire 

Diameter(mm) 

Pitch(m

m) 

1 
Chrome 

Vanadium 
2 4 

2 
Chrome 

Vanadium 
3 5 

3 
Chrome 

Vanadium 
4 6 
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4 Chrome silicon 2 5 

5 Chrome silicon 3 6 

6 Chrome silicon 4 4 

7 SS304 2 6 

8 SS304 3 4 

9 SS304 4 5 

Table 6.3: Orthogonal array (L9) of Taguchi method 

VII. FINITE ELEMENT ANALYSIS 

A. Software For Design And Analysis: 

1) CATIA V5R20 for Solid Modeling. 

2) ANSYS16 for Simulation 

CAD model of component 

 
Fig. 3: CAD Model of  spring 

MATERIAL PROPERTIES 

1.  Chrome Vanadium 

Modulus of Elasticity (E) 207GPa 

Modulus of rigidity (G) 79.3GPa 

Density 7860kg/m3 

Minimum Tensile strength (1310-2069)GPa 

  

2. Chrome silicon  

Modulus of Elasticity (E) 203GPa 

Modulus of rigidity (G) 77.3GPa 

Density 7860kg/m3 

Minimum Tensile strength (1620-2049) GPa 

  

3. Stainless steel (SS304)  

Modulus of Elasticity (E) 193GPa 

Modulus of rigidity (G) 69GPa 

Density 7999.9kg/m3 

Minimum Tensile strength (862-2241)GPa 

Table 7.1.: Mechanical Properties of Chrome Vanadium, 

Chrome silicon, and Stainless steel (SS304) 

B. Simulation of component  

As per selection of the L9 orthogonal array, 9 experiments 

were performed in ANSYS16 software & took the result of 

equivalent stresses of compression spring. 

1) Experiment No. 1 

Material =chrome vanadium, wire diameter=2mm, 

Pitch=4mm 

 
Fig. 4: Equivalent Stress of Expt. No. 1 

2) Experiment No.2 

Material =chrome vanadium, wire diameter=3mm, 

Pitch=5mm 

 
Fig. 5: Equivalent Stress of Expt. No. 2 

3) Experiment No.3 

Material =chrome vanadium, wire diameter=4mm, 

Pitch=6mm 

 
Fig. 6: Equivalent Stress of Expt. No. 3 

4) Experiment No.4 

Material =chrome silicon, wire diameter=2mm, Pitch=5mm 

 
Fig. 7: Equivalent Stress of Expt. No. 4 

5) Experiment No.5 

Material = chrome silicon, wire diameter=3mm, Pitch=6mm 
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Fig. 8: Equivalent Stress of Expt. No. 5 

6) Experiment No.6 

Material = chrome silicon, wire diameter=4mm, Pitch=4mm 

 
Fig. 9: Equivalent Stress of Expt. No. 6 

7) Experiment No.7 

Material =SS304, wire diameter=2mm, Pitch=6mm 

 
Fig. 10: Equivalent Stress of Expt. No. 7 

8) Experiment No.8 

Material = SS304, wire diameter=3mm, Pitch=4mm 

 
Fig. 11: Equivalent Stress of Expt. No. 8 

9) Experiment No.9 

Material = SS304, wire diameter=4mm, Pitch=5mm 

 
Fig. 12: Equivalent Stress of Expt. No. 9 

 
Table 7.2: FEA result table 

 
Table 7.3: Average Equivalent stress for nine experiments 

VIII. ANALYSIS OF VARIATION 

Calculations of result averages and averages for factor level 

effects, which only involve simple arithmetic operations 

produce answers to major questions that were unconfirmed 

in the preliminary stages of the investigation. However, 

questions concerning the influence of factors on the 

variation of wire diameter in terms of discrete proportion 

can only be obtained by performing analysis of variance 

(ANOVA). In this paper, Pareto ANOVA, which quantifies 

the importance of each process parameter in deep-drawing 

process, was used. In order to increase the robustness of 

design against noises and to accommodate wide ranging 

data, Taguchi recommended a logarithmic transformation of 

MSD (called the signal-to-noise ratio) for analysis of results. 

When the S/N ratio is used for results analysis, the optimum 

condition identified from such analysis is more likely to 

produce consistent performance. 
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IX. SIGNALS TO NOISE RATIO(S/N RATIOS)  

One of the quality criteria in sheet metal formed parts is 

thickness distribution. Failure in deep drawn parts usually 

occurs by thinning; therefore, it is important to determine 

the variation of strain in thickness direction during 

deformation. The objective is to reduce thickness variation 

in deep drawn part. Therefore, in this study, the response 

selected from the experiments is the thickness distribution. 

The response of a system, and, as a result, its quality 

characteristics, are influenced by three types of factors: 1) 

signal factors that are set by the operator of the system in 

later stages of the product life; 2) control factors that are set 

by the designer of the system; and 3) noise factors that 

cannot be directly controlled by neither the designer nor the 

operator. Control factors are those design parameters that 

can be freely specified by the designer. TAGUCHI divided 

these control factors into two subsets, with one subset 

consisting of those factors influencing both the response 

mean and the response variance, and second subset 

consisting of those factors influencing only the response 

mean. Noise factors are usually classified by TAGUCHI 

into three classes: 1) external noise factors that typically 

describe the environmental conditions, such as temperature, 

dust and humidity; 2) unit-to-unit variation that typically 

addresses the inevitable variations in a manufacturing 

process; and 3) deterioration that typically refers to the 

deterioration in functional characteristics of sold products as 

time passes. 

level Material Wire Diameter Pitch 

1 -47.08 -49.12 -47.12 

2 -47.25 -47.69 -47.13 

3 -47.23 -44.75 -46.90 

DELTA 0.17 4.37 0.62 

RANK 3 1 2 

Table 7.4: Response Table for Signal to Noise Ratios 

 
Graph 1 –Plot of SN ratios Vs. Material, wire diameter, 

Pitch 

From above graph ,it is concluded that Expt 

no. 3 i.e. Material=chrome vanadium, wire diameter=4mm, 

Pitch=6mm is optimum and now goes for experimentation 

(testing) n compare result. 

X. EXPERIMENTATION 

Experimentation was done using special purpose machine 

(SPM). As per Work, we took the Inputs from analysis of 

variance (ANOVA) which is given for Expt no. 3 i.e. 

Material=chrome vanadium, wire diameter=4mm, 

Pitch=6mm is optimum 

 
Fig. 13: SPM Machine 

 
Fig. 14: SPM Machine 

Fatigue life of spring is calculated using special 

purpose Machine (SPM) results are as follows: 

Fatigue life of spring of Expt no. 3 i.e. 

Material=chrome vanadium, wire diameter=4mm, 

Pitch=6mm is 4.9e7 cycles. 

Table 8.1: Final Results Optained After Experimentation 

 

XI. RESULT AND DISCUSSION 

A. Safety Result- 

Fatigue analysis of expt. No. 3(experimental and FEA 

results) 

1) FEA results: 

Fatigue life of spring =5.36e7 cycles 
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Fig. 15: FEA Result for fatigue life of Spring 

 
Fig. 16: Equivalent Alternating Stress 

B. Expt. Results: 

Fatigue life of spring using special purpose Machine (SPM) 

=4.9e7 cycles 

 
Fig. 17: Final Product 

C. Discussion 

Life of standard spring =4e7cycles 

Life of Modified spring as follows: 

parameter FEA results 
Experimental 

Results 

Fatigue life of 

spring 

5.36e7 

cycles 
4.90E+07 

X.   CONCLUSION AND FUTURE SCOPE OF WORK 

The parameters affecting on stresses and fatigue life of 

spring are spring material, wire diameter, pitch. By 

controlling these parameters stresses and fatigue life of 

spring was improved. Here, in this project, Taguchi method 

and analysis of Variance (ANOVA) is used to optimize the 

parameters affecting on stresses and fatigue life of spring. 

Simulation technique used effectively to optimize the design 

parameters. It is concluded that the proposed optimization 

approach is successful and it is validated with experiments 

which increase life of modified spring than standard spring. 

In future work, different design parameter of spring 

such as free length, material, stiffness, and end condition, 

taper shape of compression spring will be changed. By 

changing all these parameter, fatigue life of compression 

spring will be changed. 
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