
29                                                                        International Journal of Current Research and Review  www.ijcrr.com  

                                                                                                                                                 Vol. 04 issue 16 Aug 2012 
 

 

 

       ijcrr 

  Vol 04 issue 16 

Category: Review 

Received on:21/06/12 

Revised on:03/07/12 

Accepted on:13/07/12 

 

ABSTRACT 
Helical coiled springs are used as an integral part of many mechanical systems. Helical spring is also used 

in several industrial applications like balancing, brakes, vehicles suspensions in order to satisfy required 

functions. It applies forces, store or absorb energy, provide the mechanical system with the flexibility and 

maintain a force or a pressure. A mechanical spring is defined as an elastic body which has the primary 

function to deflect or distort under load, and to return to its original shape when the load is removed. The 

main objective of this review paper is to analyze various types of methods, formulas and theories used for 

the calculation of different stresses in helical coil spring. Prediction of stress involved in helical coil 

spring is a very important aspect. This study mainly focuses on various types of factors that affect the 

strength of coil spring. Reasons for the failure of coil spring were also studied.  

______________________________________________________________________________     

 
INTRODUCTION 

Springs are elastic bodies that can be twisted, 

pulled, or stretched by some force. They can 

return to their original shape when the force is 

released. In other words it is also termed as a 

resilient member.  

They are classified as : 

 Helical spring :-  It is made up of the wire 

coil in the form of spring. A helical spring is a 

spiral wound wire with a constant coil diameter 

and uniform pitch. The most common form of 

helical spring is the compression spring but 

tension springs are also widely used. Helical 

springs are generally made from round wire. It is 

comparatively rare for springs to be made from 

square or rectangular sections.  The strength of 

the steel used is one of the most important 

criteria to consider in designing springs. Most 

helical springs are mass produced by specialist’s 

organization. 

Types of helical springs : 

 Open coiled springs: - In helical springs the 

gaps between the successive coils is larger. 

It is made of round wire and wrapped in 

cylindrical shape with constant pitch 

between the coils. By applying the load the 

spring contracts in action.  

 Closed coiled springs: - It has some means 

of transferring the load from the support to 

the body by means of some arrangement. It 

stretches apart to create load. The gap 

between the successive coils is small. The 

wire is coiled in a sequence that the turn is at 

right angle to the axis of the spring. The 

spring is loaded along the axis.  
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 Leaf spring: - A Leaf spring is a simple form 

of spring commonly used in the suspension 

vehicles.  

Types of ends in springs: 

 Closed and ground: Closed and ground end 

springs offer better seating which also 

influences how the axial force produced by 

the spring is transferred to its mating part, or 

the mechanism that it works in. Buckling is 

reduced when the ends of the spring are 

closed and ground 

 Closed and not ground ends: A spring with 

closed ends and not ground is the most 

economical to manufacture and often 

performs well when the wire size is smaller 

than .020 and/or the spring index exceeds 

12:1. 

 Open and ground ends: Springs that are 

open and ground are usually produced this 

way when it is necessary to have a lower 

solid height and/or more active coils are 

required to affect the needed rate. 

 Open and not ground ends: Springs with 

open ends, which are not ground, are 

normally produced this way when the solid 

height and rate are not an issue and where 

the design allows for more generous length 

tolerance. Open ends are also specified 

when the spring screws onto a threaded part. 

For compression or extension springs, which are 

loaded by axial forces along the helix axis, the 

primary stress produced in the cross section is 

shear stress. If the spring is closely coiled, the 

helix angle measured from a plane normal to the 

helix axis is sufficiently small that its effect. 

Helical springs are widely used in many 

engineering applications. Because of their 

importance the free vibration analysis of helical 

springs has been extensively investigated. 

Literature Review 

Extraction of Finite element model was done in 

which a helical spring was considered which 

was subjected to either a tension or compression 

load F and a twisting moment M along the 

spring symmetric axis. Then the constraint 

equations were formulated. In the Finite Element 

model (FEM) of the helical spring, the tension 

and torsion in the helical spring had been 

formulated. As a result of the Finite element 

analysis it is seen that the helical angle is 

increased. The equivalent stress on wire for 

tension and torsion in the spring was analyzed 

and then the variation of the equivalent stress at 

inner most point in the tension and torsion 

spring with R/Rm and α were graphed. The 

FEM results matches with the analytical models 

for the tension and the torsion springs as the 

helical angle and the ratio of the wire radius to 

coil radius tend to zero [12]. The failure analysis 

of the passenger car coil spring has been done 

which had been failed after 100 km (approx.) 

running. It had been done by experimental 

techniques like, micro structural analysis and 

fractography by scanning electron microscopy 

(SEM), inclusion rating by optical microscopy, 

hardness testing, residual stress measurement by 

X-Ray diffraction (XRD) and instrumental 

Chemical analysis.  It had been observed that 

failure is due to, presence of Si and Mn in the 

excess percentage, inclusion of Oxide was 

found. It had been observed by using Optical 

micrograph and SEM, SEM fractography 

conclude that elliptical projection was slanted 

with respect to the axis of spring rod, the 

dimples and slanting nature was also observed 

by using SEM and by XRD it had been observed 

that residual stresses is not uniform and varies 

from location to location. The mode of failure is 

fatigue because the type of loading is cyclic in 

nature. Therefore maximum load is below the 

yield strength and the number of cycles is about 

10
6
 to 10

7
 [8]. Two nodes finite element with six 

degree of freedom per node is capable to model 

the total behavior of the helical spring.  The 

formulation, which includes the shear 

deformation effects, is based on the assumed 
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forces hybrid approach. The resultant 

equilibrium equation determine by the resultant 

forces. The model provides accuracy and 

compared with other elements.  Finite element 

allows distributing the different stresses along 

the spring and through the wire surface by only 

one element. [4]. The Differential Quadrature 

Method (DQM) has been applied for the first 

time to computation of the maximum shear 

stress in helical springs of rectangular cross 

section. The results obtained with a limited 

number of grid points agree well with available 

results obtained by previous investigators. The 

Quadrature rule for derivatives of functions was 

formulated as an analogous extension of the 

familiar integral quadrature. Quadrature refers to 

the idea of approximating a function by the 

linear weighted sum of the function values 

between the boundaries of the domain of 

interest.  Here the shear stress concentration 

factor for various numbers of grid points; square 

cross section and spring index value is found to 

be 20 and the effect of spring index on shear 

stress concentrate on factor of springs of square 

cross section had also shown in the tabulated 

form [3]. A 3D geometric modeling of a twin 

helical spring and its FEA to study the spring 

mechanical behavior under tensile axial loading 

is done. The spiraled shape graphic design is 

achieved through the use of Computer Aided 

Design (CAD) tools, of which a finite element 

model is generated. Thus, a 3D 18 degree of 

freedom pentaedric elements are employed to 

discretise the complex wired shape of the spring, 

allowing the analysis of the mechanical response 

of the twin spiraled helical spring under an axial 

load. The study provides a clear match between 

the evolution of the theoretical and the 

numerical tensile and compression normal 

stresses, being of sinusoidal behavior. The 

advantage of numerical approach related to the 

ability to access nodal data (internally) so that 

stress fields can be visualized. The isovalues of 

Von Mises equivalent stresses clearly indicate a 

predominance of the stresses along the internal 

radial fibers with maxima at the filament straight 

sections corresponding to 180, whilst the central 

fiber is less exposed to internal stresses [9]. Free 

vibration analysis of the cylindrical helical 

springs is done by using pseudospectral method. 

The displacement and rotation are given by 

series expansion of the chebyshev’s polynomial 

and the governing equations are collocated. The 

number of collocation points is less than the 

number of expansion terms to handle the 

boundary condition. The results of different 

boundary condition like fixed-fixed, free-free, 

fixed-free and hinged-hinged had been analyzed. 

For Pseudospectral formulations of a helical 

spring the geometry of the typical helical spring. 

R, s and a are the centerline radius of the helix, 

the distance along the helical spring and the 

pitch angle of the helix, respectively. Assuming 

the centroid of the cross-section and the shear 

centerline to coincide and neglecting the 

warping of the cross-section due to torsion, and 

derived the equations of motion of a uniform 

cylindrical helical spring for the free vibration. 

The parameters that affect the convergence of 

the solution of the pseudospectral method are 

investigated. It is found that the number of turns 

of the helix plays an important role on the 

convergence of the solution. The results of 

present study show good agreement with those 

of the transfer matrix method and the dynamic 

stiffness method [6].  This is the discussion is 

about the parameters influencing the quality of 

the coil spring. For reducing the weight of the 

automobile coil spring should also be analyzed. 

While utilizing the higher strength of steel, it 

posses advantages as well as disadvantages. A 

coil’s failure to perform its function properly can 

be more catastographic than if the coil spring 

used in lower stress. For increasing stress level 

the material and the manufacturing quality 

should be increased. Material cleanliness and 
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decarburization is also important. The failure 

analysis of the broken coil spring has been 

analyzed to design the coil spring. The failure 

presented the range from the basic load carrying 

capacity, raw material defect to complex stress 

usage and chemically induced failure. FEA of 

the stress distribution of the around typical 

failure initiation sites are also presented [13]. 

For the safety and comfort of the vehicle 

occupants the finite element model were 

developed to optimize the material and the 

geometry of elliptical spring depend on the 

spring rate, log life and the shear stress 

parameters. The composite elliptical spring had 

been analyzed. While applying the load tension 

and compression experienced, outside and inside 

the spring. The material used was woven 

fiberglass fabric due to its strength, weight and 

the widest range. It has been formally conclude 

by using Newton second law of motion.  By 

using FEA the design parameters like spring 

rate, fatigue life and the shear stress parameters 

were measured as a function of ellipticity ratio. 

Spring rates have been calculated from the slope 

of load displacement curve in the precrush and 

the linear stage. It had been concluded that the 

ratio of a and b is 2 gave the lower shear stresses 

and the log life data against the ellipticity ratio, 

varying from 0.5 to 2.5 and the number of the 

layers varying from the 20 to 30 for the 

composite elliptical spring model. The result 

conclude that the composite elliptical spring 

have better fatigue behavior than the 

conventional composite leaf and coil spring [1]. 

Using Timoshenko beam theory and Frenet 

formulae the equation of wave motion in helical 

spring had been derived and dynamic stiffness 

matrix also obtain. By applying the boundary 

condition, the natural frequency had been 

calculated by using Wittrick-Williams method. 

The results of finite element method and transfer 

matrix calculation had been compared. It is also 

analyze that at low frequency four propagating 

waves are found and at transition frequency only 

two waves remain, involving axial and 

transverse motions. It had also been conclude 

that spring is much stiffer at higher frequency as 

compare to the low frequency. The three 

different frequencies due to the effect of helix 

angle had also been investigated which show 

that at low helix angle an intermediate frequency 

range exists where six propagating wave types 

can occur that creates clustering of modal peaks 

in the transfer stiffness while at high helix angle 

only one of the transition frequencies remains 

and this clustering does not occur. For an 

automotive suspension spring, significant 

dynamic stiffening has been shown to occur at 

frequencies as low as 40 Hz, due to internal 

resonances of the spring [5]. The numerical and 

analytical studies for the free vibration analysis 

of non cylindrical helical spring had done. And 

after verification of the numerical frequencies, 

the non dimensional fundamental frequencies of 

fixed-fixed non-cylindrical helical spring with 

circular section are expressed with an absolute 

error of 5%. These expression restricted to the 

fundamental frequencies are also verified by 

ansys result [10]. The free vibration analysis of 

cylindrical helical springs is carried out by 

means of an analytical study and in the 

governing equations of the motion of the 

springs, all displacement functions are defined at 

the centroid axis and also the effects of the 

rotational inertia, axial and shear deformations 

are included in the proposed model [2].  In order 

to increase the mechanical strength of the 

manufactured bolt, the bolt-forming process was 

introduced based on extrusion process. 

Aluminum alloy 6061-T6 was used to produce 

an ultrafine-grained specimen by spring-loaded 

equal channel angular pressing (ECAP). Both 

the ultimate tensile strength (UTS) and 

elongation to fracture of the manufactured bolts 

increased compared to the conventionally made 

bolts [14]. Under uniaxial tension, large 
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deflections of elastic composite circular springs 

had been derived. Non-linear spring behavior are 

obtained and verified by experimental testing. 

Three E-glass woven cloth/epoxy composite 

springs with different aspect ratios are tested. 

The influence of elastic to shear modulus ratios 

and radius to thickness ratios to deformation are 

considered and discussed [7]. Depending upon 

the first order shear deformation theory and 

using transfer matrix method the linear free 

vibration analysis of symmetric cross-ply 

laminated cylindrical helical springs had been 

performed. The free vibration equations 

consisting of 12 scalar ordinary differential 

equations are solved by the transfer matrix 

method. The overall transfer matrix of the helix 

is computed up to any desired accuracy. The 

soundness of the present results is verified with 

the reported values which were obtained 

theoretically and experimentally [11]. The 

influence of ellipticity ratio on performance of 

woven roving wrapped composite elliptical 

springs has been investigated both 

experimentally and numerically. A series of 

experiments was conducted for composite 

elliptical springs with ellipticity ratios ranging 

from one to two.  

CONCLUSION 

The pseudospectral method will be applied to 

various problems such as the forced vibration 

analysis and multidimensional problems in the 

future. Finite Element Method results agree well 

with the analytical models for the tension and 

torsion springs whose helical angle and the ratio 

of wire radius to coil radius tend to zero which is 

beneficial for the analysis by multi-step loading 

process. Integrating finite element modeling in 

metallurgical failure analysis synergizes the 

power of failure analysis into convincing 

quantitative analysis which presumably trend in 

failure analysis. Composite elliptical springs 

have better fatigue behavior than the 

conventional composite leaf and coil springs. It 

can be utilized for vehicle suspension with 

substantial weight savings. The elliptical 

configuration successfully eliminates any 

possibility of delamination. Comparison of the 

results obtained with those of Finite element and 

transfer matrix calculations show very good 

agreement in dynamic stiffness, spring becomes 

much stiffer at high frequencies, compared to 

the static stiffness. The spring failed due to the 

inadequate shot peening process used to impart 

residual compressive stresses on the surface. On 

the basis of mixed-hybrid formulation, the finite 

spring element with two nodes is given and it is 

conclude that it is a single element that permits 

to avoid the classical modeling, which 

necessitates more time for resolving problems. 

The differential Quadrature Method has been 

applied to calculate the maximum shear stress in 

helical spring of rectangular cross section and 

compare the results with the previous 

investigator. There is no formula to be used for 

predicting the natural frequencies of non-

cylindrical helical springs, the frequency 

expressions obtained can be a valuable tool for 

spring designers. In future the analytical 

expressions developed can be used in cylindrical 

or non-cylindrical helical springs with other 

cross-sectional shapes and various end 

conditions. Ultrafine-grained high strength 

aluminum bolts was manufactured with no 

defects. The UTS of the developed bolts was 

approximately 7.9% higher than that 

manufactured by the conventional process and 

elongation to failure increased up to 9.8%. The 

spring stiffness increases with deflection and 

hard spring behavior is exhibited throughout the 

whole range of the dimensionless load. The 

effects of including shear and longitudinal 

deformations are found to be negligible for 

configurations in which the elastic modulus to 

shear modulus ratios are not large and the radius 

to thickness ratios are large. Hybrid composite 
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elliptical springs have better fatigue behavior 

than the conventional and composite leaf and 

coil spring. The hybridization technique can be 

used effectively to improve weight saving and 

performance in the automotive industry. 

Composite elliptic spring with ellipticity ratios 

of 2.0 displayed the highest spring rate. 
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