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Abstract-A suspension system or compression coil spring is designed to reduce shock impulse, and generate
kinetic energy. The coil spring operation is to dissipate or absorb energy. it also absorbs the shock generated by
road irregularities in a vehicle, results in enhanced ride quality, and an increase in ride comfort due to reduction
of disturbances. In a movement of a vehicle on a road when the wheels meet with a bump, the spring undergoes
compression load. This load compresses the spring and try to return to its original loaded length which in the
process of rebounding go past its normal height, results in lifting the body. The extended length of the coil due
to rebound tries to contract which way past its normal length and again rebound occurs with lower amplitude.
This bouncing process of the coil occurs repeatedly until it finally stops. If this bouncing process occurs without
any control, it causes uncomfortable ride and also leads to difficult handling of the vehicle. Therefore, designing
of spring in the suspension system is very important. In this work, a coil spring is designed and a 3D model is
created using CATIA V5. The model is also changed by geometrical modification of the coil. Structural analysis
is carried out on the different geometries of coil spring. Structural analysis is done to analyse the strength
through stress calculation using ANSYS. The results are compared for the designed coil spring geometries.
CATIA is the standard 3D product design software and ANSYS is a general-purpose finite element analysis
(FEA) software package. Finite Element Analysis is a numerical method of deconstructing a complex system
into very small pieces (of user-designated size) called element.

Index Terms- Compression, Conical Spring, Geometry, Helical Coil Spring.

1. INTRODUCTION

The primary function of the suspension system is to protect the vehicle chassis from being damaged due to
irregularities on the road or uneven surface on which it is moving. For this purpose, springs are used in the
suspension system as shock absorbers which absorbs shock impulse and dissipate kinetic energy. Without these
suspension systems, passengers will have a bouncing ride or damage of goods occurs as all energy is transferred
directly to the chassis in the absence of suspension. Compared to the stiffer springs, soft springs damp the
vertical motion of un-sprung mass and results in efficient damping of wheel bounce. Metal springs reduce the
shock loading and collision speed by absorbing the impact loads within the minimum cost. These can be
operated in a big temperatures range. Metal springs store energy rather than dissipating it. Metal springs are
usually operated with viscous dampers [1]. Different types of metal springs include helical springs, leaf springs,
Wave springs etc. Each spring type has its own physical, chemical and operating properties.

The helical springs are considered as primary elastic members of the suspension system, which act as energy
storage and also connect the body to the wheel. The helical spring reduces the shock transmitted to the vehicle
body due to irregular roads and uneven surface [2]. the dynamic load acting in different ways to the suspension
causes fatigue failure. One of the reasons of the failure is due to maximum stress on the inner surface of the
active coil and another reason is unsuitable material, which results in high-stress concentration at various
location leads to initiation of a fatigue crack. Helical springs are classified based on loads as helical
compression, tension and torsion spring. The springs are commercially manufactured with metals like vanadium
chromium steel or different grades of spring steels due to its high strain energy. Springs are supposed to support
axial as well as torsion loads which cause bending and shear stresses in the compression coil spring respectively.
Open coiled springs can be used as tensioning or compression elements due to the presence of large helix angles
and large pitch. The open coil springs have a wide range of applications as in brake drums, vehicle suspension
system or sometimes used as tensioning element etc.

2. LITERATURE REVIEW

In this section, the literatures survey is presented on the information about the various factors of the helical coil
spring. Various research approach like Numerical, theoretical and experimental are proposed by the various
researchers throughout the years. Study-related to various methods concluded that Finite Element Method is best
suited for numerical solution and calculating the stress, life cycle and shear stress of helical compression spring
[3]. A shock absorber of 150cc bike was designed by Poornamohan et al. [4] using PTC product pro/engineer,
and comparison between spring steel and beryllium copper was made to find the best material for the selected
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design. A structural analysis was carried out to analyse the design in ANSYS and it was found that the stress
induced in the spring was less than the yield stress value and it is also less for spring steel than Beryllium
copper. The existing design was then modified by reducing the diameter of the spring by 2 mm and analysis was
done which results in reduction of spring weight and again stress values reduces for modified design as
compared to present design. The results showed that best material for spring was spring steel and modified
design was safe to use. A. M. Wahl [5] has summarized basic and essential definitions, characteristics,
behaviour models, and calculation methods, load-deflection equation relating to the main types of springs.
According to Wahl’s assumptions, the derivation is accurate for cases where deflections per coil in the axial
direction of the springs are not too large and pitch angles are less than 10°. J. A. Haringx [4],[6], demonstrated
that an excellent agreement exists between the experiments and the results of a new theoretical calculation for
the elastic stability of helical compression springs of circular wire section. This calculation showed that the
critical relative compression at which buckling occurs depends only on the ratio of initial length, to the coil
diameter and on the method of attaching the spring ends. Finally, a continuous relation has been derived for a
nonlinear conical spring by Rodrigues et al., [7]. They illustrated that the conical compression spring behaviour
has a linear phase but can also have a nonlinear phase. The rate of the linear phase can easily be calculated but
no analytical model exists to describe the nonlinear phase precisely. This nonlinear phase can only be
determined by a discretizing algorithm. They presented analytical continuous expressions of length as a function
of load and vice versa for a constant pitch conical compression spring in the nonlinear phase. Validation of new
conical spring models in comparison with experimental data is performed. The behaviour law of a conical
compression spring can now be analytically determined Becker et al., [6][8], partial differential equations
governing the buckling behaviour of helical compression springs were developed and solved for both end fixed
and circular cross-section using transfer matrix method and produced buckling design charts. And the equations
governing resonant frequencies of a helical spring subjected to a static axial compressive load are solved
numerically using transfer matrix method for clamped ends. H. Wang et al., [9], has developed load-deflection
relationships by using the strain-energy method and nonlinear effects due to compression of the large diameter
coils have been discussed. M.H.Wu et al., [10], has proposed a model to calculate the load-deflection relation of
the conical spring and verified experimentally with static data. It shows that the maximum error between
simulation and experimental results was 4.6 %. V. Yildirim [2][11], has developed free vibration equations for
cylindrical isotropic helical springs loaded axially and solved numerically based on the transfer matrix method
to perform dynamically buckling analysis. The axial and shear deformation effects together with rotator inertia
effects are all considered based on the first-order shear deformation theory. However, Wolansky.E.B [5], has
derived the buckling —deflection equation of conical spring for both simply-supported and fixed ends. The
deflection due to shear load is omitted, and only energy from torsional and flexural stresses was considered.
Based on the literature reviewed, it was found that very less work is reported on the variation in performance
based on the geometric design of the coil spring. Hence, this paper deals with the selection of the suitable
geometric representation of a coil spring for enhanced factor of safety and load capacity.

3. METHODOLOGY

In this section, various geometrical design of coil spring is generated for the application of passenger vehicles.
The parameters selected for the design of coil spring is shown in table-3.1.
Table-3.1 Coil Spring Design Parameter

Wire Diameter (d) 9.49 x 1073 m
Coil Outer Diameter (D) 56.94 x 1073 m
Coil Free Height (H) 152 x 1073 m
No. of Active Coil (N) 11

Pitch (P) 13.8x 1073 m
Test Load (F) 2750 N

(@) Open-end Cylindrical (b) Open-end conical Coil (c) Open-end variable outer
Coil Spring Spring diameter coil spring

Fig. 3.1 Various Geometrical Design of Coil Spring
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The possible geometrical designs are explored by keeping these parameters constant and the model is developed
in CATIA V5® as shown in FIG.3.1. FIG.3.1(a) has a cylindrical shape of the coil spring whereas FIG.3.1(b)
represents the conical geometry of the coil spring. The cone angle is selected in such a way that the smaller coil
outer diameter should not be less than 20% of the maximum outer diameter. Therefore, the selected cone angle
is 2°. However, under higher load, the consecutive coils may touch each other and cause wear of the coil
sometimes failure of these coils therefore, these coils should have different outer diameter. This variation of the
outer diameter is calculated using Eq. (1), and coil spring is generated as shown in FIG.3.1(c).

DSO:D_ZXd (1)

The performance like deflection, Stress induced in these spring geometries has analysed through FEM Approach
using ANSYS® for the load of 2750 N. The material of all designed springs is considered to be chromium-
vanadium alloy. The properties of chromium-vanadium alloy are shown in TABLE-3.2. The designed geometry
is discretized into fine Quad element because it predicts more accurate results and computation time is also less
compared to the triangular element.

The number of nodes and elements generated on the geometry is shown in TABLE-3.3 and the meshed
geometry is shown in FIG.3.2.

Table-3.2 Mechanical Properties of Chromium-Vanadium Alloy

Young’s Modulus 210 GPa
Poisson’s Ratio 0.27
Ultimate Tensile Strength 1740 MPa
Density 7860 Kg/m®

(a) Open-end Cylindrical Coil (b) Open-end conical Coil Spring (c) Open-end variable outer
Spring diameter coil spring

Fig. 3.2 Mesh Structure on Coil Spring Geometries

Table-3.3 Number of Nodes and Elements Generated on the Geometries

Geometries of Coil Spring Number of Nodes Number of Elements
Open-end Cylindrical Coil Spring 66324 13377
Open-end conical Coil Spring 58732 11844
Open-end variable outer diameter coil 40743 7983
spring

One end of the spring is kept fixed and load is applied axially downward on the other end as shown in FIG.3.3.
The spring geometry is then analysed for directional deformation along Z-axis along and for the total
deformation as shown in Fig. 3.4. The geometries are also analysed for Von-mises stress and maximum
principal stress as shown in Fig. 3.5.

'G:Normal Geometry clockwise
Static Structural
Time: 1. s

27-03-2020 12:19 SRS
[&] Fixed Support 2
[B] Force: 2750. M —

5

.
0.000 0.070 (m) If_,
|

Fig. 3.3 Boundary Condition on the Coil Spring for the Analysis
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G: Normal Geometry clockwise G: Normal Geometry clockwise
Directional Deformation Total Deformation
Type: Directional Defarmation(Z Axis) Type: Total Deformation

Unit: m

Global Coordinate System
Time: 1

27-03-2020 12:54

Unit: m
Time: 1
27-03-2020 12:41

0.03432 Max
4.2158e-5 Max 0.030507
-0.0037525 0.026693
-0.0075471 0.02288
-0.011342 0.019067
-0.015136 0.015253
-0.018931 0.01144
-0.022726 0.0076267
-0.02652 0.0038133
-0.030315 0 Min
-0.034109 Min
z z
0.000 0.070(rm) I—‘w 0.000 0.070(m) I-L'
| K | .
0.035 0.035 ?
(a) Open-End Cylindrical Coil Spring
H: Tapered Geometry clockwise : H: Tapered Geometry clockwise
Directional Deformation Total Deformation
Type: Directional Deformation(Z Axis) Type: Total Deformation
Unit: m Unit: m
Global Coordinate System Time: 1
Time: 1 27-03-202012:52
27-03-202012:50
0.023619 Max
3.8043e-5 Max 0.020995
-0.0025817 0.01837
-0.0052014 0.015746
-0.0078211 0.013122
-0.01041 0.010497
-0.013061 0.007873
-0.01568 0.0052487
-0.0183 0.0026243
-0.02092 0 Min
-0.023539 Min
Z z
0.000 0.060(m) I—‘o 0.000 0.060 (m) I_~.
L — X I
0.030 0.030 :
(b) Open-End Conical Coil Spring
F: Yarying coil diameter clockwise : F: Yarying coil diameter clockwise
Directional Deformation Total Deformation :
Type: Directional Deformation(Z Axis) Type: Total Deformation
Unit: m Unit: m
Global Coordinate System Time; 1
Time: 1 27-03-202012:48
27-03-202012:48
0.049245 Max
. 3.4371e-5 Max E 0.043773
-0.0052798 0.038302
— -0.0105%4 —{ 0.03283
— -0.015908 — 0.027358
= -0.021222 — 0021887
I -0.026536 — 0.016415
— -0.03185 0.010043
-0.037165 i 0.0054717
H -0.042479 z 0 Min Z
-0.047793 Min
0.000 0,080 rm) L, 0.000 0,080 rm) =
0.040 0.040

(C) Open End Variable Outer Diameter Coil Spring
Fig. 3.4 Axial and Total Deformation of Coil Spring Geometries
From Fig. 3.4 it is observed that conical spring is stiffer than the other two geometries whereas variable outer
diameter coil spring is less stiff among all which allow more deflection in coils.
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G: Normal Geometry clockwise
Maxirmum Principal Stress
Type: Maximum Principal Stress

G: Normal Geometry clockwise
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: Pa Unit: Pa
Time: 1 Time: 1
27-03-202013:05 27-03-2020 13:06
1.7646e9 Max 1.2396e9 Max
1.5686e9 1.0975e9
1.3725e9 9,5542e8
1.1764e9 8.1334e8
0,8035e8 6.7127e8
7.6428e8 520108
5.8821e8 3.8712e8
— 3.9214e8 2.4504e8
ol 196073 1.0296e8
3.1821 Min -3.9111e7 Min

0.000 0.070{m) 0.000 0.070(m)
0.035 0.035
(a) Open-End Cylindrical Coil Spring
H: Tapered Geometry clockwise H: Tapered Geometry clockwise
Equivalent Stress Maximum Principal Stress
Type: Equivalent (von-Mises) Stress Type: Maximum Principal Stress
Unit: Pa Unit: Pa
Time: 1 Time: 1
27-03-202013:04 27-03-202013:04
1.7973e9 Max 1.1711e9 Max
1.5976e9 1.0345e9
1.397%9 8.97998
1.1982e9 7.6144e8
0,9851e8 624898
7.0881e8 4,8834e8
5.9911e8 3.517%8
3.9941e8 2.1524e8
1.997e8 7.8692e7
0.81465 Min -5.7857e7 Min
Z Z
0.000 0.060 (m) I_". ¥ 0.000 0.060 {m) I_"y ¥
0.030 i 0.030
(b) Open-End Conical Coil Spring
F: Varying coil diameter clockwise F: Varying coil diameter clockwise
Equivalent Stress Maximum Principal Stress
Type: Equivalent (von-Mises) Stress Type: Maximum Principal Stress
Unit: Pa Unit: Pa
Time: 1 Time: 1

27-03-202013:02 27-03-202013:03

1.7547e8 Max
6,8744e8
5,90e8
5.1137e8
4,2334e8
3.3531e8
247278
 1.592428
7.1208e7
-1.6825e7 Min

1.635e9 Max
1.4533e9
1.2717e9
1.0%e9
0,0834e8
7.2667e8
5.45e8
3.6334e8
1.81678
0.051323 Min

0.080 (m) 0.000

[ [ ] "““
0.040 0.080

(C) Open End Variable Outer Diameter Coil Spring
Fig. 3.5 Von-Mises and Maximum Principal Stress in Coil Spring Geometries
From Fig. 3.5 it is observed that stress generated in the variable outer diameter coil spring is lesser among all the
geometries due to reduced stiffness.
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Table-3.4. Comparison of All Three Geometries Based on Analysis

(a). Op.en-end. (b) Open-end conical (c) Open-end variable outer
Cylindrical Coil Coil Sprin diameter coil sprin
Spring pring pring
. 23.62 mm 49.25 mm
Total Deformation 34.32 mm (-31.29%) (+43.5%)
Directional 0.042 mm 0.038 mm 0.034 mm
Deformation ' (-9.5%) (-19.0%)

. 1797.3 MPa 1635 MPa
Von-mises Stress 1764.6 MPa (+1.9%) (-7.4%)
Maximum 1171.1 MPa 775.5 MPa
Principal Stress 1239.6 MPa (-5.5%) (-37.4%)
Factor of Safety 0.889 0.873 0.960
(FOS) ' (-1.7%) (+8%)

The comparison of all the three geometries based on analysis is shown in TABLE-3.4. From the table, it is
observed that the deformation of conical spring is 31.2% lower than the cylindrical spring because the applied
load is at a smaller diametrical end. This reduced deflection increases the von-mises stress by 1.9 % therefore,
the factor of safety is reduced by 1.7%. Whereas, the variable outer diameter coil spring reduces the von-mises
stress by 7.4% and maximum principal stress by 37.4% and therefore increases the factor of safety by 8%.

CONCLUSION

The present work is focused to explore the various possible geometries of the helical coil spring and analysing
the explored geometries of a suspension spring for motor vehicle subjected to the static condition of helical
spring. In this work, three different geometries of the helical spring are generated and analysed for the maximum
stress and deformation. Through the analysis, it is found that variable outer diameter coil spring has
comparatively 7.4% and 37.4% low von-mises and maximum principal stress respectively. These reduced
stresses in the spring increase the factor of safety by 8%, which indicates that the varying coil geometry is safer
than the other two geometries.

REFERENCES

[1] G. B. Jadhav, “Review on Development and Analysis of Helical Spring With Combination of
Conventional and Composite,” vol. 3, no. 2, pp. 1180-1184, 2015.

[2] Y. Zhu, Y. Wang, and Y. Huang, “Failure analysis of a helical compression spring for a heavy vehicle’s
suspension system,” Case Stud. Eng. Fail. Anal, vol. 2, no. 2, pp. 169-173, 2014, doi:
10.1016/j.csefa.2014.08.001.

[3] A.Jain, A. Jindal, P. Lakhiani, and S. Mishra, “Mathematical Approach To Helical and Wave Spring Used
in Suspension System : a Review,” Int. J. Mech. Prod. Eng., vol. 5, no. 6, pp. 15-19, 2017.

[4] P. Poornamohan and L. Kishore.T, “Design and Analysis of Shock Absorber,” Int. J. Res. Eng. Technol.,
vol. 5, no. 2, pp. 578-592, 2012, doi: 10.1016/j.matpr.2017.12.058.

[5] P. N. L. Pavani, B. K. Prafulla, R. P. Rao, and S. Srikiran, “Design, Modeling and Structural Analysis of
Wave Springs,” Procedia Mater. Sci, vol. 6, no. Icmpc, pp. 988-995 2014, doi:
10.1016/j.mspro.2014.07.169.

[6] J. Ekanthappa, S. Basavarajappa, and 1. Sogalad, “Investigation on design and fabrication of continuous
fiber reinforced composite helical spring for automobile suspension,” IET Conf. Publ., vol. 2013, no. 648
CP, pp. 0-3, 2013, doi: 10.1049/cp.2013.2529.

[71 A. Agarwal and V. Jain, “Design and Analysis of Helical Spring in Two Wheeler Suspension System using
Finite Element Method,” Int. Res. J. Eng. Technol., vol. 04, no. 09, pp. 748—752, 2017.

[8] S. Pattar, S. S. J, and V. B. Math, “Static Analysis of Helical Compression Spring,” Int. J. Res. Eng.
Technol., vol. 03, no. 15, pp. 835-838, 2014, doi: 10.15623/ijret.2014.0315158.

[9] P.R. Jadhav, N.P.Doshi, and U.D.Gulhane, “Analysis of Helical Spring in Monosuspension System Used
in Motorcycle,” Int. J. Res. Advent Technol., vol. 2, no. 10, pp. 107-111, 2014.

[10] H. R. Erfanian-Naziftoosi, S. S. Shams, and R. Elhajjar, “Composite wave springs: Theory and design,”
Mater. Des., vol. 95, pp. 48-53, 2016, doi: 10.1016/j.matdes.2016.01.073.

[11] H. Rajurakar and M. C. Swami, “Analysis Of Helical Compression Spring For Two Wheeler Automotive
Rear Suspension,” IOSR J. Mech. Civ. Eng., vol. 13, no. 2, pp. 29-33, 2016, doi: 10.9790/1684-
1302022933.

DOI Number: https://doi.org/10.30780/IJTRS.V05.105.003 pg. 25
www.ijtrs.com
wWWww.ijtrs.org
Paper Id: IJTRS-V5-14-034 Volume V Issue V, May 2020
@2017, IJTRS All Right Reserved



	DESIGN AND ANALYSIS OF HELICAL COIL SPRING TO IMPROVE ITS STRENGTH THROUGH GEOMETRICAL MODIFICATION
	Word Bookmarks
	ZEqnNum390337


