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Abstract— Wave springs are precise flat wire compression 

springs that fit into assemblies that other springs cannot since 

the overall lengths and operating heights of Wave springs are 

lower than those of conventional round Wire springs, they 

will often reduce the size of an assembly by as much as 50%. 

of course, this will also reduce the part weight and raw 

material cost of every spring produced. Wave springs operate 

as load bearing devices. They take up play and compensate 

for dimensional variations within assemblies. A virtually 

unlimited range of forces can be produced whereby loads 

build either gradually or abruptly to reach a predetermined 

working height. This establishes a precise spring rate in 

which load is proportional to deflection. Functional 

requirements are necessary for both dynamic and static spring 

applications. Special performance characteristics are 

individually built into each spring to satisfy a variety of 

precise operating conditions. Typically, a wave spring will 

occupy an externally small area for the amount of work it 

performs. The use of this product is demanded, but not 

limited to tight axial and radial space constraints. In this 

paper, a three dimensional finite element (FE) model for 

shock absorber spring is proposed. The present work deals the 

structural analysis for modelling the structural behaviour of 

wave springs. The design of spring in suspension system is 

very important. In this work a wave type of spring is designed 

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

also changed by changing the length of the spring. Structural 

analysis has been conducted on the wave spring by varying 

the spring composite material such as SANDVIK 11R51 & 

SANDVIK 9RU10.Both are strip steel. For this analysis, 

loads are considered as bike weight, single person and two 

persons. Structural analysis is done to validate the strength. 

The present study makes an attempt to compare the results for 

selecting best material for springs.  
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I. INTRODUCTION 

Among the many types of springs, wave springs have 

attracted considerable attention this kind of long and reliable 

source of long lasting durability and considerable 

effectiveness than rest of the springs Wave springs are used 

to reduce the height of the spring and to produce the same end 

effect end that of a coil spring .these were first developed by 

SMALLEY Industries U.S.A in 1990’s.. An analytical model 

for stamped ring wave springs is proposed, Because of the 

particular shape of the spring in the un deformed 

configuration, the load—deflection curve is found to be 

appreciably bilinear in character. .When the vehicle moves in 

the high speeds there must also be a requirement to make 

analysis  fatigue and dynamic loading are to be done result of 

very high cycle fatigue tests on helical compression springs 

However, due to their huge computational tasks, practical 

experiments are also to be conducted on wave spring but due 

to high complexity,  the analysis is done is only confined to 

studies of  finite element analysis, so as to provide relatively 

sustainable outcome. 

 
Fig. 1: Wave Spring 

A. Types of Wave springs 

1) Multi- Turn Wave spring 

a) Plain Ends wave spring 

b) Shim Ends wave spring 

2) Single-Turn wave spring 

a) Closed wave spring 

b) Open wave spring 

3) Nested wave spring 

 
Fig. 2: Types of Wave springs 

B. Working of Shock Absorbers Spring: 

Shock absorbers work in two cycles--the compression cycle 

and the extension cycle. The compression cycle occurs as the 

piston moves downward, compressing the hydraulic fluid in 

the chamber below the piston. The extension cycle occurs as 

the piston moves toward the top of the pressure tube, 

compressing the fluid in the chamber above the piston. A 

typical car or light truck will have more resistance during its 

extension cycle than its compression cycle. With that in mind, 

the compression cycle controls the motion of the vehicle's 

unsprung weight, while extension controls the heavier, 

sprung weight. 
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II. OBJECTIVE 

When a vehicle is travelling on a level road, the spring is 

compressed quickly when the wheel strikes the bump. The 

compressed spring rebound to its normal dimensions or 

normal loaded length which causes the body to be lifted. The 

spring goes down below its normal height when the weight of 

the vehicle pushes the spring down. This, in turn, causes the 

spring to rebound again. The spring bouncing process occurs 

over and over every less each time, until the up-and-down 

movement finally stops. The vehicle handling becomes very 

difficult and leads to uncomfortable ride when bouncing is 

allowed uncontrolled. The designing of spring in a suspension 

system is very crucial. 

III. MODELING DIMENSIONS OF THE SPRING: 

Modeling of the coil spring and wave spring is done using 

CRE-O modeling software.    

Coil Spring:  

Mean diameter: 60mm      Free Length: 300mm pitch: 24mm                    

Wire diameter: 12mm number of turns: 10          

Wave Spring:   

O.D.:  54mm      I.D:47mm      free length: 300mm Number 

of waves per turn: 2       number of turns: 10 Thickness: 

0.54mm 

A. Material use for Springs:  

1) SANDVIK 11R51  ( STRIP STEEL) (16) 

Tensile strength – 1700 MPa 

Density- 7.9 g/cm^3 

Modulus of elasticity- 185 GPa 

2) SANDVIK 9RU10 (STRIP STEEL)(16) 

Tensile strength -1300 Mpa 

Density- 7.9 g/cm^3 

Modulus of elasticity- 180 GPa 

B. Modeling of Springs: 

Modeling of the coil spring and wave spring is done using 

Femap modeling software as shown in the Fig.3.1 & 3.2. 

 
Fig. 3.1: Modeling of Coil spring 

 

 
Fig. 3.2: Modeling of Wave spring 

C. Finite Element Formulation: 

ANSYS is 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 elements. The software 

Implements equations that govern the behavior of these 

elements and solves them all; creating a comprehensive 

explanation of how the system acts as a whole. These results 

then can be presented in tabulated or graphical forms. 

D. Structural Analysis of Coil and Wave Springs: 

 
Fig. 3.3: Variation of deformation with increasing load of 

coil and wave spring 

 
Fig. 3.4: Variation of strain energy with increasing load of 

coil and wave spring 

The Fig. 3.3 shows variation of Deformation with Load.  For 

same Parameters wave spring has less deformation compared 

to coil spring. From Fig. 3.4 it is observed that as load 

increases strain energy increases and the strain energy of 

wave spring is less than coil spring. 

E. Static Analysis of Coil and Wave Spring: 

The Fig. 3.5 show deformations and equivalent stress of coil 

spring when number of turns is 7 and load is 1200N. The Fig. 

3.6, shows deformations and equivalent stress of Wave spring 

when free length is 300 mm and load is 1200N. 
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Fig. 3.5: 7T coil spring 

 
Fig. 3.6: 7T wave spring 

By comparison wave spring has less deformation. 

As number of turns increases deformation increases, but in 

case of coil and wave spring as number of turns increases 

there is an average percentage variation of (7%) between coil 

and wave springs. From this analysis when number of turns 

increases, compared to coil spring wave spring has less 

deformation. Stress generated in wave spring is less than coil 

spring. 

F. Comparison of Coil and Wave Spring when Free Length 

Varying: 

The Fig. 3.7 & 3.8 shows variation of deformations when free 

length changes by keeping number of turns constant. By 

comparison for less number of turns coil spring is better than 

wave spring. 

 

 
Fig. 3.7: Deformation of coil spring 

 
Fig. 3.8: Deformation of Wave spring 

Free Length ,mm 
Deformation  in , mm 

Coil Spring Wave Spring 

300 9.01 8.5 

250 8.1 8.4 

Table 1: Variation of deformation of coil and wave spring 

with free length 

G. Comparison of Coil and Wave Spring when Twisting 

Moment   Varying: 

When a spring is subjected to twisting moment shear stress is 

developed and also strain energy is stored. From analysis as 

twisting moment increases shear stress also increases. From 

analysis it is observed that as twisting moment increases shear 

stresses of both springs‟ increases but as compared to coil 

spring there is lot of deviation in shear stress for same 

parameters. Since in applications where twisting moment 

acting wave spring gives better results compared to coil 

spring. It is also observed that equivalent stress for coil spring 

is high compared to wave spring therefore coil spring fails 

easily. From results, as twisting moment increases strain 

energy increases. The strain energy variation with twisting 

moment is observed that Wave spring possess more elastic 

strain energy compared to coil spring. 

H. Fatigue Analysis: 

The main factors that contribute to fatigue failures include 

number of load cycles experienced, range of stress and mean 
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stress experienced in each load cycle and presence of local 

stress concentrations. IC engine valve spring and automobile 

horn are subjected to high fatigue loads. In fatigue analysis I 

vary number of turns and free length of both coil and wave 

spring and results are tabulated. Life of spring varies with 

number of turns. From results it is observed that as free length 

increases minimum life to failure decreases, but wave spring 

has high fatigue life compared to coil spring. 

IV. RESULTS AND DISCUSSION 

The finite element analysis has been carried out for coil and 

wave springs by considering SANDVIK 11R51 and 

SANDVIK 9RU10 as spring materials and the results were 

compared as shown in the Fig.3.3 – 3.4. From the graphs it is 

observed that for all types of springs, as the stiffness of the 

spring material increases, total deformation decreases and 

corresponding stresses will increase. When the deformation 

decreases the spring back effect is less and the use of dashpot 

can be eliminated and the spring alone can be used as 

suspension system. Detailed analysis was made on Yamaha 

Crux shock absorber coil spring and wave spring of half e 

height with same dimensions. From the above analysis it was 

concluded that as wave springs undergoes less deflection than 

that of coil springs. Both springs were analyzed and 

compared at different loads and for different materials. It was 

also observed from the results that stainless steel is 

preferable. 

No. 

Turns 

Coil spring Wave Spring 

Deformation 
Eq. 

Stress 
Deformation 

Eq. 

Stress 

7 9.08 330 8.8 130.45 

9 9.97 340 9.81 138.89 

11 11.45 350 10.91 142.55 

Table 2: Variation of deformation & Eq. stress of springs 

with different no. of turns 

Twisting 

Moment 

Coil spring Wave spring 

Shear 

stress 

Eq. 

Stress 

Shear 

Stress 

Eq. 

Stress 

130 118.43 230.71 48.11 20.59 

150 130.28 253.78 58.52 27.41 

180 148.24 288.39 69.61 38.48 

200 165.81 323.01 81.02 45.42 

Table 3: Variation of shear stress & Eq. stress of spring with 

different twisting moment 

Free length 
Bucking Factor 

Coil Spring Wave Spring 

320 96.04 125.03 

300 98.21 128.02 

280 100.11 129.78 

250 102.48 131.08 

Table 4: Variation of bucking factor with different free 

length of the springs 

Load Coil Spring Wave Spring 

1200 N 13.597 11.815 

1100 N 12.464 10.831 

1000 N 11.331 9.8462 

Table 5: Variation of deformation for springs with 11 no. of 

turns and different load acting 

 

V. CONCLUSION 

Analysis on wave spring has been done by structural 

mechanics approach and results were validated and compared 

with the coil spring of the shock absorber. The deflection 

induced in the wave spring is average 25.88% less than the 

coil spring. The equivalent stress of wave spring is an average 

58.32% less than coil spring. The strain energy of wave 

spring is an average 21.3% greater than coil spring. For less 

number of turns and free length Wave spring has a 

deformation of 8.63 whereas coil spring has 8.34, so if we use 

8 number of turns and free length of 250mm coil spring is 

best suitable but as we increase free length or number of turns 

wave spring is better. 
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