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Abstract :Valve helical spring is a critical part in valve train of the IC engine. It absorbs energy while opening of the valves and 

release energy during closing of the valves. It is basically a compression types of helical spring used in commercial vehicles. 

Spring stiffness plays a vital role in design of helical valve spring. The primary part of designing of valve helical spring is to 

define the stiffness of spring as per requirement of engine design. Then todesign for space constraints, to design for high fatigue 

strength, and to design for reliability. 

 

Index Terms– valve spring, stiffness, fatigue strength. 

I. INTRODUCTION 

A reciprocating internal combustion engine uses valves to control air and fuel flow into and out of the cylinders. All cylinders 

have two valves, first intake valve and second exhaust valve. Intake valve opens just before the intake stroke start. In the petrol 

engine this allows the air-fuel mixture to enter the cylinder or in case of diesel engine it is only air is allows to enter into the 

cylinder. Exhaust valve open before the exhaust stroke begins start so that the burned gases can easily escape. The valves are 
operated by the valve train.  We have two types of valve train used for a reciprocating engine depends on the engine ,first on is  

overhead camshaft with rocker arms, and second one is  camshaft in a block with a pushrod. The valve train consists of valves, 

rocker arms, pushrods, and camshaft and helical springs and the combination of all. If we analysis the data we found the critical 

component in the valve train is helical spring. Valve springs plays an important role in the controlling of breathing of internal 

combustion engine, also provide a resisting force that returns displaced valves to their closed position and seal the combustion 

chamber during compression and combustion. Spring is used to store energy and to absorb shock, or to maintain a force between  

contacting surfaces. They are generally made of an elastic material formed into the shape of a helix which returns to its natural 

length when unloaded.  

 

II. METHODOLOGY 

Firstly we take design requirement from the engine manufacturer, then we design the component using CAD software after that 

we performed CAE analysis using HYPERWORKS tools. If there is mismatch between the design requirements and results 

then make modification as per condition, then manufacture a final product. After that we perform some physical, then again 

perform fatigue life cycle analysis using CAE software for its sustainability. 

III. DESIGN REQUIREMENTS 

The reciprocating internal combustion engine is that engine in which the combustion is take place inside the engine cylinder. 

They are differentiate in manly two categories, first one is as per fuel is used and second one a type of stroke is used.  Our 

research is fully based on four stroke engines in which valve train mechanism is used to control breathing of internal 

combustion engine. The valve train mechanism is consisting of those parts which actuate the inlet and exhaust valve at the 

required time with respect to position of piston and crankshaft.  In this mechanism the most cruises part is helical spring, may 

be it is cheapest than all other parts but if this part is disturbed in functioning all engine work  and efficiency will disturbed.so 

the focus of our research is design of valve spring there are some basic requirements followed. 

 

 
 

IV. COMPUTER AIDED DESIGN 

CAD stands for Computer-Aided Design; with the help of computer aided design software we can create new design, modified 

it or may analysis it also. There are so many cad software are used in industries currently like pro-e, cre-o, catia, solid works 

etc.CAD software are used to increase the productivity, improve the quality of design, improve communication between deign 

and requirement virtually. That is not only for mechanical engineering but it is also useful for other engineering’s also. That’s 
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software are very useful in automobile industries for making virtual prototype. In our case we use creo parametric 2.0 as a 

CAD software, and design our model as per given dimensions. 
 

 

 

V. FINITE ELEMENT ANALYSIS 

Generally we have three types of technique to solve any engineering problem, first one is Analytical method in which we reached 

to our solution through formulas and hand calculations, it is a classical approach , it is assumed to 100 % accurate , but th is 

solution only applicable for simple problems .  A second technique is numerical method; it is basically a mathematical 

presentation of a problem in which we use matrix to solve any engineering problem using CAE software, in this technique we 

does not need to make prototype , it is a simple technique in which we design and analysis our product using computer system. 

Using this technique we can easily test our product, or make changes according to requirements, but the results cannot be believed 

blindly, we need to verify our results by other any techniques. A third one technique is physical experiments, in this technique we 

need to make a real product prototype and test it, if the test will goes failed need to design and modify, and again test is so we can 
see it was very long term process and very costly also, along with that, we needed an experienced workers for this work. So 

finally we solved our problem through numerical method, the numerical method basically based on discretization to convert our 

model from infinite to finite one, assume we have a geometry have infinite number of points, so if we want to analysis it , we 

have to solve infinite number of equations means we can’t achieve  the exact solution of our problem. So with the help of 

discretization, divide our model into countable number of nodes and elements, at the end we got final and exact answer of our 

equation. 

 

5.1 Meshing  

 

Meshing is process to generate elements in our model or in other term to replace surface or volume by element generation. 

Basically it is a process of subdivision of geometry in to discrete geometry. There are four types of elements used in mesh 
generation according to cad model geometry. The followings are described bellowed. 

 

1 D Element – 1 D element are used in one dimensional type of meshing, there are manly three type of 1D elements are used in 

industries and they are rod , bar and beam. 

Rod- used where only axial load is applicable, no twisting in the elements like- civil truss members. 

Bar- Used where element subjected to multiracial loading like- bolt joint, weld join etc.  

Beam- It is same as bar but also support unsymmetrical cross section. 

 

2 D Element – Two dimensional elements are used where two of the dimensions are very large as compared to third one. This 

type of mashing is used widely in the industries, because it is very simple to manage other than 3 D meshing. There are two types 

of elements are used in the industries, tria and quad elements. 
 

3 D Element- This type of meshing is used where, there is an no possibility for 2D type of meshing, manly a geometry has 

variable thickness in shape and have to small curvatures, there are two types of 3D meshing is used in the industries, hex and 

tetra. 

In our case we used tetra type of meshing because our geometry is in 3D , there is a no possibility of 2D meshing and has small 

curvatures , which need to be cover very carefully. 

 

 

 

 
 

 

5.2 Meshing Quality 

 

Modelling with Different types of element provides probability to introduce numerical incompatibilities in your model. 

Incompatibilities arise due to element degrees of freedom do not match at a common node. And mechanisms occur due to some 

forms of incompatibility or incomplete connectivity.  
 

5.3 Boundary Condition 

At our first condition we have to fix one end in all degree of freedom, and applied force at the other end for static structural 

analysis. 
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5.4 Analysis  

 

We used optistruct as a solver for this equation, because optistruct considered as a implicit type of solver in which time steps are 

very large that’s why it needs less time as compared to explicit type of solver. In industries mostly all type of static structural 

analysis solved by optistruct solver. 

 

 

 

VI. FINITE ELEMENT ANALYSIS 

As the results shows the maximum displacement is 26.06mm and the maximum stress is 694.2 mp, that displacement is not 

meet the design requirement and it will failed with respect to safety of factor. 

 

 

 
 

 

6.1 Comparison and modification 

 

After applying installation  load of 274 N we got displacement up to 26.06 and stress 694.2 mpa, we need to achieve first 

displacement is 13.0 mm and a permissible stress at the same load valve to meet our design requirement.  

There are two ways to meet this design requirement; first one is to make modification in basic dimensions of the helical spring 

and second modification we can make in material properties of heliacal spring, we changed the elasticity of modular up to 

4.21E+05 after that we got desired displacement and permissible stress. 
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After applied load of 350 mpa required to operate valve opening. 

 

 

VII. MANUFACTURING 

Generally for manufacturing of valve spring we considered two methods low temperature and high temperature according to 

heat treatment after cooling. With the low temperature heat treatment, the spring is submitted to stress free annealing process 

after cooling in order to reduce internal stress; this is basically unwanted lowering component strength by this heat treatment. 

As the second one manly used in the industries to increase stiffness and ductility of spring material.in this process the spring is 

heated to a temperature above AC3 after cooling and then is quenched. Using this process we can control stiffness, ductility 
and internal stress of the spring.  

 

There are some conditions are described below according to stiffness – 

CONDITION C - Results from heavy cold working (generally 45-50% reduction) of solution treated material.  

CONDITION CH900- Heat Condition C material to 900 F (482 C), holds for 1 hour, air cool.  

CONDITION A1750- After fabrication, heat solution treated material to 1750 F (955 C), hold for 10 minutes, cool rapidly to 

room temperature.  

CONDITION R100- Within 1 hour of treating to Condition A1750, cool to -100 F (-73 C) and hold for 8 hours.  

CONDITION RH 950- From Condition R100 material, heat to 950 F (510 C), hold for 90 minutes, air cool.  

CONDITION T- After fabrication, heat to 1400 F (760 C) and hold for 90 minutes. Within 60 minutes, cool to 55 F (13 C), and 

hold for 1/2 hour. 

 CONDITION TH1050- from Condition T, heat to 1050 F (565 C) and hold for 90 minutes, air cool. 
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VIII. PHYSICAL TESTING 

After manufacturing of valve helical spring, we test it to calibrate CAE results and physical results and also some other test to 

know the physical properties of modified material.Firstly we take we take a helical spring and measure its free length by 

verniercaliper. The measured value is 58.5.After measuring the free length, we are going to calibrate load v/s displacement value, 

and this can be tested by valve spring pressure testing machine.We applied the load of valve 274N and get the displacement value 

is 13.0 mm , then  load for valve opening is 350N and get displacement of 16.6mm  which is approximate same as our CAE 

results. 

 

 

IX. FATIGUE LIFE TESTING 

In the automobile industries valve spring subjected to high repeated load and are required to reliable for long period of time. 

The valve helical spring are designed for higher stress so the spring needs to be designed for higher fatigue strength.     

 

 

 
 

 

There are three cases for fatigue life test first one is normal steel material with 310 mpa yield stress, when we test it of fatigue we 

got minimum life of spring is 7.786E-01 that is not useable for the engine, after changing the material property we again test 

fatigue and we got minimum life of spring is 2.280E+04, then in the third case we changed the diameter of wire from 4.21 to 

6mm, and the minimum life of spring we got 6.077E+04 showed in blue region or other than this blue region all component is in 

red region , the life of red region is more than E+06 which is consider as infinite life , so our helical spring is in safe in both case. 

 

X. CONCLUSION 

May be considered the cost of valve helical spring is very low as compared to whole engine sub parts, but the failure of valve 

helical spring can cause major damages in the engine. And also as per the literature the performance and reliability of an engine 

is depends on valve spring performance, so that is not a negligible thing in the internal combustion engine , although it is most 

crucial part of the engine and valve train mechanism. We need to design the valve helical spring by predicting all cause of 

failure.In our research the spring failed to meet the basic design requirement, after upgrading the modules of elasticity up to 

4.21E+05, we meet the design requirement and make the spring stiffer. But in real that is not so easy to gain a desired stiffness 

that can be gain by heat treatment process , the specific heat treatment we used in our material is heat to 1400 F (760 C) and 

hold for 90 minutes. Within 60 minutes, cool to 55 F (13 C), and hold for 1/2 hour.  This design is also safe in fluctuation 

loading, have high fatigue strength, and have a maximum permissible stress up to 1260mpa. 
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