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Abstract— Leaf springs are widely used in automobile 

suspension systems.The main aim of present work is to 

develop software for design of leaf spring. Leaf Spring is a 

critical load bearing element that connects wheel to the 

chassis in an automobile application. The Suspension leaf 

spring of one of the potential items for weight reduction in 

automobiles in order to achieve increased fuel efficiency 

and improved ride characteristics.Programming the 

computer to handle a design work involves the 

development of program in line with the design 

procedures, coding the instruction set with a high level 

programming language.Developed software was able to 

design leaf spring while varying so many loading 

conditions such as static load condition, bending load 

condition, various dimensions of spring steel bar. They 

found the optimized dimensions to withstand the loadings 

and right combination of width and thickness to spring 

length of various leaves to prevent excessive deflection. 

Keywords: Excel, Leaf Spring, weight reduction, design 

parameter 

I. INTRODUCTION 

In order to conserve natural resources and economize 

energy, weight reduction has been the main focus of 

automobile manufacturers in the present scenario. Weight 

reduction can be achieved primarily by the introduction of 

better material, design optimization and better 

manufacturing processes. The suspension leaf spring is one 

of the potential items for weight reduction in automobiles 

as it accounts for 10% - 20% of the unsprung weight. This 

achieves the vehicle with more fuel efficiency and 

improved riding qualities. 

II. LITERATURE SURVEY 

Rajendran, Vijayarangan [1] optimized a composite leaf 

spring using genetic algorithm & they found a weight 

saving of 23.4%. A seven-leaf spring was reduced to a 

mono-teat from 9.28 to 2.26 kg. 

MahmoodShokrieh, DavoodRezaei[2] analysed the 

composite leaf spring stresses, deflections and verified the 

existing analytical solutions. Composite leaf spring was 

designed and analysed using ANSYS. They suggested the 

design and thickness varying linearly from middle to the 

end. 

Sachin G. Wagle, Satish S. Oesai, S. B. Wadkar [3]design 

the parabolic leaf spring considering breaking, cornering 

and bump loads in addition to the vertical load. Microsoft 

Excel is used for design of parabolic leaf spring which 

directly gives the parameter for design. They suggestedthat 

there is not much difference in the values obtained by the 

design procedure and the SAE(Society of Automotive 

Engineer) procedure. 

M.L. Aggarwal [4] calculated fatigue strength of shot 

peened leaf springs from laboratory samples. The axial 

fatigue strength of EN45A spring steel specimen is 

evaluated experimentally as a function of shot peening in 

the conditions used for full-scale leaf springs testing in 

industries.They developed computer program for 

estimating weight reduction at various shot peening 

intensity.   

Ghodake A. P, Patil K.N [5] researched new material for 

leaf spring. Leaf spring was designed and analysed using 

ANSYS.They analysed the steel & composite leaf spring 

stresses, deflection and strain energy.  They found that the 

composite leaf spring is lighter and more economical, 

more elastic strain energy storage capacity and high 

strength-to-weight ratio than the conventional steel spring. 

U. S. Ramakanth& K. Sowjanya [6] analysed of multi leaf 

springs of three different combinations by FEA static 

Analysis and also done fatique analysis of steel leaf spring. 

They found that cost of hybrid leaf spring is less compare 

to other leaf spring.  

Dipendra Kumar Roy and KashiNathSaha [7] analysed on 

large deformation of leaf spring systems, considering the 

effect of nonlinear material property variations.They found 

that concentrated loading produces maximum deflection 

followed by combined and uniform loading for all types of 

variation in material properties. MATLAB computational 

simulation is used for the final solution of the large 

displacement geometric nonlinear problem. FGM leaf 

springs are more economical than conventional leaf 

springs. 

Sean D’Silva, Sumit Jain [8] proposed the design of new 

type of leaf spring which has an integrated damper system. 

The new design is done using the Autodesk Inventor 

software and ANSYS software used for analysis. They 

found that the stress deformation is uniform and hence will 

have a longer life and more reliable. Leaf spring with the 

integrated dampers is more beneficial when it comes to 

reliability and performance. 

RiteshMistry, Vipul Dave &Nitesh[9] analysed the 

Mahindra Commander 650 DI Leaf spring of jeep. They 

found that when Jeep Takes Right turn Load Will Steady 

state between 0 to 50 sec. Loadwill decrease between 50 to 

80 sec. Load will increase Between 80 to 100sec. When 

Jeep Takes Reverse Direction Load Will Steady State 

Between 0 to 30 sec. Load will be Decrease 30 to 60sec. 

Load will increase at 70 sec. Load Will decrease Between 

80 to 100 sec. 

T.N.V.Ashok Kumar et al [10] design the leaf spring. They 

analysed the displacement, frequencies, deflections and 
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weight savings of composite leaf spring and steel leaf 

spring in ANSYS software. They found that weight is 

reduced by 27.5 % using composite leaf spring. The 

strength of the composites is more compared to that of 

Mild Steel. 

Ajay B.K. et al [11] analysed the different arrangements of 

composite leaves with steel leaves stresses, deflections and 

verified the existing analytical solutions. Leaf spring was 

design and analysed using ANSYS.They found that the 

composite material arrangement shows more deflection 

and stress than that of steel material leaf spring. 

A.A. Adekunle et al [12] Computer Aided Design is used 

for design of shaft. They developed Programme for design 

of shaft. Developed software was able to design shaft 

while varying so many loading conditions such as static 

load condition, bending load condition, various shaft 

diameter. They found the right diameters to withstand the 

loadings and right combination of the diameter to shaft 

length at various sections to prevent excessive deflection. 

III. DESIGN OF LEAF SPRING 

 

A spring is defined as an elastic machine element, which 

deflectsunder the action of the load and returns to its 

original shape whenthe load is removed. It can take any 

shape and form dependingupon the application. The 

important functions and applicationsof springs are as 

follows: 

Springs are used to absorb shocks and vibrations, e.g., 

vehiclesuspension springs, railway buffer springs, buffer 

springs inelevators and vibration mounts for machinery. 

Springs are used to store energy, e.g., springs used in 

clocks,toys, movie-cameras, circuit breakers and starters. 

Springs are used to measure force, e.g., springs used 

inweighing balances and scales. 

Springs are used to apply force and control motion. 

 

Design of leaf spring without nipping condition:  

Bending stress, 

 

σ = 
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Deflection 

δ =
       

(         )     
 …………………………… (1.2) 

 

Design of leaf spring with nipping condition: 

Bending stress, 

σ = 
 

 
 =
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Deflection 

δ =
       

(         )     
 ……………………….…... (1.4) 

Design optimization of leaf spring: 

The purpose of the formulation is to create a mathematical 

model of the optimal design problem, which can be solved 

using an optimization algorithm. 

A. Objective function 

The objective is to minimize the weight of the leaf spring 

with the prescribed strength and stiffness. The objective 

function identified for the leaf spring problem is given 

below: 

F (w) = ρ*L*b*t 

where ρ is the material density, t, the thickness at centre, b, 

the width at centre and L, the length of the leaf spring. 

B. Design Variables 

A design problem usually involves many design 

parameters, of which some are highly sensitive. These 

parameters are called design variables in the optimization 

procedure. Design variables for this software are: (1) 

centre width, b and (2) centre thickness, t. 

C. Design parameters 

Design parameters usually remain fixed in relation to 

design variables. Here, the design parameters are length of 

leaf spring L. design load, W, material properties-(i) 

density, ρ, (ii) modulus of elasticity, E and (iii) maximum 

allowable stress σmax. 

D. Design constraints 

Constraints represent some functional relationships 

between design variables and other design parameters, 

which satisfy certain physical phenomenon and resource 

limitations. The constraints are the bending stress σ 

equation (1.3), and vertical deflection, δ, equation (1.4). 

When considering both static and fatigue behaviour of 

composite leaf spring, the factor of safety (FOS) is 

considered. 

IV. EXCEL SOFTWARE 

A. Flow Chart 

Developer tool is used for this software. ActiveX control 

and form controls is useful tool for making this software. 

Flow Chart for design optimization of leaf spring is given 

below. 
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Fig. 1: Flow Chart for Design of Leaf Spring 

B. Select material standard and spring material 

 
 

Fig. 2: Select Spring material and Standards 

C. Without nipping condition 

 
Fig. 3: Design of leaf spring without nipping condition 

 

Stress in the fulllength leaves is 50% greater than the stress 

in the graduatedLeaves in without nipping condition. In 

order to utilise the material to the best advantage, all the 

leaves should be equally stressed so we go for with 

nipping condition. 

D. With nipping condition 

 
Fig. 4: Design of leaf spring with nipping condition 
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E. Excel Solver Tool 

Optimizations of leaf spring carried out by excel in Solver 

tool. 

 
Fig. 5: Excel Solver Tool 

F. Optimized design of leaf spring 

 
Fig. 6: Optimized parameter of Leaf Spring 

V. RESULTS 

Example: 1 [14]
 

 

Input Data 

Material: 55 Si2 Mn 90 

Nf           : 2 

Ng  : 10 

n  : 12 

W  : 15000 N 

L  : 600 mm 

ρ  : 0.00000785 kg / mm
3 

E  : 207000 N / mm
2 

Le  : 1100 mm where Le = effective length 

Lin  : 100 mm where Lin = ineffective length 

 

Range of Constraints 

σmin= 300 N / mm
2
 and σmax= 600 N / mm

2
 

δmax = 100 mm 

Range of Variable parameter 

40 ≤b ≤ 125; 

3.2 ≤ t ≤ 16; 

 

Optimized width, thickness and Weight are 40 mm, 14 mm 

and 39.124 kg respectively. 

 

Example: 2 [13] 
 

Material: 65 Si 7 

Nf : 3 

Ng  : 15 

n  : 18 

W  : 35000 N 

L  : 450 mm 

ρ  : 0.00000785 kg / mm^3 

E  : 210000 N / mm^2 

Le  : 900 mm 

Lin  : 100 mm  

 

Range of Constraints  

σmin = 200 N / mm
2
 and σmax = 400 N /  mm

2 

δmax = 80 mm 

 Range of Variable parameter 

40 ≤ b ≤ 125; 

3.2 ≤ t ≤ 16; 

 

Optimized width, thickness and Weight are 55 mm,16 mm 

and 74.60 kg respectively. 

VI. CONCLUSION 

In first example, the weight of existing design is reduced 

to 39.266 kg from 50.30 which show 22 % decrease in 

weight by using the Excel software. Similarly for second 

example it shows 32% decrease in weight. 

Thus the developed excel software is capable of giving 

optimized Design with different materials and different 

loading conditions. 
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