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Abstract— A spring stiffness testing machine was produced 

which differentiates a good spring from bad one using 

hydraulic principle and locally sourced materials were used 

to produce at relative low cost and high efficiency. It also 

categories each spring by stiffness into one of several distinct 

categories based on its performance under test. This is to 

ensure that in the final assembly process, springs with similar 

performance characteristics are mated to ensure a better ride, 

more precised handling and improved overall vehicle or 

equipment performance. Taken into consideration under test 

were types of compression springs with varying spring 

loading and their different displacement recorded at different 

pressures to compare their stiffness. 

Keywords: Spring, Stiffness, Coil, Extension, Compression 

I. INTRODUCTION 

For coil spring, a typical performance test includes applying 

a series of variable loads to each spring literally bouncing it 

up and down for a specified period of time at a high rate of 

speed to determine its stiffness quality. The result is collected 

via gauge and compared to an established performance design 

standard. Due to a spring coil design, it generates side loads 

and moment in addition to axial load. When springs are used 

in moving mechanism, there dynamic behavior has to be 

analyzed. However, mechanism might not be able to test the 

stiffness for all forms of spring available on the mechanism 

or equipment but to taste only compressive spring.  

II. LITERATURE REVIEW  

In this paper there is reviewed on the design and analysis 

spring performance and fatigue life prediction of spring. 

There is also analysis of failure in spring. The aim of this 

paper to represent a general study on the analysis of spring. 

A lot of research has been done for improving the 

performance of spring. We can reduce product development 

cost and time while improving the safety comfort and 

durability of the vehicle produces. The study shows that the 

static stiffness of air spring is sensitive to the effective area of 

the cross section. The conclusion has certain practical 

significance for the design and the optimization of the same 

kind of air spring. Springs saves driver from road bunker and 

dunks or pits by helping to move tyre over a bump without 

damaging the chassis and if so tyres are able to follow road 

contours right. Springs are durable items and are easily 

inspected. Consumers also often change springs to alter their 

vehicles and to make good handling system. Spring problems 

are generally easy to identify. As we know pressure is applied 

on spring with the help of hydraulic system. Applied load and 

deflection produced in spring is measured by microprocessor 

and value of spring stiffness is displayed. 

III. OBJECTIVES  

1) To reduce testing cost.  

2) To reduce investment cost on machine.  

3) To increase profit of company.  

4) To save time. 

IV. METHODOLOGY  

1) Close the pressure relief valve and adjust the spring in 

between load cell and hydraulic cylinder.  

2) The machine contains hydraulic piston and cylinder 

arrangement to press spring under testing. By manual 

pumping hydraulic piston move forward and compress 

spring.   

3) Due to compression in spring, force is applied on load 

cell and deflection occurred in spring. 

4) Load cell is connected to microprocessor circuit. 

Potentiometer and load cell are connected to 

microprocessor. It calculates deflection from 

potentiometer and force from load cell.  

5) With the help of program, spring stiffness is displayed on 

screen.  

Stiffness (K) = Load (L) / Deflection(D) 

V. HYDRAULIC SYSTEM 

A. Definition 

Hydraulic system is defined as the system which is doing 

work with the help of hydraulic actuators by the force of 

pressurized hydraulic fluid. 

B. Hydraulics 

 
Fig. 5.2.1: hydraulic system 
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Hydraulics is universal for the entire engineering industry and 

is amongst the three most important media for the 

transference and control of force.  

The two other media are mechanical transference for 

example via clutch pedals and gears and electrical (for 

example via a generator). "Flowing energy" is transferred and 

controlled through a medium under pressure either air 

(pneumatic) or liquid (hydraulic). 

VI. WORKING PRINCIPLE   

 The working of hydraulic stiffness testing machine is 

based on Pascal’s law which states that “PRESSURE 

APPLIED AT ANY POINT ON ANY CONFINED 

LIQUID IS TRANSMITTED EQUALLY TO ALL 

OTHER POINTS” This principle is same as that used in 

hydraulic press.  

 The pressure is transmitted from hydraulic cylinder to 

load cell by application of a lever. The smaller cylinder 

is having plunger and hydraulic cylinder is having ram 

(piston and piston rod). Hydraulic cylinder is having a 

lever mounted over it. 

 When force is applied by lever, it gets multiplied to many 

times and that multiplied force acts on the plunger. Due 

to this force the plunger compresses the liquid. The liquid 

will be pressurized as it is confined between plunger and 

piston. 

 This pressure in liquid is transmitted by liquid to piston. 

As the piston is having larger area than plunger, the force 

delivered by piston and piston rod is much larger then 

force acting on the plunger. 

 The piston rod moves outwards and presses the spring 

placed between the hydraulic cylinder and load cell. 

When the release knob is opened the pressurized liquid 

gets escaped into the reservoir and due to the spring 

action of retracting spring the piston is brought 

backward. 

 
Fig. 6.1: helical spring machine 

VII. ADVANTAGES 

 Direct piston force is applied to the spring reduces power 

loss. 

 Avoids mechanical components failure reduces 

maintenance cost. 

 Total weight / force output ratio is very low. So it 

becomes Compact and economical construction. 

 Load cell is used to measure the force it increases the 

accuracy. 

 Efficiency of the test is improved. 

 With the help of special attachment we can find the 

tensile force of thin wire. 

VIII. DISADVANTAGES 

1) Spring wire dia. cannot be checked below 40mm and 

above 60mm. (If we check the diameter of spring below 

40mm there are chances for spring to buckle). 

2) As system is hydraulic, leakage may occur and hence 

refill. 

IX. APPLICATION 

1) The machine is used for measuring spring stiffness for 

different spiral and helical springs in the range of 40mm 

to 60mm.  

2) Can be used in garages where frequent inspection of the 

suspension of various automobiles is carried out.  

3) With the help of this machine it is possible to analyze 

when to replace the suspension by comparing the 

stiffness of the testing suspension with that of the 

standard stiffness.  

X. CONCLUSION 

The spring stiffness testing machine is designed and 

developed by using hydraulic principle. It consist mainly 

large cylinder, small cylinder, deflection scale and bourdon 

tube gauge. On the spring stiffness testing machine we can 

test spring having diameter range of 40 mm to 70 mm. The 

results have been verified with the calibrated digital stiffness 

testing machine. This machine reduces the checking time and 

cost when compared with conventional machine. It is readily 

apparent that the stiffness coefficient of SMA springs can be 

controlled. The properties of a spring considered in this paper 

can be controlled by electric methods. The variability range 

of controlled stiffness is really wide, amounting to even 100'. 

Tests revealed that spring characteristics are nonlinear. 

Ultimate spring behaviors depend on the SMA composition 

and spring construction. Springs with controllable stiffness 

might be employed in vibration isolation systems, e.g. in 

Frahm absorbers. The main shortcoming is that the stiffness 

values of SMA springs are by an order of magnitude lower 

than for steel. Besides, NTC01 have poorer fatigue endurance 

than spring steel 65G. These features have to be considered 

while ex ploring potential applications of SMA springs. On 

the other, smooth and easy change of the SMA spring 

stiffness re- mains its chief benefit. This unique property 

makes controllable springs appropriate for many diverse 

fields of applications, including vibration reduction systems 

where they can be easily tuned to variable operating 

conditions. At the present stage the research on SMA spring 
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stiffness seems a relatively easy task. Novel, improved SMA 

materials displaying new properties facilitate the design 

process, manufacturing, operation and maintenance of 

controllable- stiffness springs. 
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