
1. INTORDUCTION
Springs are widely used in machinery, tools and equipment 
for many purposes such as energy storage and vibration 
damping. Prolonged vibration or oscillation and cycles in-
duces crack propagation from the weak points on the spring. 
These crack initiations begin with the notch effect created 
by the external surface or the irregularities within the mi-
crostructure. As a result of the spring fatigue or unexpect-
edly ending its life, the machine can undergo irreversible 
damage to its dynamic structure [1].

Various techniques are used to calculate fatigue life of the 
springs during design. Some of them have been tried to cal-
culate the spring life using the FEM (finite element meth-
od) method [2]. Other methods are various mathematical 
and numerical models that have been put forward [3, 4]. 
Although numerical models are used, there are various dif-
ferences among these thecniques [5]. The main reason for 
the differences is due to outer and intrinsic factors such as 
microstructure characterization, surface hardness, surface 
roughness, application temperature and application fre-
quencies [6, 7]. For this reason, simulating the fatigue of the 
springs in a real environment will give the most realistic re-

sult. Thus, irreversible damages can be prevented by deter-
mining the service life of the springs with the most accurate 
way [8]. 

Helical compression springs are among the most used 
spring types in the industry. This type of springs can be used 
in high-stress ranges where operating conditions are critical 
such as engines, pumps and valves [9]. The fatigue life of he-
lical compression springs depends on many factors includ-
ing the condition of the outer surface, surface roughness, 
internal structure of the material, discontinuities in the ma-
terial, working load, capacity, and frequency [10]. Therefore, 
compression springs should be tested under real conditions.

There are many spring fatigue machine designs in the in-
dustry. However, no study has been encountered that de-
termines the life of compression springs produced from 
high strength wires driven with a pneumatic system. Fatigue 
testing applied to multiple compression springs was not also 
coincided in the literature. In this study, a fatigue machine 
simulating the working conditions of compression springs 
was designed and produced. The operation and design of 
the mechanical, electrical, pneumatic systems of the ma-
chine were carried out. The working efficiency of the fatigue 
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machine manufactured within the framework of the deter-
mined designs was examined.

2.  MODELLING AND DESIGN 

2.1. Compression spring design for fatigue tests
Before designing the compression spring fatigue machine, 
spring dimensions and working ranges to be used for the 
experiment should be specified. In Figure 1, the dimensions 
of a compression spring that can be used in the fatigue ma-
chine are determined. L0 represents uncompressed spring 
length, L1 represents first compression length, and L2 rep-
resents second compression length.

After the compression springs are produced in length L0, it 
is expected to generate force between working intervals of 
L1 and L2 through its minimum the working life. At the end 
of fatigue life, the main goal is to have no or very low loss of 
compression force. Therefore, a device must be arranged to 
compress the springs between L1 and L2 lengths.

In addition, by increasing the number of samples, the most 
statistically accurate fatigue life can be determined. There-
fore, the most accurate design can be made by compressing 
many springs between two plates at the same intervals.

Force plates should be designed according to the size and ca-
pacity of the springs to be used in the spring fatigue machine. 
For this reason, it is necessary to standardize the dimensions 
of the springs that will be subjected to spring compression. 
The other purpose of this standardization is that the move-
ments of the springs must be restricted by design in order 
to simulate them with a healthy way. Our spring samples 
must be in certain size intervals in order to be limited in 
terms of design. For this reason, the most used spring for 
experiments in Figure 1 has been chosen as the dimensional 
reference. Also, the compression lengths L1 and L2 are the 
same as the real-life compression spacing at the workplace.

Figure 1. Compression spring sample design that to be tested.

In order to measure the forces between the lengths of L0 - 
L1 and L0- L2, the spring coefficient must be calculated. The 
spring coefficient can be determined by the force under two 
arbitrary shortening. Accordingly, a force of 139.4 kgf was 
obtained from the compression of the spring used as test 
reference to 98.5 mm, 97.4 kgf and 86.5 mm compression. If 
we convert the spring coefficient (1) into formula (2) accord-
ing to the standard size and material;	

.xF k= 				        (1)
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According to the spring coefficient obtained, the forces ob-
tained in L0 and L1 and L2 compression lengths are speci-
fied in (5) and (6).

F1= (L0 – L1) . k = ( 127.8 – 98.5 ) x 3.4 = 99.9 kgf   (5)

F2 = (L0 – L2) . k = ( 127.8 – 86.5 ) x 3.4 = 140.8 kgf     (6)

Figure 2 shows the fastening mechanism that ensures the 
fatigue of 12 springs at the same time. Care should be taken 
to ensure that the diameter of the springs is larger than the 
maximum compressed diameter. Otherwise, the same work-
ing condition cannot be achieved. A pin passing through the 
center was also added to the design to prevent the springs 
from dislodging and deflection.

The spring fatigue machine design is shown in Figures 3 and 
4. The springs placed between the upper and lower compres-
sion plates with number of 4 and 8 respectively are provided 

Figure 2. Positioning, design and the layout of the compression spring 
assembly.

Figure 3. Compression spring fatigue machine design from isometric 
view.
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with axial bearing with 4 column-bushing pairs number of 7. 
This bearing system is designed as dry bearing. Spring com-
pression action is provided by a pneumatic cylinder. Stop 
block with number of 3 and 5 are used to restrict pneumatic 
cylinder movement. It is possible to test different lengths by 
changing the length of the stop blocks according to different 
compression conditions.

Figure 4. Compression spring fatigue machine design from detail view.

Table 1. The assembly list for the compression spring fatigue machine.

No Part name Piece

1 Pneumatic cylinder 1

2 Upper plate 1

3 Upper stop block 2

4 Support plate 1

5 Lower stop block 2

6 Lower plate 1

7 Column 4

8 Spring seat plate 1

9 Bush holder 8

10 Bronze guide bush 4

11 Stop block holders 4

12 Spring guide shaft 12

13 Spring holder 2

2.2. Sizing of pneumatic drive piston
In the design, the drive force to be applied to the compres-
sion springs is designed to be carried out from a pneumat-
ic cylinder with the appropriate force. The force applied by 
the pneumatic cylinder is directly proportional to the cyl-
inder surface area and the applied air pressure. The stan-
dard air pressure used in factory systems is used as 6 ± 0.5 
bar (600.000 Pa). To ensure the compression of the spring, a 
force greater than the compression force of the springs must 
be obtained. The cylinder diameter to be driven is selected 
as 200 mm. In addition, the double-acting cylinder was se-
lected to return again by air power. The control of wheth-
er the selected diameter is greater than the applied force is 
made in (6).

A = ∏ x r2  = ∏ x 0,12 = 0.0314 m2

F = P . A;  F = 600.000 x 0.0314 

FCylinder = 18840 N = 1920.489 kgf

Ftotal comp=n . Fcomp single; Ftotal comp= 12 . 140.8=1689.6 kgf

FCylnder>Ftoatal comp

1920.489 kgf >1689.6 kgf  with this result, It is concluded 
that the pneumatic cylinder is suitable.

2.3. Electrical equipment design

Figure 5. Scheme received from the 220V electric source.

The electrical equipment of the spring fatigue device is 
shown in Figures 5 and 6. Figure 5 shows that the power tak-
en from the 220 V mains supply feeds the 24 V power supply 
and the ENDA 7700 digital counter. In addition, a 2 A fuse 
has been installed in order to protect the device in case the 
power drawn from the network is overloaded.

Figure 6. The main electrical scheme of compression spring fatigue 
machine.

Figure 6 shows the electrical diagram of compression spring 
fatigue machine fed by 24 V supply. Accordingly, the RZT1 
position sensor mounted on the pneumatic piston was po-
sitioned at the off position. When the sensor generate sig-
nals, it indicates that the piston springs are in the maximum 
compression position and the cylinder is completely down. 
The resulting signal controls the R1 switch. R1 switch is also 
connected to P1 solenoid. The MCB9 timer relay is set to 0.5 
seconds. The MCB9 timer relay is connected to both sole-
noids. The MCB9 timer relay activates solenoid P1 if it is on 
and solenoid P2 is off. However, the completion of the circuit 
depends on the allowance of the emergency stop and the 
counter. Since the counter is activated with the R1 switch, it 
will operate under normal conditions. However, the counter 
will not work when R1 is not turned on. Thus, possible un-
foreseen errors are prevented. Emergency stop is normally 
off and connected to the main solenoid control line. It op-
erates normally open like a counter, it cuts the circuit com-
munication when the emergency stop button is pressed, and 
ensures the test is stopped. The electrical equipment used in 
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the device is shown in Table 2.

Table 2. Electrical equipment used in the compression spring fatigue 
machine.

No Electrical equipment Piece

1 5/2 24V double coil pneumatic valve 1

2 MCB-9 multifunction time relay 1

3 24V relay 1

4 24V power supply 1

5 2 A fuse 1

6 Emergency stop button 1

7 Ech7700 counter 1

8 RZT1 sensor 1

2.4. Machine design and manufacturing
The assembled version of the designed compression spring 
fatigue machine is as in Figure 7. All plates are made of Ck45 
steel. Care has been taken to keep the parallelism tolerance 
below 0.01 mm in order to prevent deflection during the 
operation. For this reason, the bottom and surfaces of the 
plates were grinded in Ra 0.8 quality. Punch with counter-
sunk head made of 1.2210 material, which is a ready-to-as-
semble mold element, is used for the pins that ensure that 
the springs are centered and not removed during operation. 
It was assembled with the manufactured plates and other 
ready-to-assemble equipment, then, it was assembled into a 
base designed with aluminum profiles. The machine control 

unit and pneumatic valve are installed in an enclosure box. 
Emergency stop button and counter are mounted on the en-
closure box with an easily accessible manner. 

The highest speed is 60 compression cycles per minute, as the 
maximum operating speed is controlled by the multi-func-
tion time relay. This speed must run for 27.7 hours to com-
plete 100 000 fatigue cycles. The most important reason for 
the low working speed is also related to the closing time of 
the pneumatic cylinder and limit of air pressure line. 

3. CONCLUSION
In this study, a fatigue device is designed to simulate fatigue 
behavior of compression springs. In the design, it has been 
designed in a way to make the fatigue of 12 springs togeth-
er in order to be statistically correct. The working system 
has been designed successfully and it has been observed 
that there is no problem in its operation. Since it imitates 
the same life values encountered in real life, it is assumed 
to draw the closest possible result. It is practical and conve-
nient to use. However, further development of the system 
in terms of speed and instantaneous force measurement, 
inability to monitor S-N and strength values of the springs 
simultaneously constitute its main deficiencies. 
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