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Tech-Spring Report 21A 

The Effect of Stress Relief Temperature on Carbon Steel Spring Fatigue Tests 
 
Introduction 
 
There has historically been some discussion as to what the optimum stress relief 
temperature is for carbon steel springs. This report details the study performed by Tech-
Spring to resolve this issue. 
 
Spring Design 
 
The spring design used for this study was as follows:- 
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In the stress data section above the following abbreviations apply:- 
  
O = overstressed 
U = unprestressed 
P = prestressed 
 
These are standard abbreviations appearing in ISTôs spring design software 

 
 
A single batch of springs was produced so that all of the heat treatment variations could be 
performed upon that batch. 
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Heat Treatment Program 
 
The following heat treatment cycles were adopted:- 
 

a) No heat treatment after coiling. 
b) 5 minutes at 200°C after coiling. 
c) 15 minutes at 200°C after coiling 
d) 30 minutes at 200°C after coiling 
e) 200°C 5 minute set to solid length. 
f) 200°C 15 minute set to solid length. 
g) 200°C 30 minute set to solid length. 
h) 5 minutes at 250°C after coiling. 
i) 15 minutes at 250°C after coiling 
j) 30 minutes at 250°C after coiling 
k) 5 minutes at 300°C after coiling. 
l) 15 minutes at 300°C after coiling 
m) 30 minutes at 300°C after coiling 

 
Fatigue Testing Program 
 
Results of the fatigue testing are summarised in the computerised record sheets supplied 
by Innotec, as shown in Table 1. 
 

Table 1 

 
 

The fatigue tests were performed in "Meyer" testing machines. In each test the springs were 
loaded between their length L1 and the length L2i (where i is the index for the test number). 
It was the aim to receive no fractures on the lowest loading level and that all springs break 
at the highest loading level. 
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Figure 1 
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Figure 2 
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Figure 3 
 

1. The springs were treated in 13 different conditions. For each heat treated condition  
3 loading levels were used. Six springs were tested at each loading level, making a 
total of 234 springs. (ANCCEM had supplied 260 springs; 20 springs of every heat 
treated condition). "20" in figure 1 means that the springs have passed 20 Mio 
cycles. In figure 2 and 3 the springs passed at 10 Mio cycles", the limit of the test 
cycles.  

2. The testing machines were inspected at many times. If a spring had broken it must 
have been between the last inspection and the new inspection time (marked green in 
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the table). Therefore the arithmetic mean value is applied (if there were more springs 
in the same time range broken the range is divided up in more parts e. g. If one 
spring broke between the inspection at 4 mio cyles and 4,6 mio cycles then the 
lifetime = 4,3 mio; two springs broke between the inspection at 4 mio cyles and 4,6 
mio cycles ==> lifetime = 4,2 mio and 4,4 mio). 

 
 
Metallography of Failed Springs 
 
One of the springs tested at 482 MPa failed prematurely on test, this was examined 
optically and by SEM to determine the reason, as shown in Figure 5. 

  
 

Figure 4 
 
A surface defect was found to be responsible for the premature failure, see Figure 6 a SEM 
photograph. 
 

 
 

Figure 5 
 
The fractures of the springs that failed after fatigue at 632 MPa were also examined, with 
the details being recorded in Figure 6.  
 
 
 


