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The Effect of Stress Relief Temperature on Stainless Steel Spring Fatigue Tests
1.

Introduction

Report number 21 detailed the results of studies into the effect of stress relief temperatures
on Carbon Steel springs. It was concluded that a parallel study for the stress relief
temperatures of Stainless steel springs should be done. Report 24 details the results of this
work. This report details the further fatigue testing that was performed on a second batch of
springs at IST, to re-confirm earlier results, which surprised the partners. The results of the
residual stress analysis are to be added when they become available.
2.

Spring Design

The spring design used for this study was as follows:-

3.

Heat Treatment Program

The following heat treatment cycles were adopted:a)
b)
c)
d)
e)
f)
g)
h)
i)

5 minutes @ 250°C after coiling.
15 minutes @ 250°C after coiling.
60 minutes @ 250°C after coiling.
5 minutes @ 350°C after coiling.
15 minutes @ 350°C after coiling.
60 minutes @ 350°C after coiling.
5 minutes @ 450°C after coiling.
15 minutes @ 450°C after coiling.
60 minutes @ 450°C after coiling.

4.

Fatigue Testing Program

The heat treated springs were fatigue tested at 500 MPa and 600 MPa. The testing was
performed at IST.
5.

Fatigue Test Results Analysis by IST

The fatigue data for all heat treatment temperatures is presented below, and is grouped
according to the treatment time.

Figure 1. Fatigue data for all temperatures after 5 minutes heat treatment.

Figure 2. Fatigue data for all temperatures after 15 minutes heat treatment.

Figure 3. Fatigue data for all temperatures after 60 minutes heat treatment.

6.

Discussion

Plotting the fatigue life based on the first spring failure at 500 MPa for each temperature
reveals that the 450°C heat treatment gives the best improvement. It is also clear that a 5
minute treatment time is not optimum.
The 600 MPa fatigue tests did not provide statistically useful data for this type of analysis.

Figure 4. First failure fatigue life vs. heat treatment time at 500 MPa.

7.

Conclusions

A stress relieving heat treatment of 450°C for at least 15 minutes should be applied to
stainless steel springs in order to reliably improve the fatigue performance.
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