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Tech-Spring Report 24

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. This report details the results of
this work.

2. Spring Design

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

INSTITUTE OF SPRING TECHNOLOGY Date: 25§0872009 09:04:349
Spring Type Round'Wire Compression Calculated Data
Designed To: BS 1726-1: 1987 Solid Length: 22.00 mm
Tolerance Standard: BS 1726-1: 2002 Solid Load: 1983 4 Il
Solid Stress: 17473 Mimm*2
Material Stress Factor: 1.4
DIM 17224 Aust. Stainless Active Coails: 2.4a0
Youngs Maod (E): 195000 Minm*2 Spring Index: 3.43
Rigidity Mod {3): 73000 Minm*2 Helix Angle: a.40 Deg
Density: .00000¥ao0 Kafmm®™3 Buckling Possible: Mot Applicable
Unprestress: 0-40 % Buckling Definite: Mot Applicakle
Frestress: 40-549 % Spring Pitch: 7.29 mm
Inside Diameter: 11.70 mirm

End Type: Closed and Ground hlean Coil Dia.: 18.70 mm
Diead Coils: 2.00 Wire Length: 27347 mirm
Tip Thickness: A0.00 % Weights100: 271 Ko
End Fixation: Fixation not known Matural Freg: 951649 RPN
Design Parameters
Wire Diametar: 4.00 mim
Qutzide Diameter: 19.70 mrm
Total Cails: f.50
Spring Rate: 172.47 Mimm (Calculated)
Free Length: 33.80 mm
Stress Data

Lowver % Tensile

Tensile Solid

Crii 1500 16O
Specified
Operating Data
MO DATA

Software Copyright & 2002-2005 Institute of Spring Technology, Shetfield, UK (%7 .51)
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INSTITUTE OF SPRING TECHNOLOGY Date: 25§0872009 09:08:02
Spring Drawing Right hand helix
Material: DIM 17224 Aust Stainless

o Wire Diameter: 400 mm
‘De Qutside Diameter: 19.70 mm
”t Total Coils: A.40
RS Spring Rate: 172.47 Mimm
Ln Free Length: 33.a0 mim
.f_c Solid Length 22.00 mim
Fep Solid Load 18834 M
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Softweare Copyright © 2002-2005 Institute of Spring Technology, Sheffield, UK (W7 51

A single batch of springs was produced so that all of the heat treatment variations could be
performed upon that batch.

3. Heat Treatment Program

The following heat treatment cycles were adopted:-

a) 5 minutes for 250°C after coiling.
b) 15 minutes for 250°C after coiling.
c) 60 minutes for 250°C after coiling.
d) 5 minutes for 350°C after coiling.
e) 15 minutes for 350°C after coiling.
f) 60 minutes for 350°C after coiling.
g) 5 minutes for 450°C after coiling.
h) 15 minutes for 450°C after coiling.
1) 60 minutes for 450°C after coiling.
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4. Fatigue Testing Program

Spring samples were loaded onto Meyer fatigue test machines, to achieve the different
loading stresses as detailed below in table 1:-

Sprinﬂ data
i c o
Ly Jfrmim] X2 135
Ty / [MPa] 16875,5 0.0
Fi /M] 1801.8 0.0
T { [MPafM] 0,881
Test 1
i 1 2
L, fmm] 31.60 20,30
T/ [MPa] 200,0 500.0
Fi N 2270 567.6
Jtheoretic stroke S, § [mm] 230
Imeasured stroke S / [mim] 245
alternating stress 1., / [MFPa] 3000
Jmean stress Ty, [ [MPa] 3500
1 all springs passed 20 mio cycles
Test 2
i 1 2
L /[ ] 31,50 28,70
T [ [MPa] 200,0 570.0
Fy /N] 2270 6470
Jtheoretic stroke S, § [mm] 2,80
Imeasured stroke S / [mim] 2,80
alternating stress 5, / [MPa] 3700
Jmean 51.:255 T [ [MPa] 385.0
fbout half of the springs failed up to 5 mio cycle
Test 3
i 1 2
L /[ ] 31.40 27,60
Ty / [MPa] 2200 7200
Fi/N] 240.7 817.3
Jtheoretic stroke Sg, / [mm] 3,80
Imeasured stroke S / [mim] 3,60
alternating stress 5, / [MPa] 500,0
Jme=an stress Ty, {[MPa] 4700
1 all springs failed after 0,3 mio cycles

Table 1

The fatigue test results obtained for each of the three nominal test parameters are detailed
in figures 1, 2, and 3
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Results of the durability test
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Figure 1, 300 MPa loading
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Results of the durability test

370 MPa 54 start 2009-05-13
Maysr machine number| 2 loading cycl 5,0E=& and 2005-05-15
. spring kh loading cycles i fallure passed
mumber | pWPa) | ] EpIngs
] 358 5
2 3358 5
250" 3 3sE | 155 200 1.78
S min 4 3358 | 323 345 3,34
5 3358 5
3 3sp | 250 253 | 287
] ITOT 5
2 0T 5
250" 3 T 5
13 min 4 o7 | asz 400 361
5 o7 | 253 279 271
3 ITOT 5
—
i 366,3 5
2 3/e3 | 263 279 271
2507 3 3683 5
50 min 4 383 | 061 1,00 0.E1
5 a3 | 314 323 319
3 368,3 5
i 354,08 5
F 3549 5
350" 3 3540 5
5 min 4 3540 | 200 206 213
5 3540 5
3 3540 5
1 66,6 5
F 3688 5
350" 3 a6 | 304 323 3,19
13 min 4 3ee | asz 400 375
5 366,E 5
3 3688 ) 362 400 | 3E7
1 66,9 5
2 3660 5
35T 3 eS| 281 3.00 29
60 min E] 356,09 5
5 s | 279 281 2,60
3 3560 ) 250 263 257
1 a7 | 108 122 1,15
2 a7 | 352 400 3B
450" 3 36T 5
5 min 4 387 | 309 3,14 312
5 36T 5
3 38T 5
1 3666 5
2 3686 5
450 3 3666 5
15 min 4 a6 | 108 122 1,15
5 36 | 263 279 271
3 3686 5
1 ETFR] 5
2 ErpR | 5
450 3 721 5
&0 min 4 a7z | o5t 1,00 0Bl
5 721 5
3 T2 5

Figure 2, 370 MPa Loading
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Results of the durability test

500 MPa 54 start 2009-05-13
Maysr machine number 5 loading cycl 3,0E=5 and 2005-05-15
oW spring | tkh loading cycies o fallure passed
number | [hea] | Hla] | spings
1 4407 | 005 09 0,0
2 4202 | 005 o0 0,11
250 3 4407 | 028 020 0.2
S min 4 4402 | o005 0,19 0,13
5 4202 | 005 010 0,16
3 402 | o4 o021 | oon
1 S04 | 024 024 0,24
2 si4 | 00 oo 0,08
25T 3 s14 | 0O Do 0.1
15 min 4 soi4 | 025 0,25 0,25
5 =14 | 005 01D 0,13
3 s14 | 0O oo 0,16
1 R EEEEE
2 4909 | 005  O19 0,09
25 3 4009 | 005 010 0,11
50 min 4 4909 | o008 0,19 0,13
3 4009 | 005 010 0,15
3 4909 | 005 019 017
i ez | 0z 027 | Lz
F 4582 | 024 D24 0,24
3 3 4582 | 018 0 0,20
S min 4 4682 | 005 0,19 009
3 4582 | 0O Oio 0,12
3 4582 | 005 oo ois
1 4880 | 026 026 0,25
2 4880 | 005 019 0,08
3= 3 4880 | 005 oo 0,11
15 min 4 4380 | 036 0,38 0.37
3 4880 | 005 oo 0,13
3 4380 | 005 oo ois
1 4086 | 005 0% 0,07
2 4986 | 005 019 0,0=
35 3 4086 | 005 oo 0,11
60 min ] 4986 | oos  ouos 0,13
3 4086 | 005 oo 0,15
3 4986 | 005 010 oiz
1 4026 | 005 0,19 0,05
2 4026 | 028 02S 0I5
450 3 4026 | 005 o0 0,11
5 min 4 4926 | 005 019 0,13
3 4026 | 005 o0 0,16
3 gaz6 | o049 o021 | 090
1 4038 | 005 0% 0,07
2 4038 | 0O OO 0,10
45T 3 4938 | 0q18 0 0.0
15 min ] 4938 | o5 oo 0,12
5 4938 | 005 019 0,14
3 4938 | 005 010 oiz
1 4367 | 005 0,9 0,07
E 4067 | 005 010 0,02
45T 3 4967 | 005 D19 0.1
&0 min 4 4067 | 005 010 0,13
5 4967 | 005 D19 0,15
3 4067 | 005 oo 0,17

Figure 3, 500 MPa Loading
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Fatigue Test Results Analysis by Innotech

tempering conditions (series) lifetime alternating stress

temperature / [°C] time / [min] N pesns ¢ 10° [MPa]
5 0,15 440 20

250 15 0,15 501 40
60 0,11 490 80

5 0,17 463 20

350 15 0,16 435 D0
60 0,11 498 B0

5 0,14 492 B0

450 15 013 493 80
60 0,11 496 70

Table 2

Influence of tempering
(alternating stress T, = 500 MPa)
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Figure 4
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6. Fatigue Test Results Analysis by IST

As all of the tests at a stress level of 300 MPa passed 20 million cycles without failure
irrespective to tempering temperature no meaningful analysis is possible on this data.

When testing at a stress level of 500Mpa there is a subtle suggestion from the results that
15 minutes at temperature gives slightly higher fatigue lives than 5 minutes heat treatment.
60 minutes heat treatment gives inferior fatigue lives to 15 minutes and 5 minutes. The
overall spread in fatigue lives was however very small (from 0.07 to 0.27 million cycles)
reducing the value of this indication significantly.

IST have therefore concentrated analysis on the first fatigue failure for each time /
temperature combination at 370MPa set of data, with the following results:-

Temperature (°C) Time (minutes) Lifetime
250 5 1.76
250 15 2.71
250 60 0.81
350 5 2.13
350 15 3.19
350 60 2.57
450 5 1.15
450 15 1.15
450 60 0.81

Figure 5

This data is represented in figure 6 as graphs of fatigue lives against heat treatment times:-
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Figure 6

Heat treatment at 450° C gave the worst fatigue lives. Heat treatment at 250° C for either 5
or 15 minutes gave significant improvements over 450° C treatment. When this heat
treatment was extended to one hour there was absolutely no difference between 250 and
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450° C heat treatments in terms of fatigue lives. 350°C heat treatments gave superior
fatigue lives at all treatment times to either 250 or 450° C.

7. Metallography of Failed Springs

All fracture surfaces were examined for evidence of defects. No trace of any material or
manufacturing defects were identified that could have lead to premature failure of any of the
springs. In all cases failure was caused by overload.

A typical fatigue failure from these springs is illustrated in figure 7 (actually from the 350°C /
15 minute sample) below:-

25.0kV x35 200pm ——

Figure 7
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8. Discussion

Innotech performed their normal 50% statistical analysis routines for these springs — IST
performed the more simplistic “first failure” analysis normally used on just the 370 MPa test
data. In this case the first failure analysis generates more useful information.

The 300 MPa test data did not generate any useful conclusions as all springs survived the
fatigue testing unbroken.

Testing at 500 MPa stress range gave very short test durations for all springs making it
difficult to distinguish the effect of heat treatment from the normal variability of fatigue
testing.

The 370 MPa test data clearly indicated an improvement in fatigue life as heat treatment
times increased up to 15 minutes duration, but then a decline if this time was extended to
60 minutes. 450° C heat treatment temperature gave uniformly the worst fatigue lives. 250°
C heat treatment gave a significant improvement over 450° C heat treatment, but 350° C
was even better. This result surprised IST as there was considerable historical expectation
than 450° C would produce the best fatigue lives.

9. Conclusions

On the data available there are indications that the 350° C heat treatment temperature
imparts the best fatigue life, with the 15 minute time offering the best improvement. This
result was contrary to expectation. Further testing would be justified to confirm this result.

Unfortunately there were insufficient spring samples left at the end of the testing program to
be able to perform a residual stress analysis as well, so this report is not as complete as the
equivalent carbon steel program..

The inconclusive nature of the results indicates that further testing is required. Additional
springs have been requested to allow some additional work to be performed at IST.



