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Tech-Spring Report 21
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:-

1

L:\PROJECTS\810CollectiveResearchProg\tech reports\90417 Tech-Spring Report 21



INSTITUTE OF SPRING TECHNOLOGY

|dentifier; Far fatigue testing at Innotec
FPart Mo Stress relieving trials
Details: a10

Spring Type Round Wire Compression
Designed To: ErM 13906-1: 2002
Taolaerance Standard: Dim 2085 5 2096

Material
EM 10270 Pl Patented Carbon

Youngs Mod (E): 206000 Mimm*2
Rigidity Mod (G} 21500 Mimm*2
Density: 0000o7as kaimm®3
Unprestress: 0-45 %
Prestrass: 45-56 %

End Type: Closed and Ground

Dead Coils: 2.00

Tip Thickness: A0.00 %

End Fixation: Bath Ends Fixed and Guided

Design Parameters
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Date:

Calculated Data

Solid Length: 19.20
Min. Length {static): 21.37
hin. Length {dynamic): 2246
Solid Load: 60061
Solid Stress: 1017.8
Stress Factor: 1.21
Active Coils: 4.00
Spring Index B.81
Helix Angle: 7.81
Buckling Passihle: STABLE
Buckling Definite: STABLE
Spring Pitch: 9.02
Inside Diameter: 18.60
Mean Coil Dia. 21.80
Wire Length: 413.44
Weight /100 2.61
Matural Freg: 36E2A
Asz-Coiled Length:

hax Test Speed: M7

(Calculated)

Qperating Positions

Wire Diameter: 3.20 mm
Outside Diameter: 25.00 mm
Tatal Cails: 5.00
Spring Rate: 2578 Mirnm
Free Length: 4250 lilug!
Stress Data

Lower % Tensile

Tensile Solid 1

5L 1380 730 o
S 1610 B30 181
o 1610 B30 181
5H 1820 a6 P 16 1)
OH 1820 a6 P 16 1)
Specified

Operating Data

2
580
s0p
s0p
441
440

Operating Positions

1

Length {mim) 36.00
Laad (M} 167.94
Deflection {mm) 6.50
Stress (MImm*2) 284
Stress % Solid 28
Load Tal. Grade 1 (M) 16.22
Load Tal. Grade 2 (M) 2574
Load Tal. Grade 3 (M) 41149
0.0 Expansion (rmrm) 0.07z0

2
24.00
47688
18.50
202

T8
19.14
30.38
4361
0.205

Software Copyright @ 2002-2007 Institute of Spring Technology, Sheffield, Uk (Y7 .43)
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Mimm#2

Deg

mm
mm
mm
Ky
RFM
fmim
RPm



INSTITUTE OF SPRING TECHNOLOGY

|dentifier: For fatigue testing at Innotec
Part Mo Stress relieving trials
Dietails: 810

Goodman Diagram
Material:

Grade:

Shot Peened:
Pre-Stressed:

Operating Positions

Length {mm):
Load (M)
Corrected Stress (Nfmm*2):

36.00
167.55
342
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Date: 25/07/2008 09:25:03

EM 10270 Ft1 Patented Carbaon

OH
Mo
Yes
2
24.00
476.88
§74

SO0DMAM DIAGEANM
1500+ Based on IST data
1350+
1200+
1050+
)
E
= 9004
=
=
o Tal
g MAOTE: Lower Tensile
[ia)
c—cu 600+
i Fatigue Life:
450 1075 Cycles
— 106 Cycles
1077 Cycles
3004
1504
0 T T T T T T T T T !
0 150 300 450 600 750 900 1050 1200 1350 1500
Initial Stress (MN/mm*2)
Software Copyright & 2002-2007 Institute of Spring Technology, Sheffield, UK (Y7 43)

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.

[) 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
Ly Lzo Lz Laz
36,00 22,00 24,00 26 A5 [mm]

sroke | ——=__ | 1400 12,00 9,15 [mm]

T 284 933 808 6a4 [MPa]

T 342 1123 974 824 [MPa]

T | =< | 781 632 482 [MPa]

F 167 55 550,00 476 .90 40353 [N]

N | =] 25x10° 13107 23107

T 2042

k 1,204

Lc 19,20 [mm]
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Lifetime of the Tested Springs

sefies 432 MPa pieces 438 start 2008-09-29 - 2008-10-13
Meyer machine number 5 loading cycles 20,0E+6 el 2008-11-03 - 20081117 *H | 2.042]
. spring *h loading cycles to failure passad - spring Tkh loading cydes to failure passed
number | [MPa] [Mio] springs number | [MPa] [Mio] springs |
1 3457 i) 1 477 6 20
2 3457 20 2 477 6 20
t;:- 3 | 3457 P 20 53 | 4776 20
pered 4 3457 20 min 4 4976 20
5 3457 20 5 4776 20
6 3457 20 ] 477 6 20
1 4730 20 1 4319 20
2 4730 .l 2 4319 20
200° 3 4730 .l 280° 15 3 4319 20
5min 4 4730 20 min 4 4519 20
5 4730 20 5 4319 20
5] 4730 20 5] 4319 20
1 4749 20 1 4319 20
2 4749 20 2 431 9 20
200° 3 4749 2 280° 30 3 431 9 20
15 min 4 4749 0 min 4 4819 20
5 4749 20 5 4319 20
6 4749 20 5} 4819 20
1 4746 20 1 45335 20
2 4746 b1} 2 4835 20
200° 3 47456 20 300° 5 3 4835 20
30 min 4 4746 .l min 4 4335 20
5 4746 0 5 4835 20
5] 474 6 20 5] 4335 20
1 4717 20 1 45329 20
200° 5 2 4717 2N 2 4329 20
min set 3 4717 20 300° 15 3 4529 20
to sdlid 4 a7z 20 min 4 43249 20
length 5 477 il 5 4329 20
5] 4717 20 [ 4532 9 20
1 4748 370 6,50 510 1 4842 20
200° 2 4745 b1 2 4342 20
1;1";'0” 3 4745 n 3000 303 4342 20
solid 4 4743 v min 4 4342 20
length 5 4748 i 5 434 2 20
6 4748 20 6 454 2 20
1 4768 20
200° 2 4768 P
omn T3 | 4 2
salid 4 4768 20
length 5 4768 20
5] 4768 Pl
Figure 1
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Lifetime of the Tested Springs

Serienbezeichnung: 632 MPa pieces 43 start [2008-10-06 - 2008-10-14
Meyer machine nunber| 2 loading cycles| 10,0E+6 end [2008-10-20 - 2008-10-27 *H
i spring *h loading cycles to failure passed o spring 7kh loading cydes to failure passed
number | [MP ) [Mio] Springs number | [MPa] [Mio] springs
1 4833 2 1 62685 | 570 590 | 580
2 4833 20 2 6268 | 508 536 | 521
tgg_ 3 4833 b 20 8 3 6268 20
pered 4 4833 | 570 62 | 835 min 4 6268 20
5 4833 20 5 6265 | 53 570 | 553
6 4833 | 726 746 | 736 6 £26,3 20
1 6182 | 559 6 | 6,02 1 30,7 20
2 6182 | 372 s5m | 406 2 07 | 93 1000 | 970
200° 3 g182 | 372 s5m | 441 2900 15 3 30,7 20
5min 4 6182 1,00 1,27 114 min 4 630,7 20
5 6182 | 372 s5m | 475 5 £30,7 20
6 6182 | 559 689 | 646 5 07 | 100 143 | 122
1 6221 | 167 297 | 232 1 £29,5 20
2 6221 2 2 £29,5 20
200° 3 6221 2 29° 30 3 £29,5 20
15 min 4 6221 i) min 4 £29,5 20
5 6221 | o0ss 1m0 | 085 5 £29,5 20
6 6221 il 5 £29,5 20
1 6241 | 167 297 | 232 1 £30,3 20
2 6241 il 2 6303 | 361 486 | 424
200° 3 £624,1 20 300 5 3 30,3 20
30 min 4 24,1 20 min 4 03 | 764 893 | 829
5 6241 | 372 508 | 441 5 £30,3 20
6 6241 2 5 £30,3 20
1 6156 2 1 31,6 20
00 5| 2 6156 | 088 1m0 | 085 2 6316 20
minset [ 3 6156 | 343 372 | 358 3m° 18 3 6316 | 764 893 | 829
to sdlid 4 6156 b1 min 4 6316 20
length 5 6156 | 035 0,69 0,52 5 6316 20
5 6156 | 167 297 | 232 6 6316 20
1 21,0 2 1 6314 | 28 300 | 285
200° 2 621,0 0 2 6314 20
1:9:":::“ 3 6210 0 s 30 3 614 | 100 289 | 203
solid 4 21,0 il min 4 6314 | 764 893 | 829
length 5 §21,0 20 5 6314 20
6 6210 | 343 372 | 358 6 6314 | 160 289 | 248
1 624 5 2
200° 2 6245 0
3&";'0" 3 6245 b1
soiid 4 6245 | 526 547 | 537
length 5 6245 | 559 6 | 624
6 24,5 20
Figure 2
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Lifetime of the Tested Springs

Serienbezeichnung: 632 MPa pieces 43 start [2008-10-06 - 2008-10-14
Meyer machine nunber| 2 loading cycles| 10,0E+6 end [2008-10-20 - 2008-10-27 *H
i spring *h loading cycles to failure passed o spring 7kh loading cydes to failure passed
number | [MP ) [Mio] Springs number | [MPa] [Mio] springs
1 4833 2 1 62685 | 570 590 | 580
2 4833 20 2 6268 | 508 536 | 521
tgg_ 3 4833 b 20 8 3 6268 20
pered 4 4833 | 570 62 | 835 min 4 6268 20
5 4833 20 5 6265 | 53 570 | 553
6 4833 | 726 746 | 736 6 £26,3 20
1 6182 | 559 6 | 6,02 1 30,7 20
2 6182 | 372 s5m | 406 2 07 | 93 1000 | 970
200° 3 g182 | 372 s5m | 441 2900 15 3 30,7 20
5min 4 6182 1,00 1,27 114 min 4 630,7 20
5 6182 | 372 s5m | 475 5 £30,7 20
6 6182 | 559 689 | 646 5 07 | 100 143 | 122
1 6221 | 167 297 | 232 1 £29,5 20
2 6221 2 2 £29,5 20
200° 3 6221 2 29° 30 3 £29,5 20
15 min 4 6221 i) min 4 £29,5 20
5 6221 | o0ss 1m0 | 085 5 £29,5 20
6 6221 il 5 £29,5 20
1 6241 | 167 297 | 232 1 £30,3 20
2 6241 il 2 6303 | 361 486 | 424
200° 3 £624,1 20 300 5 3 30,3 20
30 min 4 24,1 20 min 4 03 | 764 893 | 829
5 6241 | 372 508 | 441 5 £30,3 20
6 6241 2 5 £30,3 20
1 6156 2 1 31,6 20
00 5| 2 6156 | 088 1m0 | 085 2 6316 20
minset [ 3 6156 | 343 372 | 358 3m° 18 3 6316 | 764 893 | 829
to sdlid 4 6156 b1 min 4 6316 20
length 5 6156 | 035 0,69 0,52 5 6316 20
5 6156 | 167 297 | 232 6 6316 20
1 21,0 2 1 6314 | 28 300 | 285
200° 2 621,0 0 2 6314 20
1:9:":::“ 3 6210 0 s 30 3 614 | 100 289 | 203
solid 4 21,0 il min 4 6314 | 764 893 | 829
length 5 §21,0 20 5 6314 20
6 6210 | 343 372 | 358 6 6314 | 160 289 | 248
1 624 5 2
200° 2 6245 0
3&";'0" 3 6245 b1
soiid 4 6245 | 526 547 | 537
length 5 6245 | 559 6 | 624
6 24,5 20
Figure 3
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Lifetime of the Tested Springs

seties 770 MPa pieces 18 start| 2008-11-25 - 20081128
Mever machine nunber | 3 loading cycles| 20,0E+6 end| 200812-08- 200812411 | K
o spring *h loading cycles to failure passed —_— spring Tkh loading cydes to failure passed
number | [MPa] [Mio] springs number | [MPa] [Mio] springs |
1 7094 | 106 112 [ 1,09 1 738 | 040 o060 | 050
2 7094 | 072 106 | 083 2 73 | 1@ 220 | 208
tgg_ 3 7094 | 072 106 | 095 200 5 3 73s | 22 228 | 224
— 4 7094 | 081 0 | 085 min 4 73 | 1B 140 | 124
5 7094 | 0s0 08 | 0g4 5 73 | 0w 037 | 034
6 7094 | 033 03 | 035 3 738 | 0 037 | 036
1 7645 | 035 043 | 039 1 757 | 190 220 | 205
2 7645 | 010 02 | 048 2 757 | 1@ 190 | 187
200° 3 7645 | 072 16 | 083 2900 18] 3 757 | 040 o060 | 050
5min 4 76435 | 028 0,35 0,32 min 4 757 0,95 1,04 1,00
5 7648 | 072 106 | 085 5 757 | 047 033 | 025
6 7645 | 063 072 | 088 6 757 | o0& 095 | 092
1 7678 | 063 072 | 088 1 7749 | 040 060 | 047
2 778 | 035 043 | 039 2 7749 | 040  ogo | 053
200° 3 wrg | 072 1 | 08 290° 30 3 7749 | 0@ 095 | 092
15 min 4 7678 | 028 03 | 032 min 4 740 | 08 077 | 073
5 w78 | o072 106 | 089 5 7749 | o0 o068 | 064
6 7678 | 072 106 | 088 6 749 | 03 037 | 035
1 7697 | 063 072 | 086 1 760 | 025 104 | 1,00
2 7697 | 035 043 | 037 2 760 | 140 158 | 149
200° 3 7697 | 063 072 | 0g9 300 5 3 760 | 03 037 | 034
30 min 4 7697 072 1,06 0,89 min 4 760 0,5 0,95 0,92
5 7697 | 035 043 | 039 5 7760 | 047 033 | 025
6 7697 | 035 043 | 04 6 760 | 0@ 037 | 036
1 7571 | 063 072 | 085 1 771 | o o077 | 073
2000 5| 2 7571 | 028 03 | 032 2 77 | 23 250 | 244
minset | 3 7574 | 106 122 | 1,09 30° 15 3 771 | o4  o0g0 | 050
to sdid 4 7571 072 1,06 0,89 min 4 7T 0,77 0,81 0,79
length 5 7571 | 063 0,72 0,68 5 77a | 0m 037 | 035
6 7571 | 063 o072 | o070 6 77a | 1m 140 | 124
1 7636 | 072 1,06 | 081 1 7792 | 140 158 | 146
200" 2 7636 | 028 03 | 032 2 792 | o o037 | 035
1;?;” 3 7836 | 112 13 | 123 300 30 3 7792 | 047 033 | 022
solid 4 7636 | 072 106 | 089 min 4 7792 | 140 158 | 152
length 5 7636 | 072 106 | 088 5 7792 | oe0 o068 | 064
6 7636 | 043 052 | 048 6 792 | 047 033 | 028
1 7676 | 035 043 | 038
3%02; 2 7676 | 028 03 | 032
i 3 7676 | 035 043 | 040
colid 4 7676 | 072 106 | 089
length 5 7676 | 133 13 | 135
6 7676 | 063 072 | 088

Figure 4
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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 5

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

photograph.

Figure 6

The fractures of the springs that failed after fatigue at 632 MPa were also examined, with
the details being recorded in Figure 7.
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