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OF SPRING MATERIALS

by

M. O'Malley B.Sc

INTRODUCTION

All springs operating under static loading are prone to set down
or relax, and the amount of relaxation depends on the type of
material from which the springs are made, the operating temper-
ature and the applied stress. The correct choice of spring
material for the application is very important to ensure that

only a minimal amount of relaxation occurs.

Over the many years that the Association has been in existence, a
great deal of work has been carried out assessing the stress
relaxation behaviour of the various spring materials, and the
results are spread through a very large number of research reports.
As an aid to the spring maker, all this information has been
gathered together to produce this design guide to the relaxation

of spring materials.

DESIGN GUIDE TO SPRING MATERIALS

The figures contained in this guide are in two forms. Figures
1 - 17 show the ISO-relaxation curves for the various spring
materials examined. These curves show the combinations of stress

”aﬁd'tEMDerafuré”under'WhiCh'fhe spring materials set down by 2.5,
5'and 10%. Figures 18 - 29 sliow the typicdal stress relaxation

behaviour of the sprlng materials at temperatures ranging from
100°C to 550°C (in 50 °c intervals).

The spring materials mentioned in thlS deslgn gulde have all
been given their recommended heat~ treatments and the_maJorlty of

them have been cold prestressed These heatutreatments -are.
described in the appropriate sections of the report.
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Table I shows the maximum permissible operating temperatures for
the various spring materials under static loading conditions.
Tables II and III give the 99% confidence increments for the
various stress relaxation curves represented in Figures 18 - 29.

(N.B. The curves shown are for 50% confidence).

To use these 99% confidence increments, add the figure quoted in
the appropriate table for the required temperature and material

to that obtained from the graph at the required stress to give

the maximum relaxation of the material. e.g. for 18Cr/8Ni stain-
less steels at a témperature of 250°C the 99% confidence increment
(from Table II) is 1.4%, and at 300 N/mm2 and 250°C the amount

of relaxation for 18Cr/8Ni stainless steels is 2.8% (from figure
23). Thus the maximum likely amount of relaxation is (1.4 +
2.8)% = 4.2%.There would, of course, be a 1% chance of the 4.29%

value quoted being éeXceeded.

All the stress relaxation figures in this guide have been produced
from data obtained for springs in the unpeened condition. For all
materials, if the:springs are in the shot peened condition, then

the relaxation will be greater.

The relaxation curves contained in this guide have been produced
from data obtained from relatively short term tests and serve

as a general guide to the seleqtipn of materials for springs
operating at elevated temperatufes. It should be recognized that
the relaxation values guoted are likely to be exceeded where
springs are subjected to.extended periods of time at temperature.

For instance it has been shown that carbon and stainless steel

sprlngs experlence about 60 - 70% of the possible relaxation
occurrlng after 10 000 hours ‘within a relatively short space of
time.

Phosphor-Bronze

SRAMA Reports 243300 |
oL Wil‘e‘Diam‘e_teI‘ : =‘iﬁ£é1imn o | P S (LF D ' S

LTHT “of “200°C for 3 h%ﬁ"7'

Prestressed
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Testing Duration 72 hours

Fig. 1 ISO-relaxation curves for 2.5, 5 and 10% relaxation
Fig. 18 Stress relaxation curves at 100°C

The maximum operating temperature of this material is

approximately 80°cC.

Copper—Beryllihm

SRAMA Reports 143, 263.

Wire Diameter 1.2 mm

Ageing treatment of 335°C for 2 hours

Prestressed

Testing Duration 72 hours

Fig. 2 1ISO-relaxation curves for 2.5 and 5% relaxation
Fig. 18 Stress relaxation curves at 100°C

Fig, 19 Stress relaxation curves at 150°C

The maximum operating temperature for this material is
approximately 125°C.

Titanium Alloys

SRAMA Reports 143, 288

Range of wire diameters 2.5 to 3.3 mm

LTHT of 250°C for % hour

Prestressed _

Testing Duration 72 hours

Fig. 3 1IS0-relaxation curves for 2.5, 5 and 10% relaxation
Fig. 18 Stress relgxaﬁion curves at 100°C

Fig. 19 Stress relaxétion curves at 1500C_‘

The maximum workinéﬁtéﬁpefaturé 0f this material 'is
approximately 150°C. o

Carbon Steels

Patented material - T SR

SRAMA Reports 115, 143, 233, 266, 301, 312, 325

‘Range of wire diameters 2.3 to 2.8 mm -

LTHT of 350°C for 3 hour
Prestressed
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'Testing Duration 72 hours

Fig. 4 18SO-relaxation curves for 2.5, 5 and 10% relaxation
Fig. 20 Stress relaxation curves at 100°C

Fig. 21 Stress relaxation curves at 1500C

Fig. 22 Stress relaxation curves at 200°C

The maximum working temperature for this material is

approximately 150°C.

Music wires

SRAMA Reports 143, 301, 312, 325

Range of wire diameters 0.7 to 3.2 mm

LTHT of 350°C for 3 hour

Prestressed

Testing Duration 72 hours

Fig. 5 1ISO-relaxation curves for 2.5, 5 and 10% relaxation
The maximum operating temperature for this material is
approximately 15000.

0il hardened and tempered material

SRAMA Reports 115, 143, 297, 311, 312, 325
Range of wire diameters 2.5 to 4.0 mm

LTHT of 350°C for i hour

Prestressed

Testing Duration 72 hours

Fig. 6 ISO-relaxation curves for 2. 5, 5 and 10% relaxation
Fig. 20 Stress relaxation curves at IOOOC

Fig. 21 Stress relaxation curves at 150 C

Fig. 22 Stress relaxation curves at 200°C

The maximum- Operatlng temperature for thls material is

approximately 180 C.

Low Alloy Steels

Silicon-chromium material

SRAMA Reports. " 143,. 234

Wire Diameter 4.0 mm:
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LTHT of 350°C for 3 hour

Prestressed

Testing Duration 72 hours

Fig, 7 ISO-relaxation curves for 2.5, 5 and 10% relaxation
Fig. 20 Stress relaxation curves at 1OOOC

Fig. 21 Stress relaxation curves at 150°C

Fig. 22 Stress relaxation curves at 200°C

Fig. 23 Stress relaxation curves at 250°C

The maximum working temperature for this material is

approximately 270°cC.

Chromium-vanadium materials

SRAMA Reports 143, 215, 234, 248

There are two types of chromium-vanadium spring steel used by
the spring maker, a 1% chromium-vanadium (En 47) and a 0.5%
chromium-vanadium. Unfortunately, there is not enough data
contained in the Association's reports to draw up ISO-relaxation

curves for either material.

The En 47 has better relaxation resistance than the low chromium-
vanadium, which must be hot prestressed to increase its relax-
ation resistance. Both materials must be given a LTHT of 4000C
for { hour after coiling, and both have a maximum operating
temperature of approximately 220°¢.

Stainless Steels

18Cr/3Ni stainless steels

SRAMA Reports 143, 194, 303, 306 315, 325

~Range of wire diameters 1.2 to 2. 8 mm

LTHT of 450°C for % hour
Prestressed
Testing Duration 163 hours

_Fig. 8 1IS0-relaxation curves for 2.5, 5 and 10% relaxatlon

Fig. 21 Stress relaxatlon curves at 150 °c _ S
Fig. 22 Stress relaxation curves'at-200 c

Fig. 23 Stress relaxation curves at 250°C
Fig. 23 Stress relaxation curves at 300°C
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o)
Fig. 25 Stress relaxation curves at 350 C

N e] .
The maximum working temperature is 320 C approximately.

Other stainless steels

SRAMA Reports 143, 256
Materials PH 13/7 Mo

Nitronic 50

Nitronic 32
Wire Diameter 2.4 mm for all these materials
LTHT 450°C for 2 hours for Nitronic 50 and Nitronic 32
Precipitation hardened at 480°C for 1 hour for PH15/7 Mo
All these materials were prestressed
Testing Duration 168 hours
Fig. 9 1ISO-relaxation curves for 2,5 and 5% relaxation for
PH15/7 Mo
Fig. 10 I80-relaxation curves for 2.5 and 5% relaxation for
Nitronic 50 ‘
Fig. 11 ISO-relaxation curves for 5 and 10% relaxation for
Nitronic 32.
Maximum permissible operating temperature for all three materials
is approximately 320°C.
There is not enough data contained in the Association's reports
to produce ISO-relaxation curves for 17/7 PH stainless steel, but

this material has a maximum working temperature of 320°cC.

Tungsten Steels

SRAMA Reports 143, 232

Wire Diameter 3.2 mm _

Heat Treatment 110600 in salt‘for 3 hour, oil quench, double-
temper at 590°¢C in salt for 2 hours.

Prestressed

Testing Duration 168 hours _ O
Fig. 12 ISO-relaxation curves for 2.5 and 5% relaxatién
Fig, 23'Sffesé‘réiaiation curves at 250°C

Fig. 24 Stress relaxation curves at 300°C

‘Figf 25 Stress relaﬁafﬁon curves at 350°C

Fig. 26 Stress relaiatibn curves at 400°C
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T

. o .
The maximum working temperature is 370 °C approximately.

18% Ni-Co-Mo Maraging Steel

SRAMA Report 279
Wire Diameter 2.65 mm

Ageing treatment at 480°C for 3 hours

Prestressed
Testing Duration 120 hours

Fig. 13 ISO-relaxation curves for 2.

Fig. 24 Stress relaxation curves at
Fig. 25 Stress relaxation curves at
Fig. 26 Stress relaxation curves at
The maximum working temperature for
approximately.

Heat Resistant Alloys

SRAMA Reports 152, 162, 194, 314

Inconel 600

Wire Diameter 2.65 mm

LTHT 450°C for # hour
Prestressed

Testing Duration 300 hours

Fig. 14 ISO-relaxation curves for 2.

Fig. 22 Stress relaxation curves at
Fig. 23 Stress relaxation curves at
Fig. 24 Stress relaxation curves at
Fig. 25 Stress relaxatlonlcurveé:ét

Fig. 26 Stress relaxatlon Cufﬁés”at

"350%¢
‘400 c

5 and 5% relaxation
300°C

350°C

400°C

this material is 350°C

5 and 5% relaxatlon
200°C
250°C
300%

foc R

The maximum operatlng temperature for Inconel 600 IS 400 C

approx1mately

Inconel X-750

R

Wire Dlameter 37

Heat' Treatment ot 1150°C for &' hours'
840°C for 24 hours air cool, and 700°C for 20 hours, air cool.

Haosivl

air cool. Ageauéf'
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Prestressed

Testing Duration 250 hours

Fig. 15 ISO-relaxation curves for 2.5, 5 and 10% relaxation
Fig. 27 Stress relaxation curves at 450°¢C

Fig. 28 Stress relaxation curves at 500°C

Fig. 29 Stress relaxation curves at 550OC

The approximate maximum operating temperature for this material
is 550°¢

Rene 41

Wire Diameter 2.64 mm

Heat treatment of 815°C for 16 hours

Prestressed

Testing Duration 240 hours

Fig. 16 ISO-relaxation curves for 5 and 10% relaxation

Fig. 27 Stress relaxation curves at 4500C

Fig. 28 Stress relaxation curves at 500°C

Fig. 29 Stress relaxation curves at 550°C

The maximum working temperature for this material is approximately
500°C.

Waspaloy

Wire Diameter 3.5 mm

Heat treatment of 1080°C for 4 hours, water quench, aged at
850°C for 24 hours.

Prestressed

Testing Duration 240 hours

Fig. 17 ISO—relaxatlon curves for 5 and 10% relaxation

Fig. 28 Stress relaxatlon curves at 500 C |

Flg 29 Stress relaxatlon curves at 550 C

The max1mum operatlng temperature is approx1mate1y 500 O¢c

Elgiloy, A286, Nimonic 90

There is not enocugh data to produce ISO—relaxatlon curves for

these materlals but a few selected stress relaxatlon curves’



are included in the guide.

Wire Diameters A286 2.64 mm
Elgiloy 2.41 mm
Nimonic 90 3.66 mm

Heat Treatments A286 aged at 705°C for 16 hours

Elgiloy aged 4t 525°C for 5 hours
Nimonic 90 solution treated at 1080°C
for 1 hour, air cooled aged at 750°C

for 4 hours
All materials were prestressed.

Test Durations AZ286 and Elgiloy 240 hours
Nimonic 90 250 hours

The maximum Working ﬁ%mperatures are 400°C for the Elgiloy and
A286, and 550°C for the Nimonic 90.

SUGGESTIONS FOR FUTURE EXAMINATION

1. Considering the large number of springs which operate
statically at room temperature, there is little information
availéble on the relaxation behaviour of springs under
such conditions. WorR is in hand to provide relaxation e
data for statically loaded springé At room temperature but
is currently limited to the more common spPring materials.

It is suggested that this‘work be extended to,include the
full range of materials available to the sprihg manufacturer
with the object of eventually produc1ng a design guide to
relaxation for springs operatlng at room temperature.

2. It is clear from the production of this guide that for certain
materials only a limited amount of relaxation data is
available which in tﬁrn‘hhé“prevénted the construction of
' ISO+relaxation curves of the type presented 1n thlS report.
For instance, matérials which are finding 1ncrea51ng useage
as springs, such as 17/7 PH and chromium-vanadium, have

insufficient related relaxation data to enable a picture of
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their stress-temperature relationships to be developed.
A programme of work is clearly necessary to overcome these

deficiencies.
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TABLE I MAXIMUM OPERATING TEMPERATURES FOR VARIOUS SPRING MATERIALS

MATERIAL ' MAXIMUM OPERATION
TEMPERATURE UNDER STATIC
LOADING CONDITIONS /°cC

Phosphor-Bronze 80
Copper-Beryllium 125
Titanium Alloys 150

Patented Cold Drawn
Carbon Steels 150
Hardened and Tempered 180

Carbon Steels

Chrome-Vanadium 220
Silicon-Chromium 270
Stainless Steels 320
Maraging Steels 350
Tungsten Steels 370

(High Speed Tool Steels)

Elgiloy, A286 400
Inconel 600, 400
Waspaloy, Rene 41 500
Nimonic 90, Inconel X750 550




TABLE 11 99% CONFIDENCE INCREMENTS FOR THE STRESS RELAXATION
CURVES (EXCEPT FOR THE NICKEL BASED MATERIALS).

D%
CONFIDENCE
MATERIAL TEMPERATURE LIMITS
Phosphor-Bronze 100°C 2.3
Copper-Beryllium 100°cC 0.6
150°C 1.0
Titanium Alloys 100°C 3.1
150°C 3.6
1 Patented Carbon Steel 1OOOC
150°C
200°C 3.9
b
' 0il Hardened and Tempered 100°C
: Carbon Steel 150oC 1
: 200°C 3.6
Silicon-Chromium IOOOC 1.8
150°C 1.0
200°C 1.2
250°¢C 2.1
Stainless Steel 150°C 0.5
200°¢C 1.2
250°C 1.4
300°C 2.1
350°C 1.2
Tungsten Steel 250°C 0.4
300°C 0.4
350°C 0.7
400°C 1.1
Maraging Steel 300°C 0.
350°C 0.1
400°C 0.1




TABLE III 99% CONFIDENCE INCREMENTS FOR THE STRESS-RELAXATION
CURVES OF THE NICKEL BASED MATERIALS

3 | o 7
H
CONFIDENCE
MATERIAL TEMPERATURE LIMITS
Inconel 600 f 200°cC | 0.8
? 250°C | 1.9
; 300°C ' 1.8
5 350°C 0.8
400°c 1.3
Elgiloy f 350°C 1
A286 s 200°C
Inconel X 750 f 400°C 1.2
450°C 0.7
500°C 2.1
550°C 1.4
Waspaloy 450°C
500°C
550°C 1.0
Rene 41 450°C 0.2
500°C 2.0
Nimonic 90 500°C 1.3
550°C 3.0
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