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INTRODUCTION

Psrt one of this report dealt with the methods of fatigue
testing and of analysing the data obtained. The results
obtained from the individual materials tested are presented
in parts two to five. In this part, it is the intention

to look at the difficulties encountered in the fafigué
testing programme and also to examine the results obtained
for each material to discover whether there are any general

trends in the programme as a whole.
MATERIAL

The materials used in the research programme, together
with the specified range of tensile strength, are given

below.
Material Tensile strength (N/mm® )
BS 1408 C and D Range 1 1230 ~ 1390
BS 1408 C and D Range 2 .”._'i390 - 1550
' BS 1408 C and D Range 3 '  ,: 1550 - 1690
BS_2803 Grades I and I ; ' 51:L1”6O “:1620 -
BS 1429, En 47 Grade I~ 1550 - 1670 *
BS 2056, En 58A and En 587 . .a_.f-1230 -.1550

Approx1mate value, hardness’ sp901f1ed as 500/550 HV,

quality of the wire. Varlatlon in the quallty of the
wire would be expected if the material had been obtained
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from different sources, as eppears to be the case here.

Each manufacturer was asked to send a length of wire for
static testing with the springs, but only in some cases

was it received. Thus comparison between different batches
had to be carried out be checking the hardness and micro-
structure of sample springs.

(1),

noticeably influence the fatigue performance of a spring.
In the case of BS 1408 wire, it was found that the
variation 1n tensile strength over the permitted range

Previous work has shown that the wire properties can

of 150 N/mn® caused a difference of 20 N/mm° in the fatigue
limit of the springs.

SPRING DESIGN

The spring design used was the same for all the materials
tested. This could have two major consequences. One is
that in theory, if all the springs are coiled with the
same so0lid stress (as was specified), then different
materials would have experienced different amounts of
prestressing which would affect the fatigue properties

of the springs. This is because springs made from a
materlal with a low tensile strength would generally have
a low elastic llmlt, and therefore if coiled to giive the
same sollid stress as springs from a higher tensile Strength
material, would receive more plastic deformation and would
have a better residual stress pattern. From the results
of the research programme it would indeed appear that,

in general, springs- which have a higher solid stress have
a better fatlgue r931stance, although this dlstlnctlon

may be masked by metallurglcal differences in the_spr;ngs.

The second consequence was a practical one, namely'forg
some materials it Wwas  impossible for the manufacturers:
to coil the sprlngs to achieve the solid stress required

.__w1thout exce331ve dlstortlon. "For example, for BS 1408

Range 1, whlch has a spe01f1ed tensile strength of 1230 -
1390 N/mm the solid stresses of the springs from the
four suppllers was only between 925 and 1050 N/mmg.
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For BS 1408 Range 3 wire with 'a tensile strength of 1550~
1690, solid stresses of 1120 - 1180 N/mm® were achieved.
It is clear that the higher the tensile strength of the
material, the higher the solid stress with which the
springs can be made. Work carried out by the Association
has shown that for BS 1408, cold drawn wire, there is'a
solid stress above which springs cannot be made. This
value of solid stress depends on the tensile strength of
the wire and was found in all cases to be approximately

(2)

80% of tensile strength. This figure has also been borne
out by the data obtained from this project.

These two effects have made it very difficult to compare
the results of different materials, especially for the
six types of BS 1408 where the different tensile strengths
and different solid stresses have made it difficult to
produce the Goodman diagrams which are given in part 7

of this report.

MANUFACTURING PROCESSES

One of the principal points shown by the tests arises from
the fact that very few of the sprlngs recelived from the
four manufacturers conformed to the dimension and rate
spe01f1catlon 1ssued by SRA. The reason why the free -
length of the sprlngs varied has been discussed in section
3. The variation in rate, both within the springs from

on. manufacturer, and also from supplier to supplier caused
difficulty with the productlon of the finite life

=~fat1gue data. ' -

eThe actual me thod of manufacture of the sprlngs would not
vary a great deal from suppller to supplier since all the
_Nsprlngs were produced on automatlc 001llng machlnes The
Tow temperature heat treatment of the springs after 00111ng
serves to eliminate the detrimental stresses put into the
e:sprlng during colling and in: addltlon, for the cold drawn
material, raises “the elastic properties of the wire. ‘Details
of the stress rellev1ng temperatures for each materiagl .

are given in the approprlate part of this report. There
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was however, no way ‘to 'determine whether the heat treatment
had been carried Outfdorreotly;

The varlatlon observed in the fatlgue properties of springs
in the unpeened condltlon must be caused mainly by the
variations in the properties of the wire of which the
springs had been made. With the shot peened springs,
another parameter has been introduced which affects the
fatigue behaviour, that ofrthe shot peening process.

The specification issued by SRA called for springs to be
shot peened with 5330 shot to a Almen arc rise of 0.018/
0.022 A2, "ollowed by a low temperature heat treatment

of 22000 for half an hour. Fach spring manufacturer shot
peened the springs in his own plant and there is little
doubt that the greater variation of fatigue properties

in the shot peened springs reflect the effect of the
efficiency of the supplier's peening process.

Although the manufacturers were asked to send a sample
Almen strip with the springs, only one in fact did so.
Even springs peened to the same arc rise in different
‘machines could well have dlfferent fatigue properties.
Again there was no way to determine whether the springs
had been heat-treated correctly after peening, except it
appears that springs whlch might not have been heat-
‘tréated correctly have a greater tendency to relax durlng
fatlgue testlng.

The most noticeable trend in the shot peened springs was
that, in general,te springs from supplier 2.-had the poorest
fatlgue resistance for all materials. The gréatest amount
”of dynamlc relaxatlon usually occurred Wlth shot peened
‘sprlngs of suppllers 3 and 4 where the fatlgue limit at
f300 N/mm initial stress was Very close to the SOlld stress
of the sprlngs o o ' S a

}Qverell, thezwork;oarriegigutihas.shownrthat.there'can_bem_
quiterdistinct différences between the fatigue behaviour
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of. springs of one materizly, -but that because of both the
wide variations permitted 'in material specification and
the process variations generally aocepted in manufacturlng

-1t was not p0551ble to 1dent1fy the prime causes of the

differences. Apart from one or two exceptions, there was
no evidence to suggest that any of the springs were in
any way "defective" either regarding conformity with
material specilification or manufacture, and it must be
assumed that the springs are fepresentative of those
which are industrially available and that the results
obtained should be accepted as valid.

FATIGUE TESTING

The difficulties encountered in the fatigue programme have
been discussed in part 1 of this report and stem mainly
from the variation in spring dimensions (rate and free
length) from bafcn to batch. The result of the variations
was that 1t was necessary to load test and to adjust each
sprlng 1nd1v1dually on the fatlgue testing machines, and

in some cases it was not p0531ble to test springs of the
same material but obtained from different suppliers, at

the same time. - To some extent these problems were overcome
by'alfering the methods used to produce and analyse the

data.

The work has shown that the variation in the wire properties
and the manufacturing processes have a greater effect on

.the fatigue propertles for the finite life than for infinite

llfe performance

Experience with ‘the testing programme has shown that the

- machire specifiéally‘deéigned for theé project could'produce

fatigue data with confidence 1evels only for 11m1ted life,

- that is for 105 cycles for- unpeened sprlngs and for 10

and 106 ‘eyeles for shot peened sprlngs To produce the

“infimite 1ife’data®the sprlngs ‘had-to-be-tested on‘a’

different machlne, ‘which because of the insufficient number
of springs, could not produce the fatigue data with full
statistical levels of confidence.
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A1l results obtained from the fatigue testing programme
are summarised below in general terms.

The iine of maximum working stress can be represented by
an equation of the form.

MS = MS0 + P X IS

where MS
MS

0]

Il

maximum stress

il

maximum stress at zero

initial stress, constant for a particular
diagram
IS5 = value of initial stress

P = constant, equal to the slope of the line
of maximum stress

This equation is represented graphically in Fig.1.

For all the materials investigated the shape of the Goodman
diagrams for both finite and infinite life data differ
between the unpeened and shot peened springs. For any
particular material, the slope of line of maximum stress
:for the shot peened springs was less than the slope of
the line for the unpeened sprlngs This means in effect
that as the initial stress of the spring is increased so
the superierity in the fatigue resistance of the shot
Peened springs decreases. This is Particularly noticeable
for short life applications involving high working stress
where the benefits of shot peening are only marginagl.

For the Goodman diagrams for infinite life, the values of

MS and P have been calculated for each materlal in the
unpeened and shot-peened conditions and the results are
presented in Table 1. It can be seen that for three materials,
En k?, En 58A and En 58J in the unpeened condition, the
values of P are approx1mately equal to. unlty._ This means
that, the worklng stress range (max1mum stress -'1n1t1al
stress) does not. depend on. the_lnltlal stress in the spring.
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From the values in Table 1, the percentage increase in
working stress at zero initial stress due to- shot-peening
can be calculated. For BS 1408 and BS 2803, the increase
is about 25—35%,:fbr En 47 the increase is about 85%,
whilst for the stainless steel materials, En 584 and En 587,
the increase is over 150%. As explained above, however,
"this improvement in fatipgue properties diminishes as the
‘initial stress in the spring is increased.

CONCIUSIONS

(i) - The variation in the fatigue resistance of springs of
one material from different suppliers was substantially
affected by both the manufacturing processes and the
quality of the wire. |

i) The use of the same design solid stress for all
materials meant that some springs received a greater
amount of prestressing than others.

(iii) For some materials it was impossible for the manu-
facturers to coil the springs to achieve the solid stress

required without excessive distortion.

(iv) In general, springs which have a higher solid stress
have a better fatigue performance. '

{(v) The greater variation in fatigue properties of shot-
peened over unpeened springs reflects the effect of the
efficiency of the supplier's peening processes.

(vi) The improvement in fatigue properties on shot peening
was much greater on the stainless steel materials than
on the carbon steel materials.

(vii) As the initiél working stress in the:spring_is increased,
the superiority:in_fatigue resistance of the shot péened

springs is decreased.
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(viii) For high working stresses and short endurances
there is little advantage in shot Peening springs.

(1x)  The work has indicated the desirability of

tightening permissible tolerances in material specifications.
Indeed, since this work was undertaken, the specifications of
BS 1408 have been revised, those of BS 2803 and BS 1429

are under revision, and where possible these specifications
have been tightened up.
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TABLE 1

VALUES OF GOODMAN DIAGRAM CONSTANTS

UNPEENED SHOT-PEENED
MATERIAL
MS | P MS, P
(N/mm) (N/mm®)

1408C Range 1 420 0.725 570 0.475
1408C Range 2 480 0.667 640 0.225
1408C Range 3 540 0.617 710 0.48Y
1408D Range 1 460 0.750 590 0.575
1408D Range 2 520 0.750 660 0.650
1408D Range 3 580 0.725 730 0.575
BS2803 Grade I 550 0.717 760 0.425
BS2803 Grade II 540 0.700 690 0.375
BS1429 (En 47) 350 0.900 650 0.542
BS2056 (En 584) 140 1.000 450 0.800
BS2056 (En 58J) 170 0.925 430 0.440
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FIG. I.  EQUATION REPRESENTING GOODMAN DIAGRAM




