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SUMMARY
Patented, hard drawn carbon steel wire was obtained to BS 5216 ND3
from four sources, and the metallurgical characteristics were
determined.
Compression springs of one design were coiled on the same coiling
machine, and exploratory fatigue tests were carried out at one
level of initial stress, so as to establish the S/N curves and the
associated scatter of fatigue data.
This preliminary work has shown that all the wires conformed to the
tensile and surface quality requirements stipulated in BS 5216.1975.
Permissible levels of partial decarburization in one of the wires
were found to be asscciated with increased scatter of fatigue data
and a small but statistically significant reduction in the fatigue

properties of the springs made from this wire.
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INTRODUCTION

Previous work at SRAMA has shown that the scatter of limited life
fatigue data for carbon and low alloy springs can be significantly
influenced by both the wire source and the spring manufacturer(l'z).
The present work was intended to throw further light upon the
effecﬁs of wire soufce upcn fhé.scatter Sf fatigue data. Wires

were obtained from several manufacturers to one wire specification
and these were coiled to one nominal spring design by one spring
manufaéturer. The springs thus produced were fatigue tested at
equivalent stresses to produce S/N curves from which the |
intrinsic scatter of fatigue data could be determined.

Full tensile and torsional properties of the wires were determined,
particular attention being directed towards the variation in
properties about the mean values of the appropriate measurements,
Further samples of the wire were removed and stored with silica

gel in sealed containers for future examination of the wire surfaces
on the Scanning Electron Micfoscope.

This report is essentially concerned with the characterisation of
the wires, together with the results of preliminary fatigue work

which was necessary to establish the scatter of fatigue data derived

for springs made from wires obtained from four sources of supply.
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Future reports will involve detalled examination of the wire and
spring properties together with the results ¢f examination of
appropriate spring fatigue fractures on the Scanning Electron
Microscope, and correlation of these results with the scatter

of fatiéue data, where possible,.

EXPERIMENTAL TECHNIQUES AND RESULTS

Materials and Wire Properties

Wire of 2.65 mm diameter was obtained to BS 5216 ND3 from four
wire manufacturers, identified as wire sources A, B, C, and D.
Full tensile and torsional properties were determined for all

the wires, both in the "as received" condition and after low
temperature heat treatment at ZSOOC/% hour.

Tensile tests were carried out using a vertical Amsier multi-range
machine which had been substantially modified for direct load/
extension readout and which was equipped with an automatic X/Y
plotter. The latter was used with an extensometer having a gauge
length of 50 mm.

Torsion testing was carried out using a Tinius-Olsen machine which

had a continﬁously variable angular velocity of O - lBOO/min.

(2

Details of the test technique have been given in an earlier report
The results of the mechanical tests on the four wire batches are
shown in Tables I - IV, and it can be seen that the "as drawn"
tensile strength of all four wires feli within the range
1690-1890.N/mm2 which is stipulated for BS 5216 ND3 at 2.65 mm
diameter. |

Transverse microsections were faken through each of the wires to
assess the géneral surface quality of £he material.

Examination on thé optical microscope showed that all the wires

exhibited surfaces with small defects, which were occasionally

)
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oxidised, to depthg between 12 um and 25 um.

Wires A, B and D were completely free of decarburization.

Wire C exhibited partial decarburization to a depth of 12 um, with
occasional areas to a depth of 25 um.

All the wires thus complied with the surface quality requirements
stipulated in BS 5216 for normal duty dynamic wire, which would
permit surface defects and partial decarburization to radial
depths equal to 1.5% of the nominal diameter of the wire 1i.e.
39.75 um depth for2.65 mm diameter wire.

Spring Design and Manufacture

Springs ware coiled at SRAMA, on an automatic c¢oiling machine to
the nominal design shown in Table V.

After coiling, the springs were stress relieved at 250°C./% hour.
and pre—sfressed (6 scrags) after which the ends were ground at
SRAMA on a machine adapted for wet grinding.

Fatigque Testing

The fatigue tests were carried out at 48 Hz using single station
fatigue machines. The machines each had a maximum stroke and load
of 30 mm and 1000 N. respectively.

The appropriate sprinés were individually load tested and
preliminary S/N curves were derived for the four batches of
springs using an initial stress of 100 N/mﬁz.
Testing was carried out up to 107 cycles at maximum stresses of
700 ~ 1050 N/m_m2 in SO.N/mm2 intervals, using 4 springs at each
value of maximum stress.

The S/Nzresults for the springs from egch Wire batch were analysed

statistically using reciprocal/reciprocal Log relationships to give

regression curves with regression coefficients which were each

significahf at the 99.9% level of confidence bf the '&' distribution.
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The standard errors for each of the relationships were derived
from the residuals obtained via the regression relationships and
the appropriate raw S/N data.
The standard errors of estimate thus obtained and shown in Table VI,
were used as a measure of the overall scatter of results exhibited
by the spring batches. The mean regression lines are shown in
Figs. 1 - 4 together with the appropriate life for 95% confidence.
Statistical comparisons of the four fatigue curves showed that
there was no significant difference between the mean S/N data
derived for springs made from wires A, B and D. The mean data
obtained for springs made from Wire C may have been
significantly lower than that obtained for springs made from Wire
A, however, the difference in the mean curves being significant
at the 953% level of confidence.
Springs made from Wire C therefore tended to give fatigue lives
which were generally lower than those obtained for springs made
from Wires A, B and D, whilst simultaneously displaying a
tendency to increased scatter, as can be seen from a comparison
of the standard errors of estimate shown in Table VI.
These findings are interesting in that, of the four wires used for
this work, Wire C was the only material exhibiting any evidence at
all of partial decarburization, to a maximum of 0.9% of the wire
diameter.

CONCLUSIONS

It is clear from the results of the wire examination that all four
materials conformed to the reqguirements stipulated in BS 5216. 1975
fqr_ggggg} duty dynamic wire, in respect of tensile strength ahd

surface qualiﬁy.
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Future work will report the results of more detailed examination
of the wire surfaces and fatigue characteristics of springs made
from wires A and C. These wires represent the extremes of fatigue
scatter and surface quality, in respect partial decarburization,

found in the present work.
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TABLE V SPRING DESIGN

Wire Diameter 2.65 mm -
Mean Coil Diameter 21.7 mm
Total Coils 5.5
Active Coils 3.5

Free Length* 43 mm

* After L.T.H.T. 2500C/% hour, pre-stressing and end grinding.

TABLE VI STANDARD ERROR OF ESTIMATE FOR RESIDUALS (LOG N)
DERIVED FROM "BEST FIT" S/N CURVES

Wire identification
Parameter
A B C D
Standard error
of Estimate (Log N) 0.213 0.254 0.285 0.296
Number Qf S/N 28 29 ”g "
data points
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