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Summary

The effect of low temperature heat
treatment on 0,048 in, diameter and 0.1Q4 in,
diameter EN.49C and EN,49D spring wire has been
investigated, Static tensile and torsional
tests on wires low temperature heat treated
over the range 150°C - 350°C have shown that
the necdnum elevation in properties occurs
when the wires are heat treated in the temperature
range 200°C - 250°C. Prestressing caused no
significant change in the optimum low tempera®ure
heat treatment temperature.
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THE EFFECT OF LOW TENPERATURE HEAT TREATLENT ON THE STATIC

MECHANICAL, PROPERTIES OF SOLE BRITISH SPRING WIRES

by G.B. Graves, A,Met., A,I.M, and R.A, Varo, A,I.M,

1. INTRODUCTION

High tensile steel wires produced by a process of cold deformation
possess relatively low elastic properties, in fact it has been stated that
such wires possess no "elasticity" .(1 In spring mamufacture it is
necessary to increase the elastic properties of the coiled spring by a
suitable treatment and this is achieved by both thermal and mechanical

means,

The present paper deals with the effects of L.T.H.T. on the static
mechanical propertics of some standard British hard drawn spring wires.
Later it is intended to investigate whether coiling stresses result in e
different L.T.II,T., to produce maximum elevation of the elastic limit,

2, MATERTALS

The specification, composition and size of the wires investigated

are given in Table I.

Table I Composition and size of wires

Specification | Wire Size Cast Analysis %
(in)
C | Mn Si S P
B.S.4408 EN,49D 0,104 0.78 0.60 0.24 | 0,024 | 0,016
Range 2
B.S.1408 EN.49D 0.048 0.79 0.66 0.20 0.18 0,018
Range 2
B.S.1408 EN,49C 0.104 0.79 0.60 0.21 | 0,021 | C.016
Range 2
B.S.1408 Eii. L9C 0.048 0.79 |0.66 0.20 0,018 | 0.018
Range 2 ]




3. EXPERIMENTAL PROCEDURE

Random samples for heat treatment and testing were taken from
each coil of wire. As the wire was "dead" in the coil it was necessary
to straighten very carefully the cut samples by hand. Previous
experience had shomn that by this method the minimum amount of residual
stress is introduced into the specimen., Duplicate mechanical tests
in tension and in torsion were undertaken on material which had been
heat treated over the temperature range 150°C to 350°C. The effect
of prior low temperature heat treatment on the elastic limit in torsion
after prestressing has also been studied,

The heat treatment of the straight sample lengths was carried
out in an eir circulating oven having an accuracy of + 2°C. Previous
work(z) had shown that there was little advantage to be gained from heat
treatment times greater than 30 mins, consequently the time of 30 mins
was adopted througihout this investigation.

L. MECHANICAL, TESTING
4.1 Tensile Properties

All tensile tests were carried out on a grade A universal testing
machine, the load range being selected according to the wire diameter such
that at least 75/ of the full scale deflection was utilised during the test.

4.2 Torsional Properties

The torsional properties were determined on a machine having a
maximum capacity of 50 1lb.in, using specimens having a gauge length 100
tines the wire diameter. The maximum shear stress, elastic limit, and
maximum elastic limit after prestressing were determined for wires in
various conditions of low temperature heat treatment. In view of
hysteresis of some of the stress-strain curves a true limit of proportion-
ality could not be obtained and the elastic limit was therefore determined,
this was taken as the point at which the first perceptible sign of permpnent
set took place,

The method of prestressing used was based on two distinot
experiments, Namely, (a) subjecting the wire to & very small inorement
of stress above the natural elastic limit of the material, removing this
stress and then repeating the load application a further five times. i'hia
procedure was then repeated for a higher level of stress and the process
continued until a sta;e was reached when the repeated application of a
given stress rcsulted in plastic deformation still occurring on the sixth
application, The stress value below this increment at which no plastic
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deformation occurred on the sixth repeated application was taken as

the maximum prestressed elastic limit. (b) Subjecting the wire to
some arbitrary torsional stress value for six repeated stress applica-
tions well in excess of the prestressed elastic limit determined in (a).
Subsequent stress espplications to successively reduced stress levels
were then made until a stress value was obtained at which further
plastic deformation did not occur., This value of stress was taken as
the maxdimum prestressed elastic limit., With both these methods of pre-
stressing the maximum prestressed elastic limit proved to be the same,
Method (b) is less time consuming and more convenient and was therefore
adopted during the present work as the standard method of determining

the maximum level of prestressing.
All torsional stress calculations were based on the formula

S = lg% where T = torque in 1b.in. and 4 = wire diameter in inches,
Ta

RESULTS

The effect of temperature on the static tensile and torsional
properties of 0,048 in. dia., and 0.104 in, diameter EN.49C and EN,49D
wire is shown in Figs. 1 = 4 and Table 2.

DISCUSSION OF REGSULTS

Fig. 1 shows the effect of low temperature heat treatment on the
elastic limit in torsion with and without prestressing for 0.104 in, and
0.048 in, diamcter EN.4SC range 2 material, This shows that for both
wire sizes the maximum elevation in these two properties occurred after
a L.T.H,T, at 250°C. It will be noticed that before prestressing the
lower tensile strength 0.104 in, diameter had superior elastic properties
to the 0,048 in, diameter wire, when both were heat treated =bove 1?500.

The U.T,S, of spring wire is invariably quoted in specifications
owing to the relative simplicity of the test. However as such figures
are of 1little value where the material is to work in torsion, it is
necessary to know the relationship between the U,T.S. and torsional
properties, The effect of L.T.H.T. on mechanical properties and the
rclationship between U,T,S., maximum shear strength and number of twists
to failure are shovm in Fig. 2 and can be compared with the torsional
elastic properties given in Fig, 1. The initial tensile strengths of
both wires met the B.S.1L08 range 2 specification. The optimum LT
for both maximum clevation of U.T.S. and shear strength was 250°G for
the 0,104 in. diameter wire. It showed good ductility as measured by
twists to fracturc and gave clean 90° shear fractures in all cases. For
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the 0,048 in, diametcer wire, however, the optimum L.T.H.T., was 200%C
for U.T.5. and 17503 for maximum shear strength and although again
showing & high number of twists to failure it gave unsatisfactory
fractures after L.T.H.T, at 175%C.

The effect of L.T.H.T. on the elastic properties of 0,104 in,
and 0,048 in. diameter EN,49D range 2 wires is illustrated in Fig. 3.
As was the case for EN.49C material, the meximum elevation of elastic
properties of the 0,104" diameter EN,49D wire, both before and after
prestressing, occurred after a heat treatment at 200°C, The elastic
limit of the 0,048 in, diameter wire reached a maximum value after a
treatment at 250°C and the elastic limit after prestressing a maximum
after a 200%C treatnent.

Fig. 4 showrs the relationship between L.T,H,T, and U.T.S,,
maximum shear stress and number of twists to failure for the same wires,
In this case, for the 0.104 in, diameter material the optimum L,T,H,T.
was 175°C for the U.T.S. and 200°C for maximum shear strength. The
mmber of twists to failure was high after all heat treatments and
showed ductile 90° shear fractures, except in one case where an unsatis-
factory type was obtained after the 1?50 treatment. The 0.048 in,
diameter wire showed e pesk U,T.S, after a 200°C treatment and a peak
for maximum shear strength after the 250°C treatment. With the
exception of the material L.T,H.T. at 175°C all the specimens fractured
in a 900 ductile manner giving a high number of twists to failure.

Due to the general flatness of the curves obtained over the
temperature range 175 - 250°C it seeus reasonable to assume that they
might be used with confidence for other spring wires manufactured to
the samec specification. With temperatures in the region of 175°%C
however, some difiiculty may arise due to embrittlement which it is
suspected may result from strain age-hardening. It would therefaore
seem reasonable to avoid treatments around this temperature, At
temperatures of approximately 35000 sof'tening commenced. However,
where naximum resistance to stress-relaxation is required these higher
temperatures are known to be advantageous,

The ratios of the maximum shear strength and natural and pre-
stressed torsional elastic limits to the "as drawn" U,I.S. for no low
temperature heat treatment and for the optimum heat treatment are given
in Table II,

COICIUSIONS

1. The optimum L.T.H.T. for th: variocus mechanical properties
of the wires tested was in the range 200° - 25000 and the change in
mechanical properties was small over this range.
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2., Differences in size ard initial strength of the wires
tested caused no significant change in the range of temperatures where

naxipum elevation of provertiss occurred.

3. Rather surprisingly, the torsiocnal elastic prcperties
of the 0.104 in, Ciaucter wires were gencrally highor than those of
the 0,048 in, diameter wires, this was true even after the same L,T.H,T,

Prestressing, hovever, reversed the position,

4.  Although there was considerable variation in the torsional
elastic limit/U,T.S. ratio according to wire size, type of material and
L,7.T. the effect of prestressing was both to elevate and stabilise
this ratio so taat it finally lay approximately between the values
0.6 - 0.7.

5. Thiz inwormation relates directly to wire. Further work
is recuired to study what effect, if any, the stresses introduced on
coiling will hove cn the elastic limit after L.T.H.T.
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