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SUMMARY

The influence ef low temperature heat treatment on the
mechanical properties of U.H.T. 2 and 3 quality wire
has been investigated and it has been shown that by
treatment within the range 175 to 22500, considerable

improvemente in the properties can be obtained.

The effect of stress relieving unpeened U.H.T.3 springs
after coiling has been determined and it was fougd that
heat treatment at 400°C gave optimum fatigue performance.
Any heat treatments carried out after shot peening had

to be limited to ZOOOC; higher temperatures had zn
adverse effect on fatigue resistance of shot peened

springs.

Modified Goodman diagrams have been produced for unpeened
and shot peened springs; they show the fatigue properties
of U.H.T.3 spr1ngs to be ‘similar to those of sprlngs

manufactured from BS 1408C and D w1res.

The stress- temperature relaxatlon behav1our of U.H.T. 3

spr1ngs was super1or to that of BS 1408 sprlngs.
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INTRODUCT ION

The combination of improved steel making practice and hence

the quality of rolled rbd, and stringent quality control
by the wire-drawer has recently led to the introduction
in this country of patented cold drawn wires possessing
tensile strengths in excess of those currently available
from musié wires to BS 1408 M, This:develomeng is of
immediate interest to the Spring maker, in view of the
continuing demand for springs for service at higher and
higher operatihg stresses. For springs operating at
higher working stresses, wire of higher strength is
required in order to overcome the problems of excessive
"set-down'" in service. The use of material of higher
tensile strengfh could, at the same time, lead to
improvements in the fatigue resistance of such sprihgs.
It has been shown previously(l) that inéreasing the
tensile strength of BS 1408C and D wire from Range 1 to
Range 3 gives some improvement in the fatigue strength

of springs,

This report describes the wdrk undertaken by the

Association to measure the static mechanical properties

of ultra high:teﬁsiie strength wire having a nominal

diameter of 3.15 mm, The influence of low temperature
heat treatment 6n_these_pr0pertiesrhas been investigated,

as well as.thé.fatigue_rés?qugce of both unpeened and

‘shot peenéd sprihgéicdiled from these wires. A “study

of the streéé'tempéréture relaxation behaviour has also

been made.



MATERIAL

Two consignments of wire having a nominal diameter of 3.15 mm
received from the wire manufacturers were designated U.H.T.2
and U.H.T. 3. For wire of this size, the manufacturer's

tensile strength specificafions are:

Grade N/mm2
U.H.T.2 1930-2170
U.H.T.3 2010-2250

The composition of each coil of wire is shown in Table I.

MECHANICAL PROPERTY TESTS ON WIRE

The full tensile properties of both U.H.T. quality wires
were measured both in the as-received condition and also
after vafious low temperature heat treatments, up to a
maximum temperature of 400°C, The duration of heat
treatment was in all cases 1 hour. The results obtained
for U.H.T.2 and U.H.T.3 are presented in Table II and Table
ITI respectively and are also shown graphically in Figs. |
l and 2.

The torsional properties of each wire quality were also

- determined, both in the as-received condition and also
after a low temperature heat treatment which, according
to the tensile property data, gave the maximum improvement
in elastic¢ properties, It has been fouﬂd previously that
the maximum increase in elastic propefties, both in
tension and torsion, occurs at the same temperature:

it was thefefore unﬁeéessary to carry'out a complete

survey of the propert1es in torsion over the whole

-temperature range,



with patented cold drawn carbon steel wires of high
tensile strength, strain aging the material, by low
temperature treatment, can often lead to a marked loés
in torsional ductility., For this.reason, the number of
twists to failure affergvarious heat treatments has been

determined.

The torsional properties for the two materials are given
in Tables IV and V and the effects of low temperature
heat treatment on the number of twists to failure are

illustrated in Fig. 3.

PROPERTIES OF SPRINGS

Spring Design and Manufacture

Test springs were hand coiled to the following design:

Wire diameter - : 3,15 mm

Mean coil diameter : 25 mm
Spring index : s 8

Total coils _ : 5.5

Active coils : 3.5
Free-leﬁgth e ‘49'mm
Solic stress 1300 N/mm?

(after prestressing) .-

Ends closed and ground,

In1t1a1 c0111ng and prestresszng trials ..o.. weecigacu v
produce a spring hav1ng a solid stress of 70% of the U.T.S.
It was found, however that the springs became severely

d1storted when prestressed to thlS level and to maintain

"sat1sfactor11y shaped - sprlngs “the sol1d stress-level had

to be reduced to approx;mately 61% of the tensile strength.

After coiiing,'the'spriﬁgs were subjected to various low

temperature heat treatments accordlng to - the type of test

to be carried out. | Full deta11s of the various treatments

employed are given‘elsewhere ‘in. this report., All the



springs were ground, and where appropriate, some springs
were shot peened using CS330 shot to an Almen A arc rise
of 0.5 mm, The shot peened springs were given a further
L.T.H.T. at 200°C for % hour. All the springs were fully
prestressed as a final manufacturing operation before

fatigue or relaxation testing.

Effect of L.T.H.T. on Fatigue Properties

To establish the optimum heat treatment temperature for
springs intended for subsequent fatigue testing, a series
of preliminary fatigue tests was carried out on unpeened
springs which had received a variety of low temperature
heat treatments, On the basis of the results, which are
given in Fig. 4, a treatment of 400°C for 2 hour was

adopted for the test springs.

Similarly, to establish the best heat treatment to applyr
to the shot peened springs, the effects of a number of
heat treatments over the range 200 to 450°C were investigated.
On the basis of the resulis obtained as shown in Fig. 5,
200°C wés chosen as the most suitable temperature for heat

treating springs after shot peening,

Fatigue Tests on Springs

All the fatigue testing was ‘carried out on forced motion
spring fatigue testing machines. Each spring was load
tested individually, to establish the required compressed
length and machine stroke. Both unpeened and shot peened
springs were tested at two initial stress levels and,

from the data obtéined, S/N curves and modified Goodman

diagrams were constructed. (See Figs. 6 to 11).

Since the tensile strength of the two qualities of wire
and their response to low temperature heat treatment were
almost identical, only the U,H.T.3 material wastmade‘up into

SPrings for the purpose of determining fatigue pfbperties.



4.4,

Stress—Relaxatiou Tests

Relaxation testing, also, was carried out only on springs
manufactured from the U.HrT.3-wire. The springs were
load tested and then compressed, by means of a nut and
bolt assembly, to the‘required'test stress, subjected to
the selected elevated temperature for 72 hours and allowed
to cool before being removed for further load testing at
the original compressed length, From these two load

measurements,'the percentage losg in load was calculated,

The behaviour of the springs to five levels of stress,
between 350 N/mm2 and 790 N/mmz, and at four temperatures,
from 125°C to_200°C; was investigated, The results for

unpeened springs are illustrated graphically in Fig. 12.

DISCUSSION OF RESULTS

Mechanical Properties of Wire

Firstly, a point must be made concerning the respective
tensile strengths of the two qualities of wire in the
as-received condition. Owing to supply problems, the
two consignments were unfortunately received at different
times and by the t ime the-U.H.T.Z wire was received all
the tensile and torsien_testing on the U.H.T.3 material.
had been completed. " It can be seen that the tensile
strength of the U.H.T.3 wire, at 2146 N/mmz, Was.slightly
lower than that of the U.H.T.2 wire, at 2184 N/mm®"

This somewhat surprising result was inconvenient for the
purposes of this investigation; it had been envisaged
that -there would Be'a discrete difference between the
strengths of the two qua11t1es wh1ch would be reflected

in the results of subsequent tests. However the tensile
strength ranges quoted dor U.H.T.2 and 3 materials do, in

fact, overlap and such a s1tuat10n may well arise in

jiudustry. * When the ancmaly 'was brought to the notice

ofuthe5wire:manufacturer, he was equally surpr1sedraf The



similarity in strengths but gave an éssurance that the
U.H.T.3 material was produced from a higher quality base
material and that processing schedules were designed to
maintain, generally, a dlfference in minimum average

strength of about 90 N/mm .

Like all patented cold drawn carbon steel wire, both
qualities responded to the application of a low temperature
heat treatment. The tensile strength of the U.H.T.2 wire
increased by 5.7% and that of the U.H.T.3 wire by 8,3%

when treated in the temperature range 175 to 225°C,

A more spectacular improvement in the elastic properties

is illustrated in Figs. 1 and 2 and Tables II and III:

for both qualities, the 0.1% proof stress is some 66% of
the as-drawn tensile strength, rising to 91% of the new
tensile strength after heat treatment in the range 175 to
225 °c. A similar pattern of behaviour was observed for
the 0.2% and 0.5% proof stress values. In the latter case,
however, it was not possible to record the values around
the maxima of the curves {Figs. 1 and 2), for fear of

damage to the extensometer.

The-ductility of the wire, measured in the tensile test as
the'percentage elongation at fracture and in the torsion
test as the number of twists to failure (Fig, 3}, falls
progressively with increased low temperature heat treatment
temperatures, so that, when the tensile strength and proof
stress are at a mzximum, the ductility of the wire is at
its lowest. - Such a feature is unlikely to affect the
production of helical compression springs, since the amount
of ductility requ1red in the wire for the purpose of pre-
stre551ng is relatively small, ' However, the production of
certain end hooks on extension springs, where plast1c
deformatlon is restrzcted to a very short length of wire,
could present considerable problems if U.H.T. wires were
used which after co111ng had for examplgdm;gggiVed an
L.T.H.T. of 200%C. In such a case, it would be better fo




form the hook end first and then heat treat but such an
approach would have the disadvantage of lack of control

over the relative positions of the two hook ends.

The torsional properties given in Tables IV and V also
show the effect of a low temperature heat treatment:

a considerable rise in the 0.1% proof stress and a less
marked increase in the 0.2% proof stressrfigures.
Although the.tensilelstrengths of both wire qualities
increased after a 200°C treatment, the maximum shear
stress values were_somewhatilower than those for the
as-drawn wire, This drop in the maximum shear stress
value can probably be attributed to the lack of torsional
ductility and the opportnnity for the wires.to work

harden during the torsion test.

Effect of L. T.H.T. on Springs

With helical compressien springs, it is always desirable
to carry out a low temperature heat treatment after
coiling to relieve coiling stresses, to improve the
elastic properties and to provide some measure of
stability, particularly for'springs operating at

temperatures dabove ‘ambient. - Fig. 4 illustrates the

fatigue behaviour of_springs which have been heat treated

at various temperatures after coiling.—' Testing was
conducted at one stress level only, but it is clear that
the endurance of unpeened springs can be 1mproved by
treatment at 400-C, above this temperature, however,
there is evidence to-suggest that the‘fatigue resistance

beglns to fall. Reference to- the static properties of

‘the w1re shows that w1th a 400 C treatment the tensile

and elast1c prOpert1es are fa111ng rapldly, the tensile
strength be1ng lower than the as-drawn value and - the

0. 1% proof stress flgures 11tt1e ‘above the as- drawn value.
Thls would suggest that -two dlst1nct treatments should be

employed dependlng on . the u1£1mate servrce requ1rements



of the spring: for static applications, a treatment around
200°C would give maximum elastic properties but for dynamic
applications, a treatment at 400°C would appear to be more

desirable.

With light springs, it is customary practice to apply some

-form of further heat treatment after shot peening and its

influence on shot peened U.H,T.3 springs has been studied,
Tests carried out at one stress level showed that temperatures
up to 200°C had no effect on the fatigue resistance of the
springs and even up to 300°C the reduction was only slight,
Above this temperature, the fatigue resistance fell rapidly

as the compressive stresses were relieved, as can be seen

in Fig. 5.

From this work it was concluded that a heat treatment
temperature of 200°C would be suitable for U.H.T.3 springs
and this was used in preparing springs for the main part

of the fatigue testing programme.

Fatigue Properties of Springs

S/N curves were produced for springs manufactured from the
U.H.T.3 quality wire. These curves (Figs. 6, 7, 9 and 10)
were used to draw two Goodman diagrams shown in Figs. 5, 8 °
and 11 for uppeened and shot peened springs respectively,
It will be seen that at low initial stresses shot peening
has more effect on fatigue'resiStance than at high initial
stress levels, At the recommended maximum stress (i.,e.

85% of the solid stress) , from the experimental data available,

- there would appear to be no advantage in shot peening.

Data from thegse curves are also summar1sed in Table VI and

comparlsons can be made with Table VII in’ which fatigue

data are given for BS 1408 Range 3 sprlngs. The information

(2)

presented for the 4 mm d1ameter“w1re 'is based on four

separate consignments of wire, hence the quoted range in the

fatigue limits.”



It is clear that, in general terms, the fatigue properties
of springs made from 3,16 mm U.H.T.3 wire are no better
than those for springé manufactured from conventional
BS 1408C and D, Range 3 qualities, which exhibit much
lower tensile strengths. In the case of the 4 mm and
2.3 mm BS 1408R3 springs, the mean tensile strengths
would be 1620 and 1775 N/mmz respectively, which on
prestressing the spriﬁgs to a solid stress of about 70%
of the U.T.S. would produce a greater amount of plastic
deforﬁation and hence residual compressive stresses.
The U.H.T.3 springs on the other hand, although much
higher in tensile strength, at 2146 N/mmz, were pre-
stressed to a lower percentage of the U.T.S. (i.e. 61%)
because of the problems of distortion. The springs in
question were hand coiled and in consequence suffered

from some variation in the form of one of the end coils

- which manifested itself on prestressing to 70% of the

U.T.S. It seems likely that more regularly shaped springs

could have been made by automatic coiiing which would have

~allowed prestressing to the 70% level without excessive

distortion,

Although it has beehﬂsden(3)‘that.increasing the pre-
stressing level can impfb#e the fatigue resistance of
springs, the increases are relatively small; it sééms
unlikely that, if unpeened U.H.T.3 springs had_been
prestressédrto 70%-6f the U.T.S., there would have been

any difference in the coné¢lusion drawn. It is esfimated
that, at an initial‘stréss of 100 N/mmz, the maximum stress

would have incréased‘by'only about 50 to 60 N/mm2 which,

. when added to the f1gure quoted 1n Table VI would give

2.

an amended Value of 720 N/mm Th1s value is s1m11ar to

- those g1ven in Table VII for sprlngs prestressed to 70%

of thelr tens11e strengths._

_Stress Relaxation Properties

Fig. 12 shows the behévipﬁf of uﬁpeenéd U.H.T.3 springs when



suﬁjected to stress at elevated temperatures.. The pattern
of behaviour is quite normal and it will be seen that, with
a 5% limiting amount of relaxation, the springs function
quite satisfactorily at 125°C at all stress levels and at
150°C for stress levels up to 650 N/mm

temperature.abdve 150°C produced progressively more

Increasing the

relaxation, so that at high stresses at 200°C an approximate

loss in load of 12% is likely to occur.

Comparing these data with information previously obtained

(4, 5}

for patented cold drawn carbon steel springs of a
similar wire diameter has shown that the U.H.T.3 springs
possess somewhat superior resistance to relaxation. For
example, at a stress of 700 N/mm2 and a temperature of lBOoC,

U.H.T.3 springs exhibited 5.5% load loss, whereas BS 1408D

and music wire springs relaxed by about 12%. It is suggested

that this difference could well be a reflection of the

higher tensgile and elastic properties of the U.H.T.3 wire,

CONCLUS IONS

1. Both U.H.T.2 and 3 wire qualities responded to low
temperature heat treatment with an increase in the
elastic properties to a level considerably higher
than can be obtained with conventional BS 1408 wires.’
The maximum improvement in properties occurred
after treatment within the temperature range. 175

to 225°C.

2. The ductility of wire treated within the range 175

to 2250C was reduced to a minimum. .

3. Stress relieving the springs after coiling increased
their fatigue resistance, the maximum 1mprovement

occurrlng after treatment at 400 °c.

4. . A further heat treatment at 200 °c after shot peenlng

did not affect adversely the fatlgue fesistance. of



springs. =_'Highe-r-""t-reatment temperatures, however,

caused progressive reduction in fatigue resistance.

5. The fatigue propérties of springs made from 3,15 mm
diameterIU.H.Tf3 wire Wefe-similar to those of other

top quality wire springs made from BS 1408C and D.

6.  The stress relaxation resistance of springs made

from U,H.T.3 wire was markedly better than that of
BS 1408C and D quality springs,
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TABLE VI FATIGUE DATA FOR U.H.T. 3 SPRINGS

3.16 mm dia WIRE

Fatigue limit at 107 cycles (N/mmz)
Initial
2
Stress (N/mm") Unpeened Shot peened
zero 580 820
88 650 850
100 660 860
300 810 930
438 910 980

TABLE VII FATIGUE DATA FOR SOME BS 1408 WIRE SPRINGS

. .. 7 2
Sigze Initial Fatigue limit at 10 cycles (N/mm“)
Ref [Quality
*(mm) |Stress N/mm Unpeened Shot peened
2 BS 1408C | 4 100 640-760 800-880
R3 300 800-900 960-980
2 BS 1408D | 4 100 720-780 800-900
“R3 300 840-880‘ 960-1020
3 |Bs 1408C | 2.3 100 780 900
R3 300 910 1010
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FIG. 8 MODIFIED GOODMAN DIAGRAM

FOR

3.16 mm. UHT 3

WIRE__ SPRINGS. (UNPEENED)
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FIG. 1l MODIFIED GOODMAN DIAGRAM  FOR 316 mm UHT 3

WIRE SPRINGS. (SHOT PEENED)
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