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Tevhiiques bave heen pel iate practice which sllow the design of
spripgs to sivesses up to 30% higher than those used in the design
uf conventional leaf springs. The paper describes the processes
wsed, the fatigue life potential and relates these to the residnal
stresses attainable, =itk paeticular emphazis on real life case
stidies.
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British Steel Corporation carvied out fundamsntal development work in
the eatiy J960°s resulting in the first Buropean use of Tapered leaf
springs.  The Taperlite spriog embodies a specially develaped pre-
setting ard strain peening technique which resnlts in extended fatigue
tife well ir exeess of that atiainable with {ree peening. Since 1967
in excess of 5 miiiion sprisgs comprising 300 part numbhers have been
produced using the methed described, with high durability and
relagation resistance coupled with reduced weight and improved ride.
Such springs range from passenper vat applications of approximately

4 £p weight %o heavy commercial wehicle springs 2 metres in length
weighing 100 ¥p asd also include radlway applicatioms.

the method can best he described through case studies, for which have
heen chosen a light van single lesf spring {fig. 1) and a heavy
compereial wehicte 3 Ieaf spring {fig. 2},
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THE PRINCIPAL FEATURES OF THE MANUTACUTURING PROCE
i) leaf Tapering by hot voiling to a parabolic profile for uni fomity of
stress along the leaf in se ¢ and during presetting.

ii} Austenitising, bending to shape, hardening by oil quenching
foltowed by tenpering.

Presetting cach leaf individually to at Jedst twice vield strain

iii}
to elevate the elastic limit as shown in Fig. 3a.

iv) Strain peening at approximately twice yield strain with each leaf held
on s custom designed bearer as shown in Fig. 4. Teening wedium §.660
cast steel shot giving a minimues Almen intensity of 250 {mm) .,
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The presetting and strain peening operation result in Jarge camber hoight
iosses, see Fig. 3h, which necessitate high as-bent cambers and specially
designed plant. The exact camher losses have to he calculated and then
controlled in manufacture to schieve finished cambers and loads as
specified by the end user.
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The hwenefits of this proecess are the ability to work to high stresses
withont velaxation problems and to provide a high standerd of durability.
fesipn stresses ave novmally limited to 700 MPa static laden amd kept

within dynamic limits as indicated hy Fig. 5.
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The Taperiite spring is most commonly employed in the suspension of
commercial vehicles where leaf thicknesses of 20 to 40 mm are typically
employed in designs of one te four leaves., The process deseribed is
particulariy effective in promoting fatigue 1ife in such springs due to the
Jevel and depth of residual stress imparted. A typical result of residual
stress determination is shown in Pig. 6 (ref. 1) where compressive residual
stresses of up to 1700 MPa are achieved at depths of 0.25mm below the
surface of the leaf normally subject to temsile stresses in service, The
actunl surfuace stress reduces to 750 MPa the latter having been determined
by means of X-ray wethods, whereas the body stresses are obtained by

“layer - removal’ techniques.
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The level of presettipng not only confers improved relaxation resistance

but ¢oupled with an almost equally high level of strain during the strain
peening process develons an optimised fatigue rig performance and
exceptionally good service 1ife judged to be 3 x that of conventional
Laminated springs. Ceomparative tests have indicated a link between long
tife and high residual stress, the latter increasing as the level of strain
increases, A Rigaku strain - Flex machine is currently used to sssess the
surface residual stresses achiaved on production springs fatigue tested as
part of an in-house quality assurance programme. Some typical longitudinal
vesults are shown in table 1, and in one e¢xample the normal production
technique is compared with a free peened leaf to illustrate the scale of
difference both in fatipue 1ife and residual stvess.
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Rig Test Details
Longitudinal
Rebound Rump surface
Spring Pro-Styessing Stress Stress Result Residuat Stre
Tvpe Details MPa MPa Mg
Normal production 476 1243 317,740 - 783 1 o
Single strain peon. oyeles
Leaf -
Snring Experimental free As As 66,6359 - 353 ° B
peen. shove above cycles -
Single
Lent Nermal production 445 1193 2,790 - 877 ¢ 14
Van styain peen, cycles
Spring
+ 16
7 Leaf Normal production 472 1213 unbroken - 877 Ta
Truck SErakn peen. 248,017 {result on
Spring eycles main leaf)

Such rig tests are prefervably rum to failure to ensble statistical data to be
buitt up and examinarion of the fractures. [Ia theory, failure should initiste
at @ position below the surface where the sum of the tensile stresses from

ng and imposed foading is at its maximum, but in practice tension
fallures oecur where metallurgical imperfections are present,

Rig tested springs fall by relatively rapid fatigue near or on the edge of

the section, and therefore striet attention has to be paid to achieving good
coverage over the width of the leaf and its corners. Service failures, when
they do oceur have a more well developed area of fatigue and are less likely

SAE 5160 and SAE 4161 arc used for these springs, the particular grade being
chosen on hardenability criteria to ensure through-hardening to 3 minimun of
80% martensite at the centre of the thickest part of the spring by normal oil
gquenching.  Tempering is controlled to give a uniform hardness wi thin the
range 4157461 BHN (1350 - S0 MPa GTSY. The surface is "as rolled” but
heating and rolling conditions are centrolled to ensure freedom from

exce e defects and decarburisation because of their iafluence on fatigue
praperty.

Purther developments with such springs are foresesn with the gver increasing
demand for weipht savings. 'The present development actlvity centres on
improved controls over shot peening to enable further eptimisation of the
process and possihle use of even higher stresses for selected applications.

1. Babb, Haynes, Middleton/Sub Surface Residual Stre
springs/BSC Ref, No. SH/PROB/JENG/8TOL/-80/D,

in Tapertite

Taperlite is a vreghstered trade mark of the British Steel Corporation,




