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Ranges of Tensile Strength,

Summary

Fatigue tests have been carried out on helical
compression springs made from 0,104 in diameter
patented cold drawn wire to 3.5.1408 C and B.S.1408 D
in each of the 3 tensile ranges 90/100, 100/110 and
110/120 tonf/inz. The fatigue strength at 107
cycles increased with increasing tensile strength
for both wires and was 3 tonf/in2 higher for ground
wire than for unground wire of the same tensile
strength. Limited-life data indicated that an
increcase in the tensile strength of the wire resulted
in a considerable increase in the life to failure of
springs tested at stresses just above the fatigue
limit but that there was no appreciable increase in

life to failure if the stress applied was very high.
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PROCUCTION BRIEF

The Effects of Tensile Strengsth on Fatigue

Strength of B.,S,1408 Springs

Fatisue tests unlcrtzken by the Association on
helical compression springs made from 0,104 in diameter
patented cold drawn wire to B,S.1408 C and D specifi-
cations have shown the influcnce the tensile strength
of the wire is having on the fatigue properties of the
springs.

Increasing the tensile strength of B,S.1408 C
wire within the limits laid down in the B.S. specification,
from 99 tonf/in2 to 120 tonf/inz, improves the fatigue
strength of springs intzsnded for unlimited life by as
much as 12%, i.c. 42.5 tonf/in2 to L47.5 tonf/in2 with 5
tonf/in2 initial stress, It will also increase the life
of springs designed for limited life applications, For
instance, the number of cycles a B,S.1408 C spring,
stressed to 50 tonf/in2, (initial stress of 5 tonf/inz)
can withstand without failure can be increased over ten
fold by the use of a Range 3 (12C tonf/inz) wire as
opnosed tc a Range 1 wire (99 tonf/inz).

At high maximum stress lcvels of 57 to 80 tonf/in2
however, from the point of view of fatigue rcsistance,
there would appear tc be no advantage in using the higher
strength wires.,

The B.S.1408 D quality wire follows the same trend
as the B.S.1408 C but with a fatigue strength at lO7
cycles of about 3 tonf‘/in2 hicher,
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1, INTRODUCTION

A programme of research has been initiated to
investigate the fatigue properties of springs made from
wire to B.S.,1408 C and D in 3 tensile ranges and sub-

sequently low temperature heat treated.

2. MATIRTALS
2.1 Wire

!
Wire of 0.10L in diameter was obtained to spec~

ifications B.S.1408 C and B.S.1408 D, Both grades were

drawn from the same cast of steel with analysis as

follows:

0.69% C  0.22% Si 0,55% Mn 0,012% S 0,024% P

The analysis was within the range of chemical composition

given in B.S5.1408, Fach grade was supplied at 3

different levels of tensile strength, omne in each of

the ranges specified in B, 3,1408; the tensile values

are tabulated below:

r : r =
Range | Specified Actual Tensile Strength .
No TensileZStrength i
tonf/in B.s.lﬁosg : B.s.lhosg r

i tonf/in tonf/in~

: B

1 90 to 100 99 i 95 f

2 | 100 to 110 ;‘ 102 ; 100 i

| ! j

3 ; 110 to 120 . 120 . 116 ,




2,2 Springs

Springs were manufactured from ecacih of the six

batchecs of wire to the following design:

Wire Diamecter C,104 in
Spring Mean Diameter 0.945 in
Free Length 1.65 in
lTo, of active coils 3.5
Total no, of coils 5¢5
Spring Rate : 56 1b/in

All the springs after coiling were given a low
O .
tecuperature heat treatuunt at 350 C for 30 minutes
followed by rough end grinding, prestressing and final

end grindaing.

3. EXPERIMINTAL PROCZCUE

3.1 Fatigue Tests

Springs from caclh batch were fatiguc tested on
multiple spring testing maclhines 1) at initial stress
levels of 5, 1C and 20 tcnf/inz. Lt the 5 tonf/in2
initial stress level the maxinum stresses were selected
to obtain full S/H curves but at the 10 and 20 tonf/in2
ini%izl stress levels springs were only tosted at sulff-
icient levels of maxinum stress to »roduce a fatigue
limit with at least two springs remaiaing unbroken to

107 cycles at or just below the fatigue limit,

3.2 Metallurgical Examination

Transverse sections were cut from each batch of
wire, mounted, polishied, etclied and examined micro-

scopicall&.
L, RESULTS.,

The results of the fatigue tests for springs made
from 2.C.14C8 C, Ranges 1 to 3, and 3.5.1408 D, Ranges 1
to 3, are prescnted as S/l curves in Figs., 1 to 6
respectively., The results for the broken springs in
each batch were znalysced statistically to deteruine the
position of the curve and to cnsurc that its correclation
was ot least 95% significant,

7

The fatigue stresses for survival to 10

at in;tial strcss levels of 5, 10 aud 2C tonf/in2 are

cycles

plotted as modifiecd Goodman diagraus in Fig. 7 ia which
the maxiaun stress curves for cach batch of wire are

extrapolated to zero initial stress,
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The fatigue stresses for lO7 cycles are tabulated
in table 1 togetler with the teasile strength values,
The relatioanship between these two paramcters is illus-—~

trated in Fig. 8.

The metallurgical examination of trausversc
sections (Figs. 9 to 14) talen from each wire batch showed
that the wire to ranges 1 and 2 of 3,3,14C3 C was partially
decarburised to a depth between 0.C01 and 0,015 in.

A%

fhere was no total decarvurisation,

The wire to range 3 of 5.5.14C8 C showed no
obvious signs of decarburisation until a very careful exam=-
ination of the surface had been carricd out, One isclated
arca of partial dccarburisation was noticed approximately
0,GC1 in in depth. Further preparation of the saumple to
allow a photograph to be tzken rcuoved this reginon indi-
cating the very small zone a:d patclry nature of the defect,
in an endeavour to find any further zones cf decarburisation,
a furticer six transvoerse samples were takoen from the batch
of wire and exanined metallographically. o decarburised
arcas were identified but it was noticed that the surface
roughness of this quality was eoxtremcely variable, ranging
froui o suiooth surface, core akin to a 2.3.1408 D wire,
to that illustrated in Fig. 11. To deterizine whether a
carvon gradient existed, surface ond core hardness neasurc—
ments were carricd out on both the 3.S5.1408 C 23 wire and
also, for comparisoa purposes, on tie Z,3,1408 D quality
range 3 wirec. Ho hardness gradient was found, thus

indicating nc carbon gradient cither.

[o2]

All the wires to 3.S.,1408 D were free fron

gecorburisation.

5. SISCUSSIOIT OF 3SULTS

The tensile streangtix of the wires conforacd to the
ranges specified in Z.5.1408 altlough some were at the
linit of the range. The ground wire was frece from
decarburisation; the unground wires exhibited de-
carzurisation within the permitted limit of the specifi-

coation and in one case it was very slight.

The results of the fatiguce tests shiowed that for
Loth grades of wire the fatigue stremgth for 107 cyclecs

incrcased witlx an increcase in the tensile streagtl: of the

wire (Fig. 8).
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It is clcar that the 3.5,14C8 © wires, which had
a suicother sufface and were free from decarburisation
possessed greator resistance to fatigue than the 3.3,1408 C
wires, mowever, this difference in fatigue streagth was
not great, being approximately only 3 tonf/in2 for any
given temnsile strength, Iven though the 3.5,1408 C
range 3 wire was virtually free froa decarburisation
its fatigue propertics do not matcehr those for B,S.1L08D
range 3. This was considered to be cue to the much

rougaer surface found in places on the 3.5.,1408 C wire,

An japortant feature of the $/11 curves shown in
Figse 1 to 6 is that for both grades of wire an incrcoase
in the tonsile strength improved the life to failure at
stresses obove the fatijue liit buit the improvenon
gradually decrcased to a negligible amount as the level
of fatigue stress was increased to 60 tonf/inz. In the
curves for range 3 (Figs. 3 and §) the knee has not been
reached after 10 x 10 cycles and would require tests to
be run to at least 30 x 10 cyclcs to estoblish definitely
a fatizue limit, This information indicates that for
limited life springs thore would be an advantage in using
a wire with hizher tensile strength for a maximum stress
level of the order of 50 tonf/in2 (with 5 tonf/in2 initial
stress)butthatax a naxiwuun stress approaching 60 t:nf‘/in2
there woull be little improvciment in fatigue life with an

inerecase in tensile streagth.

Exainination of Fi., 7 shows the fatijgue strength
of 3,3,1408 D springs to incrcasc with incroease in U.T. 3.,
when tested at an initial stress of 5 tonf/inz. at
the highest initial stress level (20 tonf/inz) however,
there is an apparent crossover for springs nanufactured
froa range 2 and 3 wires., Under thesc particular tost
coaditions the test springs at waxisum stress were close
to sclid, in some cases only 8% resicdual stress range
remaininag,. It could well be that due to this the true
stress on the spring differed from the calculated stross,
It is suggested, therefore, that as an adjunct to this
work further springs be designed having a higher solid
stress to enable more relicble data to be proluced at

tke 20 tonf/in2 initial stress level,
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A comparison can be nade between the fatigue
properties of B.S.1408 D springs resulting from this
investigation and those obtained from earlicr
researches (1, 2).

The fatiguce strength of springs made from the
current 3.5.1408 D R2 wire is 44 tonf/in2 (zero initial
stress) and is very similar tc that given in Roeport o,

144 for Bn L9D R2 0,104 in dia. wire springs at 46 tonf/in2
(zero initial stress). However, both these results are
higher than that obtained for Zn 49D R2 0,128 in dia wire
springs at 39 tonf/in2 (zero initial stress) published in
Report o, 148,

6. COIICLUSIOIIS

Fatigue tests carried out on springs made from

pateonted hard drawn ground wire, showed that increasing
the tensile strength of the wire within the limits of
7

B.5.1403, increased the fatigue stren,th for 10

The fatigue strength for 107

cycles,
cycles of springs made
from ground wire was higher than that of springs made
from unground wire (B.5.14C3 C) at the same level of
toensile strength.

The fatigue life of medium stressed limited life
springs made from 5,5,1408 D can be incrcased by
increasing the tensile streagth within the limits of the
specificntion, The fatisue life of highly stressed
limited 1life springs mace from ground wire is not
improvecd appreciably by o chinge in tcusile strength
within the limits of thce specificntion.

The results obtained on the 3.5.1408 C quality
wire followed a simnilar trend as that for the ground
matorial exccpt that the tensile strength/fatigue strength
curve was lower., It was noted that there were differing
degrees of decarburisation on the 'C!' qualities (although
within specification) and differcnt surface conditions

and these may alsoc have had an influsnce,

7. RIF..2IICES
J.7. Mee

-

The Mochonical and Fatigue Properties of
Helical Compressiosn Springs made from
Patonted Hord Drawn and 0il Teuapered Wires,
C.S.F.2.0, Ruport ifo. 114, January 1960.

2 J.W. Mee and G.B. Graves,
A Comparison of the Static Mechanical and
Fatioue Properties of Threc Spring Stecl Vircs,
S.lI,2.A. Ruport Ilo, 148, May 1964,



TABLE I THE FATIGUE PROPERTIES OF SPRINGS
MADE FROi: B,S.1408C AND B,S,.1408D
WIRES

] 2 N
Vire ? Tensile | Fatigue Strength for 1O7cycles(tonf/in )
Specifi-~ ;Range Strength 1 5T 51 >
cation tonf/in No 5 tonf/in”|10tonf/in”:20tonf/in

, Initialt Initial | Initial Initial
Stress | Stress g Stress Stress
| N
| i |
BS 1408C . 1 99 Lo.5 : 42.5 i L6 50
{ !
o2 102 41 ! 45 i 48 56
3 120 43,5 i 47.5 1 50 57
BS 1408D 1 95 43 % 47,5 i 50 58
: : 5
; 2 100 Ly | 48 i 53 61
5 116 46 L 48,7 : 53 59 i

{
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TRANSVERSE SECTION OF BS1408C R.,1 WIRE

TRANSVERSE SECTION OF BS1408C R.3 WIRE



FIG, 12 X500
TRANSVERSE SECTION OF BS1408D R,1 WIRE

FIG.13 X500

FIG. 14 X500
TRANSVERSE SECTION OF BS1408D R.3 WIRE



