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INTRODUC TION

This part of the report deals with the fatigue data
obtained from springs made from two grades of BS 2803,
Grades I and I which are suitable for use in fatigue
applications.

The method used to produce the Goodman diagrams is
described in Part 1 of the report and reference may be
made to this.

MATERTAL

Material Properties

Hardened and tempered carbon steel wire is more expensive
than patented and cold drawn wire but can be obtained

in higher tensile strengths for wire diameters of 4tmm
and over. It is available in three surface conditions
viz, BS 2803 Grade I, Il and I, of-.which only the first
two are suitable for fatigue applications. The material
has slightly better stress relaxation properties than

- Patented and. cold drawn wire and can be used at temperatures
., up to 50 C hlgher for. the same relaxatlon

Because it requlres ro subsequent hardenlng and temperlng
after spring making it can be used without the fear of
subsequent distortion or decarburisation.
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2.2.2

2.2.3

Material specification
Tensile: strength

The tensile strength for the wire diameter, Ymm, used
is specified as 1470 - 1620 N/mm” (95- 105 tonf/ln )
for both Grades.

Decarburisation

Grade I - High Duty Wire (Ground):-

The prepared section shall show no decarburised zone.
Grade I ~ High Duty Wire:-

The prepared section shall show no totally decarburised
zone. Partial decarburisation shall not extend farther
below the surface than 1% per cent of the nominal diameter
of the wire (0.06 mm for Lmm wire).

Chemical composition
The composition specified is given in Table 1.

SPRING DESIGN

The spring design specified was as detalled in Part 1

of the report. After coiling, all springs were given

a low temperature heat treatment of 400°C for half an
hour. Springs that had been shot peened were subsequently
given a further heat treatment of 220°C for half an hour.

-The parameters of the springs supplied by each of the

four manufacturers are glven in Table 3

ANCILLIARY INVESTIGATION

:_ffbf'each
of its. prlnelple alloylng elements to’ determlne ‘the ¢hemical

_comp951tlon. Thebresults obtalned are glven 1n Table 2.

“’,“; .”:%,
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“ithe shot peened sprlngs in Figs.

-3 -
Hardness determination

Because no wire samples were available from any supplier,

an estimate of the tensile strength had to be determined
fromk%he hardness of a spring sample. The hardness levels
and the approximate equivalent tensile strengths are given
in Table 4. The hardness measurements given are the average
of three readings.

Microstructure examination

Transverse and longitudinal microsections of springs from
each supplier were prepared and examined for any internal
defects and for variation in structure.  All specimens
examined had a typlcal tempered martensite structure and
no decarburisation was found on springs from either Grade
I or Grade I wire. The surface condition of the springs
from each supplier was examined and all springs wefe found
to have a good surface finish. Figs. 9 and 10 are photo-
micrographs of a transverse section of springs from Grade
I, supplier 3 and Grade I, supplier 2 respectively,

being representative of each grade.

FATIGUE TESTING

The fatigue testing to produce the Goodman diagrams was
carried out as described in Part 1 of this report. Tables
4 and 5 give values of the fatigue limit f'or springs from each

'suppller and the stress relaxatlon, measured as a percentage
, loss 1n load for the fatigue llmlt at an 1n1t1al stress of

300 N/mm ; for Grade 1 and ﬂlmaterlal in the peened and

 unpeened condltlons

. The Goodmah diagrams for Grade I aré shown in Figs. 1

“and 2 for the unpeened springs and Figs. 3 and 4 for the
Vshot'peéhed'éprings- For Gfade IBSirings.the Goodman dlagrams
“Hfor theiunpeened sprlngs are shown in Flgs 5 and 6 and for

7iand 8. As explanlned in

"% Part 1ioff the report the* Goodmanfdlagrams produced from

“the infinite 1life data show ‘only the 95% Confidence level.



DISCUSSION OF RESULTS

BS 2803 Grade I

Table 2 shows that the chemical composition of the springs
from all four suppllers lay within the spe01f1cat10n

No decerburiSation was detected on eny of the microstructures
examined and all samples had the typical material structure,
that of a sample from supplier 1 having a slightly coarser
structure than the others.

The solid stress‘of the springs varied from supplier to
supplier as Table 3 shows; with the springs from supplier
3 having the lowest. The recommended maximum solid stfess
for this material is 70% of the tensile strength, which
for this particular wire size is approximately 1030 h/mmgg

The tensile strengths (Table 4) estimated from the hardness
measurements can only be approximate, but they indicate

the wire of springs from suppliers 2, 3 and 4 lay at the
lower end of the tensile specification.

U d springs

The fatigue limits for the unpeened springs are shown in
Table 4 from which it can be seen that springs from supplier
1 had the lowest fatlgue strength at both lnltlal stresses.
The dlfference between the fatlgue strengths of all suppliers

“was only 60 N/mm2 and the differences are the same at

both initial stress levels. Regardlng the productlon of
the flnlte llfe data, the majority of the sprlngs ‘which
had broken by the 907 confldence level were from suppller 1.

'Thls is not what would be expected as the springs from this
lsuppller had the hlghest solld stress and the wire had the

V:m;hlghest ten51le strength.g The dynamlc relaxation of- the
M_‘sprlhgs was: caloulated .as.the. percentage loss.in maximum

?hfgioad after the Sp{fngs had completed 107 cycles when stressed

-between 300 N/mm “e dgthe fatlgue limit of the spring. For

unpeened sprlngs from all suppllers the . relaxatlon measured
was less than 14%.
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The Goodman diagram for 105 cycles is shown in Fig. 1
and that for 106 and 107 cycles in Fig. 2.

Shot-peened springs

The shot-peened springs from supplier 2 had not been lanoclin
dipped before delivery and were found to be rusting, so
before fatigue testing commenced they were shot-peened and
heat-treated again in the Association's plant. The shot
peened springs ffom suppliers 1 and 2 had very similar
fatigue properties and formed all the springs that were
broken for the 90% confidence level. ©Springs from these

two batches also had the least dynamic relaxation.

Springs from supplier 3 and 4 appeared to have a very
good fatigue performance and the dynamic relaxation in
the springs was very high, of the order of 10%.

When the finite life data was obtained for the shot-peened
sprlngs, no sprlngs were broken before 105 cycles at either
initial stress level, even when tested to as high a stress
level as bossible} Therefore the Goodman diagram for 10
cycles (Fig. 3) for the shot-peened springs has been drawn
with the 99% confidence level the same slope as that for

107 cycles (Fig. 4) through a point representing the maximum
testing stress with 100 N/mm® initial stress.

BS 280% Grade H' |

A1l the samples of springs from Grade I wire had a chemical
cOmpbsitioanithfh"that specifiedo The ten51le strengths
estimated from the ‘hardness Values showed the wire from
suppllers 2 and 3 to have approx1mate1y the mlnlmum specified
tens1le strength, and that from suppller h had the highest
ten51le strength of the four batches.

Wheh' the mlcrostructures of the sprlng samples were examined,

’all had “the same type of struetere and although perm1531ble

“in thé’ spe01flcat10n, no decarburisation was found.



Unpeened springs

As for the springs from Grade I quality, those from supplier
1 had the highest solid stress and those from supplier 3

and Y4 the lowest. The fatigue performance of the springs
was very similar to that of the springs from Grade I wire
for infinite life but markedly poorer for shorter endurances,
as can be seenh from the Goodman diagrams in Figs. 5 and 6.
This was principally because springs from supplier 3 formrad
all of those broken to produce the 90% confidence limit

and also had the lowest fatigue 1imit. Because of the

poor fatigue performance of the springs at 300 N/mm2 initial
stress, the shepe of the Goodman diagram is different from
Grade 1 wire.

One would expect the fatigue properties of Grade I wire
not to be as good as that of Grade I wire which had .been
ground during some stage of manufacture to remove any
decarburisation present. The similarity of the infinite
life fatigue properties between the two grades is probably
because of the lack of decarburisation in the Grade T wire.

Shot-peened gpgjgggl

The fatigue.performance of the shot peened Grade II sprhgs
was markedly lower than that of the Grade I springs. This
may have been due to the fact that the springs from supplier
2, which were the poorest in Grade II wire (thus depressing
the average fatigue performance) were above average in
fthe Grade I wire They had been shot peened again . by S.R.A.
‘whlch may have 1mproved thelr fatlgue performance

‘For~ the same reason as for the Grade I springs, no fatlgue
‘data could be obtalned for" +he ‘shot peened springs at

105 cycles so the Goodman dlagram for Grade Dlsprlngs

kat 105 cycles (Flg 7) was drawn in a similar manner to
;that#for Grade de I, The shot. peened springs from. suppller
“3 had such a hlgh relaxatlon that the fatigue llmlt could
snot be obtalned at any 1n1t1al stress. No partlcular
reason for this very hlgh figure, 13%, could be.determined
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as the springé'weré prestressed'during load testing and
the hardness of the shot peened springs was approximately
the same as that of the unpeened ones. '

The dynamic relaxation of the unpeened Grade II springs

was similar. to.that of the Grade I springs. The relaxation
of the shot“peened Grade II springs, with the exception of
those from supplier 3, was less than that recorded for

the Grade I springs.

Fig. 8 shows the Goodman diagram for 107 cycles for shot
peened springs of Grade I material.



TABLE 1 SPECIFIED CHEMICAL COMPOSITION
Percentage
ELEMENT
‘ MINIMUM MAXIMUM

Carbon 0.55 0.75

Silicon —-—— 0.30

Manganese 0.60 0.90

Sulphur -—- 0.040

Phosphorus - 0.040

TABLE 2 ACTUAL CHEMICAL COMPOSITION
CARBON SILICON MANGANESE
0 0 0

GRADE I SUPPLIER 1 0.70 0.23 0.87
GRADE I SUPPLIER 2 0.67 0.22 0.74
GRADE I SUPPLIER 3 0.66 0.22 0.74%
GRADE I SUPPLIER 4 0.68 0.22 0.74%
GRADE II SUPPLIER 1 0.65 0.22 0.86
GRADE II SUPPLIER 2 0.66 0.25 0.74
GRADE II SUPPLIER 3 0.66 0.24 0.75
GRADE II SUPPLIER 4 0.68 0.23 0.7k4




TABLE 3

ACTUAL SPRING DIMENSIONS

BS_2803 GRADE I

SUPPLIER
1 2 3 "
WIRE DIAMETER (mm) 4.0 4.0 4.0 4.0
MEAN COIL DIAMETER (mm) 30.0 | 29.6 | 30.0 | 30.0
SPRING INDEX 7.5 7.4 7.5 7.5
SPRING RATE (N/mm) °6.4 | 27.3 | 26.8 | 27.5
FREE LENGTH (mm) 50.0 | 50.0 | 47.5 | 49.0
SOLID STRESS (N/mm<) 1110 | 1070 | 1025 | 1050
BS 2803 GRADE II
SUPPLIER
1 ) 3 "
WIRE DIAMETER (mm) 40| %.0| %.0| .0
MEAN COIL DIAMETER (mm) 30.0 1 29.6 | 30.0 | 30.0
SPRING INDEX 7.5 7.4 7.5 7.5
SPRING RATE (N/mm) 28.0 | 27.0| 26.5| 26.1
FREE LENGTH (mm) 49.8 | 50.0| 47.81 L9.5
SOLID STRESS (N/mm?) 1200 | 1100 | 1040 | 1040




TABLE 4 SPRING PROPERTIES -~ BS 2803 GRADE I

HARDNESS (Hv 30)
EQUIVALENT TENSILE STRENGTH

UNPEENED
FATIGUE LIMIT at 100 N/mm° Initial
FATIGUE LIMIT at 300 N/mm® Initial
DYNAMIC RELAXATION:- 10/ cycles,

300 N/mm° Initial stress

SHOT-PEENED

FATIGUE LIMIT at 100 N/mn® Initial
FATIGUEuLIMIT;at“3OO¥N/mm2'Initial~

DYNAMIC RELAXATION:- 107 cycles,

300 N/mm Inltlal stress

stress

stress

Stress

‘Stress

SUPPLIER

1 2 3k
473 | w51 | us1| us
1530 | 146011460 | 1460
680 | 700 | 720! 740

800 | 820 | 840 | 860
0.2%_ 0.7% |11.6% | 0.6%
880 | 880 | 920 {1040
980 | 980 [1040 | ~--
3.4% [6.8% |8.1% | 9.4z




TABLE 5 SPRING PROPERTIES - BS 2803 GRADE II

SUPPLIER
1 2 3 "
HARDNESS (Hv 30) 467 | 449 | L4ho | L78

EQUIVALENT TENSILE STRENGTH (N/mm2) 1515 | 1455 | 1455 | 1550

UNPEENED
FATIGUE LIMIT at 100 N/mm® Initial stress | 700 | 720| 680 | 720
FATIGUE LIMIT at 300 N/mm® Initial stress | 820 .820| 800 | &40
DYNAMIC RELAXATION:- 10/ cycles,

300 N/mm® Initial stress 0.5% 1 0.7% | 1.6% | 0.6%
SHOT- PEENED

FATIGUE LIMIT at 100 N/mm® Initial stress | 840| 800| ---| 880
FATIGUE LIMIT at 300 N/mm® Tnitial stress | 960| 880| ---| 980

DYNAMIC RELAXATION:- 107 cycles,

300 N/mm® Initial stress 3.4% | 1.0%| 13 2%| 3.49
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FIG.9 (x400)
PHOTOMICROGRAPH OF SURFACE AND
STRUCTURE OF BS 2803 GRADE I SPRING
FROM SUPPLIER 3
e

FIG. 10 (x400)
PHOTOMICROGRAPH OF SURFACE AND

STRUCTURE OF BS 2803 GRADE I SPRING
FROM SUPPLIER 2



