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SERING MANUPAMCTIRERS' RESTARCH ASCOCTATICN

THE FIFECT OF CARBOK RISHODANLTON AT

SHOT-PEENING ON TEE FATIGUR STREIGTH

OF FIGHLY STREISED HEAVY COTLID
COMPRL 7 ION SPRINGS.

by C.M. Somerton, A. llet., ALA.I.M.
and
Jc‘!‘lt I‘{ee’ il'i-.Het., AIICI\I.

1. GENERAL INTRODUCTIOI

The majority oif uni~-coiled heavy springs are made from silicon-
menganese or high carbon st<:ls. The bars as rolled or in the ground condition
are heated for coiling at 8500 - l,OOOOC for 20 - 30 minutes in atmospheres
which are often oxidising sc that the stcel is decarburiscd and scaled to some
extent. The bar is then coilw=d on a mandrel when the majority of the scale
flakes off. The formed sprins may be quenched directly from the mondrel or
allowed to cool to room temporature before reheating for quenching. In either

case the spring will have an oxidised surfacc.

Oxidation of st2~1l at these temperatures results not only in loss
of carbon but, increasingly «i temperatures above 90000, oxygen penetrates
along the austenitic grain boundaries resulting in the formation of oxide
filaments or a solid solution of FeQ which appears microscopically as a relief
constituent. (Pig. 1) It hac heen shown that although in the polished condition
spring steels can have an erdorance limit in repeated torsion of approx-
imately 50 - 55 ton/sg.in. 11.0ing to over 60 ton/sq.in. after shot peening, in
practice decarburisation reduces these values significantly. It has also been
shown that shot-peening prodvces compressive stresses in the surface which
counteract the effect of the icnsile stresses which initiate fatigue failure,
but as the severity of decarburisation increases, so the extent to which the
resolved tensile stresses are offset by residual compressive stresses falls
and this is in addition to the fact that the fatigue strength of the forrite
layer is less than that of the carbon stcel core.

On the other he:id, when carbon is restored to decarburised
surfaces the compressive strunces developed by pcening are normally sufficient
to transfer the point of fzilure to a position below the surface and the
fatigue strength is then approximately cqual to that achieved in polished shot-
peened spccimens.

(1,2,3)

These significent facts, cstablisked in laboratory tests

indicated the conditions undcr which shot-peening could be used to advantage.

To test the validity of the laboratory rcsults springs were made
in order to study variation in composition, surface condition, and surface

treatment on the fatiguc properties.



2. PROCEDURE
The following factors were investigated:

(1) The effects of surfece treatment on the fatigue strength of
springs; manufacturcd from 3 stcels in both black and
ground bar and coilzd at
(2) 900°C and reheated to 900°C for quenching
(b) 95000 and quenched direct from thc mandrel
(¢) 1,000°C and quenched direct from the mandrel

(ii)  The effects of shot-pccning on the fatigue strength of the
springs in (i)

(iii) The cffects of rcheating to 900°C in a gascous carburising
atmosphcre for quenching followed by shot-pecening, on the
fatigue strongth of the springs in (i)

The flowshcet for spring menufacturc is detailed in Fig.2.

The compositions of the steels were

Steel s’ Si%s MnS: % =74 Cro Nigh
A(EN.45) .57 2.02 1.05  .045  .040 .03 .10
B(EN.44) 1.01 .17 65 .047  .0%0 .06 .10
C(EN.42) .78 .17 77 .048 .037 .06 .08

and the matcrial was preparcd and supplied to STA.2

The spring design was:

Bar diamcter = 1.04 in,
Mean coil diameter = 3.5 in.
Free height = 20.28 in,
Solid height = 15.08 in.
Solid stress (corrccted) = 80 ton/sq.in.
Number of effective coils = 13.5

3. EXPERIMENTAL M.ATHODS
3.1 Shot Pecning

The methods at present in use cmploy either an air blast
or a mecheanical impcller for projecting thc shot. Stendard specifications
cxist for shot over a large range of sizes and attempts heve been made to
devise reliable methods for the quentitative measurement and control of the
process.  The most commonly uscd method of control has been that of Almen
who utilised the measurement of curvaturc of small strip specimens.

The conditions of peening in the present work werc the same
as used by wétkinson(l)viz:
1/32 in. round chilled iron shot
nozzle 3/8 in. dismetcr

Pressure 30 1b/sq.in.
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distance of nozzle to job 6"

coverage of pcening 4 sec/sq.in.

3.2 Carbon Restoration

Carbon restoration was cerried out in an atmosphere of
endothermic gas enriched with butanec in a sealed quench furnece, a diagram

and photograph of which arc shown in Fig.3.

Micro-cxamination ond measuremcnt of dcpth of decarburisation
of control semples indicated the requircd carburising and diffusion times
for cerbon restoration. The springs werc lightly grit blasted to remove
scale prior to the treatment. The carburising times varied from 20-45 min.

after which diffusion was carricd out to a total treatment time of 1 hour.

3.3 Fatigue ilesting

S-N curves were determined on two mechines, onc of which is
shown in Fig.4. Testing was continued until feilurc or until & life of

500,000 cycles was achieved whichever was the sooner.
’ Y

EXAMIVATION OF SPRINGS AFTER TESTIHNG

The frecturcs of all broken springs were cxamined visually

M —

t ond type of failurc and it was found that 69 springs

Q
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in silicon-manganese stcel (62 from black bar); 11 springs of high carbon
steel, (8 from black bar); 18 springs of medium carbon steel (12 from
black bar) failed duc to surfacc defects.

Metallurgical examination was carricd out on at least one
unbroken and three broken springs from cach batch and also on springs
having a fatigue life far removed from the S-N curve. The depths of complete
and partizl decerburisation ~nd the quelity of rccarburisation were
measured on scctions of the springs after normalising. Hardness tests were
taken across the scction and additionzlly on the surface and on tapered

sections to determine the effect of shot pecning on hardness.

4.1 Structurc

Through hardening was achieved in the silicon-mengancse
steel (Stocl A). The high carbon stecl (Stecl B) was martensitic to a
depth of .050" below which was en intermediate transformation product.
The medium carbon steel (Steel C) had = completely tempered mertensitic

structure in 211 but a few cases.

4.2 Decarburisation

Depths of decsrburisation are shown in Figs. 5, 5 eand 7.
Silicon-mangencse (Stcel 4) - total denth of decarburisation veried from
0.024 in. to 0.0%6 in. in black bar end 0.015 in. to 0.020 in. in ground
bar. High carbon steel (Stccl B) - decarburised to 0.010 to 0.011 in. in
klack bar and 0.005 in. to 0.009 in. in ground bar,
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Medium carbon steel (Steel C)- decarburised to 0.014 in. to 0.013 in. in black
bar end 0.009 in. to 0.014 in. in ground bar.

In each stecl the denth of decarburisation increased with an
ineresse in the coiling temperature and almost completely ferritic surfa
were found in the springs of Steel A coiled from the highest temperatur’

4.3 Recarburisation
Restoration of inhe carbon in the most heavily decarburised black

bar materisl was not complete, some slight decarburisation remnined on the
inside of the coils at depths verying from .006 in. to .0l6 in. below the
surface. Carbon rcstoration of ground bar springs was completec for Stecl C
coiled from 900°C and 1,000°C end almost complete in all other batches.
4.4 Soring Hardness

Internal

There was a wide variation in hardness between springs of each

batch and cach menufacturer. Of the springs which were not recerburiscd those
which had becen quenched direct tgéeguﬁrel showed the greater variation in heord-
ness. The hardncss of cach batch of recarburised springs was more uniform,
indicating the effect of a scale free surface on quenching efficiency. The
ranges of herdncss for the various surface conditiors are shown in Fig.B8.

Surface

The silicon-mangancse stcel was decarburisced more scverely result-
ing in a grester rcduction in hardness near the surface than was the case with

the carbon stecls

RESULTS

5.1 General
Three factors other than mcchanical defccts control the fatigue

strength of heat treated and shot peened surfaces:

(1) The fatigue strength of the steel in the heat treated condition.
(ii) The depth and severity of decarburisation.

(iii)The magnitude of the compressive stresses produced in the surface by

shot peening.
The fatigue test results are presented in Table I.

Shet peening of black bar springs did ndt always produce an inprove=
ment in fatigue properties.
Shot-peening of ground bar springs gave a more regular

improvement,

Carbon recstoration followed by shot peening resulted in a marked
improvement in the fatigue properties of springs made from both black and
ground bar. Whcore cerbon restoration was complete the fatigue properties

approached thosc obtainable carlier on labvoratory test specimens.



DISCUSSION

The relative merits of juenching from the mandrel or re-
heating for quenching have long been argued. Yardening may be more easily
accomplished in the former since the scale formed on heatin: Flalkes off
during coiling and the springs do not suffer from the insulatin: effects ~f
the scale during quenching. Reheating the coiled bars for juenching (%) not
only increases the extent and severity of decarburisation but further scale
forms which markedly reduces the efficiency of the quench. On t.e other hand,
so that the springs retain sufficient heat after coiling to be efficiently
hardened, the bars must be heated initially to high temperatures, i.e. 950°C
to 1,050°C at which temperatures the spring is exposed to the oxidising
action of air. Decarburisation and oxidation occur at this stage. Vihen
reheating for quenching this initial margin of iemperature is not required
and the bars need not be heated above 900°C. Moreover when the methods
employed include carbon restoration hich involves removal of the scale and
also re-heating for quenching in 2 carburisin: atmosphere the adverse effects

previously associated with this trcatrent do not occur.

Coiling from 95%°C and 1,00 :°C produced greater depths and
severity of decarburisation in each of the three coupositions of steel,
more particularly the springs manufactured froa silicon-manganesc steel
which is more prone to decarburisaiion. The ferritic surfaces produced
reduced the vork hardening capacity and therefore the magnitude of the

compressive stresses produced by peening.

The improvement in fatigue properties due to peenin: springs
made from black bar was irregular and sometimes non-existent in the as-heat
treated condition. Where ground bar was used decarburisation was not so

severe and improvements effected by shot peening were more regular.

The fatigue properties obtained for the three different steels
in the carbon restored and shot peened condition are similar, orovided
results due to rolling defects are ignored. The results for the medium
carbon steel C compare well with those for the silicon-mangancse Steel A.
The silicon-manganese steel does not exhibit fatigue propertics superior to
those of the other steels, even vhen duc allowance is made for the effect of

seams and other rolling defects. In practice of course the influence of these
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defects to which Si-Mn stecl is particularly prone cannot be ignored. The
great sdvantage of Si-Mn material is its hardenability but when carbon
restoration was employed =s part of the process, all the steels investigated

hardened efficiently.

CONCLUSIONS AND RECOMMENDATIONS

7.1 With the particular shot-peening conditions employed, there was
little bencfit from shot-pecning springs meanufactured from black or ground
bar which were to bc uscd in the "as heat-treated condition".

T.2 Cerbon steel springs made from bleck bar with a double treat-
ment involving carbon restoration followed by shot peening gave better fatigue
properties then ground bar single or double heat treated and shot peccned.

T3 Notches and scams sometimes gave rise to early fatigue failures
irrespective of whether the springs had been shot pceened or cerbon restored
and shot peened.

7.4 Certein menufacturing procedurcs may be proposed on the basis of
the improved fatiguc properties obtained on the carbon-restored and shot-
peened springs. Such recommendations are fully justified by the close
connection between the actual properties obtained on the springs and the
laboratory results obtained on straight bar specimens mede under similar
conditions. The desirable features of springs which are to withstand
indefinitely stress ranges of 50-55 tons/Sq.in. arci-
(n) Abscnce of causcs of stress-concentrations.
(v) Complcte cbsence of decarburisation in the finished

spring so that the maxdmum effect of shot peening can

be obtained.

(c) Satisfactory hardening.

These requirements are substantieally met if ground bars are used
and heated for coiling at a temperaturc preferably not exceeding 90000. The
springs should be allowed to cool and re-hecatecd for quenching in a cerbon
restoration furnece whose carbon potential is slightly greater than the
carbon content of the steel. When restoration of carbon is complete the

springs should be quenched and temperced prior to shot neening.
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COMMENTS OF THE SPRING IMANUFACTURERS' RESZARCH ASSOCIATION
ARISING FROM THE RESEARCH

The imgzrovement in fetigue properties due to shot-peening
without recarburisation was smaller than was expeccted in the light of
industrial cexperience. This was duc at least in part to the shot-peening
conditions employed, which, for the purpose of continuity, were identical
with those used in the carlier laboratory research. It is now well known
that cut wire and steel shot are superior to chilled iron and would be
expected to producc a grester improvement in fatigue propertics. However,
considering the relatively low cost of the shot-pecning process, even the
small gains shown in this research would be economically worthwhile for

many applications.,

The results precsented are based on one cast of steel in each of
the three chosen B.S. compositions and it is rccommended that further
research be carried out on a narrower front, using stecls of different cast
anelyses, to cvaluate further the effect of reccarburisation in conjunction
with a more rigorous shot-pecning treatment, on the fatigue properties of
the different spring stecl qualitics.



DISCUSSION

MR. COIE Could the speaker exploin the method used to dztcermine the
intensity of shot pecning, and could he give a figure for this intensity.

LR, oG5 The Almen strip wos used to neasure intensity. Ilo tests
were taken whilst the springs were actually being pecned, The conditions

were established beforchand such that the coverage was four seconds per

square inch,

HERR UATERSTRADT In the paper you say the springs were tested for a
life of 500,000 cycles., Can this he taken as the endurance limit?

LR, MEE The springs werce tested at 140 cycles per minute and the tests
were ciscontinucd at 500,000 cycles, Ve realise that the fatigue strength
at 500,000 cycles way not bc the scuc as the fatigue limit., This type of
spring is replaced on a maintcnaiice programme and 500,000 cycles would be

a practical limit.

s, HAYNSS When determining the endurance limit it is customary in this
country to obtain two unbrolcn moinits but as these tests were only continued
to 500,000 cycles you will aporcciate it was often impossible to do this,
therefore, the stress values quotcd are in effect fatigue strengths and not
fatigue limits, The terms of the contract limited the testing to 500,000

cycles.

il, CATTTER I have threce qucstions to ask. Ve arc surprised that the
limits of fatiguc werc only dctcmincd for carbon stecl and manganesc stecl,
was the samc hardness used fcr the two qualitics of steel?

The sccond point, you have not commarcd the fatigue properties of the carbon
restored shot peened springs with thosc of carbon restored springs not shot
peened., Is it lcss important to shot pecn carbon restored springs?
Thirdly, what practical aprlications do you cnvisage from the results of

your rcscarch?

[ ] In reply to your first question, three steels were used which
arc in common use in the British Soring Industry, other alloy steels are
also used for svriings, but to kecd the rescarch in rcasonablc proportions

cnly the three comuon stecls were sutudicd.

i, SC:IRTON The optimum hardiess of the silicon-mangancsc stecl was in the
region of 515 HV, For the carbon stecels the hardness lay between 440 to

L.80 HV. The hardncss of ihe ncdiun carbon steel was 440 HV.

R, LGS Onc point which has not been determined is the incrcase in life
duc to carbon rostoration alone. It is therefore @ifficult to say what
proportion of the increasc in lifc was due to carbon restoration or shot
peening, The third point raiscd by i.. Catticr was the practical application
of the rescarch, for this type of spring any decreasc in weight would result

in decrcase in weight of the spring scating and consequently of the vehicle,
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DR._BAIHAN I would like to take up this point abcut the endurance life
to witch these tests were run., With regard to this endurance o 500,000
cycles Lir, Haynes said that this may well be close to the lince of tie S-1
curve, 7e have done some tests at Imperial College a: the elffecis of
carbon restoration but not in conjunction with shot peenin;, The results
shoved thet the fatigzue strength was considerably raised by carbon
restoration, but that there was no apparent fatigue limit for the
specinens, Our tests were continued to 50 miliion cycles., I am not
supgesting that these tests are exactly comparable with those of iir. Mee's
but I would like to have seen his tests continued to a longer life to
establish that (a) there was a true fatigue limit and (b) if the knece of
the carbon restored curve was moved to the right, and whcther the difference
betviecn the nen-restored curve and the carbon restored curve vas as much

as was given in the paper.

IR._IUYIES  There is one fundamental difference between the tests carried
out by Dr. Benham and those referred to in this paper, the diffcreice being
w1 stecl composition, The Imperial College specimens werc nade fram
il oe viiich was casc carburized not carbon restored. The springs used
1i, our laeboratories were made from fairly high carbon stecl and the carbon
ro.Leresion treatment was used only to put beck carbon which had been lost.
I thinik thercfore that the difference in the resulis obtained
in this paver aund those at Imperial College might be explaincd by the
different metallurgical treatments.  Regarding Dr. Benham's suggestion
thet the tests should run on for 10 million cyeles, I too would lilte to see
this, but as you will apprcciate this worl was limited by the contract in

order to obtain the results in a reasonable space of timc.

iD. STERE  Hay I comc back to this question of bhardness and ask if Fig. 8

refers only to the hardness of silicon-mangancse, or is the shacded area

indicative of the sprcad in hardncss for the three stecl qualitics investigated.

R 1TE Fig. 8 includes all hardness values taien on the threc qualitics
of steel and is intended to show the variation in hardness for uwapecncd,
shot peened ard carbon restored and shot pecncd springs. That is why the

scatter bands arc so vidce.

iR AV, 35S If the scattor bamis for each stccl had been shown scparately
ey would have in fact overlapped, and the differcnce between them would

not have been significant.

ILRR LRELIBERG  The amount of decarburisation scems to be rather large and
vie can only conclude that this arose during roiling. Sccondly, the spring
Ceilurce would appear to be surface failures and we can only conclude that
Lo roscarch vas an investigation into the cffects of surfece on fatiguc.
7o lieve a maxdm in the Ferman spring industry which says "all pood sorings

ore node in the rolling mill",
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My third question deals vwith the control of carbon
restoration, We have done some experiments in Germeny and have shown
that the carbon restoration period will depend on the amount of decarburi-
sation present in the springs.

I would be interested to .cnow what control there was in this

case,

P S T4 ] Dealing with the first point 'where the decarburization came
from'; in the case of the ground bars there was no decarburization prior
to spring making.

On the black bars decarburization varied between 0.005 to
u.010", The remainder of the decarburization found in the finished
oot s wes formed during heating for spring coiling and/or heating for
- .micln,.  On the second point it is true that failure started from the
surloce, consequently the surface condition played an important part in
the life of the sprinss. With regard to the control of carbon restoration
the restoring period varied from 20 to 40 minutes, and the rest of the
time (to a total time of 60 minutes) was used for carbon diffusion., It
ney well be that with 45 minutes of carbon restoration a longer diffusion
tine would have been better. From a production point of view, where the
lacarburization is likely to vary there may be difficultics in deciding on

e most suitable carbon restoration treatment.

IR, JOBLING It is true that in this case the carbon restoration was
carried out in a small botch type furnace and from the point of view of

“he heavy spring industry this could only be considercd as an experiment.
In the automotive industry large continuous carburising furnaces

arc used which might well be suitable for carbon restoration of springs

on a mass production scale. It was mentioned in the report that the
ccrbon potential was a little higher than that required by the steel and
tne restoration treatment divided into carbon restoration and diffusion.
In the case of silicon-manganese it is not possible to over carbon restore,
ierefore, with a steel of this composition the process can be simplified

to o straightforward carbon restoration period with no diffusion.

e 2T ULeRX Could iir. Mee enlighten mc on the term "Walterising"?

e e "7alterising! is 2 trade name for & hot phosphating trcatment.

TTRR JLUDRSIRADT  In Table 1 stress values are quoted and I should be
“leased to know whether these are the maximum stress values, I should
also liike to know what werc the minimum stresses on the springs so I

could calculate the stress range imposcd during testing.

iR, LEm The values quoted are for maximum stress. The irdtial stress

- .

uscd on all tests was 5 tons/sq.in., this was just sufficient to operate

the cut-out mcchanism on the testing machine when a spring failed or set dowm.
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IR, GANDIRS for the benefit of our visitors I would like to c:plain the
baclground of this work, This paper represents the testing of conclusions
ocbtalned from earlier research work carried out for a number ol years,

When the research organisation was first formed, a research
progroame was drawn up in collaboration with our members and it became
clear thot two problems were of generacl interest. Whether either the
siiyle or double heat treatment of coiled springs was better from the
JC-.-t o view of spring vroperties. Metallurgically we said, of course,
Jw.v e double treatment wos superior. We carried out some indtial
tests ond it beccime clear that there was no rapid answer to tle »Hroblenm.
‘ere is one particular point which has always worried me, that is, once
2 steel is decarburized vie have thought that the damage to the surface
of the steel could not be completely repaired by adding carbon because
of the prescince of zrain boundary oxdde penetration which has a wealzening
elffect.

The other point which came into our original prograine was
the carbon content of the steel. As metallurgists we could not quite
widerstand why spring makers made their springs of a 1% carbon steel.

% is well known that if the carbon content varies from that of cutectoid
(.§:) difficulties may arise in obteining satisfactory hardening, ard so
focr as they go I think the results substantiate this idea.
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FIG. 1

COIL 60 SPRINGS
IN BLACK BAR

RELIEF CONSTITUENT IN MEDIUM CARBON STEEL

COIL 60 SPRINGS

IN GROUND BAR
[ | |
20 SPRINGS| [20 SPRINGS| |20 SPRINGS 20 SPRINGS| [20 SPRINGS
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WALTERISE &| (WALTERISE &| (WALTERISE &| [WALTERISE &| [WALTERISE &| [WALTERISE &
LOAD TEST | |LOAD TEST Louolt EST LOAD TEST

FATIGUE TESTS

FIG. 2

FLOW SHEET FCR EACH SPRINGUAKER

FATIGUE TESTS |
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FIG. 3 SEALED QUENCH CARBON RESTORATION FURNACE






BLACK BAR. GROUND BAR.

1000
X 50

FIG, 5 DECARBURISATION OF SILICON-MANGANESE STEBL (STEEL A)

BLACK BAR. GROUND BAR.

FIG., 6 DECARBURISATION OF HIGH CARBON STEEL (STEEL B)

BLACK BAR. GROUND BAR.
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FIG. 7 DECARBURISATION OF MEDIUM CARBON STEEL (STEEL C)
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