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Reperts of fallures of the Ram bank vaiut@ springs
are suffici@ntlyvnumereus to warrent an investigation of 1tas
metallurgical characteristica,

Three samples examined aft@f fajilure showed sigus

of having failled due to fatigue, The performence of a spring

~under repeated stress 1s a direct consequence of the stress

at the surface and the condition of the surface.

All of the springs eiamined war@ found to be rough
and deeply decarburlzed. Verlation in hardness of the springs
was also nobed,

If the effects of surface condition are not considered,
fetigue life is then roughly proporitional to Brinell hardness,

All of the springs examined were found to be decar-
burized to a depth of from 0,005% to 0,015", Some of the
springs varisd consid@raﬁly in herdnsss,

The prevention of further failures of these springs
mey be effectaed by one or more of the following steps:

{a) TUse & heavier spring;
(b} Eliminate decarburizebtion from the presaent
spring, and protect surface {rom corrosion

and abrasion.

{e) Use a 3teel lesa susceptlble to decar-
burizetion {chrome-vanadiwm),

Elastlclty, or load-movement characteristic depand#
entirely upon the spring desiga, Elastic limit of a spring
depends upaﬁ elastic limit of the metel, Statlc loading tvests
therefore, tell 1ittle about a spring.

The best proof of probable future performence of a

gpring 1s the fatigue test. .
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Introdustion,

Prof, J. U, KaoBwan, Gonsultant te Director of
Metallurgy, Arwy Boginesring Design Branch, Department of
Munitions and Supply, Cbtewa, Ontsrie, submitted six volute

springs for exsmination, Work commenced on Avgust Jrd; 194z,
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(Mlcrostruciurs, conb'd) =

Sawples “a", "RY  and 0¥ ail show that pert of
the spring had been properiy qusnched, and other parts had
baan improperly quenched, The ferrits network shown in
Figures 7, 10 and 1% is acsaociabed with low hardness and
hence low Tatigue strength,

Samples "D, " and "PY showed mertensite and
sorblee structures, indicating good quenching practies,
Unfortunately, decarburizatlion nullified the effects of ﬁh@

good interlor astructurs,

Hardness:

Carefully preparced spzcimens were cut from the
spriags, a segment Trom the Znd and drd coil (counting from
the centre) was removed and polished, Hardness al the cenbirs
of the strip is recordsd on pagss ¢ to 14, Effﬁct of decar-
vurization on hardneas 1s zhown in Pigure 20,

Table I shows the hardness of Wpt, MEY o anpd tpo

nsan the .'i‘:«:'acz'buma_0 (Pable I appears on Page 15),



RAM TANK SrRING

HARDNESS ON TRANSVERSE CROSS-SECTLUN
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- Pags 16 -
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(S,A.B, Journal, June, 1942),

The above curve is very simller to that obtained
with the volute springs mentlomed in this report, Note tThat
in the lower rengss ons ton addiitlonal welght reduces the
helght of the spring approzimately one inch, This curve lis
determined by:

(1) Deslgn of spring,
(2) Modulus of elasticity of steel,

Modulus of elasticity of steel is a constant
ivregardless of microstruciure or hardness, Therefore, the
only way to changs the slops of the curve of ?igure 22 18 to
change the design of ﬁh@ spring.

438 the loed is iancreassd, a point will be resched at
which psrmenent set or distorition 1s cobitalned, This 1s the
elestlc limlt of the spring and is dependent upon the hardness
of the metal, S4atic loading, therefore, tests design and

hardness of the spring.

{Continued on next page)
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(Decarburization, contid) -

Qo Oan the fubure performance of a spring Le
prodicted from & knowledge of design snd hardness only?
A, No.

emp

Q. What is the best way to evaluatbe future peor-

formance of a spring?

A, If possible, proving ground besig, ov fatlgus

v

tests., Auxiliary mstallurgical tesbts vased oun fatigue and.

service test resulis wmay be uged, such as:

) Depth of dscarbuprisatlion,

}  Smocthness of surface,

y  Depth=hardness relatlonship,
) Inclusions,
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REVIEW OF SOME CURRENT LITERATURE ON SPRINGS.

Service Expected of Springs:

Springs are ordinarily supposed to be subjset o
alternating sbtresses bolow their elasbtic limit, MNigh fatigus
4
o | - ()
gtrengtn is thereilore desiradle. Henlins and Baoser ne.ve
shown that fatigue 1imit whon uwninfluenced by surface conditions

was woughly proportional Lo the Brinell hardnass, D, T,

ele springs

o

Swindsr {Sheffielid) pointed out that for wad vebh

Y

fatigus 18 not the only type of service, Impact loacs are
encountered also; bthorefore, there is an upper limlting hardoess,
beyond which lmpact strength is too low,
(3)
Mhe elasticliy of e spring dependa uvpon Lta dimen-

sicns not upon the physicel preoperibies of the steel,” This ls

due o the fact that the modwlus of elastlcity for all abteels la

(1) The effect of Surface Conditiona Produced by Head Treatment
on the Fatigus Resistance of Spring Steal, G. 4, Havkins
M. L, Beekwsr, Journal, Iron snd Stesl Ins., 1931, Vel, IX,

(3) Heat Treatmsni of Steel Uy INeTry.



Service Expecbed of Springs, cont'd) -

about the sawme, Starne’ has ahown In great datall the

relationship bebwesn design and elesticity in volute springs

of the type desoribed in the previcus report.

P

TEST TO DETERMINE SPRING PROPERTIES.

Static Toading:

v

It is generally specified that a ioad of X pounds

!-v'

11 be applied and this load must depress the spring from
Y %o 7 in Lengtn, Releasss of the lead should result in whe

spring length changing from 7 to ¥. Repested loading up to

3

25 times should result in no permenent change In the length
of the unlosded spring,

& ._‘,‘

&

The tast debtermines Gmlyltwo things abiubt the
springs the elasticlty {which i3 dependent upon the deslgnl,
and the elastic 1imlt {which is dependent upon harduess),

The trus elastic Limit of the spring is nobt obtalned, but
assurance 18 obueianed that 1t iz above a speclfilad Lrlmnﬂo

static loading thersfove tests cnly deslgn and

e-amw: T I T AT

APONAS S o

pabubiads .— RN AT,

Patigue Testling:

$a:

Since wmeat spring faillures are satiributed to fatligue
and impact, it 13 obvicus that statlc loading slone doss nob

give 8 fjclenb evidence Ffor the acceptance of a spring.
{3)
Bernard Sterne , veferring to the testing of volute aprings,

says ;

fas a proof for @erfowm&nc@ resutts which may Lo oxpectes
feem & volute apr;nv dzsign, the 1ife Lesting o The
sonsidersd lndispsnsable,” :

Sterne alse states that the veolube spring will give proper

3

"Characteristics of the Volube Spring," S,4.B, Journal
June 1942, Bernsrd 3terne, Chrysler Corpn,

(2)

wma: PP PPN crmeg ki Az emm—



(Fatigue Testing, conu'd) -

service only if 1t har been "bDulldozed" or compressed under
a load exceading 1lts elastic limit. A machine for fatligus
testing volute springs is described in the S.AE., Masgszine

for June, 1942,

Drop Impact Test;

Flexing a spring by a gradually applled load and
by o dropped welght are two subively different bteat methoda,
The first Is pure latlgue, the sscond method introduces
Impact loading

Fatigue and repeated impsct teabs are the only

pesitive proofl of serviceadility in volube springs.

Metallurgical Teats:
(3 . ) ] .
Tatnall considors Brinell hardness to bhe the

meat impoertant metallurglical factor In springs, Woldmen and
Dornblatt(4) refer (o silico-manganese sieel Deling uvased for
leaf aspringsa, shuttie springs, and rscoil springs at a Brinsll
herdness of 600,

Physical propertlies raported are:

Uloinate strength - 385,000 p.a,.i,
Yleid poink » 200,000 "
Elongstion = 20 per cent
Reduction of arsa = 50 ¢

The hardness selocted for a glven service will depsnd
upon adervice conditicons, Although fatigue P@ lstance Ancroasess
propogtlonslly with herdness, Impact strength decreasss, PFor
Li:ls reason the American Soclety for detals recomwernds thatb

(53

"Facvors in the Matigus of Helical Springst,

[ ] $

Rodman R, Tatnall, ASM.H., April 1940,

14) ' :
LY .

engineering Alloys,"™ Dby Woldman & Dornblath,
A5 M, publicatlion,




(Mebtallurgicel Tests, contid) -

‘heavy springa of silico-mengansse steel be made 6 herdnsas
range of 383429 Prinell (38%-4D0 Vickers hardness), RFleld
tests would indicate if spriugs were too soft (by fetligue
f&ilures) o1 too hard (by impact faiiures)o

gurface Condltion:

Authoritiss ars uwnanimous on the lmportancs of
/surfaee condition on spring life. Pechs and Clyna(ﬁ) atate
that corrosion and decarburization are the most ssrions
cauges of spring feiluare.
Rough surfaces aid in the fermabtlon of fatlgus
cracks,
The British Springs Research Committee concluded
that moat lawrge springs-did not reach théir m&ximum physical

]

properties due to surface defects,

-~

&
1%

LA
e

4

Hanlkina amd B@d&é? ahowed. thed ordlnory hot-rolled
and heat treated springs had only onse half of fhe ravigus.
r@sisﬁance of wollshed springs with no dscarburization,

Hankins ahd Millﬂ‘vp d@manstr&t@i that resistance
t0 repeated lmpact is lowerad by ths irr@gulér decarburized
surfece which is preszent on & normal heat breabted apring

plate,
The Awmerican Soclety for Netals Handbook polats oul
that decarburization &g wuch as 0,003" seriously Lmpalrs spring

" properties,

=

T gxmresan v a2

leal Springs, Manufacture of Life

Hot formed Mechan
58, May, 193G,

The Effest of Surifsce Condivlicns Froducad by Heat
Treatment on the ¥atligue Reslstance of Spring |
Steels, Journal of ths Iron & Steel Instiitwie,
19341, Vol., 1%, :

7 : .
(71 The Reslistance of Spring Ste
Stresses, Hanking & Milla_

Steel Instltute Ne, 1, 1935
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Recommended Heal Treabment:

The A,5.M. Hendbook ro

flat springs of aillco-mangrness
be noted;

(A) A forming temporaturs
excaaded ,

(B} The spring ahould he
at o temperavure

() Quenching oil should

at & bempsrature
(D) Normalize at 1600 - 1
(B) GQuench into oil from

(F) Temper at 650 - 1050¢

()

S

Poache and Clyne
from the forming operation,

goarse stracturs

A8 T M, Speclidcation A 59-49:

Slilcon Manganese

2 :]. @

commends that in making large

steel the following should

of 1800* B, should not hea
removed from the 011 guench
just below 300% R,

be well cireulated and kKept
£ 3009 - 140® F,

GRde 7,
LB78 = 1600° P,
B

varn ageinst gueaching dlrsct
Such a procedure resulits in a

wnfit for severe service,

Btesl Por Springs.,

Per cenv

ey S ]

Garbon = 0,BH = 068
Hangenaae = 0,60 = Q,%0
Fhogphorus {(max,) - 0.0485
Sulphur {max, ) S 0,045

Silicon

Decarburlzing Troparbl

Andrews and Richardson

mangansse asteel decarbarlsz

stegl or chroms-vansdium steel,

= 1.80 = 2,20

(8) have shown thet sllico-

¢8 more readily than either carbon

8 .
(8 An Inveatigation of

B, To R

Spring Ste

oheedaon, Journel of

ela, V, H. Andrew and

the Tron & Stegd

Inatituts, No, 1, 1935,




= Page €2 -

Prevention of Decarburizablon:

S&mdars(é} referred to the practice of replacing
carbon in decarburized surfaces by palunting with graphlte
before reheating. Where springs are wound, cooled, and then
heated for quenching, 1t is possible to reduce decarburization
by uasing a controlled simoaphers,

The following discussion of springs is taken from
Appendliz 20 ins

PREVENTION OF THE FAILURE OF
METALS UWDER REPEATED STRESSES
A dandbock Frepaved for the
Bureau of Aeronautics
Navy Depariment

. by

Babttelle Momorial Instliuve,

Steel springs sre dssigned Lo carey very ﬁigh loads,
They mus’h have high elsastlc strength end nocessarily they are
vary hard and strong--usually cver 200,000 p.s.1l, bensile,
They are, therefors, partlcularly susceptible to notehss as
will bs vecellsd by reference tc Figure 58, Since in any ﬁyy@
of spring the sitreas lz highest a%t the surface, the strength
of the surfeace layer and its freoedom from notches control the
fatigue strength of the apyiﬁgo In the heat treatment of
springs, the maiterlal has Qrdimﬁriiy baen heoated in open furs
naees whiéh produces a decarburized surface layer, Such spriang
atock la, therefora; grouad deeply in order to remove it com-
tetaly, the reiatively weak surfece lsyer falle at ordinary
gervice gtresses, a crack starts and prowmpily propagates through
the spreing,

The polished endurance liglt of spring steels, tested
with the bresking sectlon ngeked down as to come below the btracss
of decarburizatlion that may 8%iil be left on the surface; may be

very high, When the ateels are made into springs end the springs




L

btested, the endurance of the s?rings almost Invorlably ls fax
below what the steael appesrs vo be capabls of . Appendix &
probably gives the -elwe, 1.e,., that the spring has a conslderable
area of stressed aurface, compared to the tiny erea of an ens
duprancoe Specimﬂng and, with steels at ao vulnerable a hardness
as in springs, complete sliminetion of all surface astressg-
raisers or weak spoté ig improbable In the actual springs, A
single weak syob where decarburiszation hes occurred, uoo deap
to be entirely removed by grimdingghiﬂ Suffiqiént to bring the
whole spring down o that 1avallef weakness ,

| The evil effect of decerburization hes long besn

n

r@cégnizedo Indesd, the unsual chelce ol chromlum-vanadivm
&‘éels for springs for @ﬁﬁ@rw dusy over those of the cheaper
silicon=manganese steel, althouvgh often phrosad on the bhasis
of some illwd@fiﬁ&d'ﬂﬁquEKQTity in fatigue,® has ita-%é&m&ry
bagly In the lesser tendency of the forwmer te'deO&rburié@ in
heating,

It s difficult o svold decerburization durling h@ating
priov o the hot rolling of rod used for springs, Afbter mantrﬁw
less grinding of the rod for complebe removel of the soft smihg
hewaever, hs&timg'fmr quenching cen subsequently be done without

decarburization by the use of the correct controlled atmosphera,
Bosgeholdls comments oo coiled spﬁinga deserve gueting.
He says, "The coll soring for the indiviﬁﬁally suapendaed [ronk
whoels iln the 'knoes acblon! is an imta?é;ﬁiﬁg mo ballurgleal study
buoause of the high stresses ludveed from bthe Loads lmpesed,  Whan
the whwél woves upwasrd. to the bump pesitieon the stress in 8 bLyplecal
spring ia 117,000 p,a.%, in to?simnmmalmoﬁt_up o the @i&ﬂtie

limit, Naturally, conslderable movemsnt atooupsnies this stress,

There are no othey par

o
o]
-
-
~
e
ke
o~
ot
44,

whe oer stressed as highly as the
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(Pravention of Decarburizetion, contid) -

springs and we can rest assured that there probably never will
be, bscauvse with that amount of stress thers is also e propor=
tion&te deflection, It is quite obvious that we would he unable
to tolerste deflections in our other operating parts of the sawe
ovder as experlenced Iin the spriugs.

"Any pert stressed as near to its elastic limit as a
spring 1a, must not have any surface lrregularities te causoe
stress concentration, This isg responsible for several interest-
ing features associated with the maﬁuf&stmr@ of coll springs,
First, the stesl rod iz ground to remove all dscarburization,

It 4is then heated for coiling, the temperature baing held down
around 1430° Lo 1500° 7, to be suve thabt no decarburizstion :
occurs in this coperation., Thias 1s very important, bscause a

k3 3

épring decarburized a few thouvsandths of an inch at the surface

will take & gradual and continuous aset in service and will have

8 short 1ife when failure cccurs, A conslderation of the pro-
pertlea of the decarburized surfsece layar wilil readily explain

why bthis i3 sop 1t hes a strength of only 45,000 ﬁa 5C,000 p.s.l,
in.t@nsimns or 60 per cenwu of that figure in Horsion, When this
gurface metal {which receives the meximum strsas) is subjﬁcted

te 117,000 p.s.i, torsicnal strses repesatedly in going over the
bumps, there is bouad to be & fatigus crack developed which

travels inwards to the depth of the decavburized layer, This ‘
crack then acts as a nohch to cause stress concentration, which !
resalts in overloadisg end cracking the full-strength meterial
Immediately under the ggéarburizad layer,

"4 properliy grocasged spring will have, as one of the
manufacturing oparatvions, & !sebiing down ! which éonsiats Qf‘
clasing the spring several Limes until»it takes & slight permansnt
set, Unless thls is done even a properly heat-treated spring

wlll take a permanent set in servics, In addition te this,



ey DS
w Page 29 «

{Prevention of DNecarburlzation; contid) -

gprings are somebimes shotblasted to cold work the surfacs
8lightly. This nolt only oblibverates any éﬂrfac@’imp@?fﬂ@tisnﬂ_
which might have acted ag stress raisafs but ﬁh@lcéld wWork
also incresses the strengsh of the surface layer and prelongs
the 11fe."

Every dlscuasion of fmiigu@ of springs and especially
of sircraft englne velve springs empoeslzes the same pointe.,

oh

1=
b

Compare Johnson, Meddswm, Clyne, Arnstein and Shew, Hunl

o

and Pungel., Pomp ond Hempsl, and Tatnall, Zimperili roemarks
thet, when applied Lo sound stesl free from seams, shotblasting
has done more te fmpreve the endurance of springs than hes the

"melection of apecilzl alloy steelas Yor springs. Swaen; Jutton

and Douglas coument on greater dAscerburlzation of silicon-
manganese over chvomlum vanadimm stesl, aod the bad affect of

inclusicns, which they asay, tend toward production of minutve

gurface cracks on guenching. Lzhr brings out the sams points

and suggesbs the possibllity of nitriding aprings to lwprove

the surface condibion though he gives no data on Shem, Harvder

8 ra

shows photos of nitrided spriogs for Dissel englnes,

bel reports for a tempsred 0,65 par cént carbon-

Ao

$uby

We

valve apring wire 0,220 in, dlewstver, of 204,000 p,s.i. tonslle,

Py

166,000 torsion, the followlog:

’

anduwanes Limlt,

BanemTm

e mA et wa.

Rotating beam Reversed torsion

T AR

w . & 3 RE YA TR TN A

As rocelvald.. ciovececanosasacsas 67,000 58,000
Grownd to OEEL N, teeecsoavonss 81,000 64,000
Shothlestod, . ioeoovvsonooscascns B85, 000 61,500 +
Shothlasted aend Hlusd S0 min, ab

500 B, Lo relieve cold-woryk

B PSSO ot tovooonoc0snsoseccoe oo 83,000 65,000 +

N ens, ’ T AR

el

Blank sava that the use of tungsten carblds drawing

dizs to eveld dls marks, the use of controlled stmosphores to
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{Pravenbion of Dessrburisation, cont'd)

i.—l
3

Y

avoid decarburization and ths use of light shotblasting wire &l

2

beneficial, The proper degres shotblasting raisasd the

endurance of actunl springs from a range of 20,000 = 95,000

‘_»,

P.8.i,, to one of 20,000 - 115,000, relison gives similer

data for the improvement of patented wire by the avoelding of
surface defects,

sfPects of any sort of surfacs seam or noton

on aprings hag bzen mentioned ln the test, Not only Tthe obvious

£n

nétch&s; but also sharp edges, ars harmful, Hendrickson points
out the benefits of smeoth sdgess on leal spriuvgs,

Because 9prings sre tempered at low temperatures Ho
retain streongth and havduness, they are prone to contain lanternsld

guanehing StTUUNGSn

€50 XM I e T sty

CONCLUR T ONS

@

pailures of the springing mechenism of the Ram btanlk
have been reporisd fras Bazlend, Egypt, and Capsda, Further
falldres might be svolded D3

(8} & changs in dasi
() a change in ths

pring propesrtles,

N

From en examination of several springs, 1% is concludsed that
fatigue abtrength of the spring could be almost doubled Af
decarburizaibion, rougt surface, abrsulon, and corrosion Wars
eliminatad,

A Aecision yuat be mads whsther SOUrse (&} or (R} 18

te be adopbed, Preventlon of the decarburized vough suriacs

will invelve extra equlpment Tor grinding, stwmosphers coniroelled

£3
i
=
©

furnaces for heet treabtlng, Soms prote coating may also
be nsceasary, Copper, slestroszine, or lesd might e uvsed to

Lon (Sas Tigure 1),  One way of eliiminating

o

PESVELRT COTTOS

L

decarburization ia to gas csvourize and thus produce a surloce
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{Corclusions, coat'd) -

gt least g8 herd a3 the rest of the spring.

There ars, therefore, soversl possible changes which
might be mads in the wolute spring in order to glve 1t longey
fatigue life. |

Testing procedure shouvld be dovelopwa which will
acourately pradlet behaviowr in service, For this purpose, the
fatigue teat ls indisponsable, Static loading tests cannot

distingulsh between a short-llved apring ¢ a long-lived spring.

Auxiliary tests which have been found to correlabe

closely with fatigus strepgih are . :
{a) Depth of decarburization,
() Swmoothneas of sueface,
(o) Brinsll hardnsss,
(¢} Discontinuitles or Inhomoegenelty of

microstruciures,
The above tasts ocould be per L@wmmd on coupona cut from the
unleoaded cuter end of the coll.

Tt will bs notsd that the assumphblon is made hersin
that spring fallures are dus to fatigus, Fatlgue sirength and
resistance to wvepeabted Impact have besn shown to be closely
related, Three Faliures sxamlned wera typlcal fatigue frachtures,

Infalliivle specifications can be drafted only alter
extensive proving-ground teste have been studisd, This rveport
hae attempted to point cut some of the factors which must be

considered in developing a satisfactory spring,
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