Cing the war.

Mechanical And

Metallurgical

OSTWAR problems in cgquipment
design will be influenced by many
practices extensively applied dur-
The benefits from some
of these practices are so outstanding
that competitive conditions in peace-
time equipment design will demand a
new ‘appraisal by engineers as to the
technical apd evonomie factors of the
sbrength-weight ratio, space, and cosk.
The provess of compressing the sur-
face luyer of design members, such as
ghob peening, offers one means of im-
proving these factors on the busis of
ita sigatficant application to wartime
and prewar equipment.

Most equipment is subjected to dy-
namic loading or repoated strossing of
the design ntembery, and in sueh eases
tho process of shot peening has eone
tributed mueh toward improving fa-
figue  reststunee. In faet, merely
adding the operation of shot peening

Advantages Of

1945001

Shot Peening

. «« An englineering appraisal of the technical and economic utility

of compressing the surface layers of design members as a means of

greatly improving their fatigue resistapce, In this first section of a

two-part article, the author details the history of shot peening, de-

scribes the treatment of coll and leaf springs, sandblasting effect

on fatigue, fempering after peening, and the peenlng of torsion
springs and drive shafts.

to muchinery sl
ordnanee parta
has often mennt
the ditference be-
Lween failure and
suceessful per-
formanes in  ser- o
viee, Outstanding

examples will be presontod ilusteat-
ing the manner and benetlta by which

these technieal developments in shot

peening and  other forms of  eold
working the surface are being applied
to various types of desipn wmembers.
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aud Resparch,
Tinken Roller Bearing o,
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Fatigue failure
genwrally initiates
st the surface
where the stress is
niten proatest and
Woundary  condi-

& tione  unfavorable.

Thovefore it is
only untural Hhat ecossideration be
wiven to mesns of prapuring and im-
proviag this sarfuce Javer, Increasing
veeopnition I bBeing  wiven to  shot
prening or viher weans of cold work-
it naoa supfues Lreatment which not
ondy () increnses fatiguo resistance
but  which in wwne  instances has
simultsneously  elminated the (b)
nevesuity for polishing and (¢) even
machining the surface after Theat
treatiment and yeb sorve a4 a means
of (d) cloaning or desenling, Obtain-
ing mximuym  fatltae vogistance by
shob peening presumes & knoviledge of
the proper kind and Intenaity of blast
apmm the member and how various
malerinly, surface  conditions, and
shapes of design members respond to
vold working. Demands for the com-
moreinl npplieation of whot peening
have been so great thut its require-
ments have much exeerdod knowledge
of Tondamental factors controlling the
provess.  An snalysiz of the history
surrounding  thia  process  indicates
thut sbeut 10 years have elapsed since
the time thet the beneficial effects of
surfade colid working were first given
technical reeagnition, ’

The Ameriesn spring industry was -
the first to make practleal application




16, FoShot peened
coll ond ﬂ»llevi\in
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af slwt prevning. Zarumnerit® wis ap-
rently the firsd b pablinh technieal
pers’ vt bt groened walve springs,
4 sttt that in EHU2Q the cumpany
ith which ke was weseciaked sent ot
fhe firat production springs in this
antry  shel  blamtsd to ineresse
tpwe strengih, Him progreas was
Hieult hevsume he doseribes it by auy-
engtuert, Ruaemenbeibigo Ry

1 Chief
A wsorinted  Xprimg

and  Dpieaw . nf
o

Wlhivi  pngemwer,  Nprimp  Division,
aton Mip. Cn,

v Chief wesellurging,  Hudson Murar
e (9,

$oad o] Mechanival Eegineering Des
borlment,  iemeral  Muoturs Hesearch

aburarory,

G 3 v Whesls
vhiotor walt  for
punning lorger anil
, Apeings,

gt “These springs were first un-
noticed, then protested, and for a year
o bwo our work was endured but not
encournged, After that, adopltion was
rapid until today this method is speci-
fisd on many prints,”  Steele" also
utilized shot blasting on production
springs®, Gognon® stated’ that since
1935 advantage was taken of this
metullurgiesl ndvance by shot blasting
aneh important automobile ear parts
i axle shalts, connecting rods, steer-
fup artig, center arms, suppork arms
and 4 Tew others with the vesult that
futijgue failures were almost a thing
of the past. Cluteh spring dises fox
Chevrolet* would not work until they
wera shot blnsted,

Almen® has dovoted much effort to

the development and application of
shot peening to different kinds of ma-
chine elements, some of which is pub-
lished in available lterature’, He is
neting as a centralized authority for
assisting manufacturers engaged in
the war effort to improve the fatigue
resistance of their product by shot
peening, His experiences have made
him an outstanding authority; other
investigators all concur with his find-
ings as to the marked improvement in
fatigue resistance obtained through
shot peening, but some disagree as to
the best means of accomplishing this
and the reasons for such improve-
ment. Exceedingly little data have
been released in available publications
regarding the merits of shot peening
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165, Aeelnerente in faligus steenglh of
helical springs by shot blosting by
Lupfert} oil quenched ond temparad
slon) wire 0118 in, diomeber with tansile
strength 205,000 to 235000 b, pee 14
ihe{o] without ssefoce defecds, (b)
with smoll surface defscty and le] with
wilace laps,

but maeny investigators have made
Eatigue teats  on actual  production
parts and laboratary speebmens, While
maeck of these data remain vesteicted
until after the war thers e Bumers
oug eages whicl wny be eitid b atine
Tate atil) farther interest and gppratie
this benefleial process in terms of
present and post war products,
Practien! production  applivations
outlined  above were supported by
technieal developments in various Jabs
oratories in soveral diferent coun.
triva. The benefleial influence of sur-
face cold working to inerense fatigue
rosistance was firsk recognized in 1929
by Foppl® in Germany, sod sies that
time Toppl snd his nssociaies have
publizhed at lesst 50 papers on this
sobject, Tn most of these papers the
cold working was done by burnishing
rallers, and  although shot  blask.
ing was discussed, German industry

40

g

5q.inm.

&5

Mozimum shress,

160
=

5

Loed

18, Seobfiact of tme in shat bl on bl speinge: B 300

10 ' T i

Toma of shob- bk oon

in 60 B soil 1784 In, or

1ibd in, that e, meinimurm sheoons JODO0 Bho ey 4. in Reot 30 mia, ob 800 dag, B,

aler thol Bsg

Prozwest mvuch bebind Amweeiean fnhi
pry in its praciieal applivatea $s pro
duetion parta, Foppl' stated fn 320430
that Tree fnon Ace o 1000 was the
flest bo publish the rvsults of bas fiad
g dn Amerien and that this publl
enbion made n greaber bmpresion 30
Amerien than the many papees b and
Bis coworkers hmd et nb the anme
tige in Gernany,  Fobdently  this
process of sy Taes vodd working o e
peave fatigine resinbanee wi mecepded
by Geroan isduatyy with consisderable
roluctntior borntiae o peportesl Sy
Amorean induatry bmediately rersg.
niged  the importsace of bin wew
wethad and intraduesd 38 by prae
tics,

He related that the blusting of
valve aprings, for the purposs of in-
ereasing  the fatigue strenglh, was
firat employed to & large exterd in
Ameries and from there win introe
dueed dn Germany by the Opal come
pany. He reclas the fach that the
frne of Rochling, whe patented® the
atoel shot blasting wethod in Geemany,
did little towsrd applying this propess
to springs se that » sumber of Gore

L& mmmadi

wrany comgnie s et e dmport Wasting
mnehires v Amerion, T2 wun g
Tate as BOAT when Be wrste Veecently,
howpuer, Bhe boe seamn B bmve broken
iy frerenany™ i refeyring s the usn

of susface  compression $a0 highly
mhvwasedd  parly Wieganed™ in 1040

wieli that the practive of abol peene
sogr Yalve spritge was abnrbed i Gers
smany b mbes? 304 using ates] halls
arentnd B3 i i Sameter, 18 wag
sidy Phen fhad B beesme wonible to
tiprente the pnduranes ol apringa so
that o fatigws frariure fo a correctly
weamst Par bgred walve  aprime  weldom
i Py Bk,

T 1020 i England, Bowevey, Hop
Bort™  geported  wn hmedestep by
“elpdharat it parts with ateel balls,
for resrana oilier than ohtainivg in
evonped  fathpuy  resisdanes, bub no
satement enn be found  indicating
thatl b peeapnised  impeeriant
erpass I futlgoe alrength by thiy
proens, Wolbel” lo 10085 was the Arsl
W show That lnereased faligue reshs
tance coubl be sbained by shot blast
g, It the pame year Pelerson and
Waki™ and ths auther™ " slss oo
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Fig. To-Miveostrustors ot tutlocs befora and after shot psening NE 8650 steol quonched and tompared to 444 Brinoll.

ried fargte Mereases 08 falipgue fe
tagee by colit workang wsing bar
e refloes, The speerth subjeet wf
ot Blastemyr ax o was velated o ime
avingr fabirae pragerbion veeeived
rilwr sfenbion m S te olineal hiters
are wntil HOH by Frve spd Keld™,
wfn Fegd, Aummert® and Wi
nd” pablisbwdd vesulta in 1BH,  Hee
ol Laaplls and Mureny™ we will
MantewdTel™ appeared in 1941 Two
ditionnl popers appeaved in B
wen' gave remslia of fatogue nves.
aliots made o variouz kinds of
s prewrand autometive parts and Lap.
r premerded restlts of Gernan
Ao T I9dd thees tehucal papers,
Y oamd s review "were prosenied
o u sy mpoaiam on this subjeet was
d by American Seclsty for Matals
their annual meeling.

Coil Springs Shot Peened
4 dm wnsily umberatopd that the ene
wer often finds it more desirable to
wand fatlgue fractures by inerons-
©othe dimenslons than te employ
mingly now mothads of compress.
the vulnerable surface layers, In
cenpe of springs, however, Incress.
¢ the dbmensdony §n cortainly anoane
infuctory ravthed; the spring would
e more vighl and therelore e
ot charactoriatics sz & apring.
% deatgn limitation Jont sneourage-
nt teward the devefoproont and
it owide acceptanee by the spring
wabey in wdopting whot pesning s
urface troatment,
b engineering sxpression of the
ue of ghot peening eoll springs of
tempured wire in shown by the
lifted Goodman diagram in Fig 12,
tr the permissible range of atress
m minimum to maximum i glven
peened snd not-peened  springs,
which the wire dbwmeter doss not
sl 6.207 in., of plain carbon or

hrominme-vanadium  steel  of  valve
apring quality, The designer would io-
terpret Fige, 1, for instance, to moean
thad the allowable masimum stress on
w peened voil spring could he inereased
by the pmonnts shown in the Table |
shove that for a spring not shob peened,

Table T is buased on values used for
bongedife aprings; the atress piven ine

cludes the Wahl correction factor to
grive the actual stress on the inner
surface of the wire where it i a
maximum,

Twu typical shot peened springs are
illustrated in Mg, 2. Coil springs are
peenwd in production using a machine
of the type shown in Pig, 8, Heve the
spring rotates under the shot stroam
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s hos mmniee that the shol passey
betwern the]l QRGO v hit the in.
pide surface of the wire whers the
baghert pbresa dv Ivated under sorvipe
Toadinge. Codd pprings wade from by
wtock, up hrough P an, dismsetor, ang
wring fferent tymes of phiin earban
ard wiloy aleels mre baing shot peened
womany plasta i this conntyy ang
ahpond a2 regulae produrlion HpRrA.
spone. i the machine shown in Fig.
%, the shet g fed dnde the conter of
u retatung wheel wnd Sl aveeloratad
by wanvs b the osder periphery of the
wheel whyre b dbuwbarged ul con.
niderable webodly, Other typos of ma.
vhiner gee compressed By Woaeeel.
prale the shel agaiost the enid,
Boltenrsdh  snd Bongardt™  even
weeed Bl Ball B of 8 hmnimer to
gty She ot face of alent Yoo, diam-
ehey abrawmes fetogen wore, sl Sl
thatl this agueralinn inerensed the re.
tating besding podurance Hmit from
B8t b gvy s, v B VIO T oo g,
i, e n erekoe of U8 per cont, They
seeed @ phass carbon wire of LA por
Fept 80 ard e than 600 per cent 8§
wind B per vent Mao, beal Irented to
PUNS0E 1. por v i, Jeneide abeength,
tiersoan results by Lopfert™ in Fig,
4 idivate that the Sarebinal Subipue
rentnintie of apeing wite may be i
sremsed by whet peening even though
surfnee ddefects sre present an the
wive In oeembition A wf Fig 4 the
Tatiguy gedindarwe ¢ wtenaed 4 por
venl by peendng were haviog to de
focis. The wire tv H had cortain wap
faer deteets puvb as dernrbarization,
it oy alealiow svnrs amd rhlges and
ol prening pave an ierense of asbout
13 ger wpnd. Wire with surface lnpg fn
£ owan sraprevaest 89 e cont by peening
shere the ahel conbd nel even pene
tride o the bettes: of Fhe aurfaee

ﬁmxw
Aoyt popuried that  valve
sprivgs  of GHELn.  diameter wire

from heat tremied pinin carben ateol
FLO% per vent 4, 5K per cont Mn
wheat HELDOG Y pey s . Sensile
stpepgthl without suefaee decarbur:
patiegs by defeele gave an emdupsnce
insit waluy of 25000 M. per sy, in, for
st prered springs ax comparsd with
P00 i ger s i wher greencd,
oy By dnerense a8 §2 0 per esth
we shows in Fig B Hiightly de
cutbisiamd awefare  cedured. the B
W B per  wq dn fer ROl
powmed springs to BHL008 1 90,000 .
gy aay. s, seherens on peened springs
thin forvite Tayer waw hardened and
Birabon up and pealted in s reduetion
feony 185006 th per wy in. 0 116,000
e v g, b, Diemmerl’ discusses des
feetive wire hawing svams oy hair
lines op budly  gouwged sorface f}ﬂd
states that shot blsaiing dota nol e
pesve the fatipne walues, but he doos



not submit data. He concludes that
peening is no cure for either defective
steel or manufacturing methods, but
the data by Lupfert'in Fig. 4 appears
to be in variance with his findings in
that certain surface defects ean be
rendered unharmful and the fatigue
resistance increased by shot peening.

Decarburized and Peened Surfaces

" Wiegand™ reported fatigue results
on valve springs made of ground wire
and on shot peened springs which con-
firm the favorable effects of this proc-
ess., The latter showed an increase of
60 per cent in the allowable stress
range over that obtained for the
ground springs., A mean torsional
stress of 75,400 b, per sq. in., was used
in both cases, as caleulated at the in-
ternal diameter of the spring, but the
permissible stress range was 52,600 1b.
per s8¢, in. for the ground springs and
79,700 1b. per sq. in. when peeened.
Wire was 0.7 per cent C, 0.5 per cent
Mn. and 0.3 per cent Si, and the above
endurance values were based on 20
million load eyecles,

A good basis exists for the manner
in which a decarburized layer ob-
scures the effect of the carbon con-

o Decarburized  skin

approximately
0.002 in. deep. .

o o o

F_ 16, 12 ~ Typical
. peening. opera-.
tions on leaf springs.
on Wheelabrator.

‘o o o

157,630
cycles

. 81,385
cycles

FATIGUE LIFE

214 1b. 32.2b.
WEIGHT OF STEEL REQUIRED

W

10K K.

WORK DONE PER LB.OF STEEL

I

COST PER SPRING

16, [l—Comparison data on leaf
springs by Eaton. Left shows shot
peened grooved section steel, Right
shows conventional plain section not

peened.

tent on fatigue strength and how it
is detrimental to fatigue resistance.
Gill and Goodace™ made detailed and
systematic fatigue studies on patented
drawn steel wire 0,080 in. in diameter

with and Wﬂ)ﬁﬂ{)decarburized sur-

face®. The non-decarburized wire was
obtained by grinding off the surface
decarburized layer before the  final
drawing operation.

Their results in Fig. 6 show that
the fatigue strength in reversed bend-
ing  was practically independent of
the carbon content when a deearbur-
ized surface layer was present; the
fatigue resistance of the wires was
apparently determined by the fatigue
strength of the material of lower car-
bon content in the ferrite skin.

The case of the non-decarburized
wire iz also shown in Fig. 6 where the
improvement in fatigue resistance in-
creases with increasing carbon con-
tent. This is in accordance with the
usual relationship which exists be-
tween carbon content and fatigue re-
sistance. This beneficial influence on
fatigue of removing the decarburized
layer from members subjected to re-
peated stresses has been determined
by many investigators *,*, %2,

Photomicrographs in Fig. 7 illus-
trate the structure of the unmachined
surface layer on both peened and non-

‘peened bhars of NE 8650 steel forped

to 13-in. diameter and quenched and
tempered. Before shot peening, the
surface hardness varied between Re
28-32 on several bars due to variable
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I6. 13—Surface conditions on leaf springs, at five diameters—(a) hot rolled; (b}
after heat treatment; (¢] same as B after peening with 0.024-in, shot to 0,00702; and
{d) same as B after peening with 0.055-in, shot to 0.02202.

LEFT
16, 14 — Laboratory
mathod of determining
the fatigue resistance of a
spring leaf in alternating
bending.

BELOW

K 16, 15—Cross-section of
spring leaf showing typi-
cal fatigue fracture.

46—THE IRON AGE, March 29, 1945

decarburized conditions, while about
% in, belowiy 1 ﬂd\q\‘ized layer the
hardness wasd ﬂ'(g 3. Structural
changes have taken place aftexr peen-
ing and Fig, 7 indicates the grain dis-
tortion, flattening, and sealing of the
grain boundarvies on the immediate
surface containing the ferrite layer,
In thig case the rotating bending en-
durance limit was doubled by shot
peening on the unmachined forged
surface.

X-ray measurements by Lessells
and  Murray® indicated the cold
worked layer to extend a depth of
0,006 in., on a shot peened surface of
SAE 4340 (Brinell 278) which had
been previously machined and pol-
ished, Almen® had previously shown
this same depth value by a process of
removing the blasted surface skin in
suceessive steps and noting a change
in curvature. Zimmerli* reported posi-
tive microseopic evidence of strucbural
differences at least 0,004 in. deep.

Sandblasting Effect on Fatigue

Manteuffel® published some inter-
esting findings on the beneficial effect
of sandblasting ¢quenched and . tem-
pered chrome vanadium steel spring
wire 0.492-in. in diameter, g re-
sults in Figs, 8 and 9 show how the
maximum torsional fatigue resistance
varies for different surfaco conditions
and tempering tempoeratures. Curves
in Fig, 8 apply to heavy duty springs
where the desired spring life does not
exceed 500,000 load applications at
high stresses; if long spring life is
required, then it is apparent that the
allowable maximum stresses must be
decreased to values given in Fig, 9.
These curves are based on the mini~
mum stress being zero.

The spring specimens, which were
black after heat treatment and had a

‘deearburized layer, were sand blasted

in & gpecial manner with standard
quartz blasting sand, Fatigue results
in Fig, 8 and 9 produced allowable en-
durance values for the sand hlasted
spring stock which was very com-
parable with the ideal values obtained.
after grinding off the decarburized
layer and then carefully hand polish-
ing with No. 0 paper, While the sand
blasting gave the most favorable val-
ues at the three tempering tempera-

- fures and high hardness values inves-~

tigated, it would be of more practical
interest to have similar data at lower
hardness values at which springs are
often manufactured?

Manteuffel explained the above fa-
vorable effects of sandblasting in the
following manner. The blasting re-
moved the scale layer and the decar-
burized Iayer is partially removed and
then work hardened; in doing this the
surface is suppoged to be damaged as



little ma possible and provided with
tavorablo compressive residunl streas.
o8, Preliminary tests were made con-
cerning different blasting conditions

tThe good results shown by recarburs
ixing were obtained by heating the wor-
mally annealed spring matevial, having
sele on the surface, in a durferrite sall
bath for twoe hours, cooled, heated in
same  bath to  hardening  temperature,
ther quenched aud piven a temper in an
air furnace.  Iuerease in fatigne values
given hore by yecarburizing are large
compared (o the rolatively small in.
creases found im similar steel ond alse
stlicosmanganese spring steel treated in
a wmolten cyanide carburizing bath by
Hanking, 0. 21

which showed that less surface dam.
age results with low stream pressure
and grain size. It was found expedi-
ent to initially use a stream with high
pressure in order to rapidly remove
the detrimental surface layer and to
work harden the surface and provide
it with favorable compressive streases.
AL the ond of the blasting process the
surfare was  smoothed by using a
stream  with low pressure. In this
manner the detrimental influence of
the surface damapge could be held
much Jower than the favorable in-
fluenices oven in the case of the high
hardness matorials,

Frye and Kehl® also investigated
the reversed bending fatigue strength
of steel wire* as it is influenced by
various descaling methods using sand, Fig. 16—Mathod of shat peening torsion bar springs on Wheelabrator,
steel shot, and steel grit blasting.

Their results in Mg, 10 were obtained  treated vound wive rod to % x ¥e-in,
on apeeimens cold-rolled from a heat-  erossesection, No surface decarburiza-

tion was present on the material in
the as-tested condition., Sand blasting

’ “
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>67,300
5 10,000 2182%
. :‘ 7bm”o’7 bﬂ/"&p/‘/‘ﬂq - 60‘000 N 52 000 ?
T Vehicle frame----" £ 409,
g N ! ;
' i 50,000
[4] 31 € — Q,
16, 17 — Method APPLICATION OF TORSION BAR SPRING #40000 _100% Z
of rolling furs}i’on TO AUTOMOBILES g 7
pring. Lippac] L
P R 230000 %
= /
: .
o o o Zao00k 7
z
10000} / .
0 %/ 7
Not Shaft Shaft
rolled rolled  ond spline
rotled
INCREASE [N TORSIONAL FATIGUE
RESISTANCE BY ROLLING

THE IRON AGE, March 29, 1945—47



with three types of sand decreased
the endurance lmit values about 10
per cent below that for the steel in the
as-received condition.

The question arises as to why Man-
teuffel obtained an increase and Frye
and Kehl a decrease in endurance val-
ues through sandblasting. One plau-
gible explanation is that the hardness
values, materials, and surface condi-
tions as to decarburized layer were
vastly different in the case of these
two investigators. Also the blasting
conditions could be different since the
intensity and coverage was not speei-
fied, - Foppl" comments on thig question
by stating that this disagreement is
enly an apparent one and is presum-
ably due to the fact that ManteufTel
used freshly delivered sand while Frye
and Xehl probably used the sand
longer, as is usually customary in
blasting parts for cleanng operations.

_He points out that the original sand
particles break up into finer particles
in a relatively short time. Such fine
sand particles exerts only a scratch-

ing or ecleaning action and its detri-

mental influence on fatigue resistance
is not- sufficiently offset by the bene-
ficial effect of cold work of the sur-
face. He concludes that sand can only
be used once and to eliminate the con-
stant changing of sand in production
it is- more expedient to use sieel shot.

The engineering and cconomic util-
ity value of shot peening leaf springs

& Plain carbon steel: 0.54 per cent C,
0.60 ‘per cont Mo, 115,700 1b. per -sq. in.
wltimate strength, 76,700 b, per sq. in,
vield point, 14.5 per cent elongation, 40
per cent reduction in area, superficial
Rockwell ¥15.715. After cold rolling to
Rat wire it was quenched in molten lead
900 deg. F. and roller straightened.
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“Fig. 18—Quill drive shafts shot peened. (Simon.)

TABLE Il
Life Comparisons for Leaf
Springs

Vibrations
to Failure

50,060
60,000
300,000

Surface
Troatmert

Sand blast........
Etched...........
Shot hlast.........

has been best stated™ by Eaton in Fig.
11. Two variables of spring leaf sec-
tion and shot peening ave expressed
in this comparvison and the separate
influence of each is not given, Values
gshown are based on an accelerated
test through an 8 in. stroke, 4 in,
above and helow normal position and
an average of four springs of each
type.

It was also claimed® by Wallace
that greater endurance ix obtained if
the leaves are peened on the tension
side only than if they were peened on
both sides. His patent states that the
peened spring leaf life is at least 60
per cent greater than when not
peened. He explains that the camber
or height of the leaf is decreased by
shot blasting and this is an indication
of the favorable residual compressive
stresses on the tension side. This
change in camber is provided for by
forming the leaf originally to a slight-
ly greater eamber,

United S 1§‘:' gbtmis‘, assigned to
Cterman firy A bi g on the pro-
cess of shot peening leaf springs, guve
life comparison of leal springs at
shown in Table I,

With still other springs this life im-
provement was fram 100,000 withoug
peening to 1,000,000 vibrations swith
peening., It was stated that § sec. un-
der & sand blast is oxdinarily adeguute
for cleaning and smoothing purposes,
but it wasg found that a minimum of
20 see. under n shot stream was re-
quired for an improvement in [atigue
resistance.

Zimnerli*  veported that  Detroit
Steel Products obtained 3,46 times the
life on shot peened leaf springs as on
those not peencd. The leaves wore
peened on the tension side only and
were stressed from s minimum  of
42,660 1, per sq. in, to a maximum of
121,050 Ih, por sqg, in,

Production maethod of shot peening
leaf springs is illustrated in Pig. 12
and it is not unusual to uxe a conveyor
speed of 16 ft, per min.  Conveyor
speeds about three times as high have
been used and while spring perform-
ance wax improved it has been found
that the lowoer speeds are more vifec-
tive in increasing fatigue resistnnee,
Typical surface vonditiong on the surp-
[ace of 9/16 in, thick leaves ub various
stuges of processing ave shown in
Mg, 18, Both the hot-rolled and heat-
treated examples have a deeariurized
Iayer and this condition in eombina-

[9—Typical fatigus frocture ot
base of tooth on spline.

FIG.

tion with surface jvregularities, ham-
mered-in seale o inclusions iy the ma-
jor cause of the low fatigue resistance
of spring steel plates. Various inves-
tigationy have shown that the inher-
ent bending fatigue vesistance of va-
rious steels in the ideal machined and
polished condition is 1.2 (for mild
steels) to four times (for heat treated



spring steels) that obtained with such
surface skin conditions™, * *. On high
strength forgings, however, this ratio
may be as high as 7%

Surface appearance after shot peen-
ing is also shown in Fig. 18 for two
different shot sizes. The smaller size
shot is generally used. Means of in-
vestigating the improved fatigue re-
sistance of single spring leaves by
peening iy shown in Fig. 14, A typieal
view of a leaf which has developed a

fatigue fracture is indicated in Fig.

15. A small thumbnail area progresses
from a point on the surface and then
the fatigue crack propagates rapidly
to complete fracture. .

While  this procedure of testing
single leaves gives comparative fa-
tigue -data on- different surface condi-
tions, such data may not be necessarly
translated directly into permissible
stresses for the design of leaf springs.
Constructlonal influences such as

“nip” of the individual leaves, clamp-
ing in the band, friction points be-
tween thte leaves, and presence of
eyelets, holes, and stamped notches for
leaf alignment all serve to give lower
fatigue values ‘for the complete spring

Aerod ynamic Turbine for Blast Furnaces

HE ‘vécent introduction of steel

recuperators ‘for heating blast-
furnace blast in a continuous eycle in-
stead of the intermittent cycle of the
brick: stove has achieved ‘a consider-
-able .reduction :in power consumption
and has led to smaller heat losses, C.
Keller and: R. Ruegg report in Stahl
und Bisen, 1944, vol. 64, March 80,
pp. 201-6,

A promising  possibility of further
economic improvement is the applica-
tion of the aerodynamic turbine as the
prime mover for blast-furnace blow-
ers. This turbine requires an air
heater of similar construction to the

#See Tur IRON AGE issues of April 16
and April 23, 1942, for detailed dota on
steel recaperator design.

modern steel recuperator.*  The'objec-
tion that gas turbines require several
bulky heat exchangers to achieve a
high efficiency. is not valid for the air
turbine, as the dimensions can be re-

duced considerably because of the -

clean working medium and- the higher
pressure levels employed. The air
heater now hag the same dimensions

as a modern steam boiler of the same -

output,

Several plang- have been outhned )

(1) ‘Where the blower is driven: by
an. air turbine, and a combined -air
heater heats the blast for the furnace

as compared with that for a single
leaf. Depending upon the material and
hardness, the decrease in the case of
complete springs with the as-rolled
surface amounted to approximately
30 per cent to B0 per cent; when
the spring material is annealed or
quenched and then tempered at a high
temperature the complete spring is
only about & per cent to 10 per cent
below that for the individual leaf™.

Torsion Springs and Drive Shafts

*.Greater use is being made in Amer-
ica of the straight cylindrical bar tor-
sion spring for suspension systems
than heretofor although it has been
in extensive use in Furope for some
time. Such torsion bars are generally
shot. péened to increase fatigue resis-
tance as shown in Fig. 16. The prob-
lem and its solution is similar to that
already. discussed for coil and leaf
springs.

Improved fatigue resistance hasalso
been shown for torsion bar springs"
by . Lippacher and Foppl™ by means
of. surface rolling both the body por-
tion and the splined ends. The results
of their investigation are summarized

and the cycle air which works the

turbine; in this the path of the com--

bustion gases is divided into two, The
air coming from the blower iy heated
in the low-temperature section and the
cycle air in the high-temperature sec-
tion.  The high pressure employed in
the air-turbine - plant improves - the

‘heat transmission in. the high-tem-

perature zone of the air heater, Ex-
perience - gained with a pilot plant
shows -that the problem of heating
air to high temperatures has been
solved. '~ (2) A combination of Cowper

stoves  and an air-turbine-driven
blower. ~ (3) A plant’ in which the
blower ' compresses the blast to a

higher pressure than that required
for the furnace; in this the com-
pressed air is heated in, the first stage

‘of an air heater and then expanded

to about furnaece pressure in an air
turbine coupled to a blower; the re-
quired- additional power is produced
by an 'aerodynamic turbine. The ex-
panded air is then heated to the tem-
perature required for the furnace. The
advantage of this system is that the
hedt  consumption for -an equivalent
volume . of air is about 6 per -cent
lower than with scheme (1).

It would be advantigeous to ar-
range the plants for these three plans

in ‘such ‘a..way that the air turblne‘

“tures.

in Fig, 17. T b sidered shot
peening but illgd'lé ﬁﬁtly believed
that this operation would interfere
with proper engagement of the
splined ends which is not considered
objectionable in United States. By
rolling only the body of the spring,
the endurance limit was increased 40
per cent but then fatigue fracture
developed in the spline and not in the
body as before. The radius at the base
of each spline tooth was then rolled
at 353 1b. pressure with a roller hav-
ing a contour radius a little less than
the root radius of the spline; the flank
angle of the roller was made to ¢lear
the sides of the spline and only con-
tact the root radins so as to not in-
terfere with the mating surfaces.
When both body and spline was rolled,
then no fatigue failure took place
even though the alternating ' torque
moments was 1.82 times as greabt as
that for the conventional spring not
rolled.

Simonk shot peens™ quill drive shafts
shown in Fig. 18 as regular production
practice. A typical fatipue fracture

(CONTINUED ON PAGE 100)

is divided into high- and low-pressure
stages, the low-pressure stage driving
the blower at a rate varying with the
required load, and the high-pressure

- gtage driving the compressor for the

cyele air. - Electric power could also -
be generated by the air turbine if it
were made large enough.

In -a combined blagt and cycle-nir
heater capable of heating 220,500 lb.

‘of blast and 240,345 1b. of cycle air

per hr. are given, the heating surface -
for the cycle air is about one-tenth
of that for the blast. "The cycle-air
heater lowers the temperature of the
combnstion gas to the safe level neces-
sary for the blagt-heater tubes, The
heating of the cycle air by the corh-
bustion gases is carried out in uni-

flow, which is possible because the

temperature gradients between the
combugtion gases and the air are large
and uniflow insures velatively. low
and evenly distributed tube tempera-
The blast-furnace blast is
heated by crogs-current flow. An ad-
ditional burner -is fitted between the
two stages to. provide a means of
controlling the blast temperature in-
dependently of the cycle-air tempera-
ture.  When heating the' blast in
Cowper stoves; thorough cleaning of
the blast-furnace gas is necessary,
whereas with the new process: such
careful cleaning becomes unnecessary.
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Shot Peening
(t't\M‘I‘ﬂf%5‘Qka‘ACE 44

whivh has initiated at the base of »
apline tooth ix shown in ¥Fig, 19, This
lnter photograph was not taken from
quills of the Lype showos in Fig, 18
but is an example of a condition which
shot peening will improve,

Tempering After Peening

The torsional nud bending elastic
Hmit values are sometimens decrensed
due to shob peenimge,  This {8 also
purticularly notheeablo on hard drawn
earbon steel wire snd may influence
the set characteristics of the spring
in some spplieations. To  ilmprove
thewe slastie lmit values 1 low tems
peraturg fempering tronbment i3 ap-
phied,  Zimmeri shows in Fig, 20 how

Swueh brontment influences the fatipue
instanee. AN the bonellelal effeet of
prentng I lost abt » temperature of
825 deg, ¥,

Purther example of a mild heat
trontment was reported” on HAL
1045 steel, normalized sad tempered,
whivh had been wurfaee rolled with
rolers similar to that shown in Fig.
17 After o mild tempor of 525 deg, B\
the rotating bending enduyance Hmit

W Chrone-vanmdive steel yuenehed awid
tempered ta Redb, Decrease ju diameter
due 1o volling war fesy thaw Q.OUD0OR Iw,

s L, B, Simen, vhte] metollargicd, BElee-
tro-Morive Division, tleneval Motors,

wan intressed by O per eent and the
rlastie limit improved aver that ob-
tuined with no tempering tresntment,

An improvement in the clastic Yimit
it nles necomplished by seraggping
springs,  This 1a another form of cold
work obtained by the common ¢om-
mercind practics of deliherately over-
loading the apring so ax to produce a
permarent  ast oy deflection. On
chromevanadium coll spring Manteuf-
fol shawed that in some caset thia
seragicing lowersd the futigue streagth
nemnewhnt and in others a slight iIn
pronse was  obiained, Prover and
Loeati™ niso found thal prestrossing
gove s ulight Inereass on  helical
apringa made from deawn wire. On
font aprings subjested to bending londs
Beckor and Phillips™ obtalned o great
oy Improvemant, namely from 66,000
W per ag. ine to 78,000 1o per sg. in.
or 82 por cont.

Parts of high hardnens having sharp
corners ave sometimes piven s low
temperature strasy relieving treatment
sfter shot peaning to provent the cor-
ners hresking off,

oo Bl Netare- Mot week ‘.gl&f anihor con
ludey Wiy appraienl by Tpveeining HE)
contral of shot poening, prewing steels
and  light uilays, ahat sive awd Hme
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peening of gears, and guw pares, crank.

ohafty, awd xtwds awd bolts, wnd liguid

hlazt,
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