
Mechanical And

Metallurgical

Advantages Of

Shot Peening

••• An engineerIng ~ppral$al of thet&cnnjcl'd ondetQtfomlc .utility
of comprenlng 'hlur/ace layers of des/g.n mflmbftrs «u Q means of
greatly Improving their'atigue reS1ddllu. Inthbffr$t uetJon of a
two-part artlcl., the allthordefalbfhll hldory of shot plenJng,de­
scribes the treafment o#eoll dNd leaf sprlngs{ tandb.ladlng effect
on fatIgue, tempering (lHer peon/ng. ondth peen1.ng 0' torsion

springs and drIve daffs,

FlIllhHle failure
j(~tlill'lIl1y initiates
lilt, t hll fI 11 1:' fa c e
WI)IIH',' the stress is
l.flNl Kl'()utcst and
I," HI IHhll' Y condi·
t1MIIl IIltftworable.
'J:" h,'ntlnl'eit is

nlll~l IHltul'lll lilll!: 11PI1\1citleration be
bfi"ml to IIII'UII." (If rH'~JlIlrinA' and im·
1II'Il\'ill~r thhl 1\\ll'fIlN\ In)'N" Increasing
l'l·j'ill:llHhm III huinj{ lllvtm to shot
P"!'llirl~r or tlth~1' m(lMl1'\ of cold work­
iUK n$l 1\ rml'fliCt\ ttllll!,m~nt which not
ilnl~' (11.\ 1I1rrNuwil fMllrtl0 resistance
hut which in I!nml1 in~tl\nces has
i'\1lt1llltlllllHm"ly IIHmhllltl1d the (b)
mWltl'ltlit.ytllr plllll\hin~ l\tId (c) even
mnehlninlit HmIlUrfi\'i'~ a-Her heat
trtmtnllmttmd )'I,tlll'l"\'(\ t:I~ a means
fir (d) I'!(Hmln,tl:fll' dNINlling, Obtain­
in~ lnllXimlltll rlltl~nll' fmdstance by
~,hnl pctmlnsc pn'!lllltmll n kno\;"ledge of
llw IIl'lITIlll' kim! lind Intt'l\!lity of blast
uTwn Uw ml!'mt»,l" IHld how various
ITltl!"l"lrdlll :l\ur£At'il t~j)lIditions, and
~hat\(tli (it lh·~i>h{n mlmtlu'ri'l I:cspoild to
('old w(lrkini" llNI1lHl!hl for the com­
l1ull"~lnllltJP\lI:IIUtm uf IIhot peening
hnv~ l1(lOfl 11.0 to'l!kl; t.hAt its require­
1111mb hfl\·tI ll'ltH'h 11~ctl(,dt\(1 knowledge
IlrrumtllmllfltAl f'ndllrfl (~!'ll\tl'olling the
1!l'fll'Nl~. An I1lrt\I)'~\ilt IIf the history
~url'(lundinlif thlll pl'(l(llll'l!l indicates
that llbrl\lt 10 Y(1l\l'i!I hllvlt elapsed since
thl~ tim\} Lblll t the bunel'\eItil effects ot
Ilurflllll'cnld w(ltkln" Wllre first given
t(H~htliclll r(~c()RlliU(m.

'l'ht\ Am,'rlcatl 1Ilu'ln$f industry wall
the flt'llt to rn,dut prllet!cnl npplicatiotl

By 0, J. HORGER
flt'mJ t>J R"iltt!t))/ 1';Mfliltll"~tijlflf

Imll Rf!'.~Mrfh.

HmRI'Il Rllllilr firM!"/( Cfl.•
Clt.'ftllll/, (}M(I

o

FIG. I - !vlodiRod
Goodm(ll\ d la.

9rCUTl .howln9 groot.
or altowahfll drllmlf
patmiHodOlltho!
punod Iprlng, 01
prolampotfldw I r1I

(Gibson Co.).

to 1I1l\l'h il\()\'y 1111,1

(lrdnallc(~ !Jurt:>
hllll oftcn lIll;!tmt
tho dill'lJnm(~c he­
LW(!lHl :fllilm'() IltHI

succellllful IHH'~

rOl'ml\llN~ in ~ml'·

vice, Outk"ltllndilll(
(~Xam!,h)ll will Iw IlI'i~:I\mt(1I1 ill1lI1LI'ut"
illl\' UHlmtlllflrH' und hll!ll't\t"!l II}' "'hldl
thMo ll~chnh'lIl ih'\,l\loPlllmU!J hi Idmt,
jll'llllillgo lind llUlUl' I'm'IlH! of t!litl
w(ll'kinlt tlH~ Rudne(.' flfll h(till~r 1I11pliNI
lo V1l1'1ot18 tj'11l18 of dOlll~1\ 1\1IHllhlWl1 ,
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POSTWAH. problmml in equipment
•• dC!lign will bll inl1mmeed lr~' many

prllctict1!1 ('xtmmiv('h' IlppliNI dur­
iUB: the war. The bOl\cl\ts from some
of theM practiN~R oro so outstanding
that COIllIHJmivl\ (:(Jnditions in IHllLce·
timcl CqUlPlllt1Jll dl'sign wlll dClllnml IL
new nppruilml hy engineers ILS to thll
technicnl uJ\(l ct'onotnic fllCtors of the
IItrcngth.wcight l'ntio, SIlUce, lind (lost,
Tile 111'o\.'0811 of. t:Olll!lI'C8sing tho sur­
fnce lllym' of design members, IItwh Illl'

shot 111'i.'lIing, offers one lUlllmS of im­
proving tlwstl factol'11 on tho bllilis of
its !:\!gllillcnnt lIpplitll\t!OIl to Wttl'thntl
lIud prcwnr Clluipment,

Most equipment is flubjL'tltltd tn d~'"

numhl Iouding (IL' t'('plHLhlll strcHlling of
t.!1ll dllRIg-ll IllOmbcl'!l, IIml in >llwh cnlWS
th(l !H'Ot\()R~ of !lhot !J(Wllillg 11M t~on·

tl'iblltNI nl\ll~h tmvlLl'(l illllll'nvin~ fu·
tiRUe l'usistuncc. In fuet, Illol'ely
adding the opcration of anat poonlng

cs
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FIG.
coil

"'Qlh~f

2,,,Shol Il«IH1"tI
II" II Ihll"""iH",
Iprl"IlI, (Zim"
m~flil.

~h\ll lH'I·llm~. 1;1111IiIl'rli, Wil;l" up·
nOl1l1~' tIll' lifl,t. t., tmlllil'h I;;IH~lmkld

n' ,lll 1Ilmt liI"lm',1 "nh l'f'l\rill~ll.

~ll\ItNI thill ill Hl;;:l till' 1'!1I1111l1l\~'

whirh Ill' 'HI~, hHli!\:I~ll·ll ~Nlt (lut
I\nit !,nlllllrtwlI f'llfinl;l:~ hi t,hili\

Illry llllnl bl~l:lt~'d til lm'l:'I\Il14I'

illl ' ~ln'II"lh. HII", llr'l~nil\~ Willi
ella 1,,'NHljill' tw ,h',wrlbell It b¥ I:ltty·

Jhll""" t•illxtlll.lt.l y.
·1. Hlflll'tI,1 S,tln.t

CMf! ("'I({ju'~~. ,'fl~l'*t II/t'hitul.
/III It.rl~, (:11,

C4i~/ljIf~fl~lJtlfltl H. lllllblHl ,H IIf'll
Co.

l/uni 11,1 M,,,rb/ll/II~f Ji/llllllfl'lIfll>fi'l [),1'
,UII'IIft'tllJ ,,\tlllflltl It ItUfKfrSr

QfllMt}',

IS. 3 ...~ Whl!ll!l.
ilbrolQ·f !lll!! lot
*ftlnll 1{l19~I(\oH

,pl'h!}l,

jug: "'I'h(ml' slwing'1\ w'ore firl:lt U1l­

lI(Jli~(~d, t!tlm prutcsted, nnd for n yem~

\Jl' twu Otlt' w~~rk WM endure,l but not
I!rH~lllU'n~~cd, Aftln' that, ndoption WI\S

mphl until lO(\IIY this IlHlthod is speci­
11lHI \Ill mlll\~' taints," Steelell also
\ltiH~ud ~hot blnsting 011 production
l\flringllt • Gagnon' stilted" that since
Hl~lrl lulvllnLllgo Wa!! taken of this
1lI0lll11tn'lliealmlvlIllca by IIhot blnsting
~U\'h imllUl'lllnt automobile anr pnrts
:H, I\X!tl llhdts, eonnccting roc!t-l, steer­
inK IeI'm" centor arms, I:lUllport I\rms
C\lIt! II (t\W otlH1l's with the result thnt
fntil,t\ll) failures wore ulmost Il thing
of thopllllt. Cllltch spring discs fOl'

C1U!l/roll1t\ would not work until they
\\IN'!! llhot blusted.

Almcmdhl\!\ devoted much effort to

the development and application of
shot peening to different kinds of ma­
l~hine elements, some of which is pub­
lished in availallle literature", He is
Ilcting US a cenh'alizedlluthority for
assisting manufacturers engaged in
the Will' effort to improve the fatigue
rllsil1tance of their product by shot
peening, His experiences have made
him an outstanding authority; other
investigators all concUl' with his find­
ingl:l as to the marlted improvement in
fatiguc resistance obtained throug11
,;hot peening, but. some disagree as to
tho best moans 01: accomplishing this
and the reasons :f:or such improve­
mcnt. Exceedingly little data have
been released in available publications
regarding the merits of shot peening
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FIG. ,,·-ll1erlItlIO in 10"911 0 IhMIlIh of
nftlicallprinql bYlhol blllllinq lby

Luplild I ol! qUllnehlld olld l~m~HII!ld
IhHll will! 0.1\ a ill. dtOl'nl.llllt wah l!lnlill>
IhOMllh 205.000 to 235.000 lb, pllrlq,
111.-1 (I) wilhoullllr(ocll dllllll;.h, III I
with Illlolllll.rlclI:1l ddl\ch and It I ...llh

Illtloci! IOl;lI.

ih. 'or
d"q, F,

Iii' tl
1',"M 4i} "';11. t~1

,,'1 f!'!ll.!tt;!",

m>llml"i!,'hlll'o;,,1 '<'ol!itlfP l'\7hhll'tl

"'if' .'llft""""
til Hi~r.' IfI lhr.

tll'f~" ~'11 hlll"¥hmhl~ by
"dif>lt\nmt~~ ~Rifh w\~h llh,\,J bltlh,
fIlII' Il'~a!l'mll. t;W.hic'1l' U'!Ul In-
~t#,Ii~ 1''l1'.jl\Il$llllN:', bllt, nQ
d.4l\\~m~fl' IlfU'l f,if,Mf\li II1,U~i\Ufllr

~bll1A' h~ Ill.
!l:'rll'l4Hri t~ by Uttu
il'l1i'l\~'~~, U!:'!'11 Willi tll11 tlnlt
~~~ "b"'Wli'll\ h'lIl·!fjfr.j:\!l,l'zt t",UitIH! 1'4:11111,
'~nl7'. ~u~••bll· ~hl.. ~tll!wl b)' !lhi\tblut,
nl~. Xu 'If'll} I1mlil )'f!Rt' 1~4't<l'r;&M lien"
'\'l1e1J'l)1'i l'il'lll th~ ~tlth~'r", "'i\I!\'41 I'll<

lWHl h,l,,1 In hhHI,t!l1g'

11!llrhhWl! hN11 i\IfH'W;'''ll, h Willil ;111

lill~li'" Hit;: '" h"'l ilf' ~Hf'I\' "I""l'Nlt.ly.
hf\lli'l\~'I"I" ~h", k., '1/";'1\11 f,\ l!IWl' hrllktm
'H hI fq Hw \l~ij

~q hij,thly
W ll'llr%lll'l'" In 1!l40

~l1l" Ilf},,'1 I.,t ,h,4 l'I'lm.

"1't'i'h1!" le\i.:\'1l ",huh',l ht Gnt'.
m,i n~f IlItIill.

\~h~l!\d"'f" It ~'tllcll

1\01" ~Ihh' t'(1

lib

.F IG.S,:,.E1hl(;t,~f t;lI';~ !" 111<11 hhH~
ldA .~. l"llll';Il. 1I';,~!i'I',"''''

wmldl lit'himl l\ml,rk,l!l Iwhl'i"
~rl!~ in itl! ~., ~t'I"1

,llll:tlim lllln~. I1ti\tl·,t ilt ~tll::

thllt 'I'm: h\m~ lit H':\n \\t11'1 Hill
tk~t. in ptll<h!lh trH~ rl!rtul~!1 !It fit1'"
il1~1\ in Afll\'rh~l~ Ilfllt thlit tMI\ ~il,lbH,

>'lit lim mlldl! U ~ rtlil ~" r ! ~~

Amllril~l\ thlll! tin! ml~lt)" 1'11I'llt':i\ 11ml
hi", Ill.\,wm·!''1'I':i\ IHlli t.!tMiml lit th., ,"J,>lm'
., ilia' III (;N'lmlll~·.

IH',K!t!I"'" n't '1'\nt~II'{1 nJM W,,~'/i(1;11~

I,NIV4' 1'i'"lllhull'.!,ioltll·\; ,,,',"""'/,"",!
bi' Gtmmlll wUll ,'j'lhi,ll1nIM"
fllhu.'t:UI\'I' bljj'MI~!~ hl~ llm~

ATl\t\r<ilUl IIHlllIH1'~' n!,.,,~

nl:l:l'Il tllll hl\IHH'lIHll:il l,t M;ll! 11P'iI!/

Illl:thlld lmll hltl'\f4hll'I"llt. I'll" lIU!'
tiN!,

Htt rtl1lltl:'d thllt tlHft blltdh~l£' lIt

\'.IYI' ~prln~l~. fill' thll IlUftlt)~~ of 10·
Cfll&llingtht flltll'ut I\trtmrt.b, .,M
t\fllt tlmph>yod tq eft ~ldtl!'lt itl
Antlll'lell Bndfrom thllfl:i WAUl Intr~1

dUClld In Glu'm:lUly b1 tftQ (JS*l(t~m.

pliny.. lIol',m:U.tttiflcL 'thAt I,DiI
fh:m (}f ttoehUtI!" who p~t>\ml~l UtI
l!>t..Qtl $1'\(1\ blu,,*tllli tU(!lhl)l;l in (.;·~rflUIIl)'.

did nl;tlQl;(lw~rd .lpplyinJ; thltt
to l!J}rln.flll llAl that-ll numhl'r

IAtifshotbbsl¢"q

[J$hot wslex/

A

bllt muny inw~tiRl\t.\tI1 hUller IlHllh!
fllt)l{lJ(\ h'lll!! l'I\ Mlml! IH',lI!udiml
flil!,!;'\ fmd Il\\ml'lltli\':t' i'llN~lnHm~, \Vhilu
11111('hllf t lw,,!' dlll<1 nimH in r(';'tril~t(Jl1

until nrtlll' Hlt' WlU' tlwn; lit,' fIllllwr··
IHI!! i.'fllll't! wlli\'l\ IIlily 1m dll'd hlJltlnm·
lull: iltil! !Ilrthl'l' inter,'!!! lUlllllPIH"ill",I'
thi!i b"Mlkilll l'HH:I!!\1) ill tl'rml'i nf
Ilflhll.'llt. nm! pMt WlIl' llrmhtd",

Pl'lldll:'al !1l'(}\!lH't!nll tlpplh~t\tim\1I

outliMd IlbUVI' w(!>rtl flltiliHirtl.ld 111'
hwhllk_l tll.''lc!tlplmmb ill "IHhmll h~b"
ontoI'll:;!! in ~11\'erlll t1ilflJl'(mt, l:nlltl·

trll.lll. 'I'h~ lll:'flelMIIl IflfhIN\\~I~ tI~ 111.11"

tMtl told ,yorklllli( tIl Im~rl.lnlll! fsttlR'tili
rellllltllM~ Willi tll,"lIt. l·l.'~(lgl\il!«)d in 1929
byF'ilPpl' in Glll'mnny. mid lim::!) that.
tlmi! l~()ppl trod hll!' 1t1l1l\l(1latl!:1l hllve
pttblitlhlld At 11ll\1'It lIOpllPelS Oflthlll
tlubjeet, Tn mOl\t· of thc:I!t\ pnplll'ilt.he
eold working 'VIIi! dOM hy {ml'ldtl!lins:
roUtrs, ttndnltilOugh ahot blRtlt"
ing WIl!\ dIIlCtlltl\cd, Ctcrnllm inlllll'try
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eJudl.!H the \Vuhl COl.'l'l.!ction :factor to
ldve tho nct.lIlll litress on thll inner
HIlI'J'lIl'l' o:C tlw wiro Whlir(! it is II
maximulIl,

'I'WII typhoal Mhot IIIWlllHl springs are
illtl14Ll'lll:lHl in Fig,::l, Coil springs are
pet'Ill!!1 in produetioll using a mnehine
of the l:YlltJ Hhown in Fig, 3. Hero tho
Hlll'iug' l'Ot1l1:0H undo!' tho shot stn!!llll

•FIG. B,,,,,,,'nOuMc.o 01 .auriCle/! eondHions and tempering tomporature ur.en torsional
foligull rllaistaneo for 500.000 load applieotions, IMantouffo ,)

170,OOO'r---~~-:--r:--:-:--:-,-----r-=:-::-::~:::-;:-:":::"7.::---l
Merc/linedandPQII{;hed
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.Iii
:it
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~
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j'lu'I"lIiulH"varmdiullI I'ltt!cl of vlllvl\
:lprilllf quality. TIll' ill':4igllt'l' would ill­
kl'Pl'ill. Fi~r. I, fol' im'\tl\lH!t!, to IlHmIl
lhal I.hl· nllowlIhh' maximulU }ltn'liM till

II 111"'111>11 I!uil ~;)ll'illlr l'!lulll Ill! iIlc\'tm}led
ltv Ill\' nm\!Uut~ ",hilWIl ill til\' 'l'nl>lI\ I
aill"'I' thllt Clll' II !"\IH'inlr lIot, Hhot Ilt!(!l!ell,

Tnhlt· r iH ba~i(ld Iln VnhH!ll used fnl'
("lilt HI',! "ll1'illl,(l; i till! Htl'CHH r,ivo!1 ill'"

Coil ,Sprtngs Sh()tP"«lrH'~d

l. Illl'lllllily umll'ulm:\itt tnat, tht' tin.

111'«11" ()ft.ttn thidlll It mnr~ d\\:~irllbl. to
\lIttftt.f,fi,tlliHl" trlldur~1 t,y h'ler(1.lu\.
: tnt! diniN~1I1ul\l\ th'llrt In t'lliphl)'
mll"l~h' llliW mlithmla- nl C(ll't'lprlJllila·

: tnl! l'ulnli1t'llbl(l1'\urfntli 111111%'1. In
, t:lIl1t!' ut :flprlnll:!t, ntl~IIt\"«lr. Incrtljul'
: t,n.1! tthmUlllltUill 1\'Ii t'trt'lI:lllly 1m Ull­
httiutt~lry I"IlliUmd; t.hlt lIprinl 'Wollid
(Hl'll\! rntin~ rl~ld ilnd tnUfl\llUfli lin·

ff' 11;fl. Chllfllt'h'ri'l,tlctl lill Il ill.prlng.
II dl'%llll IIf1lihtUnn lent um:oUfl1le·
nt tllwlilrd flu~ d~vtdlll.lflHmt And
ill' whh' Ilt:litt'IIUmt'lI by tim lIl.pdlllr
Uli1tr). Ih l!lhlll; 11Qimlnir Ail!
urr.f!tI:1h tt'I!lItrlll"mt
~n (ltIlil1lillring (lxprll"!ll'lilifl of the
lit} pt l'4tUlt pliiI:lnin£l' ellil ~Iprin~ll of
tllfltJ»IU'('d wirl~ ill lIhown by thtl
mhl:,u thw!dmfut diulfrAM in }\'is'. 1~.

~tl t.h(1lIHlrmlltlllbl, X'llflS'tl 01: IItrel"'l
III minimum to tlu\.xImUlnill given

fUM;lfUlU ,1l11Q nut,pllunud $prlnlt!l.
wD.ieh t;l:ut win, di~mlll:.t!lr il009 not

itld lUW1 In., of pillIn earb<m or

1'11',1 I'll,

tlltl"."' n,h! hill"

l'"ih'I", '1'1H'''lll'nlh' "\1\1)1'1'1 Me
!II ll'i l~ W~I\'I ld;ltnl III im.
IIIIIm,!' (ulI}!iII' 1H""ill'rlwl~ ~"I.·I''''f'i.1 ,w
rUmr nlll'fltwll III Ilw h'hIH',l! HlN"
U'lP !mlll H!;I~ Hllil KI'hl"',
WII , l'llillwr!i; nlHl \"~il1

llll" l'I"'II!!.i" HI Uqll, th.·
ib> l,Ni",t!i,' llllli fiji, WI,1I
~hilll;l'Il!TI'I'"' 1111,1""10 1'.';1 in t!IH, 'I'WI.\

,hlhmill ~HII,,'ri~ III Hl4a;
11\1'11' ~1t\"1' t'!'~IlIl~ ut' ttl"'!'!'l.

·,Ith"I" llIiI'''' NI 'i'litinllll ltllhl,~ fit
,I mltnflhllh'(. tlilNIl ;lind Lilli,
rl" I'IHmlti! l}t GN'ltI1111

,b, lilH Ihl'!'l' h!l'htll:'lll jIAlllll'lI.

l., ., nml Itrt\...h!w!<~w~ru lln'l\Nlt(KI;
II II Ill\ tbill lilubjl,t't Wllll

d Amllrit'itn tllr Mlllalll
Ihl'i l"IHnmal ml"l.t!lllr:,
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z'lItflltl1rW Ill~t v,ltlvl'i
,.f ~nl'l'l!,hl. ¥lllm,j.1liI5r wlrt~

h"m h~'14~ 1!I'fi'iltl>il',,1 f'l%rlloi'l'l lit~1

In,I!:'. f'llit f~'1)t IUl4i pf'.· (Imt, Mn.
~110Jltlll ll:i $"",it~ll hI" ttlllllltl

wldll1llll, '''~nfl\ll',r! th';~!lrl:lIIrl"

1l111114~ hI" dl'tli'<I'I," $\'M"~l%nlilmhlrju\ec

Hmil 'li'~h"',,t lb, 1'~lr IHI. In. fIll'

"Ii 1'1 , Xi~''t'II''lI''1 l'l~I'lll~:('Il' \II;l 'Ili'ith
IIt! lI"l ' III p~'HlI!d,

','II" ilIlll in*"~~',lli.!l~' l,t dlll,
il'Nili. ~hl~'!<t!'1i tit-
rl%rl.I$.I!I'!1ll*41~~i!l'tilNl l,lil'.·
O~)!l II., l,.'f .!~ 111, tl~1' nun-
1"'1'111'-' h. :#.ti,ll!Jn til 911.000 lb.

hI., \~h"IV"',I4" nl'l a-#'l~d l!{lrlnBll
'!<t!'l\Il! hi!lrdl!uoo ilnd

bl'~'~f"l YI' Mtd f!VIIIIII ..!l if! .1iI; l'lllluct!ol\
frmn nr,JID!.1 n~ f*1i'1f !I>~I, ltl, t~l Ufj,OOO
Ih, .~'r'!"'ll In, Zlnmwirli' dil«:Uilllll'lI de­
fl"~h'#.!' ""'lnl~t'!tml\ til' hair·
hll!!l' ,llr '!llu"lMf Jl.nd
"~Idt'" UUH ;lh~lt bh~lIllf!1t dlH!illl'toL bu'
I,r~f~fj U~I! ¥1IIh'l!llI , bllt hI! dOll'S

111l\ mlMWI'f th~! U\l'j 1Ilwl Ilnli8Cll

b1'fWN,W! I,hl' \'~,llill \n hit, lhe In.
jih.l~I~UrflJ\I"~ Kl~ win. W'h\11'1l the

l!Ih'~"\lI 1~Il:li\ti\l'cd 'Hid!'!' ~11r'lIite.

lc,'Mhllll,lrl' ('nil Imule ff"1ll hill.'
mt¥1f(ll; up t ,~ cin. lind
Hi'llil \,Ilrt'~'lI'rjjln~ t)'$lI'l' 'lIt l'!\l'bun

lilmi lIhi i"b I~rl' 14wt IH!\med
III mI1l!l)" III thi~ nmnl!l'y lmd
Jilbf~},lI,i ~,11 pr'llhtl'tmn IIlllltll-

B'illU!!' lit thl' IJll\\'i!lm* lIhnWllin ~'ig.

Ih~!*imt i'll, (Nt llll,! ttw ~'Nlt41r ot
"'~ il','!<\IIII!ilt whlil'",'l/lltlld Ullltl .11\'t'~·I~rl\t41d

'iil\IU'" !.#! UIl! mth,l' ot Ute
\vhW'd ""hi'll!' 1,1 i# III, tOll.

1I1,I~f\llil!I!'i Utlwr tYI)l!'1i IIf lill.
dmu'l' IIIr l,n !lc,llel.
f'l'¥lh! 11I1:>&h,'1 ~1,Il'!i1Iifll\1 Ihl,c¥\iL

Ih.llNlt',·lh alml Ihllljil'lIl:tlt'" llV1n1

!l-",I HII' I~II\I liNI.! ,.t ,t hlH11lll\lr ttl
~lVf'~~~l~U'~'};~~'-j!:~ i:\l! ntN~U~, l~ H1l ~Hlnl,,".

"hii~~h h'l'!?l\"h will"', IIml found
hH'ft'n'('11 Ihl1 rl~'

l'mhll'lmn' hlltil frtlm
IltllcllH ~w'f'~"'I,~V,:ifm III. IfN' $ill.
Ill, rut ,II' Hln"I1~I'nt' :,m iAN' nmt Thl':y
lil'l',1 .it \"lu'h'lll Wil',' p( U.4ti Plit
"!'Ill n 4n,,1 II·", Ullin Him 1'1'1' rim!. 51
,lIBI rn- ~'rI'nf h~'lIt hlllthltt to
t'Ui{II;iU !'i'f '~'I, in, IN1!'lh','lnml(th,
H~fnl>m ft"~Mlh' In t"lg,

··i illillrillh' Ihl'! HI!' Iml't.HIIlI fntlgUlt
u'~I.lclUln' l,f .I11'!i'il'h~ ,~'ht, fltwl)' bll In.
nN'Il"",,1 jiihn' l*iI'vHltll>t f"\'~"l thutll1:h
,!utl\p',I",~""dg'jUf' Ilt'll",~'fll, un thu
IHWI' hlrnmhi,H'n '1\ lit it the?

illCI'I'!\%rd 4ll p'tlt
\1! 11\'t' till dl'!.

'l'lw '11£"1" U tlml l'l'rlflln lIur·

tJII"l' IfI"f~·I'''.!,lrh ill!! Ikl"$lrlmrhr..Il.Utm.
Ih!I~n. ~!' l:l ml IIlId

i"!"!NHiil$l' lUI ~'l' nWi 11'1"t~l!\!'I.!' ~mml

1,1(\11'" '!l1llh~llrf$u'l* l>lilill in
jil\!l'l'l'\~';"! fltl ~~J'~ r$"H by tUl~f1lnlr

f!ll! ~"'lln pllrt(!"
hl%l~' r.r ni!' $\Urtlll:l~

MlnlmUrm 1~l'iilIr!WI
l!nSlt'ltt!
P'om~lt'lr{lJd

hyPiI'lll1rl'nrll.
P'lrCllrnt

L.owllrlRangil 0,1
Ml\xlmum 811'0'.

AUOWllbhh
IfPllllnlld,

Lb. POl' SII' In.

Mllxlnlllm Slrll6&
Allowable.

If NOIPeened.
Lb. POI' Sq. In.

o
25,000:
50,000
70,000
90,000

MInImum Strosll
on Peontld

or Ntm-Pollnlld
Spring.

Lb. Per Sq. In.

TABLE I
Increase of Allowable Maximum Strrm M NQn.Puntd ond

Poened Coil Springs

55

, 50
~. 7/.0
\,...,
l:i., 45

oo
9 40

o ok--'1j1~O{)I--:iJir'"~"·~·"&:~;I-·"--i:~;'",'''''''''··'Mi05~r'''''"''_"m'-~k;;~I;'INI
it'1ll~'~ntI1,! !elllr~1!i!tld\I'r~" il1ell

F' IE,. 9-,"It\{lllel'lt~ of llnloell tMdilioM (lnd IlllnplllllIlI l\!mpnt'lhHl!f Ilplll! 11fl."ijj#l!l!
112liglJll rllli1l0n(;(1 '0' 10.000.000 lotHl (lfllllltllllll~l, IMI\I\I"ull:l't)
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not submit data. He conclttdes 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 can 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 pel' cent in the allowable stress
range over that obtained for the
ground springs. A mean torsional
stress of 75,'100 lb. per sq. in. was used
in both cases, as calculated at the in­
ternal diameter of the spring, but the
permissible stress range was 52,600 lb.
per sq. in. for the ground springs and
79,700 lb. per sq. in. when peeened.
Wire was 0.7 pel' cent 0, 0.5 per cent
Mn. and 0.3 pel' cent Si, and the above
endurance values were based on 20
million load cycles.

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

• DecarbUl';;re'd skill approximately
0.002 ill. deep.

151,630 1 81,385
cycles cycles-.-;..----

FATIGUE LIFE

__2_7.4_I_b._~· 13221b
WEIGHT OF STEEL REQUIRED

~L
, WORK DON'E PER LB. OF STEEL

i~L
COST PER SPRING

FIG. II-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 without a 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 i'ndependent of
the carbon content when a decarbur­
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 flkin.

The ease of the nQn~decarburized

wire is 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 bars of NE 8650- steel forged
to l%-in. diameter and quenched and
tempered. Before shot peening, the
fmrface hardness varied between Re
28-32 on several bars due to variable

F IG; .12-Typical
peening opera­

tions on leaf springs
on Wheelabrator.

o

o

o

o

[>

o
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decarburized cOllditions, while about
% in. below the decarburized layer the
hardnesfl was Rc 41-'18. Structural
changes have taken place after peen­
iIlg and l~ig. 7 indicates the grain dis­
tortion, flattening, and sealiIlg of the
grain boundaries on the immediate
snrface containing the ferrite laym"
In this l~ase the l'otatiIlg bending en­
durance limit was doubled by shot
peening on the unm'achined forged
f!\1l'fnee.

X-my nHll\SUrements by Lessells
atHl Murray'~ indicated the cold
workcd layer to extend a depth of
0.006 in. on a shot peened surface of
SAE 'la'10 (Brinell 278) which had
been previonsly machined and pol·
ished. Almen' had previously shown
this SRme depth vnlue by a Ill'Ol1ess of
removing the blasted sul'fnc(\ skin in
successive steps and noting' a chunge
in cUl'vat1ll'o.Zimmcrli1 reported posi­
tive microscopic evidence of strllt~tural

ditTert'!1ees at least 0,004 in. d(\cp.

BELOW
FIG. IS-Cross·sectlon of

spring leaf showing typi­
cal fatigue fracture.

LEFT
FIG. 14 - Laboratory

method of determining
the fatigue resistance of a
spring leaf in alternating

bending,

FIG. 13-Surface conditions on leaf springs, at five diameters-tal hot rolled: (bl
after heat treatment; (cl same as B after peening with 0.024-in. shot to 0.00702; and

(d I same as B after peening with O,OSS·in, shot to 0.02202.

Sandblasting Effect on Fatiguo
Manteufl'el'° publishcd somo inter­

listing' Iindinp;s on the hel1Cficial effect
of salHlhlastingqucnched and, tem­
pered cIn'oUla vanadium steel spring
wire 0.'192-i11. in diameter, His reo
sults ill Pigs. 8 and \) show how the
maximum torsional fatigue resistance
varies for different surfaco conditions
nnd tempering temperatures. Curves
in Fig'. 8 apply to heavy duty springs
where the desired spring life does not
extleed 500,000 load applications at
high stresses i if long llllring lifo is
required, then it is apparent that the
allowable maximum stresses must be
decreased to values given in Fig. 9.
These curves al'O based on the mini­
mum stress being zero.

The spring specimens, whieh were
black after heat treatment and had a
decllrburized layer, Were sand blasted
in ll· special manner with standard
quartz blasting sand. Io'atigllC results
in Fig. 8 and 9 produced allowable en­
durance values for the sand blusted
Rpring stock whieh was very eom­
parable with the idealvahtes obtained.
after grinding off the decarburized
layer and thcm carefully hand polish­
ing with No. 0 paper. While the sand
blasting gave the most favorable val­
ues at the three tempering tempera­
turesand high hardness values inves­
tigated, it would be of morepl'ltctical
interest to have similar data at lower
hardness values at which springs are
oftetl. mamtfactul·cd l •

Manteuft'el explained the above fa­
vorable .eft'ects of sandblasting in tho
folloWing mannoI'. The blasting re­
moved the seale layer and the decal'­
burhled layer is partially removed and
then wol'kharclenedi in doing this the
surface is .sup:posed to be damaged as

a

a

o

oo

o

o

o

o

a

o

o
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t
No failures

>67,300
>182°/~

'---r---'

Shoff
cmdsphne

rotled

INCREASE IN TORSIONAL FAllGUE:
RESISTANCE BY ROLLING

tion was prOlllmt on the material in
the as-tested condHiol1. Sand blasting

o

10,000-

60,000·
,S
It
~SO,ooo

.ci
~40,OOO­
~
l-

t:;
0'130,000
c

'C
IS
Q)

i75 20,000'!

Fig. Ill-Mothod of shot poening torsion bar springs on Whoolabrotor.

tl'ot\ted rOllnd wi I'll rod to % x %-in,
c'l'oss·:-metioll. No su rfacp decarhul'izu-

-Fixed fo frame

P"J50/b.

'.. \7O/QIOn barsprinq
......••• Vehicle frame··-····-·

APPLICATION OF TORSION BAR 'SPRING
1'0 AUTOMOBILES

Lafhechuck

/)

o

o

o

lltUo M l-JoBt:\ible and provided with
t4vorablo compressivo rosidunl slreSR­
till. Preliminary t(lstS wore mad!\ MIl­

cernillg different blasting conditions

t Thl' ,~()od /'t',wlt,~ showtl by f'/!t'l/rblll'.
lit/1ft tt'tlrt! obtm'HI'I1 bv hl'atillC thll tlOf.
tIIl/lly 11IIt/tltIletJ of/wit/I! mll/IJt'ial, IliltIiH~
$Ctlle all thc .wrfllclI, in (1 tlurferrife sail
bath for two IlIIlIrs, rooled. ht,/Ut'd in
s/Ime bllth Jo hllrdlmiHIf t('mpol'tltllrt'.
,hilt! (fluliched /tild gitll'l/ II le//lpt", ;/1 a"
ilir f,u'tlllce. l/lcr'lm.!ei" flltlglle VIlIrIt'S
XlortH b/!I'o by rUl1rlIllI'iJli"J! art! lar,tf/l
,om/wt'cd 10 the ,'elatitloly small 11/.
trllaslllS formd in similll/' stel!! 11I111 also
siJica./Hntlgatltl.ttir spritlg .I'ted tr/Jllted iN
Il moltNI c}/(/lIid,1 1.:l1rllllriItIHC balh b,
llllHklll.$. 30. 81

FIG. 11- Method
.• of rolling timlen

$prlng. (Llppachor
and Foppl.)

whi!,h I'lhowlHl that Ie!!!! IlUrfllN! dam­
ago r(!sults with low strcnnt lrl'()SSUro
nnd grain l'Ii1.l'. It Willi found (\xpodi­
ont to initlllll)' usc I.l fitrMl)l with high
pr(\H8Ure in order to rapidly remove
tho detrinHlrltnl 8Ul'fuce lIlYO!' lllld to
work hnrden the llurfnce lind provide
it with fuvorallIo Cmnpl'CllRive atrellHOll,
At thll end of the blasting process tlw
SUI'fUNl waH f\llloothed h~' llsing' n
~tl'enm with low pressure. In this
mnnnel' tho dotrill1cmtlll influence of
thCl surfnee dnllllllN (lould bel hCl1d
much lower than the fuvorllble in.
tlUl111C,ml ev(m in the CMe of the high
lUlrdneall lllaterials.

Frye lind KehPo nlso investigated
tho revcl's(!d bending :fllti&Ytlo strength
of steel wire~ 1\8 it is influenced by
vnrim.IR d()seu.ling methods using sand,
MUlOt shot, and slc\(,11 g-l'it blasting,
l.'hclh' results in Fig. 10 were obtained
on srweimmHI cold-rolled from a hCI~t-
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~ig, IS-Quill drive shafts shot peened, (Simon.)

TABLE 1\
Life Comparisons for Leaf

Springs

has been best statell" by Eaton in l·'ig.
11. Two variables of spring leaf see­
tion and shot peening are expressed
in this comparison nnd the separate
influence of each is not given, Values
shown are based on an accelerated
test through an 8 in. stroke, 4 in.
above and h~\low 110rnml Ilosi tion and
an average of foul' springs of each
type.

It was also claimed'" by \Vallace
that gl'ClItel' cndurance is obtained if
the leaves arc peened on the tl!llsioll
side only than if they werll peened on
both sides. His patent states that the
peened spring leaf life is at least IiO
pel' cent greater thnn when not
peened. He explains that the t~ml1bQl'

01' height of the le~\f is decreased by
shot hlasthlg and this is all indication
of the favorable l'esiduul comprt\ssivo
stresses on the tension sid{l. 'l'hii-l
(,hl\llge in camber is provided for b~'

forming tho I~Hlf originally tn a slight·
l~' g'l'lwte1' Climber.

19-Typical fatigull froctur$ ot
balo of toolh on splino.

tion with SUrfllCO i\'l'l~glllnritios, ham·
mered-in scale 01' inclusions is the ma­
jor cause of the low futig'ue l'eSistfmCC!
of spring steel lllatN!. VUl'imUi inves­
tigations have shown that the il1he1'­
Gnt bending' :flltiguel'esistllnee of va­
rious steels in the ideal mUl!hined und
polished condition is 1.2 (for mild
steels) to foul' thl1flli (£01' hewt treated

Unitml Statps Patent!;", us;;igJl(\(] to
GOl'llum lil'ln ai' Hoehling' on tho Ill'O­

ross of shot llc('ning It'llf spring's, gave
life comparison of 11,.1\£ H}1ring's at
Hhown in Tabl(1 II.

With still othtll' .'1pl'ings thiH Iifel i111­
prllvoment WUfl from lOO,O(}O without
IH)l!ningto 1,000,000 vihl'aliollli with
peening. It was stilted that 11 sm', Illl­

derl\ sand hluBt iii ordinarily adolj\lllt.O
for clonning llml smoot.hing' plll'pmwfl.
hut it Wllsfound that a minilllll111 (If
20 sec. un(\(\l' Il shot stt'lmm WUH \'(,­

<tllil'l,d f(ll' nn imlll'lWmnNlt in rntigl1e
I'l'Sistlll1Cl'.

Zimmcl'li' l'o!lortod thnt D~itr()it'

~tt!d l'I'odlH'tH obtnined :lAll tillll\H the
Iif(~ on :;hot p('(Hled hmf Htl1'in~tH lUI oll
those not PO(\!w(]. '1'I\(, h!llvw-I wero
peenml on tlw tmlHicm sidt! only nnel
were stl'c!ls(~d (1'11111 l'l minimulll of
.12,500 lh. pel' sq. in, to II llulximul1I of
121,05() lb. !leI' H(j.in,

Production mdJwtl (If HllOt pewnihg
hHlf springs is iIlustrntml in Ii'ig. 12
lind it ill not IHlll1'll1l1 to llHl1 n l!llllvc·wor
HPl'l'd of J(i ft. !IN' III in. Convl'ynl'
"peed" abont thl'IW tillll'H IIH high hlw(\
bm'n lI"ell and whilo Hllrin~t lll.'l'fol'm­
IUll'O Will' impl'llVl'll it hUH h~~lm found
that tho 10WQl' HIIl'l'cls Ill'(' 1ll0l'l.' "lfl'e­
tivc in i n~il'NIS inKfn tiP:ll~l l'l'HiHtn ncc'.
Typil!1I1 lIllI'Cne(l lIouditiolls 011 tho HUl'·

[ucu of !l/lG ill, thil'1t leavl!H llt vlIrious
stngm\ of IH'O{'l'ssing nrc IlhOWll in
l"ip:, ill, !loth the hot.-rolled Hnll he'll!:­
{.l'('ntt'd t'xnll1t1les bllv!.' II 1lI'I.'lll'hudzl,d
11l~'(\r ntlll thili 1'lmdHillll in l'tnnhinu.

Vibrations
to Falluro

50,000
60,000

300,000

Surf~oo
Treatment

Sand blast, , .
Etched , . , .
Shot blast .

g Plaill elll·boll steel: 0,54 per ('ellt. C,
0.60 pel' cellt Mn, 115,700 lb. pel'slj. i,l,
ultimatl' stl'ellgtll, 76,700 lb. pel' .Iq. ill.
yield poillt, 14.5 pel' cellt l'lollgatioll, 40
per cel,l retilictioll ii, aI'PIl. sllperficilll
Rockwell ::\15·71,5. Aftel' coUroUillB to
{lqt wire it was flllal/clled iI/ lIIoltell lead
900 F. al/d 1'0/11'1' straigMe'II/'tl.

with three· types of sand decreased
the endm:ance lmit values about 10
per cent below that for tIle steel in the
as-received condition.

The question arises as to why Man­
teuffel obtained an increase and Frye
and Rehl a decrease in endurance val­
ues through sandblasting. One plau­
sible explanation is that the hardness
values, matcll'ials, and surface condi­
tions as to decarburized layer were
vastly different in the case of these
two investigators. Also thc blasting
conditions could be different since the
intensity and coverage was not speci­
fied .. Foppl' comments on this question
by stating that this disagreement is
only an apparent one and is presum­
ably due to the fact that Manteuffel
used freshly delivered sand while Frye
and Rehl probably used the s~\lld

longer, as is usually customary in
hlasting parts for cleanng operations.

. He points out that the original sand
particles break up into finer particle.~

in a relatively short time. Such fine
sand particles exerts only a scratch­
ing or deaning 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 can·
stant changing of sand in llroduction
it is morc expedient to use steel shot.

The engineering and economic util­
ity value of shot peening 'leaf spri ngs
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spring steels) that obtained with such
surface skin conditions", 2., '0. On high
strength forgings, however, this ratio
may be as high as 7".

Surface appearance after shot peen­
ing is also shown in Fig. 13 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 is shown in Fig. 14. A typical
view of a leaf which has developed a
fatigue fracture is indicated in Fig.
15. A small thumbnail area progl'esses
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
tiguedata on different surface condi­
tions, such data may not benecessarly
translated dh'ectly into permissible
stresses for the design of leaf springs.
Constructional influences such as
"nip" of the individual leaves, clamp­
ing in. the band, f.iction points be­
tween the leaves, and presence of
eyelets, holes, and stamped notches for
leaf aIignmentalI serve to give .lower
fatigue values for the complete spring

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 50 per cent; when
the spring material is annealed or
quenched and then tempered at a high
temperature the complete spring is
only about 5 per cent to 10 per cent
below that for the individual leaf'o.

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 Europe for some
time. Such torsion bars are generally
shot. peened 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 has also
been shown for torsion bar springsh

by Lippacher and Foppl'" by means
of. surface roIling both the body por­
tion and the spIined ends. The results
of their investigation are summarized

in Fig. 17. They had considered shot
peening but they evidently believed
that this operation would interfel'e
with proper engagement of the
spIined ends which is not considered
objectionable in United States. By
rolling only the body of the silring,
the endurance limit was increased 40
per cent but then fatigue· fmcture
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 lb. pressure with a roller hav­
ing a contour radius a little lcss thlln
the root radius of the spline; the :flank
angle of the roller was 111ude to clear
the sides of the spline and only con­
tact the root radius so as to not in­
ter.fere with the mating surfaces.
When both body and spline was rolled,
then 110 fatigue failure toolc place
even though the alternating' torquo
moments was 1.82 times as groat as
tha~ for the conventional spring not
rolled.

Simonlc shot peons" quill drive shafts
shown in Fig. 18 as regular production
lll'actice. 'A typical fatigue fractuI'e

(CON'l'INtllW ON PAGE 100)

.Aerodynamic rurbinefor Blast Furnaces

T HE recent introduction of steel
, . recuperators for he~ting blast­
furnace blast in a continuous cycle 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.
KelIerand' R. Ruegg report in Stahl
und Eisen, 1944, vol. 64, March 30,
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 ail'
heater of similar construction to the

'~See THE. IRON AGE.. issues of April 16
aild APril 23, 1942, fOl' detailed data 011

steel reettperator desigl'.

modern steelrecuperator.* 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 ll;lvelsemployed. The air
heater now has .the same dimensions
as a modern steam boiler of the same
output.

Several plans have been outlined:.
(1) Where the blower is driven· by
an ail' turbine, and a combined air
heater heats the blast for the furnace

and the cycle air which works the
turbine; in this the path of the com­
bustion gases is divided into. two. The
ail' coming from the blower is, 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
pel'aturezone of the air heater. Ex­
pel'ience 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 ail' is heated in. the first stage
of an air heater and then expanded
to about furnace pressure in an ail'
turbine coupled to a blower; there­
quired additional power is produced
by an aerodynamic turbine. The. ex­
panded air is then heated to the tem­
perature required for the fumace. The
advantage of this system is that the
heat consulUption for an equivalent
volume of air .is .. about 6 per cent
lower than with schem~ (1).

It wquldbe advantageous tci. ar­
range the plants for these three plans
in such a ·way that the air turbine

is divided into high- and low-pressure
stages, the low-pressme stage driving
theblowe~' at a rate varying with the
required load, and the high-pressure
stage driving the compl'CSllor for the
cycle air. Electric !lOWer could also
be generated by the air turbine if it
were made large enough,

Ina combined blast and cycle-ail'
heater capable of heating 220,500 lb.
of blast. and 240,345 lb. of cycle ail'
per hr. are given, the heating surface
for the cycle ail' is about one-tenth
of that for the blast. The cycle-air
heater lowel's the temperature of the
eombustion gas to the safe level neces­
sary for the blast-heater tubes. The
heating of the cycle air by the corn­
bustion gases is cal'ried out in uni­
flow, which is possible because the
temperature gradients between the
combustion gases and the ail' are lnl'ge
and unitiow insures relatively low
and evenly distributed tube tempe~'a­

tUI'es. The blast-furnace blast is
heated by cross-current :flow. An ad­
ditional bUI'neris fitted between the
two stages to provide a means of
conti'oIling the blast temperature in­
dependently of the cycle-air tempel'a­
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,

THE IRON AGE,·March 29, 1945.....;..jC;
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Shot Peening
f. ·",""t·I ..... '·"·1\ nWlM PA(:~: 4!1)

whieh hQlI initiQh~d Ill. the b&\!l(\ of a
itplimttlllllh 11Il!howtl in Fig, 1ft 'rhlll
hlter .,lmltll!l'N1llh """1\ not tllkNlfl'om
quilll! tlf the lj;'l·it! ~Ilw""n In Fig, 18
hilt iii IIltI'>;lUlIlllo 1:lf tlt'lmdit\nH which
",hnt ptH'Ilinl will hnlll'\lVth

Tompeflng Aftor Peening
'l'htl tOl"r11011ll.1 flllll Ill'llIling tllAlltiC

limit \·.llmlllllrtl !WIlHttlrlH!!1 t1IHtl'(\llllt\d
(hit] ttl lIh(lt 11lHHlitl~T, 'I'hhl Iii 111M

lllu'tlt'uhu'.IYIHlth71·nbllil un hnnl drllwn
l'nrhtllllltol;ll wlr'llrmd mny Influence
tltll IH't, rhnrlH'hll'lllt lrl\ of tlm IIlltlng
in llOmtl ilPlllicllHmllh Ttl improve
thlili!ll, il'hlldlc limit 'tllhlllli 1\ ltlW tem­
pl'rnllli'11 t{HnI1l'ril1~ trlliLt.munt ill np­
l,lilid.Zlmml·rWllhlwtli\ In l~Ill', 2(l how

/IHl(lh tn,"tflllmt InlhltJlINlll thl1fntigllCl
hlllttltH'!!. An tht! btml:\l\cllll t'llfl!<:t ot
ptWll'lllr hi IU!lt ntllt'ltrnpt'\rl\tlltt'l of
112i) dllg, F.

P'UrUl1i!l' 'lXIHlWIU. utI mild hel\t
tl'\mlnamt; WtllI r~IHlrttldll()n S,A,E,
H14fl !ltl'I,I. lHltllmlhmd lUlU tnmpllrlldl

whh:h lind bClm iIlllrtllllJ tlllllld with
roUm'1I :111mlhlt til that lIhoWll In I.'tg,
I"e. Afttr l\ mild Hml!1tu' tlll'i.l'\
lilt· t'nll\tlnr lHHHlll\1<t ('I1thU'lUl:CQ' Ull'llt

It (.:IUilm#.t'IH>IIlIfiIUi1'l ~llllll QIHi/Jh'lluu{ /lml
t"I1I"~I't!r/l!l R,4f1, IJl"tf".<¥i' ilt liiflln~lcr
tlNIl III IOItlIl.Mj;(·IU ll"u tlmff (tOOOll I'll.

It I,. H, ,lilmllll. j'/,i", mllwfltm:l.d. liI,e.
Irll·M"rll1l1 In\'MI:J/rl, r;"IIt'rllf MllltlrS.

Wtul, lnertlllf'\\ltl bj;' 0 IHll" elm! utili the·
l!lllllUe limit lmflrll.......d IWill' thllt ob·
tl\lntld with 1\0 tflmf1iwlnr trlil\tI11llnt.

11.1\ hnl1l'IWtlfltNltln lhu I.IllItie limit
ill III~t' I.lrl'olnp!ll\lwtl 11)1 IHlf'itgglng
llJ!rIIIll'~, 'fhhl lit nnothl'r form of c.old
work tlbtl~imHI by thitCMlltntm com­
mnrrinl Jlrll.ctlc:tl ot dcrllbtll'lIll'ly ()Vllr­
Illndinll tnt! fllll'ln~t Ill) 'lilt tn Jlf(\(!tICO a
llilrmll.YUlIlt. IlI'It lIl' dl'!l(!Ct!t111, On
(~hr(lIf1(l,VIUlluilumC(II1!lIH'ltllir Mnnleu(·
fl!l~' ~h(l~\,(ld that In IHltIHi CUlItt thhl
ll(~rll.gll'IIlK low(lnd tilt! rl\ti~tt\tllltr(!lIg'th

MIMwhlltl\ntlln othIH'~1 1\ IIUghtln.
(jl'IHlllil W.1\1l lil:!tltlrwd. PI:'II'..·.1' and
l..tl11IHI- AlII!). ((lUnd Hmt ptCl.Allrlllllllng
KliVtl Illln~ht llll'tIlAIII' on hellenl
lI11rlngll, nUtltl {ttun dr\Il~'n wlrt\. On
Itl.llI! llprlngll! l\t1bJ~tl!d to btndlng lOIlM
Btlckl.Jl.' lllH1PhllliplIll'I obtilllnntl'l grl!.nt~

4llf Im!lrUVflMOl"lt. Tlltnltlyfrom 56 j OOO
lb, Ptlt' IHi' In, to 'la.l~JOO lb. ~xn:' ali·lll,
M 82 1)'01' e~n~,

Parts of hlghf:uminillllil hl\llnr lthllrp
rnrmll'lI. £wer IItlMtt.lMtll!l r(Vlln A low
It>tnplIfa.tun. tltNl'lIl'ftntlvlnl't treatment
attnr l'£hot ptltnltl' toprennt the C<»:'~

mn'$ brtlllldng <1ft'.
. l,";l. No.l/lH~~NII::r./ wtIJ'At.f41' /iii/stir II
dutll/¥ 11th 'tlp~rttJ:ttJ bY"If~.I"lllg
rM/flll til Ibl I"n/nt. p',/filtH l(fI'
ana /lIla afloYI. dot .du ltll,d lime,
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