
Introtluctio~i 
I l c l i ~ i ~ t i y  c ~ ~ i - r c ~ i t  ~ t l l o ~ v ; i l ~ l i ~  to1cr;iitccs for  

h l i i i en  l e s t  Sti-ips per n p p l i ~ i h l c  U S .  Vl i l i lery ;tnd 

t l t s t r  spcciiic;itioiis. :itid litr\\r ~ l i c y  offcct sliot 

J I C C I l I 1 1 ~  JlI-OCC.SS Wlilibl]lt!' ;illd r ~ p ~ - ~ t l ~ i c ~ I ~ i l i t y .  I S  the 

~ L I I ~ J X I S ~  ~ r l ' l l i i s  fpapcr. 

'l'llc A l ~ n c i i  slrtl> Itas litsttrrtcolly b c c t ~  end 

cliii-cirtly is ~ l i c  o i i l y  :i\;:lil:tlAc i i t r t i - t Iest~- i~ct i~~c 

I~IC:~SIII-~IIICI~~ i ~ i s t ~ ~ r i ~ i i c t r t  i i t i l i ~ ~ d  10 r e p r c s ~ ~ i t  t l ic 

;ilnolilit o f  aggrcg:ttc eticrgy li.airslc~- to o \\mi-lcpiccc 

I-csultrng tiom the sl iol p c c n i ~ i g  pi-occss. S ~ ~ i c c  1lic1-c 1s 

c i t r~ rc i~ t l y  i io  : ~ v ; ~ i l n l ~ l c  i i icaiis o f  sliot pecii process 

i~oi~- t Iest~- t ic t ivc test pel-fori i ict l  t l trcctly o ~ i  a 

\ \ ~ ~ ~ - k p i c e e .  the i ~ i i p o ~ ~ t ; i ~ i c e  o f  the A l i i i c ~ i  st1-il1 

COIII~IIIICS 10 rciir;iiti l i iglt. 

An ;irc;i o f  i i iuc l i  rccctit tlisciissioii 111 

t c c I i ~ ~ ~ c : i I  c ~ r c l c s  c o ~ i c c r ~ i c ~ l  \ ~ i t I l  Ilii. sliol jpcctit~ig 

])I-occss lias IXCII !\'Ii;it tjuaiitirntl\.c niitl cjnaiit:it~vc 

lllforll1;illlllr tllc /\ l l l lcl l  st1rt11 c:lll ~ l l - l l \~ lde,  ~l i l t l  \v11:1t i t  

c;lll a11tI c;t11110t 111e;ts11rc Ill Icrl l ls o f  ]Ir(ltY3s 

csl~cll\:cl lcss \\~I11lc ii1lport;lllt. tl1c1-e I\ ~ l l l t i t l ler  

cirlicepi 1.i-liicli iict.tis co~tsitlci-;ihIy i ~ i o r c  t l c f i ~ ~ ~ t i o i i  

i l i;t i~ is c ~ i r i c i i t l y  :~\~; i~ l : t l~ lc  iir t c c l ~ t ~ ~ c ; ~ l  Ii~ci.iitiit-c I his 

is /\liircit iesl strip ~ c l ~ ; i h ~ l ~ l y  ; i i~ t I  mcc inc t  

CIII~III~I~;IIIV~ d c l i ~ i ~ i ~ o i t  o f  lrow i-eli:~I)ly 111c !\ltiicir 

sil-11). ;is ci irrcitt ly specit ict l  iii appltc;thlc US. 
hAI i rsq.  ;inti i ~ i t l i i s r ~ y  s1xcilic;ltioiis. n~cnsui-cs A l ~ i i e n  

l i i lei isity. 

A s  111 al ly  p r o c c s ~ i i c a s u r e m e ~ i t ,  t l ic 

CL~II~~II;I~IT~C iicccptahlc t ~ l e ~ - ; i ~ i c e s  o f  giiugcs i i l td 

~ i i c ; i s ~ ~ r c ~ ~ i c ~ i t  i i i s t r~ i r r t .~ i t s  itl-e 01' crit ici l l  i~i ipo~-t:t i icc. 

C'o i i i ino~l ly  spccil ict i  ~protluctioir A l l i ~ c n  i i i tensity 

r;in?es arc 1-1- 2 A  ( 1 )  No t  i i i icori inxm is A/- 1A. 

I)r i i-r i~g rcscnrch contluctctl hy l l ie o~il l tors. scver:il 

~ f l l ~ l l o l l l ~ l i : i  ;ls~Ocl:lted \ ~ l t I l  tl1c '4l11leil strtp / l ; l \~e 

hecii ~t le i i t t t ie t l  ;is al'licctiirg ~ t s  cnp:ic~ty to rc1i;tbly 

II~C:ISLII-~ ~ ~ ~ ~ o e e s s e s  spee~l' icd 1 0  ;I +I- 2A 01- s ina l l c~ -  

tntciisiry mngc.  

Strip I-Iardness 
( ' I I I - ~ ~ I I ~  SAI:. AhflS. U.S Mil iroi-y ;tnd 

ii1Iic1- itiilusti-y sp rc i t i ca t~ons  l ist :I li;irtliicss r a l l y  o f  

44-50 Re ;is tltc ncccptahlc range fix AJ. ant1 C' type 

Alrricir strips. 'This Iiai-tlness toleraiicc I-angc 

iiitrotlirccs s ~ g ~ t ~ f i c a ~ i t  variahil i ty iii ;ire l icigl i t  

reatliiiys taltcii f i-oi i~ A lme i i  strips lpeciictl untlci- 

~ d c ~ i i i c ; ~ I  ~ ~ I ~ ~ C C S S I I I ~  COII~I~IOIIS 

Dur ing  f i i t igue testing i t ivo lv ing shot 

pec~ i inp  specimens utit lcr precisely controllctl 

co~i t i i t io i is  (Sce I':ihle I), incan values obt;iincd fi-oil1 

44 Re A l i i i cn  st r~ps sliot pccned at itlenticnl values 

vat.ictl sigti i t icantly fi.0111 tl ic same values obtained 

f r o m  peening 50 Re A l m c n  strips. Table 2 illust~.atcs 

t l ic lint-tlness tolcranccs u t i l i r c t l  for  A l t i i c ~ i  strips 

during this testins which account for+/-  .0001 6 i n  arc 

l lcigl i t  ;it 0.012A. 

The  effect of Al incn  sti-ip Iiartlncss 

variahil i ty on s;itulrition is ~ i i o r c  d ~ f f i c u l t  to it lentify 

;ind q w i t i f y .  Sotile hackgroutid cxpl;in;ition is 

I ielpfi i l .  The Br inncl  11;irtlncss test \vorks on tlie 

pri i ictplc that workpiece materials o f  v a ~ y i n g  

Itartlncss w i l l  he dented t o  vary ing diameters b y  a 

cot is ta~i t  liartlness bal l  puslictl w i t h  a given f o l r c  

:rg;li~ist a workpiece. The concept o f  peening 

covci-egc is tecli i i ically s in~i l : i r .  Woi-lcpieccs inuch 

softer than Alnteti strips, such as alumii iutir alloys, 

;ti1 A lmen strip w i l l  oht;iin covclxgc only : ~ l i e r  hc ing 

exposed to the sailre blast stt-cam fo r  ~ i r u c h  longer 

durations. (2) 

This effect o n  p c c i i i ~ i g  cove~-:igc. : ~ ~ i d  licitcc 

the \vorkpicce s;tturation Kite o f  v n r y i ~ i y  lini-tlncss 

worlcpicccs, is similar fo r  A l ~ t l c t i  sli-ips oi' va ry~ i rg  

liarilness. Uccausc o f  this plicnometion. the process 

mcssurcincnt o f  A l i i i c i i  satu l i i t~on.  (;lit A l i i ic t i  arc 

l ~ c i g l i t  at tlic f i rs t  p i n l  In  t i tnc \ \ ~ l ~ c i i  t l o r i l~ l i ng  csposii~-c 

t ime yields less t l iai i  a 10% 11ic1-case in Al i r ic i l  ;ire 

height,) can vary up to .30i% lli.~,in 44 Ice A~IIICII strips to 

50 Re Altnctt strtps. 

Strip Flatncss 
C u i - w i t  ~ i i t i us t ry  s1;iittl:rrd lirl- t letei-i i i~ini ig 

A h e n  strip tlntiicss IS I-cprcscnteti hy tltc f i ~ l l o w i ~ i g  

slatclrrctit. "'Tlic cui-vatitrc o f t l i c  s t r ~ p  I t lc tcr i i r~~rct l  h y  

ti ~ i l e a s ~ r e ~ ~ ~ e i i t  o f  t l ic I icigl i t  ol' the ~ ( ~ i i i h i i i c d  

lotigihtdinal and tl-alisversc arcs across slaiitlard 

c l i n~ds .  'l'liis arc height is obtained hy inensurlng tlie 

tlispl;iceiiieiit o f  a central point  o i l  t i le irotrpcci~ctl 

surflice from the plnnc o f  Sour balls f i l l -n i i i~p tlic 

cotners o f  ;I jlnrticulnr I-cct;inple." (3) .  ( I )  i \ i iy  

mcnsurahlc wr tn t ion  fi-0111 rc1.c dcllectioi i  or 

conip lctc ly  t la t  is sigiiitic;iiit as l l ic  cIi; i~ipe 111 this 

"l1;ltllcss~' 1s \\41;1t I S  lllc:lsllrctl ;Is !\ltlrcll :irc Irc1gl1t I>>, 

rea t i yg  111c aii lount o f  cut-vatrirc o r  t i e i l e c ~ i o ~ i  III tiic 

s t  I i c ~  Ipeciiing. ('11-~-ciit i ' S  h~liI i t : i iq~ 

s]xxit icntioi is l ~ s t  this tlatncss :is II:I\'II~~ :III ~ i c c c ] ~ t ~ i I ~ l c  

~ p ~ A o l  11een ~ ~ - o c e s ~ " ~ g  toleriiitcc o f  - - .00l.i", 'I'liis 

tolcl-zince. i n  ;tnd o f  itself, i s  yeatel -  t11;ili l l ic  sj icci l ict l  

intercity to l c~xncc  ~-;lnge o f  matry ct r i i ip~~i ic i r ls  shot 

peetied i n  actual p roduc t ion  

The atldctl quairtit:ittvc c f f i c t  ol'tlic applied 

stress gciici-atetl by ~rrccl ianical ly  l io l t l i t ig  811 A h e n  

strip t la t  o n  an A l t i i cn  hloclc t luri i ig Ipcentiig \ r+c~i  i t  

w:ts ni-cetl ,0015" hefosc 11ec1i1ng 1s c i t~-rc i t t ly  

utitlctinetl. t l on~cvcr ,  this certainly docs not ~ i i c c l  

industry rccjui~-emenls for heitiy liw li-o~ii cstcri ial 

loatltng h i - i t i g  pccii lng. Qualitatrvely. it 11;is hecn \wll 
tlocumeiitcd that tlits type o f  "stt-ess ~peeir~ i ig"  results 111 

s ig~ i i t i can t l y  tliffcl-ent wet-lcpiecc ~ - c s ~ t l i i ~ t l  stress 

PI-otilcs than :I \vorlt-piece pccnetl \v~ti ic~ric cs~erii;il 
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I;it~icsh. rliiclmess. antl gauge tolei-a~iccs 

Almen Strip Cl~emicaI Content 
Uniformity 

Whi le  tlie authors 11:ivc i iot studied the 

cffccts o f  cliaiigcs i n  chemical coiitci i t  o f  Al i i ie i i  

strips, il 1s no t  antici]mted that variatioi i  wi th in t l ic 

:icceptahlc to1cr:rncc ranges o f  cl iemicai content foi- 

1070 spring steel w i l l  y ie ld  s igni t ica i~t  process 

I I ~ ~ I I S I I I - ~ I ~ ~ ~ I ~ ~  var i i~ i icc.  

Discussion 
T i i c  cui-I-cnt tl-end i n  ~ n i i i i ~ i f i i c t ~ i r i i ~ g  

~ x o c w s e s  is to cal-efiilly dcf i i ie  tho qo;~litativc mc i  

qu;iiitit:~tive lhciictit levels ohtailicti ii-om each 

i~ i ; i~~u f :~c tu r inp  pl-occss :it specific lvoccss \xr iahlc 

levels, tletei-iiiinc cost effectiveness via-a-via ot l icr  

/>oteiiti;il suhstitutc ~ ~ O C C S S C S .  :lilt1 t l lci i  111-ecisely 

c o ~ i l r o l  tllc sclcctctl pi-ocesscs iii protluction to tile 

s p w i i i c  process vai-iahlc levels known to gciicl-otc t l ic 

bc~ ie l i t s  acliievctl in tlevelopniei1taI testing. I t  is the 

i i ~ t l ~ n r ' s  opin ion thiit due t o  IIICI-C:IS~I~~ c~i i i ipet i t ion in 

tlrc mor ld mal-Itctpl;rcc, the futui-c 111-otluction use of 

manuf i rc tnr i~ ig processes for  wl i ic l i  quantitative 

hci ic f i t  levcis arc ill tlefiiiecl w i l l  hcconie inci-casingly 

firre. ' f l i c  use o f  any process ill tl i is type o f  precisely 

eiigiiicei-ctl, clearly quantit ict l  nlai lncr picsupposcs 

:~cci~l.i~tc. rci iahle ineesui-cmcnt i~ i s t~u incn ts .  C'lcnrly. 

t l ic i irtr irc use o f  shot peenii ig as n part of the tlesign 

streiigtii o f  coiiiponeiits I-cquires reexamining rlie 

;~cccptxbic tolel-aiices gcncratetl b y  A l m c n  Strips. 

This is p;rrticularly t iue in l i gh t  o f  rcccntly pul~l is l ic t l  

data concerning the seiisit ivity o f  \ vo rk ]~cce  fatigue 

l i fe  to Ai i i ie i i  I n tc i~s i t y .  (4) (5) (6) 

T11c use o f  A lmen i i~ tc i i s i t y  t l i roogl~out  

tlic l i is to iy  o f  tile sliot peenii ig process has lhecir 

largely matle wi t l iout  rcgald to tlie cffcct ot' 

cumulative tolc~.anccs generated b y  the A lme i i  test 

strip and A l m c n  gauge. Understanding that A l i i r e i ~  

intensity readings talten w i th in  ail intensity I m g c  of 
10-12A hr  cx;rii~pIc, can : ic t~ i :~ l ly  reprcscnt ;11i 

intensity range o f  5 - 17 A wl icn iiihel-ent /\ l i i lcn 

sti-ip 2nd A l i i i en  gauge toleraiices arc ;~ccountetl for, 

illustrates the ])I-ohlein. C'lcariy, \ v l i c~ i  sliot ~pccnii ig IS 

i i t i l izcd as part of t l ~ c  tlcsign strenglli o f  :I 

woi-it-piece. t l ie p r c s e i m  o f  any level o f  pi-ocess 

variabil i ty generated h y  A l ~ i i e i l  strip tolcninccs must 

be tletinetl and quantitatively accor~ntctl foi- during 

t levelopinci~?al testing in  tcrins o f  effect on 
\\rorklxccc h t i g u c  i i k .  

O f  cvci i  mot-e immediate iiilpoi-tnncc fo i  

the sl lot peerling t l i sc ip l i i~c  IS tile f k t  that c ~ l i i ~ u l : ~ t i v c  

acccptahle toieraiiccs for  t l ic A l inen  strip i n  L1.S. 
M i i ~ t m y  antl tntlustry spccii icatioi is are hi-o:itlcr than 

tl ic \wst inajoi-ity o f  specif ied intcirsity ~ra~ipes 011  

c o i x l h o i i o ~ t ~ u t i l i z i n g  shot peening. U h i l c  i t  ap lx r rs  

to the authoi-s that intensity spccitic;ititrns are at 

tinics ;rrrived at i-ntliel- al-hiti-arily, fo r  n in i iuf ic t r i r i i ig  

c i ~ g i ~ i c c r s t o  h l i i i t l ly  assume that :~dt i ing t l ic 

to lcr i~ i iccs inl icrci i t  i n  CIII-I-~II~ A11iic11 strip 




