
Relaxation of Shot Peening Residual Stresses in the '7050-T7451 
Aluminium Alloy after Heat Cycles for Adhesive Bonding 

Shot peening, cold worlting of holcs, and ndhcsivc bonding of 111etallic or composite doiiblers 
arc ofien used singly or in combination ill order to incrcase the kitigilc life ol'critical aesospacc 
compollents, A doilblcr, applied to n highly loaded area. provides an alternate load path and can 
reduce the propensify ('or fatigue cracking. Adliesivc bonding oSa doubler requires a iii~rnbet- o i  
stcps involving heat anti pressure cycles wlicre the tc~ilperatilre of the part might exceed the ma- 
xiiii~iin tempcraturc to ivliicii shot peened aluminium alloys should hc subjected to, because of' 
the possibility of ihc~mal stress relaxation. l'he mo~iinuin exposure tempcraturc ranges from 
90 "C' to 121 "C Sor aluminium nlloys, depending on the shot peening spcciication usccl. 111 
Slow relaxation of shot peening stresses in the 7075-T6 :~luioii-ii~iii-~ alloy heated to 325 "I: 
( 107 'C) has been reported. 121 

rThc following steps 11;i\.e heen Sollowed by the C:iill:idiail FOI.CCS 10 SUCCCSS~LIII\I  i i d l l ~ ~ i \ / ~ l ~  
bond 3 cloiiblei- to LIII ;i1111i~iiii~ill1 ;1110y part, starting Srom a coating li-ee surfacc, u-hcther shot 
peened or. not: 

'I'lii: Ael-ospacc Maferials Specilicatio~~ AMS-S- 13 165 statcs in section 3 .3.10: 'When pee- 
ned pwts are heated after shot peening . . . the tcni1~csature employed shall be limited as f'ollows: 
Al~~nrinum alloy parts 200°F (90 OCj ~l laxi~i i~mi".  141 This is qualified by section 6.13: "Proces- 
sing o r  scsvice tenq~el-atilrcs of shot peened par-ts shall be limited to the tenlperatures i n  3.3.10 
111iless teat daia i 'o~  specific applications support the satis~iiclo~-}l use or higher teliipesat~~res". An 
experimental program was set up by the Canadian Forces to investigate: 

the ei'iects of'tlle low and high tempe~.nture cycles ~lsecl for- adhesive bonding on tllc relnxa- 
t~ori of the shot peening residual stresses 111 rhe 7050-T745 1 a lulni~~i~lrn aIloy. 
the effects of the grit blasting, 



**  tllc effects of a 3 hour exposurc at 103 "C,  as somc areas of a p u t  can reach that tempera- 
ture in orclcr to achieve the desired bondline tempcrature of 121 "C, 

** and the effects of the low and high tei11peratu-r-e cyclcc on fatigue crack initiation of shot 
peened 7050-T745 1 ul u ~ n i n i ~ m  alloy ~uldcr a (h-iadi:~n C1; 1 88 (FIA- 18) SIICC~TLIITI 1o;iding. 

2 Experimental Procedure 

2.1 Specimen Preparatiot~ 

Spmimens, 12'5 or 25 1111r1 thick, wcrc machinccl fi.om 7WO-T745 1 a l~m~in ium alloy plate. T1lc 
design propertics of thc plate werc: 440 M P a  yicld stress, 510 klPa c11iin:iatc tensile strcnglh, 
and 10°A elongation, [ S ]  One surface was shot pwned to an iZ1n~cn intel-isity 01'0,008 i: 0.00 1 A 
(inch) (0,200 i 0,023 A (mill)) using %425 ccsamic beiids per SAE J 1,430 2 n d  a n~inimurn oi' 
200% oovcragc. with saturntion at 100% coverqy. Thc grit blasting was pcribimetf using 220 
grit aluminium oxide. 

2.2 Residual Strcss h/le:~sureinenis 

The fatigue specimens, ~iia~iuf'acturecl from 50 1111ll thick 7050-T745 I plate, were 254 mm long, 
50.8 mrn wide, 12,7 mm high and hid a c o ~ ~ v c x  upper susf'ace (13gui.e I ). 'l'he upper surface \ w x  
shot peened as described in section 2. I .  Tlrc s j ~ c c ~ m e n s ,  designed for Sour point bentling Satig~ie 
testing, provided a clttfined zone of i n s p ~ t i o ~ l  for crack fot-nintion, which was (lie primary cc_,ri- 
cern of this study. 

The spccirncna wcrc fatigue tested i n  a computcr wiitsollccl instron 83 1 servo-hydl-aulic fati- 
gue testing macliine, using a ~pect1~11-i gatllereci ii-om Ilight data, One spectrum block consisted 
of 77 19 cycles. representing 325 simulatccl Slight 11our.s (Figure 2).  The loads were scaled u p  so 
that the cpecimens would fail within 80 blocks. cinder tliesc conditions, the pcak stress, occur- 
ring once per block, was 5 13.3 MPa. The blocks wei-e repeatedly applied. The ~pecirnens were 



inspected every 5 blocks fur crack fosnrntlon ~ising acetate replicas and ultr:iso~iic testing. Somc 
tests were also run to find l'ailure. 

3 Results 

3.1 Effccts of' 12 I l ou r s  Esposurc at 85  OC 

l'here was no relaxation of'tlle susfacc and subsul-face residual strcsscs after the following Ilea- 
ting cycles 0 S  30 iliinutes at 79*i', 3 11ou1-s :it l(j°C' plus 4 1loii1-s at 85°C) initially consiilel-ed for 
adhesive bonding. 

0.2  Effects of Grit Blasting and i\ 2 liour Exposure at  121 O C  

The distribution of the residual stresses with depth was measured in two areas, one shot peencd 
and one shot peened and  grit hl:lsted, in the as prcpared conditions. and niicr one hcating cycic 
at 12 1 "C' for 2 hours. 

The compressive residual stresses incseascd from 238 MPa at thc surface to a n~nxim~inl  of 
~uound  365 MPa, 0,025 to 0,050 mnl below the surf'acc. The layer wit11 significant compressive 
xtresscs was 0,100 io 0,J 25 11im deep (Figure 3). 'Tl~c only efiect of the grit blasting \vns n small 
Incrcasc of the comprcssivc i.esidual s t r c s ~ s  ai thc s~lrfi~cc, of ihc order o l  10%. Tlrc heating cy- 
cle induced a relaxation of tllc compressive stresses. The cffcct was tlic most pronoui~ced at the 
surf'L~c where the  ducti ion was between 19 ;ind 2 5 %  f'os the shot peened siu-face unci between 



21 ;inti 29% for tlic pcencd and grit hlasrctl urfiicc. l'hc 1-claxation of the comprcssivc rcsidun1 
stresses was progressively smallcr at greater ticptlis (Figure 3) .  The peak compressive stress was 
reduced by about 10% fi-om 365 to 130 MPa. 

3.3 l<ffects of' a 2 Hour Eposure at  163 "C 



3.4 Effects of' two Bonding Heat Cycles on licsitlual Stress Rc1;lsation 
and Fatigue 1,ife 



Figurc 6 :  ( l a c k  l'ormut~on a n d  total lives of shot pcened l'ntlgue cpeclrnens t c w d  as shot pccned and alter I and 
3 hours at 12 1 "C 

4 Discussion 

Kelaxution of residual strcsscs by thcrmnl means is a flmction of leinperatiire and time. I'here 
was 110 relaxation after an exposure of up to 12 hours at 8 5  "C. This is not unexpcctcd as 85 "C' 
was signit'icnntly below the lowcst maxin~un~ pern~issible exposure temperature after shot pcc- 
ning. j 11 A-fler 1 hour at 1 2 1 "C, tlic innximum tcrnpcraturc to which shot peening parts should 
be sul?jected ~lccorcling to some specifications. thc seduction of the surface stress was aro~ind 30 
(%. A fter 3 hours at 1 2 1 'C, the 1-eduction of'the sut-face stresses was between 3 I to 3 9 '%. A ra- 
pid dect-ease of the residual stresses with time followed by a more g r ad~~a l  one is typical o f  iso- 
thermal stress relicC I S ]  The relaxation of the shot peening resiclual stresses had increased to 30 
to 40 ?4 aflcs 2 hours at I63 "C', but thc maxmim comprcsslvc stresses were still in thc 255 to 
275 MPa sange That tenipcrature C O I - I - C S P O ~ ( ~ S  to the f n:ll aging tseatment fbl- the 7050-'1'74.5 1 
a l ~ ~ m i n i ~ u n  alloy. 1 S the alloy 1s exposed to 163 Y' for Ionget t~lnes  or to higher temperatures, 
there will be a g1xduul dccrensc o f  the ~~ieclliunical properties as well as a decrease or  the shot 
peening residual stresses. 

Tlie only eff'ect of the grit blasting was a srndl increase of' the comprcssjvc rcsidual stcesscs 
at the surface of the as shot pcencd spe~i t i~en .  

Adhesive bondins at the lowest possible temperature (i.e, 85  "C) woulcl be the preferrecl 
choice if the prime ob.jective \\:as to minimize or avoid the relaxation vf the shot peening I-csiciu- 
a1 stresses, A heat cycle of' at least 1 hour at 121 "C to cure the primer is required to proctuce a 
ciurablc bond, but this will Icad to a relaxation of thc shot pccning rcsidual strcsscs. Tlic curing 
of thc adhcsivc car1 be pcsforlnctl cithcr for 2 hours at 12 1 "C or 8 I ~ L I I - s  at 85 "C. 'The 2 h o u r  cx- 
posure at 121 'C could be selectccl based on wse of processing as the further relaxation of the 
s t reses  by this heat cyclc would bc small aftcs the part has been csposecl to the 1 hour at 121 "C 
pruner cure 

'The 1 hour vxposure at 121 "C caused a signilicant reduction of the crack formation lives 
when the shot peened specimens were k ~ l i g ~ ~ e  tested using a spec t r~m with a high peak stress oS 
5 13 MPn. It was reporled that there was no significant changes in the fatigue life when speci- 
mens, shot peened to the same intensity and heated for 1,s houcs at 1 10 OC imd 1 ~ O L U  at 121 ' C ,  
were l'atipue tested using a spectrum wit11 a lower peak stscss of' 420 MPa. 'l'his is in xcordance 
with the observation that shot peening is more beneficial to I'atigue life at low stress lcvels. 191 



5 Conclusions 

There was no noiiccahle relaxation of t11c shot peening residual strcsses after an cxposure of up 
to 12 hours a t  85 "('. 

Thc jsrefcn-cd heat cyclc used for xlhcsivc honclil~g, with ;I exposure of at least I hour at 
12 1 "C, induced a relaxation of' the shot peening residual stresses, wh~cli  was n~axirnum at the 
surface and of the ordcr ol' 30%. Tlicre L V ~ S  a concomitant 1-cc1~1ction of' the fatigue crack f'o~.ma- 
lion life of thc order of' 40% when the spccimcns wcrc fatigw tcstecl urlclcr spcci1.11111 loading 
v,~ith a llig11 peak strcs5. Subsccluent sust;l~ncd cxposurc at 12 l "(I' haii only snlull i~~upprcciablc 
el'f'ccts o n  the residual stress I-elaxatlo11 and crack formittion timi.. 


