
3Xfect of Shot Peening on Fatigue Performance of Gamma 
' Wanium Aluminides 

Gamnla titaniunl aluminides are ;ittractive c;~ncIitlates Sos application as blade material in the 
high-prcsssure part ol'thc coinpressor of gas turbines. Compared to the yield stress values at both 

7 room temperature and the typical service tcnlper;~tirre 01'650 "C, the 10 cyclcs fatigue strengths 
at these temperatures are extraol-dinarily high, particularly i r rrlatcd to the ~witr~- ia l ' s  density 
being only half that of the commonly ~rsecl Ni-supelxlloys 1 I ,  2 1. '1'0 ii~rtller impsovc: tlic f a t i g ~ ~ e  
pcri'ormmce of :/(TiAI). mechanical surl'acc treatiiicnls s~lch as shot peening or rollc~~-bu~.nis- 
hing can bc ittilizcd, l'licsc tritntniciits induce high ciislocntioii densities owing to plastic clefor- 
matiotl 111 ticar-sul-lace regions, change the surface topography and generate residual 
cnmpsessi\ie stresses. While the el'feci of process partuneters of' ~nechmical surl'ace treatments 
on Ibtigue in structural steels, a lu i~ inum and  conventional tilanium alloys was often studied, no 
such inf'ormation is available Ibr gamma Litnniim i~llrininidcs. The p ~ s c n t  work is part oi'a pro- 
ject ~ ~ h i c l ~  was ~mdertal\;cn to dete~-mi~ir_. potential irnprovcnients i n  room and elevatcd tern1~e1-a- 
1i1re applications of y('l'iA1) by shot pccning. 

2 Experimental 

Thc y(TiAl) base ingot with the chemical composition Ti-UA1-3.7(Nb, Cr, Mn, Si)-O.SB was 
received li.0111 Dur i s~n  (USA). The material ivas hipped, cstruded and forged to tul-kine blades. 
Aster forgmg, tlic tut-binc blades wcrc lieat trcnted to achieve fully lamellar ~ l ~ i c r o s t ~ - ~ ~ c t ~ ~ l - c s .  
Specinlens !or meclinnical tests u7ere macliined from the turbine blade forgings with the load 
axis in loligitrtdinal blade direction (L) as indicated in Figure 1 .  

rTe~~siIe tests were pr=rf'o~.~neci on electropolished specimens having 11 gage length of 20 111111 

;llid a gage cli anlcter ol. 4 mm. Thc illitiill strain was 8.3 x I o - ~  s-I. C o n q ~ r e s s i ~ l ~  tests wcsc 
done on cylindrical spccimcns with Icngtl~ of 8 11lm and a ciimlctcs of 3 mrn. The initial iirain 
ratc was 2 1 x 10-' s-I . Fatigue tests wrse perforiiied on 11ou1-glass shaped specimens with a 
gage diameter of' 3.5 111111 it1 rotating beml loading (I? = -1 ). Some tests were also done 011 cy- 
linct~-ical circuil-1i'erenti;~lly notchcd s l ~ e c i ~ n c ~ ~ s  having a liofcti factor /cL = 1.7. 'Tlic specirl~cn geo- 
mctrics for thc \/arioi~s mec1imic;d tests arc ~ ~ I L I s ~ I - ~ ~ c c ~  in t;igirrc 2. 

Shot peening wis  pesf'ot-mcd by meam of an iti.jector type system ucing spl~ericd zit-conia ba- 
sed ceramic shot with an avenge diameter of' 0.5 mm. The Almen intensity was varied f~-0111 
0.08 to 0.40 mmN. All peening was c1011c to f'ull coverage. 



d) notcki fatigue 

'The clin~ige i n  \LII./':ICC layer psopcsties was cliai.nctcri/ccl u\ing p1-c)CiIo111ctry, J ~ I ~ C I O ~ ~ L ~ C ~ I I C S S  

;incl re\idual strcss-depth profile rneasurc~ncnts by mean(; of the incremental hole drilling me- 
thod 13 / .  The tliamclzr o i  thc drill w;~s 1 .7 ium. 'The osci1l;lt i ng ilsi l l  was di-ivcn hy ;III air turhi ~ i c  
with ;I 1-ot:ltiotial spccd oi' ;lhout 200.000 rpnl. 'I'hc shot pccning induced strains in the sorface 
layer were ir~cosurcil t h  rtr:iill gage rosettes nt ilrillecl clcptlls of about cvesy 20 pill. The resi- 
dual stresses at each depth were calculntrcl f'soin the iiieasiisetl strain p g e  response using a 
Y o ~ ~ ~ i g ' s  I I I O C L C I I L L ~  of 170 GPa. 

I 1  I he kltigiic rcsi~lts :rl'tci- h o t  pccning wcrc compareti with the electrol yticdly polished refe- 
rence. At least, 50 pni were removed froin the ni;lchil~ecl snri';ice t o  nlake sui-e 11iat :my m;~clii- 
ning effect that coi11~I 111i\~k tlie results was abscnt. 

Thc t l i a . 1 1 ~ 1  stability of the shot peening-induced microhardness and resitlual stress profiles 
:,I an mticipn~etl ;ipplic;trion tempel-aturc o f  050 "C wiis iiek~.iiiinuci hy C O I I I ~ : I I - ~ J I ~  I1IeilSLII.C- 
~iitmts helbi-e and nftcs an iinnealillg t~-e:~hilciit at this ~ c i n p e r a t ~ ~ ~ . e  for 50 IIOLISS wliicli CUSJF- 

7 sponds to the exposure tilnc l'oi- sun-outs ( 10 cycles ;it 60 Hz). 

3 Results and Discussion 

I'hc typical microstructure within the blade section of the Sorgiiigs (Fig. I )  is sliown in Figure 3. 
As seen by optical microscopy, tlie ~nicrostnrctiirc is Slilly I:i~nella~. with a packet size of about 
150-200 pni. 'l'lic monotonic S~I-css-strain cunfcs ol'the material are plotted in Figure 4 compa- 
ring thc cliffercnces in mcchanicd beliavios between tensile and co~iipressive loading. The 
0.2 'i.; yield stress in compressio~i ( 5 8 0  Mf;i)  is sigiiificently 1iigIic1- than the corrcspoiiding va- 
lue i n  tension (440 MPa). Tlic appasently lower yield stress in tension might be the result o f  ear- 
ly crack nucleation and propagation which is also indicated by the low tensile ductility ot'o111y 
about 1 '%. On the othes h:ind, the stress-strain relatioi~sliip in compression illustrates the mnr- 



keti work-1io1-dcni11 capnciiy of the material wliich obv io i~s ly  can not hc seen in te~isilc loading 
due to pre~naturc Sail~11-C. 
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'l'lie S-N L-urves of moot11 ( I ( ,  = 1 .0) :~ ic l  ~lotclicd ( k ,  = 1 .7) specimens of the electropolisl~cd 
I-cler-ence are showi i l l  f+'ig~~rc 5 .  Notc that the geometrical notch Factor ol' 1.7 I-educes [lie 
sn-iootl-1 I 'atipc s[~-c~igtll ( 5 5 0  MPai by only about 10 (,TI lo 5 0 0  MI%. Thus, the rn:lsin-lu~n llotcll 

7 

1x)ot stress CX, a k ,  ;it 10' cycles ( 8 5 0  Ml'a) is hy 1 ' ~ .  liigller than the smooth ( I , ,  = 1 .0)  Iiliguc 
strength (550 b1P; i ) .  ' l ' l l i ~  result ivas also ibiinil in  tllc 1itcr:itui.c 14. 51 i i l l i l  is in contrast to pre- 
vious results on (o+/i) tit:lliin~ii alloys, \ ~ r l ~ ~ i - e  the geometi.ica1 nofch factor k ,  li~lly ( 100 9:)) ;rf- 
fected fi~tiguc st~-cr~gth. 
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The cff'cct of Allnen intensity on the fatigue lifc (of smooth ( I ( ,  = 1.0) ipecimens i l r  rotating 
bcnm 1o:itling ( R  = - I )  ;it a \tress an~plitutic o l  700 MPa is plotter1 in Fig. 6. Starting with the 
elec~rolytically polished rcfere~ice, the fatigue l i fe  dl-astically inc~.c:rseq by more than i\vo O I - ~ C S S  



of niagiiit~liii.. No o\iet-peening effect was found ~llithin the rmge of Alincn intensities utilircd. 
Fin-ther i'iitigue testing \s,us done only with spccirixns ihoi peeucd lu an Almen intensity of 0.40 
nirnN, 

Shot peening clcwly increases surl'ace rougli~iess conllurcci to the electrolytically polished 
~d'erencc (Fig. 7). Due to the pl-wen-induced plastic ~lcf'ormatinn, the ~nic~uhnr-chess 111 IICU-  

s~~r f ' acc  I-cyions sig~lil'icantl)! inct-easci to a ~uax i~ r~un i  value ;lt tile s~~ r fnce  which is highel- [tian 
twice the value o f  the t~nal'kcted ~n;\terial in the bull< (Fig. 8). This again i l l ~~s l r a~cs  the extraor- 
djniwily high u/o~.l;-l~;u-dc~~i~~g capacity of' the ;l('fiAI) 111;1teri;ll (compare Fig. 8 will1 Fis.  4). For 
the given Altilen intctisilg: 01' 0.40 mmN, the proccss-induced depth of plastic del'onnatlon is 
roughly 300 i ~ \ m .  The resid~tal stl-esy-cicpth 111-vlile as measu~.ecl by tlic incremental hole tlsilliiig 
~iiethod is plotted 111 Figure 9 iliclicatiilg r~sid~1;11 ~ ~ i n p s e s s ~ \ ~  stresseh in neal--s~~rl'iicc ~-cg io i l~ .  
The max imi~~n  value of '  about -SO0 WIl-'a was I'oi~llci at t11e susl'xe i*ollo\\iecl by 11 g~-act~i;~l ilccrc.x- 
ac within thc plasticully cli.l'o~x~cci surl':lcc layer (compaix Fig. 9 with Fig. 8 1. 
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r 7 1 lie t~su l t i  tlg S-N  cur\^ l'or s111ooth (I;, = 1 .O) specimens is shown in Figure 1 0  comparing the 
fatigue perfo~~mance bctwecti tllis shot pccned condit~on and the electropolished rcl'crence. A s  

7 seen in Figure 10, the 10 cycles k i t ipe  stscngth oi' the t.lcctropolirhed coridition (5.50 MRI)  



Cycles to failure, N, 

Althoug11 no elevated tcn~pc~-atu~-e fatigue tests were done in this islvestigation, 11 few critical 
tests were perfornlccf whicli 11lily shed some light on the material's I-ehpotisc to shot pcening in 
fiitigue at  650 "C. The ef'f'ect of' an annealing trcnt~ncnt at 650 "C: Eoi- 50  hours on the shot pee- 
ning induced ruicrohardncss in t l x  sill-face layer is shown in Fig. 13. 

C o ~ n p x c d  to tlie a s - l ~ e n e d  conclition. there is o d y  a slight clecreasc in microlial-dness which 
indicates that the shot peening-jnduccd high cliilocation clensity is quite stable at 650 "C. 011 the 
cont~~ary, the process-induccd rcsidual compressive stresses exhibit a marked dccay b y  the same 
trcatmcnt (Fig. 14). Obviously, creep def'o~wation at 650 "C can tr:insfol-~~~ most of' the near-sus- 
face elastic strains to plastic strains, thus lcading to a 111arltecl residual stress relief'. 

Not s~~rpris i i~gIy,  this ~ i i ~ ~ l c a l i ~ i g  treatment at 650 "C for 50 hours signific~~iitly deter-iol-ates f'n- 
tiguc perl'orrnance of' shot peened speciinens as SCCII i n  Figs. 15 ancl 16. Since both conclitions 
SP and SP + A 11ave a sough S L I I ~ ~ L C C  wIiic11 c o n t ; i ~ x  ~ ~ i i c s o ~ r a ~ l c s ,  the fatigue sti.engths arc crack 
propagation cor111-ollcd. Owing to the residual stress decay in the anncttlecl conctition, the thi-es- 
Iiolcl value for microcraclc growth AK,,, decl-cases which I-ctiuces the fatigue strength particular- 
ly, for ~lotched specin2cns (Fig. 16). 
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Figure 17: r\oughnes\ ol \hot peerlet1 anif mnca- 
led conditiolls, eftect of mechanical pc)li\h~rig 
( 1  5 pn relnovecl from as-pccncd surfacc) 
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Figlwc 10: S -N curve5 (I? = - 1 )  of' notched <hot 
pwnui S ~ I \ C I I I I ~ I I S ,  c f fccc ' l  of anwaling 
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Figure 18: S-N curves ( K  = I )  of shot peened 2nd 
annealed concli~ions, ctfcct of~i~cchaniual  polishing 
f I S ~ I  rcmo\~ccl from a<-peened surface) 
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