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Lquid or metal-gae. Tn the Flsld of wetal-gss reaction,
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This chapter sxpleine the experimental testiog

..g@gdma:qaéf im #m ,ﬂ«ﬁjﬁ@ft to &emgﬁmqﬁaq wWhat type of mmd.

deiion sxisted on the blade specieens and the cesultant

tamiga fomiireed.
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for wwidariad o Vad Petlsd from gocendurs or resultame

damags, acd eidbweg

guenlly scfapped, were sscliomas and

pniished Tn ab #ffort ta fevevwing the degree of vaide-
tion on the blddes, The procedure used was that of

putving the blades Luto sertions, woumting the seciinms

i plaetic and ther hajd-rubbiug gﬁm on & serigs of
decrsavirgly rongh sbrasive cloths. After the specimes
kel beer swoothed t6 rhie ~iughhéss 6f the Tinest shra-

give, it was polished on twe voratiog pollehlng whesls,
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Epecimens twe =ad chies were Lelen From plates that
had Talled in sevice frewm fesi!iani dsmeges lacurred Lo an
anglne whileh had suffered a cwhine blade fxilure. These
wars not sectiovs of the blade which was the primary Fallure.
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Specimen three i a very gool sxample ef pEETHLr=

ential sxidution. This wsy be seen in Figuts 4. This

Flenrs shows severs avteck and detervicracion of the

metal zlong the grain howndaries. This 18 veiy dele-

peripng o the smaterisl, beth from a stamlp

Farizue From oyelic ioading and from stresses inmd
by Chermsl gradients on starting sod during norma
piwsr-sattiog verietions.

Fizurs & ghows that the corrosive operatiog atmos:
detion, legving vough cpenirgs in this lewar, soad has
strecked the base wetal at the grain howmdaries.

pnere has broken Theow







Bamad om che ﬂau@tas ué the mlcresglrus
nacion, 1t was mshk that 8 sorralaston sbould exise
between ductility amd &n ah}mm and typs of asfdation
mreesnt. Witk this mlm gaveral turbins blades
wane Syt ¥LLL & aﬁvﬁ% mm wheel, such thet @
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sngulsr bend chat sech blade would withstsnd befcre
srartisg to ceack. Yhorefore, ths imcluded sngle of
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boundewy. This g dipplevad by Flgece 6§ For the non-
oxldiged ssctlion and by Figute 7 for the smidized

specinen, This failure aicng the greipn bouwsdaries

indicates that demsge by lutergranelar attsck, es in
vielferentisl oxidetion; would meke the matsrisl very

gneceptible te fallure by cyslic stresses.
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EYALUATION OF TURBINE BLADE REWORK TIME LIMITS

The probiem of esteblishiag & time limit for re-
wazk ot tushine blades to ;Ema' sxddation mdl a-war%ajl
aupects, FiEst, Mm time between plsde delmusking
should be as lomg &s peacticabie, gﬁyﬁ:ﬁ:@wﬁﬁmmig
NI0 lechas of metal 1s copoved Trom B tﬁaﬁ 'I’--*séﬁ‘:ﬁ..mg
edpe snd the Tralling sdge of the biade, This dictates
that the pueter of Limes this vework m? be accom
piiahed must Be Liwmired vo Do, 2inee the blade choxd
< enpth would bs oul of owerhsul ag.?au'tfi;aaéiilm ligdce
afcsr ths chisd reworc speckilion.

Sspondly, the blade rewerk limlt gmst provise &
reusongble margls of safacy with mgy@ﬂ en blade
Failures, siuce, elifouel 8 turbins blade fadlure is
Eonerally wat eopglderss Lo be ssricus. I ﬁsé’fﬁxﬁi.tﬁ" y

i8 & very nostly Fallure %o Tspalr,
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One shoeld consldas the twebigs bleds Tallwres
khat have besn sxphriemced by sigine operators. This
pust hilstury or Zpllece Tave fa often ludivarive of

whether the rime hubtwess hlade sework 2Bould bs valsed
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or Lowsyed; hwowever, # pots blade design or otbsr
related problems csd b velleckvd amd thus give #n.
BT s imdicetiogs . . g1 L Gl e

Feoe thie dbeve HMecuselon we see that Che optl-
mum blece wswork time limiz 48 the pue thes pives the
gngine spevator che [sasc tousl cost per Lyl asar,
and 18 weived &t by & sexies of cowpossises sad i
some cages by myial and eFEQE.

fme jeE eopiva sewsfsctussr ig poegently doimg A
iEkensive Ehburatosy analysis in an attempt %o geters
wins che Teasibiliie of emcending the blede debuek oz
sework Limlt foom 2,000 hours so 2,200 hoewse Based on
the expsriwaestsl snalysie of Chapoers TIF and IV and the
ranent wery Bood jurbios blade Failure cate of Ghe alr-
Lipe operator in quescion, bhy suthoer would pacumeemd
adepeing 8 2,200-how blads dabusle period.



Based opow The experimental metsiluzginsl analysis
of Chapter (1%, it is concluded that the high tespera-
cope aeldation Sound o ,;|:ﬂ’d5;@§.;*ﬁf;.§.nt§;ﬁ;%m hlﬁﬂﬂ-ﬁ ig
ehief iy ni two a;.w% | The £lrsc Lypa Eonanid %é& peEi=
phecal, 'This nowsrs the peciuscer of the blade chord,
or su=face of the blads, wm alm-a.. r@f‘ oxlde which
t:@aﬁa te Slow ﬁﬁztﬁzﬁﬁ* cxddavlen, ﬁﬁwav@r; ”@ﬁ i&ﬂ blade
fa continued in Gperation, the peripheral sldstion
gives wey co preferenbis] seidation, SOmELINESE sailed
interprancier sttsck. This ie i;ﬁm w@l than pesi-

|
pharel oaidetion aad ls the type of oxldybien winden is
moEs comdncive B boade Talluwes

Secomdly, 1t was nut counilcsively pruven &v the
exparimeotal cesiing gF Gligpter IV iﬁﬁf puidation

raduces the material ductility. This was prabably due







sng Lengthes blads “ife,
it i vecomendiad that the above arsas be explovad
Esrther a8 & sceslble solufiod to the costly problem of

high temperaturs ceideiion zod zesultant £8iluwe of Jek

f.r.;ur_r;ﬂgj,m-.:g ‘?.;_wa;uf_'[l';g:‘ijggag blades.
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