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ABS'l'R..ACT 

f�1.1.1.tc :sirr�ol.e to 



-1 ,_ ..... :, gr0up cf C2.S:2! 

.. ,-1'!:) I,.!.•;)-

a.n . .e.J.y 



frobl.:slll: Durlng a leak check of an engine, a leak vas detected .;in 

t.he LOX inlet elbow of the don:a. 

The do!ne was .• n:ade 

.1.rom a 7079 aluw4 7'1um dj_e forg;ing heat,.tr.o�.ted to u.1e T6 condit-;t.c·n. 

This .was . the<second faB.i.u�e. of this type inyestigated 

crack was in th-:;; weakest cricnt,at.ion an;;! in .the direct.ion most, 

· susceptible .:to. st.ress corrcs:Lon cro.ckingo

fltree rootu crac,c pa.·e,t.01°n typical of st.ress corrosiog cracking. 

and failed :1.n 2 to ll :de.;rs. 



Thj_s is "'" slightly overaged. condition 

and is v;i..rtua..uy free. from stress. coi.--rosion . · The fo;:-gini;: Pr�cess 

was �har1ged so t,ha t tha gra.1n direction 1n the inlet would always 

be parallel to the inJ.et centerline. 'Ynis 1,rv1;.ld preclude the 
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I!'IGURE 1. C:cack in Dome Inlet 
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I•'IGUHE 2. Crack .in Dome Inlet 
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CPJi.GKING OF FTJ�L IlffET EI8Cft! 

?1--

·ob:le1n: 
--

angina fuel inlet 

Figure 5 and Fig-u.ra SA.· The elbow is 2. · Tens 50 al1.:ui1:inun castin_g 

h�at treat,ed t-:, the T60 ccndi tion. The failed compo::.eni:. was · removed 

from a::.1. R.. &: _D engine aft.e.c -about JC0O seco.:1ds of operation. 

nho···.mTiacrogJ.'a.ph of part::i.cu.larly 

alv.rrj.11U!l1 cast,111.gs::; 
, ;,c,.c:"h 
\ i.,J..., .......... J. not, 

i:l.1.J..C,ys. 

revaa.J.s the fat,igu.e stria·�:i.ons clearl:;," 

$olut::Lnn: 

firs:t, ti.1e quality o:f the blend. .,_,c,.r.;.i_ ... -::, WE,s ::.r.1:.-rcvGd a,,d secondly�_ 

in ccr::przssicn. 

Since 
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FIGtJRE S. The Arrows Indicate 
Fatigne Cracks. Note that.the 
Bulged. 

., . 

-- -.�-� ...,;.:;; 

the Location of the 
Vane Is Slightly 

1/4 Scale 

FI CURE 5A. En�gement of the Photo Above. lX 
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Electron Microscope Fractograph 
ShO".dng Fa:tigue Striations 

)()OOX 

FIGURE 6'. 

Photomacrograph of the Fract----ure 
2X, 



Pt.iHP INDUCER FAIWRE 

ma.de of' 7075 a.J.,;.rrl.n-0..,11 h8-�t treated t.o the 'I73 tt�npe1�. The incuce:c 

faibd af·i::.et· app:cor.i.1nGt-aly 2300 seccr:.ds· of R & D op0ratio11. 1lbout

one-hn.lf of the:? ru.n time was 1.mder. off-flow condit:i.ons :L,. which 

The pu.:;;.ped fluid is RP-1 fu-31. Fie;u:ce 7 ts an oi.-'Bra.11 

,,.-ie1--r of tlie fa:1.led inclucer. 

the b1ades. The :t'atigl'-� cr-aclcs 1:rbich precipi �5.ted tJ:1e fe..i.lu.re 

procaeded ac::ross the thickness of th2 blade on one side &cco2·ding 

failure. The s-trength of the rrE.terial 1il2·t, the requirements of _the

specifica:tion o There was no strens coJ:.;.�o�icn c:i:-ack:tng e,,ident. 

h 

Figure 8 �hOi-;s the typical fat.ignG rnarkX':Lngs fbG�ch rr2..J.�h::s) which 

were no·i;, nearly so ev:ide�1.t in the previous investig5.tion cf thG 

asting fatig,.�e f�ilu�a. 

Soli.ttion: The off-.flo:1 conditions e;,:p0rienc0d by this i..:-1duce1� 

caus3d the pr�rra�u�e failure. 

cyclic beno.5.ng of" th3 blades which led to the :fatigue fracture. 

U d j
l

rn,.r- . . . . " · 1 h ' . . . . .,_, . :r: er ncrr-:w.2A ccnarc2.ons, ia:i. uras 2.ve no·li t�en exper-J.enc:3a in. un:i..s 

compcna:i.t� 



l2.. 



FIGURE 8. Fatigm� Beach Marks on Inducer Blade lX 



FAILURE OF E]IB-IlJE NOZZLE EXTENSION SHIIDLES 

P�cblc;;1: 'l:ne er..gine nozzle extension ilnder disucssion co,�ists · of 

"pp1.·•or"1'" ♦ •• �1...__.,. or-_.c· 1·.'_,-..,�,�, .. !':.='_.., __ ,r1 p· �,,,c..,� o-r u,:-,_. .1.,,,,,1,....,. C ... i,,o,,d-. ·jf"!in•",., to -ro;�;,-, ._. . ''-'-"""' •- ,, • _ �--=• ~· -'·'-· -�i:1 - o� . .;,.vo-- '-',/ "··-•-� - .;;... - _,,, 

a conical soct:.ic�:. These Ho.stelloy C pieces ea.ch abcu.t 4" x 6n a.re 

sp�rt weUled in a. s'.ringle·�like co-!lfig;ura�_on to a series of hat section 

The 

5·,,-r-;!:,.ts: 

i.:.1 



2� With ti1ne &"1.d localized tern.per2.-t.ura i.11creases .:: due to carbon 

build-up and subsequent ,.�estric tcd ccol.,u1t 62.s flow_, areas of 

the shingles become c2.rb1.1ri·zed -

J.. The higher carbon cont.ent en the surface· t.,I the Hastelloy C; 

she.et, lowered the melting tempe;._•a ture o.f -�"lo alloy s u.f .ficient.ly-

to cause premature surface r:;eJ.ting a.'1.d subsequent erosiono 

Il-ie h·i gh Cil.rbcn ski..."1 also resulted :in a brit,tle layer susceptible 



flGURE 9. T-.rpica1 Erosion on the Cmbustion Side of 

the Shingle. Mag : 4X 

A More Advanced Degree of Erosion .. 1'1ag: 



FIGtTrlE 11 .. Combustion Side o.f A Shir1gle. Note the 

Trti_ tia.1. Stages of Stu�face !�'felting I-�rior to Eroslor1.

!'=fag: lOX 

.t<JUrtE 12 • Ccc]_2.nt Side of Sh..i.ngle • N·ote th.e Su.rfcll 

'elting and Coking. lOl 

t? 



Corss-Section through A Cracked Area 

Show"i.ng Carbu:dzed Surf aces. 

M3.g: lOC1X. Etc11ant: 2"% Ctirornic (e]£�ct) 



FAILU?Z IfVESTIGP.TIOi{ OF PLATIN1m HOT GAS TEHPERATURE 'l'P-�L�Duc;� 
----- . __ ..._, _______ ._,_____ ----- --------- ·•--... - - -

Problem: Some engines have experienced an une�ce�table 

componsz�t. .fai1t�!'e · r::i.t.e with hof. ':a.R t.errmerature t.ran.;;c.h .. cers used 

the engine� These temperature probe dBvices yield a changG in 

':!lectric.s.l resistance which is pz'oportional to and is a msas1.u"a of a 

te::npe:cat�re sensi11g de·vice o The l 
·-

'"' i'{i..1.J. 

·wire ar:.d tb.8 lead wire is 13 1dl

failu:re loco.·tion so co·n.1.d 

� fter dis-

· FJ' ,:n1 n,:, l ,� "'l-, IT-.J. ;, - ·1 ·o-- - _..,. �••- - c.� cc:npleteld·· 

presencei of phosphorus, 



The light dots 

indicate pD.ospt1ortts r•�sponse f�..,orn. t,b.e :Lr!tcrgranuJ.c.r c ct13t:i.tua11ts <> 

Fig•-�"e 19 iz ct!.}. eJ..E:Ctrcn f'1"'actograp!1 of a fr-�c'i:,Ul."� facoc: 

.... � 
..... :,.;_ a· solidification rea.c-::.ion ar<'.!

gra:ph iJ.J._1-1.st,:�a�cs that tne !'ract,u.red si.:rface existed as a liquid 

phase 

ir:1posed 

Solu.t.ic11:: 

service lite of tr3.e probe.s cons.ider·abl�,r � 



FrActures in Failu�es 2 �nd � 

I 

Cerami� 

Fractures in Failures 1 and J 

Pla tin1m-Rhod :i u:n Shea th 

FIGURE lh. Schematic Sketch of Transducer Tip End Showing Approxi�ate 

Platinum Wire Fracture Locations in each Failure as Designated. 

Outer SheRth 



tu 
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Platinum lead W:Lre 

FIGURE lS. X-ray Photograph of Fa::i.lure Number Three. This l�nJ..arged Photographic Pos:1.tiva l"r:!.nt, 
Reveals that Failure Nurn:bar Thre�e '.Exper:1.enced PJ.a t:l.num U.Hld Wire Fracture in Three Loe at.ions. 

'l'he �ire Segment with Two Fractm·(�d Ends Was Chosen for Y.ietallographic and Microprobe Analysis. 
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FIGURE 16. Photo.micrograph o:f 
the Wire Segment Chosen £or 
Investigation from Failure 
Number T'nree Sho-wing Presence 
of a Constituent in th.e Platinum 
Grain Boundaries. The Photor,u.cro
graph Illustrates How·This 
Intergranular Constituent 
Extends Completely through 
Wire Cross-Section. 

Mag: ,S'OOX Electric Etch 
Na.Cl+ HCl 

.FIG!JF.:E 17. Photomicrograph of 
a. Fractured E.'1.d in the Wire
Segment from Failure �lumber
Three Show'...ng Presence of
a.n Intergranula.r Constituent
in t...'l-ie Fracture Surface
Vicinity'. Note Lack of Plastic
Deformation at Fracture
Surface •

P.ag: 500X Electric Etch
NaCl+ HCl 



2.4 

FIGURE 18 .. Electron Microprobe 
Readout of Microprcbe Analysis 
Area Illustrated 1.n F1.gure 16, 
with X-ray Detector Set for 
Selective Respcr.se Only to 
Phosphorus. Light Dots Indicat 
Phosphorus Response from the. 
Int.ergranu.lar Constituent. 

Mag: .3500X 

FIGtC'i.E 19. Electron Fractograp 
of Fractured Surface Failure 
Number Two.. Arrows Point to 
the "Contour Linesn which Are 
Indicative of a. Solidif:i.cation 
Reaction. The Fractograph 
Illustrates that the Fractured 
Surface E:x:ist � as� Liquid 
Phase. 

Mag: .3500X 



FAILURE OF ENGl!."'IB C1JTRIGGER STRUT 

The ou.t:dggar str1lt is one of, three piecas of 4135 st-ael. 

tubing welded into a tripod configura1;1cn •. r1. cracl-.: about, .u.11 J.ong 

was detected i.."1 one at:tut at the end of a St:!l"ies of hot •!"'-. ..,.� ::ind 

envircnmentA-1 tests,. The environmental test included o- st,abilized 
'-

temperature :for prolonged periods of tirr�. The PUl"pOS0 01· tne 

invest,igation was to deter:min.e the cause 01· cracki.r:ig of the stru-c a 

prcperly hP.st. tre<e1.ted to J.60 180
::
000 psi� r·he fractu.re, Figm:e 20 

2 

indicated 'ti1at t.l1e failure w23 not, c2.ussd t;;r a d0fect E.r!d ·was ductile 

failu.r'e h.ad o-ccurrecJ. ·.f1-tom &"1 :tnternal force� 

removed from the on6J.n�, it, h&i been nc·:�ed as ozing part:i.a1ly fuJ..l 

of t·rater. 



Thi..., assembly was filled wi t.."1 t,:-ater and placad :i.n a o
°
F refz•igerator 

overn:i.g.l-it. It failed i.,71. a man.."!er idsn-tica "' to tr.a subjact part, 

Figure 22, 

resu.lt -0f wat.2r freezing in.side the strut. 

}olution:. Provisions for remov:L-:i_g ent:tapped wat.az- .from struts &td 
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1''IGUHE 20. Faj_led Strut 
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.i..?.ll�l!.tJ:\. 

A Kel ... F plastic liner was 1.1sed in the inlet o:t an engin9 

r.,cx pump .. 

Inspection or the 

liner upon disassembly of the tnrbopu:mp revealed a crack 

through the thickness of the :ma.ta:d.al on· the j_n;:--;i� ci.i�c1m1fer�m::e 

metalso 

The 

to r.educe st.res.s 

des:i.gn" 
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