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The&pture-testch~acteristicsa~13506F oftwo’&o~;~,a~o~s;
NR-82(605g“modified-lqwtiarbon)andNR-84(N-155-smdified.-low.,carbq$~,
andthethreeprecisiom-castailoys,NR-71(X-ko),N%87(~~=~. :.,:,-
base+io)ad NR+O (Co-Cr-Nibas6-5Mo,m) hew.beendel%rmi’~d~’,~~”
twowrou@talloyswere“testedin*8 solution-treatedm-dagedconilly
tionandthecastalloyswereagedbeforetesting.Theprincip&i-“
resuitsobtainedwere:

#- .,y,r,:: . . -. ,: . .’-...

,. ,.

,L>1 ,., ,. ,,,
,Ailoy ‘,, ~:~~~e?y~;h at1350°!~,; . ,:

., .
..-. “’loohr j~.~r~ - ?..”:”

.,, . .,,
.... I’iro,ughtNR-Q2 32,>oo.,, ;.‘. 24,000. ,.,. , .’..,. ,..>.,.’,~m”tl@t’NR+34 32,500“’ 24,000 ‘..:... ... . .... .1,, “ Castmqi 45,000.‘ 33,000,“ . .

“““4b,500‘ ‘Ca6tNR+” .,,.,-. 36,000., ,“.
Cimt“m-go 41,”&o‘“ .’34,000‘‘,. .,.,,* ,. .- ...-. .,

Thesepropertiescomparefavorabl.ywiththoseofthestrongest
* similaralloyspreviousl&.M*e8tiiBate&.“‘Ecm@v@r,coqmjed+itha

60Cr+me-15140alloy,thethreecobal+chromium—m*ckelcast&illoysare
inferior.
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A correlationofNAw andOSRD(Pj.*o~ectNRC-8)dataispresente~
showi~~thevariaticmofrupturestrengthswithtemperatuz%inthe
qe of1350°to2000°1?forthealloys.

““iNTRoDucmoN

A pro~rsmofresearch,whichhasasitsaimthedevelopmentof
betteralloysforuseattheelevatedteqmmturesenoomt-eredinthe
present-day-air’craft.powerp@nts,isinprdgressunderwe sponsorship
andwith’thefinancialassistmceoftheNationalAdvisowCcmmit~e
for@mma@ics at the‘Wnive&sityof?iichigan.Aspartofthisirk-
vesttgatioll,ther@ture-t@tcha~acterfs%iti~oftwo“newwroughtalloys
andthreenewcastalloyswerestudiedat13X*3?.Thisworkwasbegun
becausetie1~00°and1600°F propm’ties,detmmincdintheCSRDre-
search’program
alloys.

(references1 &d 2)show&dthese‘tobepromising —

. TEST141n!ERrALs

Fivealloys,twointhe wroughtfor?+andthree.aScastings,were
submittedastestspecimensintheheat-treatedconditionbythe
NationalResearchCouncil(ProjectNW-8). Qnlymaterialsufficient
forthe1350°F rupturetestswa8supplied.

Chemicalanalysesof‘the‘fivealloysare2ivenintable1. The
twowroughtalloys,NR-82andN%84,aremodifIcations.oftwoalloys
previouslyj.nvestigated,NR42 isAlloy60Zin whichthecarbGnwas
loweredfrom0.h6to0.i7yercentandone-4mlfofthe.6 percentmolyb-
denumreplacedby2 percent”tungstenand2 percentcokmbium.NR-8k
isa modificationofallo~~~-1~~inwluchthqcarbonis.0.14peroent
insteadof0.35percent;“chromium,nickel,@ cobalteachraisedfrom
20to23-24@ticent;and.theno~bdeqbv~=tin<olwbilmratio
changedfrom 3:2:1to 4:1:2.mo c@Btalloys,NR-71(X-40),NR-87,
andNIL-90,arecobaltihromimmai.ckelbasaalloysxLthvaryingamounts ●

of.

as

molybdenum,andtun@ten.

Manufacturingprocedureandheattreatmentofthefivealloysaro A
f01.lows:
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AlloysNR-52

3
—

andNR-8bwereproducedbytheUnionCWbideand
C-arbonCorporation.Tney’wexemeltedas3.00-poundbasic
inductionheatsjhot-furgedfrom2100°@ 1400°F from
>inch-equareingotstol-inch-squarebars.Bothalloys
weresolutio~treat+1 how at2200°X’$yate~uencheiljand.
aged5dhoursa%1350°F. Testspecimens0.250.anchin
dhmeterwbremachined.fromthel-inchbars.,.

‘ AlloysI@-71,l&87y’and.NR+Owbreproduc@bythe.. Ha~es-StelliteCompany.TheyweremeltedasZ&-poundheats
inan$ndirectarc-rob~+~furngioe~d’precision-castas
O.250-inch-diametertestepe&n@ns.l?lnespec~.mmswerewed
50ho~s at2350°F leforet~sting.

--—

PmmmtE “ . ..,
.

Stress-lwptumtestsat1350°F wereruntoatleast1000hours
todeterminetierupturestren@hsforthefivealloys.Thelongesti-
tim3rupture-testspecimenofeachalloywasexeui~edmetallo@a@~
icallyand.itshardnessd.etemuinbd.

Therupturetestswereconducted.asfolZows:Thestresswasap-
~liedtothespecitinbyweightsactingthrougha simplebeamana
systemofknifeedges.Thespecimefiwereheldattesttemperature
fcmapproximately24hctursbeforeapplicationoftheloadtoallowfor
tempe=tmre-distribution”aajustments.,Tim elon$ati.ondatawereob-
tainedforthetestsbymeasuringi+iedropof.theload,ingbeamduring

“ thetest,

Thelcmgest-timsrupture-testspeilmenofeaclamaterialwassec-
tionedlongitudlna.llyadJacenttothe”fracture.Phototicrographsata
100-diemetermagnificationwergtakenofthefractured.portionofthe
sgecimenandata 1000-diarceteyma&ificationoftheinterior6trUCtUXe
ofthesp43cimennearthefracture.-

Vickershardnesstestsweremadeon

..
. . “REsuw’s

themetallographicspecimens.

The1350°F rupture-test“resultsforthef~veallayss%~tidare
givenintsbleIT. Thesedataareplottedinfigure1 onlox thmic
coordinatesofstressaga~nsttimeforrupture.me rupt~ s@er&hs
and.
are

theestimatedrupture-testductilitiesat100,50Q>andWOO hours
g$.venintable111.

.-
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The’twosolutio.&treatedandagedwro~hta.lloYs,NR-82(6059
F

modified-lowcarbon)~ NRg4 (N-155modified-lowcarbon),gaveidum
ticalrupturestrengthsOf32,fjoopf3~“fOrrut~ inlm h-# and
24,000psifor30Q0-in~rupture. 3~lqy“RR2,however,haaan~sti-
matedelongationtorupwe in10QOhotisof9 permnt,comparGdwith
30percentforalloyNR-84.

‘I’hethreecastalloyshads@z@hs ranging‘from.$1,000tok5,OM
psiforrupturein100hoursand33,000to36@O0p~i’forrupturein
1000hours.At‘1OOhours,alloyNR-71(X-hO)hadthehigheststre@h,
W% forlowertimepe~i~de~Qy NR-87wasthe&fnxmget3t.Comparative
estimatedelon@ztonstorupturein1000hourewere40,1$,and8per-
centforalloysIW-71(X-M)jNRA? (CO-CZ+’Whase+fo),andNR+O
(Co-C*Nibase+lqo,al),rea~ctively.

Fhotcmicro~raph6ofthelongest-timer~@lu?cH7Gstspecigmnofeach
alloy”“at%showninfigimes2 and3. Inasmuch5SOtiY‘kid-ficiontm&ti3-
rialfor‘therujpturete~tswassupplied,nome+%llographics@.mPle9of
theori&inalmaterialscouldbeprbpared.Represmtativeoriginal
microstructuresof soxw ofthesealloyscanbefotidInr9fexwnco81
and2. ,.

Vickeyshardnessvaluesdeterm’l~dODthemot~lographlcipoctmns
*

aregivenunderthecorrespondingpho+mmimogrcphDinfigures2 and3.
.,,

DISOWSIONOFREEWIZ!S

.. Thefivealloysin~estigatedhadre~tively

, ‘%

highrupturestrem@hs
at1350°F onthebasisofa comparisonwi& fiveotheralioyepre-
viouslyinvestigated(reference3). (Sac@ble’HZ.) “Thesefive
alloyswhiohhaveshowrlexcellentproperties‘kre:~-1~~andcast6059,.
thestandardalloysofwhichthetWO: kiought alloys &de modifications;
low-carbcnK-1>5;cast4.22-19;ad cast@Cr.-.2~1~lo.o+oy.

,. ’t,-..;..”... >. ..

kkmghtalloyNR-8k(N-155Wmfied-lowcarbon)hadrupture
StZWD@@at~3500F approxi,~te~ko~ psi@@er th~ thes~t~d
wZou@talloyN-1~~whenhot-woik~d,tiecontitionwhichgavethehigh-
eststrengtiforN-155at1350°F. Ztwasalsosomxdmt@r0nf3erthan .
wrcughtalloylow-carbon11-1~~wi,tha heat&?ea*ntsw~ ~ mat of
NR~4. Ittherefoti’beems,”:froma strengthstc=d&oint,fiat~@ cow
positionmodificationofI@/-8kwaetenefici~.AI.~cu@~ble11~ k

shdw-sthatWestiengtiofk~ioyNI+84WaStich”l“m& - thestrong-
estcondition(h-r fo&od)~portedfor”ldii%ar~on~“l~!%th’is
Wtictiw heatwasworkedflo~tO13500F andhadexcessivelyhigh
strengths“duetothiehotioldwork.



.

. . .. ‘.” .:
NACATNNo.1380 5

No comparisonona similartreatmentbasisispossiblef’orwrought
alloyNR-82(6059modified-lowc~bon),becausetheunmodified60~ al-
loyhas”notbeentestedinthewroughtcondition.Itd.oes.have“lower
streQ&th,% castetandard6059.HoweverjcastingsusuallyhaveJ
higherrupturestrengti,sat13500? than.wrougQtmaisrials..

“Thbcastalloyshad slxisikr.rupturestrengths.Vsxiationsin
rupturethwsfrcrn.those~redicta@bythe.ruytux%curve,whichwere
yossiblyduetovaryingc~stalorientationbetweenspecimens,makeit
impossibletoattributmtheslightstreng~Ufferencesobs&vedto
chemical”composition.. . . .. ..

,. ,.,
Thestrengthsof,thesethreealloysareofthe,sameor&r ofrmg~“‘

nitudeas“thatof-thebestca&’c“bbalt-chrom~ickelbase@lox
(422-19)‘@?evibuslytested.at13500F. Theyhavermzchlowerstren@h,
howeverlthan‘cast6oCr-2~e-l~:jwhichisoneOfthe-highest-streng~.
alloyskhti’, ,.... . .. . .,., .,.. . .,.,

T@-elongationcurvesfrom thempturatestson.thetwo.tio@hk
alloy-s.s~owedthatthealloywithlo~r“d~~tility,NR-82(6059modifi&i-
lowcarbqti~,hada lowerdeformation&l@ thandidalloyNR-84(N-155.
modified-lowearbori).Thiswastruealsoforthelowest-ducttli~cast”
alloyNR-~O,,comparedwith NR-7La@ I&&/.Attentioniecalledto,t@,
factthatthespecitinofalloyI!&71(X-40)under32,500psi hadex-
ceesivelyh$gh elongation.Thefractureofthisspecimnwasofthe
single-crystaltype,namely,anoval-shayed.formationofthecryetal
ad~acenttothefracture.This.explaimthehighductility. -.

Metallographicexaminationofthelonges%timerupture-test’spec-
imensrevealed.a matrixfilledwithfinsparticleE ofexcess
constituent.Thisistheusualappearem,ceoflong-timerupture-test
specimensofalloysofthistyye,thefineparticlesprecipitating
duringthetestandincreasingthehardnessofthematerial.This
precipitationisconsideredtoleaninfluentialfactorinthedsvQl~-
mentoftheoutstandingpropertiesofthesemterials.

A correlation,whichshowsthevariationinrupturestrengthwith
temperature,“obtained!fromtheresearchprogramat1500°,1600°,and

42000°F references1,2,-a 4)w$ththeNACAdataat1350°1700°,
eml1800F,isshowninfigure4~ort~erivedd,oysstudie~.Ac-. tuallytheonlyalloyforwhichruptmestrengthsareava~lableover
the,completetemperaiymerangeisNR-~1(X-kO).Onthebasisofthe
dataavaflable,theothertwocastalloyswtthstrengthsofthesame.
orderofmegnj.tudewouldbeexpectedtovaryinstre~th@th te&
peraturetoaboutthesameextent@s~.-7l.AlloyNR-71,incident-,
wasthestrongestofa groupofcast’alioystested..at17@ and1800°
F. (Seereference4.) Thetiowrought~loyp,NR~2 a7@NR-8k,had
practicallyidenticalrupture.stre@hsatboth1350°and1500°F.
Higher-temperaturedatahavenotbeen@terminedonthesetwoalloys.
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CONWUSIONS‘ ‘,
.“ ,’

Fromanitive~tig~t~on,qf‘f&Strqss--rupf%reptipertiesat1350°F
oftwowrouglitalloys+ thmOp~c:sion-c@ialloys,”thefollowing
conolusj.onsweremade:

Thetwowx%ugh$alloy6~”@82 {6059modified-lowcarbon)&dl&84
(N-155modified-lowcarbon),,had~dentioql1350°F rupturestrengths,
althou@,al.loyN&8khad,muchhigherductility,Thestrengtiaofthese
aLloy8arescmmwhathigherthanthoqeofstandardN-155,al@, butit
is~&herdoubtfqlwhetherthig~eqefitIssufficienttowarrantthe
necessaryincreasein alloycontent.

TM @reeprecision-cast.a.llqw$NR-’71”(X40)jNR~7(C~~i ,
base+lo)jandNR-$10.(CQ-CY+Ub~e-~Mo,5W)had1350°F rupture
streng~swhichqopqyaredfavorablywith,tho$eofalloy422-19,thebest
cobeJ.~.@o?yi-c~el.base+loypreviouslyinvestigatedat1350°F.
ThbghwemuchlowerStrengthshowever,thantheUestchromiw+base
alloy@. Although’there wem somedifferenceinrupturestrengthsamong
the.thz%e.castalloys,thereme nota co~sistent.variation..Other
f~tors,suchas”vti~tlonspoesiblyduetova~Ji~cryetalorienta-
ttonsbetweefis~cinlens,makei-ti?npoqsible’to”attribwt.estrength
differencesobsezwedtochemicalcomposition.,
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CEmfmL CCMWXTI oi’icwAIJm’IwEmAT133PF

(60f@xm3&ie&low carbcm)

chemicalComposition
(percent)

c lb SI Cr m co m n (n lb ‘2

0.17 1.20 0.69 25.29 9.0 30.83 3.35”.2.23 1.03 — 0.03

.14 1.11 .57 23.08 23.82 24.38 4.25 1.26 1.10 — ,14
(w+5T&&fwOw Cal-blm)

ER+l (X4) .48 .64 .’f%? S.I.2 9.69 95.23 — 7.23 — 0.55 —

.52 .-(0
(bG+Ji M’m+b)

.69 22.9 19.17 ml. .9.09 — — .9 —

.44 .76 .m =.60 S.23 al. 5.qJ 5.1.8 — .8 “—
T&l baea+!b,5n)

lrAmmAL Amtsm

CQMTI!EE m AERmmrxcs
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x
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stress Rupture Elongation Reduction

Kuoy
(Psi)

tim In1 inoh ofarea
(w) (prcent) (peroant)

wrcn@tIm432 35,000 44.5 10 10.5
(@g m?dfied-lowmbcm)

30,000 229 9 10.9

28,000 291.5 a8 12.5

25,000 725 9 12

wroughtm-ah 33,000 lM. 26 26.5
(%155@fled-lowoarbon)

30,000 196.5 33 39.0

27,009 338 a30 2L2

25,000 718 a29 28.2

castNR+l(X*) 45,0fM 100 x 40.7

40,000 232 18 37.7

35,0@3 816 27 35.0

32,5-00 lug u 45.6

Castm&87 45,Oco 84 20
(~

27.0
bsse+b)

40,000 378 17 27.4

37,~ 775 22 31.8
i

35,000 918 13 33.1

34,000 lgao 33 35.0

&Stm-go k5,000 53 %3 2Q.i’
(w+h+f~b~, X)

., 40,00a 84 8.5 7.0

37,500 542 IQ 13.3

35,@3f3 639 15 16.5

34,0Q0 960 8 10.2

32,500 1630 7 6.4

%ksctmd~ gs&smrk.

—
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TABL2.111 ..-’ - -— .—

RuPrumPRoPERrIsScFcAsTAm#KxMsTmOYs AT13500FAND

CCWAR4TIWmoPERImsOF0m2sAIuJx8

StreilsforruptuxeinInMoatell Sswmstedelcms&ionto
w timperiode

ruptureinMoati&
TrOa*nt (yi) tinu~riode

(peme.t)

100br SOOhr lm hr 100b 5oohr MOO h’

L&ought!!s-82 E&30°3’1hrU.Q.

(6@gmdifiecl-lcwc*) +SObrat13w° F 32,500 26,000 24,W 10 9 9

Wwughtm-8k 2200° F 1 hr V.Q.

(%15S modified-lew-es) +YOhrat1350°F 32,54XI 26,m 24,COO 29 30 30

cutm+ (x-b’o) 50hrat1350°F 45,0C0 36,500 33,@3fJ31 25 40

Cae-bIB87

(Ce-&-Nibas~) 50hrat1350°~ 44,500 38,0CW 36,0@2 20 20 18

CaetS&go
(O’=+J+NiIms+5M,5’.0 5ohrat13500r u,m 36,oco 34,Cm 10 10 8

mO@ltN-155* Eot%mrkwl 28,000 22,000 20,Oixl 10 6 6
.

HrooghtI.OwOarblm&l!& Eamwr fe.rgd frmo

=Cd’ F to1350°3’ 36,000 w,Ooo
b
n,w 17 3.2 ---

~rm@t~mben lf-~c 2200°1?1 hru.%

+f0bxat13x° F 30,CKKl 25,%@ 22,800 26 3S a,

Zast60na 501mat1500°F 36,m 32,500 b30,XQ 18 23 ---

1
:aet42s19= 50b atl~” F 47,m 39,5Q3 36*OW 28 la 10

ifm-fma-l%bd ----- ----- - 69,OCM ‘56,500 52,009 4 5 ‘i

%tat9ken~ reference3.

bobtidbyatrapOld.iOB Of StlW3~p~ OKWW .

‘I&ta taken fmm unreportedInvewtlgatienen&piealI.ow-earbenW155bareteokinprogreesattheUniversityof

Uiohifpn for theNACA.

%atataken fromreferencep.
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.1423 24 24 4.21.3 1.1 ●14 220WW 1 hr %.&+50 hr
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.52!2319 9 - - - 50 hr at 1350°F
.441231181B~5 [5.21- I - 150hr at 1350°F
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) 2 4 6 8 100 2 4 6 8 1000 2
Time, hr

Figure l.- Ourvesof streseagainstrupturetimeat 1350°F forwroughtalloyshlR-82
andNR-84and castalloysllR-71,NR-87,and NR-90.
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Fracture,100X

13

Interior,1000X

(a)AlloyNR-82. 725hoursforruptureunder25,000psi;
Vickershardness294.

u
Figure2a,b.-Microstructuresof specimens of wroughtalloys

NR-82(6059modificd-lowcarbon)andNR-84(li-
155modified-lowcarbon)aftercompletionof 1350°F rupture
test.Electrolyticchromicacidetch.
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Fracture,100X

Interior,1000X

(b)Al:;:r:R--:$-:::~~s forruptureunder25,000psi;
.

Figure2.-Concluded.
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Fracture,100X

ry-,C-&iz.>--.:-.–%?.,. ●,>2;.-. .> .
+-. “-.?..””

.-.,.~,<.
. . “—.,-

. ..+
,--

. ..-..-4

-— +
. . ..

. ..“

.4

,.-.20-..
-..+’

,.-
. .

... .s.:. . .
.“..l.

i, .>:
“:-L?-- .-.<<,-*,,. .,..

.;.j..“,
. ..&‘---.

Interior,1000X

(a)AlloyNR-71.1189hoursforruptureunder32,500psi;
Vickershardness466.

Figure3 (a-toc).- Microstructuresof specimensof recision-
YcastalloysNR-71(X-40),NR-87Co-Cr-Ni

base- 9Mo),andNR-90(Oo-Cr-Nibase- 5M0,5W)aftercomple-
tionof13500F rupturetest.Electrolyticchromicacid etch.
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Fracture,100X

Interior,1000X

(b)AlloyNR-87.1980hoursforruptureunder34,000psi;
Vickershardness412.

Figure3.-Continued.
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(c)

Fracture,100X

Interior,1000X

21

AlloyNR-90.1630 hoursfor ruptureunder 32,500Rsi;
Vickershardness405.

Figure3.- concluded~
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NR-71.,

Rupturestrenuth Referenoefor
Alloy 100hr 1000hr dataabove1350°1

WroughtNR-82 c1 m 2
NR-90” Wr.,,vhk NR-R4 A A 2
!

4 * :aB,NM+, Q
a

;$b I I
6@ Cast NR-90 v : 2 7. .

,. -v-%-. -. .-.,= , -,

WN3t-m-71 I o I ● 11,2, and4 I
-. .— . . 1A I 1 --- I

\
\

,.- .

}\ NATIONALADVISORYCOMMITTEE
\
\

. Ji’ORAERONAUTICS
E ‘.
5 20.00

.
> .& \ \ I I

10,

1;00 1400 1500 1600 1700 1800 1900 2000
Temperature,‘F

l?igure4.- Variation of rupture etrengths with temperatureforwrought .
alloysNR-82andNR-84andcaetalloysNR-71,NR-87andX?R-90.
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