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Mr. Greenewald,

This is in response to your FOIA request dated 18 April 2016, received at Wright-Patterson
AFB FOIA Office on 18 April 2016.

The FOIA control number assigned to your request is 2016-02689-F-ST3. “I respectfully
request a copy of records, electronic or otherwise, of the following document:

Title: (U ) NUCLEAR RAMIJET PROPULSION SYSTEM APPLIED RESEARCH AND
ADVANCED TECHNOLOGY (PROJECT PLUTO). VOLUME VI. STRUCTURAL
MATERIALS INVESTIGATIONS

PDF URL: (pdf) - 22 MB -

Accession Number: AD0440955

Personal Author(s): Grossman, R D

Corporate Author: MARQUARDT CO VAN NUYS CA

Report Date: 15 Feb 1963

Descriptive Note: Final technical summary rept., 1 Jan-31 Dec 1962
Pages:155 Page(s)

Report Number: 6003 (6003 ) , ASD - TDR-63-277-VOL-6 ASD (ASDTDR63277VOL6 )
XC - TDR-63-277-VOL-6 ASD ( XCTDR63277VOL6)

Monitor Series: TDR-63-277-VOL-6 ( TDR63277VOL6) , ASD

Contract/Grant/Transfer Number: AF 33(657)-8123 ( AF336578123)”

The Releasable Records can be located on the following public website:
https://www.efoia.af.mil/palMain.aspx

Remove all checks (gray area) Check Contracts (only)

Copy and paste: *AD0440955*

At the bottom of the page, click “Search”




The record you have requested is located on the public AF FOIA Library,
therefore, we are closing your request.

It is a pleasure serving you. If you have any questions, please contact
Ms. Teresa Corbin. You may reach her at (937) 257-1436, e-mail teresa.corbin.l@us.af.mil or
the FOIA Office Main Line (937) 522-3095, e-mail wpafb.foia@us.af.mil. It is a pleasure

serving you.

Sincerel
ﬁéﬁ/v
RESA CORBIN Civ, DAF

Freedom of Information Act Analyst
Knowledge Operations Division
88th Communication Squadron
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2. Reading Room



CORBIN, TERESA L GS-09 USAF AFMC 88 CS/SCOKI

From: John Greenewald <john@greenewald.com>
Sent: Monday, April 18, 2016 7:15 PM

To: WPAFB FOIA Organizational Mailbox
Subject: FOIA REQUEST tc

To whom it may concern,

This is a non-commercial request made under the provisions of the Freedom of information Act 5 U.S.C. S 552. My FOIA

- requester status as a "representative of the news media." | am a freelance television producer often working on

documentaries related to my FOIA requests, my work is commonly featured throughout major news organizations, and |
freelance writer for news sites as well. Examples can be given, if needed.

| prefer electronic delivery of the requested material either via email to john@greenewald.com or via CD-ROM or DVD
via postal mail. Please contact me should this FOIA request should incur a charge.

I respectfully request a copy of records, electronic or otherwise, of the following document:

Title: { U ) NUCLEAR RAMJET PROPULSION SYSTEM APPLIED RESEARCH AND ADVANCED TECHNOLOGY (PROJECT PLUTO).
VOLUME VI. STRUCTURAL MATERIALS INVESTIGATIONS

PDF URL: (pdf) - 22 MB -

. Accession Number: AD0440955

Personal Author(s): Grossman, R D

Corporate Author: MARQUARDT CO VAN NUYS CA

Report Date: 15 Feb 1963

Descriptive Note: Final technical summary rept., 1 Jan-31 Dec 1962
Pages:155 Page(s)

Report Number: 6003 (6003 ) , ASD - TDR-63-277-VOL-6 ASD ( ASDTDR63277VOL6) , XC - TDR-63-277-VOL-6 ASD {
XCTDR63277VOL6 ) :

Monitor Series: TDR-63-277-VOL-6  ( TDR63277VOL6) , ASD

Contract/Grant/Transfer Number: AF 33(657)-8123 ( AF336578123)

1



Thank you so much for your time, and | am very much looking forward to your response.

.- Sincerely,

John Greenewald, Jr.
Sincerely,

John Greenewald, Jr.

The Black Vault
http://www.theblackvault.com <http://www.theblackvault.com/>

Government Secrets
http://www.governmentsecrets.com <http://www.governmentsecrets.com/>

Phone: (805) 32-VAULT
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AZD.TRR 63277
VOLUME Vi

{ONCLASSIFIED TITLE}
NUCLEAR BAMIET PROPULBION SYSTEM
APPLIED RESEARCH AND ADVANCED TECHNOLOGGY
{(PREOIECT PLUTO}

VO LUME VI
STRUCTURAL MATERIALS INVESTIGATIONS

1% February 1963
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FPropulston laboratory
Aeronzutival Systems Division
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FOREWORD

iz yreport was preparsd by The Msrguardt Corporsvion, Van HNuwys,
california, on Alr Fores Contract AP 33{857).812%, under Tasks Nos. Lend &
of Project Ho. 8954, "Nuelear Hemjeld Propulsion Systems Resssrch and Technol-
ogy.” The vork wes afisinistersd under the firsation of the Propulsion lsbo-
ratory {Dirsciorsts of Bercmechenics), Aerorsubiesl Svabtems Division. R. ¥
Tathem was Project Englinser for the Laborstory.

The stuiies presenied here wers performed during the coniract
period 1 Jenuary to 3L December 1868, The Margusrdd Corporation sotlvities
ware under the direchlon of 4. ¢. Mooneyhsm, Senicr Frojeol Enginssr. Onhlel
contributors were J. §. Zendot, Aeyotheormedynamics; B. D, Srossman, Design
and Development, snd B. ¥. Funo, Combrols.

T
r

fhiz report iz the fipal teehnical summary report and conclufies
“he work on Uombract AP A3{68T5-812%. fThe conbrecior’s reporh nugbar 48
Marguardt HBeport S00%.  hs volumss of thiz repord sre as follows:

-
.
Volums I: Bummary
Volums YI: Propulsion System Performince gl Avootherim-
dynemies
Volume 1157 Prowulsion System Controls
Yolume TV: Propulsion
Volums Ve Propulsion
Facllliy Biudlss
Volume Y1: Structural Meteritls Tovesiigetions
Thils report is olassifised UNOLASRITIED in conformsnce wiih re-
euiregents conbained in A¥-vrovided gerurity guidanee {(Form 151) and OC 20C
i kS F OB e
T
e
. Q %4 DRV e It
“ i z &% RERM%Oh
i
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WAL ALYE

tiong in support

This Abstract is Unclsssified

ABSTRACT

Thiz volume presenis the resulis of the materials lovesitiga-
the ¥Filoto propulsion syesterm of fort condunted during

calendsr year 1962. The nickel mas2 sllovs Bestelloy O, %, and R-25%;

P
&

Bena’ bl; snd Inco T30 wers lovestigsted o obbain pmeliminsry design data
not availsble in the literature. The offects of welding 228 hesd trsatments

L BoRE O

approved.

thage allova wers sbtudisd.

This bechnical decumerbsry repord hegs besn reviewsd sed ds
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1.0 INYRODUCTION

Thne investigations reporited hepeln were copnducted under Aly
Porce Soptract AF 33(65T1-B12% and ave concerssd with evelustion of maderisls
pobentlally considaered fov propuizion sysieln appiisation ab ssrvice lempers-
tures renging fros spproximabaly 990° to 1500°F and for mericods of spproXi-
mately 10 hours.

o

Tor beppergtures Daloy 12U0TF, meny 8llovs are svallabhls.  Howe
aver, for temperstures sbhove IEDOYF, the munber of 3llovs potendially suli-
shle Topr propulsion gysbtem applicsbion 1s guite limlted. T othe alloys
avallavls Tor high tewpersiure spplicstions, soere sre of the sndld soliution
phtrengthensd type peoulring simbls haad %?E&tﬁﬁn¢$ and ave relotively essy
Yo weld whils obhsrs, beosuss o thely compllosted $¢r%ﬁ&éwﬁai & menhanisus,
regulre more colplicated heat Lrestments and weliing procedures. Heslelloy
C oand Basteiloy ¥ slleys arve of the Tivsd class sxd, in &ﬁa&%‘oa, aTE BLIONg-
¥ ressishant Yo oxtimtion. Hastelloy H-2%Y, Fens’ %L ard Inco TIED allovs
areg of the second olsss.

Literature surveys reveslsd, Tor the materlisls of iobtsresi,
that cpsep-rupbure d8bs were noh svallable for yericds of lesy then 10 houra.
Therefore. 8 progrun was inlitlisted 4o obizin ihis design informetion, and,
B oseh $tress values for cresperurture fests, shord bime tensile dets wers
stiained. Zince portions of the hsrdwarve will be fabricated by welding, dats
for welded muberiel were cbialined for design purposes and So determins weld-
ing methods and parsmelzrs.  Bince the design velues of alloys coin be made o
vary widely by 41ffsrsnt hest irestments, by oyelic streises spoouniersy in
besting and in ssrvics, end by nolches 1a?r“daceﬁ during fabricetion, thess
affects wore studiad fo establiszh preliminary design data.

Favrioation of intended hardware will repulre use of palerisls
in The form of sheet, plale, forgings, and possibly castings. Heslslloy O
Hastelloy ¥, Hasbellor BE-239, end Feme’ b1 alloys are primsrily svellsble
Tor hnardware Gssge in b Torm of sheel, viate, wvﬁgwﬁﬁﬁ and they mhy he
obiainaed in oest Torms LF reguired Tnoo 7137 i only obisinable dn casgt
forms. Eince ?FGﬁ&Mi“ﬁ} d@x- waek 8 v ovsry signiiicantliy with
je*ﬁi&ﬁ were investlgaled in forms
ish prel imanﬁvy design 3a%s. Oply
e Listed shove wars lpvestlgsted,
¥ these matorisls are noh currently
’\

e
e ¥ o
e

TR

shest and/or plane ﬁf hhé pivst
sinte speclal yeguirenepts 1“%
epvisioned due Lo the avallshill

¥any of he shord tize weunsile snd oyseperupture date reporied
wers ovbained in 19€L bul they are sgsin rwp@ ved here frr compleliensss,
since zdditionsl work wis burfNVﬁ&A in 186F to 4afios sume of the oreep and
pupturs bands mors clsan spive scabier was encountered ilu earliey
npaving of welded sumyg V@stigaéicmﬁ of Rasbtelloy © and Hesbtalloy
¥ oand the notoh shress “ﬁ V&%égwiﬁv R~M§; aad Bane’ 4]
perfarmed in 1962, - of Reng' BL ous
during L%Qx B LYaE @d»$

Xan@ser&ns ?eweﬁﬁ¢* g Va e Sion on 35 Februsey WUE% for op
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2.0 SBUMMARY

The nizkel base slioys Basstelloy €, Hastelloy ¥, and Hastelloy
Re23%, Bane'® W1, and Inco T7i3C wers investigeted do sshablish preliminsry de-
sign dsba not availsble in the lifevsture. {psep-~rupture and shord btime tene
#ile strengths of these allisys were obiainsd over the tempersturs range fron
1200° to 1800°F for shest and plate of R-E39 and Rens’ &1, plate of Hastelioy
¥, and cast specimens of Ings TIA0. Cresp-rupbure dais wers obitainsd foyp

P

short pericds of tize ranging Jron syproximatsly G0 3¢ 10 hours.

Investigations were oonueted %o deterning the effecits of weld-
ing on the cresp-pupbure and tersils vroperties of Hastelloy 0, Hastellioy
R=E3%, and Rewe' 41, In addition, the effests of hest treatments and oyelie
temperature undey constant sivess on Bastelloy C were studled. Tshlas and
graphs Bre presentad bo illostrets dthe dsta obiained in thess studies.
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3.6 DISCUSKION

- 2.1 Meenandlosl Property Shudies

211 Hastelloy € Alloy

Bagbelloy € iz 8 corromicon and oxidetion resistant
nickel buse allay. It contalns chromivm, iron, tungsten, and molybdenum as
slloving elements. Due 4o ite corrosion resisiance, this slloy has found
freguent wse in the chemical industry. Uiz elevaited tempersiurs sirength is
cbbained Sthrough solid solution mechanisms and, hence, 1t doss sot reguirs
glsborats gtrengihening hesat treastmenits, whlch grestly facilitates and re-
dusss the eoet of fabriesting large ltems of haydwsre. Howevey, to put
Hagtelloy © in its optimum service copditlon, it is recommended by Lhe slloy
manufacturers thet the alloy be given a solublon aanesl ab £222%°% 4o 2gu0®¥
follovwed by a rapid cgoling. Unforbuseiely, Tow large sommercinl furnaces
gre avellsble wileh will resch BROOYF.  In sddition, although the meterisl
had peceived wids scueptance for seversl vears, It was, suroeisingly, found
that insufficisni technology axisted on the welding, forming, &nd heat treat.
ing of bthls alloy to produce high gueliby, relisbhls hardwars lheps designed
. $o meet sbringent service reguirements up to sboud 15007FE. 1% iz alss Xonowm
that Hastelloy € is relsbtively difficult 4o wold properly, @nd that sapetizmess
contiderable poresity is encountered withizn welds dus o the presencs of ime

N purities. These difficulties, 1t was beileved, could be minisdzted or ellale
nated by using vecuum melitad alloy and by expluying proper welding tech-
nlgues .
e bo the elevated tempersiure propertiszs of Hsstelloy
¢ and its metallurgicoal stability, 1% was decided to underiske & study of
this ailoy o deiermine its potenitisl sz 8 candidste meteyisl for hardware

fabricetion,

Eol-leh Vaonum and Al Helted Allovs

e allny was obbtained ss alry melbed and vaouum melied
plate and Fforglngs. The plete, Toth vauouun snd siy selted, was $.8%-inzh
thick; the sir zelted forging wos 3 P-inch dlspeher Dapr; and the waguum
melbed Torgings were O.35%-inch dlsmeber bary mschined fron s forged ring.

The vendor's certifisd chemicsl compositlion snd room Sempersburs bansile
properbies of sir melited plale sre given in Tsble I. The vendor's cepwilisd
ghenieal analysis For veouws melvsd plate, weld wire, plus room bemmperatrre
tangile properties for vacuun velted plate are given in Tavle I1.  Comparison
of Wables I and 1T shows thatb:

L.

b e}
oy

g

b1

it

il

i

¥

Py

i

5 an sdvantags in
snE ¥ould exped
Suinhur (8} %0 bs lower in She

crouue melted alloy. Actually, chromiux (O},
tungsten {¥}, caroon {0}, wmolybdenmm (Mo}, {81},
(P, and {8) were slightly higher or within the
porgin of snalveis in relaticn o the zir melted
metaerial.
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mnegking st BO507F, instead of
<“”T,:... ting of Hastelloy € 8t room

the reccmmended S2PR°T

temperature snd 1406°T 1z sho ?&biﬁ ¥s Only slight increases
mebe sbtrengbh with simiiar decredses In yvield sirengih. and 8 defin
Hion in slongation were noled *
remained essentisily
zge hmardening =ffsct

in wuliti~
ite redug-
« The proporiionszl Limid and Young's medulus

4. ‘Thls behevior can be ascribad to a slight

& L
by Inecmpigte soiid solubility sz g result of

ennesiling 2t 2 lower ter A might e expertad, Thess changes ave
oongidered to he within ssvisfss limivs &nd Trey indicste that hardware
fobrieated from Hashtelloy © alle 2id be soluticon ennealed 8t 20N0TF dne
gtead of @Re%°F. This lower bann LA : gﬁ ﬁ”?? 8”9i@ﬁb@9 iew Fay vieaiia
uazge a8 large number of head 4r

BLOOTE,
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[#3

dus parhsps Lo the fazi ik

gt it is & solid solution strengbhening slloy, is
insensitive o varisbions in Sedpsy &w re such 88 &Y be encountersd during .
repetitive ground besting of s propulsion system.
3.0.2  Heshellsr £ Alley )

Bastelloy ¥ i snother member of the Hastelloy family
of corrosicn and oxidsiion resistant nickel bese alloys. In Ctompariscn with
Hegtelloy O, Hastelley ¥ is more resistant Lo oxidsbion, somewhsi weaker In
mechanical pvewﬁrtwegg and it is considersd esasiesy to weld and fabr%eat
Fastelloy X also contalns ohponlum, molybdewus, lvon;, and tungsbten as a;ley
ing elemenis. Howevar, tungstern and molybdenum content are la« .
Hazielloy R, Yike Hasvelloy O, obiains its high temperature streugth «hrwwg#
solid soliuiion mechanisws . The rangs oF ehenmioal sompositions of Basbellioy
¥ is presspted in Tabls XV, Ths r%f&mmﬁﬁamﬁ splid svlution bemperature is
Elﬁnﬁ? ?astﬁl;. o haQXQWE“V o {or Hastelloy B},
; gasier waelding, machining, forme
%s amé iaw%r b s L g :?Mt hre.  Ths prinelpsl advantags of
zatelloy € over Hashelloy higher muchanioal propertiss.
imee this differsnce bDectw smperatures, the short tine
vensile and perupbars p

lustad fep g

£

f

& {;’} I e

'y

imekh Hastelloy ¥ plate weve

.
b1 B
&
GIE PrEBentad
Hugieilny U sh e
&p¥r0x1matﬂ>y Q 3ﬁ§
T tn B Kpsi lovey for
EL.B.2
*
§ x
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Cregpeyupbure properiiss ot 1200%, 14007, 1800%, and
of ghwet velded withoul Tiller wire are presented in Teble XXXV and
Figores 22 bo &%, mnd with $illsy warﬁ in Table VI and Flpaves 26 o 29,
Ce tain portions of thess data ware obtblned during 1961 nub they sre in-

ciuded here for completeness. The t@&v& ponducted during 1662 vere performed
o bebtler deline cresp-rupturs bands 1o bimes up %o 10 hours snd to sstablish
preiiminery design mindsmums by ehoosing lower shrsss lsvels at all tenparse
tupres. A swmary of resulls for 0.1% oresp of filler 4nd non-fillsy welds
and fop base w&ferial 1s presented in Flgurs 300 Beviey of the dats of Flg-
ure 3 indicates, within ths Limits of §“8€tﬁ$§ thet bthere is oo slgnificant
advantsge of one mevthod of welding cver the other wiith raspeet 4o oreep
propertics for ghesd. Noreover. the oresp sirsngth of the walds sppesrs to
be eguivalent to inat of bhe base melerial.

¥

b 8/‘&»’- ki

The resulls of cpesp tests performed on welded plats
a% 1B00°, 1400%, 1500%, and 1BOCSF sre presented in Tebls XNDVIT and Figures
LR < §£é A wammery of results for 0.1 creep of waids and of base mterial
ig pregented in Plgure 3%. The cresp properdies of the welded plate show =

tendeney to e somevhat lover than thosd® 0f the base materisl st LUOOCF and
15000,

5:0-5.0  Hoteh BEffect Sdadien

A short series of hests was perforaed duving 1982 oo
the slfects of notehes on the shord time and 1l-hour ieaSiA& proverties of
Hasvelloy ?w&é? shaeh, A nobeh with a stress concentretinn fachar (%) of
2.5 was usad for short $ime tenslle proveriies ab room t@&p. 20"

are, 100
and LE00°F and fox shresg-rupture Sesbs ah LAOOTR.

T of the ﬁiQV*
time tensile tests are presented in Tevle NXX?”X%; and those C” the slye
rupbure dents are presented in Table TXIY. The tesis shoved an uliimele
ebrangil for the notched samples of 0.2 that of unhobtohed samples and gboud
& 10 Kpsi redu&tiﬁ& in 10-neuy siress rupdurs 1ile Dop the 3irsss oongeniyae
Tionm fantor used.

b4 i hal i3
rr L Jas It A

Hene 1 Zz oz nickel base alloy with ad&itiqﬁa g

ehromivn, s, cobelt, molybdenusm, titarium, and sluminue £or use 5t bigh
I% retsins higher sirangbh levels then Zagtelloy B-E3D up io
ik i% is more 41f7iculs Lo weld znd regulres a mors w,@ii ahed and
i@ﬁgﬁﬁv neat treatment. It derives its high temperature zirength Trom molid

Lion, preci mi”aiweﬁy mnd dlapereion sechanis The shudies nerformed
yerr conslsted o # ing the dats p?ﬁ”i mhbainsd with publlehed
vendor data and of inv she effscis of oyeiic stressss and of noteh
stress concentmation meperties.  The detx obtained in 1981 ave

pragented for

Gane Magterigl

Lified chemicsl 638#V3w3 ¥ the shaet
evgersture tensile propertiss sve presonved
mag 2re eomparable within & narsow range

together with o
Y

] Thaeilr ohen
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A 308 Short Pine Tensile Studiss

and plate were obiained at room bempersturs. 18060%, OGS
for C.0Bb~1neh shees ang 3/1é-inch piate. The propertiss
tamperEtures.

21ekn B Crpep-Rupbure Studles

The crespwrupbure properties of e

comparison with alloy vendoy dats are pressnied in Flgars

e L
1, k-] : - L
1HI07, 1800°, and 1800°F, creep bucomes dlstincily meesur
151

nour applications

A oomparisorn of giress-ruphure dats
vendur for $.06% inch shee

abt 12007 and 1R0OOPF snd slightly highey at I400° and 1800°F

sidered sl mif’mc& tiy different fyom
sount for the differences whieh wers
btregtmant and creseperupiure shudiss o
the dats reporied here ba uged For shos
10 nours.

ped . Until mor
neprformed. 1Y
bime oresep-rupbtu

Ad.wLL Helding Shudioes

“3 weld s

£
;m? filtier wire and for

41 shest with and wiil : r mlah
schedules developed Ior shset and vlabe sve prese
respiobively, The resulls ¢f tensile Lests peris
1P00%, LE00%, 1600° and LEODCF on sheeh wel i

Pliler wire, ard un plate sre pressniad
. tively. PFusion welding of sueet [withoutr fillisr wirs

pether resulbs &b 811 temperstures when sonpared to il
ler welding.

e

B E

The ghort time tensils pruperties
wers somnswhabt highsy than those of whe bese materisl vwhen
are compered.  This dilfervence oan be abiribubed to norma

WAL ASTY

of the weided pl
and

The short time tensile properiies of Reme' 41 sheet

IA00T, and 00°F
ars presoonted in

Teble XII and Figure 38 for the sheelt and Table LIIT and Figure 37 for the
plate. The short bime tenslle properties ave considered sguivalent at ell

sheet and plate

materisl were invesbigated at 18007, 14007, 1500% snd 1800°F for periods up
e A0 bours. The results of studliss wiih shest meterisl are prezented in
Tavlas XLITT vo EINT and Figures 38 £o hi. A& sumesyy of thess resulis and

7. TResulis of

studies on plate mste?ia- gre pressnted in Tebles XIVIT 4o 6 snd Pigures 4i

b

piare in 10 howrs, alchough

below the .2%
10 hours. At
shle. AL L300%F,

s of 0% or m@re

to 46, The date for toth gheed and plete indicais thebt at 1200°F stresae
above the ©.2% yield stress will likely produce Tuphay

the creep deformation is slignd. Alberastively, shre 2ES S8

vield Va”uﬂ d4id pot produce messwable cresp or ruphlure

IBOOF for 0=

of L .
etrags levels above J Kpsl will produce creep deformabion
in 10 hours. The oresd wvgﬁ%féﬁﬁ for plate dserease Ffagter than these of
ghest up btz LBOCF, il both reteir useful strengih levsls at

with that of the

_ % between 1200 aad LA00TP is pressnted in Flguves
52 and B3, This cozparison shows that the vendor's data ave slightly lower

e

Conhan ohe welues

chbainesd 1n these shudies. The haat ”weatmen, used by the vender iz oope
used 1m these studies end ooy ae-

& wxbansive heat
iz revommended that
re wroperbies up o

mined for Doped

o

filler wire. e

n ﬂd in Tables LT snd LIT.
rred 2 poown tupperaiure,

aged . aad e
wirs, wWith

TV, an TeETRC—
melatently producsed

ohalned with £l

ate
Tables I¥ 2TY
I materisl property
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scatber angd g mot considered significset. The ductilidy of the welfed plste
wns not &3 nigh as that of the base nmaterial. However, weldad plate can be §
ueed up o 1300°F wnder short time stressss,

: P *
The cpzensvupturs properties of Rene’ 41 shest walded

without Filler wirs are pressuied inp Tabls IVI and PFigures 87 o 50, Figure

21 pressnts a commarison of 0.1% evesp a2t 1300, 1500%, 1500° and 1LEOTP Tor

shest parsnt mebal versus Fupion weided shest withoul use of fillsy vwipe.
Thae creap~pupbure meopertios of wvelded Rens’ L1 plate are prosented in Table
I¥IT and Fgﬁﬁxﬁg %2 to 35 for bests conducted ab 1200°, 00T, 16007, and
IBCOPE. The D.1% creny valuss &@r walded plate fend to be lower than those
oF the tasw mhterisl sz shown in Flgure 5%, Adetpents In desizs velues for
weided plate structurss will hsve Lo e pads sccovdinzgly.

fince fusion weliing without Inbroduciion of & Pilley

LB B BTG 8&ti$fﬁc*“”” productlion method, 14 sppesrs fros bhese dasbs that
filler wire mesd not Le ussd in the fabrication of Rene’ kL shewt,

%1508 Hoteh Bffeny Studies

o purgeses of providing empirical design dala, tensile
and orsep-rupbure ﬁ@ﬁts wars perforesd on notched Bepe' A1 sheet. A stress

bk S

comentretion fagtor {Kt§ of 2.5 was useld. The pesulis of fensile tests aye *
ragented in Peble INIIT Yor roos hemperaburs, LHUGS, IH0°, and LUOOYF,

Thess dals ia&iaﬁt@ thel the effemet of the ilmposed sbress congenbration atv

roon Bemgseratuse and LH00°F i to doaresse the ulbtissle fenslls propertlies ?

Y & Maggu? c .1 vhersas no dzerssees in igneile properbles weve indicsated
st LO00% sad 1800°F.  The vesulis of creeperupbure tests at 1T and JL00°F

pRECE:
ars Pro s{:?i‘wé in Table IJ¥. ‘foese dsta Indicste thet the stress rupburs
charscteristics of the materisl at 1EOOCF ars comparavle o bhose ol the base
material, wieress the sbresseraphbure valos ab 1600°%F drops bo thwt valng re-
quired o produce 0.1 oresp in the bose materisl.

R Nt Treo TLHD AL%ow

nizh bemperature alloy partioulsrly
2. Inmeo T120 48 s miskel hsss slloy with

??0%, Litaniwn, and aluslnun. ts high
praeivitation of the HI-Ti-A1 Mh&ha,
&gﬁ soLid hazi\m; and 1% has meberial proepnre

Renm' b1,

Ghose of H«’;,;‘@ﬁ

s investigetions were not perfoprsed with this
alloy during 1508, Ra@%ﬂwr‘ <3&ta pravicusly obtained ave presented here for
c<%ﬁ1ﬁu@ e8E . Tb;& a&;v~ wegs bosted in the fovm of cant test specimeny. The
vendor %

room bexperaturs tensile propsriies

wansile fegls comdunked st roon Lempsr
are wrosentzd in Teble 47 and L
shrangth mevgin is less for Ioco TING

NAL A4TY
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than for Hene' L. The ulitimebte sirengdh for Inco T13C is lower than for
Reme' 41 up to 100 bun higher af 1500° and 1800°F. The slongetion of
Ineo TiR0 ie higher st 81l temperstures then for Rene' A1, Inco 71EC retains
usstul stresghh levels up to L600°F, which s betber than sny of the other
slicys reporied herelsn.

51038 Cpreep-Ruptupe Stadieg

The oreep snd stress rupbure valuss for this slloy var
determined 8% 12007, 1800, LA00°, snd 1O000TF Tov periods up to 30 hours. The
regulte of thess tesis ars presented in Swbles IXIL, LXILI, IXIV, end IXV snd
Plgures 57 to £0.  The scabder in oresp valuse wag i&“ ge at 1200°F (=% shown
in Table XLTIY bob creen bimes vere dlscernible from bimes Lo producs Pup-
Tare. B@cau g of the scabbey, only & rupburs bend wes pliotbed. The soatbey
at 1BO0T, L600%, end J80CTY wes luss, snf orecp and rupturs vands were plote
ted for ﬁﬁ%&& k5 S AYUTES -

3 the resulie Jor Ioco T1EC ave compared with data
Lhois smewnn thed dhe rupnture valuwms Doy loco TLED are
slightly higher; bub <hat She orsep velues avs squel or slightly lower st all
temperatures. Thess dala indicsbe that Tnno Ti3C retains sufflelant strangbh
for use up to (B00°F byt that opereting sbress leovels will hsve 0 be maine
tained below 15 Xosd st I80D°F for s 0.% cresp deformetion or less

Aw»és. &

for Rane' 41 pla%e

=Ll a

The resull
abls moatber in ihe creen and
lergey pursber eﬁ ot
Lizh Tinel deslign dsd

: date r Inco 7150 have shy
rroperiies 1 cnting that a

teried here Would be regulred iy wﬁ%ab»

- 37«
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4,0 CONCLIBIONS AND RECOMMENDATIONS

- pmsiellwy T 33 sn alloy which vetsins wseful aunginearing
strenghbhs up to 1000%F. Where swivemely nlgh quality welds sre desived, vae-
uum melied stovk shiould e used. Bowever, o pérbleoulsr advaniage iz oviained
wilh respect Lo the shord bims Tensile oo creep-rupbure sbrengihis by vaouun
re«geiting.

Frowm the Limibted Jdals reported hersin Jor Hasbeliloy X snd Iron
the availables Llteratupe, it appesrs that Fasbtellsy ¥ oan be used in lisv of
Hsstelloy € whspever Jover desian 3 VRLUES ¢83 T &ca&p tad. Hastelloy
¥ nhme an sdvantags in thet
C. Both alloys (Heswelloy ¢
and fabricate then Rens'

2y to Fabricsts and weld than Hestelloy
sod Hestelloy X} howveyey, airs sasisy o weld
"

Ba&t&ilﬁg R=2%%, Hene' i, and Inc AT vetain usalul enginsers
ing strengbhs up o iﬁ“ﬂﬁ gnd they can be used thst bemperaturs proe
vided that care i exergizsd in choosing e?a&;mr«pthrﬁ ard short bime tensile
deagipn values.

vaiues for B-¥3% spd heme' 4L wers
= Em

s

Some diilarences lﬁ st 5 : &
ith plate forms of the samé sheel Bllay

enaﬁun erad when com

i shest snd plsite 414 not
. rcﬁ g& “ign:fz"“%v aac ievels PFrom those of the base malew
rial. Howsver, z %% o T T wglded shructures is racozmendsd
Lased on soms lovsring of cresy waluss. aslﬁ% velding »f 2-23% and Bene’
i1 shest can be uzed sucosssfu dw snfacturs.

Hustelloy ¢ wroved rather insensitive Lo & variety of heant
frestments and o Limited oyclie taste, wi is an wssed in manufsciure and
nardwars reliahility.

-
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TaBiy ¥
CERTIFTRD VERTOR REROTT FOR ATR MEUIED HARTELIOY ¢ O.2%0-THCH FLATE
{Heat Ho. CI-3571)
CHEMICAT, COMPOSTTYICN
O 4 Fa o 83 i My ¥ Mo P & M

BP0 13,22 15.90 10.0% 10.5% 11.60 10.50 10.28 116.12 10.00% [0.006 [Bal.

ROCH TEMPERLATS TENSILE PROPERIIES
{45 Roeeived)

Ulitimeie Tenaile C.5% Yiand Elongation in
_Strengtn (pst) | Stwength (psi) | 2 ia. {4)
138,900 A oo 8,0
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TABLE 1T
CERTIFIED VENLOR CHEMICAL ANALYSIS OF VACHM MELZED HASTELIOY C

Chemical . - + oy 5 :
. g W Fa - S : . . £
Composition ; & { G o 5 Mn Y My P 3 i

Welding Wive

IR oK P LIE~E5-u0L-05Y

reBI0L B 15,00 13018 16,30 1 ooor [0Sk .37 [ Bal. {00 (008 16,80 0.007 [ D006 {005
Gi-s108 B Wi sy E.en 0.8 T ouks T3 [Eal. {0439 0031 115,821 0.007 10,006 {0.02
Peinen Plate
LAY R 1,50 P00 8.8 {006 | 05 | 1.2k a . G HoBE 11682 10009 10,008 1 -
Forglon
! RIS B B EG AR | oues Douss T aust [pal. 0.3 10.82 1560 0008 00007 | e
o
R
: SEYPTFIED ROOM TRMPTRATORE TENSTLE PROPERYIES

FOR VACDUM MELTED }.,j BeTHOR PLATE
{48 Heceilved)

Gitimete Tensile 0.8 Tield Blongabion in
 Strength {pei) gerength {pai) 2 dnm, {47

558000 5C.0

d{}{}? i et
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THEEE TV
CRENP.FUPTURE PROPERTIES OF ATR MEUTED HARPELDY © PLATH

Material
Heaating
Gage lengbh
Hent nunber

LiZ~E9-¥0L-aSY

Hert trasbment w?
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TABLE VY

WIS WELOING o0

TLE TOR HASPZLIOY ©
Hateyial - Yoouwws molted, O.2%0.din. Hastelloy © Plate

Yaccum melted, L/3Z2-in. dlomster Hasbell

Tope of Groove iPassosl Anpsilrav

w He
I < b oten |owe 20 A
{507 dneluded | 787|209 { 0

angis)}
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e
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TARIE VIIY
TENSILE PROPERIIED OF VACURN METIPED HADMEBELIOY C PLATE AND TRANCVERDE WELDG

fHeat trestwment -

A -
Heabing

fas

3200 in. plade

Jine/ses to yield
e f san Hh miplupe

Feanbup

P e
i 44

e Tennbis

A A
W
- 38
vrand : 55
TR e DF i, 4,
pa el B H$3

Tho b A3 £ owald
75,6 5 05 do. fyen
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P
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PABLE X%

¢ TENZTLE AWD BUND TRST JONTHOLE ¥OR
FINAL BEAT THRATERT OF VELIED G.2350-INCH HASTELICY ¢ PLATE ASBEMELY

Bpenimens ~ ¥acuum melted, G.2%0 in.
thick plate from same plabe
nozzie was menufsctured from

AT R

Hest trestment - 2218%F, 30 min, AC

RELHD TEETS
Specimen Tagt ] Bena )
Humhen Terpsraturs Bend Radlus Angle Rensris
L5 ptey 2 x Thiekness {0500 in,}) 280° o cracking
ZHt " 2 x fhickness {éﬁﬁﬁd in.d PaBoe o cracking
930 T £ % Thickness (0,500 in.} | 180° o sracking
9§G wr 2 x Phickoess {0.500 iu,§ 1Bo® He orackin

Atmosphare - Al

Haating Resiztance

Gege longth - 2 ins.

Ttvain rete « 2,001 1n./in./sev to yisld
.01 in./fin./sec to rupture .

Hoid Lime - 1% amin

S ;:2%‘ Uitim?te . ".{‘mmg‘s
Specimen o Yield Terslle Elcngatie ¥odulus
Pudber Strengih | Strengih | dn 2 in, £
) (Xpsi} | (Kpsi] (%) (107 pai}
S Wald 2R 2.5 1 22,0
G Weld 15,3 78,0 &0 20,2
it Parant | 150G 21,0 2,0 T34 o 2R.B
103 Barent |1hin peme 32,2 Bis.g #8 22.3

RAE AATX




{5,

REPCIET

BAR

ad

i

hend

b

@
3
By
4
o
E
]
$oF

MELTED BASTRLIOY

P ]

§

ol

i S
[
ot ek
LS
ww W
et ot
fE it B4R ATy
5 St § BE ™
o
{2} e
@ S
FLEE TR
el Bl ot P08 ¥
e it A
:w.zm ;M.mw wm..m FTE BRI LY
4% g e W pee fe
wod s GE gD s
eI I
£

A

53

i

Bpaein

aan

MY
)

.
et
£

T

HE

ASOTIR-BY.277

e v oy
Mumber

10%¢
10ug

ELSY YW




WAL ALTE

oy B oy L A

53

[
e

ey

[

YVoung's

Phf

O

£

=
el



RAL ARTY
LADLE KTV . =
ford
YOROE YVAGIR MELTRD HABTELIOY O PLATE o
3
¥aterial - Vacuum melted Hastellay i
O OULE50 in. plate &N
2 pe v ord e T ¥
Gage lsngbh 2olns. o
Atmosphay - Adp iy
Heat treabment - 3 o3 s AL e
min, Al b,
' sem D fopmat e
5oy len
185 wmin)
s
W Ldnd %
e daded
T
DLE0 e
AFTEE
i Hoid Line -
Supalz rete - 0000 in.flin./min ho yisld
s . # #
CGLOL dns i faln to ruplure
Toung's ;
migation o Fracture Iopablion
AR
i
{307 nat)
AT N per ey e i ! & % kg
L Parent Metal-0.30 in.
from oewber wald
; A TR i3 F 3 b Metal«0.% 1.
centar wald .
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¥

SHOPT TIME CCENSTLE SPRENGTH OF HASTELIOY X PLATH §
1

Material - Hgatellow X, O.590 in. plate &
Donditio - A5 pecelwaod A
Heating methed - o
Armsaphare w Al g
Gage lenghh wo B AnE -
ek rabe ~ DL An.fin /e to wisld =

3 nafin. fsae to rupt e

807 2%, E1.6 19,7
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TABLE YVITY

CERTIFTED VENDOR CHEMICAL COMPOBITION AMD B00M
TEMPERATURE TENSILE PROPERITIES OF R-23% ALIOY GHERT

CHEMEICAT COMPOSITION
OF Re£35 ALIOY SHERT
{HEAT RV-T304}

&r Po { Mo AL § 21 { Qo §81 {¥n P = B ¢ i

9% 19.6515.5111.0012.52 10.18 0. 10 10.02 2.001 10,011 {0,005 10.15 [Balance

FOOM TEMTERATURE TENBILE PROFERTIES
OF R=23% ALLIOY SEERET
(HEAT RV-730h)

Fltimate G.2%
Sheet Tengile Yield Blongation
Thickness |[Shrength I Strengbh (in 2.0 in.
{2n.) {psi) {osl) (%)
0.072  }139,500 82,200 53

- RR .
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TABLE AT

CESTIFIED VENICR CHEMICAL COMPOSITIOE AND BOOM TEMPERATURE
TENSITE PROFERTIES OF R-83% ALIOY PLATE

{Heat Ho. BV 7h08)

CHEMICAL COMPOBITION

ey Fe ] Mo 1AL 118 ] Co & S Mn 81 ¢ B B Hi
1%,0% 10,0015 30116512 .58 10,7010, 05 100001005 1 £.8%  10.04 [ Balence

ROGH TEMPERATURE
TENCILE PROPERTIED

Ultimate | 0.2%
Flate Tensile ¥ield
Thickness | 8trength (Strength

Elonmgstion
in 2.0 in.

{in.} {psil) {psi} (%}
2% 1% 850 15,300 36
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trrons, D005

SHORYT T TENSTIE

Material -

Condition -
Thickness -

Bewting method -
Tegt atuosphers -
Gage len

Strain rabe -

nn -

Hold tins -

TABIE X¥

SURERGTH OF B-ER% ALIDY guEy
Hest Ho. BY 730k

Aged at 1E00°F for 30 min
5.072 in.

Reslighancs

Alw

2.0 in.

0.001 in./in./ser vo yield
GLOL An.in. fese o pupture
1% omin

.24 §lbimate Young's
Test Yroporvional Yisld neiie Elengation Modulne
emperanure idmit Strength | Svrength in & in.
% o F o P i
{°F} {¥psi} {¥psi) {Kpei) {#) {187 psi)
= 3.0 B0 BT 275 550
1200 82.0 ST .0 LBV 3.0 £8.0
= Ll Sh 0 147.0 13350 T k.G
ey £2.0 ale ofi.g 2.5 20.0
1500 24,0 50.0 50.7 15.0 154
&
o
i
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TABIE ZXI
SHORT TIME TERSILE STRENGTH OF R-23% ALLOY SuBEw
Material - Haoat Bo. Thod
Condition - PROCCE for 1% min, WG
- POSGYE for 30 min, AD
Thickness - D250 dn.
Heating method « Hegiptance
Test atmosphers - iy
Gage length ~ 2.0 40, )
Strain rate - S.001 in./in. fsec to yield
0.0 in./in./sec to rupturs
Hold fime -~ 1% min
0.0% Witimabe Young's
Tesl Proporitonsl Yield Pengilie Blongsbion Modulas
Tempergtule Timit Strength | Strength in 2 in. Vé i
{F} {Xpu1) {¥pei) (Kpsi) (%) {187 psi}
BT Efe k.2 156.3 =% 1.5
120G &0 B5.% 106.0 2.5 26.0
1h00 o2 82.0 08,7 10 B0
1EOD oh 2.0 82,0 B8 210
1800 15 1h.B 2% 04 ALLE i N
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TARLE XAIT e
F
TRO0TR ORERD TEST RESULDY FOR R-239 ALLOY SHEEET -
i
e o t
Matorial - Hest Fo. RO7T50R &
% i - Aged at 1G00°F for 50 min X
Trnickness w GLOTE in. o
Heabting method - Resistance -
Gege Tengith - 1.0 in. <2
ot g i o
Test slmosphere - Alr ot
— b
Peat Disoondinasd Specimen Falled —

Time o Produce Indicsisd Hpaoinen

Strass Lot Lo Amounts of Opeep Btrain {min} Hlongation Elongation

Straln Plow i 1.% dn. i After Hupturg

(fpsi) | (%) 0.1 §ooed Lo % 2% {min} (%) {min) (%)

30 001 .- _— - - -~ Oty Fone e -

LA
N 40 &1 - o - - -~ 1208 None - o
i e 0.23 - - - .- o 1asn Bone - -~
i
Sy e el —— - o e _— T Hohe - -
T 0,55 -~ - - - - - e 1ok y
i{E .00 o - - - e Lipe Fone - o
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TABLE WXTIT >
————— i
¥
1BOOYF CREEP TEST RESULTS FOR R-23%5 ALIOY SHEEY o
]
H
Material ~ Heat No., RY 7304 2
Sond fsion - Aged at 1O00"F for 30 min s
Thickness - 2,078 dn. w
fiaating method - Besistance 3
Gage lenghbh - 1% ing. o
Tast sthosphere - Alr -
Tegt Dlgcontinued Specimen Failed -
e o Produce Indicetbed Specimen
Stress | Losding Amounts of Creep Strain (Min) Elmgetion Blongstion
Strain Time in 1.5 in. e after Rupbure
{(fpuil {43 o O. 2% o 1% % {ming {%) fmin)
1y 1 578 - e - - 1i8e 0.17 - -
iy Q.13 181 e -~ o - 1B1Y Uued - -
&‘“ B .19 e - - wan - Bu1 Q.17 e -
i3
; 55 G.e% GLt - - - - - - i1181 w»
50 .19 70 - o - - - - 072 1.8
5G ¢.21 1575 - - o — 1680 0.11 - e
B0 G 1106 - -- - - - - IO -
s i ely 105G o o - - e - 1 2.5
53 026 - - - - o - - 21 2
3
<
s
§
* L] * -
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TABLE LXTV +
&
LEOOSF CREEP THST RESULTS FOR R-£3%5 ALIOY SHEET é
e
Material - Heat Nu. RV 730% &
Tondition ~ Aged ot LOOD°F for 30 win by
Thickness - 0.07R 1n. 3
Hesbing mebhod -~ Besistsnne o
Gage lenglh ~ 3% dns. -
Mot stmosphers - AL i
«
Toot Digcontinued Speoimen Fallsd
Pime o Produce Todicatsd Hpeninen
Siypens  {lomding Amounte of Oreso Gteein (min) Eiongation Blongablon
EIAS in 1.5 in, T amas afber Ruplure

{Eosid O Gt 3, A 2% {min} &3 {min} {4}

35 B - _— o - B I - -

- iy 17 LEG Pk HETE - sHT8 Lo - -

S 20 s Hsky e e - BHE 0.2% - _

: 20 G0 ias el - - - 1REE 0.3% - -

20 &5 VT by - o 128l .5 - -

o W g1k 0 950 AR5 o s 1ol 3
25 0.6 228 - o o 580 0.87 v -~
5 0. 204 TRL - o ¥ L7 0,50 e -
A 0.1 10 %43 T 318 508 s e b3G 4
20 .14 & BS 1 BTE - - - Y %
A0 o - - —— - - - - BAG 4

B0 3.2k o i B &1 e - - 4, 1.7

LD

g B eI i s 14 331 - o - g 1.2

LG




WAL ALY

TARLE XXV

LAGGPE CREER TEST RESULES FOR Re2330 ALIOY SHEETD

X
tff
f
g
Material ~ Heat RY 730h é‘
Cordition W fged st LOOOSE for A0 min &
Trdokness w 3LAYTR dn. -
Hesting method  ~ Hesistonce -
frage langhh - 3.5 ing. &
Test stmesphers - Alr b
&%
Teat Disconilnued Specinen Falled -
Time to Produce Indicabed Speclmen
oFregs | loading Amounts of (reep Strain {min) Blongabtion Blongation
Ghrain Time in 1.5 in. Fime after Rupturse
{Kpsi) {4} 0, i 0,04 0.5% 1% 4, {min} {%) {min}
= (3,03 150 FEGG - - - 8T 0,80 o o
: % ¢ o Hal e o s - G0 3.45% o s
5 5 0.0 BT BI00 - - - s6T% 0,55 - -
’ 1 .06 & LXi 163 gt Bk hes iz - -
10 0,06 Hitg) 40 B8 217 PG BG0 10 - .
16 0.0k ¥ 50 A6 &% THE LT 7 - -
20 010 R o L5 % 5.5 e — G &
24 Q.13 TLi 5 1.5 b # - o AT 340
B8O (416 1 7 B8 & 12 i - 23 10

Pt

GO0




MAL ALTY

Heating method - Resistsnee

TABER ¥oVT P

ke g

LOG0SF CREEP TEST RESULTS POR R-235 ALIOY PLATE é?
=53

Material - Heat Mo. BRY 7hud é;
Condition ~ PEOQGF for 15 min, Wg s
BOSOTE for 30 min, AU Bt

Thickness ~ D.ES0 in, -
-5
Z
=

Gage lLength - 1.% ins.
Taegt atmosphere - Alrp
Test Dlscontinued Specimen Falled
Time to Produce Indicated Specinen
Birese  |losding fmounts of Creep Strain {min) Elongatilon Elongabion
Lirain Tlme in 1.% in, Time afber Ruplure
{¥psi} {£} 0.3i% 0.0 0.5 1% 2 {min} (%3 {min}
, T .07 - e - — - 1259 Hone e -
o T G.2h - e - - - 136k Hone . -
' T GuB% LLET ENET - - - - - 11kg
T (.27 - - - - - LIS Hone - e
80 0.8 1238 1853 - - - o e 1ELR .
Ho 4.5 Qhte 958 - - - o o Gl i
8 1.9 ol BAG v - - - - Wz %
G0 ¥ 158 160 . .- - - - 1854 &
Y o 455 36 - - - ke - E37 K
100 * -— we - . o - e 0.5 7

AR043%

# Mot messurable because of vapid fallure.
% Bot messured; too large to measure on chart (b},

000




MAL ARFD

P T
.,i.,?ﬁla J{‘

o e T i e

REILAE

Thal
LS wmin, WG

R -
A owmin, AL

e - - -
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BAL AETZ

TABLE JOVILL

HESULNS BOR R-2%% ALLGY FLATE

- Hoab No. B
o BEOGTE Yov
DORGRIE For
w 3D
-~ Romisis
P T

min, Wg

e

A %

[

£

IS

- &
-- 9
g fd

w

Bt o1




BAL ALTY
: ¥
TABLE JXIX o
L]
IB00°Y CREEP TEST RESULTE FOR R-23% ALIOY PLATZ §
]
Matorial - Heat No. W Tho8 &
Condition . PEOOCE for 19 min, WG o
FOSC°F Tor 30 nin, AU 3
Thickness - (L2350 in. y
Heating method - Resistance =
Duge length m e dn. .
Test atmosphere - Aly s,
Tast Macontinued fpeclman Falled
Pime bo Produce Indloabed Spetimen
Ztress Hlosding Amounts of Creep Strsin {min) Blongation Elongsbion
Bepraln ' Wi in 1.9 ina Time after Rupburs
{¥psi} {43 0.1 .24 o 1 % o {min} (%3 {min}
' 5 .01 105 216 HEG 530 £51 e - 1G0H e
p) 0,04 165 360 565 TEO 1009 - - 1866 20
, 5 .0 hek £a5 Db .- - 1210 097 e -
T8 £ 00 18 k6 oa 133 1Th - e Bay 15%
7.8 G005 Bl 155 @58 G 35 - - 827 2h
[ O.07 B &0 B3 128 153 - - 316 iekd
1o 0.8 2 b N A 20 - - 36 21
10 G OB - 0.5 1.5 i i - - e 2z
1% G.10 - -— = B 8.4 - - ik @R
20 GuBT _ e ~ _ e - . L ol
¥ Specimon not opmpletely broken. 8
2
[
8
WA




WAL AET?

ASD~TOR-61-277 . Yoi. Vi wroR, o

TARTE XXX

WELDING SCHEDULE FOR
O.06L-TROR B-2%% ALIOY SEEEy

Wive 18lectrode

Matepial Filler Wire Spead | Qurrent WoldagelFesd (Dismelser
{ipm) {zmperes) (ipm)l {in.]
R~2%% Sheet | Nune 28 o5 1k - 5752
R-23% Sheet JO00-in. d1ln R-23% | 26 150 13 15 3{52

ALl welding was performed on the Perkeley-Duvis sutomstic mschine
usling helium ges to protect the top of ke welds snd srzon ges for
back-up, A& speelal treliling oup wes ussed to glve added gss pro-
teotion, #nd & wet rag vwes applisd behind the tralling oup duping
wulding to serve sz 5 gulel cuench.

A1 pansls wers roll planished
after welding und dye checked,




HAL A47Y

TABLE JAXL »
Lo
3
BTG WELDING BOHEDULE FOR 0.250-IN0H R-235 ALIOY FLATE o
R
i
welding Velding Blectrode &
Materisl Pogs Fillor Wire Spaed Current Voliage ALL Pusses =
{ipm} {amperes ) .
5235 Plate 1 None 15 175 11 3/32 in. dismeter, s
1 thoriated tungsben .
Lo
P /16 in. dia R-235 15 275 1.5 -
3 /16 dn. dia He235 15 0 114
3 1716 in. dis Re23% 15 310 11.%
X % 1716 in. dia Re23% H A0 159
£ - .
& & Heorne 15 240 11
H

NOTHES ¢

1. Mpberisl cleansd in an alkeline solubion followed by M.B.X. prior $o welding.
£, Copper hold down and back-up bars were used.

%, ALL welding was perforsed on & Berkeley-Devig suiomstle welding machine {WL~777} using helinm
gas for toveh side protection and argon gas for back-up proteation.

FEQAR

€005




MAT ARTY

ASD-TDR=63~277, Yol. Vi

TABIE DIXIX

SHORT TIME TERSIIE PROPERTIES
OF WELIED B-23% ALLOY GHEET

Material

Heat btreatment -
Hesting method -

Poesl atmospheys
Strain rate

£

-

-

4.06% in. shest, fusion welded
without filler wire
Afver walding, 1800°F 20 min

Heoisbance
Alr

0,001 in./in.feec to yield
0.01 im./in. /zen o rupture

Fold vimes - 1% min
0.8 |vitimste
Specimen Peat Provortional! Yield (Tensile {Elongstion
Humber (Tempersture Timit Strengbhf 8trength] in 2 in.
. (kpst) | (Mpsi) ) (Kpsi) | (%)
00F j:2y 84,0 111.0 HRT Ny 10
1A0¥F RE 90,0 115.0 16E.0 o0
111F 1860 60,0 4% ,.5 0.0 12
LigF 1800 TG.0 38.0 152.¢ 18
LLAF 1800 Tér 0 10%,0 128.0 %
1157 MO0 78,6 10h.D 12T .5 .9
115F 1600 52,0 Th.0 87.5 2
11EF 1600 50,0 * TH.G R
117F 18¢Cn 1h.0 21,0 3,3 1B
18R 1800 1.6 21.9 5 ik

¥ Uitimete benslle strengtih resched befors

5.9% offset.




WAL A4TY

ASU-THE-53-27F, Yol, Y1

BRPORT

P
iy

MO i

Material

Hoait Ltreatasnd
Heasting methnd
Wont ahmooeph

Brraln rate

Hold time

PARLE XINTTY

SHORY TIME TERSTLE PROPERTIES

DF W TOR-DES ALIOY DHEEER
w DLORE dymh
Sneet fusion welded wizh B2
- After welding, 1600°F %0 min
« Hesislance
- Aiw )
v OLGOL dn./in. fsse 1o viel
G0 in.Sin. fsec b rupburs
- 1% min

Speoinen Pesh
Hamber Lerperature

e

150E HE

iBiF 1200

D
e

iaby 1500

e
et g
i 3

L 1w ‘.3




TARTE DOV

TERATIE PROYERTIES

OF WELDED H-23% ALIOY PLATE

nreatment -

GLE50 in. R23% welded {transverse)
with Re-25 {1iilsr wirs
After welling, 2R00°F, 15 min, WCj
BOSGEE, B0 min, AD
Besisbance
1% min

Q0L in.fin fsec to yield
GL0L dn.Jin. Ssen to rupbure

Tield
Brrength
{¥oni

Hitimete

Teonsilie

Strengbh
{ameil

Einngnhion
in ¥ in.

(%)

Young's
Hodulug

{10% pai)

Iocation

LY
R

LEL G

18

&

Fo )

o
R

234
Qj‘i‘ « 1
180

5.4

mebal

metel

weta

mehal

PA T1OA TLE7-E5-u0L-08Y

»
3
[
"
b4




KA A4TY

TANIE KRV e
CHBRTLETPTURE PROPERTIZN OF R-23% ALIOY SHEET WELDED WINHOUT FILIER METAL 2
fom 4
Matorial - (L0603 in. sheet, bransverse duge lengbh - 1.9 ins. o
wetded without filler mubal Hoat tresmbment - APter welding, 1600°F, &
Henblng - Resisbeance 30 min, A .
5
;_’325&{"23"{% Tema +o Produce Iadicated Greep {?izozm*&} Timg i g}ﬁﬁgf‘%i’%“n. s
Hyee . Bhrein RBunture in L.% in. o
K. (4] e [oued oo JLuag 1ol fLL0f {howrs | (43 -
ERee - e - e - - - 12.2 1 “
105 e - e - - —— —— e Lot i
1 0.8 BEB% 1 e o - - o — L.63 i
; 0. A7 .53 1w - —-— - - - 1.83 1
1200 05 ARSI, L.TH b we v - - 1R i
LHOK - 2. 8035 BLILO - - - o - -
00 - o588 118 119.8 - - - . - -
, FEO0 - G.15 0.9 2.3 — o - - G0 1
- LAOG - 6,97 1hJTE - - - - - 0.5 i
& 1400 .06 083 {103 O R S - o - B i
! _ OO 0,30 ST 1120 - - - - - 1.B @
IBLE {00 S L {033 GaB% | e - - - 0,63 i
ERIS S IR .37 0.5 10416 O.8% 1 - - - o 0.7 i
1hAF 11600 - .0 11.1 27 .0 o - - o - e
kE | 1600 -— 9,38 1oal R0 (1868 ] e - - - -
isoE | 1e00 GedY O.05 10.8% 1,95 1 ka7 1e7.n 1 35.2 30 36,0 5
BEREE | 1000 Guak 8,08 10,06 IR PGB 8.8 GBS L e L0 *
EVE | 1600 GLEG 0.2 10,05 1 085 18T 2,65 - - 893 1
1SR 1600 G35 - 0. .08 Ve BB e - - 0BT o

Spare 1800 5 o 0253

[ eh ] g;

; Z, 1.1 - - - o - -
ER O RS e & e GLEG (R 1.5 oh,7 131,7 PAT.6 [hL.9 Bha L 1k
WgE 180G 7 0% OB 1057 175 G {308 11k - 5.7 &
AR iR < - G PR 2.5 o] 5.8 T.h Gl 9.4 1% -
TE O F 8o G - G.08 106 2.5 .5 | 6.8 3.9 | 1.5 5.7 13 &
1WAE B L1 - o082 0.1 0,55 0.7 0 0.7 1 1.3 1.% 1.6 16 i
KR RS 1z 000 Guop [0.0% G.1% Suu0 0.2 1 0.5 | 0L63 0,67 17

o
P




RAC A4

TARLE X0OVT

CREEP-RUPTURE PROFERTTES OF R-2%% ALIOY SHEET WELDED WITH R-23% FILLER METAL

Material - 0,083 in. R-23% transverse welded Suge lengbh

with R-23% filisr metal

w L% dng.

Hent treatment - After welding, 1600°F,

Hapting - Heslstaneo A0 win, AU
o SETEe) iz iy . . T me a1
Hpec. Tiﬁ;¢ gz;ﬁéS gﬁii?ﬁg Time to Produce Indicated Cresp {h&urs} éiiiuzi Eiﬁﬁ%gtég?
¥oo {79} HKpsi) | {%) ey A BEoT0L S EoIR-, S Ko s T O S Bt S LN {nours ) (%
1G6F 1 1p00 By 0. 5% B85 ] B.E o - - o —_— 55 2
1655 11800 a4 G b 3.7 - - - _ o - Z, 2
16EF L ipon g% .61 1.9% | 2.7 - e - -- . 2.7 @
1E5F 1 aou 20 0.13 2.3 {gmh - e -- - - - -
IS6F | 1A00 e {20 LAAT 1.1 Ag LG - o - - - -
gr | 1h00 by et =L B ) - - - - e 1 1
‘ 160F | 1A00 L (.20 G.a% FL.ER - s - - wn 1.8 a
o TR 1RO 54 Oz - 0T o - - o v .87 e
2 TR | 1500 g 0.0 2.4 15,65 | e - - - - - -
AREE 1500 i) .0l -- 0.5 13,45 1ET.8 - e - - -
LTER | 1800 1% e $ - ol T L% o -~ - . e
yriE | 600 Ay L0 - 0.7 LB 117.6 130,50 1RT.G jhE he.g 7
rroE | s 25 0.7 - CuB3 TL.8T P IBSTOTET.S 1 3ELA - 35,5 &
1EGF ] 100 31 0,18 oL e 0.0 P 3,8 o - WoT @
En R T vy b oy~ 0.31% 1 1.8 Boon 1ok.e ]89.8 1317 (528 A5.5 B
e {800 % 003 0.18 1 odas 13,8 T 2.0 fio.s L8 12,6 15
1esF 11800 # (.01 - 0,65 1R07 0.8 (128 11h.s 11b.B L @l
a1 1800 £ Gu B - .k 5,75 T S T G D T W 5.6 18
rese biBoo i 0. 0.0% 1 2.5 5,0 .6 111.5 [L3.0 1180 15,5 15
1788 11800 K ERY L33 1 L.E3 0 1500 - - .- - 7 %
LESF | 1800 2 0.0 - S.5% L3 5.5 S50 1 B8 0.3 Ll 1h

1A T {DA TLEZ-E9-ua1-00Y
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ASDTDRB3-277, Voi, Vi 20T, o

) TARTHE AXXVITY

COMPARISON OF TENBILE DATA FOR BOSCHED AND UNHOTUHED R-235 ALLOY SHEED

ifitimate
Specimen S Specimen Tesh Blopgation [Tentile Hotehed
Humser I SRR Teomperature] in 2 iIn. (Strengih | Tensils
{°F) {%) {Kpsi)  IRatic (1)
- R-2%% anent | Uanotohed Ry HT.5 IET.G o
NI B-23% shest wva = 2.5 j iy e IBT.E e
- B-23% sheet | Unnotched 1800 2.0 wma.m 0.5
B2 E-235 shaest mﬁ = 2.5 B0 e 20 a i
- R235 sheet | Yonotohed 1600 . 980 6.9
SE R«E3%% gheet wﬂ« w 2L 1800 o G027 :
Hebht Treatment ' IEO0F, wm min
{1} Hotehed Tenslle Strensth
. Unnotehed Tensiles Strsngth
<4
£ ]
<
E¥ )
b




MAE AAYE

ES0-TRR-E3-27F, ¥ul, Yi

&vﬁwmﬁjgﬁxi__.

TARLE Z¥ATE

RUPTURE DATA FOR HOTCHED R~23% ALIOY SHERT

Testh Rupture

Specimen Type Specimen Temparature Lond Tlme

Humber {7F) {Kpail {hours)
e Re23% K, = 2.5 1RO Juts G.7
500 R-235 K, o= 2.5 THOO ap .7
hin Ra2%5 K, = 2.9 1HOD 46 G.2




sorr__ E005

ASD-TPR-63-277, Yol, Vi

TABLE XL

CEPTIFIED VENDOR BEPORT FOR RENE' i O.00h INJU ALIOY SHERT
Haeat 8o, TV 272

CHEMICAL COMPCRITION

B

S
,é:
e

L1 Fe (O 8%

e
ok

Or 00 Ho

1H.ES 10098 19 8010 58 13001097 1L 1040, 1) 10.00% 10000 10.00%  iBzlance

CERTIFIED VENIOR
CHEMICAL COMPOSITION FOH
RENE' b1 ALIOY PLATE

{#ent Ho. W “98)

Cr | Fe £ 3§51 1d0s Ma | ¥Ho F & LR B ®i

18, 7R 1G858 10.00 0. 35 1107 10,00 30.04 10,001 10009 11,883 3,13 (.007 1Balance

WAL ALTR

CERTIFIED VENDOR POCHM TIMPRERATURE TEXCULE PROPERTIES
F(OR BEHE® L1 ALIQY FLATE

(Heat Mo 77 500}

Pioimate | O.2%
Thickness |aonsile Yield
{1n) ‘zﬂ"":mfzg’i:’s %?éﬁ%‘“&
{nad {pei?
GL.312% 0 1a582,000 | 9%,500 i




ASDTER~-B34277, VYul. Vi

mronr_ SO0

MAC ARTS

SHORT TIME TEFSILE FROPERTIES OF REWE' &l ALICY SHEET

Beat nurber
Condition

Heating methnd
Test atucsphere
Thickneas

Gage length
Stesin rats

TADLE XLT

- R 0TR

- SATOCF, £ hrs, AD
15908, 2 hrs, AD

- Resistance

- A

~ $.088 dn.

- 2 it

~ 0001 dn./in fsee o yield
.03 in./in. feee to rupiure

Held tize - 1% min
R A Uitimate ¥oung's
Teat Fropartional ¥ield Tensile Elongation Modulus
Temperaiure Tamit Strongth | Sirengith in & in. 4
(“F) {Xps1) {¥psi) (Xpsi) (%} {107 pei)
iy 75 102.2 1885 i3 E3.H
1R00 8.4 85,8 13,5 23 £
10 G54 505 138,56 i7 20
1600 %2.8 21.9 TP 8.5 1o
1800 2.7 204 B8 1% iz

3
s
[
%




[y
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£
%,

ASD-TIR-63-277, ¥ol, ¥ b

Lo

- TABIE X117

SRCRT OTTME USESTIE STRENGTH OF REER' 41 ALIOY PLATE

Heat mumber w T EOH

Condition - PI5G%F, 2 hre, AL
1650°F, 4 hrs, AC

Taickness - 3/16 in.

Heabing method = Resistancs

Test ztwmosphepe - Alr

{iage length - 2 ing.

AL Y

0.0 in./in.feer o yleld
GLO0% ine fin fsee to rupburs
% omin

Wikimnte

Tegt Tensile Blongating
mmperature ngth | Strenghh in ¥ ine.

et} {Xpst) {%}

2

RT ol 110 138 b a0
1800 7 96 it -

1500 75 102 551 1045

Bood
e
L]
]
f
il
(]

Gtk
3

A
e
w5

et
o1
o
{2
|58
I
5,
i

iy

™

s

*F Gripes fuiled snd wlblmste wes a0t Chtalined.

S DR FR

AT A3

SE




AL AETF

ORERP-RUPTURE PROTERVISR OF RENE' A1 ALLDY SHEED AT 1200°F

Maching - fArc weld
Heoting - Resigbance
(age lengbh - 3D in.

Bheet thivkness - 0.08h in.

Hoot munber w T P72 {Haynes)

entmenl -~ Sol. H.T. BL50°F, & brs, AC
Azed ab IES0°F, & hes, AC

Hest b

PATIOA TLIT-E9~NGL-0sY

Pime for

Bt o - i s o P 2 ) )
Speointn fpmding: — o to Produce Indicated Oreep (win) Indicated Time o [Elongebion
Humher Btraln Maw. Crees I Rupdare bin 1.9 in.
(43 goosh 100 1ot (0. 10.58 10,88 .08 08y | (min) | {min) (43
% HRGD 125 1.1 o - we  400L 1008 1.5 i - .- Bk 1z
et BOHD IR0 9.5 e . we 10,311 5 10 1 e - 18 10
4 RS 180 8.9 e - - 11k 10 15 e - 15X 10
110 G.1 1 5 29 {853 - - s - . 1154 é
ER LS 5.0 1 5 28 1631 e - .- e v LT &
ER ol % BLT 1 e o - - ww L OLLE TATIR - Bl
100 1.7 B OIIRRE | e o - - v OOVLT 12848 o i
e} Qe £ 1 {BA0h | e - - wa b 00 258G - 2
100 Leh ERRE- I R EE S B ww | OW0B 12805 - i
&% G885 185 . . - - o e PO 1BES o -
SRS GO O LAY 34 - o e e e R RO T _— -
?‘5{}5} g.i{} (}¢§'¥’ - - o it e e e o e b G»O}“ ‘j}g;‘};& slas .

SO
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HAC ALY
b
[
L=y
: 4
B1OALIDYY SHERT AP GRODSP @
E]
)
2l
[}
Pl
"k
. “nd
N =
TY 274 {E:ié%;y‘zzgg;} B <
w Sk, HWY. 2180%F, B ohrs, AD -
Aped st 1DSGTF, & hes, AU -
Tims oy
o T P TLEReT . joeated Time bo  (Elongation
Speoimen (Creep [LOSRINGL  mige o Produge Indlested Creep (min) Lodicates e nee
Humbey Shress [Bbrain Mux, Cresp  iRuphure in LS Ia.
{43 cuod Lo lo.os Toad 108 {008 1.0 TTE) | {min) | {win} {4}
LD He .05 G 30 I - o - - 2140 2.5
| #E. A4 RE 1A i . i
e STD a8 G e B o 1on | zve ) ass boem | e | e 2% 2
i
10D g HICT 24 O R - - v 20 @
LA Ho 200 b BTE ] e o - - 283 2

o SO0 BTO ] 900 0BT} e - 587 g
O e e o - e .- Hen 1.5
T LT A I - - - - 1008 2
O B0 B0 ] ww - - _ 8 2

BEOG ] we | em BHOO

S
.,»'

SE R U I R L - -

£ b
[

o b 5
BOOG b em ] oem b oee ] e b ee 0.5 9RO - - z
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M A LT

] TABIE XIV e
L3
1600°F CREEF 'TEST RESULTS e
POR RENE' 41 ALIOY Suesy »
ol
Material - Best RBo. TV 272 i
Conddtion ~ BISO°F, & bra, AC et
W650°F, 2 brs, A o
Thickness - 0.064% in. -
Heating sethod ~ Rssistence e
Gage Jengih -~ 1.% in. :
Test atmosphere - Alr =
Peat Dlsvcontinned Specimen Pailed
Fime to Produce Indicated : Specimen
Lyres : : i ¢ ¢ Blongation Chart Blongation
8 trein En Hgn
il e Amounts of Creep Strain {(min) Time jin 1.5 in. [Time (Elongstion jsfter Rupture
{xpei) | (4} o.1% lo.2d ok |1.08 [2.08] (min}) I (%) {min} (¢) (%)
g).\ 25 0.09 | 1002 |80 [3065 |00 |neso] - - 570k 5 7
' 30 6.17 2% 640 | ohs §a3k0 10aTY e - 1527 b6 5
30 0.15 558 ] 930 jaeis 11388 [1su5 ) 1543 o — — | -
25 0.37 e | shs ] 88 | 00 | 69 - - 758 5.8 5
25 0.18 105 257 porat Lk e - o =85 .6 T
50 0.4 e wo [ 208 |20 | A0f .- e 361 4.5 &
50 Cor | 133 §aBy | 288 | 300 § M) .- - 359 5.9 3
5 0.5 20 3] 09 139 167 - - 190 h.1 )
5:.59 | o.m 15 27 k5 58 (£ 5 o i 3 b
g
L%}




RAL AEXE

BOR ORENE' RL ALIOY ¢

- Heagdb No. BV 272

g ogsthod -
lengbh -
L oatzoaphare -

T SR T RS S U B8 (1)

Tost Discontinusd Soecimen Falled
. Tadicated Sneoimen
fune Indionted .
cafiing ! Q,_:g;;d§;§nk Feongad Lo
S g i it tn 1.5 in. Figms after Rupturs
. . P - bar o i ¢ %
{¥pail (Y (e i (%3 Cmind (%)
¥ L [ fa 12‘ - J—
e, A B o~ [0
pi
: - GG - -
LR e - 1Tl €
507 s o - 625 5
i RN, e . B Q
1 GL D e e e b
1
it e 3 hd
i . A4
50 o e - 1 = S 5 L1

sl




WAL ASTE

TABLE XINIY ﬁ
L7
1200°F ORERD TEST REQULLS FOR ORENE' LI ALILY PLATR s
TF
3
Mataypisl ~ Heat No. TV 508 N
Conddition - fe?%f‘j(}"f‘ 2 hrs, AU i
LES0TE, B nrs, AC kot
Plate thickness - Q.312% 4in. e
Heating methnd - Resishance w
Gage Lengih - 1.5 in. o
Tast abmosphers - Al .
Tast Hpeontinued Gpecimen Falled
oy _ . . . Specimen
:;W{S e Tenaed iﬂg i b }ﬁ:()ﬁ?uﬁ ﬁwx‘ﬁﬂ? :E..ii aé}@i} Blon %ﬁt‘ o Bmﬁg&ﬁ ton
Ghickneps | Otress | Sbrain Ampunts of Greep Strain (win) Time {ia 1.5 in. [P®ime jafter Rupbure
{ir.) {¥pai} (%) C.14 0.8 0.7 0% 1208 {min} {%h} {min}
¢ 02 3125 70 0. % - - o — . 4118 .05 e e
0 {0 3125 760 0.3 - . - - - boagml o l0.01 - -
] the 51ES g e 5% R - - - . 105G weiih e -
I TR oL A - s e - e L2gT M - o
e LG ) - - o - - 10k L0 e e
Cra B0 L1% ) 2hh 15 BTG e oo - R - aETL &

s

0L B0 1303 S 1 % 3 VLT B e - 1788

0,200 1Ee LG - o - - - - - - 0 =
L8200 19%% .- - - - . - s o o 3

# Specimens bested sb 1250 and 129 Kpsi Feiled wpn losding.

B0

LE0G




WAL ASTI
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AL A4TE

TABLE_XLIX | o~

LEOOYP CREEP TEOT RESULTS FUR RENB' L1 ALLOY PLATE . $

Material - Heat No. T 568 £5

Condition ~ 2150°F, 2 hrs, AC "

16%*F, b hre, AC E§

Plate thicknaess - O.3185% In. N

Heating method - Resistance e

Ouge length w Lef dAn, <

Tost Almosphers - Alr 3

g
Tagh Discontinued Specimewaimé

. . Specimen
Time to Froduce Indlpoated
Loading rgr ey £ P Blongation Elongstion
Btreas Straln fpoanys of crenp ”ﬁrain*§Min) Hime in 1.% in. Pime after Baplure

{Kpai) {%) 0. e 3 e 4 2.0k {min} () {min} {%)
20 AR e o - e - WA 007 - -
o &% 0300 - - - . - 189 0.0% - wr
g 50 3.3 TR - - - 850 011 -- -
e 1A aro TR 183G P1L% 2500 e - wTRE 4
B3 Cal 647 LEECG 1900 T 2L 2R 2.0 - -
5 0.15 2LT L0 657 TES Bal — _— G s
Ly .18 G% P Baiy S5 £50 —_— e ?89 8
50 Ge18 BT 2490 Ht! =13 “RnH - -~ 55 &
4% G.81 &l 118 151 Y4 277 - - 258 6

“ {?09 AHOMIE




MAC ALTE
TAILE L et
kil
s OPEST RESULTS FOR RENE 41 ALIOY FLATE =3
=
3
Maberisl - Heat Ho. 0V 0B er
Cord Lilon ~ B1S0°F, 2 s, AC 2
EHORE, b ohrs, AU »
Plate tnickness - O.5L2% 1n. =
Heating method - Reslstance pig
Gage Lenghh - 1.5 dn o
Hent stmoaphers - Alr “
Tant Disconbinued Specimen Falled
Tige to Produce Indicated Spes Lnes
Stpeas Losding Amounts of Oreep Strain (min] Eizngation Elongatian
R Strain Time in L.% in. Time after Hupbure
(Kpat) (%) G. 1% O o 1% Z ot {min} {47 {min} (%)
' 5 0.03 6% 12970 o - o o6 0,25 — -
) g .03 -- o . - - e 0,08 . —
i . "
10 G.0h 195 265 555 b1 45 - o &b 15
10 0.06 B0 Bao% e - - - - - e
10 .0k 1 ehi A1 Ay WOk o - L8 1
15 Q.08 98 L0 150 paf 268 - - 538 1
20 EPUEY G W 3 B3 56 e o 73 1z
2o 0L 12 2k B, BE 68 o - 113 18
20 0.3 3 on 2% Lo he - - e iz
EG G015 e 1.5 2 5% ) o - 8 13
¥ Tampevature errabic, test digeontinued, dats point guestionable. §
#E Past discantinued To repair machine, wsbles overhesting. g
L




MAL £RTE

TABLE LI
PTG WELDTNG COHELULE FOR 0.068-INCH RERE' 41 ALIOY SHEET
Wire Electrode
Materlal Filler Wirs Spead Current Yoliape Feed Dismeter
{ipm) {amperes ) {ipm} {in,)
Rene’ Ll shee None 30 75 175 — a3
Rene' L1 shesd O 0hOwin. Gis Pene' Ll A ) 250 14 16 2iA0

A1L walding was perforssd on the Berkeley~Devis automatlc machineg naing
heliwn gas to protect the top of the weld and argon gas for pack up. A
gpecial treiling cup was used to give added gas protection, and & wet
rag was applied behind the trailing oup during wolding bto serve 48 &
quink quench. ALY panels were roll plendshed after welding and dye

checked,

IA " 108 LLZwE0-u0)-g5Y

g{}(}a AHCITH




MAC ARYY
TABLE LIT 4
T
TG OWELIENG SUHEINLE FOR OLe80-THUE RSNET B ALIOY PLATE g
&
Welding Yeiding p
Material | Pass Fiiler Wipe Speed  Purrent [Voltage Eilsotrode all Paswes >
Lipm) | (amps) g
o A . ‘:
Rene' 4l i Hone 15 EE 0.8 EiEg dimmater, % bhoriated tnngsben i
plate *
> 1/16-~in. dim Bene' 41 5 260 1.5 =
3 1/16w4n, dis Rene® BL | 19 =0 |1l
i 1/15-in. AL Rene ' 51 1% 330 11
5 1 16-in. dla Rene' B1 15 AR 1L
3
o 5 L/16wdrn, @la Renet BY 15 e 1L
e}
t

BTES
1. Materisl sleaned in sikaline sclubion followed by MUEGE. prior to weiding.

2. {opper hold down and back up Deprs wers used,

%, ALl welfing was performed on a Berkeley-Tavie Automatic Welding Machine {(WL~TT7}
using helium gas for toveb side protectian and arepn gas foy bsckup protection.

3 lulzi ]

el

-
ks




DABLE 3L

SEORT TIVE TRNGILE PROPERTIES OF WELDED RENE' 1 ALLOY SHERT
WELDED WITHOUY FILLER WIEE 2

Meterial =~ G.0%5=3n. sheet transverze fusion
welded without filler wirs

Heat ftrestment -~ After welding, 2150°F, B hrsj
1E50YF, L hrs

Holdd time ~ 15 min

Heating methed - Reglstancs

Tast sbimosphers - &l

Strain rate « 0.00L in./in. /ssc to yield
8.01 in./fin. feec to rupture
Hzat pumbep - IR RES
0.5% Uitimate L
Speziman Meant Proporsisneli Yiedd {Wensile #Flongaticnilocation of
Huzber Teamperoture Timit Strengthiftyengthi in 2 in. Fracture
{F) {¥psi) (Xpsi) | (Kpsl (%)
BT i Eh 6 93,6 8.0 Porant metal
IEE By Gt oty 93, 1850 21 arant metal
LTTEF 1200 ER.O B 115.58 21 Payent metal
338y RGO T80 5.0 106.0 a8 Parent metal
1708 1500 1.0 T5:.0 T2 7.5 Parent metal
1ROR G0 26,0 2,8 $3.9 16 Parent mebal

MAL X473

fAazsed on one specimen g1 esch Lest Lemperaiure
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. TABLE LIV

SPOET TTME PENSTLE PROTERTIES OF VELDED RENE® 41 ALLDY IEEREDD
= WELDED WITY HENE' k1 F:LEER YIRE

Matwreisd - CL0%%.in. sheeh Lyansverze fusion
waided with Rene' L filler wirs
Hest bresbmend - After welding, 2150°F, 2 hrag
LGP, b ohrs
Heating method « Resletancs
Tast stmosphers - Aly
Strain rade - 3.00L in,;iayfaﬁe b yield
0.0 in.in. /ses o rupbure
Hold tims - 15 min
Teal pumber - TROPEh
0.2 (ULtimete
Specines _ 7 Yield 1Teasilz ELongetlont Logationn of
Furber omperat dmit Stﬁsngth Strenzih: 1n 2 in. Fraphure
& s ®
' {Kpsi) | (Epsid {%3
; i51F 86,0 wmatal
BopE 51,0 mahs
. SERF B1.0 g metal
18y 1200 LG 85,5 2.0 25,7
18ny RN i, h 53,40 ILlbeD b
LELE 1A AT LE YR e .,
3 Eee 1 Ee Wi BE L i
AN, ot g PRI Y TR I N 5% = -

WAL AeT¥




HAL A4y

PARLE LY
TENSTLE TROPERUIES OF WELDED RENE® A1 ALIOY FLATE

Material - 0VE50 in. Rene' 41 plste, welded
{trangverse)] with Rens’ L1 £iller wire

Haat trestment - After waldlng, @L50°F, @ hre, AL
1650°F, & hre, AC

Heating - Resistance

Hold tlime 1% min

COR T LLZ-E9-HOL-ISY

¥

Htraln rate w GLGOL dne/ln.fsec to yield -
_ 0,01 dn./ingfaee o rupbure =
Pent stmosphers - Alr
0. 0% Uitimate Young's
Speimen st Proportlonal Tield Tensile Elongation Moduliua focation of
Humbey Temparature Timit Hirenghh Strenghh in B odne & Fracture
. {F) {Kpsi) {Kpai) {Kpai) {%) {107 psi)
e
f* AL R Bl 11%.0 1680 13 .5 2,5 Pavent metal
IHOF 1200 TG0 97.5 138G 5.0 Bl Favent metal
AR 100 680 Br.g L. 8.0 1.9 Weld
BELF 1600 TE LG G2 1080 8.5 BOT Weld
2EUSF 1800 295 28,9 k7.5 50 6.9 Weld
®
3
=

4o09




MAL AETY

CRERP-RUPURE PROPERTIES OF FUSION WELDED RERE' W1 ALIOY SHEET

Maohine w Are wald
Heabing ~ Hgsistance
Tage laoghh wo 1.5 A

¥o filler wire added

Sheet bWiiclnoss - R in,

Haab pumber - Ty 205 (Heynes )
Heal brestoeni w Sk, HOM. BLSOTF, 2 hr, AC
Agad st 1690°F, b by, AD

Spel e
Kumbear

Teat
Parperaturs
(°r)

Time Dor
Indicated | Time o
ontod Jresy ey Creep ] Ruptare

VT ; 5T, 043 {min} {min)

Crsen  Losding

Ehrain

Elongesion
dn LJ% dn.

LAH

g A
e

w e | e Jou28 1399 -
we ] | e s 521

- .07 1 AEOL e

o - - it
e - — 1R

— 0.17 |ikel o

1575 | owe | ww 1552
o~ (1. 553 A -
—— o - sheT
BHD - Ashl

we 10.9% 1150 -

{8 08 TLIT-LS-NGL-05Y

EROIEE

JEE—
S00T




YARLE IVIT >
CREFP-RUPTURE PROPERTIES OF WELDED BENE' 4l ALIOY PLATE Ei
s
Meterial - 0.85 in., Heme' &1 plate, welded gi
{trapsverse) with Rene' AL £iller metel g
Brating ~ Resistance o
Gepe lengbh - 5% An. ok
Hest bresbment - After welding: 2150°F, AD; o
WSO, 4 hos, AD 3
T Greep  1L08TI0R] niwe ba Produce Indicated Cveep {hours) Time to [Elongstilon -3
Gpecimen |[Demperature | Btress | Sheain® == Fupbure in 1.9 in.
Turber (o8 {gpsl) | {%) Guohloead jo.89 0w DL R0 [h0% | {bours) {43
. RBLF 1830 95 L1y 17.% 132.5 159.5 {113.0] »e o o -— o
Lagy 180 G0 G50 o ] e - SR g - - - -
S BA%E 1400 1 063 ousl o0l 1.0 1 20fes i3 | - 47T &
n S 1HO0 76 0u 8% o.650 1.0 ] 193] 3.6 5.8 T A0.E3 ] 106 &
' hasg 1B00 Th (o9 T 0.l Guld 1.1 1849 Ba5T 7.2 14
LBEE 1R00 &7 027 L.ss] BAATIIE.T | 25.1 827 pRY | .- Ul 3
Lnmg 1BOG &2 160 1.35] 8,87119.8 1 2800 kB0 BOLE - w7 %
L7 1600 b5 G o 1 OLOS OLRRT 058 0.98 Lk o 1.7 &
LAEE LE00 29 .57 G.671 133 2.4 4.0 1848 677 | e 8.9 &
LAOR 1600 34 0. 17 CLEG] 1.5 1 RS ol %08 7.0 7.8 7L 3
HEOP 1600 28 033 2.0 1 8.7 | B8} 151 19,85 - | - - e
LELF 1800 16 0.15% we b OURY GLBS] LB LT R.7T ] 3.60 275 g
ShEE 1800 12 ¢, 10 we P10 ] 6 b BB (RS 1580 6L g
43P 1800 4 0,18 G.80) L5 1 B0 BT U228 e B0.9 B3,4 12
bbby 1H00 5 o0 DO EED BT e T - 3 b i

# Strain resulbing after sppiving losd fo heated spucimen stabliilzed at test hemperalure.

Foalt ]

5005
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FABLE INIII

COMPAREIOR OF TESOTLE DATA FOR KOTCHRD AND UNNOTUHED HENE' L1 ALIOY SHEET

P
(¥
w2
A
LA
T
fi;
Vivimate 2
Tdentification . - _ Test Bilongation Penaile Hotohed w4
Musmiber type Specimen Yemperature in 2 in. Strengtih Tenpile »
("Fj {4 {Kpsi} Ratio {1} <
s Rene® BE Unnotehed {8) i 1h 1G9k .8 0.¢ :q
&0 Reme’ b1 Ky = 8.5 wp - 1788 < s
- Rene® bl Unnotohed 1RO & iBL. 4
816 Rene' Bl | Ky = 2.5 THOO - 1383 UG
- Repe® 41 Tnnebrbed 1600 % iH.h 8
; 6o Rene’ b1 |X, = 2.5 1600 . 101.8 L
i
: . Rene' bl Unrnobohed 1800 15 1.8 1.0
GG Bene* M1 ¥, = 2.9 1800 - Lz, )
Hent Trestment: 1I5990%F Solubion, l@?{}aﬁ? , 16 ne
|

{1). Notehed Tensile Strength
Unnotehed Tensile Shrength

{2y, Dpata from Haynes-Stellite for all unnotehed Reme’ 41

WOHAR
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TARLE LIiX

RUIPTUSE DATA FOR NOTCEED RENE' 41 ALLOY

Tant Hupturs

Tdentification Type Epeoinmen Tenparature Ioad Time
Nusbey {*F} k {¥psi} {hr}

el Rene' &l | K = B.5 1400 &8 151.3

et Reme' 41 B, = 2.5 1400 =i RE .4

254G Repe' 43 K“t, w P 5 140D 7O 112

550 Reme® ¥l | K, = 2.3 1600 25 DG

BYG Rame’ k1 K, = 2.3 1600 50 beE

S8G Reme’ 1 | K, « 2.5 1600 35 1.7

MAL ASTY

el
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TABLE Lx

CEETIFIED VENIOR REPCRY ON TROC 7130 ALLOY TEHST BARS

MAL AEYE

{Heat, FHo. 357
CHEMICAL COMPOSITION
&x Mol Fe i 0o P Cu |71 AL g OI8L Ebh & el dr B Wi
12,565 1,52 L3008 LGl LT BB 0 6 1036 1 212 10007 10,0008 [Balance
FoOM TEMPERATURE THENSILE PROPERTIES
{fitimate 0.
Tensile Yigld Blongetion jReductiion
Strensth  [Strenzth jin 1.0 in. of Ayas
{peil {pat} (%) (%)
136,200 1ils,400 & 13
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TABLE 1XT

SHORY TTME TENSILE cURENGTH OF CART TRCO TI30 ALIDY

Haterial
Dondition

Henting method -
Tegt atmosphere -
Gage dismeter -

Gage lenghh
Strain rate

~ Hest Ho. 357

- A pash
Hesistance

Afy

-

"n&.m)

.25 in.

« £.000 in./in./eec o yisld
G901 dn.fin. feet to rupture

Held tiwme - 15 min
0.2% Ultimate Young's
Test Fropoviional YTield Tensile Elongation ModuTus
Tamperatiyre Tidmit Styength {S8trength in 1 in. &
(¥} {Xpsi) {Kpsi) {$pei} (%) 107 pei}
s 95 1i6 12h z 28,0
Ry a6 115 158 5,5 BT 8
1800 24 10k 128 b 26
108 £9 108 108 2 B8
1600 S 1105 118 5 14
1800 3k 51 Th £.5 1k

AL A




B % B
HAC 463
TABLE LXLY >
Lwed
18007 CREEP TEOT HESULTS FOR CAST INCO 713C ALIOY =
pi+3
#¥aterial - Heal Ro. 357 é}
Oemiiting ~ Ap recelived o
Gage Slameter -~ (290 in. ™
Heating method - Regigtancs »
Gage lengbh -~ 1 in. g
Test atmosphere - Alr -
Tegt, Bisoontinued Specimen Falled =
Specimen
Stpess Ioading Pimm ho Produce Indicabed Blongstion Elongstion
Shrain Arounts of Ureew Strain (min) Time in 1 in. T e after Rupbure
{¥psi) {%} T it Iy 0. e okl Z.0% 1 (min) {9} {min}
%
oy 100 1 - - - e we 11568 0.0% - -
and
! 105 1aiH 2% 15 £03 R Brop e - T3 *®
110 TR 265 L6E - o - 1593 G b - -
110 L 295 5% a37 o wo 1hob 0.8 - -—
11% 1t} 6 B84 P8 - - A6 (65 - -
118 155 RE G LO3 80 o v - 151k A
120 1e 35 120 - e e o e 208 o
R0 2.8 1 10 o . _— — - 200 L
)
&
o




RAL BEXY
TARLE LXIIT o
%3
1RO0YF CREEP PEST RESULTS FOR CAST INCO 7130 ALIDY o
ok E
3
Material = Heat No. 3587 [
Gondition « As recaived vy
Sage dismeter - D50 In. bl
Heating method - Reslisbance i
Sages lenghh - 1 ine e
Pent abmopphere - Alr i
- @z
FTeost Dsconbinued Specimen Fallsd -
N R Specimen
Shrena {oading miiifa‘s tg f'EJf:;:EEQ Qg i;ﬁ iga?gfn} Eiongation Elongation
Shrain — S Time in 1 dn. Time after Ruplure
{{pai) {6 ST T S L 4 5 108 j2.08 ] {nin) {47 (min} {4}
B T2l ik BT e o - LG 0% e -
s ey £, 03 ao e - - v 159% FaPuats) s .
-3
™ 2,35 SO - B £ T - B 1.k - -
T 0,38 a6 11g I0G mw o~ 1RO 0.6 - o
80 O HT 10 8 kLS 600 1H10 o~ 168 %
#es Ok s &0 185 B0 10006 - o 186 ]
&5 0,56 1 e 55 PR LBy — - &1 k
90 0L i v b 117 2R e e 27 by
G G o 1y pie el o A5 e - 167 %
-




MAC AKPF

TADLE LAY

160G CREEP TERT RESULES FOR CAST INCO TIHC ALIOY

Material -
Condition -
Gage Olameter -
Heating methsi -
Goge Lenghh -
Hesh atmosphers -

Heat Ho. 357
Ag ooapt

GL. 255 in.
Besisthancs
Ioin.

Adr

Stresg

{¥pat}

Toading
Hhradn

(%)

Ao

Time to Produce Indicatad
b of Dreen Strain {ain}

Test Discontinmued

Specimen Failied

Hiloagatlon
in L din.

"
.04

.54 7

{#)

Speciman
Blongation
T aiier Ruphure

{win} (%)

El
] T
i P
A

)
4%
I =

el

1. 30

3.5

G.3m

3.5

Uelh

O AT

1.0
0,65

L% - _—
# e o
Wiy ;
BEO k)
- e T
N e i
A [ RS
B St PF g,
e Ho )
* X e
1L 4%

il

J— P

oRi% #
[
G 5

somethar fail off.

TR T10A T Lie~La-uQf~a5Y

2107 ]

o

p




TABLE LIV

B00CF CREEP TRST HEBULTS FOR CART FROC VLAD ALLGY

Mmterial - Heat No. 357
Cemdition - An recelved
Thickness « G250 in.
Hegting method - Besistance
Gage length « 1 4n.
Tast stmosphere - Adr
Tapt Disvuniinued Bpeolmen Foiied
Loadin Time to Produce Indivated - " Eip&eiﬁin
: AT NG nts of Creep Btrein {mi angation Hongation
PATEss | oirain N 1 {min) Time in L in. 75 me after Rupture
{Kpui) {43 0.5 o 0.0 1-0% 2% 1 {min} {%; {min} :
3 10 005 2% 29% - o ww BERO .40 - -
@ 10 .06 56 167 e o " 1350 .38 - e
) 10 .00 2 Tt . — - T80 ¢.80 - -
15 GoRL 2 # 206 - o 1510 0.8 - -
ey G, 16 £ 10 e 10 - 15 1,55 - -
ey GULT 2 b & G960 . 1135 1.5 o -
25 .52 e 1.5 e 194 bge | e - B0k 18
2% .18 i & Y 2 Gag - - 736 g
e G.P0 0.5 * 18 L iirpl - i 208 G
B0 O.p8 - i 16 TL 1am - - 190 0

A TEOA T LLE-E9-uaL-G8Y

3203

¥

9
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MAL ARTY

voevYee

WEILD -~
AFTER CYCLING

PARENT -~
AFTER CYCLING

WELD ™™
PARENT —

¥OTE: Oyeling congleted of XD cyclas - 150°F to LRO0°F fn 3 min., heold

WE LD -~
PARENT —

ROOM TEMP, TEST

PR OLD -

1400° F TEST

i}
=4
ad

+ -t 4 + 2 Z

. " $ P— 1

’ a,

4 # 4 g 3 »

H # t 4 2 ik

L1 il Lol Ll g

30 25 2015 353025 80 757065 5045 40

PROP. LIMIT 0,2% YIELD  ULTIMATE ELONGATION
STRENGTH  STRENGTH N2 in.-—%

SR 4751

abt LEOCCF, % wming,

cool to U0F fn S aln., 25.% kpel melnteined un specimen Ynroughout entirve 3% oyeles.
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o
tad
fo
e et ot H 3 @
# H # ¢ 2 &
Lt L] L bt S
40353025 5550 12512{?; 15 504540
PROP. LIMIT 6.2 % YIELU ULTIMATE ELDNGATION
-~ Kpsi STRENGTH STRENGTH iNZ2in, %
Compmrison of Tevsils Properiies of Vaduum Melted Hastelloy O Plata
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FLOEME 21 » 1800°F Creep and Biressoiupture Dete for d-235 HLloy, 0.250-inch Flate
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FIGURE 24 - {freep-Bupture Propertise st 1600°F of 0.053-inch B-B35 Sheet
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