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FOREWORD 

This report vas prepared by The Marquardt Corporation, Van Nuys, 
California, on Air Force Contract FY 33(557)-0125d under Tasks Nos. 1 end 5 
of Project No. 555A, "Nuclear Ramjet Propulsion Systems Research and Technol-
ogy." The vork was administered under the direction of the Propulsion Labe-
ratory:(Directorate of Aeromechanics), Aeronautical Systems Division. R. F. 
Latham was Project Engineer for the Laboratorye 

The studies presented here were performed during the contract 
period 1 January to 31 Dermaber 102. The Marquardt Corporation actIvities 
were under the direction of A. 0. Mooneyhern Senior Project. Engineer. Chief 
contributors were J. G. Pendot, Aerothermodynamics, F. D. Grossman, Design 
and Development, and R. F. Duro, Controls. 

This report is the final technical sormaary report and concludes 
the work on Contract AF 33(557)78123. The contramtorfs report number IS 
Marquardt Report 6003. The volumes of this report are as follows: 

Volume I: Summary 

Volume TT; Propulsion System Perrot 	Mnce and AerotIserou- 
dynamics 

Volume III: Ptooulsion System Controls 

Volume IV: Propulsion System Lesigt end Structural Analysis 

Volume V: Propulsion System Test Fisrming and Ground Teat 
Facility Studies 

Velure NI: Structural Materiels Investigations 

This report is classified ociassIrwr in conformance with re-
quirements oontainee in AF-provided security guidance (Form 151) and CC DOC 
75- 

63 fie21.m.-361,- 
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LO INTRODUCTION 

The investigations reported herein were conducted under AM 
Force Contract Alt 3e(e5e)-e1e5  and are concerned with evaluation of materiels 
meentially considered for propulsion system medication at service tempera-
tures ranging from approximately 950 to MOO'S and for periods of approxi-
mately 10 hours, 

for temperatures below 1200OR many alloys are available Ram 
ever, for temperatures above 12001L the number of alloys potentially suit-
able for *Propulsion system application is quite limited, Of the alloys 
available for high temperature arolications, sore are of the solid solution 
strengthened types aeon-Mine simple heat treatments and are relatively easy 
to weld while others, because orf their complicated strengthening mechanism, 
require more comolicated heat treatments and melding procedures, Sestelley 
C and Bastellm X alleys are of the first class and, in additioa, are strong-
ly resistant to oxidation, Mastelloy TI-295, Rene' 41, and ince 7150 alloys 
are of the second Mass, 

Literature sammys revealed, for the materials of interest, 
that creep-rubture data were net available for vein ids of less than 10 hours. 
Therefore, a -grogram was initiated f/D obtain this design information, and, 
to set stress values far creep-rupture tests, short tine tensile gate were 
obtained, Since portions of the hardware will be fabricated by welding. data 
for welded material were obtained for design purposes ana to determine meld-
ing methods and rammed:ire. Sinta the design values of alloys can be mode to 
vary widely by different, heat treetnarma, by cyclic stresses &hammered in 
testing and in service, end by notches introduced luring fabrication, these 
effects were studied to estveslist preliminary design nate. 

Fabrication of intended hardware will require use of materials 
in the form of sheet, plate, comings, and feasibly castings. Martially C, 
Hastralloy X, Rastallm EMT), are 9e9M a- 	are Tmlea s ile Eva:Seabee  
for hardware usage in lha form of sheet, plate, torgings, and they ELFff he 
obtained in cast form If required, Ince gidrt is onia obtainable in cast 
forms, Since mechanical design 'palms for each 11.0.y vary significantly with 
form and fabrication history, meternal mmerties were investigated in forms 
considered potentially useful to establish preliminary design data- Only 
sheet and/or plate or the first four allays listed shove were insmstdgated, 
since special resairemets for castings of them mato:MO are not currently 
envisioned due to the availability of Imo ylete. 

hany cr' the short time tensile and creep-rapture data reported 
were obtained in 1961 but they are again reported here for completeness, 
since additional vorit was performed in ISM to define some of the creep and 
rupture bands more clearly, Eccessish scatter was encountered in earlier 
testing of welded 	 ;Zff invystigrairnr of Eastelloy C and Hadtellay 
X and the notch stress investigations of Mastelloy R-235 and Rene' 41 were 
performed in 1942 ,  Cyclic natemirls inveatigationt of Rene' 41 performed 
during IMS are presented in ininie 0:4 

Manuscript released ess Me Maramodt c7,07attori on 15 ;Mammy 196S for pub-
lication es an SSD Ter:Mimi Mccreatcy Report, 
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Z, 0 SUMMARY 

The nickel base slang's Hestelloy C, Rastelloy X, and RastelIng 
R-215, Rune' 41, and Inca 213C +were investigated to establish preliminary de-
sign data not available in the literature. Creep-rupture and short tang ten-
sile strengths of these alloys were obtained over the temmerature range fros 
1200°  to 1800 ° F for sheet and plate of RegaT and Rene' 41, slate of Hastelloy 
C, and cast specimens or Inca 1150. Creep-rupture data were obtained for 
short periods of time ranging fro N aperoxlmately 0.1 to 10 hours. 

Investigations were conducted to determine the effects of weld-
ing on the creep-rupture and tensile troperties of Hastelloy C, Hastelley 
R-235, and Rene' 41, In addition, the effects of heat treatments and cyclic 
temperature under constant stress on gostelloy C were studied, Tables and 
graphs are presented to illustrate the data obtained in these studies. 
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3,0 DISCUSSION 

Mechanical Pro: 

and its in 
this a 
fabric 

Due to the elevated temnerature broperties of Hantelloy 
al stability, it was decided to undertake a study of 

et ermine its potential as s candidate meteriel for hardware 

3.1-1.1 Vacuum and Air Melted Alloys 

The alloy was obtained as air melted a 
plate and forgingo. The plate, both vacuum and air melted, 
thick; the air melted forging was a )inch diameter bar; and 
molted forging:a were 0.55manch diameter bars machined from a 
The vendor's certified: chemical composition ens room temperate 
properties of air melted plate are given in Table I. The vendor's co 
chemical analysis for -vacuum melted relate, veld wire plus room tempera 
tensile properties for Oa:ATOM melted plate are Ankon in Table II. dempar 
of Tables 1 and It shave that 

uld expect aI.licon 
r (s) to. be lower  

Actually, carp. 
C), molybdenum 

ghtly higher or with 
relation to the  



2. The mechanical properties of the vacuum pelted 
alloy are comparable to these of the air melted 
naterial within the scatter us- liana,  found betireen 
different heats of the each" 'alloy. The greatest 
advantage of arson reciting was found Curies 
heldiric in that there was alneest no porn city and 
very few detectable weld :defects (see paragraph 

3 , 1 , 1 , 2 	Tice Tensile Studies 

Tire survi tine tensile corrurties of air relied 
Haa 	S 	atz teaueri at rcoaa temcancatipie, ICi30 3 2  laren', leer, and 160,. 3 7 
end o rrar cum raulter iciato at recu tenperatare and 11.00 °F are peescutea. in 
I 	III, The 6:riteES riLtatt. Ott°. VT for the air united cateriel are sheet 
In liVir2.22r 1 These results indicate that 'Flattens/ C retains hse -081 enc.:- 
teid( ng strengths to to i6oCi, Coruarison. of the tereile dote In Table UT 
stabs thrt toe mocharsidel pfureirt( 	tri  the manna, delte0 plate at tr'S tee 
ttrirs're and eithriF arc es 8.1 to those of the sir melted nate-airs: within  the 
singe of war-Isar.= nuoircalip eoceinfored, 

5.1.1.3 Crean-Rupture Studies 

77e erinp- - arrtuce preopecties of air TalLii 
ttirri c 	CV 2  Sri' (3.37"S are giscn in Table IV and Figure 8 to 7, Th- 

ane:ape rept Lisa jilt' 22'2 L i 	ot the avernirn crated alloy at 137.0 .(8 are ancat 
Ts le V. T" sec :Hob ative arri (  cithrs. the bends of the err sh ( ted cantonal 
s( eared In Ibur 	 otudies snow that Hants: ice' 0 has 

5-1 ergrevealca re serceptia lever re A>Cr tf.r.es leEs than IC 1 -e2crs 
HT eau°. Bt 	 St77.:“; Ihatte's :scat ire maintained at adroit 7 0  Tub or 

airtv". 22.2 tV :Sir 	 asSiihtle Was dEVC.% P' eA .1 

RV =4'4' ■14":% '';',11( 	,17; 	ttCr; krr, tac it  TA stack in TiiitS p unralty was rad „ere ( 	 ^ 

	

fLy and r 2" 	VCS 0 sr rbcd nedsetren in incluaions as ceavernd to Shore 
I s air nel 	:c.te :4 1  r 1. Ter (“0- ;i< ;Ica 22010t12 4,) has used to holding 
ea nu", of "trri Sistra "2 'shish care, in turn, utilised in a felin5 conieronenurros 

	

•are :Lct.oI. C 	 I 1C. P.:( 2 ,te.'.., llieS 02 base and welded naca.c. rented 
2Cc 0. 'cc, nareat.s.- and 	e,; ° rtoe cinen in Tab its VII re, r VIET. Fur 

•(.. Ttni end the T (Tr sco, thernfocr, Cause of the has '''44ter 	yes 
anm 	 T hrh VI1' c y (Ts sTreican rbittred 	tire -acid end, 

70(  fib 	AA4.3 	Thu elii^tes are esserftially those cc. t nese arte 
Ternier in rut Its- erd B rucacca at the ate 2 12 .4S cat arciparespiure "Tabs ri rireldal 
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3.1.1.5 Heat Treartment Studies  

The effect of sclution annealing at 2050 °F ;  instead of 
the recommended 222t'll on the tensile properties of Hastelloy C at room 
temperature and iMaget is shown in Table X. Only slight increases in ulti-
mate strength with: similar decreases in yield strength, and a definite reduc-
tion in elongation were mt-i ',Tv= pm: poottoral fetutt ard Xming's modulus 
remained essentially unebanwed, This behavior can be ascribed tu a slight 
age hardening effect produced by inescalete solid solubility as a result of 
annealing at a lever diericharadadde aa sighs be expected. 'These changes are 
considered to be within satlafsetcby limits and they indicate that hardware 
fabricated from Haat:Miley C as 	ocuid be solution annealed at 205a ) F in- 
stead of 2225 ° F. This ibmer tatteratUre would nage arailMbbe tar fabrication 
usage a large number of heat treating furnaces which cannot oterate above 
c100 ° F, 

Selected bedded test 	were cult, acted to a 
final heat treating cycse of 2215 with al-winute sir muling and timy were 
stibi'ectea do bend tests 	...ec 	%,4 21 a ddt ceid 	eel" a radius asual 
to two times the thickness of the material or a dtpineh radius for the 
speeismns tested), and shard time tensile tests at diel td. The results of 
chase tests are shown In Table XT. 7Thr,  L'end teStS air nst profuse cramming 
and the observed tensile pi:Test:pa at telite are C e  csigerei contarabie to 
non-heat treated alley daihes within a •croal. scatter range. 

Tha effects of hest treaffng and gosling cycles on 
forged cress sections were B,Udi'i 	deter-One the trotertLer worich may be 
expected in fabrics- BO haricarn cam hensi e Ls romtles Chien result in a 
forging as a minseusame 0 fvmenu; t ubers: mmetabbming hem' 'resting cy- 
cles are presentad in ladle Xi). 	h a e p 5,5rthe tbduced e amtudidant 
change in the tens lie trope:Mpg at 1-CC 1 F, One- -nce armtsti oci limit was 
lowered by about flhe da: as a reset -  f 2 sidle:,  at nenU T  f 	20 rtoutos 

resulting crun 	aster and al- ci bung uyilec sir piesertan ir Tanis 

risi properties dae; 'r lost mcemnict; 

-ese - eyi cud oeted ata p stmudem wets aL5c 8.:,-,- 

jecte:: to cyclic tenteramie teamiu t 	ns - en• :tress. One test =abated 
of el cycles a 15 curater; each. a+ 11021 urod- a ism sent stress c 2t.: 
Kpal as soherlmnicalla 	iinottce in figure; 9 	The: letting phorion of the 
cycle from IX. )  it oltdM was so.cemordiebend in 5 -fru-er and a:coming was Cc-
complishoel id 5 mfrubs. 'ha eruct b creep ecfmrsfirm of -h- specimens 
was measurod et IT. 2 / . art dd nacits 	Itraile troverties no er -- ndle 
testing:read dbtaised 	:h 	igen, ,:dahits are sides dn Tabia 

Creep tufnerUlas were mt changed by cycling When ohm-
pared to the uncycled alloy,. Anyst tbe tereffe proubtatos. an - y +he gob:porn 
tional limit end -the 'fume's cc:gifts rbre increased slightly by brcling. The 
result; of aye lit : t,e5tE serf:treed on The 720 -11UM melied Osatellb) C: Elate are 
sughnsizea in riguce 111 Based an Sle07 data, It urrears :Shad listedday 
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due perhaps to the fact that it is a solid solution strengthening alloy, to 
insensitive to variations in terthersture such as may be encountered during 
repetitive sitar% testing of a propulsion system 

3.1.2 	thstelloy X Alley 

thudding: X is another member of the Hastelloy family 
of corrosion and oxidation resistant nickel base alloys. In comparison with 
Haste-110y C, Hastellth X is more resistant to oxidation, somewhat weaker in 
mechanical properties, and it is considered easier to weld and fabricate. 
thatelloy X also contains chromium, molybdenum, iron, and tungsten as alloy-
ing elements. Xowever, the tungsten and meldteend content are leavr. 
Hastelloy X, like Hastelloy C, obtains its high temperature strength through 
solid solution mechanisms. The range of chemical compositions of EastelicH 
X is presented in Table Xls„ Its recommended solid solution temperature is 
2150th. Hastelthy Y is generally nrefeired to Hastelloy C (or gastelith 
because of its hider oxidation resistance, easier welding, machining, 70 77% 
ing, and lover edition annealing temperatthe, The principal adtpdage ot 
thstelloy C over thatelloy X is the formerd higher mechanical properties -
Since this difference becomes less at higher temporthdes, the short time 
tensile end othethrupture properties of 0.25 inch Hastelloy X plate were 
evaluseedi at ISSUth for comparative purposea. 

d.I.2.1 incte Tee Tensile Pr-id:ties 

Toe: results of "edits tests performed for Fastedth I 
sre thesentaa d The XV1. thenarisen oe Table XVI with Mlle Ith - 
Xestelley C shows the 7.1"' prione.Irsidal limit and C.2% yield staunch are 
apprednately 9 and S thud Cued retheddely. end the uthasete strength .s 
7 ta A Kpci lower for detalld X at thedth 

5.1.2.2 "rothosthutdoe 	derties 

Cseepd Andre pc-peat:ea thr Hastens" X are pees-anted 
in Idle XVII and 	 ■ 	 Hedda with "site IV end -Pieces -- and A 
for Haste:thy C indicates id: has he 	X is weasel by about 2 to 
ithnour oreep ho :r del' seeds higley than Utdo, and by slips - xi-sated ID Kthe 
in leshour I-4dd. St chid aids lower than 0.71, dethsn •de range Etuc 
id, creep th elea de apprixisothly thudded Although mod sodded 
stodies -acted Y5  senceessed do abet stud indicate that Hesnello, Add 
be •used with e'tne,,M14 ad'vatcse instead of Hestelloy Li if derided silts-
doss can lc made f r lower me/then:Pal proportics. 

Has t. el 'lay 	a niehes base al 1< :-v IrOcst 0. ding etc s- 

	

Len_ maluideice, si =true, sr o `i 	 h5E osedul edited' ret 
strength up to _accoF 	d 	its 	tumpuruture $aran/nth rem 
so t, i on and precis 'Ise en -echo; :55 me . The stud les i/ ;tol• 	A. ',dung 
gee provided sodiv /is" ureche "th do °e”..MiZt for edeed stout this:, mare 
ciour'v perthe the crev-turturc herds established in loyel and Treece ten - 
hide data me yr diessid dtathec. All 	the Perk performed in 1761  and 5 
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was obtained In the fats of 0OT2 and vhdrisineh sheet and 0.22-inrn <slate ,  
Short time tensile, spees-rupstare, and notch tensile studies were conducted 
with base and welled sheet and with piste, Weld lng schedules were estab-
lished and welding was yerferter watt and witneut ilastellow 	alloy fil- 
ler wire on sheet end with filler wire on prtue, 

"'Sheet and Ple2.e  

11<< "<sndor - a ce:t:fied cherdsal analysis and nosh terse 
"Denature tensile to pentree a<'s paported A< Tables XVII/ erd XIX for sheet 
and plate .rateriel <  resneetelvels, These graperli dale are cousearalne within 
the range of scatter. 

h 	1h2 sh 	< hoe "Perslle fradies 

studied at <etch tempera', 	3200 	Ii . 110 	, 	cl 11"7 1 11', The —.hulls 
are presented in reele XX she dig .all for sheet. 	gana< XXX end :shirr 
13 for blate. They Anus ,,n , the 1 en, that< ars< re patirertles ef sheet, ex 
cant for eauas Y.:uncle -, theirs. are bugle: at all terreratareS and that bath 
forms ofthe all:: 	NLr. useful sir rant. thme tens lie pa/%ner las on P.P 1830 ° .Pr 

to 17, and thces < a. a a"I 	e in 	 VrrV, and PlApre< en tr. 2 1 , 

mans either did n det 	in re:sec - they useturer, deperdarg ;:h the stress 
imposed< At 1600 aud rat 	eses- deetzesurort wen de abaci and araierebte 
from 0.11 ar 2.01 < d 	a:- :nos, were es-AsAsher: at all tetiela - Aes,  Ia 

all, stress erd resie sheare liere1p< the dat, nrd a to 	he acrcar augers 

than 11. ,r 

scuba, 
sion we:Lorna a-a itho-at fir is.:, bps tee 
Pasture of area::  
better asenharrenai 	ie—res  
welding 	 "7, 
lower tendency to "<rnerre 	utt hes 
study of these twa. mstheds was here' 

<he 	:11 0 tilt' rift as untueed tota- 
ised as Arndara hearties in the Lang. 

1 :1, tag 	dete A". be iciPd Ia a 1 
l'hirearcd as h'bebri, Hive" er um-filler 
herd-hena <I P. er •if fabriestain and 
in the weer 	deree ,reurry, a e-ng „to tiro 
Acti 

sonedassa re-,e- bed fu, an- tchtla C's welt-
ing on sneer chi/hint eta ;. 	 wine, thr 	autts with I tIILe,r wire, 
are presented is i'asies 	and XXX 1 , neaps:trier < X tens ilie eve 1..7-<a' ion of 

between nun-fill% rae. i fir ley weir'? 	 PPS-test' 	- 	T.C.* le./.3° are . 
]200, 1he01 1 77 1 7 > A at 	 Pr“ cn-!lea of welded pieta were 
setae-able to oh to 	walL . deC she' A',  ( 	as les clala: 1: alai% 
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Creep-rupture properties at 1000 4 , 1A00° , 1600, and 
1800'7 of sleet welded without filler wire are presented in Table %XXV and 
Figures 22 to 25, and with tiller vire in Table XXXVI and Figures 26 to 29. 
Certain portions of these data were obtained daring 1961 but Abet' are in-
cluded here for completeness. The tests conducted during 1962 were performed 
to better define creep-rupture bands in times up to 10 hours end to establish 
Preliminary design minimums by choosing lover stress levels at all tempera-
tures. A summery of results for 0419 creep of filler end non-filler welds 
and Nor base material is presented in Figure 30. Review of the data of Fig-
ure 30 indicates, within the limits of scatter, that there is no sigmificsnt 
advantage of one method of welding over the other with respect to creem 
properties for sheet. Moreover the creep strength of the welds appears to 
be equivalent to that ef the base materiel. 

• 
The results of creep tests performed on welded plats 

at l200E, lle3gt,160.19 , And 1A00 11 are presented in Table xmai and Figures 
to 94. A summary of results for 0.1% otter of welds and of base amteria: 

is presented in Figure 35. The creep properties of the welded plate show a 
•tendency to be sc7ewhat loser than thopF of the base material at 14M0 1F and 
lo0C1E4 

, 	3.1=3.5 Notch Effect Studies  

A short series of tests was performed during 1902 on 
the effects of notches on the short time and 10-hour tensile mro•Arties of 
Hastelloy R-295 sheet- A- notch with a stress concentration factor (Kt) of 
2.5 was used for short time tenbile prelmrtles at :nom temperature:, 12009 
and 1690AF and for stress-rupture tests at 1400 4 ?.. The results of the short 
time tensile tests are presented in Table 1511NAI, and those of the stress 
rupture tests are presented in Tolle XENIX. The tests shoved an ultimate 
strength for the notched samples of 0.9 that of unnotched semples and about 
a 10 Kpsl reduction in 10-cur stress rupture life for the stress noncentiu-
ticm factor used. 

9,1.4 	Rune 41 Alice 

Rene' 41 is a nickel base alley with additions mf 
chromium, iron, cobalt, molybdenum, titanium, and aluminum for use at high 

temperatures, It retains higher strength levels than Eastelloy R-239 up to 
IMA999 Put it is pore difficult to meld and requires a more complicated and 
lengthy heat treatment- It derives its high temperature strength fr-m solid 
solution, precipitation, and dispersion mechanisms= The studies performed 
this year consisted of comparirm, the data previously obtained with published 
vendor data and of investigating the effects of cyclic stresses and of notch 
stress concentration on material properties. The data obtained In 190a are 
presented for completoneas. 

3.: 4.1 Sheet and Hari Ententel 

The perdnis certified chemical analysis of the sheet 
and pisgu, tt-w,e,wer with room termemetore tensile properties are preach -Ai 
in Table ft. Tnetr chemical aralpses are comparable within a perky range 
of 'striation. 

- 10 - 



A corn 
A for 0,063 inch sheet 
d 4•, This comparison shop. 

and 1400fA end slightly hit 
studies. The heat treatment 
7—  different from that used in the 

differences which were *Stained, Until 
studies can 

for fort 

Autusatio OTO.  wrid schedules we:ce determined for Ron  
and cithcrt filler wile and for plate with filler wire. .ne 

as 	 intsd for sheet and plate are. presented In Tables LI and LII  
The results of tensile Cents nerformed a-b room temperature, 

E-00 	1600" and IferflF rs sheer veils .  
A on plate are presented in Tables I. 

Fusion 	 'Lig of sheet evithess ULLA) sire consistently p:r-cduc 

he 

watt 	  
2 ASD-TOR- 

The short time 	 ere' Al sheet 
and plate were obtained at room tetrere 
for C.OhlAinen sheet and 5/16-inch 'Plate. The prep° 
Table XLI and Figure 36 for the sheet and Table KITT and Figur 
plate. The abort time tensile properties are considered eauivacent at 
temperetures  

5 Creep-Rupture Studies 

the creep-rupture properties of 
gated at 1200 )  1600' )  16663 3  and 

to 10 hors, The results of studies with sheet material are ores ented in  

Tables XLTIT t XL and Figures 38 to SI. A summarpr of these re 
comparison, 	 vendor data are presented in Figure AS. Fa 

.re presented in Tables =II to L and Figures 44 
eases 
a It ho u g 

pa 	 a s tresses below  
iue did not piduce aeasurable reep or rupture in 10 

160C c , and 18AFF, creep becomes dissi 
stress levels above 5 Kpsi will produce creep 
in 10 hours. The creep properties for plate decrease fasfAr 
sheet up to 18OO lF )  but both retain useful strength levels at 

applications. 

e of 
cr 10- 

The short time tensile properties of the welded plate 
were somewhat highs, 	n these cf the base material when Tables UV and KALI 
are compered. This 	 propertyiference. can 'he attributed to normal materiel  

a 



scatter and is not considered significant. The ductility of the welded plate 
was rot as high as that of the base material. Howetae, welded plate can be 
used up to 1C00 ° F under short time stresses. 

The creeo-rupture properties of Reae' 41 sheet welded 
without filler wire are presented in Table INT and Figures 41 to 50. Figure 
51 Presents a somparison of 0.15 creep at 120 11, 14004 , 16004  and 1230 ° F for 
sheet parent metal versus fusion welded sheet without use of filler wire. 
The creep-manure nrotartiec of welded Rene' 41 plate are presented in Table 
Milt and Figures 52 to 55 for tests conducted at 1200 ° , 14024 , 1600 4 , and 
4220 4F. The 0.15 creep values for welded plate tend to be lower than those 
of the base material as shown in Figure 55, Adjustments in design values for 
welded plate structures will have to be made accordingly. 

Clime fusion welding without introduction of a filler 
Is a rare satisfactory production lesthod, it appears from these data that 
filler ware need not be used in the fabrication of Rene' 41 Maya, 

5.1.4.5 Fetch Effect Studies  

For purposes of providing empirical design data, tensile 
and creen-repture teats were performed on notched Ilene 41 sheet. A stress 
concentration factor (Fe) of 2.5 was used. The results cf tensile tests are 
presented ln Table INIII for room temperature, 14CM, 1620 4 , and 1SC2 47. 
These data indicate that the effect of the imposed stress concentration at 
room temperature and 1400 °F is to decrease the ultimate tensile amnesties 
by amfactor of 0.1 whereas no decreases In tensile properties were indicated 
at 1600 °  and 11MCF, The results of creep-rupture tests at 1402' and 1600 41' 
are presented in Table LIT- These data indicate that the stress rupture 
characteristics of the materiel at 3AP0 i ll are comsarable to those of the base 
material, whereas the stress-rupture, =elue. at 1P00 ° F drops to that value re-
quired to produce 0.15 creep in the base material. 

1.1.7 	Inca 71,52 Alloy  

Ince. 7150 is a high tegterative alloy ParlieclAr:M 
suitable for enployment incest Timm. Inco gliC is a nickel base alloy with 
additions or chtmilvin, orgybdeniag, frott titanium, and aluminum. Its high 
tsnvcratare prnitertlE are totsined from urge it:Patron of the NimM -Al phase, 
carbide formation, and solid stlition mechanism, and it has material pro  r - - 
tics similar to these of Castellon F-255 and Rime' 41. 

Materials investigations were not performed with this 
alloy during 19e1. Rovemer, data previously obtained are presented here for 
completeness. This alloy was tested in the farm of east test specimens. The 
vender's certified chemical analysis and room temperature tensile prelartiss 
for Inc* 712C are presented in Table LT. 

, 5.1.5>a. Short Time Tensile St -dales 

The results of tensile tests conducted at mom tampers.- 
ture, 1220 4 , 14012, 162TT, and 1572 4 i are presented in Table LXI and in Fig-
ureThe 0.25, yield to ultimate strength margin is less for Ince 7152 

ASD-TDR-63-277, Vol. VI 
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than for Rene' 41, The ultimate strength for Inca 71TC is lover than for 
Rene' 41 up to 1h00 417 but higher at 1,400 and 1800'F. The elongation of 
Theo 7150 is higher at all temperatures than for Rene' fl< Taco T15C retains 
useful strength levels up to lOCO'F, which is better than any of the other 
alloys reported herein. 

Creep-Ruvture studies  

The creep and stress runt 
determined at 1210 4 , 1400, 1•00 ° , and BeefrF for ter* 
results of these, tests are presented in Cables LXII, 
Figeree 57 to 675. The scatter in creep values was large at 1 44 
in Table all) but creed: times were discernible from tiros to 
tore. Because of the scatter only a rupture band was vlotted. 
at 1400`. , lerre', and .1800F was less, and creep and rupture bands were p 
ted for these tevvoratures. 

Inds 1150 a 
tore values 

ual o 
temperatures. 
for use up to 
tad:fled 'below 1 

The rey 
able scatter in the creep and 
larger number of' *espies Brad 
lish final design data. 

with data 
te are 
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WORT (r,005  

4.0 CONCLUSIONS AND RECOMMENDATIONS 

gastelloy C is an alloy which retains useful engineering 
strengths up to lAM0 1 1. Where extremely high quality welds are desired, vac-
uum melted stock should be used However, no particular advantawe is obtained 
with respect to the short time tensile or creep-rupture strengths by vacuum 
re-rkiting. 

From the Limited data reported herein for Hastelloy X and from 
the available literature, it appears that Hastelity X can be used in lieu of 
Heetelley C whenever lover desimn stress values can be accepted. gastelloy 
X has an advantage in that it is easier to fabricate and weld than Wastelley 
C. Both alloys (Hestelloy C end Hostelloy X) however ;  are easier to veld 
and fabrieate then Fere 41 and F-235. 

Hamtelicy Brian, gene' 41, end Inco 1230 retain useful engineer-
ing strengths up to 10NUF and they can be used up to that temperature pro-
vided that care is exercised in choosing creerkruptere and short time tensile 
design values. 

Some differences in strews values for n-235 and Yens' 41 were 
encountered when corwering sheet with plate forms of the same sheet alloy 
showing generally etcher values. Welding of the sheet and plstw did not 
produce significant, decreases in strength levels from true of the base mate-
rial. However, a ACT. efficiency worker for welded structures is recorrended 
based on sore lowering of creeh values.. Fusion welding of F-235 and Hers' 
41 sheet can be used successfully fcr hardware manufacture, 

Enstelicy C proved se-her insensitive to a var i ety of heat 
treatments ere 	limited cyclic tests ;  which is an asset fn ranufactre and 
hardware rehiabilligp 



TABLE  

Y C 0.2'5OEINCE ELATE 

IFIcCAL COILEOSITION 

Cr IIIIIIMMallala Mo MENEM 
MIME  	MEM EMS 

Ultimate Tensile 
Strength (psi) 

02% Yield Elongation in 
2 

119,500 56,900 5LO 

A 	-E7 -2 - 	Vol. V 
	 MOP 
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TANL2 tit 

STOTT NINE EFERFLE FROPZETTES 
OF AIR iNATED 12122272AF 2 KATE 

Itetertal 
	

Ch220 in NANA plate 
Heat ;Naha(' 
	

CR-757.1 
Heat treated:Ft - As received 
lieetingtethod - , Resistance 
Test stostiata a Air 
Fti.E.) sate 	- (-201 inNiziNsed to yield 

.-.01 in Alin.isec to rupture 
Pild tide 

Fest 

(") 

Pridioatichal 

(165E5) 
0.21, 111 
(3752 ) 

INS 
FEAT 

Elon stian 
in 2 ir, 

(%) 

Itiung'e 
* Modeles 
INN psi) 

593 nT 3C:0 57.5 175,6 66 6 - 58,5 

517 2326 27.5 37 , 3 96 , 3 52 22.0 

6:2 1210 56.5 37.0 65.2 53 28.2 

aisit liN 27.2 33 , 3 67,9 as 2L6 

Asp 45 22.2 

(5seed (AR one semple at. eitet tampereture) 

:dC IT `117':;1 TESSIN PS 	XIS 
CY ENNA( MENET/ HASTELTAIL C PRATE 

Test neon:ire 	- Itarecaidt TM-1 
heat tree 	 Fesictince 
12.1.2 tips 	-1 . 5 nic 

C 	ir.Nr. 1 sec to natter 
At ter= AIr 
Ear( Vonith 	- 2 tei. 
H.st inicetteet -3 cites, 11 2 12't, 

20 rinites, AC 

(Fe :4 on one eariele at each temperetare) 

•IPOIT 	6205  



TABU IV 

CRECP-RUPTITRE :PROPERTIES OF AIR :C.LTED FASTELTLY C HATE 

Material 	- 0.250 i.n thick plate 
1100 107 	- Resistance 
Cart leaghis 	- 1*5 
115 at ntuatcr 	- 	551: 
..H ■. P.5 tractriani, - As rest; scil 

cps:550es 
kiss bct` (kick) 

Past 

("00 (k) 

21 

150 k 

05 „.. 
02 

11.2005 

6c,': 
;..2."2- : 1400 is 

5321) .255 
iCE ,50 

'kir :hist 
5512  '0 22 ,.... 

r L ■..C,A) :25. 2551 

IS If 

;.?.; 1 0.0 	105 
./.&v 

001' 1 0,0 
P 1.6(10 111 

karats rasa: hing 250 	aka, 0.1.0s 	A rik 	5., 

sicSc! rc 1 -as led inhi - sa 

- - ilk 	kik (5 1,. 2,4 1.0%2 t.4 1* er% 

A 	7 .92 	Ani, 25 
■ •• 

01*2 16 ..k 30-0 
C 2509 	18-0 152,0 

Tisk 01 

'sap7.00A% 1...;. -0730001 
th is -1 5 	ier, 

27.12 

o.o7 0, 112 
c„.28 

05S5 
1,r; 1.02 

0.32 

4.81 

130) 

5,02 
0550 
1,07 
5,6 

31) 

9Z),(> 

1_67 ;5 , 63 
11.0,2 

5,67 6520 
ILL 50,6 

2.5 

26.9 

66.6 	kk 

— 
bait 	a 	:■■/&.: fitted as tesi tampara tar a 

MAC A471 

0 
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TA.1114 

ent75;-737217211 PRO }.1Cj10 CP VP-11: 1111 MUSED HASTE121.0 C FATS AT 1 1 :00°F :  

1St Itc b. 	3:.fic..Urk ■ :•(; il ■ qate0,are wol , creep 

ert. tres —pet - ; cycles, ainyta, 20 minutes, AC 
Vesurn milt. it e ' ' )c) 	• plate 

inset:en: 
tants e 

:t tt 

Ti-ners6,--- 
r .1:6; 

— 

..t tt. Op 
Sinese 
()ee .1 

iscadfre, 
eniste, 
(a) 

aim- 

O. a i= ==. 

to 

5,151 

:ender 

0.9=5 

: indicated 

9 551, 

Crane  

2.2% 

Pours 

ate 161.4 

Time to 
anat.:pc 
(nears) 

Plietese:me 
-is 	1,c 	In, 

(I) 

229F i =222. 95 .5 5- .=9 1.5 = .3 20) 5.3 5.9 	3 8 9 :2 211 9 11.50.1 22 

:  ILien ea -5 5 - 55 	0-6e 1.5 2.:: e:T 5.1 	2-1 11.5 15.2 67 , 6 ta 

6-= 



Type ce Grmove 

V 
(HO Preluded 
angle) 

eilom 
Amps orayrI 

ln,pher 

DID 

233 	at 	Mar 

He 
DV evIi 

Poltaa Torch Trailang 

23 ODA 

IT; DPP 
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TA= 'va 

AIN WELDING SCHEDULE FOR HASTELLOY C 

Material - Vacuum melted, 0,250-co. Hastelloy C Plate 

Vaecum melted, ihaartn, diameter Hestelloy C AMId Wire 



MAC AM 

Cr,  

L 

0 

E't 

T ., rstE VI? 

c>.T.0 ..E.11,-Atna: 	grt4Nmr.A;Rrif. 	v,,ctrim Ic 	125 1TZIALY.  C P ATTt 

- 

'I: ;Id 
Ctre cmZz 

(Carr) 

ti 

.2.1 

tit CM.-- 

tz. , 2882 
01222 ) 

St 
ocs 	tz./ in.„ase-ti to nature 

08 s° 	!e rata 	- 2 ir.s, 
tzar tn ::rt- 5 eyelzt, 	2,12ZCId e 	zdartzt, AC 

ill.onztatten 

48 

at` 
07 

ac .0„ 
5125  

25.7 
21.5 
Cc.0 

atrtzturt Tod . 

-- 

„  '22.2 

1,8.2 

10.0 

0, 2  in. 	from conic, r of veld, 
0,5 	frac center of wald, -Tar nt Mezal 
0,C fn. Tact. cantor e' wcA, re rent Metal 

O.,. dz. adz-  center of weld, Farrel MPlai 

0. , 	la 	frac center of weir , Parent Metal 

'LT in 	trar reeler of 	Parent Metal 

( o tz 	Gm:a',  

RT 	ta.c 
aT 	52e? 

dt 
itte 1a 

P nada MUTAT VACUUM TFITET, IlarTELLOY C Run 

LIT 27.5 50 . ". 1i(:: .3 41 88,9 __ 

MrdM ET Cr .1 ct. 2 5.17.0. 08 28.1 ._ 

829? 1902 CP.) 31.0 70.0 48 
09212 11110 21.5 0250 24.9 48  
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TABLE VIII  

TENSILE PRWEETTES OF VACUUM MELTED }IAFThI.JJDX C PIA 	, AND TRANSVERSE wEuy, 

Heat treatment - 2221 ° F, 20 aIn, AC 
dyclew 

11;t1;LIND 	
3-Nldn't 	DAD AC , 

- ResitNance 
Mdterial 	tidepork metted 0.250 In plat:a 

tiat; length 

st.tata rtoto 	- t).:.a. ttidt 7sec to y:ield 

Test vttchikw 	2. 

N 

8 i 3&s 
()we 

fftteraae a: 

?pre 

Inarknr0'2 

' 

' 

( 

k 

LAT.: 

6.5 

tt out l AJ:j.,,P 

=15 

t.€ 1 1 

,.•■• 

PtatAtre Skte'ttOt 

0,6 	ii 	ftom center of wolf 
0.33 in 	fit.m center of weld 

111 it) ',h . 5  Weld 

 

30 
ift.1.1.i::<:) .1.4D0 20.3 29.1t P2.6 0.5 to 	trod neat at of weld 

8291? 	to.,  .v.rt.', 4.O0 19. 4. 22<2 
it'lverqge of" 	'i . 	12?”....tt*) )48 '2t9,4 

— 	 . 	.......... 

4 :*  NO 11.400'Y aging 



C- 005 

o,9g 

— 
rit2. 	Pc• 	 T' cc to 

	

• 1,-42,22 - 	**E.**

• (Y" 	tr, 	(%) 	 4  - 	3 ,1/411— 	 c.4^.6) 	(t) 

. 	 1.22 	2.5 	12.3 	57 

0.6 	1.02 	1--55 	2. 	12,4 

Ain 

TADLC IX 

CO IEEE nurrJan 220222112122 OF 01RANC1122210E ZLEEC IDC217521,0i C PE ATE 

- 	cutet ;cc) 	'. . 51) On p ate 
2281*tcco2 *22C22, 	cc, cr**c :2*1222 

C.12,2 1 -2.222. 	- 1.: a a. 

* Strain r ecu Iting after a= ply1.2g load to best2* *fee:hue* stab:13.1*e* et test, ternpecttalre. 



nong'n 

Heat Trchtment 

hrTh  NTT 

A5 retetved 

2020c 9A 2 hrt, AC 

29909 1A 2 hrs, AC 

	

23,0 	At rettelttr 

	

20 -9 	2050 42, 2 bra, AC 

2050 92, 2 hrr, AC 

m . n 

00.  

0 

TAMS X 

TENSILE PROPEATIES OF ATA MAIACCA 0.21091V0H HASTATTP! C KATE 

Hold tine 	- In min 
ninmmLn onto 	0.001 in./inlet-0 to yield 

I.tngth - 2 Cht. 



FINAL WHAT TREAT-, 

TAME TT  

W BEND TEST 0011TR0L5 FOE 
0.250-INCH HAMEL= C PLATE ASSEABLY 

Specimens 

Heat treatme 

- Vacuum melted, 0.250 in. 
thick plate from same plate 
nozzle was manufactured from 
2215°F, 50 min, AC 

ASO-TER43-277 Yoh %I 

BEND TESTS 

Specimen Test 
Bend Badius 

Bend 
Remarks Number Tempereture Angle 

x Thick(0.500 In.) 
a x Thic' 	e 

!o cracking  180 

e 2 x Thiel:ix(0.500 in,) 180* No 	rackins  
2 x Thickness 	 5' 

Atmosphere - Air 
Heating 	- resistance 
rage songt% - 2 ins, 
ThmaMn mete - 0.001 in,/In. 

0.01 In./in./sec to rutur 
Hold 	 e - 15 min 

TESTS 

Spec iimn Test 
0.2% 
Yield 
arength 
(Kpsi) 

Ultimate 
Tensile 
Strength 
(gpsi) 

Elongation 
in 2 in. 

(%) 

Young's 
Modulus 

(106  psi) 

9T3 Weld i00 25.0 35.0 60.9 31 23.0 
Weld ... 34 .3 78.0 kO 20,2 

992 'gement thOO 21.0 31,0 EH.r HE 22.5 
1033 Parent 33 , 2 84.2 48 22.3 

--- 



57-372t XII 

CTAT TEAT 8.18MITIE elOPEKTIES CT VAGUOM MELTED HADTELICY C ara 
TIEN 8)PC TORGINC 

Specimen 

immeanchere - 
seaming 
Hol.d tiima 	- 
S88 -.a . Etc 

Cane length - 

Rot ad Cain 088g-in. me:lc:tea 
section diameter 
Air 
Desistance 

rin 
7Pa4 -tn./see to ateid 

2.2 71 cc to rupture 
1.8 in, 

Oicp 
Tee C 	Dranoztic,cal Lipid 

imperetmin 	LimMt 	Strentath 
(lif) 	(Knee) 	(Kpsi) 

Specimen 
Nutter 

22.8 
1-C87 	19.1 

29,C, 	ICI< i 	b9 
28.5 	7.5.2 	) 

Pant tmecr-e- em 2 ; ' , 2225e, 22 cinutcp, AM 
min_ 	 m  „  	 mm 

' /-- 

1C-7"G 
1CMG 

Heat treat tient. 2 mmi 2 2229 7.8- TO min ;  A87  - 1 8;i8 LP 

2(). 	 5- 	15.5 

tCcurt‘ 
Moduins 

IC58; 
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a`CA 	0020 	=.0( 

c.,•,0,  
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l• 0' 	W040  ;IC 	
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0010 	*000 

0;.03• 0:20,00,0t 0CYcI 

'0 0a. 

(0.•0; 
nit 	0•0:;;;;„-  

020'00.C. 

M 
coo 

;N" 	.0:0;flaTe. 00.J. 
?5.0. 	•CC'al 

0:Cr ce'.2.00 000 

I) a 
„ 

05001 t.(0. 	;;/..S.c.01:Z 
0,..• ;Sr • ?Ns 	•.0.C•E•ci...0 

C 
c20•0;;•;,!.: 

C;:0;0.0! 

2 . 	. (g.) 

0 0.7 

0 la 

C°10 

C'•ee 

(g. °De 
'Ca 

•14 

C'•ec7. 

rd ' 

,70•0000,1. 

0 

;;!;L. 

LOY 31, 



MAC ASO 

4.4 

■■■ .`. 0 

Material 	- Vacuum, pelted Mormonism 
W::: Le at :tee If 155CM fos5 offs, 	 O 0.250 in, plate 

Maim= length 	- 2 Irmo. 
- et 	act or In to no 	::n sere 1 pot through- Atmosphere 

Perm treatment -5 cycles, 22250r, 20 
min, Al 

Typo n rmrmins 25 csnlee 55 cycles 
Sn5 !rms0 
:ALP Ste 

(125 rin) 
nS9)e 88.) 

(175 min) 
(2 , 52 h.,* 

o mi ed 0,25% 0.290 0, 3% 
ten` dr 0 .21 0,36 (065 

Pa rc et Wit 0,22 0,3 
2.20 

`AMIE XICV 

CYCLIn TESTil FOR VACUUM MeTED HASTELIMY C IMAM 

teM2 001. 2520eaffM3 Annte .rmnne nate ME 

Moung's 

.102  psi) 

20,4 022 

13 

	

ens' time 	is •L 
rote - 0.901 In frm f. 	ao ylele 

0.05. snrmM20relm In rupture 

	 _on 	 
Onlern 

	

Li 	 nrmti fn 
' tor gn 	'XugiA. I. 	In 2 In 
.5pc:   (%).. 

Parent Metal-0,3N in.. 
from center s*:la 

Pe:cent Metal-0•5 
font center sorra 

Fracture Irmatime 

35.4 8958 Fe k arm 	25.5 

"... 
„ 



7,4kISEE XV 

co:.z-c, E3r170,:•; 	71AIEM.SLY 

7:41, 



ta•imate 
lEArcile 	Itor.gEtTyr, 
Tinnier 	st UTE 

SE) 

19 

2555 

27-9 

IcEng 'c 
NANul us 

(106  pfli) 

19.9 

19.6 

19.5 

TAME XVI 

METRE T-11.17, TENSILE STRENTES Cd' HASTELLOT X ELATE 

- Haste'Sky X, OTTE() in piste 

• Err 'rtrnse 
- Air 

tra. 
. 	in./in t/rec to yield 

	

/,n./rEr 	turturA 

IX ol 

2-st cassis 	- 	1m7. y1).1281 

Material 
Condition 
Heating rechtAl - 
AINEETTerr 
Ergs lcnstic 

ain rat(' 

YET 

1 0,0 

ECIE 	SE.? 25.9 	 11,6 13,1 



SAC AU, 

to 

„ 
Test 	2 3,4  

(5T) 	( 17,26E 	X- 25 

13 
14 

55 
•:).55 

737-3,A,  7724 

2,0°751221112 	14110F,IICY X 27ATE 

1.02 	- 0,1 571 	 at, rege tvcd 
intnice 

2722,2  

_ 

— .6 1T1  ,cd Canon / 12,241) 	 
0 

Time to 
n'aptnne 

Elongation 
in 1,5 in. 

2 4, , ,• (kno) 

.1 10.'3 10* 
70.0 Li* 

2.2 .5 12.0 J3.3 60,2 20* 
6,2 E1 2 .2 532 69,1 25* 

12.7 13* 
*11,77  o,8 9.1 

2.1 6.3 234 76.8 - 

10-1 47.5 

3.35 
3720 

• Epeciricr. 57,7317e ',77:671,12,  gig° awns. 

' nan:227. 

.3702 
hair 
73,77 

)6? 
900a 

21 
21 

1012 
92.0 

2: 

= 
04 

1 : 0  , L 
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TABLE XV/II 

CERTIFIED VENDOR MEMICAL COMPOSITION AND ROOM 
TEKPERAWRE TENSILE PROPERTIES OF R-255 ALLOY MEW 

OMMICAL ODMPOSITION 
OF R-235 ATILY SHEET 

(HEAT RV-730;) 

Cr Fe Me Al Ti Co Si Mn P S 14 C Ni 

14.94 9.65 5.1 1.90 2.52 0.14 0.20 0.02 0.001 0.011 04005 0.13 Balance 

ROOM TEMPERATURE TENSILE PROPERTIES 
OF R 235 ALLOY SI= 

(BEAT RV-7304) 

Sheet 
nickneme 

(in.) 

Ultimate 
Tea' tie 
strengt h 
(psi) 

0,2% 
Yield 

Strength 
(osi) 

Elongation 
in 2.0 In. 

(%) 

0.072 159,5ca 82,300 32 

35 
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TABIF XIX 

 

     

CERTIFIED VENDOR 
TENSILE 

OMPOSITLAI AND ROOM T 
OF 	ALLOY PLATE 

(Heat No RV EiTT) 

CI:DUCAL •OI,TO,SITION 

10,06 5.39 1.96  258 0.70 0.15 00l0 0.03 0.25 0.04 Balance 

Plate 
Thickness 

Ultimate 
Tensile 
Strength 
(Pei) 

0.2% 
Yield 
Strength 
(psi) 

Elongation 
in 2,0 in. 

(T) 

0-25 lt3,800 79,500 59 



SBOBT TIME TENSITY WRENN? 

- Heat No. RV 1)0 
- Aged at 1.600 ° F 
- 0.072 in. 

od - Resistance 
phere - air 

- 2.0 in. 
- 0.001 th 

63-21 7  Vol.V 

Hold time 	- 1:  min 

Ultimate Young's 
Test Proportional Yield Tens ile ElongatIon Modulus 

Temperiture Limit Strength Serene-LP 
Is7Pel) 

in 2 in. 
(%) i 

IC 890 105.0 a67.0 275 31.0 

1200 88.0 80.0 25.0 

1 8Co 

9kM 

i,o 

101.0 

88.o 

133.0 7.5 2kM 

1800 25.0 30.0 k01 18 .0 15,6 
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TABLE al 

SHORT TINE TENSILE STRENGTH OF R-255 ALLOY SHEET 

Beating method 
Test 	 he 
Gage length  
Strain rate 

Hold tira 

- Heat No. 7498 
- 2200 °F for 15 
- 2050 °F for 30 
- 0.250 in. 
- Resistance 
- Air 
- 2.0 in. 
- 0.001 in/ in  
0.01 in./in. 

- 15 min 

A 

pt 

Test 
Temperature 

( 12) 

Proporitonal 
Limit 
(Kpai) 

0.2% 
Yield 

Strength 
(Alcs 1 ) 

Ultimate 
Tensile 
Strength 
(gpsi) 

Elongation 
in 2 in 
WI 

Young's 
ggdugu?  

6 (11 	psi) 

El 70 24.2 156.3 33 31.5 

1200 60 814.5 105.0 24.5 

1400 52 82.0 104.7 1 0 .D.L .0 

1600 54  72.9 85.0 9-5 21.0 

1800 14 14.8 25.1 54.5 13-5 



12000 411402 

TABLE XXII 

R-255 ALLOY SHEET 040 RESULIf FOR 

Matertal 	- Neat Ns. RU 1304 
cpaditi .,. 	- Aged at 0000 for 90 min 
21410.00 	- 0,072 in. 
Heating teterd 	- Resistance 
Gage length 	- 1.5 An, 
Vest 41100phere 

Test fincontinued Spectres Failed 
240 to Produce Indicated 0000 

Stress Loading 
Strain 

Aceente Dr Creep ftrain (min) Illongatien 
in 1.5 in. Tice 

Elmeettion 
After Nulextfe 400 

000 (%) 0.1% 0.0 043% 2% (min) WS (min) (%) 

30 2.10 -- -- -- -- -- 949 None -- -- 
40 0.12 -- -- -- __ __ 1208 None -- -- 

5t 0.23 -- -- __ -- -- 1282 None -- -- 

gm 

440 

0.0 

0. 50 

__ 

-- 

__ 

-- 

-- 

-- 

-- 

- - 

__ 

-- 
750 
__ 

None 
__ 

-- 

2194 

-- 
t s 

70  0.23 -- -- -- __ -- 1322 None  
80 0.55 -- -- -- -- -- 1238 None -- -- 

en 0.31 -- __ -- -- -- 1035 None -- -- 

90 
22 
100 

0.5,3 o.yi 
.r,>G 

.... __ 
-- 

__ __ 
-- 

__ __ 
-- 

__ __ 
-- 

__ 

-- 

I358  __ 
-- 

None -- 
..... 

-- 1150 
422 

__ 
, 
. 

t t 
100 IL, _ 337 -- 
100 15U =102 _. ....  __ ... __ 423 .... 

104 245 00 2 -- -- __ __ -- 80 3-5 
1144 2.77 0.5 6 __ ... __ __ .. 69 ).o 

1 10 2.78 0.5 1,5 LI, .._ -- __ __ 48 4.0 
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1400 3F CREEP 

TABLE XXIII 

SHEET TEST RESULTS FOB R-255 ALINE 

Material 	- Heat No. RV 7304 
Condition 	- Aged at 1600 °F for 50 min 
Thickness 	- 0.072 in. 
Resting method 	- Resistance 
Gage length 	- 1.5 ins. 
Text atmosphere - Air 

Test Discontinued Specimen Failed 
Time to iroduce Indicated Specimen 

Stress Leading Ammunts of Green Strain (11Th Elongation Elongation 
Strain Time in D 5  Time after Rupture 

(iipsi) (%) 0.4 csas sisS is (min) (%)/ (min) (%) 

40 0.19 578 -- __ __ __ 1189 0.17 __ -- 
40 0.13 181 1620 -- -- -- 1317 0.22 -- -- 
40 0.19 420 -- -- -- -- 891 0.17 -- -- 

43 0.23 617 -- __  __ __ 1161 2 

50 0.19 740 __ __ __ __ -- 1072 1.8 
50 0.21 1575 -- -- -- -- 1680 0.11 -- -- 
50 0.24 1106 -- -- -- __ __ 1106 -- 

65 0.25 100 -- -- -- -- -- -- 141 2.6 

60 0.26 -- __ __ __ -_ __ 31 2 

• 



TABLE XXIV 

1600XF CREEP TEST RESULTS FOR B-238 ALLOY smor 

Material 	- Heat No EV 7804 
Condition 	- Aged at 1600 °F for 30 min 
TEichness 	_ 0.072 in. 
Reatinm method - Resistance 
Gage length 	- 1E2 ins. 
Teat atmosphere - Air 

Etress Imadina 
Time to Produce Trlicated 

Amounts oP Cream ftrain (min) 

Test Discontinued Specimen Fellmci 
Specimen 

Elongation Elongation 
at-sid RUE in 1.5 in. TUN after Rdature 

a (X) C.4 o,4 :..51, :S. (nln) (%) (min) (8) 
:0 0.07 425 __ ,_ __ 480 0.10  

da 0.14 17 Ifh 21E4 4075 0378 1.4  
20 0E5 54 5CT -- - 062 0.25 -- 
20 0.12 40 298 __ - 1288 0.15 __ -- 
20 0.1.0 i) 171 1280 __ __ 1281 0.0 __  

28 0.18 ..6 214• 1222  800 1205 -- -- 1228 2 
25 0.16 IS 228 __ __ 660 0.47 -- -- 
20 0.16 9 204 701 __ __ 102 0.80 __ __ 

50 Oat 10 53 179 518 428 8.  
50 0.19 8 46 EA 578 __ __ __ 68:8 5 
50 -- -- -- -- __ __ _8 __ 650 J 4 

37 0.21 a 1 11 62 ET -- -- 124 1.5 

40 0.21. 9 19 39 68 __ 8_ 91 1.7 

42.8 0.26 I. 8 19 31 __ __ 32 1.2 

MAC A473 

;4! 

ASD-TOR
-65-277

, V oi
.V1 



18009F CREEP 

%ABLY XXV • 

R-235 ALLOY SHEET MST RESULTS FOR 

Material 	- Heat RV 7304 
Condition 	- Aged at 1600 ° F for 30 min 
Thickness 	- 0.012 in. 
Heating method 	- Resistance 
Gage length 	- 1.5 ins. 
Test atmosphere - Air 

Test Discontinued Specimen  Failed 
Time to Produce Indicatet Specimen 

litmus Loading 
Strain 

Amounts of Creep Strain (tin) 
Tie 

Elongation 
in 1.5 in. Time 

Elongation 
after Rupture 

(411 ) (°*) 0.1% 0.2% O.' 1%  (min) (%) (min) (%) 

3 0.1.0 190 1290 - -- 1297 0.20 -- 
0.02 220 -- _. 910 0.13  

5 0.02 697 41 - -- -- 5685 0 , 33 

10 0.06 4 31 161 234 304 • 25 12 22. 

10 0.06 110 30 168 217 2113 290 ID ._ 

lo 0,04 7 oo 366 651 740 1170 7 

20 0.10 0.2 0.2 125 3 5.5 __ 9 a 
20 0.15 0.1 0.3 1-3 6 -- 17 ao 
oo o.16 1 2 0.15 8 12 

- - 23 10 

CA 

0 



1200°F CREEP TEST 

TABLE XXVI 

PLATE RESULTS FOR R-235 ALLOT 

Material - Heat Ho. RV 7498 
Condition - 2200 °E MN 15 min, WQ 

2050 °F for 50 min, AC 
Thickness - 0.250 (n. 
Heating method 
Gage length 

- Resistance 
- 1.5 ins. 

Test atmosphere - Air 

Test Discontinued Specimen Failed 
T me to Iroduce Indicated Specimen 

Stress Loading Amounts of Creep Strain (min) Elongation Elongation 
Strain Time in 105 in. Time after Rupture 

(Kut) (%) 0.1% 0.2$ 0-5% 1$ (min) (%) (mm.) (%) 

70 0,27 __ -- -- .-- __ 1259 None __ -- 
70 0)28 _. __ __  1364 None  

7) 0-33 1137 1144 ._  ._ 1149 1 
75 0.27 -- -- -- -- -- 1146 None — -- 

So o.8 1238 1242 -- -- -- -- -- 1242 5 
80 0.5 (AO 952 -- -_ _- __  952  3 

85 1.9 428 450 __ — __ -- __ 432 5 

60 glf 158 160 -- ... -- -- -- 162 6 

90 66 435 436 __  __ __ *37 7 

100 * -- -- -- -- -- -- -- 0.5 7 

* Not measurable because of rapi 	failure. 

*4  Not measured; too large to measure on encri (4%). 
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1800 (li CREEP 

TABU., XXIX 

R-255 ALLOY FIATS UST RESULTS BOB 

Material 	- Heat No, RV 71.98 
Condition 	- 2200°F for 15 min, wq 

2050 ( F for *0 min, AC 
Thickness 	- 0.250 in. 
Heating method 	- Resistance 
Gage length 	- 1.5 in, 
Test atmosphere - Air 

Test Discontinued Specimen Failed 
Time to Produce Indicated Specimen 

Stress Loading Amounts of Creep Strain (min) Elongation Elonextion 
Strain Time in 1,5 tn. Tiue after Rupture 

(Kenn NO 0.1% 0.2% 0.5% 1% (min) (F) (min) (%) 

e 0.01 105 316 439 532 651 __ .... 1008 22 

5 0.04 165 560 506 760 1005 _- __ 1866 20 
5 0.02 424 623 962 __ __ 1210 0.97 --  

7.5 0.444 48 46 92 135 a.T4 __  357 15* 

7.5 0.05 64 143 258 420 395 __ __ 622 24 
1-5 0.07 3 4  60 93 122 153 __ __ 316 18* 

lo o.o8 2 4 8.5 13 20 __ __ 56 21 
lo o.o8 __ 0.5 1.5 4 8 __ __ 32  22 

15 0.10 __ __ 5.5 8.5 --  14 25 

20 0.47 -- -- -- __ __ .- 1 26 

* Specimen not completely broken, 

8 



TD 	 V 

`DANZ M 

Material Filler Wire Speed 
( 1-PN) 

Current Voltage 
Wire 
Feed 
( 228) 

Electrode 
Diameter 

R-235 Sheet 

R235 Sheet 

None 

0,040-1n. die R-235 

28 

26 

95 

IOW 

14 

13 

-- 

15 

3/32 

All voiding was performed on 	 ch 
using helium gas to protect the Map of 	 we ld  
back-up. A special traili,g cup was used to gt 
tactical, and a wet rag was applied behind the t 
welding to serve as a quirt quench, All nanole 
after welding not dye checked. 



0. 

TIG WELDING SCHEDULE 

TABLE XXXI 

R-235 ALLOY KATE FOR 0.250-INCH 

Material 
Welding 

Peas Millar Wire 
Welding 
Speed 
(ellid) 

Current 
(amperes) 

Voltage 
Electrode 
All Passes 

R-255 Plate 1 

2 

/ d 

4 

4 o 

None 

lAlg in. dia R-235 

1/46 1.4. dia E-235 

lAlii in, dim fi-235 

lkalfi in. dia 11-235 

None 

15 

15 

15 

15 

15 

15 

115 

275 

300 

310 

300 

250 

11 

11.5 

11.5 

11.5 

11.5 

11 

5/52 in. diameter, 
IN thoriated tungsten 

MOTES: 

1. Material cleaned in an alkaline solution followed by M.E.K. prior to welding. 

2. Copper hold down and back-up bars were used. 

5. 	All welding was performed on a Berkeley-Davis automatic welding macnine (RivI77) using helium 
gas for torch aide protection and argon gas for back-up p rotection. 



TAME 

SHORT TIME TENSILE PROPERTIES 
CF WELDED R-298 ALLOY SHEET 

Material 

Meat treatment - 
Heating method - 
Test atmosphere= 
Strain rate 

0.069 in. sheet, fusion welded 
without filler wire 
After welding, 1600 °F 80 min 
Resistance 
Air 
0.001 in./in./see to ytefi 
0.01 in Alin.Asec to rup ture  
15 min 

Specimen 
UmAber 

Test 
Temperature 

( 4 F) 

Prortiona1 
Limif 

0.23 
Yield 
Strength 
(lipsi) 

Ultimate  
Tensile 
Strength 
(Knsi) 

Elongation 
in 2 in. 

(11) 

Location of 
Fracture 

109F ET 94.0 111.0 149.0 10 WeLl 
110F RI 90.0 110.0 166.0 20 Weld 

111F 1200 60.0 819.8 140.0 12 Parent rete1 
112F 1200 79.0 98.0 V.2.0 18 Parent metal 

119F 1400 76.0 105.0 188.0 5 Edge of weld 
114F 1400 78.0 100 127.5 weld 

118F i600 5.O 76.0 87.5 2 
116F 1600 50.0 * 75.5 2.9 Edge of weld 

21.9 9.3 14 Acrant metal 
1800 i6.6 21.9 30.5 14 Parent metal 

eh reached before 

won AND-TOR-63-277. Vol. VI 



TAPLE XXXISS  

Material 

Heat treatemnt 
Beating ymthoi 
Tees atmosphere 
Strain rate 

Hold time 

SHORT TH2 HANSISE PROPERTIES 
VEISPO B-210 SLILY HREET 

- 	Ina 
Sheet fusion welded with R-215 filler vire 

- After welding, 1600 dr SO min 
- Resintinee 
- Air 
- 0.001 in./in./see to yield 
0.01 in,/l11,/sec to rupture 

- 15 min 

Specimen 
Surster 

Tent 	Pinot-A:ems' 
tritnerttire 	I5n5t 

0-7% 
Ylend 

Strength 

dIttmetv 
Tesei 1e 
ti 7t 

d5<nostion 
5n 6 in 

r-F) 	 (a2r/ (first) (SFr) (:/; 	 
ISTR' RT 635.o 117-0 171.0 ds 

1012 1200 74.0 100.0 155-0 16 

152n CO O 0 H 

152 1e00 CJ. o 76.0 0000 

151u7 1830 10.0 72.0 02.2 10 

AS>TDA-63-277. Vol. VI 
IIMai  Snit 

  



MAC A473 

TABLE /SPIV 

'RENEW', PROPERTIES 
OF WELDED R-255 ALLOY PLATE 

Mnt: en a t 

:Pat tree t ment 

heating 
1.:j tI.IIIO 

0trsin rate 

- 0.2050 in R-255 welded (transverse) 
with 1i-255 filler wire 

- After welding, 2200 ) 12 , P. min, WO; 
2050 1 S, 50 min, AC 

- Resistance 
- 15 min 
- 0.001. :in./in./sec to yield 

0.01 in./frit/sec to rupture 
- 

Specimon 
"amber 

AM 

Scot 
rempsimi urs 

62  i 	2 ....._ .....,_ 

1200 

1400 

Luth 

Prow H. ie,kwa 
5im. 

- 	4 i  

.002 

6o 

04.2% 
1 telt 

St rerigth 
(212) 0 

8?, ,.: 

84.1 

25 2 

S.c..i. 

Ultimate 
Tensile 
Itrenpth 

(kp .si) 

pa.0 

112.0 

95 

22. 11 

Ebrigat i331 

in 2 :.n. 
%) 

i8 

8 

, 

35 

Young's 

Modulus 

(106  poi ) 

23.4 

24.1 

19.3 

14.8 

Frac iiiire Locatim 

Parent metal 

Parent metal. 

hoput ;dotal 

Parent metal 

2 



CREE5-11711Ha PROPERTIED OF 

Material - 0.065 in. sheet, 7mnsverce 
welded witnsue filler 

8474it,g 	- Resistance 

TARTE *XXV 

WELDED WITHOUT FILLER SETAL 

gene length - 1.5 ins. 
Heat treatment - After welding, 1600 ° F, 

90 mm, AC 

R-232 ALLOY 211Mat 

metal 

Test Creep Deadina Time to Prod 7e lathiest)* Creep (hours) 
Time to ElonsaLion 

/pas, /emit 5 447s 2train Reptise in I.) in. 

N). y:9 (7)(10 (*) 0.081, 0514 0.25 0.5% 1.24* 2.5% 4, 9  (nears) (*) 

1202 1200 7 -- 12.2 -- -- -- -- -- 12.2 1 

2711 LeOU 82 -- -- -- -- -- -- -- -- 1-.97 1 

320? 2100 36 0.28 4.42 -- -- 2- 4,63 1 

liDE 1290 95 0.52 O.:: -- -- -- 1.53 1 

134E 1505 005 0.71 0.03 I 	1 5  1.75 -- 1.75 2 

121F 70C 30 -- 2.4 4.16 111,0 -- -- -- 

1,16* 1 .hOO Aa -- 0.58 1,08 19.6 -- -- -- 

127 1400 42 -- 77 0.95. 8.1 -- 90.5 1 

128? 1400 44 .... 0.27 4..72 -- -, 10.4 1 

1 522 1400 42 0.26 0,85 1.05 2.20 -- 27 2 

1352 1400 50 0.30 0,75 1.20 -- -- 2 

1542 1600 	55 0,21 0.56 0.5)5 0..65 -- 0.65 t 

1690 12400 60 0.37 0,05 0.16 0.23 -- _ 0.53 1 

1200 11 -- 0.20 1.1 27-0 -- - -- -- __ -- 

144 1600 16 -- 0.13 0.48 2840 156. 8  -- -- -- -- -- 

1592 1600 20 0. 0.03 0.25 1.90 t6.2 27.1 :33.2 56.1 36,1 5 

5:8E tom 2 ) 03 0.0: 0.06 0,15 2.81 5.5 6.86 -- 7.0 3 

137. 1600 30 0.20 0.02 0.05 0.25 1.27 2.65 -- -- 2.93 1 

136? loco '.!')5 0.34 -- 0.02 0.08 0,32 -- -- -- 0.47 2 

4are liloo ' , -- CLL.', 2.5 11.1 -.... -- -- -- -- -- 

1452 1800 6 __ 2.30 2.8 10.9 24.7 51.7 57.6 479 4441 IR 

142E 1800 7 0.(23 0.57 1.75 6.5 10.8 16 , 5 -- 1947 6 

1810 i800 u . ...... 5,55 1.55 5.65: 6.16 5.8 7.6 9.1 9.9 15 

11550 1800 9 -- 0.02 0.15 73 4.5 6.8 9,9 18.5 15.7 11 

1480 1800 11 -- 0.02 0.15 0035 0.7 0.97 1.3 1.5 1.6 16 

1100 1800 12 0.03 072 0.23 0.15 0.30 0.42 0.55 0.63 0.67 17 



MAC 14471 

GREEP-EiDLEIRA PROPERTIES OF E-285 

TABLE BIM 

WITH R-Bila BIDET METAL 	 . ALLOY RISES WELDED 

Miterial - 0.065 in. R-235 transverse welded 	Gage length 	- 1.5 ins. 

with Ft 235 filler metal 	 Heat treatment - After welding, 1600 5F, 

Heating 	- Resistance 	 50 tin, AC 

Spec. 
Test 
Term. 

Creep 
Stress 

Icadisist 
Strain 

Time to Produce Indicated Creep (ho 	s 
Time to 
Thipturd 

 Elongation 
in 1.5 	in. 

0.05g 0.1% 0.2% 0.99 1.0% 2.0% L.c% 
No. ("r) (Keiji) (%) (hours) (%) 

leDF 1200 80 08550 5.25 5.27 -- 
__ __ _ 5.5 2 

165? 1200 86 0.40 5.8 -- - - - 34 2 

164F 1200 95 5.64 1.99 24 2 

155? 1A00 30 0.13 2.1 25.4 -_ 

1582 1400 35 0.20 1.57 11.1 32,6 -- -- 

2662 1400 AO 0.26 0.25 1.51 -- 1.55 1 

163F 
lelF 

nco 
1400 

4, 
50  

0.20 
0,22 

0.05 1,22 -- 1.22 
0.27 

2 
d 0 

15(R' 40 9 0.01 2.4 5.65 -- -- __  

4582 160o 12 0.01 -- 0.52 5.4j 67.8 -- -- -- -- 

172? 1600 15 0.00 -- 0.50 3-9 55-5 -- -- --  

4742 1600 20 0.10 __ 0,27 2.98 17.6 30.6 37-9 40 - ]  42.0 7 

1702 1600 26 0.17 -- 0. 115 1-57 25.7 07.5 5005 -- 55.5 6 

4992 i600 0.18 6.05 0.20 0.72 2.1 3.8 -- -- t.17 2 

LAM 
174F 

1800 
1800 

a 

a 2 

0.00 
0.03 

0.15 
0.15 

LH 
0.t5 

8.00 
3.5 

24.2 
7.9 

25.8 
8.6 

94.7 
16.6 

32-5 
19.8 

55m6 
10.6 

8 
15 

le5F 1800 5 0.01 -- 0.65 3.07 10 05 12.8 11.5 16.2 19.1 2t 

16IF 2800 6 0.02 -- 0.1 0.73 5.75 11.7 16.5 15.7 1466 12 

1173? 1800 7 0.02 0.25 2.7 5.0 9.6 11g. 13.0 14.0 15.5 15 

175? 1800 7 0.02 0.32 1.-05 5.0 -- -- -- -- 10.7 3 

162? 1820 8 0.22 __ 0,33 2.35 4.5 6.55 8.58 10.5 14,4 9.4 

C> 
0 
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TABLE XXXVIII 

COMPARISON OF TENSILE DATA FOR NOTCHED AND UNNOTUIED Eir235 AILOY SHEET 

Specimen 
Number 

Type 
Specim en

 
Test 

s
  semperature 

(4 E) 

Elongation 
in 2 in. 

(5) 

Ultimate 
Tensile 
Strength 
(Klmi) 

Notched 
Tensile 

Ratio (A) 

-- 
510 

520 

-- 
5:50 

seat 

-- 

 
R-2I5 sheet 
R-255 eheet 

11-255 sheet 
11-235 sheet 

11-256 sheet 
R-2555 sheet 

Treatment: 

SnAritched 

Unnotched 
Es  = 2.5 

Unnotrhed 
Eit  2 2.5 

1600°F, 50 

K4. = 
2.

5 
RT 

1200 
1220 

1600 
1000 

min 

27.5 

50
-2  

-- 

2.5 
-- 

167.0 

140.0 
120.4 

90.0 
99

.7 

0.2 

0.9 

Cld Notched Tensile Strength  
Um:itched Tensile Strength 

ASD-1BA-6I-277, Vol. VI 
6005 



A  

RUPTURE DATA ?OR NOTCHED R-255 ALLOY SHaT 

Specimen 
Number 

Type Specimen 
Test 

Temperature 
CF) 

mad 
Rupture 
Time 

(hours) 

490 

R-255 48C 

 

2.5 

2 ,5 

Kt  e. 2.5 

1400 

11/400 

1400 

58 

4.2 

46 

9.7 

7.7 

0.9 



6C05 
ASD-TDR-6 -2 	Vol VI 
	 UPON? 

REPORT 

Heat 

CRESICAL 

TABLE AL 

0.064 INCH ALLOY SET FOR REWE' 41 

No. TV 272 

00214SITI0N 

4ERTIFIED VENDOR 

Cr Co Me Al T1 Fe C Si S Mn B Ni 

18.86 10.98 9.84 1.48 3.11 0.57 0.10 0.11 0.005 0.01 0.005 Balance 

CERTIFIED VENDOR 
CHEMICAL COMPOSITION FOE 
RESE' 41 ALLOT PLATE 

(Heat No. TV 598) 

Cr Fe C Si Co Mn Mo P S Al Ti B Ni 

18.74 0.88 0.02 0.24 11.07 0.01 10.04 0.001 0249 1.48 411 0.7 Balance 

CERTiFIED vEnroR ROOM TEMPERATURE TENSILE PROPERTIES 
FOR RENE 	41 AIICT PLATE 

(Heat Fe. TV 598) 

Ultimate 0.4. 
Thickness Tensile Yield Bionseeisn 

(in.) Strength strength in 2 in. 
 	(ern Assn 0.4) 

(...3125 155,000 93,500 40 



TABU ALI 

=LES OF OM l AlleY FA= 

Beat number 
Condition 

- 78 272 
hrs AC 

Heating method - Re 
Test atmosphere - Air 
Thickness 	- 0.084 in. 
Gage length 	- 2 in. 
Strain rate 	- 0.001 in aiin 

0.01 in./in. a 
HoLi time 	- 15 min 

yield 

Test 
Temperatzre 

Proportional 
Limit 
(42t) 

0.2% 
Yield 

Strength 
(rpsi) 

Ultimate 
Tenst1 
Strength 
(Must) 

Elongation 
in 2 in, 

Young t & 

psi) 

RT 75 102.2 148.4 5088 

1200 88.4 89.8 134.2 22 

1400 56.4 90-9 139.6 17 20 

1600 52.8 81.9 C7  2 a,. 1 9 

1603 30-7 39.6 44.8 15 12 

ASEI-T1 63277, Vol. VI 

 

 



ASO-flR-63-277. EDI. 6' 
REPORT 	*?I' el  

FABLE XIII  

5H01T NYRE THEME VITING1R OF RENE 41 ANION PLATE 

Heat nutter 	- TR 598 
Condition 	2150 °E, 2 hrs, AC 

1650° 9, 4 hos, AC 
Thickness 	- 5/16 in 
Heating rkthod - Resistance 
Test etgesphore - Air 
Cage length 	- 2 ins, 
Stsein rate 	- 0.501 in./in./sec to yield 

0,01 in./int/sec to rupture 
Hold tide 	- 15 min 

0,250 	Ultimate 	 Young's 

	

Test 	Fronesktsnal Yleld 	Tensile 	Elongation 	4gdu5u , 
Teoperature 	limit 	Strength Strength 	in 2 in, 	: 

	

( 50 	(Ens4) 	(Apse) 	(Kpci) 	(5) 	(155  58)) 

	

R7 	 94 	110 	155 1.de: 

	

1250 	 70 	 99 	 61 

	

1990 	 76 	152 	Ill 	15.5 	 41 

	

1610 	 69 	 88 	1 60 	 L.5 	19 

	

1600 	 27 	 29 	,c,-,  22 	 21 

GrtP8 foiled enA nitigntekes not et:kJ:neg. 
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FOR 

TAME XLV 

REFUTES 
SHEET 

1000FLIIEISF Tan 
REEF' 41 ALLOY 

Material 	- Rent No. 15/ 272 
Condition 	- 2150F, 2 lira, AC 

1050° F, 2 bra, AC 
Thickness 	- 0.064 in. 
Heating aethod 	- Resistance 
Gage length 	- 1.5 in. 
Test atmosphere - Air 

Teat Diacoutinued Specimen Failed 
Specimen 

Stress Strain Time to Produce Indicated Elongation Elongation 
Aji.,w.tc of Creep Strain (rain) Tim in 1.5 in. Time Elongation artier Rupture 

(APIA) (4) 0.3$ 0.2% 0.9{ 1.( 2.0 ( 010) (%) (mm) () (f) 

25 0.o9 1022 Moo 3065 5900 1.6910 5704 5 7 

50 0.17 23 644) 945 1.14o 1377 1527 4.6 5 
50 0_15 558 930 1215 1388 1545 

35 0.17 172 545 488 590 689 75B 3.8 5 
35 0.113 145 257 566 434 5ce -- 585 4.6 7 

ko 0-24 72 150 208 260 511) 4.5 6 
4a 0.27 135 187 248 500 354 5.9 5 

45 0-52 20 58 109 139 167 190 4.1 6 

51.5 0.41 15 27 6, 58 71 77 
_ 

3 4 



Time 

mimeo Pcilea 
Specimen 

Eaningatien 
after Rupture 

CA 

)5nSPY :SiT 	1E94911 FOR RENE` n1 AMOY SaKEP 

92.9r1 a). 	- Heat No TV aTa 
- 2150 F 2  ham. SC 

in5KSP, 
 

hr, AC 
Thfinkm 	- 0.0M. i 

- RecistanCC 
1.1 in. 

Tem ni1 ansphete - 

Test Dimnmapsced 

Elongation 
Than 	in 129 in. 
(m)a)) 	())) 

5552. 	0.11 

18.52 	5499 

	

LIE 	6 

629 

	

485 	9 

	

551 	9 

11 

	

)9 	Al 

	

2 	LI 

205 

1155 
120 	115 

.T.08 ding 

Strain 
9S) 

1MA CC PC ..•) CC C I. ad i c at ed 
A.F999t:r: ct Smipp . STrain (min )  )rric 

(KIT I ) 

1)01 	3.4.11 

• Ma 1 

sa9 	pea 
296 	)19 



CA 

0 

1200 4 F MEET TEEL RESUIE1 

Material 
Condition 

Plate thickness - 
Heating method - 
Gage length 
Test atmosphere - 

FOR HMV J11 ALLOY PLATE 

Heat No. TV 388 
2120513 2 hrs, AC 
I65Cr ilf, 2 hrs, AC 
025125 in. 
Resistance 
1.5 in. 
Air 

TABLE BENTE 

Specimen 
Thickness 
(inr) 

Sfress 
(Kpai) 

Iscading 
Strain 

(I) 

m.. Ti 	to itnndune Indieatel 
Amirante ef creep St nrin (m x11 ) 

Test Discontinued 

Time 
(mm) 

Speciren Failed 
Specimen 

Elongation 
edger Rupture 

(%) 
',Tee 
(441/1) 

Elongation 
in 1 	5 	1 n 
en 0.1% 0.4 0.5% 14 2.0% 

0.3122 70 559 -- - -- — -- hue 0.01  

0.9122 70 0.91 - 1221 .0.01 -- 

0.1125 70 - 1030 0.01 22 

0.250 100 5.90 - 1297 0.07 .... 

0.250 1410 123 __ __ _2 - 1046 0.07 ..... 

0.200 115 2.9 244 919 2070 -- -- - -- 2371 6 

0-200 122 2.7 1 3 195 794 1559 -- -_ i.y88 8 

0.200 122.24-  -- - -- -- -_ 0 4 4 

5.200 124 1  - 
__  0 5 

— 
* Specimens tented at 122,5 and 125 IKps .t ta1led on - Piing 
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MAC 4473 

KOO IF CREEP TEST 

TABLE XI= 

ALLOT PLATE 	 . RESULTS KR RENE' 41 

Materiel 	- Peat No. TV 598 
Condition 	- 2150°F, 2 hrs, AC 

1h50 °F, 4 bra, AC 
Plate thicEness - 0.3125 in. 
Heating method 	- Resistance 
Gage length 	- 1.5 in. 
Test Atmosphere - Air 

Test Discontinued Specimen Failed 

Loading 
Time to Produce Indicated Elongation 

Specimen 
Elongation 

Stress Strain 
Amounts of Creep Strain (niji) Time in 1.5 in, Time after Rupture 

(Kpal) (F) 0.4 0./4 0.5% 1. 2 .0$ (min) (h) (sin) (%) 
20 0.06 -- -- -- -- -- 1602 0.07 ..... _. 

25 0.09 __ 1329 0.05 -- 

50  0.53 405 -- -- -- -- 640 0.11  

30 0.15 570 1255 1850 2113 2400 _. -- 2725 9 
50 0.18 665 1220 1900 2235 2540 2685 5.0 _. 

35 0.25 217 420 657 765 82 -- __ 974  9 

40 0.1U 98 244 450 565 65k 789 8 
40 0.18 175 290 430 513 588 _ __ 655 6 

45 0.21 61 118 151 237 077 __ 298 6 



TAIGE 1 

1000 'It 0E22 TEsT RESULTS. 	FOR RUSE 	41 MIRY TEADD 

Material 	- Heat No. IV 508 
Condition 	- 2150F, 2 firs, AC 

1650 e le, 5 hrs, AC 
Elate thickness - 0.5120 in. 
Rest: ng metIma 	- Resistance 
Gage length 	- 1.5 in 
!Pest attassphere - Air 

Test Discontinued Specimen Palled 

Time to Produce %%tested Specimen 
loading Arm o him ot Creep Strain ( mu) Elungation 12angatlon 

Stress 

(last) 
Strain 
(%) 0.2% 0.21% I- 2. 

Time 
Dffia 

in 1-5 in. 
(%) 

Time 
Onin 

after Rupture 
(%) 0.1% 

O 0.03 565 7970 __ _ 4016 0.78 -- 

5 0.03 -- -- -- -- -- 851if* o.o8 __ -- 

10 0,04 190 295 355 418 468 __ .... 652 17 

10 8.06 140 5707-  -- -- -- -- -- -- -- 

12 0.05 178 240 517 357 404 -- 478 18 

i 0 o.o8 98 1180 190 228 268 __ __ 538 14 

20 0.10 9 16 31 45 26 __ 75 12 
no at 0.11 .2 .n  24 M. 56  68 __ 113 18 

20 0.12 11 23 31 40 56 .... 55 12 

50 0.15 __ 1.5 2 5-5 5 -- 8 77 

* Temperature em 	tic, test dimenttimnad, data point questionable 

*A Test diacnntinual to repair machire, cables overheating. 



MAC 4671 

TIG WELDING SCHEDULE 

TABLE LI 

RIMY MEET MDR 5.064-INCH RENE' 41 

Material Filler Wire Speed 
( 4Pm) 

Current 
(amperes) 

Voltage 
Wire 
Feed 
(kiwi) 

Electrode 
tismeter 

n. 

Rend 	41 sheet 

Rene' 41 sheet 

None 

0.040-1n. die Rene' 41 

10 

30 

75 

125 

17.5 

14 

-- 

16 

3/32 

3/32 

Al]. welding was performed on the Berkeley-Davis autogratic maclith e using  
helium gas to protect the top of the weld and argon gas for beck up. 	A 
special trailing cup was used to give added gas protection, and a wet 
rag was applied behind the trailing cup during welding to serve as a 
quick quench. 	All panels were roll plenished after welding and dye 
checked. 

< 



ltAC MO4 

CIO WELTING SUFIC= PDS 

TABLE LIU 

41 ALLOY PIA1T 0.250AINCT RENE 

Material. 
Welding 
Pose Fillur Wire 

Tiding 
Speed 
(IPT) 

Current 
(Tips) 

VelTage Electrode all Passes 

Rene' 21 
pletn 

A 

2 

5 

4 

5 

6 

Mane 

1A16-in. dia Rene' 4a 

gAgg-In. die Rene' 4a 

Ille-in, its gene' 41 

1116-in. dig Rene' 41 

1,116-1n. die Rena' 41 

15 

15 

15 

15 

15 

15 

225 

a6o 

102 

310 

355 

225 

10 , 5 

16.6 

11 

11 

11 

11 

3412 diameter, 3$ tbnriated tungsten 

NOTES: 

lo 	Material cleaned in alkaline solution foglowed by LILA, prior to welding. 

2. 	Copper hold down and back up berg were used. 

3 	Al], welding was performed on 3: Berkeley-Das:is Automatic Welding Machine (WL-711) 
using helium gas for torch side protection and argon gas ibr backup protection, 



TABU 1211 

SPORT /ME THLSSILE flO)YEWES OP WELLED RENEt 4 
WELDED WITHOUTFILLER WIRE 

Material 

Hold tine 
Feating method 
Rest atrosphere 
StreS1 rate 

Heat number 

0.053-io. sheet transverse fusion 
welded without filler wire 

- After welding, 2150 515 , 2 Tub; 
1050 511 4 hrs 

- 15 min 
- Resistance 
- Air 
• 0.001 in./in./sec to yield 
0.01 in./in./sec to rupture 

- Mi 225 

0.210 Ultima. 
Speciren Test Protonina1 Field Tensile EJongat1ou location of 

Ruriber Temperature Limit 3nreapt: Strength in 2 in Fracture 
( iF ) (Masi) (Xpgt) (Kosi) 

la PP 64.6 93.6 1.48.c. 27 Parert metal 

17F 1200 4.0 80,0 1 12.5 27 Parent, natal 

1 45a0 70,0 9P.0 109.0 8 Parent metal 

119F i600 5L0 78.0 972 T5 Parent metal 

1807 26.0 32.8 52.9 i6 Parent metal 

ne specimen at each test temper 

10011l 
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MARLS LIM 

SERFS' TIME TENSILE PECPERSAES Or MELAtE REAP, 4.1 AiTADS SS-WEEP 

Material 

Heat treatment 

Heating method 
Test atroephere 
Strain rate 

Hold time 
Heat number 

- 0.05346. sheet transverse fusion 
welded with Rene' Al filler vire 

- After welding, 21501, 2 hrei 
1250 5S, 4 566s 

- Resistance 
- Air 
- 0 001 in./in./sec to yield 
0 01 in,Rinjeen to 66pture 

- 15 min 
5.7 225 

Specimen 
Mittel-  

Pest 
2eperature 

( 5 F) 

Proportional 
Limit 
(KPA-1 ) 

0.4 
held 
Strength 
(ARAI% 

Titivate 
Tensile 
Strength 
(4e 5 ) 

Elorlge61:6 
in 2 in 

(%) 

7.6c66ion c: 
?rapt ie 

18117 ,-1  ..... 86.o 125.5 122.5 5 Parent metal 
222F 2 et . 81.0 _64.0 136.6 t(66 parent met a. 
225A R2 81.0 104.o 115.5 2.s v.: zetal 

182?  1 .200 70.1 86.5 122 4 0 69.: 7966666 6:6666 

183?  76 .'6 

104 :600 47.6 '.'. 	•- 91.0 5. teat se:Porto 

itSA 1.110 



MACAW 

TENSILE PROPORMIES 

Material 

Heat treatment 

Heating 
Hold time 
Strain rate 

Test atmosphere 

TABLE LV 

41 ALYCE PLATE 

plate, welded 
Rene' 41 filler wire 

2 ims ;  AC; 

to yield 
to rupture 

OF WELDED RENY' 

- 0.250 in. Rene' 41 
(transverse) with 

- After welding, 2150 IF;  
1650III ;  4 hrs, AC 

- Resistance 
- 15 min 
- 0.001 in./in./sec 
0.01 in./in./sec 

- Air 

Specimen 
Number 

Test 
Temperature 

( 42 ) 

Proportional 
iladt 
°LBW 

0.2* 
Yield 

Strength 
(Kpsi) 

Ultimate 
Tensile 
Strength 
(lipsi) 

Elongation 
in 2 in. 

(%) 

Young's 
Modulus 

(106  Si) 

Location of 
Fracture 

581F 

382?  

383?  

384?  

385?  

RT 

1200 

1400 

1600 

1800 

82,2 

72.0 

68.o 

75.0 

29.5 

115.0 

97.5 

87.9 

94.2 

38.7 

188,0 

138.0 

142.0 

108.0 

47.9 

15.5 

8.o 

8.o 

8.5 

5.0 

28.9 

24.2 

21.2 

20.7 

16.9 

Parent metal 

Parent metal 

Weld 

Weld 

Weld 

a 
3 



TABLE INT  

01112E-RUFATM) IHOPEPTIES OF BUSION WELDED RENE 7) AMOY SHEET 

iticehiae 
Seating 
Came Length 
No filler wire added 
Sheet thiogness 
Neat ourdber 
Heat treatment 

• Arc weld 
- Resistance 
- 1.5 in. 

())01A1 in. 
- TV 225 (Haynes) 
- Sol. H.T. 2111702', 2hr, AC 
Aged at 1050 5F, 7 hr, AC 

ducelwen 
Ndilwr 

Test 
Tesperatune 

Creep 
Struts 

holding 
Strain 

70Lio 
Islieatoi 

c froth:se 
Cre F 

Ting 

Max 
Indicated 

for 

(Moe  
TiMO to 	Elongation 
Hupture 	in 1.9 in 

F. MitA) - _.f- 01 -.: 	_ . 1 AI 2.:< I NELa  

92)E 120 ii 1i 0 
g 	131e 57  __ __ 0L26 7595 -- 	-- 

92011 1 200 100 1.9 -- -- -- 5212 	-- 

927E 1 .200 55 4.9 _ 0.07 5901  -- 	__ 

97-707 14B0 50 0.50 15 120 275 - 2- _ 330  

9C91 
93 GE 

1'o 
1100 7) 7 

Sb 
0)17 

971  5C7 072 12(171 -- -- 
1728  

	

13)2 	2 

	

-- 	-- 

951E 5  755 71 r 19_ 1 5 71520 1979  

9571E lo-70 20 %.:_a ' 5hh 1 75 -- -- 0.00 820 -- 	-- 

RASE tbeyn ..... __ 2497 	-- 

.. 3041 	7 
936.5 -- 	— 

* Rupturi (Acts:rot in 1' e we It 

MAC £671 

ASD-1
4 -6

3-2
77

, V
o
L

  V
I  

8 
■31 



CREEP-KATE-RE PROPERTIES 

Material 

88,822 LEIS 

' 41 ALICE PIATE 

plate, welded 

OF WELDED EE 

- 0.25 in. Rene' 41 
(transverse) with Rene 	41 filler motel 

HeetIng 	- Res stance 
Sage length 	- 1.5 in. 
Heat treatment - Altir welding; 2150lF ;  AC; 

1650.r, 4 nrs, AC 

Teal FITsP Leading TEA 	A Produce Indicated Creep (hours) 
Time to Elongation 

Specimen 1Vmperatere Stress Atlidni Rupture in 1.) in. 

Number (`T) (AI6 1 ) (A) 0&5% 0.1% 0.2% 0.9E 14 24 44 (hours) (E) 

9311(  1210 95 1.17 17.5 32 .5 59.5 113.0  -- -- 
_2 -- 

1200  90 0.50 _. __ __ __ _. __ -- 

953F 1400 61 0.65 0.05 0.30 1.0 2.0 2.9 3,95 -- 4.77 A 

959F 1400 76 0.53 4.69 1.0 1.95 5.67 5.57 7.9 10.65 10.6 6 

4352 1400 71 0.45 -- -- 0.1 0.92 1-1 2.5 1.57 7.3 14 

436F 1400 67 0.27 4.55 8.47 13.7 25.1 33.7 52.7 - 45.4 3 

4858 1400 62 o.60 7.33 5,47 19.8 38.0 48.0 96.8 -- 57.2 3 

4372 1400 4o 4.74 -- 0.07 0.22 0.52 0.52 1.4 -- 1.7 6 

4982 1640 58 0.57 4.67 1.33 2.42 1.0 5.42 6.87 _ 8.0 6 

8398 1600 39 0,17 0.60 1.5 2.5 4,1 5.15 7.0 7.18 7.5 3 

840F 1600 28 0.53 3,7 5.7 8.8 7575 19.25 --  

18418 Moo i6 0.18 __ 0.12 0.25 1.2 1.77 2.77 3.65 3 , 75 9 

4422 1800 12 0.10 -- 1.0 1,6 2.57 3.5 4.5 5.58 6.1 9 

443F 1800 9 0.13 4864 1.5 870 8.7 22.55 -- 20.9 23.9 12 

844r 1800 5 32.6 9 

* str8in resulting after applying load to heated opecimen stabilized at test temperature. 



MAC Am 

COMPARISON OP TEICIIP, DATA 

TABLE INIII 

UNNOTCHED RENE 	41 ALLOY SHE FOR ROTUND AND 

Identification 
Number Type Specimen 

Test 
Temperature 

(1) 

Elengatien 
in 2 in. 

(%) 

Ultimate 
Tensile 
Strength 
(Kpsi) 

Notched 
Tensile 

lifItie (1) 

-- 
600 

61G 

-- 
620 

-- 
65G 

Fleet 

Rene' 41 
Rene' 41 

Rene' 41 
Rene' 41 

Rene' 41 
Rene' 41 

Rene' 41 
Rene' 41 

Treatment; 1980 110  

Unnotched (2) 
Kt ' 2.5 

Unnatched 

Kt = 2'5 

Unnotched 
Kt  - 2.5 

Unnotched 
K 	--( 2.5 t  

Solution, 1400 1F, 

PT 
RP 

1400 
1400 

1600 
1000 

1800 
18ao 

16 hr 

14 
is 

6 
is 

5 
-- 

1.5 
-- 

104.8 
178.8 

181.1 
138.3 

106.4 
101.8 

41.6 
62.0 

0.9 

0.9 

1.8 

1.0 

(1). Notched Tensile Strength 

Rene' 41 

Unnotched Tensile Strength 

(2). Data from Heynes-Etellite for all unnotchei 

0 

0 
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TAFFY LIX 

RUPTU.RE DATA FOR NOTCHED RENE 41 WOK 

Identification 
Namber 

Test 
Temperature 

°F 
Lead 
IS siN 

Rupture 
Time 
hr .  

54(3 Renet 41 Ic 	2.5 ikOO 48 151.3 

560 Rene 	hi Kt 	2 1400 56 

59(3 fteuet hi Kt 	2.5 1400 70 11.2 

25 *0.4 

570 R K 	= 2.5 600 30 4.2 

562 Rene 	41 2.5 i600 35 1.7 



TABLE LX 

FO 
	

ST 

to 3m7) 

SITION 

Cr o De Co Cu Ti Al C Sio&TaZr l B Ni 

- 0.18 0.01 5.83 Balance 

ROOM TEMPERATRRE TENSILE PROPMELES 

Ultimate 
Tensile 
Strength 
(Pei) 

0.2E 
Yield 
Strength 
(pet) 

Blonwation 
in 1.0 in. 

(%) 

Reduction  
of Area 

130,500 119,I4 6 13 

ASO-TOR-63-277, 

-72° 



-63-277 vol VI ASD-TD 

SHORT TIME TORT 

Material 
Condition 

ingmethdd 
tuosphere 

Gage diameter 
Gage length 
Strain rate 

T INC 

- Heat 110. 
- As cast 
• Hesistanee 
- Air 
- 0.260 in. 
• I in. 
- 0.001 in./in./zee to yield 

0,01 in./in./sec to rupture 
- 15 min 

Tag 1.1a 

Test 
Temperature 

( *
E) 

Proportional 
Limit 
(Kpsi) 

2% 
Yield 
Strength 

p 

Ultimate 
Tensile 
Strength 
(Kpsi) 

Elongation 
in 1 in. 

(R) 

Young's 
Modulus 

(106 Psi) 

RT 95 116 1 124 3 28M 
RT 86 115 132 5.5 2i2 

1200 So ioL 8 do 4, 

iAOC 89 io8 78  2 25 

84 110.5 119 3 ...-. _ 

1800 34 51 74 6.5 It. 



1200 si CREEP TEST 

TABLE %XII 

713C ALIOY REMITS FOR CAST INGO 

Material 	- Heat No. 357 
Condition 	- As received 
Gage diameter 	- 0.250 in. 
Heating method 	- Resistance 
Gage length 	- 1 in. 
Test atmosphere - Air 

Test Discontinued Specimen Failed 
Specimen 

St ress  Loading 
Strain 

Tine to Produce Indicate i 
Amounts of Creep Strain (xis n) Time 

Elongation 
in 1 in Time 

Elongation 
after Rupture 

(GPsi) (%) 0 , 1% 0.2% 0.5%  
1.0% 2.0f (min) (%) (min) CO 

100 1 -- __ s_ -- -- 1368 0.05 -- __ 

105 1.11 125 195 603 2191 3792 -- __ 3793 3 

110 1,2 261 466 -_ ...... -- 1595  

110 1.3 255 455 837 .... -- 1404 0.85 -- -- 

115 1,8 ( ...2 .. 386 1218 __ -- 1616 0.63 .... -- 
115 1-45 145 240 405 805 -- -- -- 1514 3 

320 1.9 35 120 -- -- -- -- -- 202 2 
120 2.6 1 10 -- -- -- -- __ 209 4 



SCAM 

1400E CREEP TEST 

TABLE IMITI 

7150 ALLOY resuurs FOR CAST TECO 

Materiel 	- Heat No. 357 
Condition 	- As received 
Gage diameter 	- 0.250 in. 
Seating method 	- Resistance 
Ceeie length 	- 1 in. 
Telt atmor7there - Air 

Test Discontinued Spec in Failed 
Specimen 

Time to Produce Indicated 
Stress imalt7g Amounts of Creep strain (min) 

Elongation Elongation 
818.0n Time n I in- Time after Rupture 

(911111 ) (N) ITN 0.29 0-$ li0P 2' (Bin) (E) (min) (f) 

ft) 02i 55 387 _ _ __ -- V56 0.3 

50  0540 -- .- — 1295 0.38 -- 

TO 0.53 lo 75 765 0305 40.7T 1.43 -- 
70 0.38 TO 112 1030 -- -- J5o6 0.6 __  

80 0.47 1 1 .0 ) 0 160 600 1 .510 -- __ 1017 3 
Sc, o.o. 17 6o 185 400 1000 - -- 1076 5 

85 9)56 1 12 79 235 b89 677 4 

5.0 0.65 1 5 45 117 225 4.5 
90 0.50 1, To - 82 150 - .. ler 5 



A 

itiGOI F CREEP 'PEST 

Material 

Gage 
Heating 
Gage 
Test 

TABLE LSI* 

7130 ALLOY 

Condition 

REsurAr FOR EMIT INGO 

- Heat No 357 
- As curt 

ilitanclor 	- 0....MO in. 
niethri 	- Resistance 

length 	- I 	in, 
atmosphere - Air 

:Stress 

0E0 0 

Loading
Strain 

(*) 

*-10LT . Tim 	Lc 	adage Ind 
Amoirgo or Cheep Strain Parr* 

Tort Distant inter' 	 cimen roiled 

Eongation l 
in 

EA) 
Tina. 
(cdu) 

Specimen. 
Elongation 

after Rupture 
(*) 0.2T 0.5t larli 2.0ia 

pia 

SO 
4c. 

45 
45 

SO 
50 

60 
60 

0.21 

O. 50 
0 050 

0. 550 

A. lif 
0.55 

1.0 
0.65 

is s  

E10 
57 

05 
06 

il 

. 
. 

1 

phi 

-- 
163 

0 

1.7 
12 

3 
0 

-- 

- - 
618 

2; Fe  
054 

77 
10; 

21. 
19  

-- 

i.67 
4 40 

05' 
19 

0, 

 

5) 

-- 

-- 

775 
5145 

7 155 

fill 

2E41 

402 4  
1316 

— 
-- 

-- 

— 

212  

-- 

-- 

744 
1013 

942 

107 
AT 

-- 

-- 
-- 

1 4  
5 

5 

7 

*Este Tempter fell off. 

0 

› 

0 
4 

to 



1800 iF 222191  MST 

TABLE LXV 

RESULTS FOR CAST INCH 7130 ALLOY 

Material 	- Bent No. 557 
Condition 	- As received 
Thickness 	- 0.250 in. 
Heating method 	- Resistance 
Gage length 	- 	in. 
Test atmosphere - Air 

Test Discontinued Specimen Failed 

Time to Produce Indicated Specimen  

Stress 
Loading 
Strain 

Amounts of ireep Strain (min) Elongation 
Time 	in I in. Time 

Elongation 
after Rupture 

CRITIT (k) 0.1% 0.2k 0.% 1.0% 2.0% (min) 	(k) (min) (k) 

10 0.05 25 295 -- -- -- 4520 	0.40 -- -- 
10 0.06 56 167 -- -- -- 1390 	0.58 --  

10 0,09 72 746 -- __ -- 750 	0.20 .... -- 

15 0.11 2 8 206 -- -- 1519 	0.82 -- -- 

20 0,16 P 10 72 8io -- 1495 	1.55 -- -- 

20 0.17 2 4 67 596 22 1135 	1.25 -- -- 

Ly 27 0.22 __ 1,5 25 195 492 -- 	 __ 604 12 

25 0.18 2 6 37 326 __ 736 9 

30 0,20 275 5 1.8 122  171 -- 	__ 208 9 

30 0.28 __ 1 16 71 145 -. 	__ 190 7 

-4 

tk' 
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40 35 30 25 
	

55 50 

PROP. LIMIT 	 0.2 •/, YIELD 

KPSI 	 STRENGTH 

III  
125 115 

120 

ULTIMATE 
STRENGTH 

1 	I 	I 
50 45 40 

ELONGATION 
IN 2 in. 

MAC Mtn 
1 

WELD - 
AFTER CYCLING 

PARENT- 

	

AFTER CYCLING 	U. 

WELD — 

	

PARENT 	̀Cr'. 

30 25 20 15 	35 3025 BO 75 70 65 	 50 45 40 

PROP. LIMIT 	0.2%. YIELD 	ULTIMATE 

Kpsi 	 STRENGTH 	STRENGTH  
ELONGATION 
IN 2 in. --  Y. 

\O 

NOTE: Cycling consisted of Lf5 cycles -- 150 °F to 14001" in 3 min., hold at 1400'F, 3 

cool t4 150 °F in 5 min., 25.5 knot maintained on specimen throughout erMire 35 cycles. 

WELD 

PARENT 

FIGURE 10 C0mperiarn esf Tensile Properties of Vacuum Melted Hastelley O Pla
te 
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FIGURE 22 - Stresshaupture Properties at 1200 hf of 0463-1nch R-232 Sheet 
Welded Transverse without. hiller Metal 
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FIGURE 2t - Stre s-Rupeure Properties at TWO'S' of 0.063-inch R-235 Sheet 
Welded Transverse without Filler Metal 



FIGURE 24 - Creep-Ruature Properties at 1600 ° F of 0.063-1nela R-235 Sheet 
Welded Transverse without Filler Metal. 
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