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April 12, IMS 

Tot     Or. Jamea B. Count, Chairman 
Rational Defence Research Committee of tho 
Offlee of Soiantific Research and Development 

Promt   War Metallurgy Division (Dir. 18), HDRC 

Suojeoti Progress Baport on Haat Restating llatala for Gas Turblna Parta 

Tho attaohad progresa raport by Howard C. Croea, Raaoaroh Super- 
visor on HDRC Raaoaroh Project NRC-O. haa baan approved by repreaenta- 
tlraa of the War Metallurgy Committee in charge of the work. 

This raport covers the test data obtained to date by the twelve 
cooperating laboratorloa in thia program on the development and testing 
of heat-resisting alloys for gas turbine parta. Data made available by 
others than the contracting laboratories are included in the raport. 
Many different types of tests were used in evaluating these heat-resisting 
alloys. Of particular interest are the experiments on development of new 
alloy ayateaa for use in higher temperature ranges than are now feasible. 
The future plan of the teat program to produoe information needed by 
designers in industry and the Armed Forces is diaouaaed. 

I recommend acceptance aa a satisfactory progress report under 
the following Contractsi 

OEUsr-478 Ameriean Brake Shoe and Foundry Company 
OKMsr-447 Battalia Memorial Institute 
OEMar-457 Climax Molybdenum Company 
OBHsr-482 Crane Company 
OEMsr-459 Federal Shipbuilding and Dry Book Company 
OEMar-509 Lunkenheimer Company 
OBMar-508 Massachusetts institute of Technology 
OEMar-605 The Midvale Company 
Sym^JU934 National Bureau of Standards 
OBMsr-466 university of Michigan 
OBMsr-527 Vanadium Corporation of America 
OEMsr-840 Reaearoh Laboratory» Westinghouse 

Blectrio and Manufacturing Company 

Respectfully submitted, 

(aigned)  Louis Jordan 

Louis Jordan 
Technical Aldo to tho Chief 
War Metallurgy Division, KDKC 
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*hle report 1* pertinent to the Probleme designated by the 
Offleo of tho Coordinator of Research A Development, Havy Department, M 
aVlOS, and to tho project designated by tho Var Metallurgy Dlvielom aa 
BUBO Research Project HRC-8. 

Tho distribution of this raport la aa followsl 

Ooplos Ho. 1 through 36 - Dr. Irvla Stewart, Bxecutlve Secretary, 08HD 
Copy Ho. 27 - Clyde Williame, Chief, War Metallurgy Divleion (01T. 18), «SIC 

and Chairman, War Metallurgy Committee 
Copy Ho. 38 - Offleo of the Executive Secretary, Var Metallurgy Committee 
Copy Bo. 29 - ?. B. Schnee, Chairman, Product« Research Division, 

War Metallurgy Committee 
Copy Bo« 30 - R. C. Tolman, Chairman, Sub-Committee for Division 18, HDHC 
Copy Bo. 31 - Roger Adans, Member, Sub-Committee for Division 18, HDHC 
Copy Bo. 32 - W, P. Davidson, Staff Aide for Division 18, BDBC 

Project Llaleon Officers 

Copy Bo. 33 - It. (jg) I. H. Redding, Bureau of Aeronautlee, Bavy Department 
Copy Bo. 34 - It. Coadr. R. •. Klalneehmldt, Bureau of Ships, Bavy Department 
Copy Bo. 35 - It. B. 8. Old, Offleo of tho Coordinator of Beeearoh 

and Development, Bavy Department 
Copy Bo. 36 - J. B. Johneon. Materials Laboratory. AAf, Wright Held 

Project Committee 

Copy Bo. 37 
Copy Bo. 38 

B. C. Croee, Chairman 
V. L. Badger 

Copy Bo. 39 - M. A. Oroeema 
Copy Bo. 40 - B. L. Moehel 

Invaatlgators of the Cooperating Contraotora 

Copy Bo. 41 - Xamahaw Cook, Amerloan Brake Shoo A foundry Co. 
Copy Bo. 37 - B. C. Cross, Battelle Memorial Institute 
Copy Bo. 42 - W. P. Woodslde, Climax Molybdenum Company 
Copy Ho. 43 - J. J. Xnnter, Crane Company 
Copy Bo. 44 - Richard P. Miller, federal Shipbuilding A Drydook (0. S. Steel) 
Copy Bo. 46 - Howard Montgomery, Lunkenhelaer Company 
Copy Ho. 46 - f. H. Hortoa, Maesaehuietts Institute of Technology 
Copy Ho. 47 - f. B. foley, The Mldvale Company 
Copy No. 48 - D. J. MeAdaa, National Bureau of Standarda 
Copy Ho. 49 - A. A. Batea, Research Lab., Vestlnghouse Eleetrlo A Mfg. Co, 
Copy Ho. SO - A, X. White, University of Michigan 
Copy Ho, 61 - D. L. Edlund, Vanadium Corporation of America 
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The compositions of forty-seven alloy« supplied for tost and the 

results of experimental boat treatments on these alloy» ara «horn» Seven 

additional alloys ara now being prepared for toat in the for» of easting«. 

Density determination« hare baen made on »one of the alloy«. 

Complete examination of the aleroatruoturea of the different al- 

loys baa been made and for those with promising high-temperature proper- 

tie« a« determined by «tress-rupture and oraep tests, structures before 

and after heat treatment and aging and after testing are shown« All of 

these alloys are of the preolpltatlon-aging type and most of then are is» 

dloated to be quite stable at 1500*F. 

lone of the promising alloy« «how Tory high impact resistance, 

and those with the best load oarrylng ability show the lowest values« Im- 

pact apeelmen« tested with "7" notoh«• showed better impact resistanoe than 

bars with keyhole notches and the value» for all alloys war» higher at 

1600"F. than at room temperature, indicating low ductility at room tempera- 

ture is not neoessarlly indicative of low duotlllty at 1600V. 

Stress-rupture test« have been made or are in progress at 1600'f. 

on moat of the alloys listed. Widely differing properties are shown with 

fracture times at 20,000 p.s.i. at 1600'F«, varying from 2.6 to M.S hours. 

For the more promising alloys, fracture times between 600 and 1000 hour« 

and In a few oase« over 1000 hour« have bean obtained, as follows) Eight- 

een of the alloys show fracture times of 100 hours at stresse« above 

16,000 p.s.i. at 1500*F«, and three alloys show fracture times of 600 hour« 

at stresse« of 16,000 p.s.i. at 1600*7. Two of the alloy« (Mvfrand 8497) 

Ä^^^^^^^fi^^Ä^^^i 
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show a fraoture time of 1000 hours at 14,000 p.a.l. at 1600*P.    The beat 

alloys are as-cast X-19, S495, S497, H-15S, H-164, K-155, 4276, and alloy« 

identified as IS-38 and BR-40.    Compositions of those alloy« are shown in 

Tabl« 1« of the text. 

Cold-worked and hot-worked Cr-Ki-Co-Fe alloy, and alloy heat treated 

and aged after either oold (1200*F.) or hot (lTOO'F.) work,wes found to he 

Inferior in strass-rupture properties at 1S00*F. as eompared with solution 

heat-treated and aged alloy. 

A few stress-rupture tests are in progress at 1350*P.    For S497 

alloy, fraoture times of 100, 500, and 1000 hours are lndioated at stresses 

of about 29,000, 24,500, and 25,000 p.s.i. 

Stress-rupture tests are in progress at 1600*F. on Oaana Columbium, 

S495, and S497 alloys.   On S495 alloy at 1600*F., fraoture tines at 100, 

500, and 1000 hours are indioated at stresses of 15,200, 10,300, and 9,200 

p.s.i.    Additional pertinent stress-rupture data at 1500°F., made available 

by the U. S. Naval Engineering Experiment Station and the Westinghouse Elee- 

trlo and Manufacturing Company, are inoluded in the report. 

Creep tests are in progress at 1600'F. on twenty of the alloys tested 

In stress-rupture.    The alloys with best oreep resistance are S495   and S497, 

with Oaama Coluablum, HR-37, S-156, IR-4S, HR-57, and HR-5B, having slightly 

lower oreep resistanoe.   Alloys S495 and S497 show a oreep rate of .00001* 

per hour at a stress above 7,000 p.s.i., while the others are olose to 

7,000 p.s.i. for .00001* per hour.    Creep tests are in progress at 1600*F. 

and 5,000 p.s.i. on. S496 and S497 alloys. 

Host of the alloys tested in stress-rupture and oreep tests at 

1500*F. «how very little ehange in hardness as oompared with their hardness 
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as hakt treated. Isod impact tests (0.460-iaoh diameter - "7" notoh) 

after creep and stress-rupture tests at 1600*F. show values of 4 to 14 

foot-pounds for soae of the alloys with best load carrying ability. 

Short-time tension test data over a range of temperatures hare 

been made available by the U. S. Haval Engineering Experiment Station for 

•one of the alloys tested In the KRC progras. 

Fatigue test data at 1200 to 1500*F. on heat-resisting alloys 

were aade available by the U. S. Naval Engineering Experiment Station and 

Westinghouse Eleotrio and Manufacturing Company. At lZOO'F. some of the 

materials show endurance limits at 2*5 X 108 oyoles over 40,000 p.s.i. 

and some do not. Some of the well-known alloys suoh as Tlmken 16-26-6, 

Oamma Columbian, 19-9 ff-Mo and S497 show stresses producing rupture in 

1000 hours at stresses at or near 40,000 p.s.i. This means that in de- 

signing parts for a limited service life in which the stresses used are 

consequently high, it is well to remember that if the part is subjeoted 

to fatigue stresses, the endurance limits should be taken into considera- 

tion. Then the heat-resisting alloys are to be used for types of servioe 

in whieh long servioe life is desired, the lower stresses diotated by the 

low oreep rates allowable usually give an ample margin of safety as com- 

pared with the enduranoe limit and in these oases the oreep rate rather 

than the enduranoe limit is the limiting factor in design. 

Corrosion tests at 1500*F. in an air-sulphur dioxide atmosphere 

as performed at U. S. H. E.E.S. show no significant attaok on the Cr-Mi-Fe 

types of alloys discussed in this report. 

The researeh on ehrosdum-tungsten alloys has developed materials 

with exeellent stress-rupture properties at 1600*F. in that alloys with 

r 

st 
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approximately 23 to 26£ tungsten, 8 to lSjt iron, balance chromium show 

tests of 850 to 1160 hour* duration at 20,000 p.B.i. without fraeture. 

The duotillty is praotloally nil and efforts are being made to improve 

the duotility. Centrifugal oasting in vacuum of supercharger blades for 

teat purposes is to be attempted. 

Tungsten-rich alloys containing 25 to 30jt tungsten and with bal- 

ance principally chromium, nickel, and cobalt show Brinell hardness at 

1500*F. of about 400. These are to be tested in stress-rupture at 1500*F. 

soon. 

Experiments are in progress on the effect of heat treatment 

variables on the structures and high-temperature properties of Timken 

Alloy 16-26-6, Gamma Columbium, and S495 alloys. 

The future work planned is discussed in detail. 

COOPSBATIHG LABORATORIES 

Researoh laboratories of the following organisations,, operating 

IDKC oontraots, are eooperating in the researoh program. 

American Brake Shoe and Foundry Company 

Battelle memorial Institute 

Climax Molybdenum Company 

Crane Company 

Lunkenheimer Company 

Massachusetts Institute of Teohnology 

Mdvale Company 

*;*>&> 
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Rational Bureau ef Standard« 

United States Staal Corporation 

University of Michigan 

Vanadium Corporation of America 

Wsatinghouae Bleetrie and Kamifaoturing Company, 

•SS»-' 

m 

.<«?; 
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Of the»a laboratoriaa operating under an NDRC oontraot, stress- 

rupturs tests are being conduoted by Ansrloan Brake Shoe and Foundry Com- 

pany, Battalia Memorial Institute, and University of Klehlgan. 

Creep teats are being oonduoted by Arnerloan Brake Shoe and Foundry 

Conpany, Battelle Memorial Institute, Crane Company, Lunkonhelmer Company, 

Massachusetts Institute of Teohnology, Midvale Company, National Bureau of 

Standards, and the United Statea Steal Corporation, using 30-40 oreep test 

units« 

The Climax-Molybdenum Company and the Vanadium Corporation are en- 

gaged in fundamental researeh on the development of new and improved alloy 

systems suitable for high-temperature service. Both oompanlea are conduct- 

ing experiments on the melting and easting of the various alloys developed 

for preparation of both test specimens and blades for testing in a turbo- 

supereharger under gas turbine operating conditions. 

ffestlnghouee Eleotrie and Manufacturing Company is engaged in re- 

search on the effect of heat-treatment variables on the structure and high- 

temperature properties of some of the alloys being studied in this researeh 

program. 

In addition to the above-noted companies, the following companies 

are cooperating by supplying test materials either gratis or under purohaae 

order either to reimburse them for out-of-poeket expense or because of 

«  V 
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existing priority restrictions on the use of raw materials «dim not covered 

by a proper and oertlfled purohase order. 

Allegheny-Ludlum Steel Corporation 

Cruolble Steel Company 

Driver Harris Company 

General Eleetrio Company 

Haynes-Stellite Company 

International Nickel Company 

Stoody Company 

Universal Cyolops Steel Corporation 

MTBOPPCTIOH 

This research has as its objeot the development of bettor heat- 

resisting metals for use as gas turbine parts» The research Is being 

oarried out at the request of the Bavy Department. 

The initial temperature of Interest «as stated to be ISOO'P. 

and alloys that will withstand 7,000 p.s.i. with a oreep rate not ex» 

oeedlng .00001^ per hour are presently required. 

Present activities of the Bureau of Aeronautics of the Wavy De- 

partment have developed the need for alloys suitable for use at higher 

•tresses but with shorter useful life. The researoh has been directed 

toward development-of alloys of the desired low oreep rate, but at the 

same time considerable data of direct value and Interest to the second 

application are being obtained. 

i  \. 
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Thia report will Mm to present all of the teat data, obtained to 

date In this reaeareh program. Subsequent reports will present additional 

data as they beeoae available. 

DPSRIltEHTAL WORK 

Test Materials 

fe 

Table 1 shows the forty-seven alloys that hare been supplied for 

teat. SOB» test data are available on all except NH-26, NR-47, and NR-56. 

The Alloys NR-26 and NR-47 are to be supplied In the as-east condition and, 

to date, sound bars have not been reoeived for test. HR-56 is being forged 

and will soon be ready for heat treatment and testing. 

Table 1 also shows the composition of seven alloys which are being 

prepared for test. NR-10 and NR-12 are to be prepared in the form of oast- 

ings by Haynes-Stellite Company. These are alloys for whloh sound test 

bars have been prepared in small sixes, but for 0.605-inoh diameter test 

bars it has been necessary to do considerable research work on gating and 

feeding in order to Insure sound oast test apooinane. Recent trials have 

indicated that sound material of the sise desired may soon be available for 

test. NR-13 and NR-14 have been delayed until a suitable nickel-titanium 

alloy for introducing titanium into the melt was obtained. These heats are 

to be made soon. HR-23 is to be cast by the General Bleotric Company and 

lack of soundness in the as-east bars has delayed these tests. NK-10, 

HR-23, NR-24, NR-57, and HR-58 are to be oast oentrifugally by the Stoody 

Company. Cast bars of Alloys UR-10, NR-67, and NR-58 have just been 

reoeived from the Stoody Company but have not yet been radiographed for 

soundness. 

i-*lr.i.;tt.i. T%f;;>y¥i*%fälWTi'Zi.,;:,.; 
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IbtarUl '  TJ BB U" Cr 11 So •o 11 0* t» «I •aauka 

gt ••1 .2» .M •61 ».* U.2 10.71 3.11 l.M . . 
n-i .«7 .69 .M 14.0» 19.67 20.06 S.M t.M 1.10 

MU n-s .40 1.47 .17 16.X9 24.60 26.07 1.30 1.03 - 
IM n-4 .» 1.47 .60 10.17 26.10 26.74 3.03 - - 
H36» B-e .5» 1.60 .62 20.M 26.37 86.49 2.16 3.01 - 
HM n-* •M l.M .6t 20.3* 29.6» 31.33 6.01 - - 
M9S (IM 0) •-7 •U .71 .17 14.60 20.M - t.*7 S.M S.7* 
MI EU-6 •W .TS •M 14.44 10.51 - 4.36 S.M 2.7* 
Oaaam Ooluojbliai n-i .M .74 1.11 14.11 24.0» - 4.41 - 4.M 
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Tukan n-it .oe l.M .61 ll.M 26.2 6.4* .0* 
19-»«J-IM n-M .11 .60 •4! 16.67 6.63 .40 l.M .28 0.4* Tl 
Safraatalay n-17 .07 2.0 24.4 30.0 6.0 
70 Co - so Cr »-16 .44 1.0» .14 S0.04 47.91 
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.41 .M .M 13.92 11.71 4.11 6.67 4.M 

Contra-Aald n-s* .044 .16 14.77 •0.11 7.M *• l.U 
•tti-2 n-i7 •M S.l l.M 16.7 16.1 1*.7 1.7 l.M •tl 
MB» n-M .1» S.lt 1.7* 17.6 16>0 19.7 S.7 l.M •M 
UN n-s* 1.0t .61 .M 12.M 11.0* .60 1.41 
«875 n-40 •M 4.47 .71 16.10 4.41 3.33 
«77 m-ti 1.16 12.61 .44 19.76 l.M 1.17 
IM22 n-«> 1.46 1.16 26.77 11.01 S.7S 
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•oplaoaMat HM n-M .44 l.M • 76 11.10 M.M U.20 l.M 1.91 
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•Min*« UM «i n-u .10 •7t 1.0 lt M t lt t n i 
«MiriMMU «1 n-u .04 .M .70 10 St * 6 1 tl S.M 
1MT •• n-u .11 13 46 M to 
71 A n-(7 .10 l.M •M 1.7 M.l 4.22 17.26 «.lt f» li 
«1 A n-u •40 .61 2t.l M.l 4.11 lü l.M 
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Density determinations have been made on some of the alloy* • 

Beat-treated and aged specimens im used for the density determinations, 

exoept 1B the oase of Cut Alloy HH-11 and Alloys HR-49 and HR-51. At 

the time, no heat-treated BR-49 (TlaJcen alloy) was available and HR-61 

«a« tasted In atreas-rupture and creep In the oold-rolled condition so 

density «as determined on similar material. 

The specimens were carefully eleaned, weighed in air, and then 

welched Immersed in water. All weighings were earrled out in a oonstant« 

temperature, oonstant-humidlty room» The density was oomputed aeoording 

to the formula 

<&&% 

density 

lawhloh p * density of the air 

• density of the water 

• weight in air 

• weight la water 

• weight of sling used to suspend 
sample in water. 

The values obtained are shown belowt 

HR-11 
VB-16 
18-17 
HS-19 
MR-20 
IH-21 
•R-22 
»H-29 
•R-55 

8.9165 
8.0386 
8.0221 
8.1460 
8.1889 
8.2890 
8.8710 
8.1922 
8.06S8 

NR-54 
IIR-44 
W-46 
HR-46 
BR-49 
IH-51 
tt-62 
SK-63 
•R-64 
IR-86 

8.2800 
8.1966 
8.6698 
7.9328 
8.0686 
8.0616 
8.0584 
8.0964 
8.0586 
6.0582 

WIII MI,:<i;V./ii^V^^V^>'"^?*i'^'^*'H'.-^ . • 'X.'-'-fY-:..' v^j/fc*-.. "•-..:;" ••$••• .••,...: 
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Mstallographlo Examination and Heat Treatment of Test liatsrlals 

All tout materials wore cant to Battalia Memorial Institut« for 

examination and heat treatment before tasting. Struotures of the alloys 

as-reoeivod, as-forged, or as-oast ware determined. Some alloys ware 

tasted In the as-reoelred condition. For those alloys tested as-heat- 

treatad. a series of experimental heat treatments were used to develop 

the struotures thought most suitable for good load-carrying ability at 

high temperatures. Heat treatment temperatures« times at temperature, 

and modes of cooling were ohosen to produce the maximum oarbide solution 

without objeotlonable grain growth or grain boundary conditions. The 

formation of a oontinuous heavy oarbide network in the grain boundaries 

was avoided. 

Table 2. shows the heat treatments thought most suitable for the 

various alloys and to whioh the alloys were subjected before test. As a 

result of the various experimental heat treatments, as will be seen In 

Table 2«, many different combinations of solution heat-treatment tempera- 

ture, times at temperature, and methods of cooling from the heat-treatment 

temperature have been used. Specimens of the alloys to be tested at 1360"P. 

were aged SO hours at 14O0*F. prior to test. Speoimens to be tested at 

1500 or 1600*F. were aged 50 hours at the test temperature prior to test. 

Tha heat treatments used may not have produoed the struotures with the 

most desirable high-temperature properties in every ease. Recent data 

made available by an alloy manufacturer lndioate that higher solution heat- 

treatment temperatures oan be used in some cases even though the mioro- 

struotures may not appear as desirable. Sueh indications are being given 

oareful consideration and experiments to evaluate their effeot are being 

planned. As will be related later in this report, experiments on the 

•li***f^ •i.frl.iism»«|,...WimWMlimlm,l 
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effeet of heat-treatment rarieblee on eereral of the well-known alloy« 

are la progress. 

Figur«! 1 to 9 allow photomlorographa of son» of tho «Hoys whioh 

have shown promieing etrees-rupture and creep proportion in tho tests at 

1600*F. 

Bather complete examination of tho strueturoa of tho rarious IS 

alloya haa boon amdo as-heat-treated and before test, but apaoo doos not 

permit tho reproduction of tho atruoturoa of all of tho alloya in thia re- 

port« Thoae that are shown serve to illuatrate the typea of atrueturea 

typioal of these typea of preoipitation-hardening, heat-resisting alloya« 

Considerable work ia in progress at the moment on examination of the struc- 

tures of the alloys after test and determination of the type of fracture 

obtained in the stress-rupture testa, but only a portion of this work la 

In shape for presentation in this report. A subsequent report in aereral 

months will be more complete in thia respect. 

The atrueturea for each alloy are shown on a single page. Four 

conditions are shown for 2 magnificationseach, at 200 and 500. The two 

photomicrographs at the top shew the structure aa-reoeivedj the next two. 

the structure after the solution heat treatment, as noted« the next, the 

atruoture after aging 60 hours at 1500'P.j and the bottom two* the atruoture 

after stress-rupture or oreep test. 

Photomlorographa are shown for Alloys HH-19, 20, 21, 33, 34. 43, 

44, 4S, and 49. All of these alloya are of the precipitation-aging type. 

Alloya HB-1-9, 20, and 21 (Figures 1, 2, and 3) had been air-oooled 

from 2100*F. before reoeipt. Solution heat treatment at a slightly higher 

temperature effeoted a more oomplete oarblde solution and with not too much 

fflgW*'-'.- 
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Alloy NR-19 

(N-1B3) 

^i-iiV^v*« r •'   —^A,—^^J": r '-"x 

Forged 

2100°F. 

Air-cooled 

Heat-treated 

Preheat-1550°F. 

High Heat 

2200°F.-30 min. 

Oil-quenched 

Aged 

1500°F.-50 hrs. 

Figure 1. 

I  V 
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Alloy-NR-20 

(N-154) 

Forged 

210C°F. 

Air-cooled 

I 

•   i • * > •   • 

<$    d 

•.*ivf  •.°W^'K?' 
y \ 

•    .-.-.. ..A      'n • B»» u.--n« «ffcP 

Heat-treated 

Preheat - 155CF. 

High Heat 
2150"F. - 30 min. 

Oil-quenched 

Acted 

1500  F. SO hrs. 

Creep Test Bar 

NR-20-1 

Temp. 1500"F. 

Stress 10,000 p.s. j, 

Time 1500 hrs. 

200 X 500 X 

Etchant—Aqua Regia in Glycerine 

Figure 2. 
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Alloy NR-21 

(H-155) 

Forged 

2100°F. 

Air-cooled 

Heat-treated 

Preheat - 1550°F. 

High Heat 

2200°F. -30 min. 

Oil-quenched 

i- .*.<* "?*. 
' ?• 

M 

••^*^?m 
*a® HfXi 

•>¥, 
'^'•V^' /:   *»• 

•a?- 

4' 
t.'5- 

Sfef SMS 

*&.>• 

8*vi e 

.. ,J<r*^ 

v*y ••>/. *: 

It ?-i'.:>.VH<v •«& * 4> L « ••*.- •> »" 5/ * 

i 1   BnA 

is ^&«? 
üftfL<*3<kS 196 

1500°F. -SO hra. 

.'TV 

.;.:. 
sif-^ 

•"-"*: 

f-&± 
**     i    — -*• **f*« 

•?'-•-v": '''V    . • =•. 
•>e 

» 
ß 

V*? 
200  X 

mi '•A; m* 
m m 

i "Z&k. 
'M% '.it*' 

tfi*' «S«i- 
ÜH3 

1 
WAS 
# 

:•- 

S*ts 

_y. 

>' 
500 X 

Etchant—Aqua Hegia in Glycerine 

Figure 3. 

Creep Test Bar 
NH-21-1 

Temp.   löOCF. 

Stress 10,000 p.s. 

Time 2160 hra. 

BBSS 

Hi^B 
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' 

grain growth. Aging produced considerable precipitation, but for NR-19 

apparently the tin« at temperature in the solution treatment «aa not euf- 

fiolent to allow diffusion of the oarbide to eliminate the initial segre- 

gation of oarbon. Struoturea for speelmons tested at 1600*F. are »hown 

for Alloys VR-20 and 21. The tine at test temperature of 1600'F. produced 

ooalesoenoe of the oarbides partioularly at the grain boundariesi yet« as 

shorn in Table 8., little or no change in hardness was noted aa compared 

with the original heat-treated and aged material. 

The Oaana Columblum alloy (VR-53) is shown in Figure 4. Appreci- 

able oarbide solution was effected in the solution heat treatment. Aging 

did not preoipitate so much oarbide as for HR-19, 20, and 21, and testing 

for 2060 hours at ISOO'F. did not appear to produce much more preoipitate 

exoept in the grain boundaries. Table 8. shows only a small deorease In 

hardness. 

The S495 alloy (HR-34) is shown in Figure 8. Tory substantial 

oarbide solution was effooted but the massive oarbides were not affected 

•nob. Aging produced uniform precipitation, and testing for 2280 hours 

at ISOO'F. coarsened the oarbides in both the grains and the grain bound- 

aries. The hardness was redueed from Rockwell "A" 61 to 69. 

The 8668-1 alloy (RR-43) whloh is a Cr-Hi-Co-Fe alloy with MO, V, 

and Ta added is shown in Figure 6. and this material reacted somewhat 

similarly to S496 in Figure 6., exoept that the matrix oarbides were not 

ooarsened quite so muoh. 

The replacement alloy for JTR-3 (KR-44), Figure 7., showed the 

greatest amount of preoipitation on aging but when tested 418 hours at 

1500*F. the hardness was reduced from Rockwell "A" 68 to 69*6. The struc- 

ture of this alloy as-tested is not yet available. 

mm, 
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Alloy MR-33 

(Gamma Columbium) 

F i>;e i 

200 X 500 X 

Etchant—Aqua Hegia in Glycerine 

Figure 4. 

Heat-treated 

Preheat - 1550°F. 

High Heat 

2250°F. - 46 min. 

Oil-quenched 

Aged 

1500°F. -SO hrs. 

Creep Test Bur 

NR-33-1 

Temp. 1500°F. 

Stress 7,000 p.s.i. 

Time 20S0 hrs. 
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200 X 500 X 

Ktchant—Aqua Regia in Glycerine 

Figure 5. 

Alloy NR-34 

(S495) 

Forged 

Huut truut >• I 

2250"^. - 2 hrs. 

Water-quenched 

1500°F. -50 hrs. 

Creep Test Bar 

NH-34-9 

Temp. 1500"F. 

Stress 10,000 p.s.j. 

Time 2280 hrs. 

•  \. 
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V-AX'. 

Alloy NR-43 

(B656-1) 

Forged 

CA-fet*^ 

. .y. V  *l •••: V -• 

ft»;  ••.... w-\-: -i;l 

ft 

200 X 500 X 

Etchant—Aqua Regia in Glycorine 

Figure 6. 

Heat-treated 

2250°F. - 30 min. 

Oil-quenched 

Aged 

1500"F. -50 hrs. 

Creep Test Bar 

Iffi-43-3 

Temp. 1500°F. 

»fi^SW   Stress 10,000 p.s.l. 

Time 1601 hrs. 
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Allo.v_.HR-44 

(Replacement NR-3) 

Forged 

Heat-treated 

2250°F. - 10 min. 

Air-cooled 

1500"F. -SO hrs. 

200 X 500 X 

Etchant—Aqua Hegia in Glycerine 

Figure 7. 

I  V. 



I 
-21- 

The 8497 alloy (KR-45) 1« shown in Figur» 8« and the structures 

are similar to those for S495 alloy (HR-34). 

The Ilmken 16-26-6 alloy (HK-49) is shown in Figure 9. Solution 

heat treatment effoots almost•complete carbide solution«and appreciable 

precipitation is produoed by aging at 1500°F. 

Charpy Iapaot Resistance of Test Materials 

Charpy keyhole and "V" notoh iapaot tost specimens of some of the 

alloys have been tested at room temperature and at 1600'P. The results 

obtained are shown in Table 3. 

At room temperature none of the alloys possess very high impaet 

reslstanoe. The alloys showing the best stress-rupture and oreep proper- 

ties at 1500'P. (HR-34 and KR-45) show the lowest impact reslstanoe ex- 

cepting Alloy NR-17. These were 5 foot-pounds for HR-34 and 7 foot-pounds 

for NB-45, using the keyhole notoh. Although it was suggested that the "V" 

notoh mieht show still lower values for these alloys in the heat-treated 

oonlltion, the 3 alloys tested with "V" notoh at room temperature showed 

considerably higher values than with the keyhole notoh. The alloys with 

highest impact reslstanoe were NR-29 (Klmonio-80) and HR-33 (Genoa Colum- 

bian). 

At 1600'F., «11 alloys showed higher iapaot resistance than when 

tested at room temperature, and when tested with a "V" notoh at 1500°F. 

the values were higher than with a keyhole notoh. This is assuring in 

that alloys with low duotlllty at room temperature will possess better 

duotillty at the operating temperature. The impaet reslstanoe of the 

Columblum alloy (NR-33) continues outstanding. 

• •»•».•.«a 

' WP* 
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Alloy KR-45 

(S497) 

Forged 

Heat-treated 

2250°F. - 2 hrs. 

Water-quenched 

Aged 

1500'F. -50 hrs. 

200 X S00 X 

Etchant—Aqua Regia In Glycerine 

Figure 8. 

Stress Rupture Bar 

NR-45-1 

Temp. 1500°F. 

Stress 15,000 p.s.i. 

Time 597 hrs. 

i  \. 
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Alloy NR-49 

(Timken 16-25-6) 

Forged 

Hi :I1 - tt'itatu I 

Preheat - 1550°F. 

High Heat 

2150"F. - 45 min. 

Water-quenched 

~~*7 

AKO i 

1500°F. -50 hrs. 

200 X 500 X 

Etchant—Aqua Kegia in Glycerine 

Figure 9. 

t  V 
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TABLE 3. CEABPT NOTCHED-BAR IMPACT RESISTANCE OF BEAT" 
RESISTING ALLOYS AT ROOM TEMPERATURE AND AT 

1500*F. 

Alloy 
Number 

Charpy Impaot Resistance    -    Fool , -Pounds 
Material Room Temperature 

Keyhole         "V" 
Notch          Notoh 

1500'F. 
Keyhole 
Hoteh 

•Tiyir 

Notoh 

Tlmken 16-25-6 NR-15 13 15 27 

Refraotaloy B HR-17 1 (») 

I15S NR-19 11 24 

«155 KR-21 13 24 

Refraotaloy A NR-28 4 (a) 

Klmonle SO NR-29 24 (ft) 

Ottana Columbiun NR-3S 15 24 21 42 

S495 FR-S4 5 7 13 19 

8658-2 NR-37 11 22 19 24 

8659 NR-38 7 (ft) 

Replaoement VHS NR-44 6 (ft) 

S497 NR-45 7 14 

19-9 W-Mo (mod.} NR-46 27 89 

(a) To be tested later» 

i  V 
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Stress-Rupturo Tests 

Stress-Rupture Tests at 1600*F. 

Stress-rupture teats have bean run at 1SOO*F« on test speolmans 

of 0,506-inoh diameter and approximately 2-laoh gage length»   The oo»- 

plete stress-rupture data are shown In Table 4, and the stress fracture- 

time ourres are shown in Figures 10, 11, 12, and 13»   The curves for Al- 

leys SR-1 through NR-18 are shown In Figure 10.    The ourres for Alloys 

HR-19 through HR-36 are shown in Figure 11, and the ourres for KR-S7 

through HR-56 are shown in Figure 12.   This is an arbitrary division 

merely to prevent crowding of the data on one graph, and therefore, to 

make inspection of the ourres easier. 

Kost of the alloys hare been tested at 20,000 p.s.i. at 1600*F. 

As available test equipment and the supply of the various alloys permit- 

ted, tests ware run at lower stresses than 20,000 p.s.i. and with conse- 

quent longer fracture times. 

In addition to the fraoture times for the various stresses employed 

for the alloys, values for elongation, reduotion of area, and the minimum 

rates of deformation measured from the time-deformation ourres are shown 

la Table 4. 

Table 5 also shows the time in hours required at eaoh stress used 

la the tests to produce total deformations of 1, 2, and 9ft,   For some of 

the better alloys, the time-deformation curves are shown so that the types 

of deformation characteristics and deformations or rates at periods other 

than those ohosen for the various alloys may be more easily seen than can 

be obtained from tabular data. 

i     v. 
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TABLE   4 .     STBESS-BUPIUBE PROPER! I a2 AT 1330, 1500, AID leoo'r. or HEAT-RESISTIBC ILLOTS 

T«np. TIM ftMiiuctlon Ifinlmun 
Alloy Uli 
Spaeiwn Nunbor 

Condi- of for of Bat« 
tion Toot, Strota. Ruptur«, Elonc Ar«, r.Por Hr. Tin« In Bouri for Ooferantlan of 

• •r. I-.a.i. Hour« 2 * V 2S n 
. 

U-l-1 1500 20,000 6.41 3.5 «.2 .36 2 4.7 6.2 
ra-i-2 • 12,000 66.0 1.0 3.0 .012 68 • - 
• M • 9,000 428.6 1.0 1.0 .0015 426 - - 
n-i-l 1500 20,000 14.1 26.0 21.3 .61 11« . 
m-8-2 1600 30,000 3.76 a.o 1.23 .4 1.1 3.0 
sa-s-i * 20,000 61 .a 3.6 3.1 .03 11.6 34.8 - 
3-3-3 • 14,000 161.0 1.7 .79 .0042 150 - - 
SR-I-A1 v 12,000 317.0 .69 111 .00169 - - - 
ra-3-i; • a, ooo 961.0 1.42 111 .00078 • * - 
BR-44-1 1600 14,000 41B.0 3.0 1.1 .0017 290 416 - 
n-4-i 1600 20,000 24.0 12.0 13.0 . lot «•llnblo 
«»-1-2 1(A) • 14,000 S4.6 6.0 6.6 .026 11 43 91 
n-4-3 • a, ooo 534.0 6.0 4.3 .0032 216 392 636 

n-5-i I 1600 20,000 21.3 1.0 2.7 .027 Ha* 
n-s-« 1 • 14,000 92.4 0.9 1.26 .006 92 • - 
m-c-j 1 1600 20,000 22.0 34.5 26.6 0.84 .8 1.7 6.6 
m-6-2 1 • 16,000 114.6 22.6 23.0 .087 6.2 16.6 60.2 
«R-c-; 1 • 10,000 630.0 5.0 .001 

n-T-i 1 1100 20,000 2.6 16.0 21.6 .165 Bot «r»il«bl. 
11-7-2 1 a 0,000 207.6 6.5 7.7 .09 61 160 185 

»44 I 1600 20.000 16.0 6.5 11.9 .186 3.5 7.6 16.6 
n-s-2 2 • 17,000 121.6 5.0 7.3 .0118 88 106 121 
n-a-i 2 • 15,000 326.0 7.0 8.1 .006 140 246 320 

n-34-i 3 1600 20,000 29.36 29.0 43.4 .21 4 8.4 16.6 
HR-34-7 3 i 15,000 674.0 21.0 33.6 .00116 • 
m-S4-« 3 • 13,600 1423.0 20.0 30.6 .0009 820 1130 1380 L 
lR-34-17 3 1800 14,000 72.5 23.0 34.1 lot onllnblo 
Ht-34-16 3 • 11.600 264.5 6.0 26 60 246 
101-34-16 3 • a,600 644.6 9.0 14.4 .0033 40 256 640 

n-a-i 2 1600 13,600 143.0 1S.0 17.0 .016 47 62 187 
m-9-; 2 m 11,000 663.0 6.0 10.7 .0002 646 600« 683 

n-3i-) 2 1600 20,000 23.6 24.0 29.8 . lot «»IKbli 
n-u-2 2 • 17,000 63.5 24.0 26.6 .064 17 31 68 
n-ss-4 2 • 13,600 302.0 14.0 22.8 .012 107 167 242 
«B-3S-E1 2 • 12,000 In protrOM 
n-J3-i9 2 • 10,000 1906.0 6.0 11.1 .00016 1280 1650 1900* 

11-33-22 1 1600 20,000 6.44 29.6 26.8 1.6 .3 .8 2.9 
I»-33-23 1 a 15,000 67.6 17.5 26.5 .11 6.0 14 34 

lB-33-34 2 1600 12,000 36.0 26.0 35.0 .24 1.3 7.4 20 
«R-SJ-Ji 2 • 0,600 406 In procrou 

n-io-i a 1600 16,000 326.6 9.21 12.4 .0066 75 147 266 

m-ii-l a 1600 20,000 33 .a 16.4 16.2 .06 2 - . 
a-u-g • • 16,000 160.3 16.1 15.2 .092 * • 23 

a-is-n 3 1600 20,000 «a 19.5 19.9 2.88 .3 .6 1.6 
im-15-4 3 it 10,000 110.4 6.66 10.4 .0278 33 61 * 
W-IS.-1C 3 I 7,000 660.0 3.1 4.6 .001 100 180 326 
n-ic-ii 1 • 16,000 66.0 62.0 61.7 • lot •mlloblo 
HR-16-13 1 • 10,000 404.0 17.6 19.2 .02 28 76 220 
m-iE-i« 1 " 7,000 636.0 3.6 - 432 816 • 

„I ••• '  V 

t      V. 
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TABLH   4.    (continued) 

Alloy and                  Coi 
Speetneb Fpanber          t 

Toap. 
all-      of 
on        Toat, 

T. 
Straaa, 
p.a.l. 

Tim 
for 

Ruptura, 
Houra 

Hong.. 

Induetlon 
of 

ATM, 
* 

Bill««« 
k«te 

«POT 
Hour 

TlM In Houra for Dofornatlon of 

l*             V m 
MM 
m-ST-s                   l 
KB-37-C                               1 

1            1600 
a 
a 

20,000 
16.000 
11,600 

14.0 
93.6 

IB 

46.0 
40.4 

prorrus. 

36.2 
44.8 .14 

•Ot available 
(.6                7.C (6 

MM 
ni-n-2                  l 

!            16» 
i               a 

20,000 
16,000 

16.18 
224.6 

27.6 
11.6 

26.6 
13.7 

•TT 
.019 

.6               1.3 
(3                 66 

6.4 
ITS 

m-as-i 1600 
a 

20,000 
16,000 

16.02 1.0 4.7 .077 8.3             16.« 
In progress 

- 

n-4o-i                  i 
ra-40-2                  i 

1600 20,000 
16,000 

26.0 
172.0 

33.0 
66.0 

61.1 
36.0 .062 

lot «reliable 
18                 •< 100 

««-41-1                             1 
NK-41-2                               1 

1600 20,000 
16,000 

17.0 
•0.6 

36.0 
30.0 

E0.4 
64.7 

- lot «sellable 
lot available 

IS-42-1 1600 20,000 9.67 16.6 20.6 1.0 .3                 .96 3.6 

n-w-i                  i 
101-43-2 

1600 
a 

20,000 
16,000 

14.0 
216.0 

61.0 
12.0 

40.4 
14.4 .008 

lot available 
36                 96 170 

IR-4b-2                               i 
m-ib-3                               1 
•R-46-1                          ) 
U-46-10                        1 
IB-46-3                        1 

1600 

a 
a 

20,000 
16,600 
16,000 
16.600 
19.600 

46.6 
161.6 
607.0 

446.6 

34.0 
18.6 
13.6 

14.0 

28.6 
26.4 
(3.4 

17.3 

.061 

.0034 

.0116 

lot «alloblo 
30                 60 

(13               316 

60               164 

1(7 
600 

860 

8B-4S.-13 
M-46-14                           1 

1600 
a 

20,000 
16,000 

11.(6 
606.6 

36.8 
33.1 

46.4 
42.3 

.24* 

.060 
1                   1 

14.6             33 
6 

87 

m-41-19                           1 
•S-46-T                            1 
8K-45-U                             1 

1(00 
a 

14,000 
10,000 
9,000 

la 
«26.0 

In 

progress 
7.6 

progress 
(.6 .00(4 76               (88 400 

m-46-20                             1 
•1-46-21 
»8-48-1                                1 

1360 
a 

1600 

62,600 
26,000 
13,000 

26.0 
462.0 
114.6 

26.0 
31M 
4.0 

33.3 
41.8 
6.8 .002 

lot available 

100             no 

n-48-i 
n-49-2 
SB-48-3 

int-41-ii 
K-49-13 
rm -49-14 

«R-60-1 

1600 20,000 
' 16,000 
• 10,000 

1600 20.000 
• 16.000 
* 10,000 

1600 20,000 

6,08 86.6 
In progress 
In procress 

7.26 73.0 
In proerota 
In procroaa 

3,67   83.0 

47.8    8.2 

87.0    2.04 

87.0    4.6 

Hot «reliable 

•5-61-2 
mt-oi-c 

16,000 
16,000 

IT.»    6.8 
16.1 

n-6i-s 
n-8i-4 

26,000 
16,000 

(1.6    6.8 
811 

9.66    .(06 6.6     16.6 

1600   20,000 80.0   33.0 

i   \. 
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Alloy au 
IfMlMa 

tap.                            Tl» Reduction Klalaua 
Condi-       of                                  for of               lit* 
tlca       Tut, Strut«.      Ruptur«, ItloB£.,         Are», j! 
•             *r. p.o.l.         Eouro *                  %                I 

far        liaa in Houra for Jjof onaatlon of 
5 *T *? 

M-M-I i MOO 10,000 46.6 17.6 

a        MOO      to,ooo        n.o      «l.» 

1 MOO 16,000 M.t 64 

44.6 

(6.6 

• Air ooolod 
• Ml i 

• Cold-worlEod ana agaa 
• Cold-vorkad, oll-quonolMd, and ago* 
• Bat-mrkad 
• Hot"i»orkod, oll-4uooakod, and agad 

1 tasted as-eaat 

For datalla of prooesalac, solution hoot treafcnent »JUl 

(A) -lot «god 

«cUf, IM Takle £ ;! 

i     s. 
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table 6. shows the stresses estimated to produoe fraoturo la 10, 

100, 600, and 1,000 hours* Thai« data for tins» to produoe oertaln do« 

formations sad stresses to produoe fracture« la certain time porloda are 

data of value for uae by th« designing engineer. 

Fraoturo times of 2,5 to 84.5 hour a were obtained at 20,000 p.s.i. 

at 1600*F. In some oases the longer fraoturo times «ere the result of 

large elongations talcing plaoe before fraoturo, but aone of the weaker al- 

loy« showed both low fraoturo tine and low eloagatioa and several of th* 

alloys showed long fraoturo tines with relatively low elongation. 

AHOJBNR-1 to HR-8 wore prepared from snail lnduotion furaaoe melt* 

and wore limited in quantity. The forging of these heats was attempted on 

small-capacity hammer equipment and numerous oracks and flaws were produced 

by this forging operation. For this reason the tests on these alloys in 

several oases ware not repräsentative of their composition. For Instanoa, 

Alloy BR-5,which showed promising fraoturo times at 30,000 and 20,000 p.a.l., 

showed a ohango in alope of the ourve in Figure 10 below 20,000 p.a.i. later- 

granular appaariag fraoture« were obtained in speolmens tested at 14,000, 

12,000 and 9,000 p.s.l. Flaws resulting from forging were observed la the 

specimen tested at 14,000 p.s.i. and may have been present in the speolmens 

tested at higher loads. A duplicate heat (HR-44) has been melted and this 

heat was forged in a production mill. Note in Table 4 and Figure 10, the 

fraoture time of 418 hours for Alloy NR-44 at 14,000 p.s.i. as compared with 

the 161 hours for Alloy HH-S. A replacement heat for HR-5 has been melted 

sad is now being forged preparatory to testing. 

Alloy HR-8 (8495 alloy} was oae of the small experimental heats 

produoed at first, aad while its stress-rupture properties were better than 

the others, it was not quite the equal of bar stook later supplied by 

•••'••"'." %••*•'.  ' 
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D1TA PROM STHESS-BUPTTOJ TESTS AT 1800*F. 

Material 
Alloy 
limber Condition* 

 Streu. P.S.I., For Fracture In  
10 Hre. 100 Hrs.        600 Hrs.      1000 Bra. 

«-1T2 nt-i 
S497 HR-2 
H41B tt-3 
H36S n-4 
ES69 •t-s 
H4S9 nt-6 
S496 (Low C) m-7 
S49S HB-8 
Gamut Coliabiua «8-9 
Vitalliin HB-10 
1320 »-11 
Tlnkac m-is 
Tinken •R-16 
19-9 T.-Ko nt-16 
Kefraotaloy B .  m-17 
70 Co - 30 Cr BR-18 
H1Ö3 Ht-19 
HI 54 «-20 
nee »-21 
SI 66 HH-22 
Z-19 •-24 
1-37 HE-26 
Refraetaloy A RB-28 
Kiaonic 80 SR-29 
TyooniuB HR-31 

SR-32 
Qua«. Columbitn HB-S3 
Gau Colunblun HR-33 
S49B RB-S4 

HR-35 
Contra-Aeld MH-36 
8658-2 KR-37 
8659 »-38 
4274 m-39 
«75 »-40 
4277 m-41 
22422 HR-42 
8658-1 »-43 
Hl»> »-44 
S497 m-4s 
S497 »-46 
19-9 W-Ko (nod.) HR-46 
1-41 HR-47 

17,600 

29,000 

11,600 6,700 

(Hot available yet) 

17,200 

7,700* 

26,800 16,300 10,000 7,900 
26,000 13,600 9,200 7,600 
24,000* 13,600 • - 
23,000* 15,400 10,600 9,000* 
15,500 10.300 - - 
21,000 17,000 14,600 - 

14,300* 11,600 10,600* 
- >15,000 - - 
- 16,200 11,700* - 

16,000 10,200 - - 
- 13,600 9,600 - 

16,700 • - - 
19,600 13,000 9,900 8,800* 
21,000 11,000 7,000* - 

- 19,600 14,600 12.000* 
- 18,600 15,000 12,600 
- 17,800 14,600* - 

22,000* 15,800 12,600 - 
22,000* 18,000 16,000 • 

22,500 16,700 12,600 11,000 
19,600 14,100 - - 
22,500 16,000 16,300 14,000 

- 11,700 - - 
21,000 14,600 . . 
21,000 16,300 13,600* 

(In prosreac) 
- 16,000 - • 
- 13,600* - - 

20,600 16,200 • . 
- - 13,500* - 
- 18,000 15,100 14,000 
- 18,000 13,800 - 
• 13,200* - - 

(Hot available yet) 



TABU 5. (Continued) 

Material 
Alley 
•uaber Cendittoa* 

•• _ st"'»f_P'3-I-f for Fraoture In 
Iff Ära.iöö 8>a.  KW Hr..  lööö Hr.. 

TlBk*n(») HR-49 
linken «-«9 
«75 (mod.) as-» 
ATV-S BB-Bl 
ATV-S XR-61 
1168 (no Co) RH-SB 
HIM (no Co) 
•185 (no Co) 

BR-B8 
BR-64 

H166 (no Co plus Ta) «-66 

(In progress) 
(in prograa.) 
(In progreea) 
(In prograa») 
(In progreea) 
(In progress) 
(In progra..) 
fin progress) 
In prograa.) 

8. 
•l 
2 
S ' 
« ' 
S ' 
S ' 
T ' 
e ' 

Boplaosnent for BR-5 
Replaoenent for HR-16 

Air ooolad 
Oil quenched 
Tatar quanohad 
Gold-worked and «cad 
Cold-worked, oil quanohad, and («ad 
Hot-worked 
Hot-worked, oil quanohad, and aged 
Aged 
feeted as oast 

(Tor dataila of proeeaslng, solution boat 
•ant and aging, so« Table 2. 
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Allegheny-Ittdlun and assigned the number NR-S4.    Thle oan be seen In Table 4 

and la Figure 10.      In Table 4, alloys duplicating a particular oomposltion 

have baan group«d together to faailitata comparisons.    Note tha better frao- 

tura times of Alloy NR-84 as oompared with NR-8. 

Figure IS «hows tha stress fraoture-ti»e ourrea for those HS alloys 

with tha beat stress-rupture properties and it oan be seen that while tha 

curves for NR-8 and HR-S4 show tha same slopes.the values for fraotura times 

for NR-8 are a little lower than for NR-34. 

Attention is called to the dlfferenee in properties shown by Alloys 

•3-7 and NR-8.    Alloy NR-7 Is a low oarbon modification of Alloy NR-8 whloh 

was Intended to be the S49S alloy composition of the S49S alloy.    Alloy NR-7 

with low oarbon shows about the poorest stress-rupture fraotura tines, while 

Alloy NR-8 is one of tha best.    In this one type of alloy composition at 

least, oarbon oontent plays a very important part In Imparting load-aarrylng 

ability at 1500*F. 

Alloy NR-10 la the Yitallium alloy nominally containing C «20, Cr 28, 

Co 66, Ho 6.    Of the number of cast-to-shape bars available, only one was 

sound enough to test.    At 15,000 p.s.i., at 1S00*F., the fraotura time was 

326*5 hours.    This one value has been plotted In Figure 10 and is a good 

oheok with the value for Alloy NR-8 (S495).    As soon as some additional test 

bars of Vitallium are available, the stress-rupture tests will be continued 

at other loads and creep tests started. 

Alloy HR-16 is tha Timkan alloy (nominally Cr 16, Ni 25, lio 6) and 

tha heat supplied was stated to contain C  .10, K2 .115.    The atrass-rupture 

properties of this NR-16 alloy were among tha lowest tested and lower than 

obtained on this alloy composition in several other laboratories.    It has 

11   l    JEM1»« t    i rft'l . 'V 
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been found that tha nitrogen content was lower then normal.   This heat in 

two different laboratories analysed    .03 and .075! nitrogen.   A replacement 

heat, HR-49, containing C »06, Mj .145 has been obtained and stress-rupture 

tests are in progress.    Tine-deformation ourres for N3-15 stress-rupture 

tests are shown In Figure 14.    The use of some of these alloys in the for»1 

of large forginga for turbine rotors will make It impossible to water quenoh 

then from the solution heat-treatment temperature.    Instead, it will be pos- 

sible only to air-cool these large forging».    For this reason, stress-rupture 

properties are being obtained on a few materials as alr-oooled from the tem- 

perature of the solution treatment.    Specimens of NR-15 Timlcen alloy were 

tested as air-eooled and, surprisingly, the stress-rupture properties are 

superior to those of the water-quenched alloy«   At 10,000 p.s.i., at 1600'F., 

the water-quenohed alloy fmatured in 110.4 hours while the alr-oooled alloy 

fractured in 404 hours and with greater ductility, which may in part be re- 

sponsible for the greater life.    Tests on air-cooled KR-49 are in progress 

to determine whether similar effects will be obtained in the Tlmken alloy 

replacement heat. 

Since materials with oreep rates of .00001,? per hour at 7,000 p.s.i. 

are desired.  It is obvious that most of the alloys shown in Figure 10 would 

not be satisfactory since many showed stress-rupture properties indicating 

fractures would result near 1,000 hours at stresses of about 7,000 p.s.i. 

Figure 11 shows the stress fracture-time ourres for Alloys NR-19 

through NR-36.    These alloys show much more promising stress-rupture proper- 

ties than those in Figure 10, in that early failures at 7,000 p.s.i. would 

not be expeoted. 
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Among the better alloy« are JTR-19, HR-20, and HR-21.   Their time- 

deformation eurvea for atreae-rupture taata are ahown In Flguree 16« 18« 

and 17«   Thaso are Cr-Hi-Co-Fe alloys with oarbon oontonta «round 0.35JC, 

and with Mo 3, W 2, Cb 1, with nitrogen contained between «04 and 0.1l£. 

All three of theae alloys «how 100-hour fracture tinea at atreaaea between 

17,600 and 19,500 p.a.i.   The alopea of their ourvea in Figure 11 are quite 

flat and it is regretted that lack of teat material prevented extending 

theae teata aa long aa dealred.    If material can be obtained, teat« with 

duration of 1000 houra or more will be made. 

Alloy VR-22 whioh haa a different Cr-Ri ratio aa compared with 

IR-19, 20, and 21, does not «how quite aa good atreas-rupture propertlea 

at lfiOO'F. 

From Caat Alloy HR-24, nominally containing C .10, Cr 26, Hi 20, 

Co 46, Mo 6, Cb 8, only two aound teat apeolmena have been supplied. 

Streae-rupture teata on theae two apeoimena at 1600*F. «how promialng 

propertlea with a 100-hour fracture time at about 18,000 p.a.i.   The time- 

deformation ounrea are ahown in Figure 18.    When additional teat material 

ia available, teata at lower loade and longer fracture tinea will be run. 

Alloy HR-29 ia the Vimonio 80 alloy containing C .04, Cr 21, Hi 76, 

Al .6, Ti 2.46.   The firat two atreaa-rupture teata at 60,000 and 20,000 

p.a.i. showed very promialng fraoture time« and the rate« of deformation 

were nry low tor theae atreaaea.   However« the a lope of the curve in Fig- 

ure 11 la eteeper than for the other material« and the teat at 16,000 p.a.i, 

produced a fraoture time oonalderably lower than for some of the other al- 

loys auoh aa IH-8, 19, 20, 21, 24, and 84.   Additional teata at «till lower 

-•*& •.•»'Hart' 
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loads of 10,000, 12,000, and 13,000 p.s.i. on Alloy HR-29 ware terminated 

by premature failures at unexpected low fraoture tinea | in one teat fraeture 

ooourrad in tha threaded section.   The euppller of thl« alloy, the Internat- 

ional Miekel Company, states that the alloy over-ages at temperatures above 

about 1475*F. and that developments on changing the alloy aging character- 

istics so that it will be stable at 1500'F. are in progress with a good 

ohanoe of success. 

Alloy HR-33 is the Gamma Colunblum alloy (nominally C .iO, Cr 18, 

Ni 26, Ho 4, Cb 2).   The time-deformation curves are shown in Figure 19« 

It differs fron the Timken alloy is that it has higher oarbon, only 4 in- 

stead of 6« Mo, and with about Z% Cb added.   This Alloy HP-5S shows better 

stress-rupture properties than Timken Alloy HH-16 but not so good proper- 

ties as HR-19, 20, and 21, all of which eontain about 209C cobalt and 3% Ho, 

2)C W and 1% Cb.   The tests on HR-33, 19, 20, and 21 suggest that better 

stress-rupture properties result frost a mixture of small percentages of the 

oarblde-formlng elements like Mo, W, and Cb, than from a larger amount of 

any one element.   The effeot of the eobalt in Alloys NR-19, 20, and 21 la 

to be determined by the testing of some heats duplicating their composi- 

tions except with the oobalt omitted.   Kote in Figure 11 that there is 

quite good agreement between the stress-rupture properties of Alloy RR-9 

made in a small induotion furnace and Alloy HR-33 molted   and processed by 

Universal-Cyclops Steel Corporation, a oommsreial produoer of the alloy. 

Stress-rupture tests have been made on Alloy HR-33 as air-cooled 

from the temperature of solution heat treatment.   The stress-rupture prop- 

erties as indicated in Table 4 and Figure 11 were not so good as tha water- 

quenohed alley.    In this respeot Gamma Columbium alloy differ« from Timken 

alloy. 

I     v 
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Alley XR-M It the S498 alloy (nominally C .40. Cr 14, HI 20, Mo 4, 

W 4, Cb 4) molted and processed, and supplied In bar stock by the Allegheny- 

Ludlua Steel Company. This alloy and NH-46 (S497) to be dlseussed later, 

shotted the best stress-rupture properties at 15O0*F. Time-deformation 

ourves for the «tress-rupture tests are shown in Figure 20. This alloy did 

not show the longest fraoture tins at 20,000 p.s.i., but the slope of the 

stress fracture-time our*« is quite flat and at the lower stresses and 

longer fraoture times shows superior properties. No tests have been made 

on this alloy as air-cooled, sinoe experience of the producer indioated 

water quenching was necessary to produce the best properties at 1600*?. 

This Alloy NR-34 showed fraoture times of 100, 600, and 1000 hours at 

18,000, 15,300, and 14,000 p.s.i., respectively; whereas. Alloy NR-20 

showed 18,500, 16,000, and 12,500 p.s.i. for the same fraoture times. 

Figure 12 shows the stress fracture-time curves for Alloys NR-37 

through HH-65. Some of thess alloys show very promising stress-rupture 

properties also. 

Alloys NR-37 and 38 are Cr-Ni-Co-Fe alloys with molybdenum, Colum- 

bian, and tantalum added. NR-38 has a different ohromlum-niclcel ratio and 

more Mo and Cb and its stress-rupture properties at 1500*F. are a little 

better than for HR-37. Neither is as good as Alloy KR-34. Alloy HR-43 is 

similar to NR-37 but has a little more Vo but less Cb and Ta, and its prop- 

erties are a little better than NR-37 at 15,000 p.s.i. and about the «•— 

as NR-38. 

The fraoture times shown by Alloy NR-40 (4275), supplied by the Cru- 

cible Steel Company and containing C 1.0, Mn 4.6, Cr 18.2, Ml 4.4, Mo 3.3, 

are higher than ware expected. In the tests at 15,000 p.s.i. at 1600*F.,- 
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thi» lower alloy eentent material ahowed a fraoture tine only «lightly 

lower than Alloys NR-38 and 43«    Since its elongation la greater than for 

NR-38 and HR-4S,and the minimum rate of deformation during the «tress-rup- 

ture teata was .062JS per hour as compared with «019 and «009£ per hour, 

this alloy would not be expeoted to show as good creep properties.    This 

la further indicated in Table 6 by the hours required to reach lj2.and Sjg 

for the rarioua testa.   Alloy HR-40 deforms at a considerably greater rat«, 

but when only fraoture time is the oriterion of comparison, Alloy HR-40 

with ita low alloy content doe« quite well. 

Alloy BR-41 with C 1.16, Un 12.52, Cr 19.76, Mo 2.0, W 1.67 show« 

shorter fraoture times than Alloy HR-40. 

Alloy NR-60 is a modified HR-40 alloy supplied by the Cruoible Steel 

Company, with the oarbon reduced from 0.98 to 0»3B£, and with Ko 1.35, W 1.34, 

and Cb 0.6 instead of the 3.3 Mo of Alloy NR-40.    Only one teat at 20,000 

p.s.l. at IGOO'F.  is available on this alloy to dates hut in view of ita 

high elongation, reduction of area, and deformation rate combined with a 

low fracture time,  it seems indioated that at 1500*F. the modified 4276 Al- 

loy MH-50 will be inferior to the regular 4276 Alloy HR-40. 

Alloy NR-46 is the S497 alloy (nominally C .40, Cr 14, Hi 20, Co 19, 

Ko 4, ff 4, Cb 4) supplied by Allegheny-Ludlum Steel Company.    Time-deforma- 

tion for the stress-rupture tests are shown in Figure 21.    This alloy shows 

almost identioal stress-rupture properties to those of S495 Alloy HR-34 with 

100, 500, and 1000-hour-fraoture times at 18,000,  15,100, and 14,000 p.s.i. 

at 1500'F.    In this particular highly alloyed material tested in the heat- 

treated and aged condition, the addition of the oobalt seems to have had no 

effect on the stress-rupture properties.    By error, one specimen of Alloy 
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WR-46 waa aged 60 hour« at 1600°F. before teat at ISOO'P. Thla apeclmen 

HR.46-9 at 13,600 p.a.i. showed a fracture time of 450 hours while a speci- 

men aged at 150O*F., «hen teated at the higher atreaa of 15,000 p.a.!., 

showed a longer fraoture time of 697 houra. Over-aging deoreeaea the atreaa- 

rupture propertiea of Alloy HR-46 at 1500*F. 

Alloy JTR-45 haa alao been teatsd aa air-oooled from the temperaturea 

of aolution heat treatment. At 20,000 p.a.i. the air-oooled bar showed a 

slightly longer fraoture tine than the water-quenohed material, but at 

15,000 p.a.i. the air-oooled bar fraotured in 310 houra while the water- 

quenched bar fraotured in 597 houra. Even though the air-oooled bar ia 

lower in fraoture time, it ia atill superior to many of the quenched alloy*. 

Alloy Hfi-61 la ATV-5. nominally containing C .60, Cr 16, Hi 26, W 5. 

The alloy was tested first in the heat-treated and aged condition and showed 

stress-rupture values at 15,000 p.a.i. at ISOO'F. Similar to those of the 

low nitrogen Timken Alloy TO-16 and the 19-9 W-JIO Alloy JJH-16; additional 

tests are in progress on this alloy both aa oold-worked and aa heat-treated, 

slnee these data have been requested by a Havy contractor. 

Alloys NR-52, 53, 54, and 55 are similar to Alloys HR-19 (1-153), 

20 (1-154), 21 (U-1S6), exoept that for UH-62, 68, and 64 the eobalt waa 

omitted and in HR-66 similar to KR-21, the oobalt was omitted and 1.0J{ 

tantalum waa added. Teat data for two teats only are available at this time 

but are considerably lower than for the alloys oontaining oobalt. The pres- 

ence, of eobalt in S497 Alloy NR-45 produced no significant difference, but 

In an alloy with minimum addltiona of Mo, W, and Cb, aa in Alloys HK-62, 

S3, 64, and 55, the oobalt addition may be neoessary. Additional data now 

being obtained on these alloys, both from atreaa-rupture and creep teats, 

will aettle thia point. 
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Swaaarislng, In the stress-rupture taata at 1600*?.. tha best al- 

loy« are HB-24 (Caat X-19). KS-S4 (S496), and HR-4S (S49T) with IR-19 

(1-103) and RR-20 (M-154) slightly lower. Of only »lightly lower stress-»r' 

properties are Alloy* HR-21 (H-1S6). HR-38, HH-40 (4275), and IH-4S. 

Table 4 shows, for all of the alloys tested, the stresses at 1600*F. 

produolng fraotures in 10, 100, £00, and 1000 hours. For «one of the prom- 

ising alloys. Figures 22 and 23 show the relation between stress and tia* 

to produoe 1, 2, and 6jJ total defornatlon at 1500*K. 

•  V, 
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fltrcss-Rupture Tests at lSOO'F. 

»feet of Cold-Work: and Hot-Horkf   Vor NB-80 and NH-JB1 alloys, 

bar «took «ma made available that had bean given a aolutlon heat treat- 

•ant by air-cooling from £100T.    For NR-80 thla waa followed In one oaaa 

by a ZBt reduction at 1700T. and In the second eese by a 850 reduction 

at 1S00*F.    For NR-S1 this wns followed by n S&t reduction at 1700«F. or 

a E6JC reduction at 1800'F.   For purposes of this discussion, reduction 

at 1700*F. la termed hot-work and reduction at 1£00*F. is termed cold-work. 

The resulta of the stress-rupture tests are shown in Table 4 and 

the atress fracture-time data for the tests are shown in Figure 24. 

Specimens NR-20-10 and 11 were tested at 10,000 and 16,000 p.s.l. 

at 1500*F. in the cold-worked and aged condition.   Note in Figure £4 

the much lnforior stress-rupture properties es compered with the heat- 

treated material given the solution heat treatment and aged.   At 15,000 

p.a.i. the cold-worked material showed a fracture time of 30 hours while 

the heat-treated NR-80 alloy showed about 450 hours. 

Specimen NR-2G-5 was glTen a solution heat treatment and aging 

subsequent to the eold-work and even this did not produce so good fracture 

time as the regular heat-treated material showed. 

Specimen NR-ZO-7 was tested as hot-worked and waa but little 

different from the cold-worked and aged material and much inferior to the 

heat-treated NP-20 alloy. 

Specimen "JB-20-6 waa given a solution heat treatment and aging 

aubsequent to the hot-work and this improved the fracture time con- 

siderably but it wae still inferior to the unworked and heat-treated 

material. 
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Speclsen NR-EO-12 ma air-cooled fro« the solution heat treat- 

ment temperature and showed lower fracture time than the regular oll- 

quenohed WR-20 alloy. 

Specimen NP.-E1-7 was tested at 15,000 p.a.l. as cold-worked and 

•gad and ahoaed a fraoture time of only 10 hours as compared with about 

360 hours for heat-treated and aged material. 

Specimen NR-21-6 was heat treated and aged subsequent to hot- 

working and Its fraoture time was 161.5 hours at 15,500 p.s.l.   This Is 

still Inferior to the regular heat-treated and aged NR-81 alloy. 

A teat la soon to be run on Specimen NH-E8-4 as heat treated and 

aged aubsequent to cold-work. 

This series of testa indicates that either cold-worked or hot- 

worked material of the composition of NR-20 and 91 la much inferior In 

stress-rupture properties to hent-treated and aged material and that «ran 

heat treatment subsequent to working does not produce comparable stress- 

rupture properties to those obtained in heat-treated and aged material 

not worked at 12C0 or 170C*. 

Stress-Rupture Tests at 1380*F. 

In order to distribute the effort in this study of beat-resisting 

materials.  It has been decided that the National Advisory Committee for 

Aeronautics rill sponsor a program of stress-rupture tests at 1360*7. 

The following alloys will be tested:    S495, S497,  19-9 n-Ho  (modified), . 

N-153, »<-154, N-155, Tlmken 16-25-6, Gamma Columblum, Modified Inconel or 

Nlmonie 80,  und 4875  (modified). 

Since it appears thnt many of these alloys show better properties 

at 1200'T. as cold-worked, but at 1800*?. better properties when heat 

t    v. 
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t rested and aged, the teats at 1350*7. are to be aade on both worked 

and heat-treated materials. 

Taste on S49S, S497, 19-9 UV-Mo, Ninonie 80, and ATV-3 alloy are 

either Already in progress In the NRC-6 program or test specimens are 

under preparation. No further tests ot 3 350*7. will he started or 

planned. All subsequent tests will be run in the N.A.C.A. program and 

data will be made available in the usual N.A.C.A. reports. 

Since the N.A.C.A. stress-rupture data at 1350*F. will be ob- 

tained on smaller speoimens (0.160-inch diameter and 1.0 to 1.26-inch 

gage length), the opportunity for comparison with data on a few alloys 

aa determined on the larger 0.505-inch diameter specimens in the NRC-8 

program would seem to indicate thnt the testa already in progress at 

1350*7. should be continued. Sinee the tests on 19-9 Sl-Mo and ATV-3 

alloys in particular have been requested by a Nary contractor and will 

be available sooner under the NRC-8 program, these will be continued. 

Specimen NR-45-20 (S497) at 1350*7. and 32,500 p.s.l. showed a 

fracture time of SB hours with an elongation of 26.0JS and a reduction of 

area of 36.3$. Specimen NR-45-21, tested at 29,000 p.s.i. at 1360«?., 

fractured after 462.0 hours with an elongation of 31.03t and a reduction 

of area or 41.9*. The data on these two bars indicate fracture times of 

ICO, 500, and 1000 hours at stresses of 29,000, 24,500, and about 23,000 

p.a.i. Several additional tests at stresses of about 29,000 and 23,000 

p.s.i. at 1360*7. will be needed to confirm the data Indicated by the 

two tests completed to date. These specimens were water-quenched from 

2260*7. and aged 50 hours at 1400*7. prior to testing at 1350*7. 

Figure 25 shows the stress fracture-time data. 
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Spaolmo NR-51-3 (AT7-3) at 1350*F. and 85,000 p.s.l. showed a 

fracture time of 21.6 hour« with an elongation of 6.8JC and a reduction 

of area of 9.66*.    A teat la la progress on NH-51-4 at 15,000 p.a.l. 

These specimens were alr-eooled from 2250*F. and aged 50 hour« at 1400*7. 

prior to testing. 

Stress-Rupture Taata at 1600»F. 

The Nary Department requested that »tress-rupture teats be started 

at 1600*F. on some of the mnterlala Indicated beat in the tests at 1500*F 

Testa are in progress at 1600*F. on Qamna Columbine. (1)8-33), S495 (NR-34) 

and 3497 (NR-45) alloys.    The results obtained to date are shown In 

Table 4 and Figure 85 on specimens given a solution heat treatment and 

aged 50 hours at 1600*F. 

NR-33-34 at 12,000 p.s.l. at 1600*F. showed a fracture time of 

36 hours with an elongation of 28.0% and a reduction of area of 35.0$. 

A teat Is In progress on Specimen NR-33-35 at 8500 p.a.l. 

Three tests have been completed at 1.600'F. on S495 alloy (NR-34). 

Time-deformation eurrea for the stress-rupture teata are shown in 

Figure 26.   The results In Figure 25 indicate 100,  500, and 1000-hour 

fracture tlmea at stresses of 13,200, 10,300,  and 0,200 p.s.l.    The 

fracture times for the three tests fall on a straight Una in the log - 

log plot of stress and fracture tine Indicating surprising stability at 

thla higher temperature. 

One teat has been completed on S497 (NR-45) at 10,000 p.a.l. 

with a fraeture time of 426 hours which Is not o.ulte so long as for 8495 

(NR-34).   The time-deformation curre for this test Is shown In Figure £7 

Two additional testa are In progress at 9,000 and 14,000 p.s.l. at 1600* 

i. •   '•;;-•••':/•-••f^"- ;*>fr-'istix., 
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Laek ot test material he« prevented tests on imml of the other in- 

teresting alloys. 

Additional Stress-Kupture Data Ifade Available Tor 
Comperlaon Tilth NRC-e Data 

The U. S. Navel Engineering Experiment Station and the '«eating- 

house Xleetrle and Manufacturing Company hare mede available reports con- 

taining considerable stress-rupture and creep test data obtained over the 

temperature range 1200 to 15Q0*F. 

The available time has not permitted the correlation and presenta- 

tion of the data for tests at 1£00"F. in these reports for comparison with, 

end supplementary to,the data already presented In previous N.A.C.A. and 

HRC-8 reports for this temperature. 

Some of the data made available for tests at 1360 and ISOO'F. 

are shown In Table 6.   As compared «1th the NRC-8 data shown In Table 4, 

these data show some interesting variations. 

For the data from the U.S.M.K.3.3., the stress-rupture fracture 

times for S495, N-153, N-155, and N-156 alloys are higher for the SHC-B 

data, while for 3497 and K-154 the values are lower. 

For the Westinghouse data the values for S495 ere higher and for 

S497 the vilues are lower thsn for HRC-8 data. 

It should be noted that the values for S495 from both Iflborntorlee 

are for one test only.to date.snd that at the high load of 80,000 p.s.l. 

producing relatively short fracture times. 

These d-ta,  while they do not line the alloys up in exactly the 

same order as the NRC-8 date, do indicate the best of the alloys tested 

ere found among the group of alloys previously listed on the basis of 

NBC-e tests,  namely, S495, S4S7, N-153, K-154, N-155,  X-19, KH-36, 4875 

(KR-40),  and NR-43. 

**SÖ*ft:^S&i 
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TABLE    6 

STRBSS-ROPTURE DATA AT 1500V. Oil aEAT-RESISTISS ALLOYS 

(Bate Supplied by U. S. Karal Engineering Experiment Station 
and M»tinr,houae Electric and louiuTaoturine Company.) 

(a) Tested at I.'. S. Naval Engineering Experiment Station. 
(b) Tested at Uestinfihous« Eleotrio and Huiufacturlng Company. 

For Typ* Compositions ass Tabla  1 

ATV-3 - aa received oold rolled. 
8497(a) - 2200"F.-1 liour. Water quenched, ajud 1600*F.-4 hours. 
S495(a) - 2250*F--2 houra.Hater quenched, aged 160O*F.-16 hours. Beat Treatnantt < 11183,  N1M, H166, 11166 (a) 

- 22O0T.-1 hour. Water quenched, aged 1Ü0CV.-4 hours. 
Gamma Colunbiua (b) - Preheat 1/2 hour - lMO'F.,E2&0'F.-3/4 hour. 

Oil quenched, aged 1600"F.-SO hour«. 
5496, S497 (b) - 22£0*F.-1 hour.Viutcr quenohed, aged 1600*F.-16 hours. 

i      V. 
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Creep Tests 

Creep Teats at 1500T. 

Creep tests bare been run or are In progress at 1800*7. on 

twenty of the alloys tested In stress-rupture at lSOO'f. The test speci- 

mens used had a diameter of 0.505-inch and a gage length of approximately 

S Inches. The complete creep test data are shown in Table 7 end a graph 

showing the log - log relation between stress end creep rate for some of 

the better alloys la shown In figure 28, The order of listing of the 

alloys In the creep test dnta table is similar to the order used in the 

stress-rupture test data table. The actual time-deformation curves also 

are given for the better materials. For all creep tests, Table 7 shows 

the initial deformation upon application of the load, the creep rates in 

per cent per hour and the total deformations in per cent at the 500, 1000, 

1500, and 2000-hour periods or the duration of the tests. These complete 

data are presented so thnt the designing engineers, or nny persons using 

this report, may utilize the date for mathematical treatments and com- 

parisons in any manner in which they sec fit. Presentation of the complete 

data, including time-deformation curves, provides the opportunity for each 

person to inspect the date critically so as to determine which alloy or 

alloys best meet the requirement at hand, with the time-deformation 

curves avnilnble, the possible errors involved in considering only creep 

rates,without at the some time considerinc the deformations Involved or 

the times and deformations beyond which the minimum creep rate is passed, 

are largely eliminated. 

Alloy NS-2 end Alloy NR-44 (replacement for Alloy NR-3) aero 

tested in creep at 7,000 and 10,000 p.s.l. At 7,000 p.s.l. NR-S showed 

1. 

I I 
i 
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TABU    7.    OUSP TEST DATA 01 ISAT-IE6ISTIIG ALLOTS 

Alloy Tonp. Daforaatlon 
•ad Condi •   or Ourm- Upon Craap Rata-Por Cont Par Hour At. Total Uaforantlon - Par Cant at. 

BpvclMn 
«vart.r 

tlon. Tut, 
V. 

Str.u. 
p.I.l. 

Uon, 
Ira. 

Application 
of Load.X 

Qouri Wggt 
500           1000           1600          2000 600             1000           16O0 2000 

«1-2-4 1 1300 10,000 1625 .066 .00036      .00043 0.46          0.63 
MM .00062      .00072       .00076 0.423       0.761        1.16 

Mil 1 1400 7,000 1764 .066 .000061     .000043    .00004 0.13          0.163           .163 .1» (a) 

Saplaeaauu t ut-3 ,052 .00032(6) 
M-H-- l IK» 10,000 760 .035 .00049       .00097 0.26          0.6* (a) 
MM l 1600 7,000 .061: .000067     .000065    .000051 In proeraaa 0.116        0.146        0.172 

Mil i icoo 12,000 910 .055 .00092      .00190 (d) 0.6t (d) 
•R-6-1 2 1600 6,000 2013 .066 .000096    .000064    .000066    .000066 .21«           .251           .279 .312 

• 111 3 1500 10,000 2280 .061 .00012       .000176    .00019       .0004 .108           .176           .267 .420 (a) 
BS-S4-4 3 1600 8,000 1999 .041 .000025    .000012    .00001      .000004 .101           .106           .112 .115 
1B-34-2S 5 1600 5,000 .047 In prograaa 
•»•II 1 3 1H» 5,000 2019 .036 .000012    .000012    .00001       .000002 .073           .079           .063 .086 

MM 3 1600 6,000 In progroaa 

K-S3-10 2 1600 6,600 266 .04« .0O0165(r)                  In proaxoaa •193 (f) 
Dt-33-1 2 1600 7,000 2060 .033 .00003      .00001(c)                    .000022 .116           .126(e) .177 
IB-53-20 2 1600 7,000 .031 .000061     .000046    .0J0031  In program .153          .191 .206 

•R-16-16 3 1600 7,000 66» .060 .007 1.204     Fraeturad 560 houra. 
•-16-14 1 1600 7,000 935 .062 .00192 1.1                   •          936      " 

MM 3 1600 9.000 In proeraaa 
•R-49-6 3 1600 6,000 600 .024 .00021 .173 

IS-49-12 1 1600 7,000 In proeraaa 
1111 1 16U0 6,000 • 

m-iB-i 2 1600 10,000 360 (h .137 .00026 (h) 0.275 (h) 
55-19-!, 1 1600 10,000 .070 .0003         .00022               (1) 0.369         0.468             (1) 

Rataat(l) .00017       .00019 0.211         0.306 
IH-19-6 2 1600 7,000 1920 .067 .000066    .000066    .000066    .000065 0.069        0.102        0.1(8 0.162 

•MM) 2 1600 10,000 1600 .126 .00054       .00073       .00136 0.455           .61           1.41 
• 10 1 2 1900 7,000 .042 .00006      .OOOl(j)    In proeraaa .08             .12(j) 

111 7 1600 7,000 T66 .049 .00076      .00108(H) .62             .812(t) 

•P.-21-1 2 1600 10,000 2160(1) .043 .00009       .00009       .00009       .00017 .106           .160           .196 .172 
Bl-21-12 2 1600 7,000 .037 .00006       .000046 -.008           .01« 

n-22-i 2 IK» 10,000 2000 •067 .00019      .00019      .00016      .00021 .166           .261           .366 .463 
Ut-22-7 2 1600 6,500 290 .0001(B)                    In proeroaa .125 (•) 
IB-22-6 2 1600 7,000 .045 .000064    .000033    .000033     .000033 .107           .180           .14« 

!•! 7 law 10,000 696 .046 .0076         .022 (n) E.6 (n) 

•F.-37-4 2 1600 10,000 1777 .329 .000606    .000794    .000966 .609         1.013         1.47b M 
(P) «S-S7-3 2 1600 7,000 1777 .047 .000107    .000107     .000012 .171          .226          .229 

•9-43-3 2 1600 10,000 IfiU .062 .00163       .00217      .0069 .915       1.92         8.7 6.0 (q) 
163-43-6 2 1600 6,000 In proeraaa 
MM t 1600 7,000 1920 .031 .00012       .000021     .000021     .O0O24(r) .079          .098          .109 .206(r) 

• III 3 1600 10,000 .'MI .000052    .000064    .000062    .000062 .20«           .240           .287 .296 
• Ml 3 1600 8,000 In proeraaa 
MHI 3 1500 6,000 In proeraaa 
• Ml 3 1600 7,000 .033 .000016    .000018         111    In proeraaa .062           .091           .091 

18-46-17 3 1600 6,000 In proeraaa 

1 - 
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TABU 7.  (Continued) 

Alloy 
and 
Speciaan 

'*~t • uoroimtlon 
Condi*    Of Dur«- Upon 
lion,    Taat, Strata,    tier.. Application 

*           T. p.e.l.         lira, of Load.jC 

Craap Hate-Per Cant Par Hour at. Total Oaforation * Par cant at, 
 Mourn  

1500 1,000 .031 

«s-si-i 
ra-ci-t 

4 
I 
4 

IK» 
1600 
1600 

7.000 
3,600 
1.760 

IT 
330 
400 

m-M-t 
m-oz-s 

2 
2 

IS» 
10» 

6,H» 
7,000 

at-M-4 
m-33-3 

2 
2 

1600 
1600 

6,600 
7,000 

it-it-* 
n-ci-9 

2 
2 

1600 
1600 

6,600 
7,000 

m-es-i 2 
2 

16O0 
1600 

6,600 
7,000 

nk-n-i 
n-67-4 
n-67-2 
«B-57-J 

) 
9 
3 
3 

1600 
1600 
1600 
1600 

10.000 
6,100 
7,000 
7,000 

2110 
2640 
2316 

.069    .171 

.067    .00442 

.007    .0002 

In progrt»! 

In prwhr<iaa 

In progru» 

.01 (•) 
.036    .00006 .000027 .000026 .000033 
.067    .00012 .000036 .00003« .000046(t) 
.026    .000026 .00002 .00001 .O00016(u) 

061 .110 .116 .130 
142 .16 .10 .22 (t) 
07 .060 .006 .102(11) 

.1)4 .00001 In proem* 

Si 

Bj 

til 
(j) 
(k) 
(1) 

(») 

DlioontinuaJ 1784 houra. 
At 450 houra, tonparature do« to 1350**. 
Dlaaontlnuad at 750 houra. 
Discontinued 910 houra. 
Discontinued Z280 houra.- 0.636£ deformation. 
At 265 noun. 
Rata and dafornatlon ahoan at 765 houra, eoolad to roon tesjparatur« 
with load on, and rahantad to 1600*». with load on, 
big atap In curve. 

Overheated to lflSO'p.- 31 hour»; at 360 houra, taat discontinued. 
Fuaa failura at 1336 houri,fumaca down to room tenper'tur«, 
rahaatad and apecitien la shoving similar craap rata. 

At 600 houra. 
At 766 houra. 
0.9*. at 2160 houra. 
At 260 houra. 
Rata and dafonaation whan dlsoontinued at 696 houra. 

fa) 1.762J. at 1777 houra. 
(p) .281$ at 1777 houra. 
fa) At 1601 houri - taat diaoontinued. 
(r) »Than discontinued at 1920 houra* 
(a) At 225 houra. 
(t) .000065*. par hour at 2640 hour«. 
(u) .000015*. par hour at 2315 houra. 

,268**, total dafornatlor.. 
,105,*I total dafonaatior.. 

1. • Air eoolad. 
2. • Oil «luonohod. 
3. - Katar ouaneliad. 
4. • Cold-worked and aged. 
5. • Cold-workad, oil i|uanohad and »c»J. 
6. - üot-woriced. 
7. • Hot-worked,  oil uuenohed and arjod. 
•. - A£ad. 
9.  • Tested aa-oaat. 

For dotnlla of processing, aolution 
hwat traatawnt. and aging;,  ana 
Table    2. 
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a nlnlaum rat« of £0004$ par hour «tall« NR-44 showed .000051$ par 

hour. While these rates are low, the data from these two testa indi- 

cate a rate of .00001S per hour would be produced by a stress of 5500 to 

6000 p.8.1. To be certain of this, tests should be run at lower loads 

than 7,000 p.s.l. 

These first two alloys Illustrate very dearly the difficulties 

involved in e test program of the scope now in progress. For both of 

these alloys only two tests were run °.nd to extrapolate even to slightly 

lower loads fron two points is admittedly questionable procedure. Un- 

fortunately, lack of testing equipment for handling more long-time creep 

tests has restricted the number of tests that oould be made on each alloy 

while there were so many alloys to be studied. When it is realized that 

only 33 to 40 creep test units are available for this work in addition to 

the units engaged in stress-rupture testing and that a 2000-hour creep 

test takes almost three months, the lack of additional data on some of 

these alloys is not difficult to understand. Every effort is being made 

to keep every available creep test unit in service and it is necessary 

that greater »t tent ion should be given first to those few alloys thet 

appear most promising. As opportunity provides, additional tests will be 

run on many of the alloys at other load« than those shown in Table 7. 

Alloy NR-8 (S495) at 6,000 p.a.l. showed a minimum creep rate of 

.000066$ per hour. This alloy was a small induction furnaco heat. The 

S495 alloy obtained from Allegheny Ludlum (HR-34) showed s minimum creep 

rate at 8,000 p.a.l. less than .00001$ per hour, indicating the small ex- 

perimental heat inferior to the production alloy. At 5,000 p.a.l. the 

rate waa definitely less than .00001$ per hour and so low that it could 

not ha measured properly. A eheek test at 8,000 p.s.l. has been started 

recently but has run too short a time to produce usable data. There seems 

little doubt that thla Alloy NR-34 meets the requirement for a rate sot 

ax - -•» -.. 
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in exoess of .00001$ per hour at 7,000 p.s.l. at 1500*r.   The time- 

deformation curves «re shown in Figure 29. 

Alloy NR-33  (Ganuna Columbiun) hos bean tented at 7,000 and 

9,500 p.a.l.    The time-deformation curves pre shown in Figure 30.    The 

teat at 8,500 p.s.i. Is still in its early stnges.    The test on Speci- 

men NH-33-1 at 7,000 p.a.l. was Interrupted after 785 hours when the 

temperature by accident fell to room temperature with the load on nnd 

then was reheated to 15C0T. with the locd on.    A big Btep in the time- 

deformation curve resulted AS IS shown In Figure 30 and,  subsequently, 

the rate of deformation was higher.    1 cheek teat running at 7,000 p.s.l, 

now in progress over 1500 hours shows a minimum rate of .0000313 per hour. 

It appears that for Alloy NR-33 a stress between 6,000 and 7,000 p.s.l. 

will produce » rate of deformation of .00001t per hour. 

Alloy NR-15 is the Timken 16-25-6 alloy und this alloy fractured 

at 7,000 p.s.l.    It Kill be recnlled thnt. this heat was low in nitrogen 

content and Is not considered representstlve of Timken alloy.    Table 7 

indicates that tests are in progress on Alloy NH-49  (replacement for 

Timken NP.-15) at 6.000 and 9,000 p.s.i. at 1500»F. as water-quenched and 

at 6,000 and 7,000 p.s.i. as air-cooled from the solution heat treatment 

temperature.    Data already made available on Timken alloy by Timken Steel 

and Tube Company and Allis-Chalmers Manufacturing Company, and reported 

in O.S.R.D. Report No. 72a,  Serial H-18, dated July 22,  194E,  indicate 

that a stress between 4,500 and 5,000 p.s.l. at 15C0*F. will produce a 

rate of .0000155 per hour. 

Alloy MR-ID la being tested at 7,000 and 10,000 p.s.l*    The time- 

deformation curves pre shown In Figure 31.    The unit in which Specimen 

NR-19-5 was under test had a fuse failure at 1336 hours and the heating 

furnace eooled down to room temperature and was then reheated to 1500*F, 

-^ :.. •. C?v >"'•'• ••- 
%. 
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Th« ereep rat« after reheating was rvry eimiler to that obtained be- 

fore the interruption. U 7,000 p.s.i., NR-19-6 showed a oreep rate of 

.000065$ par hour. Considering the promising stress-rupture test data 

for Alloy KH-19, the ereep mte was somewhat higher than expected. 

Alloy NR-SO Is being tested at 7,000 and 10,000 p.s.i. The tlae- 

deformatlon curves are shown In Figure 32. The rate et BOO hours et 

7,000 p.s.i. Is .0001% per hour. For this alloy as well RS NR-19, the 

ereep rate seems high In view of the good stress-rupture properties. 

Specimen MR-20-8 was tested et 7,000 p.8.1. at 1S00*F. as heat 

treated and aged subsequent to hot-working at 1700'F. As with the 

stress-rupture tests previously discussed, the heat-treated material is 

superior to the hot-worked and heat-treated material. 

Alloy KR-81 is being tested at 7,000 and 10,000 p.s.i. The time- 

deformation curves nre shown in Figure 33. Specimen UR-S1-1 tested at 

10,000 p.s.i. showed n minimum rate of ,00009f. per hour. The teat on 

Specimen NR-S1-12 at 7,000 p.s.i. has progressed 900 hours and the rete 

le now .000046* per hour. Another teat w«a atarted on Specimen NR-81-5 

but was discontinued owing to overheating after about 800 hours under 

loed. This test had shown a low rate of creep and for this reason it le 

expected that the rate on NR-81-12 at 7,000 p.8.1. will flnnlly roach a 

lower rate than the present Indicated .000046$ per hour, and may go as 

low as .00001* per hour. 

Alloy NS-S3 is being tested at 7,000, Q,S0C <snd 10,000 p.s.i. 

The tlme-deformatIon curves are shown In Figure 34. The creep rates of 

.0000335? per hour et 7,000 p.s.i. and .00019* per hour at 10,000 p.a.l. 

indicate a rate of .000014, per hour would be obtelned at a stress of 

5500 to 6,000 p.s.i. The test at the intermediate loed of 3,500 p.s.i. 

will assist in the Interpretation and extrapolation of the Ante. 

•'. :   '~jf.i'--'  *-,*.*.•  - •Si*!"'-. •. • •-••• .&*-•        £•'•'••»••.;.:.:•;• •  '*.*•:•.   "••• - 
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Speolaen NR-22-5 was tested at 10,000 p.a.l. as heat treated 

and aged subsequent to hot-working (1700*F.) and, a» in the eaae of 

AII07 NR-BO, the creep rate «as auch higher than for the heat-treated 

material. 

Alloy NR-37 la being teated at 7,000 and 10,000 p.a.l. The rate 

at 10,000 p.a.l, on NR-37-4 la quite high. Specinen NR-37-3, after about 

1000 hours loading at 7,000 p.a.l., has shown a considerable decrease in 

rate and at 1500 hours is down to .000012$ per hour. This will need to 

be checked by additional teata but If true this allov, containing C 35, 

Cr 19, Nl 15, Co SO, Mo 3.66, Cb 1.53, Ta .98, la quite promising. 

These promising indications for Alloy NR-37 appear to be some- 

what corroborated by the teats In progress on Alloy NR-43. The tlme- 

deformatlon eurrea for Alloy NR-43 are shown In Figure 35. Alloy NR-43 

la almllar to NR-37, except that It contains slightly smaller percentages 

of Mo, C*, and Ta. Alloy NR-43 Is under teat at 7,000, 8,000, and 10,000 

p.a.l. Probably owing to its lower alloy additions, NR-43-3 at 10,000 

p.a.l. shows a oonsiderebly faster rate than NR-37-4. However, at 7,000 

p.a.l. the minimum rate was .000021$ per hour at 1000 and 1500 hours of 

the teat period, but then the rate increased until at 1920 hours when 

the teat waa discontinued the rate was up to .00024$ per hour. The test 

at 8,000 p.s.l. on NR-43-6 will assist In appraisal of tha alloy. 

Alloy NR-45 (S497) is being tested at 7,000, 8,000 (in duplicate) 

and 10,000 p.s.l. at 1500*F. The tlmo-deformatlon eurrea are shown In 

Figure 36. Specimen NR-45-6 at 10,000 p.a.l. showed a minimum rate of 

.000052?" per hour, which la lower than the ereep rate at the same load 

for NR-34 (S495). Specimen NR-45-5 at 7,000 p.s.l. showed a rate of 

•000018£ per hour up to 1000 hours et whieh thG teat was Interrupted 

owing to difficulty with the extenaometer strips. The furnace was cooled 

MrnkMS • ^m,:;^m<h 
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to room temperature before the load was applied and,when the strips 

were replaced,  the load was applied before the furnace was reheated. 

The teat has been In operation for 800 hours slnee this interruption 

and the specimen has shown no measurable creep.   The two duplicate tests 

now in progress on NR-45-4 and 11 at 8,000 p.s.i. will assist greatly in 

appraisal of this alloy.    However, the deta at 7,000 and 10,000 p.s.i. 

indicate the Alloy IIR-45 (S497) is equal to, and probably superior to. 

Alloy NS-34 (S498) and will probably ahow a rate of .00001$ per hour at 

A stress in excess of 7,000 p.s.i. at 1500CF. 

Alloy NH-46 (19-9 J)-Vo modified) is under test at 1500'F. at 

5,000 p.s.i. but no data are available as yet. 

At the request of a Navy contractor,  creep tests have been in 

progress on Alloy NH-S1  (ATV-3).   The elloy was tested es oold-reduoed 

at 1200*F. and then aged at 1500'F.    At 7,000 and 3,500 p.s.i. at 1500*7. 

the creep rates were very rapid and the tests were discontinued.   Speci- 

men NB-51-3 is under test at 1750 p.s.i. and at 400 hours the creep rate 

is .0002* per hour.    Tests are to be made on this material as given a 

solution heat, treatment and aged.    This is the alloy with lowest creep 

resistance of thoss tested at 1500»F. 

Creep tests on Alloys NH-58, S3, 54,  and SB are in progress et 

7,000 snd 8,500 p.s.i. on each alloy.    These alloys wsre melted with no 

cobalt added and are to be compared with the data for NR-19, 20, and El. 

No creep test data are as yet available on these alloys. 

Summarizing, the alloys with best creep resistance are NR-34 

(S495) and NR-45  (S497) with Alloys NR-33 (Gamma Columblum), NR-37 

(Cr-Ni-Fe with Mo,  Cb,  and Ta), NR-8Z (Cr-Ni-Co-Fe with Ho, V, and Cb), 

NR-43 (Cr-Ni-Fe with Ho, Cb, and Ta) having slightly lower creep resistance. 

Alloys NR-34 and 45 show a rate of .000010 per hour et a stress above 

* 

*4*s 

1 .«• .TV." •;?•: iipMfr 

l     \. 



-71- 

7,000 p.a.l. while NR-33, 37, and 43 are elose to 7,000 p.a.l. for 

•OOOOlJt per hour. 

Creep Tests on Heat-Resistlng Alloys for the 
Ü. 3. "aval Engineering Experiment Station 

The Kassachusetts Institute of Technology, one of the NRC-8 

cooperating laboratories, Is also working In cooperation with U.S.N.B.E.3. 

on the development and testing of heat-realsting alloys. A series of 

Cr-Ni-Fe alloys, with varying additions of Co, W, Mo, Cb, end Ta, were 

prepared and forged and stress-rupture nnd creep tests hare been made at 

1500»F. 

Two plloys In particular have been outstanding in their tests end 

these hare been assigned numbers Nfl-57 and 58. Their chemical compositions 

are shown in Table 1. These alloys contain low carbon and somewhat more 

chromium and nickel than most of the other alloys tested. They contain 

4% of both Uo and X, similar to S499 (NR-34), but instead of containing 

ooluoblum, additions of tantalum have been made with Hfi-67, showing 1,9$ 

Ta and NR-88 with 3.67* Ta. 

Stress-rupture tests on these two «lloys, NB-57 and 58, at 1500'T. 

end 30,000 p.s.l., while in the heat-treated end aged condition, show 

fracture times of from IB to 21 hours. These are in no way outstanding 

or even so good as many other HR alloys. However, at lower loads at whloh 

low creep rates are obtained, the alloys appear very promising. Additional 

stress-rupture data to bridge the gap between 10,000 and 80,000 p.s.l. 

at ISOO'T. are needed. 

Creep tests have been run at 1500*7. on these alloys and their de- 

tailed creep test data are shown in Table 7 and their time-deformation 

curves are shown in Figure 37. At 10,000 p.s.l. and 1500"F., the test on 
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•R-87-1 •hows an unusually rapid rate of creep (.01$ par hour) for thi« 

load for i material which shows suob a low rate of creep at slightly 

lower loada. A teat now In progress on NR-R7 at 12,000 p.s.l. at 1500*F. 

Indicates that this rapid rate on NR-57-1 at 10,000 p.a.l. was In error 

owing to some cause unknown at this time. Specimen NR-57-4 at 8,500 

p.a.l. showed a minimum rate of about «000025$ per hour at about 1500 

hours of e total test duration of 2110 hours. Specimens MR-57-2 and 

NR-57-3 were both tested at 7,000 p.s.l. at 1500*F. NR-57-2 showed a 

minimum rate of .000039$ per hour at nbout 1000 hours, after which the 

rate Increased slowly until at the termination of the test at 2640 hours 

the rate was .000065$ per hour. Specimen NR-57-3 at the same load of 

7,000 p.s.l. showed a minimum rate of .00001$ per hour at about 1500 

hours with only a slight increese to .000015$ per hour at the end of the 

test at 2315 hours. The cooperating laboratory reports that the difference 

In creep properties between NR-57-2 and 3 wes probably owing to lack of 

proper control of the solution heat treatment temperature In NR-57-2. 

It Is felt that the data for NR-57-3 are more representative of the 

particular composition and heat treatment. 

Speoimen NR-58-1, with the higher tantalum content, shows a rate 

of .00001$ per hour at about 1000 houra of test. This test Is continuing. 

These t.Ko alloys are interesting because they show creep properties 

about as good as the best of the other NR alloys which contain higher car- 

bon, around 0.35 to 0,40$. One of the difficulties In the use of these 

heat-resisting alloys will be fabrication »nd processing. If, by the 

choice of proper eoabinations of alloying elements, the desired creep 

properties can be obtained, better forgeabillty and processing may be the 

result. This Is an Important item and warrants careful consideration. 
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Tbe Indicated properties of these alloys containing tantalum 

should be cheeked by the melting and preparation for test of a duplicate 

heat and this «ill be dona Immediately. 

Creep Testa 

Creep Tests at 1350 and 1600T. 

Creep test specimens of Alloys HR-34  (S495) and NR-4S (8497) 

neve been sent out for creep test at 1600*J. and 5,0C0 p.s.l.   No re- 

sults ere available at this time. 

No creep tests are in progress at 13S0T., but as stress-rupture 

date from the few alloys under test in the NRC program become available 

and the data on the greater number of alloys in the N.A.C.A. program 

beoome available, creep tests will be started on those alloys Indicated 

of interest. 

i     v. 
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Hardness of Beat Resisting Alley» as Hoat-Ireatod and 
After StroeB-Rupturo and Creep leata at 150Q*F. 

lest specimens of aoaa of the RR alloy« hare been teeted to 

deteraine the ohange In hardness resulting from long-time expoaura at the 

test temperature of 1500*F. under atress In the streaa-rupture and ereep 

testa.    Data for thirteen different alloys are shown la Table 8. 

Of the alloys tested, only Alloys HR-15 (Timken 10-26-6), NR-33 

((•ana oolumblum), NR-43, and NH-44 ahow any appreoiable ohange.   Alloy 

•R-15 dropped from 58.0 to 62.S Rockwell "A", NR-33 from 57 to 53, NR-43 

from 62 to 67, and NH-44 from 66 to 59.5.    These are not large reduetlons 

In hardness as a result of the rather long times at the temperature of 

1500*P. 

Isod ImpaotReslstanoe of Heat 
•Resisting Alloys After Creep Test» 

two round Isod Impaot test spoolmens 0.450 inoh diameter 

("V" notch) are being out from the gage length of creep test apeolnons 

or »tress-rupture test »peelaen» after test and teeted in Impaot at room 

temperature. 

Only six speoimen» have been tested to date «ad the results obtained 

are shown below* 

Hours at 
15O0*P. Isod Impact 

Alloy in Creep Stress Resistance 
Material Ho. lest p.a.i. Ft. lbs. 

H-154 RR-20-1 
1-166 HR-21-1 
mm Columblum NR-33-1 
8-495 »R-34-9 
6668-1 HR-43-3 
8497 BR-46-1 

1500 
2160 
2060 
2280 
1601 
597 

10,000 
10,000 
7,000 

10,000 
10,000 
16,000 

10.5 
9.4 

14.0 
4.0 
6.0 
7.2 

MWMJ 
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tJhfortunately, no data are available ma yet for these material« 

tested with the same impact specimen aica and «hap« In the a«-haat-traatad 

oondltlon and before teat for comparison with the data shown above.   All 

poaaese some measure of ductility and aa In the impact teat» ahowo pre- 

Tioualy for aome of the alloys In the aa-heat-treated oondltlon, the 

Gamma Columbium alloy (HR-33) ahowa the beat residual lmpaot rosletanoe 

after teat of the few alloys tested to date In thia Banner. 

Short-Time High Temperature Tension feat Data 

A prerloua report on "Compilation of Current Data on Seleoted 

Alloys Suitable for High Temperature Servloe in Gas Turbine and Super- 

charger Parts" by the War Metallurgy Committee to the National Defense 

Research Committee of the Offloe of Selentiflo Reaearoh and Development 

O.S.R.D. Report Ho. 722, Serial Ho. M-12 dated July 22, 1942, contained 

short-time high temperature tension teat data on the following alloy«i 

17 H. 19-9 W-Ho, Timken 16-25-6, 

Samoa Columblum, S496, 8497. 

Additional data on some of the alloys used in other tests 

mentioned in this report hare been made available by the U. S. Havel 

engineering Experiment Station and are shown in Table 9.    These include 

modified Inoonel (similar In properties to Hlmonlo 60, HR-29), ATV-3, 

(HR-61) H-16S (HR-19), H-164 (HR-20), H-156 (HR-81), and H-166 (HR-22). 

The treatments used were slightly different from those given In this 

report but the data serve to indioate the range of properties obtainable. 

Data on  S497 are alao inoluded for comparison, slnee Alloy  8497  (HR-46) 

la one of the beet, both In the stress-rupture and creep testa* 

i    \. 



-T8- 

33* 

8 

Is*"* 

ig'j'jji 3222** i 

9%m——  asas*» 

•.".1110.   <J<?ci,?,?,S 
as""*" assa"-s 

•9S 
as I l2l  II I I II  II t'.". 

saas •h 

358883 

vtaooo» 
NN(S|N«)A 

i*.     *!n  nn  ,<i m^t 
34  8»  33  'S 33383 

0 ID • * 
88 S3  SS 

o © »o <• * 
I • • • • • • 
• M CO« ION 0> 

10 NMrtNH 

tS S3 8 3 8 
8!>QSIS'«> 

§ §§§g§ 

•4     IH iH iH »•• 

i: 

3 

8 

a 

3 
«. 
S 
9 

I 

it'..;:f - .in».,'!;!, i •.-y.-fV' *1^^t 

11^ I 

l   \, 

f 



-79- 

Muh Temperature Fatigue Toeta 

•e teat program of fatigue toeta et high temperature» ha« been 

•ponaored by HRC-8.    Considerable data at 1200 and 1500'F. have bean 

accumulated at the Raaearoh laboratory of the Weatlnghouae Eleotrlc and 

Manufacturing Company and data at 1200, 1360, and 1500*F. have been 

obtained by the Ü. 3. »aval Engineering Experiment Station at Annapoli«, 

Maryland. 

The work at Westinghoueo haa been done In a Weatlnghouae 120 oyole 

Ileotraaagnetio Bending Fatigue Machine.   J, oomplete deaorlptlon of thla 

type of fatigue teat equipment waa given In a paper by W. P. Weloh and 

W. A. Wilaond). 

The machine «ay be elaaaed at a fixed oantilever, oanatant 

defleotion type, deaigned primarily for the application of alternating 

bending atreaa to the apeolmen.    The operating «peed of thla machine la 

7200 oyole« per minute.    Heating of the apeolmen la accompli«had by 

means of a simple bell-type eleotrlo furnaee.    Teat apeolmena are 8.75 lnohea 

long with a minimum diameter In the teat aeetion of 0.550 inch. 

Table 10 »how» the oompoaitlone of the material« tea ted by Weat» 

lnghouae.    Table 11 «how» the heat treatment« and the endurance value* 

obtained.    Figure 38 «how» the endurance curre» for the material« tested 

at 1200*F. by Weitlnghouse. 

The endurance Taluea In Table 11 at 1200*F. range from 23,000 

to about 70,000 p.a.l. for teata of 108 oyelea with only a »light lowering 

(1) W. P. Welch and W. k. Wilaon, k Hew High-Temperature Fatigue Machine, 
Proo. A.S.T.M. vol. 41,  1941, pp. 73S-746. 
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ef the stress M the number of eyeles is lnoreased to 2.5 x 108.   It will 

be noted that some materials «how values above 40,000 p.a.l. «hila about 

an equal number of those tasted show anduranoe values below 40,000 p.s.l* 

This Is of considerable Interest when It la considered that only a few of 

the materials tested to date at 1200*7. show atresaes produolng rupture 

in 1000 hours over 40,000 p.s.l.    For lnstanoe, the well-known alloys 

•ueh as Tlnken 16-25-6, Gamma Columblum, 10-9 W-Uo, and   S497 all show 

fraotures in 1000 hours at stresses less than 40,000 p.a.l.    This means 

that in designing parts for a limited serrloe life In whleh the «tresses 

used are consequently high. It Is well to remember that if the part Is 

•ubjeoted to fatigue stresses, the endurance limits should be taken into 

oonalderation. 

There Is another disturbing faetor lndleated by these fatigue 

tests and the tests run by the U. 8. Naval Engineering Experiment Station, 

Fatigue teats run at room temperature on steels develop an apparent 

enduranoa limit or limiting stress range below whioh a material will not 

fall even after many million stress reversals.    But for fatigue tests made 

within the range 1200 to 1600*F., there la no apparent tendency for the 

•tress-oyele-to-fraoture graphs to level off and the plotted results tend 

to fall along a straight line.    Fraotures have been obtained after 2.6 x 10" 

eyoles at 1200*F.    Until tests of greater duration are available, it is 

eonservative to assume that at still lower stresses fraotures may ooour 

after a considerably greater number of stress reversals. 

When these materials are to be used for types of service In whioh 

long servioe life is desired, the lower stresses dictated by the creep 

rates allowable usually give an ample margin of safety as compared with the 

i     \- 



enduranoe Halt and In thea« oases the oreep rat* rather than the 

enduranoe limit it the Uniting faotor in design. 

The enduranoe values in Table 12 «are obtained at the 0*. S« 

Eaval Engineering Experiment Station using a rotating oaatilerer type of 

-teat«    In this test the range of stress alternates between tension and 

compression «1th eaoh cycle.    The test maohines are motor driven and 

operate at 1500 r.p.m.   Values are shown for tests principally at 1350 

and ISOO'P.   As in the tests by Westlnghouse, at these high temperature« 

there seems no indication of an enduranoe limit«    For the limited com- 

parisons available to date, it appears that at the higher temperatures, 

the fatigue resistance does not fall off as rapidly as the stress-rupture 

and oreep properties, so that these rather than fatigue are the limiting 

faotors in design» 

Additional tests on other alloys are In progress at both labora- 

tories and these will be supplemented in the near future by tests by 

HRC-8 at 1200, 1SS0, and 1500*P. on materials lndloated of interest by 

the N.A.C.A. and HRC-8 programs of tests and not alrsady included in the 

ourrent fatigue test programs* 

Corrosion Test in Air-Sulphur Dioxide Mixtur« 

(Experiments at ü. S. Naval Engineering Experiment Station) 

Samples of five heat-resisting alloys were subjected to oorroalen 

attack at elevated temperatures In contact with a sulfur-containing gas 

by suspending them in a tubular eleotrleal resistance furnace «trough 

whloh an air-sulphur dioxide mixture was passed at the rate of ISO oo. 

per minute.    This mixture eontalned 2 to 3 per cent sulphur dioxide by 

weight and was passed through water before entering the furnace.    The 

i     V. 



a S 

s 
V 

@ 

II 
38 

§ * 
s 

ooo'w
 

004'31 
000*41 I 

2
4
,
0
0
0
 

1
9
,
0
0
0
 

3
5
,
0
»
 

1
0
,
0
0
0
 

1
5
,
0
0
0
 

1
6
,
0
0
0
 

2
6
.
0
0
0
 

B 

if. I 

|§i | §   § §§ 
388   5   5      5   88 

ro 3 

II 

I] 
I 

§ ft 

§3 

II 

S 

i 

ii II a   I * i 
•    M 

•Sis 
SM!I 

gg    vooooo   S. 
88 

1 

J8 tfecu 

III ilil rriri 

I      V. 



-06- 

temperature was regulated go that the center of the tube was maintained 

between 147S and 1510#F. A water Jacket was plaoed around the protruding 

outlet end of the tube. Water was circulated through this jacket In order 

to cool the furnace tube at the outlet end and thus condense the gas« 

Samples of the five alloys were also plaoed In the end of the tube 

surrounded by the water jacket« The temperature for this location was 

about 70"F. Weight differences for the various alloys after 559 hours 

exposure In the test are shown In Table 13. 

TABLE IS. RESULTS OF CORROSION TESTS IN 
AIR-3ULPIIUR DIOXIDE ATMOSPHERE 

Change In Weight Per Sq. In., - Grams 
at Temperature Range« Indicated 

70*P. 

Material 
In 

Condenser 
1050- 
1075'F. 

1325- 
1375'F. 

1475- 
1510'F. 

Hastelloy B 
Nl 68, Mo 25, AI 2.S 

-.00615 -.00013 +.0284 • 

Nlchrone 
Nl 60, Cr IB 

-.0066 -.0802 •.0010 -.0022 

Ineonel 
Nl 75, Cr 13, Al 1, Ti .7 

-.0104 +.0009 +.0022 -.0016 

Tlmlcen Alloy 
Cr 16, Nl  25, Mo 6 

-.0007 -.0003 - •.0023 

K 42 B 
Cr 20, Nl 40, 

Co 22, 
Tl 2.5. Al .4 

-.0082 -.00046 •.0027 * 

* Tungsten supporting rod stuck In hole - weight changes not obtained. 
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These results show no significant attaok except la the ease of 

Baatelloy "B" whloh for «ha 1475-1510'F. temperature range exhibited 

marked growth and exfoliation at the edges. 

An experimental unit for simulating tha gas Jat action of a gas 

turbine was also used at tha ü. S. Naval Engineering Experiment Station 

for teating blade Material«.   With thla apparatus, using gas derived 

fron tha oombustion of oil as In the ease of an aotual turbine, it is 

possible to subject blades of various alloys to gas temperature and 

velooity oondltlons simulating an aotual Installation.    The teats to 

date have been made on Bast» Hoy "B", Tlmken 16-86-6, X 42 B, and 

ATV-3 alloys using gas at ISSO'F. Impinging on the blades for 996 hours 

at a velocity of I860 feet per seoond.    The tests prove the Hestelloy "B", 

whloh oontaina no chromium and high nickel,  to be unsuitable for gas 

turbine parts subjected to 1350*F. temperature gas»    The gas eauaes the 

material to swell up and exfoliate at the blade edge.    The Tlmken 16-25-6 

and the X 42 B alloy« withstood the gas attaok satlsfaetorlly.    The ATV-3 

alloy (10 Cr, 25 Nl, 3 w) showed numerous snail pits where the gas Impinged. 

Tests are in progress or planned at 1500*F. on several additional 

materials lneludlng Tlmken alloy. Haste Hoy C, Titalllum, Genoa Columblum, 
S495, and 3497. 

Research on Chromium-Tungsten Alloys 

This projeot Is being conducted In the Researeh Laboratory of the 

Ollmax Molybdenum Company and 1» for the purpose of finding and develop- 

ing metallic alloys capable of sustaining sensibly greater loads at 

temperatures up to 1600*F. than iron-, nickel-, or oobalt-bass alloys 
eould be expeeted to sustain. 

•   1,1,.' 

SAGS 
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At the »tart, »Hoy« of low molting point were excluded fro« 

consideration and iron-, nickel-, and oobalt-ba.« alloye were already 

being «tudied in the TOC-8 prop»«.    Of th« remaining element«, the 

outetandlng metal with reepeot to melting point 1« tungeten.   Limited 

data indicated pure tungeten had good etrength at 1600'F. out not 

better than oan be obtained by the beet of the well-known Cr-Hi-Fe 

alloy..    Tungsten-base alloy« .earned more likely to produce the de.ired 

propertlea.   After due consideration, the firit alloy« were prepared 

alloying ohromlum with tungsten. 

In the first triale, mixed tungeten and ohromlum powder« were 

melted by re«i«tanoe fusion In Taeuum.    Then powdered metal pellet« 

were melted in veouum inside a cylindrical .carbon resistor.   A «erie« 

of alloy« «o prepared showed a maximum Vioker. hardnee« of 457 for an 

alloy with ohromlum 40, tungsten 60. 

Further experiments hare developed a melting procedure in the 

induction furnace using ilroonia crucibles surrounded by a oarbon 

cylinder.   All melting and oaetlng has been done in a Taeuum (1 mm. flg 

pressure or less).   Monmetallios hare been reduced by the use of HgO 

bonded »lreonla crucible« and by deoxldatlon of the melts with carbon. 

The ohromiui» and tungeten powdere contained orer 0.6 per cent oxygen. 

Porosity was eliminated and finer-grained alloys were obtained by 

Taeuum easting In big-end-up steel molds. 

Some qualitative oxidation tests were made in air at lMO»?. 

on pure tungsten, pure chromium, and three Cr-W alloy«. The result« 

are tabulated a« follow«! 



I 
Tbngfton 

Chrotf.ua (0.063« C) 

Cr 90. W 10 

Cr 80, * 20 

Cr 70, W 50 

Oxidation Test, 100 Hours at 1600'F. 

Badly oxldlcod after 24 hours 

0.00338 g./*q.ln. loss In «sight 

0.00860 "    "    "        •      "        " 

0.00B92 "    "    "        "      "        " 

0.0233    "    "    "      gain "        " 

A sorios of ohromium-tungsten alloys «as prepared, maohlned Into 

stress-rupture test spaelmsns and submitted to the University of Uiohlgan 

for test.    Those tost spoolmens hare a diameter of 0*160 lnsh diameter 

with a 1-l/B Ineh gage length.    The alloys subnltted and the data obtained 

are shown In Table 14* 

All tests wore run at 1600'F. and 20,000 p.s.l. exoept on Beat 

Ho. SI whloh was at 17,600 p.s.l« 

When the tungsten oontents are below 20 per cent the stress 

rupture times are short.   Heat No. 176 with 19.94Jt W showed a fraeture 

Urne of only 17.0 hours, whereas Heat No. 162 with 29.06^ If showed a 

fracture time of 478.6 hours and Heat No. 166 with 23.67JS W showed 

666.3 hours.    A test on Boat No. 159 with 26.435t IT Is still In progress 

at 1150 hours and Heat No. 169 with 23.205? W Is still running at 840 hours. 

Suoh fracture times as are shown by these Cr-W. alloys with over 

£0 per eont tungsten are outstanding when compared with the values for 

Cr-Hl-Fe alloys at 1600*P.    The best alloys tested to date at 1600'F. are 

the   8495 and   8 497 alloys whloh show a fraoture time of 500 hours at 

about 16,000 p.s.l.    The Cr-W alloys containing about 23 per eont W showed 

about equal fraoture times at a temperature 100 degrees higher or at 

1600*F. and at the higher stress of 20,000 p.s.l.   As far as resistance 

to fraoture is eonoerned, these alloys show an outstanding Improvement 

In properties. 
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Their only drnrtnok ia their lack of duetillty.    tm In those 

ho*to with tho lowor tungsten oontents and with «hört fraoture tlmee, 

tbo duotlllty waa praotleally aoro.    It waa thought that tha Introduction 

of iron to replace a portion of tho chromium would Improro tho duetillty 

but thia waa not tha oaao.    Thoao alloy« aa oaat are relatively eoarao 

grained.    It la thought poaaible that oentrlfugally oaat alloya, whioh 

would be finer grained, night alao be more ductile lc the atreea-rupture 

teata. 

Equipment la being aaaeubled to produoo centrifugal eaatlnga in 

vaouum.   When the equipment la available, itreas-rupture teat apeelnena 

with finer grain will be prepared»   At the same time preparation« are 

being uade to produce in vaouua oentrlfugally oaat Type B 2 aupereharger 

blades from Cr-TT alloya whioh would be tested in a aupereharger now 

Installed at the 0. S. Navel Engineering Experiment Station at Annapolia, 

Maryland and whioh will be run on hot gaa formed by the eombuatlon of 

oil aa would be need in a gaa turbine. 

Research on Tunesten-Rloh Alloya 

The Vanadiun Corporation of America la alao investigating 

tungaten-rleh alloya and a number or tungsten-titanium-iron alloya, 

tungaten-ehromium-nlokel alloys, tungsten-chromlum-nlekel-eobalt alloya, 

and tungeten-ohromiun-nlolcel-oobalt-boron alloya have been prepared.    The 

compositions of the alloya prepared and their hardnesses at room tempera- 

ture and 1800'F. are ahown in Table 15. 

Aa ahown in Table 16, a wide range of oompoaition« have been 

eovered.    The tungsten-titanium alloya prepared at firat did not show 

promising hot-hardnes« values. 

•JamMimlm *<*.  '"JHItJj  '   '~"'M>'- '''"*""*'"  jr.** 
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Th* tungsten-ohromlum alleys with additions of sen* or all of 

nlokel, oobalt, titanium, and boron show tho boat hot-hardness valuta 

at 1600*F.    Brlnell hardnassss at 1500'F. as high as 475 to 526 war« 

obtained by Heats AK-22 and AN-23 with about W 30, Cr SO, Tl 8.    Beats 

AN-30, AN-30 B, AN-35, AK-46, and AN-47 all show values for Brlnell 

hardness at 1600'F. over 400. 

Efforts are now being oonoentrated on producing osit spsolmens 

suitable for stress-rupture testing from those compositions indicated 

moat promising« 

Effect of Beat Treatment Variables 
on Structure and High Temperature 
Properties of Heat Resisting Alloys 

Weatinghouse Eleotrle and manufacturing Company under Projeot 

HRC-41 is studying the effect of heat treatment variables on the atruoture 

and high temperature properties of the three heat-resisting alloys Tirnlom 

16-25-6, Gamma ColumMum, and   S495 alloys.    Bar stook of the latter two 

alloys Is available and the work Is in progress,    the chemical composition 

of the two alloys is as follows» 

C     Ma     Si       Cr       Hi       Ho       W Cb 

•asm Columbia»  .86 .66 .52 15.0 25.7 3.88 
Beat A9707 

1.88 

8 495 Heat 22786 .46 .61 .69 14.0 20.2 3.65 3.74 4.20 

Experiments wars made to determine the effect of solution heat 

treatment temperature and time at that temperature on the structure of 

Gemma ColumMum alloy. Table 16 shows the results obtained. Recrystalll- 

satlon starts at 2250*F. and proceeds with increase In temperature and 

time at temperature. During reerystallisation there is a oomplex mixture 

IM».. , . .. ."T 

• •• ,'•. .'V&'-•*'••'••'      •  •'•''•*.»?••'* : ••••'. ••:'•'•• ^f^. •:.• I 
I. I.' • l^jl»f.illl«Mlt u.i.i.;..—^———. ,_4--„.: 

I'I.I I in {<    .>.n i. >•« 



-94- 

TABLE  16.    EFI-'i;CT OF SOLUTION TEMPERATURE AND TILTE AT TB2PEUTURE 
ON GRAIN SIZE OF GAHMA COUJ13IU1I, HEAT #A9707 

Solution 
Treatment ASTM Grain Site No. 

Temp. 
•F. 

• Time, 
Hrs. Fine Coarse Mean 

2160 2 ioo*#e* - #8* 

2250 3/4 60* #8 60* #7 #7.5 

2260 4 40* #8 60* #6 #7 

2300 4 20* #3-5 80* #1 #2 

2370 2 5* #7 95* #2-4 #4 

2370 4 - 100* #2 #* 

2395 3/4 10* #7 90* #3-5 #8 

i      V. 
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ef grain elsea, «hieh ia Indie*.ted in Table 16 by the percentage of the 

are« whleh 1« relatively fine-grained and of that which ia coarse-grained. 

A uniformly ooaraened grain aiie waa obtained after 4 hour* heating at 

2570*P. and stress-rupture teats rill be-made on specimens ao treated« 

Beoaua« oxidation of specimens heated in air la severe above 2250*F., 

a protective atmosphere was used in the heat treatmenta. 

Data on the response of Gamma Columbian to aging after solution 

treataent have been obtained.    The hardness tests were made on transverse 

seotions.    The data are shown in Table 17.    It may be seen that there is 

no significant hardening oa aging after quenehing from 2150 or 2250*F. 

A small and typical reaction to aging la obtained after quenehing fron 

8370 and 2396*F., the hardness increasing about 30 points, diamond 

pyramid hardness.   Maximum hardness is reaohed In a few hour* but the 

effect of longer aging times is also needed to determine the stability of 

the alloy for long-time service. 

Several stress-rupture tests have been mad* on Oamma Columblum 

alloy given several heat treatments and the data are shown in Table IB. 

The rupture time at. 20,000 p.s.l. at 1500*F. increases moderately with 

the solution temperature as aged either at 1500 or 1700*F., while the 

ductility doorcases.   A definite effect of aging temperature is Indicated 

aince the rupture times are lower after aging at 1700*F. than at 1500*F. 

This effect seems to be due to the lower hardneea resulting from the 

higher aging temperature.    The Increased life associated with an Increase 

In solution temperature may be due to either or both of grain coarsening 

or of greater increase in hardness on aging owing to the reprecipitation 

during aging of the material taken into solution which inhibited the grain 

growth at the lower temperatures.    Sufficient teat data are not available to 

evaluate the relative effects of grain si so and hardness resulting from 

<rf*MtriMf«—4M 
Ss 
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TABLE  17. BARDNESS OBSERVATIONS ON GAMMA COUJltBIW, BEAT #A9707, 
AS QUENCHED IN OIL AND AGED 

Solution * 
Treatment AEi»S 

Tenp., 
Hardness -DPH ' Time to 

Reaoh Max. Temp. ,              Tine, AB Aged to 
•F. Bra. •P. Quenched Max. DPH Hardness, Hrs.                     ,, 

2150 4 1600 196 200 12 
2150 4 1600 203 206 32 
2160 4 1700 - 203 86 
2160 4 1900 197 209 16 

2260 0.75 1500 203 220 20 
2260 0.75 1600 239T 216 64 
2260 0.76 1700 - 212 50 
2280 0.76 1900 202 214 16 
2260 1500 241T 240 4 
2250 1600 214 208 2-128 
2260 1700 - 218 50 
2260 1900 201 213 16 

2370 1600 179 218 8 
2370 1600 1S9 222 1.8 
2370 1700 188 210 1.5 
2370 1500 179 224 4 
2370 1600 193 226 2.5 
2370 1700 190 217 8 

2396 0.75 1600 195 234 3 
2395 0.76 1600 201 228 1.6 
2395 0.76 1700 197 212 1.6 

. 

i      V 



1 
8 

1 
1 

3' 
3, 

I 
I 

a 

I 

it* 

a* 

lit 

AZJi 
1 
X M  ft 

I 

a- SO 

*£ 

o  .1 
I« 

-97- 

N«t      OO      a> CM      Ot> 
* m IQIO        CM  * f-IN 

an     «N     no o •   •       •  •       l  • • M> n     «ON     c-io     tot- 

§§     §§     §§     §i 
38    83   88    8*8" 

SS   83   SS   S3 
N i-t        MAI        « i-l        NH 

ss  ss  ss  ss 
den N «H        NW flr-l 

§1  §§  SS  SS 

lO IO 
t> t- •   • 

i 41       O O 

as as aa 

§3  ss  ss  s: 
3 m     nn     mm     «a! 



-9B- 

aging on the rupture proper««». 

Specimens of HUM Columbiu» ere being heat treated at 8860*P. 

for 4 houra and will be tested in atreaa-rupture for comparison with th» 

taata already run* 

Thla work at Westinghouee has baan atarted only reoently and 

aeon similar experimenta will be in progress on all thre« alloya, 

Timken 16-26-6, Gamma Columbium, and   S495. 

FPTORE TTOBK 

Streee-rupture and oreap propertlea will continue to ba obtained 

and amplified on the promiaing alloya now available and othar alloya aoon 

to ba obtained.    Streaa-rupture teat» with oyclio atreaa or eyollo temp- 

erature or oombinationa of the ttro variable» are to be made on a few 

alloya.    Similar testa are to be made on the Cr-W and ir-Cr-Hi-Co alloya. 

thoae alloya of all typea Indicated promiaing are to be prooeaaed into 

eupereharger blade« for lnaertlon and teating In the auperoharger Installed 

at the U. S. »aval Engineering Experiment Station. 

Promiaing alloya lndloated by the test» at 1800*P. are to be 

tested in atreea-rupture and creep at both 1B50 and 1600*F.    Streae- 

rupture testa at 1550*F. on all but a few alloya will ba conducted by 

the Hational Advisory Conmittee for Aeronautioa.    Creep taata at 1S60*P. 

will be included In thla NHC teat program. 

Fatigue teat data on all promiaing alloya will ba obtained by 

arranging for the necessary tests wlth Weatlnghouae Eleetrlo and 

Manufacturing Company whenever teat data in addition to thoae already 

supplied by Weatlnghouae and the Wary are needed. 
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3enera.l üeetrle Company la already engaged in data mining 

damping eepaolty of heat resisting alloy« at temperature« up to 1500*F. 

Their aethod la ao new and the results are. of auch apparent intereat 

that it appear« deairable to obtain an independent oorroboration of the 

General Eleotrio reaulta.    Somewhat almilar equipment la now being 

assembled at Battalia Manorial Institute and damping oapaolty at 1200, 

I860, and 1600*F. will be determined on promising alloy«. 

Short-time tenaion teat propartiea at 1200 and 1350°F. will be 

determined and made available by the K.A.C.A.    leata et 1600 and 1600*F. 

will be made by KRC-0. 

Determination« of ooeffleient of expansion on N.A.C.A. material! 

teeted at 1200 and 1S50*F. and KRC material« teated at 1500 and 1600*F. 

will be made. 

Density determination« will be made on all promising H.A.C.A. 

and KHC material« not inoluded in thl« report. 

The beat alloya at 1200, 1350,  1500, and 1600°F. will be teated 

for lmpaet realatanee In both the notehed and unnotohed oondltion« at 

both room temperature and at the varioua elevated temperature« at wMeh 

load-oarrylng ability 1« promising. 

Unnotohed bar« are to be teated in lmpaet at 1500*F. In two 

oondltion«i  (1) after exposure of 150 hours at 1500*F. to combustion 

products of fuel containing tetraethyl lead and (2) to oombustion product« 

of bunker "C" fuel oil burned under gas turbine oombustion oondltion«. 

Some teats may be made later at 1200'F. 

The effects of stress-concentration on the stress-rupture propar- 

tiea at 1S00*F. of K-165, 3495. and Vital Hum alloy« will be determined. 

Tests are to be made with various Hypes of notches in the gage length of 

the stress-rupture specimens. 
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Th* following oxidation and oorroelon toata or« plumed* 

In tholr oqulpmmt at Vast I#nn, Uaaaaohusetts, General Elcetrlo 

la to ran •treaa-rupturo toata on 17 W, Stoody 72 alloy («10 C, 6 Cr, 

62 Mi, 17 Mo, 6 1,4 Co), Vital Hum (.20 C, 28 Cr, 65 Co, 6 No), 61 alloy 

(.40 C, 25 Cr, 60 Co, 4 W), H-153, K-155, S495, Hastelloy B (Xl-baae with 

25-80 Mo), and X-40 (eompoeition not yet available).    Theae alloys are to 

bo run in air at a oonatant temperature of 1500*F. and with a eyello 

temperature of 600-1600'F. while the apeolnena are expoaed to an atmoa- 

phere reaulting from the eombuation of gasoline containing tetraethyl 

lead. 

The U. 8. Steel Corporation la running BOM oxidation testa on 

•am* of the BRC-S alloys by heating in air at 1600'F. 

There la a possibility that aons testa nay be »»de in an atmosphere 

reaultlng from the eombuation of bunker "C" fuel oil in compressed air« 

Theae may be either without load or loaded for atreaa-rupture testing. 

The possibility of running sueh tests at the Ü. 8. Havel Engineering 

Experiment Station will be Investigated. 

rrogreaslve oxidation tests should be run at 1600'F. on all 

promising alloys for comparison with Timken alloy.    The effeeta of surface 

finish, weld beada (eleaned and uneleaned), metal oontaot with other com- 

position alloys, flat oontaots, wedge eontaota, and protective eoatinga 

(Cr and Si) are to be Investigated. 

The following alloys are to be studledi Timken alloy, 8495, H-156, 

Vitallium, 61 alloy, and possibly Baatelloy B. 

This la a research job.    First the oondltlons whleh produee the 

spongy progressive oxidation will need to be determined, and then oorreotive 

measures will be studied. 

HCC/ieilXikn 
April 5, 1945 
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