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STATUS OF VARIOUS INVESTIGATIONS IN PROGRESS FOR THE
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS AT THE
UNIVERSITY OF MICHIGAN
September 4, 1945

Several reiated investigations are in progress at the
Departmeht'of Engineering Research of the University of Michigan
for the National Advisory Committee for Aeronautics under contract
NAw 3781 covering a general research program for the'develop~
ment of heat-resisting alloys for aircraft power plants. In
view of thetlong time required for the completion of the in-
vestigations a series of "status" reports have been issued prior
‘to meetings of the Subcommittee on Héat-ResistIng Alloys, Com-
mittee on Power Plants for Aircraft,so that the members could be
guided by partial results. The last "status" report was issued
under date of April 28, 1945. Since that time two final reports
have been issued.

Report 19, "High Temperature Properties of Large Forged
Discs™ June 25, 1945.

Report 20, "A Metallurgical Investigation of S590 and
.~ 8816 Bar Stock at 1350° F" July 16, 1945.

A Joint report with H. C. Cross entitled "A Metallurgical
Investigation of a Large Forged Disc of Low-
Carbon N155 Alloy"™ August 4, 1945.

Report Number 18 entitled "A Metallurgical Investigation
- of a Large Forged Disc of CSA (234-A-5 Alloy"
“April 25, 1945, is now being duplicated for
release as an Advance Restricted Report.
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A. Evaluation of Properties of Alloys as Rotor Forgings

A total of 23 discs have been included in the program
of evaluation of alloys for service as rotors for gas turbinés.l
These include four Tiﬁken, three 19-9 DL, three Csa, one‘EME,
one Discaloy, three 5590, two S816 and six Low-Carbon N155 Alloy
discs. More than one disc of any one alloy includes different
fabrication or heat-treating procedures or different sources.

Complete data for all discs are confined to compara-.
tive properties in this report. Otherwise the data are confined
to presenting only the data which havebeen obtained since Report
Number 19 entitled "High Temperature-Properties of Large FPorged
Discs™ was issued on June 25, 1945s',81nee:this report was

written the following additional discs have been received:

Alloy Iype forging Manufacturer

Timken TG-180 Midvale

Timken  I-AO Canton Drop Forglng & Manufactur-
‘ | ing Company

19-9 DL I~402worked at 1250° Fg " n " " "

19-9 DL I-40(worked at 1650° F " n n n "

EME I-40 Midvale

8816" Pancake (as-forged & aged) Allegheny-Ludlum (NRC~8)
Tensile tests will be run on all discs at room tempera-
ture and 1200° F. All discs are being rupture tested at 1200° F.
Rupture and tensile data are to be obtained at 1350° F on part of
the Low-Carbon N155, and on the 8590 and S816 dises. OSRD Project
NRC-8 is obtaining creep data at 1350° F and rupture and creep
data at 1500° F on disecs of these three alloys.
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An analysis of the data yields the following informa-
tion:

1. High yield strengths at room temperature were only
developed by hot-cold work at about 1250° F as in
the standard I-40 forgings. Discaloy was an excep-
tion in that high room-temperature physical proper-
ties were obtained by heat treatment. (See table I
and figure 1.)

2. The best rupture strengths thus far obtained were
shown by the 8590 discs and Low-Carbon N155 disc
NR66D. (See table II and figures 1, 24, 2B and 2C.)
The Discaloy disc had high rupture strength but low
ductility.

Considerable variation in rupture strength and duc-
tility has been found for discs of the same alloy from
different heats or sources and after variation in
fabrication procedure or heat treatment.

3. The stress-~-time for total deformation characteristics
are difficult to analyze since relative wvalues for
different discs depend on the stress, time period and
total deformation considered. (See table III.) 1In
general the 8590 discs and Low-Carbon N155 disc NR66D
have shown up best in this type of test.

The four Timken alloy discs have had reasonably sim-
ilar time-deformatlon characteristics as is shown by
figure 3. They have differed to a considerable extent
in the tendency to enter third-stage creep. The
curves of stress versus time for total deformation
have been steeper for this alloy than for most of the
others. C

The two I-40 forgings of 19-9 DL alloy have much
better time-deformation characteristics than the ,
first disc tested in the as-forged condition. (See
figure 4.) The data thus far obtained indicate that
the disc worked at 1250° F will compare favorably with
the S590 disc and the Low-Carbon N155 disc NR66D for
total deformations of 0.1 and 0.2 percent at 1200° F.

Summary tables for 5590, Timken, 19-9 DL, EME and 5816
alloys have been prepared to subplement similar data given in
Report Number 19 for the other dises considered in this investiga-
tion.
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Additional tensile and rupture data are given in
table IV for 8590 discs. The information given in table V in-
cludesa description of all the Timken Alloy discs as well as
the available tensile and rupture test data. Sketches showing
the location of test coupons cut from the various Timken Alloy
discs are included as figures 5, 6 and 7. The information for
the 19-9 DL discs is included as table VI. Specimens from the
I-40 forging were cut as is shown by figure 7.

Tests have not yet been started on the EME;and_BBlé
forgings. A description of these two dises have been included

as tables VII and VIII.
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! SEE ARR 5Ci0, YA METALLURGICAL INVESTIGATION OF A LARGE FORGED DISC OF 19-9DL ALLOY.”
29EE REPORT 18, ’AMETALLURGICAL INVESTIGATION OF A LARGE FORGED DISC OF 234-A-5 ALLOY.

3SEE LETTER REPORT DATED 8-7-44.

4 SEE REPORT OF 8-4-45, “A METALLURGICAL INVESTIGATION OF A LARGE FORGED DISC OF LOW-CARBON N 155 ALLOY,”

SRiM HAD BEEN MACHINED OFF) SPECIMENS TAKEN MIDWAY BETWEEN CENTER AND RIM.

FIGURE |- COMPARISON OF YIELD STRENGTHS AT ROOM TEMPERATURE AND RUPTURE STRENGTHS AND DUCTILITY

BY J.W.FREEMAN AND H.C CROSS
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TABLE V (CONTINUED)

Rupture Test Data at 1200° F for As-Forged Timken Alloy Discs

§ Rupture Elongation Reduction
! Specimen | Stress | time in 1 in. of area:
\Specimenilocation (psi) | (hr) (percent) | (percent)
? I-40 Forgin Midvale
8y | cBR 45,000 | 18 29.8
8y | CRR 40,000 | 382 i 12 16.7
8Y | CRR 37,500 | 672 8 9.7
8Y | CRR 352000 | 775 | 10 17.2
I-40 Forging (Canton Dfop Forge)
3y : CRR | 45,000 | 70 | 7 L 12.1
3¥ | CRR | 40,000 | | 3.8 g5
3y | CRR | 35,000 { T ss—! S Gfd-
3Y i CRR g 32,500 In progress 96 hours 9/4/45
| 1rg-180 (Midvale) |
2Y | (2) | 45,000 L 60 | 29 L3y
Y | (2 | 40,000 | 155 g 26 [ 27.2
2y | (2 | 35,000 | 424 22 | 26.7
TG-180 (Midvale)
4Y i 26RR | 55,000 | 50 | 21 i 30.8
4Y 2SRR | 50,000 | 112 | 30 L 36.9
LAY 1 2SRR | 45,000 | 148 | 32 | 40.8
|__4Y | 2SRR | 40,000 | 373 I~ 33 | 38.8

[

CRR Radial specimen from center of forging at rim.
SRR Radial specimen from surface of forging at rim.

1Specimens taken midway between rim and center of this
TG-180 forging.

2The TC-180 forgings were too thin to split into thirds.
The specimens represent one-half of the thickness.
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FIGURE 5.-DIAGRAM SHOWING LOCATION OF TEST COUPONS |
'IN AN EIGHTH SECTION OF THE TG-180 (SERIAL NO.H-4174-7A)
| TIMKEN ALLOY DISC.
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FIGURE 6.- DIAGRAM SHOWING LOCATION OF TEST
COUPONS IN A HALF SECTION OF THE
T G-180 (SERIAL NO. S1509) TIMKEN ALLOY DISC.
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FIGURE 7.-DIAGRAM SHOWING LOCATION OF TEST COUPONS
IN QUARTER SECTIONS OF THE I-40 DISCS.
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TABLE VI (CONTINUED)

PHYSICALS ON 19-9 DL I-40 FORGINGS

MADE BY CANTON DROP FORGING AND MFG, CO.
(from Evans' letter to Johnson 7-20-45)

Tests by Canton:

- Serial FXC 44 (Solution treated, cold

Sectional Brinell Hardhess:'

Principal range
Max. reading
Soft spot at center near stub-shaft

n nooon " " pilot hub
Physicals: Yield
Point

Location 1
(Central, horizontal near

stub-shaft) 89,500
Location 2
- (Central, horizontdl) 96,500
Location 3
(Central, horizontal, near
pilot hub) 72,500

Serial EXC 46 (Solution treated, cold

Sectional Brinell Hardness~

worked 1250° F)

255-285
302

217-229
202-207

Ultimate % % Red.
Tensile Elong., in Area

100,000 4 8.5

101,500 19.5 26.2

worked 1650° F)

Principal range 207-229
Max. reading 235
Soft spot at center near stub- shaft 192-197
n " " n " pilot hub 179-187
Physicals: Yield Ultimate % % Red.
Point Tensile Elong. in Area
-Location 1
(Central, horizontal, near :
stub- shaft) 60,000 86,000 12.5 18.5
Location 2 : : ‘
(Central, horizontal) 66,200 97,600 14.5 20.4
Location 3
- (Central, horizontal,
near pilot hub) 59,000 83,000 8.5 14.9
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TABLE VI  (CONTINUED)

RUPTURE TEST DATA AT 1200° F FOR THE 19-9 DL ALLOY I-40 DISCS

i C : Rupture} Elongationj Reduction
, : Specimen ; Stress; time in 1 in. | of area.
Disc | Specimen ! location | (psi) | (hr) ;(percent) | (percent)
— —+ : = SRS
EXC46 Sy 3Y {  CRR 40,000 31.5 i 25 1 57,8
(solution ; 3Y .t CRR 37,500 48 ; 17 T 48.0
treated, cold = 3Y :  CRR 36,5001 o
worked at . 3Y : CRR %25g££ :
S 1y 50 oo
EXC44 C1Y . CRR 45,000 :
(solution o3y i CRR 40,000 :
treated, cold : - 3Y i CRR 37,500 P
worked at : i i i
1250° F) i ! ; !
. ! : )

CRR Radial specimen from the center third of the forging at the rim.

CONFIDENTIAL



27

CONFIDENTIAL

*paT000 JIfe pPue' d o,002T 38 sanoy ¥ J0J Jafied

$S8J9S DPSMOTIOJ d oOY2T 3® pexaom pTod seam SuldaoJ ayl °suolsuswip oY-I 03
Jaumey ay3 Jepun Usyz pue ssaad ayjz Jepun 3sJatJ 3osdn “38T1Td I832wWBIP YOUT
-%¥0T ® 03 peodonpal sem 303Ul oYl °d o00LT 3Inoqe 3e 3uTysTutS Jd o00TZ-0050C
wodJ sem SujfsaoJ 30H 3Oy 8oruUIng OTJI3V9T8 OfFseq adL3 OJ® uB WOIJ 3IEEBD
108ut punod-p09z £q JI8jdWeTp YOUF-,LT © WOIJ STeAPTH AQ opBU SeA gutdIog 8yl

5INPa00id SUTING e UEH

LZT°0 O0£°T 8E°€ 2ZL°6T 09°TT ¢£L°O 8¢0°0 ¢10°0 8%°0 2I°0 618Y-H

-

°’f ®© ) N TS 5 i R 5 “ON 3©9H

UOF3ESOAWO) [eoFwayd

08I 07-1 XOTIV INH
IIA FIEVYL

CONFIDENTIAL



28

CONFIDENTIAL

So13dod0dd @lisuay

*S9PIX0 TB307 SE @@phommmﬁ,

“Ted ST*  90° om.@m GY*6T 98°0T $9° %20° €T0° T9° €T° 5D
“Ted T60°0 90°0 €2°T LE°€ 9T°6T 26°TT 99°0 910°0 61070 T6°0 2T°0  STBADIR ETTST-€AH

34 %N O 9@ ® I W T S d WA O Zq sysiATedy “ON 3EsH

U0131s0duo) [edjwey)

(uB3TUOTH mo A37sdeAtu) 8y3 03 JI93307 £q peajrodad)
ANVANOD OIHIOHTA TVHHANAD M dAISHL ONIDJO0d O07-I

T e,

AOTTVY ANd FTIVAAIR V 40 SHIINIJOYd TVOISXHd

(QIONIINOD) IIA FI9VL

@sﬂgﬁ .;E;%. ); : *
i i
oo*gYy | g*ee 0SL‘Y8 000421 | wooy ¥0 61
om.w« i 02 GLESYS 000¢%21 wooy 40 81
1 W e TAST I 005 72T | wooy 40 LT
g8 vy ¢ i 05LéY8 005€€2T mwooy "D 91
00°gY% g€ 00598 006¢Y2T | wooy 4s 6T
eT'9z |,  ¢°8 GL8‘6L i 000°91T wooy 0 71
€8°62 $°91 0sLésL 000¢21T wooy 0] €1
21°19 | (074 C GLECBL 000¢%0T1 wooy 0 21
LS 1Y Y2 06z°08 005 02T wooy 9 11
Loey Y2z 000°18 0004721 wooy 0 0} 8
18°8¢ | 61 62T 6L : 000¢9T1T wooy | 0 6 |
8L°ZE | LT 0sL2L 005 ‘80T wooy 0 -8
66°9€ | 6°8 00628 006 ‘€T wooy @ Lo
€8°L2 | 6 AR 00621 wooy 0 * 9
goeg¥y T2 0L L8 00021 wooy ¥s W g
€L sy 12 000°.L8 0004621 wooy Ho I
L8 1Y S Gtee 00698 0004621 wooy : 4o W €
¢8 Yy 22 5L8°28 [ 000¢YeT wooy ¥0 L2
9¥ 6y | Y2 629998 <000°62T wooy 4s ] T
(auedaad) (3uedaad) 8/u2000°0 (1sd) (d o) UOF3e00T JBg | *ON JIegd
BOJI® JO ‘uf z ug (Fsd) y3isusals | eanjedadua] !
uofqonpay | UoT3e3UOTH yzsdusJays pIotx 8TTsuU’a] P *

CONFIDENTIAL



<29

CONFIDENTIAL

wash0ad e 0005

2 op '0Te 000 Q%
o'y s e 90SK
S' Y3 - ShS ©e00b |
Lie 1 b 00005 Q0TI N
(o OA) 9 0sdY o _
df“wqo .s.A..m Wi m_mtw. BSoAIS &i@. ggia\&w
LuPNpsy walyvowel g @»3.&3&
d»..o D X ) .wo, ﬁ
.wOWMHSm woaJ Aeme Wl 3e uswfoads Terjusdue] IO
. *@0®BJJans Jeau WJI 3e usuwioeds Teljussue] IS
*OSTP JO J83Us0 3' Usuioads D
*90rJaIns wolJ Aeme uswioads Tetped YO
*90BRJINS Jeau uswioads TeTp®YH - ¥S
62° 05 G2 0004€6 000421 wooy 10 9-1
TN Y1 052°¢s 00049. 002T L0 G-L
LG° 09 ¢ 81 000°9¢ 006 ‘¥ 00$T Is -1
9z Yy g°oZ 052°6¢ 05LeGS | 0041 LD £-L
L6 €Y ] Y1 092429 09L LL 0021 o) 2-1
434 0z 005€16 | 005°62T mwooy IS -1
, _ : :
(3uedaad) \Apnmouwmw u/uc000°0 (Tsd) (d o) UOT3eO0T JIBd *ON Jded
eaJe JO ‘ut Z ut (gsd) i yzdusays | sanjexsdua],
uotgzonpay uogieduord | yjduedls DPIOTZ | OTISUSL :

(QIANIINOD) IIA FTIAVI

CONFIDENTIAL



30

CONFIDENTIAL

‘d o00YT 3B sanoy 91 peSe aJam OSTP oYz WOJIJ 3nd sSaeq oyl

*JIBTNOJTO UBY] TeUO3B]O0 A[JESU SJIOW SBA ISP ayg

*d 00622 WOIJ SSBUNOTUJ seYOUT-9T/¢ € 03 39sdn °d o00£2 woaj aaenbs seyout-é6

03 Pa3800 JoumeH 303Ul axenbs YOUT-ZT ® 03U poanod SBM UOTUM 3BOY 8oBULIN OB
OTJI3908T> vmnom1000m ® wOIJ uofjesodioc) Tos83g8 unipni-AusulolIV AQ opeWl ses OSTp oYL

3dnpodoldd aUurdniorjnuey

L8°2 G6°¢ 06t  9L°Y  TL2ZY  LST0Z  08°6T  £€9°0 06°0 wm.o G29TY

EXd ad OoN Y 7o) TN I TS B ) “ON 3&9H

UOT3150duWo) [eojueqyn

HNIDHOd Tadbs KOTIV 918S
IIIA FI4V]

CONFIDENTIAL



CONFIDENTIAL 31

B. ©Sheet Alloys at 1700° and 1800° F

The properties of ‘14 alloys in sheet form are being
evaluated by rupture tests at 1700° and 1800° F. The data are
expected to indicate if there ;s any relation between rupture
strength and service perfdrmgﬁceﬂas-iinéré’in'COmbustioni
chémbers. |

The alloys being considered tdgether with their
rupture test characteristics are summarized in table IX and
are compared graphically in figure 8. Vitallium had theibest
properties of the alloys considered. The 20Cr-15Ni-20Co-4Mo-
4W + Boron alloy J-838 ranked next although a similar ﬁaterial,
J-840, except for higher nitrogen, was much weaker. .The low
oxidation resistance of the J-837 and J-839 heats was surpris-
ing, in as much as they differed from J-838 and J-840 only in
having 4 percent nickel 1nstegdlof 15 percent. Thésgggg-alloy
tested'also’was surprisingly stronger than the 85816 alloy}

The Low-Carbon N155 alloy samples had intermediate strength
while Inconel was one of the weakest.

. The particular fabricatiqﬁ procedure and heat treat-
ments used in producing these strip materials probably hadr
considerable effect on the rupture strengths. This phase of
the ﬁroblem is to be studied by determin{hg the effect of heat

treatment on the rupture strength of Vitallium and Inconel sheet.
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C. Forged Modifications of 6059 and Low-Carbon'N155 Alloys
at 1350° F

These two wrought alloys were submitted by Mr. H. C.
Cross of National Research Council Préject 8 for testing at
1350° F under the NACA program,
" The chemical analyses, along with the analyses of
normal heats of 6059 and Low-Carbon N155, heat treatment, and
1350° F rupture test results are given in table X.

The rupture strengths obtained at 1350° F afe compared
below with those for Cast 6059 and for standard Low-Carbon N155

‘alloy:

Btress for Rupture in In?icated.Time Periods
(psi
Alloy 100 Ay ‘ 1000 _Hr
' Modified 6059 32,500 i 24,000
Lcast 6059 36,500 | 30,500
Modified N155 32,500 | 24,000
lLow-Carbon N155 36,000 27,500
1

See NACA Report ARR 4CR22.

- The wrought modified 6059 alloy had rupture strengths
cons{derably below the standard cast alloy and no better than
other é#aiiable‘quught alloys of the Low-Carbon N155 type.

The composition modification of the modified N155
allby did not imprové“the rupture strength of that fype of alloy
since the values obtained were somewhat 1ower}than have been

obtained for the standard alloy.
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TABLE X

1350° F STRESS-RUPTURE PROPERTIES OF MODIFICATIONS: OF 6059 AND
5 ALYOYS

. Chemical Analyses:

Alloy C ¢r N Co ¥ Mo Cb
NR82 (“od. 6059) 0.17 24.5 32 32 2 3 1
latandard Cast 6059 0.46 26.17 35 35 - 6.4 -
gy (Mod. N155) 0.14 21 25 25 1 4 1
YLow Carbon N155. 0,10 20 20 20 2 3 1

(Meat No. H994) "

Processing Procedure

Thase two alloys were made from 100 pound basic induction
furnace heats by the Union Carbide and Carbon Company. Forging
was from 2100° to 1400° F from 3 inch square ingots to 1 inch
square hars.,

Heat Treatment

Both nf the alloys were golution treated at 2200°F for 1 hour
and water quenched followed by ageing 50 hours at 13250° F,

1350° & Runture Test Results

Reduction

Stress Rupture Time Elongation of Area

Alloy (psi) (hours) ¢ in 1 in.) (percent)
NRE2 (Mod. #059) 35,000 L4 5 10 10.5
30,000 229.0 9 10.9
28,000 291.5 28 12.5
25,000 725.0 9 - 12.0
¥MR2, (Mhd. N155) 33,000 106.0 26 26.5
30,000 196.5 33 39.0
27,000 338.0 230 34.2
25,000 718.0 229 28.2

leoe WACA ACR No. 4C22.
2nroke in gage mark.
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D. Chromium Base Alloys at 1350° F.

- High rupture strengths at 1600° F“shownvbfachromium
base alioys developed by the Climax Molybdenum Company under
the sponsorship of Project NRC-8 seemed of sufficient import-
ance to warrant their investigation at 1350° F by the NACA.
Accordingly,‘specimens were obtained for tests as shown in
table XI, with -the test results thus far obtained.

| The rupture time periods at 1350° F under 50,000
psi fromvéocr-25Fe—l5ﬁ§ afefmuch longer than have been ob-
tained from any pthér a11oy. 'The ductility in the rupture’
tests have been good althoﬁgh the alloys are quite brittle
at room témperature. Apparently a silicbﬁ content of 0.57
percent increases rupturé life over that of a 0.13
percent silicon alloy according to the results from specimens
554-2 and 612-2. | |

The one specimen of 60Cr-30Fe-10Mo, Specimen Number
608, tested was no better than alloy 422-19. Other data for
these type alloys indicate that this ruptufe time was abnormal-

ly low.
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Rupture Test Data at 1350° F for As-Cast
Chromium Base Alloys

\ Rupture
, \ | Stress time |Elong.| R.A.
Heat C Si Cr | Fe| WMo| (psi) | (hr) (2) | (%) ¢
527, , 465w el F Prole o it Ohre
608 .03 | .14 62 29| 9]|50,000| 38 40 35
530-1 | .04 | .03 | 60 | 30| 10| 50,000 | 29 4 i
530-2 - |
678-1 | .03 | .19 | 65 | 25| 10 |soovv | 4/2 13 12
678-2 | : 45000 | 19] /4.5 17
612-2 | .01 | .13 | 60 | 25| 15 (50,000 484 9 9
655" » ~. ‘ 45 |Zp000 | s3p fq | 17
Covdur| 21 T 0| B B\l | B, e | P
- - ‘e V ] : - L’Sﬁ \u.*}m J"” ( ' .
S @ o | e | a5 | as g S 0 |
554-2 | .04 60 | 25| 15 |50,000 1 6.
PR o 5 | 35 | 0,000 143, \
225}’_};47, K’.}E) 60. 295 15 ggﬂgﬁ" Frad I, f};ﬂf}" Prd ¢ ¢
~ 674-5 | 85000 | G\ 5 6o
gf - ' Joo© 2 76 g 6.0
?VJ _—1 . 2 ’ . L T s AT, : : :;pgpg 5 27 o' 5' la , an 5
235;_2 0 H >0 3% ;;5' {55000 | Lo lo 23
537-1 | .03 | .06 | 55 | 25| 20-f 50000 |Fuifiegs | () 28
537-2 bsvoo | H68 e 5

L—) @C\Y\Rﬂﬁ van.b oo st QU&U\ W\MMA m\,«o:Q [ /vmcnc_&«,\.‘.nv\p‘oq .
\
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B. X-40, NR-87 apd NR-90 AT 1350° F

Rupture tests were aﬁthoriZed at the last Subcommittee
meeting on the three'cagt alloys which had shown Ver‘high rup-
ture strength at 1500§ F in the Project NRC-8 work, Thésé
alloys, designated'X#AO"(NR-é'?I)‘; 'ﬂa:-*'sv?ahd NR-90 by Project.
_NRC—S, are described in table XII, tcgether with the rupture
»test results obtained to date.- 8tress~rupture time curves
are included a8 figura 9 tcgather with the curve for alloy 422—19,
the best alloy previously tested at 1350° F.

- The comparati%a rupture strengths tabulated belcw show
‘that the three new ‘alloys are no better than allcy 422«19, a1~ |

though‘there-1sn1t;a\g:ggg¢geal Qf.differenoe betwean.apy of

them:

: Rnyture strangths at 1350° F

e _(psi

LAlloy :. ;,oo hr

- X=40 .45 900/ 33,000~
NR-87 445600 ¥ 36,000 v -
NR-90 41,500+« | 3 ,oeo’f”

| 422-19 A7, nao 36,000
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TABLE XII

1350° F_STRESS-RUPTURE PROPERTIES OF NR71 (X-40), NR87, AND NR9O ALLOYS
Chemical Analyses

Alloy € 8 M Cr N Mo ¥ Fe Co
NRVI(I»AO) 0.48 O. 72 0.64 25.12 9,69 -———- 7,23 0.55 55.23
KR 7 ' 05 69 ‘ 070 22 054 19017 9.09 ——— 090 B&l.

Processing Procedure

All three of these -'anoys were cast plus aged 50 hours at 1350° F.

| Rupture tests are’ being conducted on O. 250~1nch diameter, one-
inch reduced sectian 1ength specimens.

Elongation Reduction

Stress  Rupture time - in 1 in,  of area
NR71(X-40) 45,000 .100 31 40.7
T 40,000 232 18 37.7
32,500 5.9
R 0,000 27 4
37,000 - 31.8
‘ , T On0- 35.0
~NR90 - 45,000 20.7
E& 560 20 7 bV

1¢Bmke in gage mark.
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F. Driver-Harris Cast Alloy at 1350° F

_ Data obtained by the Driver-Harris Company on a sand-
cast 35Ni-150r alloy carrying 2.5 percent titanium at higher
temperatures indicated that the alloy might have useful éroper-
ties at 1350° F. Acégfdingly specimens were thainedlfor rup-
ture tests at 1350° F.‘ The results obtained and a description
of the specimens are given 1h table XIII.

The rupture strengths were quite low for the alloy
in the as-cast condition. At the pigsent time no further

tests are planned,
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TABLE XIII ,
1350° F STRESSQRUPTURE’PROPERTIES OF DRIVER-HARRIS CAST ALLOY

Chemical Analzsis:(average for 8 heats)
" Heat No.  C Mn S& N Cr Mo T4
12345 to 13045 0.52 1.11 1.34 35.69 16.27 1.17 2.48

Manufacture

'This alloy was prepared by Driver-Harris Company. The metal
was melted in a 15-pound Ajax induction furnace. One heat
was used for each test bar. In melting the heats the order
of charging was as follows: iron, low carbon ferrochrome,
50% of the nickel charge. When this was about 2/3 melted
the following ingredients were charged; ferromolybdenum,
high carbon ferrochrome, and the balance of the nickel.
When this charge was about 2/3 melted a small amount of
slag forming material, made up of equal parts of Ca0 and
5102, was added. - When the bath was completely melted the
slag was skimmed off. The bath was then cleaned with FeSi.
FeTi was then added and when completely melted, the bath
was agaln skimmed and deoxidized with Mn-Si-Zr, and CaSi,
according to a patent held by Driver-Harris Company.

The heat was poured directly from the furnace into dried
‘sand molds. The temperature of pouring was approximately
2875° F, The cast bars, 1 1/16-inch in diameter by 11-
inches long, were poured through a heavy gate at the
center of the bar. The samples were radium tested for
-soundness., ’ . ’

Tests were made on 0.505-inch diameter, 2-inch reduced
" section length specimens machined from the as cast bars.,

/1350° F Rupture Test Results
. Rupture Elongation ‘Reduction

Stress  time in 1 in. - of area
Heat No. (psi) (hr)  (percent)  (percent)
12345 30,000  18.5 21  48.0
12545 22,500 50 25 42.5
12645 18,0000 146 28 55,7
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G. Effect of Processing and Heat Treatmeg& on 19-9 DL,
234-A-5 (CSA), Timken, Age-Hardenable Inconel and Low-
" Carbon N155 ALIOYs

" The data previously obtained on this programvwas given
in Report Number~9, the May 9, 1944 progress report, and the
April 28, 1945 progress report. The data obtained since may be

summarized as follows:

3-1-4%b
1. 19-9 DL - no ‘additiondl data have been obtained. - ditk

2. 234-A-5 (CSA) - one or two rupture tests at 1200° F (wm@u&g
have been completed on samples to show the effect
of 5, 10 and 20 percent reduction by rolling at
1200° F on 2050° F solution-treated bar stock; the
effect of temperature of rolling up to 1600° F; and
the effect of ageing for 24 hours at 1200°, 1300°
1400° and 1500° F on bar stock rolled 10 percent at
1200° F, Due to the curves being incomplete this
data is not included at this time.

' 3.' Timken -~ The status of the Timken Alloy program 1is umwﬁﬁﬁ
the same as that of the 234~A~5 (C8A) alloy program
given above.

4. Age-Hardenable Inconel - no additional data have ’ it
been obtalned. _ :

5, Low«Carbon N155 - The rupture test characteristics
at 1200° P for several variables are summarized in
table XIV. Rupture strengths varying from 42,500
to 61,000 psi for fracture in 100 hours have been
obtained. Corresponding values at 1000 hours range
from 35,000 to 51,000 psi.

Solution treating alone has reduced 100-hour rupture
strength with very little effect on the 1000-hour
strength at 1200° F. Apparently ageing 2200° F solu-
treated samples at 1400° F for 24 hours is far more
effective in improving rupture strength at 1200° F
than ageing for 50 hours at 1350° F.

‘Hot-cold working increased the rupture strength to
‘an appreciable extent. As-rolled stock thus treated
had high 100-hour strengths with good ductility. A
solution treatment prior to hot-cold work resulted
in high 1000-hour strengths but low ductility.
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H. Typical Bar Stock of 19-9 DL and Low-Carbon N155 Alloy

Under this program complete tensile, rupturé and time-
deformation data aﬁ 1200°F were requested for 19-9 DL alloy bar
stockhin the following conditions:

1. Hot-rolled and stress relieved. |

2. Hot-rolled + "hot-cold" worked + stress relieved.

3. Annedled (solution treated)
) AThe program was.later enlarged tp include ﬁowQCarbon
N155 at 1200° and 1350° F. ,

- Tensile data were given for the 19-9 DL samples in
the beruary 8, 1945 status report and for Low—Carbon N155 bar
stock in the April 28, 1945 status report.

The rupture strengths and ductilities of the two
alloys are summarized in table XV, The stress-rupture time
curves for the tow-Carbqn N155 alloy are shown in figure 10.
The rupture strengths of the Low-Carbon N155 stock are quite
low in comparison to what}has ordinariiy been obtained . in
previous investigations. The 19-9 DL values appear td be
reasonably typical.

The available time-deformation data for 19-9 DL bar
‘stock issummarized in table XVI and figure 11. Hot-cold iprk
by rolling at 1200° F impro#ed the deformation éharactéristics
‘at 1200° F. The solution-treated material was weakest in this
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test, at least for the time periods considered. 1In all tests
‘the rate of deformation was still decreasing at 1000 hours.
The time-deformation data for the Low-Carbon N155
bar stock 1s given in table XVII and figure 12. Both the as-
rolled éondition}and the solution-treated material are much

weaker than have been.obtained from cieep tests on large discs.

(8ee report number 19.)
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'VI. Programs Cbmpleted

Reports are to be ‘prepared covering the following
'éddittbnal.fQ?éétigétibﬁs which have previously been completed:
“l: “Vacuum melting of heat-resistant alloys v’ Sulatled
2. Ceramic coated Timken Alloy — AT
3. W.LT. alloys at 1700° and 1800° F %‘;%f /)a;ff’
?4; ?Low~Carben N155 + Boron _— j&?/ﬂmgk&f
5., ;Joint reports are to be prepared wiih Project

NRC-8 covering ‘the results from the Low-Carbon™—
=N155 discs NR-66E and the 8590 discs. .

The data»ffomfthE‘ébdve'W6rk nave been included in
’ihe'Fébfuary 8,ﬂ194550r,A§ril 28, 1945 status reports or in
U.'of‘Mt Report Number 19.
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