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STATIAE OF VARINUS INVESTICATIONE IN PROGRESS FOR THE
NATINNAL ADVISORY COMMITTEE FNOR ARRONAUTICS AT T4E
UNIVERSITY OF MICHIGAN
Anril 28, 1945

Several relasted investizations are in progress at the

3

Department of Engineering Research of the University of Michigan
for the National Advicory Committee for Aeronautics under contract
NAw 3781 covering a2 ¢eneral research program for the development
of heat-resisting alloys for aircraft power plants. In view of
the lone time required for the comnletion of the\investigations
a serles of "status" renorte have been issued vrior to meetings
Af the Subcomaittee on Heat-Resisting Alloys, Commnittee on Power
Plants for Aircraft s»> that the members could be guided by partial
S, The‘last "etatush" raport was iscued under date of Reb-
2 .
:2§;£y~%, 1945, Since that time two final reports have been issued.

Report 17, "The Rusture Test Characteristics of Six

- Precicsion Cast and Three Wrought Alloys at ?
1700° and 1800° F" April 3, 1945. zg¢w;f

Raport 18, "A Metallurzicel Investigation of a Large y{»,f“
Forped Disc of (234-A-5)Alloy" April 25, 1945. e

The "statush repor%s are intendedvto be hrief factual
~resantation of nartial results. The’data have not heen checked
ag In the nr2parztion of final reports, Likewise, further data
from suhsequent work mayr show that values and trends should be

modifled, Al statements, data and fizures in this revort are,

trcraefore, tentative and are subject to change as more complete

recsylts hecore zvailabhle
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CONFIDENTIAL 2.

A, Tvaluation of Proverties of £lloys as Fotor Forcings

Samples of 19-9 'L, 234-A-5, Low Carbon N15%, 8590 and
Timken Alloys are belng subjected to room temperature tensile
teste, tensile, rupture and creep tests at 1200° and}1350° F.
The results obtained to date are summarized and coﬁpared‘in
tahles I, II and III. Descriptive information and runture data
for each disc are included as tables IV throush XI and firure 1
ehows the stress-runture time curves.

Briefly these data show the following trends:

1. Room Temperature Yield Strengths (See table 1)

0.02-percent offset-yield strength of 70,000
psi or hifher have been found only for the I-40
foreing of Tim&en Alloy. The as-forged S590 disc
and th2 TC- 180 forging of Timken alloy had nearly
as nish vield strengths,

At 1200° and l?”0° F the as-forged S$590

diec had the hest tensile pronerties.

Pelztively little improvement in tensile
properties resulted from increasing the carbon
and hot-cold. working 234-A-5 alloy discs.

Ternsile nroperties for cold-worked 19-9 DL
and Low Carbon N15%5 discs are not yet available,
althoucrh such processing would probably improve
their »nronerties in relstion. to the Timken alloy
foreings.,

2. Rupture Strsngths at 1200° F (See table II)

At 1220° F the »est runture strengths will be
chown by the ass-forged disc NRAAD of Low Carbon
N155 alloy with the £590 disc about equally &s good.
The I-40 forging of Tiﬂfﬁn Alloy has quite -~ood
runture strenzth 1+hou 'h the T¢—180 is consider-

ahl 7 ind ior
:..._’..Q..»-

e

1pim 0® forring had been machined off.  Svecimens are from
metal midway hetween center and rim.
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The Low Carbon N155 discs, NR66E, made by
Crucible Steel Company are considerzbly inferior
to NR66D especially when aged for 24 hours at
1500° F, '

The data thus -far obtained do not show that
hirh carbon content ané hot-cold work appreciably
improved the rupture strength of 234-A-5 alloy
discs.

Trie rupture strengths of 19-9 DL, Low Carbon
N155 and S$590 discs without hot-cold work compare
favorably with those for the Timken Alloy discs.

‘Rupture Strengths at 1350° F (See table II.)

Solution-treated S590 discs have tile highest
runture strengths and are considerably better

‘than the as-forged disc.

The as-forged disc NR6ED of Low Carbon N155
alloy had nearly as good rupture proverties, al-
thourh the NRACE discs were slightly weaker.

19-9 DL and <34-A-5 dicscs had considerably
lower strensthe.,

Tot2l Deformation Characteristice at 1200° F
(See table ITII.)

The deformétion characteristics vary for the
various alloys and discs hoth with the stress and

‘the time at which comparisons are made. For in-

stance, the I-4A0 forgine of Timken Alloy will have
much poorer creen characteristics than the TG-180
forging even thoucsh it had less totsl deformation
un to 100 hours. This is c2used by a much higher
creen rate for the I-40 specimens. Low Carbon
M155 dise NRGOE, solution treated and aged at
1250° T, had much hetter properties than the other
two NRHO-FE discs under 25,000 psi but was much in-
ferior on the basis of 20,000 psi when the yield
strength had been exceeded,

The Timken Alloy rotors apparently will have
total deforuction characteristics similer to the
ag-forged 19-9 DL and 234-A-5 discs.

A 1500° F aging treatment increased deforwmation

rates for Law Carbon N165 NRAOAE dises., Tae NRAEAD
disc was considerably hetter than the NR6EE discs.
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The as-forged S590 disc was similar to the
Low Carhon N155 disc NREHD. The solution treated
and aged 5590 material disc was considerably
weaker than the as-forged and probably the plain
solution treated.

Cold working 234-A-5 discs did not material-
ly improve the total deformation strengths.

CONRIDENTTIAL



CONFIDENTIAL

TABLE I

TFNSILE PROPERTIES OF LARGE DISCSE AT ROOM TEMPERATURE, 1200 AND 1350° F
(Available Data for Radial Specimens &% Cemter—of—Disc
-/ / SroPA-

3 Dato. veported bia\e‘c\ex deaded ﬁm&usf 70244

CONTFIDENTIAL

) %(;mw) v s
‘ o v
. ; Low ) :
: D-iﬁal°3 L ) Carbon : | *
Alloy ~ 19-9 DL 234-A-5 | 234-A-5 234-A-5 N155 8590 8590 | 8590 |Timken | Timken
s Low . High High - 4
Disc NRTE (1) carbon® Carbon Carbon NR66D No.2 | No.l1-4 No.1-B|TG-180%| I-40
Size of disc V| 5
diameter 21::. 20h- 19 3/4 20 20 20 21 18 18 18
thickness(in. & 3 1/4 3 5/16 31/2 31/2 | 31/4| 33/8 3 3
Solufion trea nt None None 2100°F 2100°F None None |2300°F | 2300°F
‘ '} hrat1ags°F A.C." A.C. to ) %.Q. w.G.
: AC. : 1400°F
Hot-cold work As- As~ 10% 10% after| As- As— None | None
o | Forged Forged ak 1400% | 24 hr at |Forged| Forged
: LR 1400°F
Ageing treatment %bp o RN
: temperature (°F)ir1200 1200 1200 1200 1200 1400 None | 1400
time (ht) 20 2 4 4 FA 2 16 16
\ 4 T _Room Temperature * 2 =
: . 3 'z e 253
Brinell hardness|a\ 205 206 241 232 211 267 211 | 255 223 i‘% .
‘Pensile strength ' : . - - 3 ‘ 121,259
‘ (psi) 157750|103,500 108,000 | 115,500 | 117,500 [118,500/130,600 {117,500 134,000 112,625, 1205500
Offset yleld ‘ o : N .

.. stress- (psi) - : < T 72,508
0. 02 | 7s00| 40,000 - 37,500 45,000 | 46,500 58,000 | 69,000 |37,500 FI5000
~0.1% +ay50m| 50,500 527000 . ..55,500 | 62,000 |68,000| 91,000 |53,000 0
0. 2% 5”’55"” 55,000 57,750 61,000 | 66,500 72,500 |100,000 | 59,000

Proport%ona]). %"13 b ol s i . P K s '

1imit (psi) | ol 26,500 22,500 22,500 0,000 46,000 37,500 |22,500 |===-— 47,500 -25—9@6
Elongation in . ’ X ’ et ? g ! R732
2 1in. 25 | 25.2  34.2 16 17 - 31.0 9.0 | 30.5 [22.0%| 23 e
Reducticn of P T ‘20
area 1 a0 24.6 37.2 116.3 16.6 50.0 | 11.5 27.2 [18.8%| 29.2| i%g
1 i §1200°F % € ? . 8 % 3
Tensile strengt . ) .
psi) Jeam| 572875 52,000 58,375 | 61,000 83,000 | 87,875 | 82,000
oﬁ‘set yield . '
stress (psi)/ , : »
1% “giso9 | 35,500 37,500 38,500 | 38,000 47,500 | 62,500 | 41,500 51,000| 61,000
0.2% - an | 37,900 40,000 | 41,000 | 41,000 49,500 | 70,000 | 44,000 56,500| 63,500
Proportional | . ‘ , A _
1imit (psi) | 2$00[20,000 16,250 17,500 | 17,500 "E?ﬁmw 22,500 | 20,000 15,000| 37,500
Flongation in : . -
2 in, 4.0 34.0 27.2 29 26 21 16.5 12 30 16
Reduction of i )
area (%) 0 47.5 49.4 41.9 33.5 33.6 21.3 17.7 41.3| 26.1
- <
{ ¥ r £ paser b * SN
Tenqi]_e B‘trﬁt’t R S - ——— S SARE IR IS SESTRERRRIRCIE | | NI . W N SR, RSN o Y N
“(psi) 38,100 39,000 59,750 | 65,375 | 71,250
offset yield '
stress (psi)
, 0.1% 29,250 32,000 37,500 | 48,500 41 500
0.2% 31,100 34,500 40,000 | 53,000 46,000
?rcportional
o 1imit (psi) 15,000 15,000 20,000 | 17,500 |22,500
Elongation in .
2 in. 45.0 -40.0 24 31 11 o
Reduction of :
area (%) 9.3 56.0 24.8 45.3 13.0
1 .
S8ee ACR 5C10 renort 1
2 wf«~~—y5u.((2 1) 7 5)0, VTt ) ‘QM"*“*"@‘“L’“”G a Comge Fovged 0 Loc rg z234-A-S Ob&éu,&\
Revoet=18. “rnaciin
47R4im had been mazied off. Specimens taken midway between center and rim.
§#Allegheny-Ludlum data. ‘ o
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TABLY VIIX

RUPTURE TEST CHARACTERISTICS OF LOW CARBON N155 DISCS
(Radial specimens from center of discs at the rim)

Size of Dlscs Test Rupture |[Flongatlion|Reduc.-
(inches) Temperature| Stress| Time |in 1 in. |[tion of
Dise  |Diameter [Thickness Heat Treatment, (° 1 (psi). | .(hr)__|(percent) |Area(%)
NROOD 21 3 1/4 | As Forged + 2 hr at 1200° ¥ | 1200 77,0000 1,07 9 16,0
72,0000  2.35] 26 21.8
55,0001  94. . 12 10.9
50,000 204, 10 9.7
45,0001 502, 1 8.5
40,000 1461, 1R 16.7
MROOE-1 | 14 3/4 4 3/8 hs Forged 1200 55,000{ 10, t 12,1
41,5000 40, 10 17.8
45,000{ 178, 8 18.9
40,000 613, 15 17,8
NRCAR-2 | 14 3/) 4 3/8 |As Torged + 24 hr at 1500° I'| 1200 50,0000 51,5 | 35 43,7
. 45,0000 143. | 36 Al.8
40,000 237, | 31 2o
37,500 504. 19 1.1
YRO6E-3 | 14 3/4 4 3/8 22000 T W.Q. + 24 hr at 15000 1200 50,000] 26,5 15 20,0
45,000{ 80, 15 R2.3
40,000 205, | 20 2he5
YRO6E-4 | 14 3/4 4 3/8 122000 1 V.G, + R4, hr at 1350° 1200 50,0001 11, 13 17.2
40,000| 188, 10 15,6
' 35,000(1536. 12 18.9
MROGE-5 | 14 3/4 4 3/8 22500 F W0, + 37 hot-cold 1200 48,000] 61, 23 23.9
vork at 1200° I' + 24 hr at 45,0001 139, 20 1.1
15000 ¥ 40,000| 228, 7 Rho5
HROGD 21 3 1/4 |hs Forged + 2 hr at 1200° F | 1350 52,000 1,051 29 33.0
45,0000 4.471] 12 16,7
35,0000 36, | 23 33,0
30,000( 186, 9 1.5
25,000] 432, 10 19,5
25,000| 738.5 1 9.1
23,000{1734. 5 6.2
20,000 {1336, 5 6,0
MROCE-1 | Y4 3/4 4 3/8 As TForged 1350 30,000( 60, 35 30.8
25,000 23()0 3/; 3(’0()
21,5001 624 | 25 4506
UROAYN-4 | 14 3/) b 3/8 22000 F WG, b 24 b at 13500) 1350 30,000 96, 24 30,8
27,5001 60 9 Vheh
25,0001 392 30 3.2
23,0001 Tn progress 336 hours
M (h-28-45)
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RUPTURE MKEN ALLOY DISCS AT—imaemey
ez |
‘%::E:; Rupture| Elongation | Reduction
%W04 - Stress Time in 1 in. of area
Disc '‘Ehon t (psi) (hr) (percent) | (percent)
17g-180 ; red, 45,000 60 29 34
ay 40,000 | 155 26 27.2
2y 35,000 | 424 22 26.7
1-40 Ae—Phrred 45,000 | @8 18 29.8
%;F* cee 400000 | 382 12 16.7
5 oo 37,500 -W@WW
iy lenr 35,000 s 2
§Y ¢ 2R 7 16 112

lgpecimens taken midway between rim and center of disc.
C/QR pxynjﬁéxulwm 4W*~CU\~$A {%M}W’h
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B. Sheet Alloys =zt 1797° and 1200° F

An evaluzation of the ruvture proverties at 1700° and
1300° F of seversl of the hetter hich temperature allovs in sheet
form 1s being carried out to obtsin data for the evzluation of

thaese alloys for use as liners in combhustion chambers.

A,

o]
Punture

~

2sts are in progress on eight alloys: Inconel,
CAF-12 (25Cr-207i-7g1), Vitallium, S81¢6, 309 (250?-12Ni), Co-Cr-Ni,
210 (25Cr-20N4), and 220 (15Cr-35Ni). As seen from-table XII and
firure 2, Vitallium has the hirhest of & wide range of rupture
strangths ahtained for the alloys tested., Ceven other alloys

heve heen submitted and tests are to be concucted on five of

[a%
)

these: N15%, J237, J¢38, J239, and J840. Chemical analyses of
all the 2l1loyvs submitted are given in table XIII.

A1l of the materizls for which processing information
have heen received were in the hot rolied and annealed condition.
(See tzhle YIV.)

The runture specinens being tested are 22" byfi/A" by
0.021" to 0.040" in size with a 1" wide 2-3/4" long reduced gage
sectién. The rupture test results obtained to date are given in
tz=hle XV and nlotted as stress-runture time curves in figure 2.

The runture strensths were lower than was anticipated
on tha hagils of the strenerths of similar alloys tested as round

,
Hars.

K Ty T A 2~ PR P [V T B .
iurn or Inconel alloyvs is to he started as soon as
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TABLE XII
RUPTURE STRENCTHS OF SHERT ALLOYS AT 1700° AND 1800° F

Stress (psi) for rupture at indicated time veriods

Temperature 1703° F 1800° F

Alloy (100 hr) | (1000 hr) (100 hr) (1000 hr)
Vitallium 8000 3250 22800 42700
Co-Cr-Ni 5400 3150 12200 (1)
| ar-1s 4,800 13100 13600 (1) 2080
310 asab{i%s) 2900 2300 — _—
| 816 13900 L2000 | %2300 @ e
. 309 (@sn) 3150 11850 12000 11400150
Inconel 3100 11500 12200 11350

330 (5% 35\ 1135 (1) —_—- e

lData incomplete,
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TABLE XIV
PROCFESING INFORMATION FOR SHEET ALLOYS

Alloys Submitted by General Electric:

AF-18 Allory. Wade by Allegheny-Ludlum Steel Corporation.
Hot rolled to 0.045" gage, furnace tem-
perature 2100°T, annealed Z100-Z2150°F for
six or eight minutes, air cooled, sand
blasted and spot ground. Colé reclled to
0.033", annealed 2100-2150°F for six to
eight minutes, air cooled, sand blasted
and scrubbed, cold rolled one pass and
buckled.

5816 Alloy. Made by Allegheny-Ludlum Steel Corporation.
Hot rolled to 0.035" gage, furnace tem-
perature 2200-2259°F, returned to furnace
and held five minutes at temperature, and
air cooled., ©Sand blasted, scrubbed, two
passes on cold rolls and buckled.

Co-Cr-Mi AMloy. Msde by Haynes-Stellite Company. Rolling
finished at 2100-2125°F., Annealed at 2175-
2200°F Just long enough for the material to
reach furnace temperature, air cooled,

The manufacturing data for Inconel, 309, and Vitallium
has not vet been submitted.

Alloys Submitted by the Crucible Steel Company:

Heat
A1loy Mumber

310 9R826 Induction melting. 9 X 9" 800-1b. ingot
and 13 X 13% 1790-1b. ingot. Hot rolled
to 0.031" (cross roll). Annealed 2050°F,
air cooled, and pickled.

[ ]

329 9R1187 Induction melting. 9 X 9" 770-1b. ingot
and 12 X 13" 1770-1b. ingot, 14 X 43" 400-
1b. bloom. Hot rolled to 0.031" (cross
roll). Annealed 1850-1950°F, air cooled,
and sand blasted
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TABLE XIV
PROCESSING INFORMATION FOR SHERT ALLGYS (CONTINUED)

Heat
Alloy HNunher

)
AN
(]

PRILLS Induction melting. 9 X 9" 780-1b. ingot and
13 ¥ 12n 1760-1% ingot, 10 X A®™ 200-1b
hloom, Hot rolled *+o 0,221% {ercss roll

-t L]

Anricaled 1950°F, air cooled, and pickled.

LAE-N2  2p1077 Incduction nmelting., 10 X 18" 2520-1b ineot,
14 X 3% 273-1b bloom. Hot rolled to 00,0317
(cross roll). Annealed 1600°F, water
quenched, and sand blasted.

N155 GR225 Induction melting. ¢ X 9" 840-1b ingot,
14 ¥ 4%" 300-1b bloom. Hnot rolled to 2.031"
{cross roll), znnealed 1950°F, zir cooled,
and pickled.

Alloys Subritted by Union Carbide zné Carbon Cornnration:

Samples 22m X 1M ¥ 0,040" were fabricated from 20 1b.
induction heats by forgine and rolling. The ingots were
hot-forged, from 2100°F to a finishing temnerature near
1500°TF, to sheet bars apoproximately 2" wide by 1" thick.
These bars vwzre rolled, from 2000°F to a “inishing tem-
perature near 1400°F, to strips from which the 22" long
samples were cut., After rolling the samnles were annealed
in the range Z2300-2100°F and =zir cooled.
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TABLE XV

RUPTURE TEST RESULTS AT 1700° AND 1800° F FOR SHEET ALLOYS

@&ﬁﬁ%}wcmﬁ?

CONFIDENTIAL

«  Reduction
Temperature Stress Runture Time Elongation af area
Alloy (°F) (psi) (hours) (¢°in 2 in.) (percent)
Inconel 1700 12 ,OOO/"‘_' 0.20 31.5 35
4,000 45.5 128.5 18
3 000 , /2 118 7 21
27500 / 177.5 19 14
2,000° 248 ' 36 57 34
1, 800- IHMW 22,
sae - 0| 5Y 28 : 2
Inconel 1800 8000 | 1525 25 1
1,500 €05 4 17
. 4 ash ' ,Qb # n g
AF-18 1700 5,000 87 7 5
, 4,000 L 5
AF-18 1200 &
Vitalliwm 1700 | 15
’ N 11
. 3
Vitalliun}; 1800 ;13
8316 TR 14 e
£816 1800 23
i 22 s
309 1700 35*
27
11
309 1800 PR 1% | 17
| 1,500 %%%&MW@ p
o | & - 1 SN - VSRR RN
Co-Cr-Ni| . 1700 5,868 52" 2"
: - 5,000 140 1.5 1
4,000 333.5 3 3
4 coo 98
Co-Cr-Ni’ 1800 3,000 132 5 '5 2
310 1700 685 g5 25 3
3,000 285.5 15 16
[ 25500 728 - 10— - 6
& 2477 2
330 1700 1,500 78 3
2,700 6. 6 1
2,000 WS%WM,A 224, 2o 2-, ;
- oo ‘
Ry Emg f mﬁﬁg% W(éf,%ﬂ, { Gt %&% :
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C. Rupture Tests 2t 1700° and 1870° F on “.I.T. Alloys

Rupture tests at short time neriods were run since the
last progress report was lssued., All of the datz obtained to date
are summarized in table XVI and cohpared graphically in figure 3
with X40,' the hifhest strength alloy.previously tested at these
temneratures(l). Alloy 97NT-2 gave very erratic results but on
an average was somewhst stronger than alloy X-40. At 100 hgugs
VT-2 was equal to X-40 but at longer time periods was weaker.

Camnles of both alloys were submitted to Mr. Franks

for chemical analyses.

(1) Taken from report 17,
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TABLE XVI

1700° AND 1800° F RUPTURE PROPERTIES FOR TWO PRECISION
CAST ALLOYS SUBMITTED BY M.I.T.

Chemical Apalvses (approximate, except carbon)

Alloy (4 €r Ni Co Mo ¥ Ta
97NT-2 0.97 21 30 21 3 2.2 2
113VT2"2 1013 23 — 67 6 ——— 2

128vVT2-2 1.28

Manufacture and Heat Treatment

Both alloys were melted in a small arc furnace and cast by the
Austenal procedure in molds preheated to 1850° F at the Mass-
achusetts Institute of Technology. The specimens were 0.250-
inch in diameter with l-inch gage®'section.

113VT2-2 and 128VT2-2 were tested in the as cast condition.

97NT-2 specimens were heat treated at 2260° F for 1/2-hour
and water quenched.

Rupture Test Data at 1700° and 1800° F

Temp. Stress Rupture Time | Elongation | Reduction

Alloy °F, Lb./Sq,.In. Hours Z24n 1 In, |of Area,% |
97NT-2 | 1700 27,000 1.37 22 18.3
19,000 88,0 7 11.5
17,000 134.5 5 8.5
15,000 412.0 2 3.9
1800 21,000 1.38 20 34.0
15,000 48.5 8 12.1
14,000 61.0 3 7.1
13,000 490.0 3 4.7
11,000 329.5 4 10.9
113VT2-2 | 1700 24,000 6.0 20 18.0
17,000 108.0 14 R0.5
15,000 173.0 19 25.7
14,000 R52.0 12 20.2
13,000 651.,0 9 12.8
128vyT2-2 | 1800 20,000 1.33 22 29.0
12,500 66.5 16 33.0
11,000 102.0 20 37.0
9,000 300.0 20 30.9
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INCH

POUNDS PER SQUARE

STRESS,

KEUFFEL & €SSER CO. N. Y. NO. 3B0=1261

! RN RN R R T S S R IR NI O ET A REES RN 8 PSR SN PR R i ST B
3 4 5 6 7 91 2 8 9 4 5 9 3 [ 91 3 4 5 &

FIGURE 3.- COMPARATIVE STRESS-RUPTURE TIME CURVES FOR ALLOYS 97NT-2, I3 AND 128V T2 -2

AND ALLOY X-40 AT I700°AND I800° F.
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D. Low Carhon N15% + Boron

Three heats of Low Carbhon N155 + Boron alloy have
heen runture tested at 1200° F. One heat, J597, had sbout the
Hi?hest,runture strensth yet found for any alloy. The other
twn heats were inferior to standard Low Carbbn N155 alloy.
(See tabhle YVII and ficure 4.) PRupture tests at 1250° F on
the high strength heat J597 gave 100- and 1000-hour strengths
nf 40,000 and 33,000 pel which are exceptionally high.

2 satisfactory explanation of the difference in
ctrength of the heats is not yet available. The excess con-
vstituenté are more agglomerated in heat J573 than in J597.
Camnles of J593 were submitted to Mr, Franks for check chem-

ical analysis.
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Table =]
Boron Modified Low Carbon N155 Alloy
Chemical Analyses
Heat No. Cr N C Mo ¥ S8 ¥ B ¢ N
J573 21.00 20.04 20.88 3.08 2.17 0.45 1.65 0 3 14
N175 Analysis not submitted

¥ Check Om-\c&u@m mw ey 0.58%
Manufacture and Source
oon kbl in T8
Heat J57f‘ 8 as-forged condition. Machined 0.160"
diameter specimens“submitted by the Union Carbide

and Carbon Re%;erh Laboratories, Inc.
tsoLie LA o

Heat J597,\as—forgedﬂfromoﬁo pound experimental heat.
T™wo 5-inch by 7/8-inch square barL ubmitted by ¥, o Praraoinid
B+—6+Cross—£for Project NRC-8. |
the Union Carbid anﬁ&Carbon&Research Laboratories, Inc.

A3 \wm wm
Heat N175}}as~hot rolled ic
«a?ewmeT*Tng at”UﬁiUn“€arbiﬁ' ARd-Ca ggggégggﬁﬁr”h Lab=
o Inc)—Tmmet \hammer cogged from 2050°F. to

1 56°7. tog2 Inch square billet.h Billet*¥olled from
2080°F, to 1800° -@ 8 . nch square,{ One 8-inch by

/8-inch square ba bmﬁ ﬂzgﬁgﬁégprsal Cyclo s Ste
Corpora%ion. o0 N o 45 *ﬁkziufb

\A,u.u . (”N b M)a@ a

A2 QL {A’VMUbU
Wm s fa Ee L x,l?\}?’ b t Aot aal - Qo ’i@ B { /'*’v)@*‘ i x
lzoomg;wS%reeﬂ-ﬁup%ureﬂﬁes S

p—ae-mn

Stress lwyﬁapture Time Elongation Reduction
Specimen Lb./Sa.In. Hours £ in 1 In, of Area,%

J573 60,000 40.5 33 39.8
55,000 75.5 37 46.5

50,000 174.0 27 36.0

44,000 810.5 31 56.4

7597 65,000 45.0 22 Lh .7
60,000 129.0 24, 48.3

55000 540.0 20 53,6

N175 60,000 8.5 21 23.3
50,000 114.0 37.5 50.5

45,000 L06.5 47 62.5

1250°F, Stress-Punture Resulte

3597 49,000 97.5 33 55,3
35,000 285.0 28 59.3

32,000 517.0 21 56.9
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XZ. TForzed Modifications of €059 and Low-Carbon N155 Alloys
at 1370° F ’ S S

These two wrought alloys were submitted by Mr. H. C.
Cross of Natlonal Research Council ?rdject 8 for testing at
1250° F under the KNACA prorram.

The chemical analyses, along with the analyses of
normal heats of 6059 and Low Carbon N1545, heat treatment, &nd
1350° F runture test results are piven in table ¥¥EEEi X

Inéowmletp ruptu e teot rasdltb, flrure\é indicate

x

ilar rumturm Surﬁn"fhs. Hovever,

in the casefof the Lov Carb?n N155 modlflcution, tho rupture
strength appears tcibé\kgfeé tha# that for normal ow Ckrbon{
N155. MNo %nform ‘ion is aVL&LayTe for normal G059 in tho wrourht

condition it 1350° F. It is, however, much weaker +hcn cast. 6059.
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TABLE XVIII

1350° F STRESS~-RUPTURE PROPERTIES OF MODIFICATIONS OF 6059 AND
N155 ALLOYS

Chemical Analyses:

Alloy C Ccr M Co ® Mo Cb
NR82 (“Mod. £059) 0.17 24.5 32 32 2 3 1
latandard Cast 6059 0.46 26.17 35 35 - 6.4, -
e (Mod. N155) 0.14 21 25 25 1 4 1
115w Carbon N155 0,10 20 20 20 2 3 1

(1eat No. H994)

Processing Procedure

These two alloys were made from 100 nound basic induction
furnace heats by the Union Carbide wnd CArbon Company. Foreing
was from 2100° to 1400° F from 3 inch square ingots to 1 inch
square hars,

Heat Treatment

Roth »f the alloys were solution treated at 2200°F for 1 hour
and water quenched followed by ageing 50 hours at 1250° F,.

1350° F Runture Test Results

Reduction
Stress Rupture Time Elongation of Area
Alloy (psi) (hours) (€ in 1 in.) (percent)
"RR2 (Mod. €059) 35,000 b5 10 10.5
30,000 229.0 9 _10.9
28,000 291.5 oty 28 .\§ 12.5
25,000 In nrogress 92 hours, Za28~45 g o
YRR, (Mad. M155) 23,000 106.0 26 6.5
| 30,000 196.5 33 39.0
27,000 338.0 ¢ 230, 24.2

Q‘”
25000 In progress 312 hourd) 2845000 DY

leoe YACA ACR No. 4C22.

2iroke in gage mark.
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™
g

. ™Mroamium B3se Allove a9t 1250°

The WNatlonal Researeh Council Project 8 has been in-
vestigating the nraonerties at 1600° F of cast chromnium hase
slloys develaned in connection with the Climax Molybdenum Company.
Same of these alloys have shoﬁn excellent nroperties. At the
last Subcommittee meeting it was decided that the properties of
some of the bhest of these alloys he investigated at 1350° F
under the sponsorship of the NACA,

A 60Cr-30Fe-10%o0 alloy, spegimen 608, fractured after
32 hours at 1350° ® undér 50,000 psi. This life is about the
same as that of 422*19 élioy, under this same stress., Alloy
L22-19 showed the hiaheét runture strength of any alloy nrevious-
1y tested at 1350° F. (See NACA ACR 4C22.)

A 600r—25Fe—15ﬁ0yglloy has far better runture strength.
ne sample, specimenlélé—2;fffactﬁféd after 48, hours under
70,000 nsi, This.particulariélloy has phRenominally hish ruvture
strenegth at 1340 F,‘Sinée this compéres Wifh about 4D hours as
thas hest rnrevious rurture time at:this stress,

‘Another specimen, 522; carried 45,000 psi for 450 hours
hefore 1t was overheated through a ccﬁtroller failure. This time,
however, Qas-far in excess'of_the hest previous rupture tize of

175 hours for 422-19 alloy at 45,000 psi.
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TABLE XIX
1350° ¥ RUPTURE TWST RESULTS ON CHROMIUYM BASE ALLOYS
Rupture|Elonga- | Reduc~-
Srecimen Chemical Analyses Stress| Time |tion,? | tion of
Number C €{ | Cr | Fe Mo (psi) (hours)iin 1 in.| Area,%
608 0.03|0.14[61.96{29.14| 8.73 50,000 38 40 35
£12-2 0.01{0.13}58.86|25,11{15,89 50,000 484 9 9
522 0.05 ¢0 R5 15 45,000 | Overheated after 450 hr.
L |

Epecimens prepared by melting and centrifupgally casting under
vacuun, then grinding to a 0.1¢€0-inch dismeter gage section,
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N, “fPfeet of leczt “reatﬁent Lt Proacessing on the Pronerties
cf Low Carhon NM155
Lov Carhon N15% alloy ha .5 heen prepared as har cstock
ir thirteen céiffercnt conditione as nreliminary work in the

study of the effect

]

f rrocessing variebles on the 1200° F
rupture nrovertles of this zlloy. he chemicel ana *gvls and
manufacturing rrocedure for the orisinal hot rolled bar stock
zre zlven in table KY?

A large range in room temperature tensile nroperties
was found for the zlloy in *the thirteen different econditions.
(See tanle ¥¥XI.) The most nronounced effect resulted from
vvrﬁa*ﬁon in amounts nf hot-cold work. Keductions by rolling 10

nercent st 1202° F nrocduced yield strength in excess »f 90,000
nel, with the as-forged bar stock responding the best. A reduc-
tion »f 20 vnercent raised the yield strength to 120,000 vsi.

A reduction of 5 nercent rave a yleld strength of 67,000 psi.
These v2lues show that the alloy 1is very responsive to hot-cold
work, snd thot reductions of ebout 15 percent would produce a
yield stren~th in excess of 100,000 pei.

Ae soon as equipment 1c avallable runture tests will

5
\D
n
L+

rted at 1200° F,
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TABLE XX

A0T ROLLED LOW CARBON N155 BAR STOCK

Chemical Analysi

C Cr N Co Mo ¥ Cb ¥n S N, 8 P

— - o —

2.12 21.33 18.88 18.60 3.21 1.97 1.10 1.564 0.39 0.12 0.003 0.026

Manufacture

The melt (Tot 30276) was prepared by the Union Carbide
and Carhide Research Lahoratories, a 8" X 7" ingot weighing
approximately 600 pounds being produced. Hot working was
done at Universal Cyclops Steel Corporation., This ingot was
hammer cogged without difficulty to 2" sguare billets with
2050°F. as maximum temperature and 1750°F. as minimum. The
2" square billets were hot rolled to 7/8" square in one heat
from 2075°F, to a finishing temperature of 1725°F,
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TABLE XXI
ROOM TEMPERATURE TENSILE PROPERTIES OF LOW CARBON N155 ALLOY (LOT 30276) WITH INDICATED TREATMENTS

Heat‘Treatment‘ e Hot-Cold Work e iiéid’Stres;es o
Solution|Solution| Method |Agelng|Ageing |° % 1 Brinelll Tensile |Proportion-| - __jpgi). . - Reductim
Temp. Time of Temp.| Time | Temp,.|Reduc- | Hard- | Strength| al Limit 0.02%[ 0.1% 0.2% | Elongation | of area

(°F.) (HYours)| Cooling| (°F.) |(Hrs.) | (°F.)|tion ness (psi) . (psi) offset| Offset{ Offset| (£ in 2 in)l(percent)
Hot rolled —— ——— ' ' 233 |128,500 | 57,500 72,500| 76,500 78,500 40.5 55.7
— —— ~——== | ==== | -=== |1200 | 10 : :
(10.0) | - 312 | 146,750 | 70,000 98,500|118,000{ 121,000 25.5 47.0
——— —— ———— ~=== | ===~ 11200 | 20 323 | 162,500 |112,500 134,000]145,000|148,500 1§.0 40.7
2050 2 WeQe | === | === | e | e 208 | 117,500 27,50Q 47,000| 86,000 58,500 44.0 62.4
2050 2 w.Q. mmms | m=—= | 1200 {Z 5)‘ 249 | 125,500 | 42,500 67,000| 81,000[ 84,000 35.5 54..7
2050 2 S W.Q. memm | —=== | 1200 (io 5 301 |138;750 | 52,500 90,000}107,500{112,000 28.0 49.2
N 0. y - : -
2050 2 ¥.Q. ——=e | ==== {.1200 (%8 2 340 | 154,500 | 85,000 121,000|134,000{ 138,000 22.5 49.5
2050 2 ¥.Q. 1400 24 e | m—— 220 |118,500 | 17,500 | 38,000/ 53,000 | 58,500 36.0 41.6
2050 2 V.Q. 1400 24 1200 (10 P 287 | 134,000 | 65,000 90,000|105,000{109,000 23.5 37.9
10. . . - ! \
2200 1 W.G. . 205 |115,750 | 25,000 42,000| 53,000{ 57,000 46.5 | 64.3
2200 1 w.Q. ———=| ===— ]1200 (io 6) 289 - 1136,500-{ 75,000 90,000}102,500 ﬂ07,000 31.5 55.7
. 0. e ‘ j )
2200 1 w.Q. 1400 24 | ——— 221 |119,250 | 25,000 48,000( 61,000 %65,000- 32.0 39.8
2200 1 W.Q. 1400 24 1200 (%8 o 288 |136,250 | 70,000 ' 98,500 107,500_h11,000 22.5 34.7
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2 reoport 1s being nrepared on Low Carbon N155 disc in
corjunction vith Yr, H, C. Cross for project NRC-8.

The work on the following three programs has been

4

corvleted and reports are belng prepered:

A

2. £816 and £590 bar stock ot 1250° F

g

b, Vacuunm Melted Alloy
¢. Ceramic Conted 16-25-6 Alloy
A1l of the data on these programs vas included in the

Fohruary &, 1945 nrofress report.
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I. Procrams 0 e Comolc

Additional work is to be done on the following programs,

cgress report

nlthou-h no data have been obtained since the last progr

wae Issued:

19-9 DL turbosupercharger discs &t 1<00° and

1250° F.

b, Typical 19=9 DL bar stock.
tment on 19-9 DL.

e

Effect of nrocessing ané heat trea

234~A-5, Timken Alloy and Age-Hardenable Incoriel Alloys.
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