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STATUS OF VARIOUS INVESTIGATIONS IN PROGRESS AT THE UNIVERSITY
OF MICHIGAN FOR THE NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
November 10, 1944

A, Large Disc Forgings of 19-9 DL, 234-A-5, Low Carbon N155
and Discaloy

Rupture test characteristics and time-deformation curves
are being determined at 1200 and 1250°F. for several large disc
foreines. A considerable portion of the data have heen obtained
on one forging of each type, as summarized in Tables I through
VII and Figures 1 through 5. In addition to these forged discs
a limited investigation has been started on several Low Carbon
N155 discs from the Crucible Steel Company described in Table IA.
The purvose of checking these Low Carbon N155 discs is to obtain
an indication of the probable variation between heats and between
sources, as well as to study the effects of heat treatments.

The investigation of the 19-9 DL disc is nearly complete
and considerahle data are available for the Low Carbon N155 and
234-A~5 discs. Further work on the Discalloy disc has been held
up nending information from Westinchouse concerning this alloy.

As decided at the September 21, 1944 meeting of the Special Sub-
committee no further work will be undertaken at 1350°F. on 19-9 DL
and 234-A-5 alloys beyond the completion of the tests then in
progress.

The properties of the four discs which have been in-

vestizated are compared as follows:



Tensile Pronerties

Discaloy has outstanding tensile strengths
at room temperature and 1200°F.; Low Carbon N155
is intermediate, and 19-9 DL and 234-A-5 are
quite similar.

Rupture Test Properties

Low Carbon N155 has the highest strengths

‘at both 1200 and 1350°F. Discaloy has high

strength at 1200°F. particularly at the shorter
time periods, but has very low elongation and

‘reduction to fracture., The strength of 19-9 DL

is somewhat higher than 234-A-5.
Time-Deformation Characteristics

The data for 19-9 DL are nearly complete,
but only partial values are available for 234 A-5
and Low Carbon N155. The Low Carbon N155 is
superior to the other two alloys in this test.
The results on 234-A-5 indicate that it will
also be similar to 19-9 DL in this test. No-
tests of this nature have yet been started on
Discaloy.

Figure 3 shows that 19-9 DL in this form
cannot carry high loads at 1350°F., when the
permissible deformation is limited. The transi-
tion curve shows that third stage creep 1is en-
countered in less than 2000 hours under a stress

of only 5000 pounds per square inch.
Note: Three of the creep tests on 19-9 DL and

the two tests on Low Carbon N155 at
1350°F. were reported by Mr. H. C. Cross -
from NRC - Project 8 data.

Source of Materials

19-9 DL Disc - Heat B-10429, Universal Cyclops

Steel Corporation. Supplied to

University of Michigan by NRC

Project 8 under specimen desig-

nation NR46-B.

234-A-5 Disc - Inddction Heat 1X2218, Crucible
' Steel Company of America.



Low Carbon N155 Disc - Universal Cyclops Steel

Discaloy Disc -

Low Carbon N15%5 Disc -

Corporation. Supplied to
University of Michigan
by NRC Project 3 under
specimen designation
NR-66D.

Westinghouse alloy. Supplied
to University of Michigan

by NRC Project 8 under
specimen designation NR-78.

Crucible Steel Compzny of
America. Supplied to Univer-
sity of Michigan by NRC
Project 8 under specimen
designation NR-66E.
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Table IA

Descrivtion of Low Carbon N155 Discs from the Crucible Steel Company

14-3/4-inch x A4-3/8-inch discs were made from Crucible Heat

Number 1X2232 which was reported to have the following
analysis:

C M 8L Cr M Co Mo W Cb N P 8
.07 1.68 .60 20.80 20.60 20.07 2.94 2.67 1.05 125 ,015 .012
Three discs were forged -and each was cut in half for final
treatment to provide the followlng representative conditions:
As Forged: One-half of disc No. 1.

As Forged + Aged at 1500°F: One-half of disc No. 1 was heated

from the as-forged condition to 1500°F., held 24 hours and
then air cooled.

Solution Treated + Aged at 1500°F.,: Disc No. 2 was heated
to 2200°F., and quenched in water. One-half was reheated
to 1500°F. and held for 24 hours and then air cooled.

Solutlion Treated + Aged at 1350°F,: The other half of disc
No. 2 after water quenching from 2200°F. was reheated at
1350°F, for 24 hours and air cooled.

"Hot-Cold" Worked + Aged at 1500°F.,: Disc No. 3 was left

" about 1/8-inch oversize in the upsetting operation. It
was then heated to 2250°F, and water quenched, reheated
to 1500°F., held 3 hours and then reduced under the
hammer approximately 1/8-inch in thickness (approximately
3% reduction), the finishing temperature being about
1200°F, It was finally "stress-relieved" for 24 hours
at 1500°F. '

Manufacturing Procedure: The discs were made from a one-ton
induction heat. One ingot was cast 1l5-inches square by
2200 pounds. This ingot was heated to 2100-2150°F. and
cogged on a 7-ton hammer to a 9-inch square billet. Four
reductions and three reheatings were required for this
operation. The billet was ground, pickled, chipped and
cut into slugs weighing 225 pounds.

The slugs were reheated to 2100-2150°F, and upset to
discs 14-3/4-inches in diameter x 4-3/8-inches thick on
a 2800 pound hammer, the finishing temperature being
approximately 1500°F.
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Tahle III

RUPTURT THST CHARACTERISTICS OF A 19-9 DL FORGED DISC
(Radial Specimens at Edge of 20" Diameter x 3}" Thick Disec)

Temperature Stress Rupture Time Elongation Reduction
y.__°F, Lb./Sq.In. Hours 2 4in 1 In., of Area,%
1200 54,000 1.02 32 43.7
49,000 443 37 51.0
40,000 25.0 11 25.6
37,500 290.0 39 53.6
35,000 966.5 16 29.8
33,500 604.5 9 28.8
33,500 1565.0 15 46.5

1350 36,000 0.68 38 62.5
30,000 2,55 42 70.4
25,000 36.0 31 55.3
22,500 135.0 34 64.7
20,000 _277.0 30 67.6
17,500 663.5 24 38.0
14,500 1404.0 23 32.0
Table I

RUPTURE TEST CHARACTERISTICS.OF%%3234-A-5 FORGED DISCS
(Radial Specimens¥&§§§ﬁg§wof~20" Diame;eﬁmxwg%xM@hick“Disaé
. ZﬁV 2r

ot Edeg
- Temperature Stress Rupture Time Elongation Reduction
°F, .~ Lb./Sq.In. Hours 2in 1 In. of Area,%
B AsForgec Disc.  fromivwest 1X2218 '
1200 48,000 1.09 28 41.8
45,000 5.0 31 46.5
35,000 127.0 32 48.3
32,500 196.5 19 51.9
30,000 974.0 13 38.8
28,500  In‘g¥egroscs—l2R4i-heurs—1i-10"44
1350 32,000 1.65 38 50.5
20,000 71.5 39 48.3
17,500 216.0 25 46.5
15,000 420.0 15 R2.3
12,500 1080.0 13.5 12.2

ﬂsFov3e& +hst-Cold " Worked Dise #S fvom ﬁ-‘wj‘ IX2286
200 '

SolvtionTreated +Rged atigoeF "Not-cod lowvhuel Dse #b frawn Heod 1¥2280

jap o



Table V

RUPTURE TEST CHARACTERISTICS OF # LOW CARBON N155 FORGED DISCS
(Radial Specimens at Fdge of20t Diameter.x-3iM.Thiek—Pise)

@Wﬂ Centayo ¥ OIscs

mperature Stress Rupture Time  Elongation  Reduction
_°F, Lb./Sq.In, Hours - % 4n 1 In., of Area,¥%
Urirersal ~Cyclops  Hs~Forg ed rsc | 207 Diameder X-‘ﬁ% Thick (MRGGD)
1200 77,000 1. 07 9 16.0
72 000 2.35 26 21. 8
55 000 94.0 12 10.9
50,000 204 .0 10 9.7
45,000 502.5 7 8.5
40,000 1461.0 12 16.7
1350 52,000 1.05 29 33.0
45,000 4e47 12 16.7
30,000 186.0 9 11.5
25,000 432.0 10 19.5
23,000 1734.0 g 6.2
20,000 1336.0 5 6.0
25,000 (Check test in progress 24 hrs, 11-10-44)

Table

RUPTURE TEST CHARACTERISTICS Or Li1SCALOY FORGED DISC

(Radial Specimens at

ge of 20" Diameter x 31" Thick Disc)

Temperature Stress Rupture Time Elongation Reduction
_°F, h./Sa,.In. Qgrg % in 1 In. of Area,?
1200 - 65,000  zo. 1 3.0

48,86 145.0 \ 1 2.3
40,000 750.0 ° 2 0

el W&—‘Fo’lj,w’ Dis¢, 15" Damells x 4% thido .

1200



Table VII

COMPARATIVE RUPTURE STRENGTHS FOR FOUR FORGED DISCS AT 1200 AND 1350°F.
(Radial Specimens at Edge of 20" Diameter x 33" Thick Disc)

Stress, Lb./Sq.In. for Rupture at Indicated

Temp. Time Periods, Hours

Alloy _°F., 1 10 100 1000 2000

19-9 DL 1200 54,000 46,000 40,000 34,000 33,000

R34-A-5 1200 49,000 42,000 35,500 30,000 28,500
Low Carbon N155 1200 77,000 65,000 55,000 42,000 39,000

Discaloy 1200  ==—===- 71,000 52,000 39,000 35,000

19-9 DL 1350 34,500 28,000 23,000 15,500 13,500

234~A-5 1350 33,500 25,000 19,000 12,500 11,000

Low Carbon N155 1350 52,000 40,000 31,000 (24,500)%

*#*Data incomplete,
1) 19-9DL, 234-A-5, N155 discs as-forged and stress relieved.
23 Discaloy disc solution treated and aged.

'3% 19-9 DL data previously presented in Report No. 10.

4) Discaloy data reported by letter on August 7, 1944.
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B. 19-9 DL Turbosupercharger Discs at 1200 and 1350°F.

The investigation of these discs was originally under-
taken to establish 2000 hour rupture strengths for "hot-cold"
worked 19-9 DL steel at 1350°F, However, at the September 21,
1944 Subcommittee meeting it was requested that further work
at 1350°F, be stopped and that data be obtained at 1200°F. for

7 ‘ P,Lﬁwdi \& ‘
comparison with the large disc {Bee—Seetton—i) and typical bar
stock (See Section C) from the same heat,

The discs are described and the available test data
are presented in Table VIII, The rupture test data are compared
with those for the other conditions in Figure 6. The data at
1200°F,., are as yet too incomplete to permit drawing conclusions.
At 1350°F. the "hot-cold" worked discs have rupture strengths
similar to the large forging up to about 100 hours. At longer
time periods they were somewhat weaker. Their extension to frac-
ture was considerably less than that of the large disc. The
solution heat-treatment of disc VD-1957 prior to "hot-cold" work
did not appreciably change the rupture test characteristics over

that of the forged and "hot-cold" worked disc VD-1952.



Table VIII

19-9 DL TURBOSUPERCHARGER WHEEL BLANKS

B-10429

Heat Number:

Chemical Composition

l6.

C Mn 81 Cr M Mo W Cb T4 S8 P
.33 1.44 .65 19.10 9,05 1.35 1.14 .35 .16 .015 .0l1lé
Manufacture
The heat was a 10,000 pound arc furnace heat, Type "B"

supercharger wheels were made from billets by the Steel
Improvement and Forge Company.

Section VD-1952 was forged with the regular Steel Improve-

ment and Forge Company practice.

A contour forging is

made from billet stock at 2100°F. by upsetting in a die

with a finishing temperature of about 1800°F,

The forg-

ings are allowed to cool to room temperature, inspected

and conditioned for ™hot-cold" work.,

" The blanks are then

reheated to 1300°F. and struck abouf 10 times in a die with
a hammer so as to produce a Brinell hardness of 270 to 300.

Section VD-1957 was manufactured in a similar manner except
that the hot forged blank was solution treated at 2100°F.
for one hour and air cocled prior to "hot-cold" work.

Heat Treatggnt

Stress-relief annealed by heating at 1200°F. for five hours.

Runture Test Data

Temp. Stress

Section °F., Lb./Sq.In.
VD-1952 1200 50,000
(no solution 45,000
treatment) 40,000
%1500
1350 22,500
20,000
15,000
VD-1957 1200 40,000
(solution 35,000
treated) 1255 25,000
20,000

17,000

Rupture
Time Elongation  Reduction of
Hours % in 1 In, Area, %
141 1.5 3.7
282.5 1.0 1.2
152.0 2.0 3.7
235.0 3.0 4.0
601.0 0.0 0.0

In progress 96 hours 11-10-44

In progress 696 hours
- 62.0 2.0 3.7
172.0 4.0 3.1
348.0 2.0 2.3



Stress, Pounds per Sq.In.
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18.

C. Typical 19-9 DL Bar Stock

Complete tensile, rupture and time-deformation data at
1200°F. have been requested for 19-9 DL steel bar stock in the
following conditions:

1. Hot rolled and stress relieved

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

3, Annealed (solution treated)

The request originally included similar information at
1350°F. The low strength of this alloy at 1350°F., however, led
the Subcommittee to request that further work at 1350°F. he
stopped when the tests in progress on September 21 were completed,

The test materials are described in Table IX together
with the available tensile and rupture test data., The stress-
rupture time curves are shown in Figure 7 and time-deformation
curves in Figures 8 and 9.

The 1200°F,., rupture and deformation data for hot-rolled
stock, Heat N163, has been largely taken from Universal-Cyclops
data. Only partial results are available for the other two condi-
tions.

According to Figure 5, the 1200°F. rupture strength of
the hot-rolled bar is higher than that of the large disc reported
in Section A and lower than the "hot-cold" worked bar. The latter.
however, 1s weaker than the original "hot-cold" worked induction
heat of 19-9 DL steel. The solution-treated bar stock will appar-

ently have rupture test characteristics similar to the large as-~

forged disc.



19.

The time-deformation curves show somewhat greater
strength at 1200°F. for the hot-worked bar stock than for the
large disc. At 1350°F., however, this material is even weaker

than the large disc as may be seen by comparing Figures 9 and 3.
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Table IX

TYPICAL 19-9 DL BAR STOCK

Type Materlal

Hot-rolled bhar stock
Hot-cold worked bar s
Solution-treated bar

Chemical Analyses

Heat No. C Mn

N163 .30 .85

B=10429 <33 1.44
Manufacture

N163: - Hot-rolle
B-10429, Bar #1

B-10429, Bar #2:
B-10429, Bar #3:
Treatment

¥163 and B-10429,
B-10429, Bar #3 -

B-10429, Bar #1 -

N163 at 1200°F. and B-10429 (Bar #2)

tock B-10429 gBar #33. at 1350°F.
stock B-10429 (Bar #1

si Cr Ni Mo W ¢ T N

.57 18.88 9.31 1.25 1.18 .33 .19 .025

«65 19,10 9.05 1.35 1.14 .35 .16 ===

d 3/4-inch round cornered square bar stock.

- Tinished in the mill at about 1900°F, as
7/8-inch bar, stock.

- Finished in the mill at 1650°F, as 7/8-
inch square bar stock.

- Normally processed hot-rolled 7/8" square bar.

Bar #2: - Stress relieved at 1200°F.
Rolled to 20% reduction in area at 1200°F,
and stress relieved at 1200°F. for 1 hour,
Heated 1 hour at 2100°F,, air cooled, and
stress relleved at 1200°F., for one hour.
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D. $816 and 5590 at 1350°F,

In view of the exceptionally high strength of these
two alloys in induction heats, further ihvestigation of the
rupture test properties of 800 pound heats is in progress. The
available information for the two type heats is summarized in
Table X and the stress-rupture time relationships are shown
graphically in Figure 10.

As agreed at the May 11, 1944 subcommittee meeting the
solution temperature of S816 was reduced to 2300°F. for the 800
pound heat. The S590 material cracked on quenching from 2300°F.
and it was necessary to reduce the temperature to 2270°F.

The data indicate that the large heat of 8590 has
slightly better strength and elongation in the rupture test than
did the induction heat. At time periods up to about 1000 hours
the reverse was true in the case of alloy S816. This may be due
in part to the lower solution temperature used for the large heat
specimens. The 5816 samples, however, still had considerably
higher strength than the S590.

The following tabulation compares these alloys with
other alloys under investigation on the basis of 1350°F. rupture

strengths:



Alloy

8816 (Induction Heat)
5816 (800# Heat)

S590 2Induction Heat)
S590 (800# Heat)

Low Carbon N155 Bar Stock(l)
Low Carbon N155 disc

19-9 DL Bar Stock(1)
19-9 DL Disc

234-A-5 Bar Stock(l)
234-A-5 Disc

#Data incomplete.
(1) ACR No. 4C22.

26.

Stress for Rupture in Indicated

100 Hours

45000
35,000

31,000
32,500

36,000
31,000

35,000
23,000

22,500
19,000

Time Periods
1000 Hours

31,500
30,000

24,,000
26,000

27,500
2/,, 500%

20, 500
15,500

12,500
12,500

These strength values definitely indicate that considera-

tion should be given to both 8590 and 8816 alloys for 1350°F,

service. The bar stock data are promising enough to warrent in-

vestigation of manufacturing characteristics and properties of

large discs.
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Table X
ALLEGHENY LUDLUM ALLOYS S590 AND 8816

Chemical Analyses

Alloy C S1 Mn Cr N Co Mo W Cb Fe
Induction S590 .49 .21 .60 19.50 19.78 19.35 3.95 4.15 4.02 Bal.
Heats S816 W47 .54 .58 19.50 20.23 42.70 3.93 3.45 4.06 2.95
800 pound S590 .47 71 .94 20.28 20.55 20.00 4.08 4.22 4.72 Bal.
Heats S816 .38 .25 .82 18.87 19.70 45.64 4.04 A4.T1 3.43 2.94

Manufacture

Induction Heats - 17-pound induction furnace ingots were forged
to about l-inch square bars and then rolled to 1/2-
inch rounds. The hot working temperature for S590
was 2200°F,. and 2250°F, for S5816.

800 Pound Heats -
S590 - 7/8-inch round bar processed from 850 pound
arc furnace Heat 50254.

S816 - 3/4-inch round bar processed from a 4-inch
insot cast from 800-pound arc furnace Heat
50257. The ingot was forged from 2300°F.
to a Z-inch square and rolled from 2250°F.
to size.

HYeat Treatment

Induction Heats -
$590 - Solution treated one hour a2t 2300°F. and water
guenched by Allegheny-Ludlumn. Aged 1é hours
at 1400°F. at Michigan.

S816 - Solution treated one hour at 2350°F., water
quenched. Aged 16 hours at 1400°F.

800 Pound Heats -
S590 - Solution treated at 2270°F., one hour, water
guenched, Aged 16 hours at 1400°F.
$816 - Solution treated at 2300°F. one hour, water
quenched. Aged 16 hours at 1400°F.
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E. Modifications of 19-9 DL, Low Carbon N155 and N155 Alloys

The chemical compositions of the twelve heats, as
reported by Universal-Cyclops Steel Corporation, are given in
Table XI. All test samples were obtained from hammer forged
7/8-inch square bars from 33 pound induction heats. The bars
were in the hot worked and stress relieved at 1200°F. condition.

The chemical analyses show cbnsiderable varlation
from the intended values particularly in regard to tungsten,
columbium, titanium and nitrogen. 1In particular the low titan-
ium recovery in the Low Carbon N155 alloys ylelded alloys con-
siderably off from the nominal compositions. Tungsten was
omitted from Heat R-3188 and is high in Heat R-3190. Not only
are the nitrogen contents erratic, but intended differences
were not obtained for 19-9 DL steel.

All work on this investigation, except the preparation
of the report, has been completed. As a summary of the results
the stress-rupture time curves are shown as Figures.ll and 12.
Table XII has been prepared to compare the rupture strengths
and elongations at 100 hours. The extrapolated 1000-hour rup-
ture strengths are also given, but not elongations since few of
the tests were longer than 400 hours. Comparative values from
other investigations have not been included since the standard
alloy in each series was made and tested as a reference point
for similarly processed materials. Briefly these results in-

dicate the following general conclusions:
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1. Hammer forged induction heats give erratic results.

2. The data in general do not reflect the differences
in chemical composition. For instance, there is
nothing in the compositions of Heats R-3157 and
R-3234 to account for the difference in rupture
strengths.

3. Both of the above conclusions emphasize that other
variations than chemical composition have a greater
influence on high temperature strength. Past con-
siderations of this finding have indicated that
variations encountered in processing the metal are
the most probable cause.

Metallographic examination of the original materials

indicate, likewise, that structural variations are present

which cannot be attributed to chemical composition alone.

The rupture test characteristics of the 19-9 DL series

of alloys are generally lower than has been generally found for

this alloy.
Alloy N155,
helow those

N155 alloys

Apparently titanium has little or no effect on
although all of the strength values are somewhat
previously obtained., The rupture data on Low Carbon

indicate that small additions of titanium are bene-

ficial. However, other hot-worked materials previously tested

had higher rupture strengths, particularly at 1350°F., than

Heat R-3268.

ical to the

In fact, the previous data have been almost ident-

titanium-bearing heats.
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7
Table %¥1

'COMPARATIVE RUPTURE TEST CHARACTERISTICS OF MODIFIED 19-9 DL, N155
AND LOW CARBON N155 ALLOYS AT 1200 AND 1350°F.

1000-Hour
100-Hour Runture Test Properties Rupture
Temp. Rupture Strength Elongation Strength

Alloy °F, _Ib./Sq.In. 4 in 1 In. Lb./Sq.In,
19-9 DL (.12% N»p) 1200 40,000 25 29,000
19-9 DL + 10% Co (0% W) 1200 42,000 25 37,000
19-9 DL + 20% Co 1200 42,000 15 36,000
19-9 DL + 1% Cb (0% Ti) 1200 46,000 15 36,000
Low Carbon 19-9 DL + No 1200 51,000 1 42,000
19-9 DL + Nz (o) 1200 50,000 1 37,000
N155 | 1200 51,000 11 37,000
N155 + 0.5% Ti 1200 50,000 25 36,000
N155 + 14 Ti 1200 48,000 20 39,000
Low Carbon N155 1200 53,000 13 44,,000
Low Carbon N155 + 0.2% T11200 58,000 15 48,000
Low Carbon N155 +0.38%Ti 1200 62,000 28 48,000
19-9 DL (.12% N») 1350 20,000 27 12,000
19-9 DL + 107 Co (0% W) 1350 20,000 30 10,500
19-9 DL + 20% Co 1350 18,000 28 11,000
19-9 DL + 1% Cb (0% Ti) 1350 22,500 25 13,500
Low Carbon 19-9 DL + No 1350 28,000 10 13,000
19-9 DL + Np(«I3°%Nz) 1350 25,000 12 17,500
N155 1350 23,000 11 15,000
N¥55 + 0.5% Ti 1350 27,000 21 15,000
N155 + 1% Ti 1350 21,500 19 13,000
Low Carbon N155 1350 25,000 9 15,000
Low Carbon N155 + 0.2% Ti 1350 34,000 24, 21,000

Low Carbon N155 + 0.38%4Ti 1350 38,000 25 23,500
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F. Vacuum NMelting

Comparison heats of vacuum and air melted Low Carbon
N155 and Age Hardenable Inconel alloys were supplied by The
Union Carbide and Carbon Fesearch Laboratories, Inc. These
test materials together with the rupture test date obtailned
at 1200°F. are given in Tables XIII and XIV.

In the case of the Low Carbon N155 heats, erratic
streés-ruptufe time data gives a somewhat higher average curve
in Figuré 13 for vacuum melted alloys than for the air melted.
Both heats, however, are below the original heat of this alloy.

The data for the Age-Hardenable Inconel does not show
a difference between the two methods of melting. There 1s a
slight tendency for a somewhat flatter curve 1in Figure 14 than
waé obtained for the original heat of this alloy.



Table XIII
VACUUM AND AIR MELTED LOW CARBON N155

Chemical Analyses

Type Heat

Melting No. Cr N Co Mo W Cb N, C Mn Si
Vacuum J-582 21.5 19.5 19.5 3.0 2.0 1.0 0,10 0.18 1.50 0.40
Alr J-585 21.5 19.5 19.5 3.0 2.0 1.0 0.14 0.20 1.50 0.40

Treatment

Samples were submitted as hot worked by Union Carbide and
Carbon Research Laboratories, Inc.

Room Temperature Tensile Properties

37.

Tensile Offset Yield Strength Prop. Elonga- Reduc- Brinell

Strength Lb./8q.In. Limit tion, # tion of  Hard-

Sample Lb./Sq.In, 0.02% 0.1%4 0.2% Lb./Sa.In. in 2 In. Area,% ness
J582 120,900 48,500 62,000 67,500 32,500 22.0 39.4 211
120,500 51,500 63,000 67,500 37,500 21.5%  24.1 215
J585 126,150 54,000 65,000 69,500 40,000 33.5 33.8 227
128,150 58,500 68,500 74,000 45,000 20.5%  22.3 233

#Broke in gage mark.,

1200°F, Stress-Rupture Results

Stress Rupture Time Elongation Reduction in
Sample Lb./Sq.In. Hours A Area, %
J582 55,000 98.5 20.0 34.0
50,000 Rhbhe5 11.0 12.1
45,000 187.0 25.0 31.9
45,000 220.0 17.0 8.5
42,500 630.0 12.0 25.6
J585 55,000 43.0 7.0 10.2
50,000 78.0 7.0 10.9
42,500 235.0 7.0 9.1
35,000 1788.0 11.0 13.3
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Table XIV
VACUUM AND AIR MELTED AGE HARDENABLE INCONEL

Chemical Analyses

Type Heat
Melting No. Cr Ni Al Ti1 Mn Si1 [o]
Vacuum J-608 15.16 69.78 W37 3.29 .78 1.63 .Q8
Treatment

The vacuum heat (J-608) was melted in air at a pressure
of 4 mm of Hg. Heat J-598 was melted in air at atmospheric
pressure,

10—pound‘1nduction-heat§.were cast into 2-inch square
inrots and forged into one-inch 'square bars.

The bars were heated at 1950°F. for 2 hours and quenched
in water. Ageing consisted of heating 16 hours at 1300°F. and
air cooling.

1200°F. Rupture Test Characteristics
Stress Rupture Time Elongation EReduction

Sample Lb./Sq.In. Hours 4 in 1 In. of Area,®
Vacuum melted 60,000 96 1.5

(Heat J-608) 55,000 132
50,000 300

(Heat J-598) 55,000 156
50,000 255

7.8

2 3.9

4 3.3

Air melted 60;000 60 1l 6.4
4 body

1 2.6

45,000 a3
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G. Alloys for Service at 1700 and 1800°F.

Rupture tests up to about 400 hours duration are being
conducted at 1700 and 1800°F. on several wrought and precicsion
cast alloys which were considered to have promise for service
at these temperatures. The rupture strengths which have been
determined are given in Table XV and are compared graphically
as Figure 15,

The information for the wrought alloys is summarized
in Table XVI and for the cast alloys in Table XVII. The stress-
rupture time curves are shown as Figure 16 through 27.

The rupture strengths point to the following concluskons:

1. Possible 100-hour rupture strengths at 1700°F. are
as follows:

a. Precision Castings

Rupture strengths up to 17,000 pounds per
square inch with X-40, X-50, 422-19 and 85816
having somewhat the highest strengths.

b. Wrought Allcys

Rupturg strengths up to 10,000 pounds per
square inch with S816 and S590 having the high-
est values, Solution treating Low Carbon N155
alloy resulted in a material increase in strength.

2. Possible 1000-hour rupture strengths at 1700°F, are as
follows:

a. Precision Castings
Rupture strengths up to 14,500 pounds per

square inch with X-40 and X-50 showing the high-
est strengths.
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b. Wrought Alloys

Rupture strengths up to 5600 pounds per
square inch with S816 having the highest strength.

3. Possible 100-hour rupture strengths at 1800°F, are as
follows:

a. Precision Castings

Rupture strengths up to 11,000 pounds per
square inch with X-40 and S816 somewhat the
strongest.

b. Wrought Alloys

Two values have been .obtained, 5300 and 4900
pounds per square inch for solution treated S816
and Low Carbon N155, respectively.

be Possibie 1000-hour rupture strengths at 1800°F. are as
follows:

a., Precision Castings

Up to 9800 pounds per square inch with X-40
the outstanding alloy.

b. Wrought Alloys

One value, 3000 pounds per square inch, has
been obtained for Alloy S816.

5. Precision Castings vs.'Wrought Alloys.

The available data on this subject indicates that
in the case of Alloy S816 the cast specimens were
about 50 per cent stronger than the wrought samples
at 1700°F. and about twice as strong at 1800°F. There
was, however, relatively little difference between the
wrought and cast specimens of S590. ©Since as a general
rule cast materials are stronger in this test than
wrought materials, the results for cast S590 may be
abnormally low. The data on Low Carbon N155 definitely
indicate that a high temperature solution treatment is
necessary for wrought alloys 1if high strength is to be
obtained at these temperatures.

6. Elongation values as low as 4 per cent in one inch and
as high as 23 per cent were obtained for the tests
lasting about 400 hours. In no case, however, was ex-
tremely low extension to fracture encountered.
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Tabhle X
RUPTURE STRENGTHS OF CAST AND WROUGHT ALLOYS AT 1700 AND 1800°F.

Temp. Stress for Rupture in Indicated Time Periods

Alloy °F, 1 Hr. 10 Hr. 100 Hr. 400 Hr. 1000 Hr.
PRECISION CA?TINGS |
) ; ;
X-40 1700 000 20,000 17,000. 15,500 14,500
X-50 1700 51500 19,000 16,000 15,000° 14,0007
42219 1700 25 00019,000”,15,000+12, 500" 11,500~
5816 1700 24.000719,000- 14,€00 12,600 11,500
61 1700 21,000-17,000~ 14,000712,500~ 11,500+
Vitallium 1700 22,500717,000~ 13,000+11,000* 10,000
6059 1700 - 20,500716,000" 12,000 10,000 8,600
$550 1700 %%7@00 14,500~ 11,000~ 9,400~ 8, 400&«“
WROUGHT ALLOYS | J
‘ /o 4 gou ) G Irou
5816 1700 22%0T0 IS¥ouD 165600 7,300 55600
5590 1700 1g%500 13,800 19,400 “7Xeo0  GHGD

Sol.Treated L.C. N155 1700 20,000 12,500 7,600 5,800 4,800
Hot Rolled L.C. N155 1700 16,000-10,000~ 5,000~ 3,300 2,500 -

PRECISION CASTINGS

X=40 1800 15,500 13,000 11,300 10,300 , 9,800

X=50 1800 1000 i, 4500 18,000 ,5oov/ 7 %00
422-19 1800 19,000 14,000 10,000 8,000 7,100
S816 1800 20 000“14 500~ 10,500 9 000" 7, 7800 -
61 1800 16,500°12,500- 8,600 6}&00“‘ 5 400
Vitallium 1800 16,500712, 500 9,400 ox, 73300ﬁ
6059 1800 17,000 12,500 . 9,300 7 00~ 6,800
$590 1800 16,000-11,500 8,000 6,600 5,800
WROUGHT ALLOYS |
., ; - -]
s816 1800 17 %55y SEesr 5,300 3,800 3,000
S590 1800 IS5 WOm  GRES®  SHen o280 a5pb

So%.Treated L.C. N155 1800 15,500 8,300 4 900 3,500 n *D oy
- ‘Y' !’\ F K
Fgets nconplFie.




Table XVI

1700 AND 1800°F. STRESS-RUPTURE PROPERTIES OF FOUR WROUGHT ALLOYS

Chemical Analyses

Alloy

Low Carbon Al1534

N155

*Low Carbon
N155

Heat _
No. C Mn 81 Cr M Co Mo W Cb Fe N

(Welding Rod)

5590
g816

41572

*Aporoximate analysis,

Manufacture

and Heat Treatment

Low Carbon N155 - Hot rolled, Heat No. Al1534. Hot rolled to

finishing temperature of about 1700°F. Stress relieved
at 1200°F., alr cooled.

Low Carbon N155 - Solution treated. 1/4-inch welding rod.

S816 -

S5%0 -

Heat treated at 1250°C. (2082°F.) for 1/2 hour followed
by cooling in still air.

Heat No. 50757. 800 pound arc ‘heat cast into A" ingots.
Rolled to 1/4-inch round. Solution treated at 2300°F.
for one hour and water quenched. Aged 16 hours at
1700°F. for 1700°F. rupture tests., Aged 16 hours at
1800°F. for 1800°F. rupture tests.

2-ton electric furnace heat, teemed to 8" ingots and
hammer cogged from 2250°F, to 3" square billets. These
were hot rolled from 2200°F. to 9/32" round bars which
were centerless ground to size. The bars were solution
treated at 2270°F. for 1 hour and water gquenched, then
aged 16 hours sat 1700°F. for 1700°F, rupture tests and
aged 16 hours at 1800°F. for 1800°F. rupture tests.

W15 1.74 .37 21.66 19.40 20.48 2.76 1,90 0,79 ----.14

047 1035 082 19.40 19907 19-26 4003 4000 3087 e
50757 .38 - .82 .25 18.87 19.70 45.64 4.04 4.71 3.43 2.94 --
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MM Tk B o lin oF N oS S F ﬁva

YpaBLe W _(ConstmmuEd)

\pdeture Testhata aP\ 17005

} (W“/ Stress Rupture Time Elongation Reduction
Alloy Lb./Sq.In. Hours , of Area,%
Low Carbon N155 #77% 23 000 S.T.T,T. 48.0 61;3£/,
" Hot Rolled 17,000 " 0.84 41.5 59,8
10,000 11.0 28.5 38,2
8,000 245 31.0 34.7 &«
6,000 49.5 32.0 375«
4,500 169.5 25.0 27,5 -
3,500 318.0 32.0 28,5 «
]%stégw ’ !
ow Carbon N155 17w 23,800 S.T.T.T. 4740 54.3
Solution Treated 15,000 4.25 53| 55,3
8,500 60.0 2810 26,7
7,000 132.0 16L% 17.8i:::W,
5,500 516.,0 10}0Q 13.3
ﬁ [0 777 | ; |
Irs816 2navn 31,300 S.T.T.T. . 1340, 16,7
'f o ~* 12,000 M8 63,0 11,0 713,37
11,000 64,.5 1810 18.4 o
9,000 168.0 8o 5.0 .
7,500 111.0 640 5,0 —
7,000 390.0 1540 16,7~
24 5590 24,100 S.T.T.T. I 56,1
w“§§ 16,000 2.43 62.5
11,833 - 36. 60.9—
9,000 iz 44T
A 252.0 7
l;‘.l'A‘.A.A!; *‘- % O”ﬁ . ’fyé‘
Loéwﬁéﬁggn N155 16,100 S.T.T.T. 67.0 58.6
Solution Treated 11,000 4,12 4k 0 bl T
5,000 108.0 11.0 6.7—"
werer 4,000 < 192.0 947 ;2.0 :
S 3:000 4IW. = &h@wtg S Tl i Poneado oo
1§ 8816 22,200 S.T,T.T 32?@ 33.4
W""g RS RAT 61000 2.5t 66'5 i3 7‘ KOG 14.0 ;’//
5,000 119.0 5,0 9.7,
4,000 328.5 7.0 9.1+
\Mﬂ§fssqo 18,500 S.T.T.T. 6340 61.7
, 12,000 LR:65 53,0 54,307
L 1 €8 ’5 L3 212
A 20D o4 iy 1211
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Table XVII

1700 AND 1800°F. STRESS-RUPTURE PROPERTIES FOR EIGHT PRECISION
CAST ALLOYS

Chemical Analyses

Alloy Heat No. [} Cr Ni Mo ¥Fe Mn 81 Co

o

6059 6437 *0,50 26.85 35.15 5,00 1.04 0.35 0.77 Bal.
#3#0,396 24.61 33.50 5.34 1.00 0.20 0.76 33.5%5

Vitsllium V-4705 #¥0,24 27.60 3.06 5.13 1.76 0.98 0.63 Bal.
##0,21 26,66 ---- 5.57 (Co + Ni 65.56 by difference
from 98%)

W
61 6258 ®0.44 23.70 0.16 5,18 1.04 0.54 0.48 Bal,
##0.43 24.49 ---- 5.15 1.00 0.64 0.58 Co + Ni
€9.90
i} cb
5590 0.57 20.11 20.64 3.63 4.50 0.67 0.62 20.04 4.02
W
5816 0.41 19.43 19.80 3.61 3.42 0.42 0.56 42.81 4.48
W
XSO 0076 22057 2000512.17 ““““““““““ 40.70
W
. X40 0.48 25.12 9.69 7.23 0.55 0.64 0.72 55.23

#G.E. River Vorks analysis.,
#**Haynes Stellite analysis.

Manufacture

6059, Vitz1lium, 422-19, 61 - Precision cast 0.160-inch diameter
l1-inch gage section stress-rupture specimens.

85590, S816 - Precision cast 0.250-inch diameter 2-inch gage
section rupture specimens.

X50, X40 - Precision cast 0.250-inch diameter l-inch gage
section rupture specimens.

(Continued)
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Temp.

Stress Rupture Time Elongation Reduction
Alloy _°F, Lb./Sq.In. Hours of Area,?
6059 1700 29,300 S.T.T.T. 27.0 40.8
' 20,000 1,18 4. 0 66.2 7
13,000 60.0 20.0 5437
11,000 190.0 13.0 31.9 «+7
10,000 362.5 12.0 32.4
6059 1800 22,500 S.T.T.T. 25.0 53.6
14,000 Leh5 30.0 73.1 7
10,000 44, .0 23.0 45.0
9,000 156.0 8.0 6.7
8,000 281.0 19.0 54.3
Vitallium 1700 34,000 5.T.T.T. 19.0 66.2
25,000 S 0.43 35.0 52.8
14,000 35.0 31.0 58,0
13,000 144.0 8.0 7.7+
10,500 625.0 6.0 21.0 -
Vitallium 1800 25,200 S.T.T.T. 4.0 54.3
15,000 - 2.28 48.0 64.0 "
10,000 76.0 17.0 42.2&%*
9,000 97.5 13.0 R7 .7~
. 8,000 5271320 530.0 9,167 *
50 57 500 "21895,0 2.0 1506
6,800 7 I fh‘ 8whea@%m&&%ig#ﬁ
: DiECar Ul after (Ady Ko
422-19 1700 35,000 S.T.T. T. 18.0 41.8
21,000 5.2 15.0 39. 8"
15,000 47.0 6.0 28,2y
18 000 16.5 13.0 29, O“’"
14,000 170.0 7.0 16,0«
13,000 346.0 6.0 13.3—
422-19 1800 24,700 S.T.T.T. 28.0 45.6
16,000 3.37 24.0 36.9 “7
11,000 44 .0 12.0 28,8 o~
10,000 161.0 10.0 17.0¢
9,000 204.0 11.0 39.0
8,000 460.0 4.0 10.9 —
61 1700 29,800 S.T;T.T. 25.0 51.9
18,000 7.15 32.0 53.6 «
14,000 48.0 4.0 bed
13,000 156.0 7.0 9.7 «~
12,000 717.0 5.0 5.0

(Continued)

e
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£3)
Temp. Stress Rupture Time Elongation Reduction
Alloy = _°F. Lb./Sq.In, Hours % of Area;%
61 1800 24,200 s.T,T.T. 25.0 LT 4
15,000 2.27 19.0 36.07
11,000 29.5 19.0 51.9+
10,000 268.0 5.0 8.5 7.
9,000 100.0 9.0 12.1 ~
8,000 1 6.0 700 705 o
7,000 283.5 9.0 6.2
S590 1700 26,450 S.T.T.T. 13.5 29.5
25,400 S.T.T.T. 16.5 32.2
16,000 8.6 16.5 40.5
12,000 29.0 15.5 39.8 ~
10,000 200.0 14.0 20.5
19,500 378.5 8.0 13.5 —
S590 1800 18,600 S.T.T,T. _27.0 40.5
13,000 4od3 25.5 34.2 ¢
8,000 96.0 14.0 33.0 -
7,500 185.0 11.0 22.6
7,000 137.0 12.0 27.77
6,500 480.0 5.0 14.6
S81¢€ 1700 34,000 s.T.T.T. 13.0 4.8
21,000 4.31 7.0 21.3
15,000 60.0 7.0 19.0
14,500 84.0 14.5 22.0 7
14,000 290.5 2.0 5.5 =
13,000 327.0 6.0 8.7 «
s816 1800 25,900 s.T.T.T. 12.0 21.3
17,000 -3.5 16.0 26.6
11,000 74.0 11.0 17.7 ~
10,000 156.0 9.0 16,7
9,000 385.0 7.0 16.2 -
X40 1700 32,600 S.T.T.T. 38.0 43 .4
18,000 40.0 26.0 40.0 *
17,000 169.0 20.0 43.27
14,000 828.0 25.0 43.2 <
X40 1800 25,950 S.T.T.T. 28.0 45077
12,000 41.0 34.0 55.5 e
11,000 196.0 19.0 31.9
10,000 688.0 9.0 17.8 -

(Continued)
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Temp. Stress Rupture Time Elongation Reduction

Alloy °F, Lb./Sq.In. Hours % of Area,?
A A0, 060 it av.0 50 ¢ o
X50 1700 18,000 23.0 32.0 34.5 &
17,000 52.0 20.0 36.0 «

16,000 241.5 5.0 3eh
16,000 426.0 4.0 Re5
15,000 2217.0 14.0 7.2 —
14,000 204.0 13.0— 23.6:;;
14,000 848.0 + 2.0 5.6

IS, 00 s 5,48 26 20,57

X50 1800 10,000 75.5- 17.0 38,4
9,000 276.0 * 12,2 &

'8,000 665 CO_ 9.0 901 Ranrtans

*Part of specimen near fracture missing.
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H. Ceramic Coatings

'Rupture tests are in progress at 1350°F. on Timken
Alloy (16Cr—25Ni—6Mo) specimens coated by the Bureau of Standards
with a2 ceramic material designated as coating A-68f. Since the
application of the coatihg involved heating the specimens td
1650°F,, both coated and unéoated Specimensvare being tested
for comparison., The samples are briefly described together with
the aVailableArupture test data in Table XVIII and Figure 28.

The rupture test data obtained to date indicate ex-
cellent adherence for the coating with high elongation to frac-
ture. As yet comparative data for uncoated specimens 1s not
complete enough to determine if the coating has any effect on
the rupture test characteristics aithough the one test does not
irdicate an appréciable difference. The 1350°F. rupture tests
on Timken Alloy reported in ACR No. 4C22 all indicate higher
rupture strength than was found for the coated specimens. This
may well have been due to the solution treatment 6f the former

or an lnherent difference between heats.
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Table XVIII
RUPTURE TEST CHARACTERISTICS OF CERAMIC COATED TIMKEN ALLOY AT'1350°F.

Base Metal

As rolled and stress relieved bar stock from Heat 10446
was machined into the 0.160-inch diameter specimens and sup-
plied to the N.A.C.A. for coating by the Bureau of Standards.
ThHe bar stock was the same material which has been used in
the investigation of processing variables at the University
of Michigan%l)(z). This bar stock was reportedly finished
by rolling at 2110°F, to 1865°F. from 2-1/4-inch square bars
to 7/8-inch square bars.

Coating

The specimens were cleaned by a .light sand blast followed
by immersion in a 3% nickel-ammonium sulfate solution at a pH
of 5.6 to 6.4 at 65°C. A coating of mix A-68f was sprayed,
dried and fired at 1650°F. for 7% minutes. A second layer .
was then applied in a similar manner. The resultant coating
was approximately 0.0025-inches thick.

A slightly oversize set of specimens was carried through
the process without the application of the coating. These have
been machined to size and are being tested for comparison with
the coated specimens.

1350°F, Rug;ure Test Data

Samples Stress Rupture Time Elongation Reduction
— Lb./Sq.In. Hours 42 in 1 In. of Area,%
Coating A-68f 30,000 21.5 59 66.2
25,000 4L6.5 57 71.8
20,000 108.0 54, 71.8
15,000 887.0 32 55.3
Uncoated 20,000 172.0 53 Thod
1,500 '

Apparently the adherence of the coatings has been very good in
all tests. _ '

(1)"A Study of the Effects of Heat Treatment and Hot-Cold Work on the
Properties of Four Turbosupercharger Wheel Alloys", Report No. 6
under Project MA78 to the National Advisory Committee for Aero-
nautics from the University of Michigan, November 30, 1943.

(2)"The Effects of Heat Treatment and Hot-Cold Work on the Properties
of Five Alloys"™, Report No. 9 to the National Advisory Committee
for Aeronautics from the University of Michigan, February 26, 1944.
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I Segregations‘in 234-A-5 Alloy

During the course of fabrication of several large forg-
ings of 234-A-5 alloy, segregations of excess constituents in a
9-ihch square billet were observed by the Cruciblé Steel Company.
One of the questions which this brought up was the effect of such
segregations on the 1200°F. strength of the alloy. A limited
number of‘ruoture tests are being conducted on specimens from the
,éurface and center of the billet to obtain information on this
point.

Prior to testing the samples were heated at 2050°F.,
transferred to a furnace at 1400°F. and held for 24 hours before
a cooling in air. The rupture test results obtained to date are
‘as follows:

Stress Rupture Time Elongation Reduction

Samples Lb./Saq.In. .__Hours % in 1 In. of Area,%

Surface 40,000 84 17 21.2

| 37,500 122 26 40.8
35,000 640 16 28.8

Center 38,000 52 22 30.8
36,500 36 30 4.2
36,500 36 30 50.3
35,000 384 25 40.0

The stress-rupture time characteristics are graphically
compared in Figure 29 with those of the large disc given in Section
A of this report. The data indicate:

1. The greater amount of excess constituents in the
center specimens resulted in somewhat lower strength
and higher elongation than for the surface specimens
with less excess constituent. The rupture times were
quite erratic, however..

2. The rupture strengths of the billet specimens are
apparently equal to or higher than the large disc.
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J. Investigations to be Undertaken

1. Boron modified Low Carbon N155 alloy specimens
are being supplied by H. C. Cross for rupture
- tests at 1200 and 1350°F,

2. Precision cast 19-9 DL specimens have not yet
been submitted.

2, Specimens of two alloys developed at Massachusetts
Institute of Technology for the U.S. Navy have been
received for tests at 1700 and 1800°F., This in-
vestigation was requested at the September 21, 1944
Subcommittee meeting. The two alloys to be tested
are the following:

Chemical Composition, Per Cent

Alloy 'C Cor M Co ¥ W Ta
128VT2-2  1.28 23 -- 67 6 -- 2
97NT-2 0.97 21 30 21 - 3 2.2 2

Only carbon was actually analyzed with the other
elements being aim values, reportedly known to be.
quite close to actual values.

The 113VT2-2 and 128VT2—2 specimens are being

tested "as-cast" and both heats are to be considered
as the same material. The 97NT-2 specimens were
heat treated at 2260°F. for 1/2-hour and water
quenched. Both alloys were melted in a small arc
furnace and cast by the Austenal procedure in molds
preheated to 1850°F,.

4. Notice has been received that the Low Carbon N155
bar stock has been shipped for the investigation
of manufacturing variables.






