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SUMMARY

The properties of a large forged disc of Inconel X alloy at room
temperature, 1200°, 1350°, and 1500° F were studied in order to determine
the level of properties obtalnable in a forging of the type required for
the rotor discs of gas turbines. The disc was tested in the solution—
treated and aged conditlon. The first tests were made on the alloy given
a single aging treatment at 1300° F, but it was found that the alloy
possessed better propertles when glven a double aging treatment, first
at 1550° F, and then at 1300° F. Most of the test data reported herein
were obtalned on the alloy given the double aging treatment. The data
reported include the results of tensile, impact, rupture, time—deformation,
creep, and structural-stability tests.

In general, the Inconel X disc for time periods up to 1000 hours had
as high, or higher, propertles than other heat-resisting alloys tested at
1200° F. Its superlority decreased with test temperature so that there
was relatively little difference between 1t and other alloys at 1500° F.

It was unusual In that third-stage creep occurred early in all tests,
but particularly at 1350° and 1500° F. The disc also retained high duc—
tility at room temperature after prolonged exposure to stress at high
temperatures.

INTRODUCTION

: This report presents the results of a study of the room—temperature,
1200° s 1350o and 1500° F properties of a large disc of Inconel X alloy
tested 1n the solutlon—treated and aged condition.

The purpose of this study was to determine the level of properties
oxhlbited by Inconel X alloy 1In the form of large forglings of the type
requlred for rotor discs of gas turblines. The results obtained previously
from investigations on Timken, CSA, EME, 19-0DL, low—carbon N-155, S-590,
and 8-816 discs of similar size are contained in reports listed as
references 1 through 12.
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The work on the dilsc materials 1s being carried out as part of two
correlated programs of research on alloys for gas—turbine applications in
progress in this country. The Ratlonal Advisory Commlttee for Asronautics
1s sponsoring work directed toward the development of Ilmproved high—
temperature alloys for gas turbines used in alircraft power plants. A
concurrent program, formerly sponsored by the National Defense Ressarch
Committee, Office of Scientific Research and Development, and now
sponsored by the Office of Naval Research, Navy Department, is being
directed to the development of alloys for gas—turbine applications in
general and, in particular, for both ship and aircraft propulsion. The
work hereln was performed with the Pinancial assistance of the National
Advisory Committee for Aeronautics and the Office of Naval Reseerch, Navy

Department.

This report is based on the Joint effort of the cooperating research
progrems. The investigation of these discs for the NACA was conducted at
the Engineering Research Institute of the University of Michigan and for
the Navy at Battelle Memorial Imstitute.

TEST MATERTATS

The evailsble information describing the disc may be summarized as
Tollowa:

Menufacturer:

International Nickel Company, Inc.
Heat number:

Y-2848-X
Chemical composition:

—_— —— ———

¢ M 8° 81 or B Cb Ti AL Fe Cu

0.05 0.51 0.007 0.39 1k.61 T73.k2 1.04 2.33 0.67 6.90 0.0k

Fabrication procedure:

A 4800-pound heat was made in a 6200-pound induction furnace and
teemsd into an 18- by 18- by 4O—inch ingot. This ingot was forged %'b
2225° F 0 a 9%—— inch-diameter billet, which was then turned to a 8z—inch

diameter and cut to a 25—inch length.
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This billet was upset by the General Electric Company on a 12,000-
pound open frame hammer. Using temperatures between 2225° and 1800° F,
the billet was upset in Ffive heats to a disc of 22—inch diameter by

3%-inches thick.

The solution treatment performed on the as—forged disc by the General
Electric Company consisted of heating for 4 hours at 2100° F followed by
water—quenching. The disc was sectioned and the various test specimens
rough machined prior to aging. At the time that tests on this Inconel X
disc were first begum, the recommended aging was & single treatment of
40 hours at 1300° F. Subsequently, low ductility was observed in some of
the tests at 1200° and 1350° F on the single—aged material, and additional
tests were made on material given a double agling treatment as follows:

1550° ¥, 24 hours, air-cooled
1300° F, 20 hours, alr—cooled
Sampling:

The code number assigned to the disc was NR—99. TFigure 1 shows the
location of the samples cut from the disc and the code system ldentifying
the coupons. The numerals refer to locations on the flat face of the
disc, and the letters refer to the locatlons through the thickness of
the disc.

EXPERIMENTAL PROCEDURE

The investigation was deslgned to provide the following Information:
(1) The physical properties at room temperature, 1200°, 1350°, and 1500° F
which can be expected in large forgings of the Inconel X analysis; (2) the
effect of aging treatments on these physical properties; (3) the variation
in properties which might be present in various locations in such large
forgings; and (4) the change in room—temperature properties resulting from
exposure to elevated temperatures under stress for prolonged time perilods.

The physical—property data obtained for this large forged disc of
Inconel X alloy included short—time tenslle propertles, impact strengths,
rupture test characteristics, and design curves of stress against time for
total deformations of 0.1, 0.2, 0.5, and 1.0 percent at 12000, 1350°, and
1500o F. Creep characteristics were also obtalned at 12000, 1350°, and
1500o F. The data from which the design curves were plotted came from the
time—deformation curves of both rupture and creep tests.

The uniformity of the disc was checked by means of a hardness survey,
short—time tensile tests, and, to a limlted extent, by rupture tests on
coupons from representative locations throughout the disc.


http://www.abbottaerospace.com/technical-library

I _ NACA TN No. 1770

The testing procedures used for the short—time tension, stress—
rupture, and creep tests were in accordance with the provisions of the
A.S.T.M. Recommended Practices E21-43 and E22-41.

RESULTS

The data obtained from the Inconel X disc are presented as a series
of tables and figures which show the hardness, lmpact, temnsile, rupture,
time—deformation, creep, and stabllity characteristics. The principal

results are summarized in figure 2.

Hardness Survey

Results of the hardness tests on the solutlon—~treated disc after
both the flrst and second steps In the double agling treatment are given

in figure 3.

The Brinell hardness as—solution—treated was about 150. The first
aging at 1550° F increased the hardness to a&bout 210 and the second aging,
to about 285. The surface hardness of the aged disc was slightly higher
than for the interior, but the hardness changed little from near the
center to the rim.

Short-Time Tensile Properties

The results of the short—time tenslile tests at room temperature,
1200°, 1350°, and 1500° F are summarized in table I.

Room—temperature tests were made on both 0.505— and 0.250-inch—
diameter radial specimens. The 0.250—inch—diameter specimens gave slightly
lower tensile strengths than the 0.505—Inch bers, but had slightly higher
ductility. The results from both types of specimens indicated good
uniformity in the dilsc.

At 1200° and 1350° F, specimens from the center of the disc gave
lower strength values than did radial speclimens taken from near the rim.
They also tended to have a greater scatter of values. At 1500° F, center
and rim specimens gave comparable properties.

The average tensile properties of the radial rim specimens as plotted
In figure 2 are as follows:
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Temsile 0.2—percent— .
Temperature offset yleld Elongaetion
(°rF) strength strength (percent)
(psi) (psi)

() 154,000 97,000 20
1200 117,000 84,500 10
1350 95,500 77,000 7
1500 46,500 43,000 37

Charpy Impact Resistance

Charpy impact resistance (V-notch) was determined on specimens teken
near the rim of the disc. Data are shown in table IT and figure 2 for
tests at room temperature, 1200°, 1350°, and 1500° F after holding at
temperature for a time perilod sufficiently long to insure a uniform
temperature in the speclmen.

The Charpy lmpact resistance lncreased from about 29 foot—pounds at
room temperature to about 60 foot—pounds at 1500° F.

Rupture Test Characteristics

The stress—rupture data for the tests at 1200°, 1350°, and 1500° F
are shown in table ITI, and the rupture strengths obtained from the
curves of stress against rupture tilme in Pfigure 4 are summarized at the
bottom of table ITI. °

A1l the stress—rupture tests were made on 0.250-inch—diamster radial
specimens taken from near the rim of the disc. There was no apparent
difference in test results from surface and center specimens taken from
near the rim.

The rupture strengths at 1200° F for rupture in 100 and 1000 hours
were 81,500 and 66,500 psi, respectively. These values are very close %o
those reported by the International Nickel Company for Inconel X bar stock.

At 1350° F the stresses to produce rupture in 100 and 1000 hours
were 53,500 and 37,000 psi, respectively, and at 1500° F, 23,200 and
15,000 psl, respectively. These values are somewhat below those reported
by the Nickel Company for bar stock.

Rupture test ductilities were low at 1200° ¥. The elongation for
rupture in lOOO hours was estimated to be about 3 percent. The ductility
values at 1350 F were high and held up well as the time to rupture
increased. At 1500° F the elangation decreased from 50 percent for
rupture in 4.5 hours to 6.9 percent for rupture in 604.2 hours.
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TimeDeformation Characteristics

A convenient method of describing the high—temperature strength of
a material is curves of stress against the time required for various total
deformations. Such information with the curves of stress against rupture
time (and the curves of stress against creep rate) gives design engineers
a complete picture of the expected performance of an alloy under conditlons
of constant tensile stress. The time—deformation data obtained on the
Tnconel X disc are plotted on semlilogarithmic coordinates in figures 5, 6,
and 7 Por total ‘deformations of 0.1, 0.2, (0.3 at 1200° F) 0.5, and
1.0 percent at 1200°, 1350°, and 1500° F for time periods up to about
2000 hours. Additional curves showing the time of transition from a
minimm creep rate to the increasing rate of third-stage creep have been
added. so as to show when rapid elongation to failure starts.

At 1200° and 1350° F, end to a lesser extent at 1500° F, the curves
for the lower total deformations are controlled largely by the proportional
1imit. In figures 5, 6, and 7 where this is true the curves are dashed
to indicate that thelr location is somewhat variable. It should be
emphasized that, in tests at stresses approaching or exceeding the pro—
portional 1imit of a material, wide differences in initial deformation
can be expected because of variations in the proportional limit.

The curves of stress against time for total deformation were plotted
Prom the data in table IV, which also includes the times for total defor—
mations of 2 and 5 percent. The stresses to cause various total defor—
mations in 1, 10, 100, 1000, and 2000 hours, as obtained from figures 5,
6, and 7, are given in table V. These "deformation strengths" are useful
numericel ratings of the deformation characteristics and, with the exception
of the estimated strengths for 1 hour, are plotted iIn summary flgure 2.

The steepness of the tramsition—point curves is a danger signal.
This material should be watched closely if used at times and stresses
beyond the transition—-point curve.

Creep Strengths

Creep rate data, used by many engineers in designs for long periods
of service, have been collected from the time—deformation curves of both
the stress—rupture and creep tests. Minimum creep rates measured in the
rupture tests are included In table ITI. The detailed creep test data are
ghown in teble VI. The logarithmic curves of stress against creep rate
for the rupture and creep tests at 1200°, 1350°, and 1500° F for the
Tnconel X disc are shown in figure L.

The creep rates plotted were the minimum rates measured in both the
rupture and the creep tests. In the creep tests on this material at
1200° ¥, in.the stress range 45,000 to 50,000 psi, the minimum creep
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rates measured were also the final rates at the end of test periods in
the range 1500 to 2000 hours. Differing from this behavior, in the creep
tests at 1350 and 1500 F, the minimum rates of creep occurred either
at the start of the test or during the first 500 hours of the testing
period. Followlng this Inltlal perlod, Increasing rates were observed.

The creep strengths obtained from figure 4 were as follows, and for
convenience of comparison the 1000-hour and the extrapolated 10,000-hour
rupture strengths are shown here also:

8tress (psi) for indicated properties
Temperature | 1000-hr Estimated
(°F) rupture | 0-0001—percent/ | 10,000-hr |0.00001-percent/
strength hr creep rate rupture hr creep rate
strength
1200 66,500 61,000 54,000 49,000
1350 37,000 31,100 20,000 25,000
1500 15,000 15,800 9,700 13,900

Inconel X behaves differently from many of the other types of heat—
resisting alloys included in thils program of tests on large discs. The
following specific comments should be carefully conslidered before using
creep data for design:

(1) Inconel X is a strong material and minimm creep rates are low
at very high stresses. These minimm creep rates cannot, however, be
extrapolated with accuracy on the assumption that a rate of 0.0001 or
0.00001 percent per hour 1ls equivalent to 1 percent in 10,000 and
100,000 hours.

(2) At 1200° F, very little first—stage creep was observed. At
stresses of 70,000 psl and higher, however, the tests llmediately entered
third-etage creep. The time for entrance to third-stage creep increased
at lower stresses. It 1s Important to note, however, that third-stage
creep was observed in as short a time period as 840 hours at 55,000 psi
when the creep rate was only 0.000035 percent per hour. In fact,
figure 5 indicates that third-—stage creep would occur under the stress
corresponding to a minimm rate of 0.00001 percent per hour in only
2000 hours.

(3) Not only third-stage creep can be anticipated prematurely but
also premature rupture. The comparative 10,000-hour rupture strengths
glven with the previous tabulations of creep strength were well below the
creep strengths for 0.0001 percent per hour and indlicate that fracture
would occur at time periods mmch less. than'10,000 hours under stresses
corresponding to the creep strengths.

o e e e = —————p————— = v~ ;e T = gt e @ S TSI T T Se—oes - e =


http://www.abbottaerospace.com/technical-library

8 ‘ ’ NACA TN No. 1TT0

8tability Characteristics

Some of the completed—test specimens were subJected to temsile,
impact, and har&ness tests at room temperature after creep testing
at 1200 1350 and 1500 F with the results shown in table VII.

After creep testing at 1200° ¥ for 1804 hours, the strength and
ductility values measured at room temperature were slightly increased as
compared with the values for the material in the orlginal heat—treated
condlition.

Creep testing for slightly over 2000 hours at 1350o and 1500o F
produced a considerable reduction in yield and tensile strengths, with
the greatest change at the higher test temperature. Ductility values
were somewhat higher after creeg testing at 1350 F and practically
wnchenged after testing at 1500 F. Differing from some other types of
alloys, Inconel X consistently malintained a good level of room—temperature
tensile ductility and Izod impact strength after long—time creep
testing.

Photomicrographs of the Inconel X alloy in the solution—treated and
in the solution—treated and aged conditions are shown in figure 8. The
very fine precipitate in the aged material is clearly evident.

Figure 9 shows photomicrographs of the structures of creep speclmens
tested at 1200° and 1350 F. The structures show no significant difference
from the as—heat—treated alloy even though tenslle properties are some—
what reduced after testling at 1350 F.

The photomicrographs shown in figure 10 for +two rupture and creep
test specimens tested for 604 and 2160 hours at 1500 F, respectively,
definitely indicate a marked change in structure as a result of long-
time exposure at this temperature. Appreciable agglomeration of the pre—
cipitated phase has occurred and there is a significant difference 1n
structure and degree of agglomeration between the specimens tested for
604 and 2160 hours at 1500° F. This difference in structure accounts for
the decrease in room—temperature strength as a result of testing at
1500° F. Because of this lack of structural stability at 1500° ¥, the
use of this alloy at 1500o F should preferebly be restricted to service
periods over which test data are available and for which the data have
shown the deformation at the design loads not to be excessive.

Comparison of Properties of Incanel X with
Single and Double Agling Treatments
The first tests on material cut from this Incanel X disc were made
on material given a single aging treatment of 40 hours at 1300° F, and
this aging treatment was thought to be best. Later, both experimental

work by the International Nickel Company and the results of rupture tests
at 1200° and 1350 F in the present test program indicated that low
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ductility and low rupture strengths resulted from the use of this single
aging treatment. Upon recommendation of the International Nickel Company,
a double aging treatment of 24 hours at 1550° F followed by 20 hours

at 1300° F was adopted, and most of the tests herein reported were made on
the alloy given this double aging treatment. It was thought of interest,
however, to indicate some of the results obtained using the single aging
treatment for comparison with the data obtained with the double aging
treatment.

The datae obtalned have been summarized and the strengths for Inconel X
with both aging treatments are compared in table VITI, It is indicated
that Inconel X shows superior rupture strengths and better ductility
at 1200° and 1350° F in the double—aged condition. However, at 1500° F the
rupture strength of the singleé—aged material is slightly higher.

Creep strengths for 0,0001 and 0,00001 percent per hour are higher
at 1200° and 13500 F for the single—aged material, but the double—aged .
material shows the better creep strength at 1500° F,

The trend is for superior 100- and 1000-hour deformation strengths
at 1200° and 1350o F for double—eged material. At 1500o F, the single—
aged material shows the better 100-hour deformation strengths, while for
the longer tims or 1000-hour strengths up to l—percent total deformation
the double—eaged material maintains a slight superiority. These results
together with the better ductility indicate that the double aging treat—
ment is the better of the two treatments.

CONCLUDING REMARKS

The Inconel X disc material developed high tensile and yield strengths
when progerly solution—treated and aged. Rupture strengths at 1200°
and 1350° F were also high. Strengths for total-deformation values in the
range of 0.2 to 0.4 percent at 1200° F are largely controlled by minor
varlations in proportional limit. In tests at all three temperatures
of 1200°, 1350°, and 1500° F, the transition to third—stage creep occurred
at relatively low deformations and early in the test periocd. However,
Tnconel X is such a strong alloy at 1200° and 1350° F that appreciable
stresses can be pustained with very low deformations.

Compared with material cut from discs of low—carbon N—155, 5-590,
and S-816 alloys and tested in various conditions of forging and heat treat—
ment, Inconel X shows generally superior properties. at 1200° and 1350° F for
time periods up to 1000 hours, which 1s the extent of the test period for
which detailed comparisons can be made. The early transition to third—
stage creep for Inconel X suggests extreme caution in extrapolation to
longer periods than those for which actual test data are avallable.
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At 1500° ¥, Inconel X is about, equal to or better than any of the
other three alloys mentioned for deformations of up to 0.5 percent and
time periods up to 1000 hours. Better strengths at 1500° F than those
of Inconel X are shown by solution—treated and aged alloy S-816 for a
total deformation of 1 percent or more. The observed structural lnsta—
bility of Inceonel X at 1500° F and the early transition to third-stage
creep are warnings agalnst use of the test data for extrapolation beyond
the actual test period.

The high ductility of Inconel X after exposure at high temperature
under stress 1s an unusual and probably desirable characteristic of this

material.

Compared with the propertles of bar’ stock of Inconel X glven the
double aging treatment, the disc material shows slightly lower short—
time tensile propertles at room temperature and at 1500- F, and slightly

_lower rupture and creep strengths at 1350° and 1500° F.

Battelle Memorial Institute
Columbus, Ohio

and
University of Michigan

Amn Arbor, Mich.,
June 22, 1948
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TABLE I.— SHORT-TTME TENSILE PROPERTIES OF IHCGNEL X DISC

Offsot yleld stremgth
Specimen [Speolmen|, ture|TeR811e  [Proportianal (psi) Elengation|RBeduotion|Rookwell| Moduius of
mmber  |locatiom “”fg;‘)‘ strd'n?t.h 1imit in24n, | af area | B elagtioity
(a) (v) (psi (pst) (percent) |(percent)fhardnesal (pat)
0.1 percent{0.2 percent
% Y o9 oéa| smm ™ 152,800]  ameoee —- a————— 25.0 2h.k 206 | coemeeme
o 6| s T3 152,000 27.0 £5.9 206 | memcamaa
¢ dosg| e o] 150,200 27.0 21.3 106 | meccannm
cdosp| omm 7] 151,200 27.0 23.9 VR
°33x| &mR 75 155,800 75,000 55,500 97,800 19.0 17.0 — 30 x 106
©33Z| EKR T 152,600 75,000 9,800 97,400 7.5 15.6 -—— 30
°337| cRR ki 155,600} 2,000 93,000 95,900 21.0 19.2 —- 32
°18Y| CRR ™ 153,%00 78,000 9k koo 97,400 23.2 18.4 — 32
°30x{ SRR 1200 118,500( 54,000 9,600 83,600 9.7 1k - 28
°39z| SRR 1200 119,500 61,000 83,000 86,500 9.2 10.0 - 23
°397| CcmR 1200 116,000 ~m—awee 81,800 84,900 9.2 11.1 —— 29
Shor| cER 1200 11k,100| 60,000 80,900 84,500 8.0 11.9 —— 29
®112] eRR 1200 117,750] 55,000 79,000 ——— 8.5 13.0 —— 26
e3LY| CRR 1200 113,000 52,000 79,500 82,500 12.5 14.8 . 26
x| sc 1200 102,100f 60,000 73,800 76,400 1.5 15.2 104 22
o6z sC 1200 99,000 55,000 7,400 73,300 1.7 18.% 104 22
e | c¢ 1200 112,800 37,400 69,000 73,100 1hk.3 15.6 103 25
%8y { cc 1200 93,000| 16,400 73,050 5,800 8.0 15.2 103 28
Chox| 13%0 86,200 k3,000 T,900 5,400 7.0 7.3 —- 23
°40z{ SRR 1350 85,800| k7,000 73,900 76,600 6.1 10.0 —— 26
%11X} SRR 1350 106,000 &7,500 76,000 78,300 Te5 11.6 _— 2k
°35Y| CRR 1350 100,000 52,500 75,000 1,500 6.3 10.3 - 23
°x| sc 1350 76,600 36,000 66,800 68,800 3.0 8.1 — e
¢z | sc 1350 81,000| 47,000 68,500 70,600 k.0 13.0 —— 27
°mx{ smr 1500 k6,700 22,000 38,000 k0,200 37.5 38.5 o 20
°z  &RR 1500 y6,600| 32,000 39,400 k0,500 39.5 k.6 - 17
°gx | sc 1500 51,2000 29,000 k4 200 45,900 22.3 26.1 —— ———
c8z | so 1500 §6,k00{ 23,200 36,000 39,400 k3.5 35,5 —— 23
%Heat treatmemt: 2100° F % hr vater—quenched; 1550° F 24 hr; end 1300° F 20 hr.
bERR  eurface—plans redial epecimsn near rim of disc.
CER center-plans redial specimen nesr rim of disc.

8C surfete plans near center of diec.

CC ocenter plans near center of disc.
ONavy data.
46.250—1n.~d1emster specimen; all others 0.505-In.-dismeter specimans.
CHACA data.
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TA:BIIE :EI-"-

CHARFY NOTCHED-BAR IMPACT RESISTANCE

AT ROOM TEMPERATURE, 1200°, 1350°,

AND 1500° F FOR INCONEL X DISC

[Navy data:

¢

0.394—in.—square specimens with
a 0.079—in.—deep V-notch ]

Specimen Specimen Test Charpy impact
numbher locatl ‘tempgrature strength
(1) | tocetion | R (£-15)
NR-99-9YD| Imterior 75 29
9YE| Interior ib) 28
OYF | Interior 5 32
1ZK| Imnterior T5 33
1Z2C| Surface 75 22
NR—99-172G | Interilor 1200 38
., 1ZH| Imnterior 1200 37
1ZA | Surface 1200 37
1ZB | Surface 1200 39
TR-99~1Z2T | Interior 1350 L5
1ZJ | Interior 1350 hr
172D | Surface 1350 43
1ZE | Surface 1350 hh
NR-99—-1ZL | Imterior 1500 59
GYA | Interior 1500 54
GYB | Interior 1500 60
9YC | Interior 1500 65
1ZF | Surface 1500 6e

lHeat trgatment: 2100° F h hr water-—quenched;
1550° F 24 hr; and 1300° F 20 hr.

13
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TABLE TIT,— RUPTURE TEST DATA AT 12007, 1350°, AND 1500° F FOR INOONEL X DISO

HT

Specimen Specimen Test Stress Rupture Elongation Reduction Minimm
muber locetion tenparature (pei) time in 1 in, of area arsep rate
(a) () (°F) (hr) (percent) (percent) (percent /mr)

ONR—59-2T7A 8RR 1200 90,000 36 g BT | wmmemeea
970 ORR 80,000 136 L3 0,0085

284 fHR 70,000 418 4 ﬁ.o .0020
Sa7D CFR 65,000 1825 4 .0 .00018
Cz28D CRR 60,000 2672 2 3.3 00007
“WR-95-28¢ ORR 13%0 g,ooo 86 17 205 |  emecea=
2B 8RR ,000 143 19 26.8

%083 CRR 5,000 389 16 18.3 0060

Cogn SRR 40,000 51 21 24,0 0012
®nze ERR 35,000 1177 12 2.5 .00028
dma-ggﬁlm ERR 1500 30,000 k.5 50,0 5% .3 P

6B CER 25,000 73.6 32,1 3.7 %10

4ouB CRR 20,000 Jéz.s 8.5 28,1 ,008

Gasa BRR 16,%00 .2 6.9 1,6 00045
Ruptura strength '
i ture Btroan (psl) for rupture in —

mfg)l 10 hr 100 hr 1000 hr 2000 hr
1350 - a1,500 6,500 63,00
1500 28,400 - 23,200 15,000 enien

BHent treatment: 2100° F & hr water—quenchtsd; 1550° ¥ 24 hr; enmd 1300° ¥ 20 hr.

PORR conter—plans radiasl speoimen near rim of diso. 1
SRR surface—plane raldiel specimen near rim of dise.

ONACA dmta,

dl!a.v;r data,

SEstimated.
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TABLE 1V.— DATA FOR STRESS ATD TIME FOR TOTAL DFFORMATION AT 1200°, 1330°, AND 1500° F FOR IRCONEL X DISC

e e —— e L L

Specimen T Time (hr) for total deformaticns of — mmmﬁ@

(n) ~(°7) (psti) (percemh) 0.1 percemt [0.2 percent |03 percent {0,5 percant|l parcent|2 persemt|S percent ﬁ?} D?fp;r"?;:t?l

b1!3@—95>—:|.c1x 1200 45,000  0.179 ———— ©3800 et - ———— - ——-- _—] e
brom k7,000 .187 - 4850 - ———- ——-- ——-- S ——— ————-
P11y 50,000| 200 T e— — — —--- — RN S —
P1ow 55,000|  .220 R 1095 ---- ---- ——- ——— | 860 0.287
e 60,000  .2he - | - 250 ko3 250 | - - | b%0 3
b 5,000  .£67 R 170 885 130 ———- - 230 31
Paga 70,000 +300 e -—-- 99 265 ---- - s Lo
P70 80,000 T S I ——— 7 T2 ———- o S
Bora 90,000| =---- e ——-- ——-- - —— ———— S L ——

SHR-59-5 1350 | 29,000 .113 ---- 1500 1515 -—-- ---- —— - 500 116
9z 30,000 153 ———- 505 1570 1000 1240 1490 1720 35 .168
Pz 35,000 156 =" 126 33 b73 635 790 —eee | 190 213
bogx 50,000 .62 8 80 178 266 356 1.3 100 .32
Bogp k5,000 .18 T B - Vi 128 172 T B e
ey 9,000 .12 LI B - 3> 50 68 9% |- | meee-
Bago 55,000 .07 S R ———— 10 23 k] 50 S —

*HR-59-92 1300 10,000 050 w5 | - ——-- ---- -—-- ——-- ——— 615 050
*10x 1,000 .06 TS 1700 -——- ---- - - - hoo 070
%254 16,500 104 m--- 125 ---- 349 ko 510 =9 170 .22
1] 20,000 119 —— 12 — 50 80 86 104 7 .68
*26n £9,000 .168 e | e . 3 7 26 29 25 3.0
S2hA 30,000 23 T - - — —— — S U

SHeat treatmsnt: PLOCO P b hr webar—quanched; 1550° ¥ 2b bry end 1300° ¥ 20 hr,

data.

SEpbimated by extrapolation of bimo-deformetion curve from 1800 hy.
d!atimted by axtrapolation of time—dsfcrmation curve from 1671—hr.

“Navy anta.

OLLT *oN NI VOVN
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TABLE V,— TIMI-DEFCRMATION AND CREEP STRENGTHS AT 12000_,

1350°, and 1500° F FOR INCOREL X DISC®

Creep strength

Total Btress (psi) to cause totel (based on minimm creep rates)
Tem-?g;?tm deformation deformation in — (psi)
(percent) 0,00010 0.00001
1 hr 10 hr | 100 hr | 1000 hr | 2000 hr porcont i percont
1000 0.2 {950,000 | 49,000 | °48,300 | °47,200 | “46,000 61,000 19,000
.3 270,000 | “68,300 | 63,300 | 55,000 | -=uun-- .
.5 87,300 78,700 | 70,000 | 61,200} 58,600
1,0  |==emmem | mmmmea 77,700 | 64,500 | 60,500
Transition 67,500 | 53,500 [ ~e-w=--
b d3350 .2 °uh,000 | 39,800 | 35,300 | 27,000 | ==-mm-- 31,100 25,000
5 |mmm—e—- 55,300 | ¥2,700 | 30,000 | -=--=--
1.0 e 060,000 | 145,700 | 31,200 | ~-nuuu-
Trensition | 45,000 | 43,100 [ 40,000 |=cmmaue | mmuman-
1500 R 14,500 |©13,100 | 11,200 [ ~meeuus 15,800 13,900
.2 24,500 20,600 | 16,700 12,900 [ 11,700
5 427,000 22,800 | 18,700 clh,soo -------
1.0 29,000 | 2,200 | 19,500 | 14,800 | -------
) Trensition|«s===== |===cca- 18,700 | © 8,000 | -==--- -
8Heat treatment: 2100° F 4 hr weter—quenched; 1550° F 24 hr; and 1300° F 20 hr. -
date. | ’
CEsxtimated.,
d'ITa.vy date.

9T
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TABLE VI.— CREEP TEST DATA AT 1200°, 1350°, AWD 1500° F FOR INCONEL X DISO

Creep rate (percent/hr) et — | Total deformatiom (percent) at—|
Specimen ture|Btress|Duration| Indtial (peroazt)
m("‘])’e'r ég;) (pe1)| (bx) d?gm*'i;m
e ST | 500 nr (1000 hr 1500 e | 2000 kx| 500 Ir|1000 Br{1500 hr| 2000 b’
PRrog-10%| 1200 b5,000| 2180% 0.179 0,000010(0.000008] 0,00000k | a=annm- 0.18 | 0,187 | 0,200 | ~=uu~
bygz h7,000{ 1671 .187 .000011| ,000010| ,0000L0|=re=mua- JA88 | 190 | ,197 | ~----
_'2111' 50,000 1537 .200 .0000L7| .000018| ,000016(-w-mmnmn 213 | 223 | 231 | <----
10Y 55,000 1655 220 »000035| .000055! 000095 |~m=an-n- 273 | 295 | .330 | -cem-
®nR-95-9x 1350 25,000 2095 113 .000010| ,00009 | ,0001k |0.00028 | 115 135 .188 | 0.295
ia7, 30,000| 42193 .153 ®,00022 | ,0012 | ,0090 [e------ 198 | 305 | 2,16 | ameis
CHR-99-97. 1500 10,000| 2160 .050 i1 .000050| .000085( .0000hkd .oLB 070 .09 .130
' C1ox 12,000| 2182 062 £,000068| .000068| .000100| 000135 .o78 | .117 | .160 235
SHeat treatment: 2100° F 4 hr water—quenched; 1550° F 2h hrs and 1300° F 20 hr, SRAGA
DRACA dmta.
ONavy data.

dRuptured, 21,9-percent elongation, 20,9—percent reduction of area.
oresp rate 0.00005 percent/Ir up to 325 hr.
Minimm creep rate nill up to #00 -,
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TAELE VII.— EFFECT OF CREEP THSTING ON ROOM-TEMPERATURE

PEYSIOAL FROFERTIES OF INCONEL X DISC

Prior testing 11t ions Reslduel room—temperature properties
gk Offset yleld strength
mumber o
Proportional |Elongation|Reduction (Ixod impact
1) g groure| Stros | Tine Tensile (ped) 1imit in 2 in, | of ares | strength | ioserd
"’f ) (pet)|(br) (p:ﬁth 0.1 percent(.2 percenty] (pat) (peroent) | (poroent)) (£t-Ib)
¥R-99-33x( - (p) e; 2; 155,400 | 95,400 | 97,800 75,000 19.0 17.0 ye! 306
332 (2 2 2) {152,600 91,800 97,400 75,000 17.5 15.6 ==
33Y ge 2) 2; 155,600 93,000 95,900 72,000 21.0 19,2 -—-
18Y 2 (2) 2) (153,400 .| 94,400 97,500 78,000 23.2 18.4 ===
NR-99-11Y| 1200 0,000{1537 [======= [ =-=sm=e | mmommm= o f mommos . mm -~ 33
10X| 1200 5,000|1804 (160,000 | 102,000 | 105,000 80,000 1L.5 15.8 ---
NR-59-9X 1350 25,000]|2095 |140,000 | 75,h00 77,800 | =mmee- 34,0 30.2 - ---
{NR-99-9Z 1500 10,000{2160 [======= | ==<==== | =essss o soeeoe - === 67 222
27| 1500 12,000 (2152 {125,500 56,500 57,800 | m=mem- 22,0 20,2 -=-

lHaat treatment: 2100° F b hr water—quenched; 1550° F 2k hrj ard 1300° F 20 hr.

20rigine]l condition, Radiml specimen near rim of disc.

g8t
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TARIE VITT.— CCMPARISON OF PROFERTIES OF SIRGLE- AND DOUBLB-AGED INCONEL X DISC MATERTAL

Test temperature, °F Room temperature 1200 1350 1500
Single Donble Single Doudble Single Double Single Double
Condition aged aged. aged eged aged a aged aged
(a) (») () (v) (a) (b) (a) (b)

Short—time properties:

Tengile strength, pei T145,000 | 154,000 § ecmccee--e B memreme | mmmecn | eicemr | wmmeass

Elongation, perceunt 20 20 “mbmmesmes | ssemmene | seesmas | e I e N [

Reduotion of eren, pervent 19 8 cemmsnnna e B B S [
Rupture strengtha, pui:

100-hr e 20,000 to | o) k6,00 53,500 | 25,500 | 23,200

57,000 4300 ;000 . ’ s
000

1000t A . - | B % | e6,500 | 36,000 | 39,000 | 16,000 | 15,000
Creep strengths, pei:

0.0001. percent/hr smeemmn | eewca-- 46,000 61,000 | ©30,000 31,100 | 11,200 13,800

0.00001 percemt/br [ ==mmm-- mEm—— 39,000 49,000 mmesme- 25,000 7,600 13,900
100-hr deformation strengthes, pai: . .

0.1-percent deformation | ==mmeo= | =mmeems ) oes cmmmemas | -- mm——— mmmomn | cemeaa 14,200 13,100

0,2-percent defarmation Smmtom= | meemme - Ozg | 218,300 cmmm— 35,300 19,600 16,700

0,5-percemt dsformation | ==--- = | - °=8, 70,000 40,000 ,700 | 21,300 18,700

1,0-percent deformation @ = | =m=meme= | mmmesse | eeeee TTsT00 43,500 k5,700 22,200 19,500

Trensition mowmmm | mmees == | 59,000 »800 | 45,000 ,000 | 19,300 | 1B,700
1000-hr deformatiomn strengthe, pai:

0.l-percent deformation @ | ===-e= e | mmme——- mommsseses | gecmees | ssessse | amm-es 10,000 11,100

0.2—parcent deformation | ====m= LR B CEE T BETET ————— k7,200 | ~--awa- 27,000 | 12,200 12,900

0.5-percent deformation | --e-e- I T B e 61,200 37,000 30,000 | 13,900 | 1k 500

1,0-percent deforwation | =-ee-- S e B ommeen 64,500 | o--sw-- 31,200 | 1k,500 | ©1%,800

Trengition SETTETE RN RERT P 31,000 58,100 34,000 —————— ,800 8,000

85700° F 4 I water—quenchsd; 1300° P 40 hr,
Po100° F 4 I water—quenched; 1550° F 2k hr; and 1300° F 20 hr.

CEptimated.,

OLLT *ON NI VOVN
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NR-99-33 X 99~ 36X 89-39 X
899 -34 X 99 - 37 X 99-40 X
99-35X 99— 38X 99 ~-41 X

7-3/4" 7" — 7-34"
g9~ 1 X 99- 5 X 99- 9 X
99 -2 X 99-6X% 99 - 10 X
99—3 % 99 - 7 X 89— 11 X
99 —4 X 99-8% 89 - 12 X

> » > e
ole|rlo|lb|S|m
2l alolelalsl,
Sle|la|B8]2]2]3
AaN-i l__‘;
9% [18% 1
:'
19y |18Y -;
i
192 | 182 =
.

Figure 1,- Location of test coupons in Inconel X disc NR-99.
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NACA TN No. 1770

SHORT-TIME PHYSIGAL PROPERTIES
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Figure 2.- Summary of properties of the Inconel X disc.
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EQUIVALENT BRINELL HARDNESS

3562

240

188

146

121

ROCKWELL B HARDNESS

1o AGED i550°F 24 HR, THEN 1300°F 20 HR
)
100 " T :
. AGED I560°F 24 HR
[
8]
801 Y MV) :
80 ] |
SOLUTION-TREATED 2100° F 4 HR, ‘\7 ~0~
WATER-QUENGCHED
70 . |
3 ) 6 T 8 9 10 TN

IN. FROM GENTER OF DISC ON GOUPON NR-99-Zi W
® SURFACE EXPOSED TO FORGING
O SURFAGE NEXT TO Y- OR GENTER PLANE

Figure 3,- Variation in hardness from center to rim of Inconsel X disc,
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Figure 4,- Curves of stress against rupture time and creep rate at 1200°

OREEP RATE, PERQENT/HR

Inconel X dise,

, 1850°, and 1500° F for
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Figure 5.- Curves of stress against time for total deformation at 1200° F for Inconel X disc.
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Figure 8,- Curves of stress against time for totsl deformation at 1350° F for Inconel X disec,
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Figure 7.- Curves of stress against time for total deformation at 1500° F for Inconsl X disc.
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Figure 8.~ Original microstructure of Inconel X disc.

glycerine etch.



http://www.abbottaerospace.com/technical-library

.~


http://www.abbottaerospace.com/technical-library

NACA TN No. 1770

100X 1000x

SR <
A RN N

Y b WA B 0 LR
e G A Ay

v

3% o)

eh
¥
XohARE
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(b) Specimen 28E; 751 howrs for rupturs at 1350° F under 40,000 psi.

Figure 9.— Microstructures of tested gpecimens from Inconel X disc.

Agua regia in glycerine etch.
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