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SUMMARY

The properties of large forged dilscs of S—590 alloy at room temper—
ature, 1200°, 1350°, and 1500° F were studied in order to determine the
level of properties obtalnable in forgings of the type requlred for the
rotor dlscs of gas turbines. One disc was aged after forging. The other
was solution—treated and aged. A limited amount of testing was carried
out on the solution—treated disc prlor to aging. The data reported include
the results of tensile, impact, rupture, time—deformation, creep, and
structural—-stabiiity tests.

The high physical properties of the forged and aged disc at temper—
atures up to 1350° F were its outstanding characteristic. The solution—
treated and aged disc had by far the best properties at 1500° F and,
except at short time perlods, was considerably better at 1350° F. Some—
what higher rupture, total-deformation, and creep strengths for tims
periods up to at least 2000 hours were obtained at 1200° F from the
forged and aged disc. No great difference, on the basis of limited tests
at 1200° and 1350° F, resulted from testing the solution—treated disc
before aging.’

The propertles of specimens cut from different locations in the discs
varled somevwhat. However, the uniformity was good for the type of forging
made from such a highly alloyed material.

Both the forged and aged and solutlion—treated and aged materials
were structurally unstable during creep and rupture testing. The latter
treatment, however, resulted in the best retention of propertles over
long periods of time at high temperatures. )

The properties of the solutlon—treated and aged disc were similar
to those reported for bar stock with the same heat treatments. This
indlcates that the propsrties should be reasonably reproducible in discs
up to the size congidered in this investigation. Reproduction of the
propertles of the as—forged and aged disc would probably require a
conslderable degree of control of forging practice.
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The work on which this report 1s based is part of a cooperative
investlgation of several heat—resistant alloys in the form of large
forged dlscs. The propertles of the 8-590 discs are compared in this
report with those obtained for similar discs of S-816 alloy.

TWTRODUCTION

This report presents the results of a study of the room—temperature,
1200°, 1350°, and 1500° F properties of two large discs of S-590 alloy.
One of the discs was tested in the as—forged and aged condition. The other
disc was tested to a limited extent after only a solution treatment; and
more completely tested as solutlon—treated and aged.

The primery purpose of this study was to determine the level of proper-
ties exhibited by S-590 alloy in the form of large forgings of the type
required for rotor discs of gas turbines and to determine the relative
properties of such discs as—forged and aged and as—solutlon—treated and
aged. The S—590 alloy discs, for which properties are glven in this report,
were two of a series of similar discs of several alloys now belng studied.
The results obtained previously from similar investigations on 19-9DL, CSA,
low—carbon N-155, Timken, and EME discs are comtained in references 1 to 9.

The work on the disc materials 1s being carried out as part of two
correlated programs of reseerch on alloys for gas—turbine applications in
progress in this country. The National Advisory Cammittee for Aeronautics
is sponsoring work directed toward the develomment of improved high—
temperature alloys for gas turblnes used in aircraft power plants. A
concurrent program, formerly sponsored by the Natlonal Defense Research
Committee, Office of Scientific Research and Development, and now gponsored
by the Office of Waval Research, Navy Department, is being directed to the
development of alloys for gas—turbine applications in gendral and, in
particular, to both ship and aircraft propulsicn. The work herein was
performed with the financial assistance of the Natlonal Advisory Committee
for Aeronautics and the Office of Naval Research, Navy Department.

This report 1s based on the Joint effort of the cooperating research
programs and is being distributed by both the NACA and the Navy. The
investigation of these dlscs for the NACA was conducted at the
Engineering Research Institute of the University of Michigan and for the
Navy by Battelle Memorial Institute.

TEST MATERTATS

The code mumber assigned to the dilscs was NR—TiB, The as—forged and
aged disc was designated NR—TUB—F; the solution—treated disc, NR—-T4B—Q; and
the aged portion of the solution—treated disc, NR—TUB-QA.
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~ The avallable information describing the two discs may be summarized
as follows: ' ‘ ‘ .

Manufacturer:

Allegheny—Iudlum Steel Corporation
Heat number:

41582

Chemlcal composltion:

C Mo 88 P 8 Cr N Co Mo W Cb. Fe.

0.45 1.44 0.56 0.015 0.018 19.76 19.05 20.20 4.03 4.08 3.35 Remainder
Febrication procedure:

A 12-inch ingot was poured from a 2-ton electric~arc furnace. The
12—inch ingot was hemmer cogged from .2250o F to a 9—Inch—square blllet
vhich was alr—cooled and ground. Two portions of this billet were then
upset forged fram 2250° F to rough 4—inch-thick discs. All hot—working
was with a flat die on a 12,000—pound hammer. The finishing and heat
treatments for the individual discs were as follows:

Disc
designation Finish forging procedure Heat treatment
NR-T4B-F The disc was reforged from 22500 F Aged for 16 hours
o
o 32 inches thick and cooled. at 1400° F and
iy alr—-cooled.
Then it was reforged from 2000° F
in one heat to 3% inches thick
(10—percent reduction) by 18 inches
in diamster.
KR-74B-Q " The disc was reforged from 2250° F Solutilon~treated
to 3 inches thick by 18 inches . 1,
in diameter. or 3E ours
at 2300° F and
water—quenched.
NR-T4B-QA Same forging as NR—T4B—Q. Coupons Coupons from NR—"{hB—Q
of disc NBR—TUB-Q which were aged were aged for 16
prior to testing were designated hours at 1400° F

TR—~T4B-QA. and air—cooled.
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Sampling:

One—half of each of the two discs, NR-T4B—F and NR-TLBQ, was
suppllied for the present study, ons—quarter of each disc going to the
University of Michigan and Battelle Memorial Tnstitute, respectively.
Figures 1 and 2 show the locatlion of the samples cut from the halves of
both discs and the code system identifying the coupons. The numerals
refer to locations on the flat faces of the discs, and the letters refer
to the locations through the thiclkness of the discs.

~

EXPERTMENTAT, FROCEDURE

The investlgation waes deslgned to provide the following information:
(1) The physical properties at room temperature, 1200°, 1350°,
1500° F which can be expected in large forgings of the S-590 alloy analysis,
(2) the effect of fabrication and heat treatment 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 periods.

The physical—property data obtained for these large forged discs
of 5590 alloy included short—time tenslle properties, impact strengths,
rupture test characteristics, design curves of stress against time for
total deformations of 0.1, 0.2, 0.5, and 1.0 percent at 1200 1350 3
and 1500° F, and creep characteristics. The curves of stress against time
for total deformation were obtalined from curves of elongation against time
from both stress—rupture and creep tests.

The uniformity of the disc materials was checked by means of a hardness
survey and to a limited extent by tensile and rupture tests on coupons from
representative locations throughout the discs. Hardness, tensile, and
impact tests and metallographic examinations on specimens after completlion
of the tests were used to estimate the stabillty of the material during
prolonged exposure to temperature and stress.

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 fram the S—590 discs are presented as a serles of
tables and figures which show the hardness, impact, tensile, rupture,
time—deformation, creep, and stability characteristics. Thse principal
results on the discs with three types of treatment are summarized in

figures 3 and k.
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Hardness Survey

Results of hardness tests on the original materials are given in
table I and figure 5. The surveys indicated that the hardness increase
was only slight from the center to the rim of the discs. The material at
the flat surfaces of the discs was considerably harder than the meterial
in the interlior of the discs.

The as—forged and aged disc, NR—T4B—F, had a hardness range of 235
to 311 as compared with a range of 190 to 235 Brinell hardness for the
solution—treated disc, NR—TUB—Q. Although no hardness survey was made on
the solutlon—treated and aged disc material, NR—TUB—QA, hardness tests
indicated that aging the solutlon—treated material increased the hardness
by approximately 30 Brimsll points.

Short-Time Tensile Properties

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

The tensile strengths of the as—forged and aged disc, NR—T4B-F, werse
in general somewhat higher, while its yleld strengths were markedly higher
at both room temperature and 1200° F than those of the heat—treated disc.
At 1350° F the forged and aged disc had similar tensile strength but
higher yleld strength than the solution—treated and aged disc. On the
baslis of only one test the as—solution—treated material had higher tensile
strength but simllar yleld strength to the material aged after solution
trestment. At 1500° F the solution—treated and agsd material, NR—TLB—QA,
wag slightly stronger than the as—forged and aged material. A brief
rdsund of conmparative tensile properties teken from teble I is glven 1In
the following tabulation:
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Tensile 0.2—=percent—offset

Temporature strength yleld strength Elongation

Disc (°F) (psi) (psi) (percent)
NR—TLB-F Vi) 129,050 98,250 8
NR—74B—Q (P] 119,500 57,000 36
NR—TLB—QA (& 130,500 70,500 ‘ 17
NR—TUB-F 1200 88, 700 71,750 15
NR—T4B-Q 1200 82,000 44,000 12
NR-T4B-QA 1200 81,600 49,000 27
NR~T4B-F 1350 64,625 55,000 29
NR—74B-Q 1350 71,250 46,000 11
NR-T4B~QA 1350 65,750 46,000 25
NR—T4B—F 1500 43,125 35,900 25
MR—T4B-QA 1500 44,400 37,850 18

At room temperature the solution—treated disc, NR~74B-Q, had the
highest ductility and the as—forged and aged disc, NR—T4B—F, the lowest
ductility. The reverse ductlility comparison was true at high temperature.
Aging the solution—treated disc for 16 hours at 1400° F caused e substantial
decrease Iin room-temperature tenslle ductility but resulted in Just as
marksd an Improvement in ductlility at temperatures of 1200° F and above.

The properties of specimens from various locations in the discs
were qulte uniform. Specimens taeken tangentliaslly from the as—forged and
aged. disc had higher strengths than the radial specimens. WNo such strength
difference was observed between radial and tangential specimens of the
solutlon—treated disc. Because of lack of material no consistent comparison
wag possible for material taken radially near the surface and center
meterial. However, what data there were indicated good uniformity.

Charpy Impact Reslsgtance

Charpy impact resistance (V-notch) was determined on specimens
from two discs, NR—TUB—F and NR—T4B-QA. Data are shown in table IT and
figures 3 and 4 for tests at room temperature, l200°, 1350° , and 1500° F
after holding at temperature for a time period sufficlently long to insure
a uniform temperature in the specimen.

The Charpy impact resistance of the solutlon—treated and aged disc
was slightly higher at all test temperatures than that of the forged and
aged disc. TFor both discs, there was a sllght Increase in impact
reslstance with temperature. Specimsns from near the flat surfaces of
both discs had higher impact resistance than interlor specimens at all
‘temperatures. '
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Rupture Test Characterlistics

The stress—rupture data for the tests at 1200°, 1350°, and 1500° F
are shown in table ITI, and the rupture strengths obtalned from the
curves of stress agalnst rupture time in Pigure 6 are summarized in
table IV. Rupture ductllities at various times pericds are also glven
in teble IV. All specimens tested except ons were radial specimens,
located as indicated In table III.

There was very little difference 1n rupture strengths between the
three conditions of treatment for the discs at 1200° F. The solution—
treated and aged disc, NR—TUB—QA, did show a slight superiority at time
periods of 1000 hours and longer, 1ts 100— and 1000-hour rupture strengths
being 52,000 and 42,000 psi, respectively. _

At 1350° F the solution—treated discs were definitely superior to
the forged and aged disc at 100 hourd and longer. Comparative rupture
strengths were 32,000 psi for NR—T4B—QA and 27,500 psi for NR-T4B-F at
100 hours and 25,000 psl for NR—T4B-QA compared with 18,000 psi
for NR—T4B-F at 1000 hours. Aging the solution-treated disc for 16 hours
at 1400° F did not affect rupture strengths at 1350° F.

The solutlon~treated and aged disc was much stronger than the forged
and aged disc at 1500° F. The comparative 100-hour rupture strengths for the
two discs were 20,000 and 13,100 psi and 1000-hour strengths were 15,000
and 6,000 psi.

Inspection of the curves of stress against rupture time in figure 6
indicates little change in the slope of the curves with increased temper—
ature of testing for the solutlon—treated disc. The Iincreased slope of the
curves for the forged and aged dlsc wilth increasing tempesrature accounts
for its lower strength. This difference clearly Indicates the bensfilcial
effect of a solutlon treatmsnt on properties at temperatures above 1200° F.

The rupture tests on specimens from various locations in the discs
indicated that the dlsc material was fairly uniform and that, if anything,
the material taken radlally near the rim in the center plane tended to be
weaker than materlal from other locations. Thus, since most of the
materlal tested came from this locatlon, the results obtained were probably
conservatlve for the properties of the disc as a whole.

Rupture test ductilitles shown were better for the solution—treated
and aged disc than for the forged and aged disc in all cases. Aging the
solution—treated material produced a marked improvemsnt in rupture ductility
at 1200° F but had little effect on ductility at 1350° F. Actually, the
ductility of all the material was good, being at least 5 percent for
fracture 1n 1000 hours.
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Time-—Deformation Characteristics

A convenlent method of describing the high—temperature strength of
a materlial 1s curves of stress agalnst the time required for various
total deformatlions. Deformation deta from both stress—rupture and creep
tests are used to prepare such design curves. This information, along with
the curves of stress agalnst rupture tims, gives a falrly complete picture
of the expected performance of an alloy under conditions of constant
tensile stress. The tims—deformation date obtained on the S—590 discs in
three conditions are plotted on semilogarithmic' coordinates in figures 7
to 1k for total deformatioms of 0.1, 0.2, 0.5, and 1.0 percent at 1200°,
1350°, and 1500° F for time periods up to 2000 hours. Additional curves
which indicate the times of transition from a minimm creep rate to the
increasing rate of third—stage creep have been -added so as to show where
rapid elongation preceding fallure starts.

The curves of stress against time for total deformation were plotted
from the date in tables V, VI, and VII. These data were taken from the
curves of elongation against time for the rupture and creep tests. Some—
what erratic data resulted from the tests. Sufficlent check tests were
made, however, to demonstrate that these erratic results were due to a
variation between specimens from different locations in the discs. The
actual curves of elongation against time have not been included in this
report.

The stresses to cause varlous total deformation 1n 1, 10, 100, 1000,
and 2000 hours, as defined by the curves in figures 7 to 14, are given in
tables VIIT, IX, and X, The most pronounced difference between discs was
found at 1500° F where the solution—~treated and aged disc had deformation
strengths from two to three tlmes higher than those of the forged and
aged disc. The difference between the discs was much less at 1200°
and 1350° F. The forged and aged disc gave strengths somewhat higher than
the solution—treated disc and both were higher tham the solutlon~treated
and aged material at 1200° F, particularly at O.5-percent total defor—
mation. At 1350°°F the solution-treated and aged material had higher
strengths, the degree of superiority increasing with the amount of total
deformation considered.

Creep Strengths

Many engineers are accustomsd to base designs on creep rates,
especlally for long periods of service. TFor this reason, the creep rate
data have been collected from the curves of elongation against time and
are shown in table XI for creep tests and table III for rupture tests.
The logarithmig curves of stress agalnst creep rate for the tests
at 1200°, 1350°, and 1500° F on the S—590 discs are shown in figure 15.



NACA TN No. 1760 . 9

The creep rates plotted were elther minimum rates or final rates from
1000-hour tests at 1200° F and 2000~hour tests at 1350° and 1500° F. The
creep strengths obtained from figure 15 were as follows:

Dieo TPemperature Stress (psi) for creep rates of —
(°F) 0.0001 percent/hr |* 0.00001 percent /hr
NR—T4B-F 1200 . 27,500 | ecaaao
NR—T4B—QA 1200 23,000 | e
NR—ThB-T 1350 10,600 | emeeas
NR-TUB—A | 1350 16,%00 12,100
NR-T4B-—F 1500 a2,800 | eeeee-
NR-THB—QA 1500 10,000 7,100

®Fstimated strength.

It 1s observed that at temperatures above 1200° F the solution—
treated and aged disc, NR—ThWB—QA, is much superior to the forged and aged
disc, NR—TUB-F.

These creep gtrengbths can be compared with the deformation
strengths in tables VIII, IX, and X. The creep strengths for a rate of
0.0001 percent per hour at 1200° F are apparently safe for use for tims
periods up to 10,000 hours since extrapolation of the curves of transition
to third-stage creep In figures T and 9 to 10,000 hours indicates that at
the creep strengths listed second-stage creep will. still prevail.

At 1350° and 1500° F extrapolation of the transition curves of
figures 12 and 14 to 10,000 hours gives stresses about the same as those
producing a creep rate of 0.0001 percent per hour for the solution—treated
and aged disc, NR-T4B—QA. This is not true for the forged and aged disc,
NR—TUB—F, tremnsition to third-stage creep occurring in approximately
2000 hours under stresses causing a creep rate of 0.000l percent per hour.
(See figs. 10 and 13.) This means that the reported creep strength Ffor
NR~T4B-F at these higher temperatures would not be suitable as a basis
for design for longer time periods than 2000 hours, while the creep
strengths of NR—TUB—QA can be used, with caution, out to 10,000 hours.

At 1200° F the data were not sufficlent to define the strengths for
a creep rate of 0.00001 percent per hour. At higher temperatures the slopes
of the curves of stress against rupture time Indicate that creep strengths
for this rate would not be suitable as a basls for design for prolonged time
periods for the forged and aged disc and that caution should be observed
when extended service perlods are contemplated. for solution—treated and
aged material.
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Stability Characteristics

Some of the completed—test specimens from each of the discs were
subJected to temnslle, impact, and hardness tests at room temperature,
after creep testing at 1200°, 1350°, and 1500° F, with the results shown
in table XITI.

The most significant property changes observed as a result of creep
testing were the decreases in impact resistance and temnsile test ductility
at room temperature. TITmpact strengths were low 1nitially and were very
low after creep testing. The decresase in ductility was even more pronounced
than that of impact strength.

There wes no significant change in hardness as a result of creep
testing for the forged and aged disc, but the solutlon—treated and aged
disc increased 1n hardness during testing. The tensile~test strength
properties of the forged and aged disc, NR—T4B—F, decreased progressively
with Increasing creep test temperature. Those of the as—solution—treated
material, NR—T4¥B-Q, increased as a result of a 1200° F creep test, while
the strengths of the solution—treated and aged disc, NR—TLB—QA, were higher
after creep tests at 1200° and 1350° F, but were lower in strength than the
original material after a 1500° F creep test.

Photomicrographs of the structures of the original materials and after
creep and rupture testing are shown in figures 16 to 22. The forged and
aged disc, MR—T4B~F, had nonuniform structure as evidenced by grain-size
differences and distribution of the excess constituents. (See fig. 16.)
These differences were also observed in the structure of some of the
comnpleted—test specimens. ) : )

Only a small emount of gensral precipltation was observed in the forged
and aged disc as a result of creep and rupture testing at 1200° F. (See
figs. 17(a) and 18(a).) Considerable agglomeration occurred during testing
at 1350° F. The differences .in amount of precipitate between the creep and
rupture test specimens, shown by comparison of figures 17(b) and 18(b), were
another indication of nommiformity of material. Further agglomeration of
the prg%igigated phases was observed in the 1500° F rupture specimsn. (See
fig. 10(c).

The original microstructures of the solution-treated disc, NR—T4B-Q,
and the solution—treated and aged disc, NR—T4B-QA, (fig. 19) were different
in that more precipitates were present in the aged materlial. Heavy general
precipitation occurred during rupture and creep testing of both materlals
and agglomesration increased as the test temperature was increased. The
precipitation did not appear quite so heavy in the creep specimens as in
the rupture specimens.
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Fracture of the longest—time rupture specimens of the forged and
agod disc appear to be both transgranular and intergranular while those
of the solution—treated discs were largely intergranular.

.

Allegheny-Iudlum Data on NR—TLB Discs

Table XIIT gives the avallable results from tensile, hardness, and
rupture tests obtalned by the Allegheny-Ludlum Steel Corporation on the
other halves of these S—590 discs. Also ligted are comparative results
obtained in this investigation. In general, the camparative results
show good agreemsnt.

CONCLUDING REMARKS

In general, the solution—treated and aged disc had the best properties
at hligh temperatures. At 1200° F the forged and aged disc had better
rupture strengths out to 100 hours and higher total—-deformatlon strengths
to at least 2000 hours. At 1350° and 1500° F the solution-treated and
aged disc was definitelg superior in properties. On the baslis of a limited
number of tests at 1200° and 1350° ¥, the properties of a plain solution-
treated disc were almost the same as those for the solution-treated -and
aged disc materiel.

The as—orged and aged dlsc had much higher yleld strength at room
temperature, 1200°, and 1350° F than the solution-treated and aged disc.
This characteristic might be important in applicetlons involving high
gstresses at low temperatures at the centers of rotor discs or in applications
involving high stresses for short time periods up to 1350° F.

The date reported by the Allegheny-ILudlum Steel Corporation show
that aging the as—forged disc at 1400° F reduced properties at room temper—
ature and probably increased rupture strength at 1350° F., Increasing the
aging température to 1500°,F further reduced yleld strength at room temper—
ature and lowered rupture strength below that of the material aged at
1400° F. Their data also show that aging at 1500° F after a solution treatmsnt
results in somewhat lower rupture strength at 1500° F than aging at 1400° F,
at least for tims periods longer then about 100 hours.

Table XIV has been prepared to show the comparative properties of
solution—treated and aged bar stock of S—590 alloy and large discs. The
tensile properties of bar stock were somewhat higher than a similarly )
treated disc. Rupbture properties at 1350° and 15000 F and total—
deformation properties at 15000 F agree qulte well for the solution—treated
and aged bar stock and the disc, an indicatlon of the possibility of good
reproducibllity of high—temperature properties in different forms for
§-590 alloy.



12 NACA TN No. 1760

The properties of the discs had, in general, good uniformity for such
large forglngs of highly alloyed material. Wide variations in grain size
and microstructure did not appear to affect properties grsatly, except to
cause erratic data for the studies of stress against time for total
deformation. Such variatlons as were present were reduced somswhat by
the solutlon and aging treatment.

A major problem in using data of the type obtainsed in this investigatlon
1s to estimate the dsgree of reproducibility. Experience with other high-—
alloy steels Indicates that falrly good control over forging practice
would be required to reproduce consistently the propertlies of the as—
forged and aged disc. The agreement In propertles between bar stock and
the dlsc when solution—treated and aged suggests that the properties of
discs should be fairly reproducible when heat—-treated. Until more data
on the properties of dlscs made by this and, especlally, other fabrication
procedures are avallable, it should be assumed that the data herein reported
apply only to the particular discs tested and fabrlcated and heat—treated

in the manner i1ndicated.

The heat treatments used on the discs covered by this investigation
were based on a large amount of experimental work by the Allegheny—Ludlum
Steel Corporation. Deviation from these conditions would result in pronounced

changes in properties at high temperatures.

Table XV presents a summary of the comparative properties of discs of
two alloys, S—590 and S-816 (see reference 10), studied at 1200°, 1350°,
and 1500° F in the cooperative research program, This comparison shows, Iin
general, that for similarly treated material the S-816 alloy disc has
better properties than the 5590 alloy disc.

Universlty of Michigan
Amm Arbor, Mich.
and
Battelle Memorial Institute

Columbus, Ohio
March 11, 1948
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PABLE I

EEDET-TTME TEMSTLE PROPERTIES OF B8-590 ATIOY DISCS NR-THB

[MAcA date excopt where indloated. All temsile towta were medo on gtandard 0.503-in.-diamoter speoinens)]
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pee | ooteen | el | e | > tma | e | o e | e | 0
e nomier ) {°F) (pai} 0,02 porvent | 0.1 perosnt |0.2 percemt {zst} {porcsnt) | (perosat) elastisity
FB-TLB-F 1ky CRR ™ | 130,600 69,000 g;.,c-oo 100,000 37,500 9 11.5 267 30.5 x 10¢
1hx &r8 ™ 127,500 2,500 4000 96,200 k7,500 T 9.2 267302 g
16Y CTR ™ 137,70 T,000 $9,000 108,000 37,500 11,s 23.2 293 .
16X am ™ 1kT,000 91,000 110,000 120,000 50,000 10 20,6 31 30,3
129 EHR 1200 87,900 | moems 62,500 70,000 22,500 16.% 21.3 23,8
1Lz BAR 1200 8,200 | ----- 70,000 T3,%00 k0,000 b 23,0 22,1
13 =R 1320 65’3?{3 ------ hS.JGD 531“)0, 17,500 31 5,3 |- 20.3
15x 880 1320 63,815 | oo 53,000 57,000 22,500 e7 35,0 | mmmmeme 19.6
o2Y OFR 1500 L3290 | mmmeee 32,500 36,000 | =mee-e- 20 29.8 | -—-—--- 14,0
o1z, ER | 1300 | 43,000 —emeus 30,200 P/ | 3 O 19-4
FE-TAE-Q 1Y CER ™ 17,500 37,500 23.000 59,000 224500 30.5 27.2 211 27.6
162 8RO ™ 121, %00 go,ooo 00 55,000 22,500 1) 51,3 215 ES-E
e cm T 114,000 , 59,000 25,000 38 33-2 eaa 29,
17X ams (¢] 121,000 30,000 7,000 57,000 17,500 o 36.5 a1 271.6
1h2 8rR 1200 82,000 —---- k1,500 Lk ,000 20,000 1 17T} =mm==n 22.¢
157 R 13%0 TL,e50 | memee- k1,500 15,000 22,500 1n 13,0 | mu=mn-- 22.2
FO-TLE-QA 16Y CRO ™ 130,500 b5,000 63,300 70,500 25,000 17 18.¢ 259 27.8
16x 8RG 1200 gL,600 | mmm--- k6,000 19,000 a7,500 2T 3,2 | mmmmeee 23.08
13X foci:| 13%0 g, 70 | - 3,200 k6,000 20,000 25 30,k ———-i-- 0 22,8
%1y foi 2} 1500 hh,500 [ e 35,700 38,080 | emee- e2.7 27,2 | e 18.0
%2z 8FR 1300" My,e30 | mmmeme 3k, 400 3T,k | TTTTTT 13.3 15.9 | 7Tttt 19.2
Agsat troatmantat W
WahB—¥: Ae—forged; 16 hr at 1400 T, . .

WR-TRE-Q: 2300° F water—quenchad.
WR-TAB-QA: £300° ¥ wmter—quenabed; 16 hr at 1400° F.
bomR center—plans redisl speclmen noar rim of disc.
SRR surfrce—plene radipl gpscimen near rim of diso.
mwm@mmmmwmwﬂw.
BTH surface—plans tangsntial spsoimsn neer rim of diss,

20 surfaco—plans radial saranimen moar aanter of d_igg

B0 conter—plana radiel epecimon nsar camter af dieo.
ONTRC and Hevy date at 1%00° T,

)
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NACA TN No. 1760

TABLE IT

CHARPY NOTCE~BAR IMPACT RESISTANCE AT ROOM TEMPERATURE, 1200°,

1350°, end 1500° ¥ FOR S-590 ALIOY DISCS NR-T4B

[RDRC and Navy datal

15

Test Charpy lmpact
Disc Specimen Specimsn te
mperature strength

NR—-TUWB—F 5C Interior Room 5
TC Interior 5
8B Interior 5
5A Burface 6
TF Surface T
NR—-TLB-F 5D Interior 1200 8
yO) Interior 8
8E Interior 8
5F Surface 13
10A Surface 10
NR—T4B-F 8D TInterior 1350 8
6D Interior 10
10E Interior 8
6a Surface 1k
8a Surface 13
8r Surface 13
MR-TUB-F 6C Interior 1500 12
8 Taterior 10
5B Interior 13
6F Surface 18
TA Surface 17
10A Surface L
NR—T4B—QA &p TInterior Roam 6
= Interior 10
8F Surface 10
NR-TLB—QA qC Interior 1200 10
88 Interior 1k
QA Surface 20
9F Surface 16
NR-T4B-QA 9D Interior 1350 12
TC Interior 12
9B Interior 16

10A Surface 24 -
TA Surface 20
NR~-T4B—QA 10D Interior . 1500 13
™ Interior 13
10B Interior 16
10F Surface 25
& Surface 29

/S
lHeat treatment:
TR-7UB-F: As—forged; 16 hr at 1400° F.
NR—T4B-QA: 2300° F water—quenched; 16 hr at 1400° F.




16

NACA TN No. 1760
. TABLE IIT
EUPPURE TEST DATA AT 1200°, 1350°, and 1500° ¥ FOR 5-590 ALLOY DISCS HE-THB
Speocimen Tost Rupture Elongation Reduotion Hinimum
1(’:3° Bge;bi:gn location temporaturs sa:‘; tize in 1 in, of area croop rate
(») (°F) (rr) (porcent) (porcent) (porcent/hr)
CHR-7LB—F hio 4 CER 1200 55,000 69.5 21 20.6
7Y CER 50,000 1! 17 21.2
1 EER X e --=-
17y CER 9,000 .5 9 1.k 0,0102
127 CER dhO,OOO gg 6 7.3 0036
ig g 50,000 1396 T - 7.1 L0018
37,000 2310 12, .0013
12x exR 7,000 | °2376 . il ~0012
17X SRR 52,500 256 15 15.0
127-0 CEC 52,500 161 1T 15.6
SHR-7KB-Q 19Y CER 1200 53,000 ] 4 g.g ------
19Y CRR 50,000 5 6 5 e
197 cRR &s,000 493 g g.a 0046
1Ry cEr 42,000 ho% ir’s .5 .0068
18y CHR 40,000 937 5 5.0 .0026
191 SRR 52,500 1% 6 13.6 | =ee---
191 SRR X 111 13 10,9 | -
1hye cRe 50,000 228 g 15.3 | mm=—--
172 8TR 50,000 10 . 6.2 | wemee-
CRA-TKB-QA 137 CRR 1200 55,000 60 1 13.8 | -
. 20Y CER ,000 153 %3 1.7 | =
20Y CER 55000 640 9 13.3 -0086
13Y CER ,000 878 12 13.3 0072
131 ERR 450,000 1596 13 19.1 .0036
201 SER 52,000 95 15 17.8 | -mee--
CHB-7hB-¥ 7Y CRR 1330 30,000 60 12 1.4 ] ===
1TY CER 25,000 180 8 1.5 .0186
12x 8ER 455,000 183 n 10.2 186
17y CRR 20,000 676 T 5, ,0030
aex BER " 420, t156 13,5 6.4 0054
12y CER 17,000 1291 LY e.g 0006
i1z SRR 437,000 995 s 2, .
17T SHR 27,300 86 6 10,9 | ==
12r-C CEC 21, 193 17.5 18.9 am—eee
CIB-THB-Q 197 CER 1350 33,000 & 10 15.6
19Y CRR 30,000 2% 1 15,0
kY CER 27,000 204 8 8.0
1hy CRR 25,000 9% 1n 17.8 0048
1hx SER 32,000 163.5 h 5.0 | ==ee=-
1hY-C CBC 32,000 373 5 7.3 | e
CHR-TUB-QA 13Y CRR 1350 35,000 k5.5 13 17.8
13y CER 30,000 168 12.5 16.0
CRR 27,000 167 8 15.6
13¢ CRR 25,000 1121 f13 17.8
131 ERR &, °8hy ———-— -
20x SER 32,000 97 118 8.3 | ------
SMn-THE-P 9A ERR 1500 20,000 29 6.9 12.8 .10
9D CRR 16,000 9 9.0 8.5 .03
9B CER 11,000 124 12,0 17.5 024
2z SRR hy9,000 264 10.0 ---c 0083
97 SRR 6, 1018 5.0 9.k 001
SHR—ThB-QA 1A RR 1500 20,000 % 18.0 23.5 |  mmeme-
nr SER 20,000 104 30.0 33.9 .027
ng CER 19,000 203 32.0 23.6 -----
e CER ,000 3T 27.0 .8 oogg
1B CER 16,000 20,0 31.6 o
11D CER 15,000 1000 16.5 25.5 .001%

®Hsat treatmente:
IR-T4B-F As-forged; 16 hr at 1400° ¥.

IR-THB-Q 2300° ¥ vater—quenched,
TB~-THB-QA 2300° F water—qusnched; 16 hr at 1k00° F.
BCER conter—plans radial specimen nsar rim of disc.
SRR surface-plans radial specimsn neear rim of disoc.
CRC centor-jlans radial spscimsn near center of disc.
SR swface—plans tangsntisl specicsn nsar rim of disc,
CHACA data. (Specimsns wers 0.160 in. in diamster with a gags longth of 1 in. unlews indicated othsrwiee.)
4Test cn 0.250-in.-diszster speoimsn vith yrecision extemscmeters.
eDiscontimed at this tims.
fFractured dn gage mark.
IRC and Ravy data. (Bpecimens were 0.2%50 in. in demeter with gage length of 1.3 in.)
broat on 0.505—in—diawster specimen.




TABLE IV

RUPTURE TEST CHARACTERISTICS AT 1200°, 13509, AND 1500° F OF S-590 ALIOY DISCS RR-7LB

Rupture strength

Rupture ductllity

Disc Temperature Streas (psi) for rupture in — [Estimated elongation (porcent) to rupture
(2) (°F) in -
10 br | 100 hr [ 1000 hr |2000 hr| i 4. 100 hr 1000 br | 2000 hr
PRR—74B— 1200 ©69,000 | 52,500 | 40,000 | 37,000 ~-- 20 7 T
PNR-7UB—Q 66,000 | 51,000 | 40,000 3g,ooo -- 6 5 --
DNR—TUB—QA ©66,000 | 52,000 | 42,000 | 38,500| -~ 12 12 12
PRR—74B—F 1350 42,000 | 27,500 | 18,000 | 16,000| ~-- 10 5 --
PRR—T4B—Q 42 000 | 32,500 | 25,000 | 23,000 ~-- 10 11 --
PNR-TUBQA ®41,000 | 32,000 | 25,000 | 23,500 15 12 13 --
dRR—TUB—F 1500 29,000 | 13,100 6,000 | 1,800 7 12 5 -=
Ap—7hBQaf | --=--- 20,000. | 15,000 | 13,100| =~ 30 16 --
®Hoat treatments: RAGA

NR~7UB—F As—forged; 16 hr at 1400° 7.

NR—T74B—Q 2300° F water—quenched.
WR-T4B-QA 2300° F water—quemched; 16 hr at 1400° F,

DNACA deta.

CEstimated strength by extrapolation.
ANDRC and Navy data.
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TABIR V

AMA M OTORCGa AT MTLB TYYD MWHAAT TIRTATRIAMTT~A Am 1Aannd ™ o 0 cAn ATTAY TYTONAa = ~hh
LARLA VAR AR RT OLLL LMDy DWWl AWLAL LoD VOWALLLWUILY L AoV A Bun D—')‘,'U SRS L LWAAD WL [ rD
paca aata)
Time (hr) for total detormations of — Transition to
Dise Speoimen B'bree;u dB;_"niti:J{m third—atage creep
(a) number | (pel .
(porcent) 0.1 psroent [ 0.2 percent | 0.5 percent| 1 psrcent | 2 percent |9 percent; %‘;‘3 D?;‘:rrx;ﬁn
¥p-7lB-T 137 | 25,000 0,107 - 3P0 | meemee- --- e -——- - -
1% | 25,000 .103 - 270 | memmme- .= ———- m——- o .
13x | 35,000 150 -~ L 612 --- ---- ---- . -
127 | 37,000 .165 -- --- 6.5 286 1180 2265 1720 2.8
2% | 37,000 190 - 2 122 €10 1740 - ———— —
127 ,000 .180 e --- 21.0 124 hoT 835 560 2.7
172 | 50,000 220 -- --- 23 236 T90 nr=- 738 2.0
17y 45,000 205 - --- 11 33 1 277 1 2.3
ATY | 50,000 .230 - 3 13 35 96 50 2.6
17y | 55,000 260 - - | e -— 16 37 . RS
HB-ThB-Q 15X 35,000 199 -~ - 187 =30 it ---- -——- -—-
18y ,000 250 -~ -=- 25 168 360 - 890 3.5
1hY | L2,000 +310 -~ - L 48 200 - 340 3.0
197 | 45,000 L0 - --- 0.5% eT 185 s 180 3.6
19y | 50,000 .8oo - - | - --- 20 — _—— -
MR-T4B-QA 13Y | 25,000 .108 -- 130 b1omo -=- ---- === - -
132 | 35,000 158 - 5 102 583 -—-- -—-- ———- _—
13X ,000 .2ho -- 13 55 235 925 T L2
137 42,000 215 -- --- 7 29 125 525 505 4.8
20Y | b5,000 270 .- === 2 20 82 390 ko5 5.1
20T | 50,000 130 .- === | - 3 17 &0 80 5.0
2Heat trestments: WAL A
IR-TYB-F Aeforgsd; 16 hr at 1400° F. v

ER-TUBQ 2300° ¥ water—quenched,

RR—

2300° ¥ water—uenched; 15 hr at 1400° F,

bBy extrapoletion,

gT
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TABLE VI

DATA ON STRESS AND TIME FOR TOTAL IHFURMATION AT 13500 P ®OR 5590 AIIOY DISCS NR—7IB

Time (hr) for total daformations of —

Trangltlian to

Initial third—satage creep
Disc Specimen| Stress deformation
(8) number | (p91) | (porcent) Time | Dsformation
0.1 psrcent | 0.2 percent | 0.5 percent |1 percent |2 percent| 5 percent (nr) (porcent)
b 1ra \n_w hro 1A WY n NEN 19 1TRE 19N ————— ———— J—— R [S——
o i g Y =T Aardd Vel Jo EaE} e RS AN
box | 15,000 .092 5 78 502 1282 1825 - 850 0.66
clpy 17,000 .08% -- 6 bl 480 920 - 600 1.2
C1T7Z 17,000 080 -- ) 100 510 830 m-e 600 1.2
bay 20,000 .099 1 10 ;g 285 500 e 375 1.28
C17y 20,000 .100 e 20 260 655 260 2.0
CLox 20,000 115 SR Bt b 65 === --- --- ----
eLTY 25,000 .130 i e A 11 58 150 65 2.1
Clox 25,000 154 e i Bt 13 68 160 85 2.4
o17Y 30,000 160 N e B 3 1 L - —
NR-74B-Q | Cihy 25,000 115 == 2.5 9 28 T2 685 TLO 5.2
iy | 27,000 [ 125 N %2 9 50 170|170 |5
%197 30,000 L1h5 - 1 == i i35 50 1956 150 I
Cl9y 33,000 TS SR L d), 13 31 65 . —
nn_rhm na bavw T0 Ny nhn no arr ]l ena—- - - -——— ——— ————
Ll e L Lo ynnd L cc (=]
Py 15,000 085 6 58 43030 ———— S - — ——
Dax | 20,000 | °.12% -~ 12 103 1765 - --- --- -m--
P37 23,000 | .12 -- 1.5 12 235 ---- . k60 1.35
Ci3v 25,000 110 - 2 16 52 220 25 600 3.7
C13x 25,000 Jdhe - o 11 W6 186 m-- - -—--
Cl3Y 27,m 120 - 1  T==== )-I- 11 30 111-2 98 3.7
C137 30,000 /135 - e 6 14 32 133 90 3.7
aHBE.t 't_:m&.t:monts: MACA
WR—-7UB-F As—forged; 16 hr at 1400° W,
WR—TUB—Q 2300° ¥ water—quenched,
TWR—ThB—QA 2300° P vater—uenched; 16 hr at L400° F.

PRIRC and Bavy data,
°NACA dnta.

U“Retimatod.

Cantraction upon releass of load,

C9LT *ON NI VOVN
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DATA ON STRESS AND TIME FOR TOTAL DEFCRMATIAN AT 1500° F FOR S-550 ALLOY DISCS NR—7LB

[NDRC and Navy dﬁ‘ta]

ma f1oN B Lo a_M A, . aa o Tranasltion to
Dj_sc Smcim&n Stmag ti&l 1 \or) 1or Lowal aciomuatlorn [o] th;lrd—-etage CI‘eeP
(a) mmber | (psi) d?forlm.tic))n oo | Dor
percern eformaticon
0.1 percenti0.2 percent|0.5 percent| 1 percent|2 percent |5 perceni (hr) (porcent)
RR—TLB-F 9A 20,000  ----- - = 1.7 6 16 28 15.5 1.95
gd |16,000|  ----- e b5 13.5 31 Sh 2k 1.56
g& |11,000] ----- --- 2 1 28 6l 101 48 1.L2
o7, 10,000 0.069 1 5 35 a5 145 250 T4 0.92
gF 6,000] ----- L 20 132 392 700 - LBk 1.17
NE—74B—QA| 1AF 20,000 ----- - | -m--- 10 2L Lo 69 1L .60
110 18,0000 ----- - | == 20 T2 119 220 b0 62
118 16,000  ~---- --- & TO 180 306 L7 b 155 .85
1D 15,000 <o % 56 325 515 787 | 300 -9k
ux 12,000 077 3 25 1270 “3400 - —— (P L1T00 .58
17 |10,000 .068 72 b, 436 1800 | -mem-e- - el IR L -—=-
ox 8,000 .036 430 oo | -mmem- | mmmeme- --- - | = —

SHeat treatments:
MR-~7AB-F As—farged; 16 hr at 1400° F.
TR—7hB—QA 2300° F water—quenched; 16 hr at 1400° F,

bEstimted.

0c
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TIME-DEFORMATION AND CREEP STRENGTHS AT 1200

TABLE VITT

Q

F

FOR 8-590 ALLOY DISCS RR-TUB

[mach aate]

Stress (psi) to cause total

Creep sitrength

Disc Total doformation in — (based on creep retes at 1000 hr)
(=) deformation: (pe1)
(percent) 1 hr |10 hr [100 hr |1000 hr{2000 hr [0.000L0 percent/hr|0.00001 percent /hr

RR-T4B-F 0.2 38,000(33,000( 28,500| 22,000|P20,500 27,500 | eee-e-
NR-T4B—Q 2 |memmmemmefameeee hmmmmee s N e R T
NR-74B-Qd 2 by, 000{33,000| 26,000(P18,500(------- 23,000 | = =e=esw
NR-T4B-F R L 4h,000{ 38,000| 32,000[P30,000| = ~-eem= | ameee-
NR-TUB—Q 5 [memmaee 41,500 36,200 31,000 |so-mmmm | mmmmme ] emeees
NR-T4B—-@ 5 47,000]40,500| 33,800| 27,000(°25,000]  =-===~  } = —--e--
NER-T4B-F L0 |emmmem- 50,000| 42,000| 3%,300(,32,000] @ ~emes-= | =eeea-
RR-T4B—-Q 1.0  [m=--om- 47,000 ko, ,500| 34,000[°32,000  s==me- [ m-eees
FR=T4B—GA 1.0 —————- 46,500 39 500| 33,000[P31,000  =--==- [ cemea-
NR-T4UB-F |Transition [=-----«|-====- b7,000| 39,000( 36,000 ==e-=- | =-----
RR-T4B~Q |Transition [-======|-===n- b50,000! 39,000|—-c-=-|  =emeem | e
NR-T4B—Qh |Transition [s==-==e|e-emu- h9 000| 39,000f 36,000 @ w=---- | eomees

AFeat treatmenta:

=

7him

A Peonnrand e

1L hom ot 10NAN0 m
e~ | 4.0—1 .m:r-J.u.f.guLLj 10 O 8% 149U F

NR-T48—Q 2300° F water—g

uenched,

NR-ThB—QA 2300° F water—quenched; 16 hr at 1400° ¥.

PEstimated strength by extrapolation.
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TAELE IX

TIME-DEFORMATION AND CREEP STRENGTES AT 1350° F

™R A RON ATTNAYT MTANS WD
AR WS TN AR L LALLM LWL T

rhn

[RACA, NDRC, and Navy data]

Total . Creep strength '
D ; Stress (psl) to cawse total
(&glc deformation d.eggrm:)srbion in — (based on minimm rates)

(percent) (psi)

1 hr |10 hr 1100 hr|1000 hr[2000 hr |0.00010 percent/hr|0.00001 percent/hr

NR-T4B-F 0.1 20,000 | 12,800 |~===vm| =mm=eu| womnaa 10,600 | =em=e-
NR-T4B-Q 1 el e B B I I e B
NR-T4B-GA .1 19,000 | 13,800 |~=~=--~ mwrmmm| cenan 16,400 12,100
NR-T4B-F 2 |- 18,600(13,100| B8,000| =====-| = mm=m== | mmeme-
NR—TLB-Q 2 |- 16,000 |======| ==mm=m} —mmeee|  mmmeee | eeeeee
NR-T4B—QA 2 26,h00 | 20,600(1k,700{ 8,700| °7,000| = mm=m-- | memees
NR-T4B-F. 5 | mmm——- 21,000|17,000] 13,000 11,500  =~==== [ = ==cee-
NR-ThB-Q 5 [ mme——- 24,000 m=mmre] mmmmee| mmmeee | emeeee [ e
NR-TB~@h 5 30,000 | 25,700121,400] 17,000] 15,700 =w=e=w | = ==-m--
RR-74B-F 1.0  |-=---- 25,500(20,500| 15,500 14,000  =esm-- | -m---e
NR-T4B~Q 1.0 ---~-=133,000|-====n| ~=sems| ssmmmn|  mmeeme | mmeeee
NR-ThB~A 1.0  [===--- 27,700|24,100{ 20,800, 19,800f W ~---=- | ==eee-
KR-TUB-F |Transition | ===rn== la====un 2,500 14,500 11,7001 ==-==e | =mee--
RR-74B—Q |Transition |-==~== fw===nn= 31,000| 14,000{ ======| = m====p | =m=ee-
NR-TUB-@A |Transition | -===== [-==----- 29,000 22,500 =-=~===| = emewe-- ] om-ee-
“Heat treatments: W

RR-TU¥BF AsForged; 16 hr at 1400° F.

NR-TUB-Q 2300° F water—quenched.

NR-T4B—QA 2300° F water—quenched; 16 hr at 1400° F.
DPEgtimated strength by extrapolation.
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TABLE X

TIME-DEFORMATION AND CREEP STRENGTHS AT 1500° 7

FOR S-590 ATIOY DISCS NR-TUB

[FDRC and Favy date]

09LT *oN NI VOVN

Stress (psi) to cause total

Creep strength

Dia Total deformation 1o — (based on minfmm rates)

( )° deformation (psi)

B (percent )

1 hr |10 hr [100 hr|1000 hr|2000 hr [0.00010 percent/hr|0.00001 percent/hr

NR—74B-F 0.1 10,000 26,800 |-=====[z===n= | —==mm- b2 800 ——--
NR-7U4B—GA 1 |P13,600[11,500| 9,400{P7,300 | ------ 10,000 7100
NR—7LB-F .2 13,500] 7,800 |--=-==[=rmmcn | ccmmee [ aeeeo ————
FR—74B— 2 fmmmeea- 14,000(11,000| 9,200 | 8,600 —————- ———
RR—74B-F 5 |mem=ee- 12,700] 6,500 |~===== | =m===n| = cc=aa- ———-
KR-74B-QA 5 -»=====19 400 [14,800(11,600 | 10,500  ------ ———-
NR-TUB-F u R S o— 17,300{ 9,000|P%,000 | ~=mme=|  amoee- —e-
RR-74B-@A 1.0 feemmces]meeees 17,200|13,600 | 12,700 ——— -——-
NR-74B-F |Tramsition |=------f-==--- 9,300 |P4,200 | =me-==| = en;ee- -—-
FR-74B—QA |Transition |------- 20,400 116,700(12,600 | 11,800 |  ~~---- -——-
a'.E{ea'b treatuments: @T

NR—T4B¥ As—forged; 16 hr at 1400° F,
RR-T4B—QA 2300° F water—quenched; 16 hr at 1400° ¥,

bEatimated strength by extrapclation.
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TABLE XY

CREEP TEST DATA AT 1200°, 1350°, AND 1500° ¥ ¥OR 8-%90 ALIOY DISCS KR-7hB

Daformation|
Teat -
Disc |Specimen tampgm_ Stress Duratian lll:iponti Creep rate (percent/hr) at Total deformation (percent) at —
a ca
(a) mmber o (pet) | (nx) |OFEASOON 0 e | 1000 hr | 1500 b | 2000 hr | 500 hr|1000 hr|1500 x| 2000 r
_ - (percent)
¥R-7UB-F | D13y 1200 |(25,000| 1108 0.107  |0.000082| 0.000066} = ~=== e 0217 | 04257 | =---= [=-==-=
b5y 1200 125,000| 960 .103 .000082| .000066| ====~=-1 S -1 QO QNG [ PR
b13x | 1200 (35,000 | 1002 .150 00028 | 00027 | ---c-medhammeanan L69 | 608 [ wmoos |-ome-s
7B | P1sx | 1200 |35,000| T70 199 00095 | ©€.00090 |=r==-=-o e -] 915 [C1.163 | —mm=m |=mme-e
NR-7hB-GA| P13y 1200 {25,000 1009 .108 00026 | 100025 |=mmmmmmdrmmae——- 0305 | o438 L mmmmm [emmeee
P13z 1200 35,000 1002 158 00090 | 200087 |<-m-mmmmremmmeaaa 925 | 1.370 | ~-mem |-mmmmm
MB-74B-F | . d3;x 1350 (20,000 | (s) 099 15,0032 |-mmmeme | cmmeme e 1.65
dox 1350 |15,000] 1872 .092 :00064 | .00058 |0.0013 [F0.0025 483 | 760 | 122 |82.00
Gy | 1350 [12,000| 2059 052 100022 | 00019 | 00018 | 00017 | .301 | .ho5 | .ug7 | .86
NR-7hE-A| 437 1350 [23,000 | 1886 142 0015 |=mmmmmesiwamemaa ] ccaaae 1.42
dax 1350 |20,000| 2016 J25 00026 | 00013 | 00012 | .00012 809 907 969 | 1.029
dix 1350 [15,000 | 2282 085 «00011 | .00008 | 00008 | .00005 .323 385 L1120 JL40
dey 1350 [12,000 | 2135 049 .00007 | .000019| .00001% .000009| .219 | .237 | .26 | .253
FR-74BF | dix 1500 | 8,000 17u3 06 1100185 |--mmmme el amaoee oo =1 14081 |ameoms | ommoo foooooo
K¥R-7LB-0a| ix 1500 12,000 | 2136 OT7 .00020 | .000LT | .00017 | .00020 | .37%5 | W57 | 536 | .640 -
dyz, 1500 10,000 | 2064 .068 00027 | .00022 | 00022 | 00025 | .228 | .330 | .h30 | .é20
dox 1500 | 8,000 | 2039 036 00004k | .000034| .000028| .000024 | .10k J12% 140 152
SHeat treatments: ' SRR
NR-THB—¥ Ae—forged; 16 hr at 1L00° 7.

ER-T4B—-Q 2300° F water—quenched.

RR-T4B-QA 2300° ¥ water—quenched; 16 hr at 1L00° ¥,

PNACA data.

o]

nt ‘1’70 Thos

4T «

I
9YDRC and Favy data.

®Broke in thresds shortly after Tl hr.
TMinimm creep rate, meeswred between 75 and 400 hr; 0.0025% percent/hr.
+-1872 hr.

‘Discontlnued at 886 hr with 2.78-—percent deformation. Minimm creep rate 0.0015 peréent/hr between 250 and %00 hr.

ipiscontinned at T43 hr with 1.56-percent deformation. Minimm creep rate betwesn 150 and 350 hr; 0.00166 percent/hr.
Date from this test were not used for the deslgn curves.

+2

" 09LT *OM NI VOVN



TABLE XTT

WOEETET MOCETTET AN T A T A T T T mvnm.q'r DOADTDIMTEC R O "N ATTAYT TNTana W rlna
Dl 1T LAr L UJ’.‘ u.l:\.m.: ADIL AL LY LD JUWAUAT LS Sl UL EAVI A TP a0}

CLOLLD W o

OLEAS L LAWY AUT | SR

et e s e e
.

Priar testing Rosidua) room—temperaturs properties
conditiane
Disc [Speoimen Ofﬁsat yield Propor-
(o) | mwber Tomper streqs img| TE08MLS vyl slonal  [RLoogablon| Reduotion inpect ot Vickers
(E;? {pai) | (br) (psi) ﬁ? 1 (parcent) | {percent) {ps1) berdnesa
0.02 peroermt | 0.1 psrcemt | 0.2 percent
MR-THEF (v) c; o c; 129,0%0 70,750 90,000 98,280 12,%00 8 10,3 |====mmaee 309
| dawy c o g) [mmm=emm | === ] mmeeee R e Bt —-—-- .- %2, = ---
T3y, kx o) o Ly I B B R e e et -—— ---- | &1, 8, 5 268
4137 | 1200 | 25,000 { 1108/127,000 61,000 85,000 gh,500  |27,%00 6 T3 | = ---
d13x  [1200 | 35,000 [ 1002|==-meme | mmieme | wmmeee ] eemmen [eenees ———- ———- 62, 2 278
fir {1350 | 12,000 | 2059110500 53,000 76,000 85,000 Lo, %00 VT el e -
2x 13%0 | 15,000 | 1872[=--==== | = —mmm== | mmieee | wsmeee feemenn - -—-- 1, 2 k5
Tir  |1s00 | 8,000 7h3|105,000 53,500 1,200 80,800 | 37,500 1.5 R ---
(n) 1500 | -==--- e B e G e R T e R : - il Bkl -
WR-7HB-] o e) | (o) |19 36,250 50,750 57,000 22,500 | 36 £ T R 233
B gl @l we | omm | e e s | ows gy |
4 1200 | 35,000 | T70|127,500 58,000 81,000 87,500 (25,000 6.5 T G [——
I 1200 | ------ [ Sl N S SR S R D B -
HR~74B-A é;n};r gci go) goz 130,500 hs,000 63,300 70,500 25,000 17 18.2 "';;"f;.é 267
c 0 L e T B L st IE LDt m——- === ===
Tar, 4z c og g) |mmmmmen | mmemen b mmmen | mmemme e ———- =~ | 87, 8: 6 282
di3r | 1200 | 25,000 1009 131,000 60,000 78,000 85,000 | 37,%0 5.5 But | mmmomemnn “--
d137, 1200 | 35,000 1002| ------- ————e- - e - ---- o5, 4 28k
Toy 13%0 | 12,000( 2133 132,500 57,500 2,000 79,600 | 39,000 3.3 R
f1x 13% | 13,000 | 2efe|-=-1-- s -l -l ok ——— —-— 2, 4 N9
s 1500 | 10,000 | 2064 116,000 53,000 55,600 62,500 | 31,500 b5 0T ---
bx 1500 | 12,000 @13f ~====== | = mmeemm | mmmmee [ mecmen [ memee- - B, 3 295
8gsat trostmenis! e
NR-THB-F As farged; 16 kv at 1L00° T. TSHacA”

NR-THB—Q T watar-quenched.
RB-~T4B—GA 2300° F water—quenched; 16 I at 1400° P.

bAveraga of tests on centar— and surfeaocc—plane radial specimsns.

SOriginal candition.
ANACA data.
;B:peoinana woro 0.3654n. square with a 0.%0—in.~deep V-notch.
RIEC and Navy data.

E3pscimens were O.4%0-in~diemester, V-notch.

h:ﬁ'u gpeciren available for impaoct and hardnsas tests.
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BABLE XTTT

RESAS RO, ALLRGHENY-LUDTOM BYEEL CORPORAYION AMD COWPAFATIVE NACA, NIRC, AXD TAYI
~

RESUINS QN THE 8-890 ATLOY IT505 NA-7hD

Fom-tampyratare tengils jroparties Rptars yropertios
sob::a Eraatmant Tono]le 0.02-peramnt-cfiant tien Feduotion Arinall Tempor—|  Biroes M £ Bodnotion
w sire rield & Eiooga of area Elmgation o Brinell
(ot (pz“*‘) t (persent) ( s | Dardneas “(o,"“f {pe1) | {bx) (poroemt) ( m") hardnsss
As-TLo: 4180

AL An-forged 143,000 92,500 3.5 Te 293-311 13%0 30,000 6 8.k

11,500 857000 123 Yy ! 4 93
500 2,500 7 13.1 .

AL As—forgod ) 133,50 72,500 13 9.2 08 1200 000 | 13h.m 175 30 g7
16 hr ab 1R800 %,000 | 397 13 16 Tt
1kooP ¥

™ 129,0%0 0,750 <] 10.3 PaT-311 1200 ,000 1m0 17 L2 -

1200 45,000 1 372.3 9 lhoh ===

I\ ) 132,500 25,000 13 1.1 283 150 | 20,001 9 15 27 277
16 hr at . 1500 17,500 23 g3 22 285
1%00° ¥

Bolutdon-traatad diso
AT, 230° ¥ 3 br 123,000 32,500 9.5 *.3 220~k 1200 Ne,000 | 178 3 A 223
™ wotor—quenched 119,500 36,290 36 Fe. 211423 1200 k3,000 | 93 b T 13 .-
s Bolukion~treated ol aged dico
AL 2300° ¥ watar~ |  13%,000 k5,000 2 Ba ass 1370 35,000 | ke gk &3 302
160 1350 3,000 | 185 26.% 294 X2
at 15007 F 13%0 25,000 | 9R3 19 23 302
™ 130,500 k5,000 7 8.2 285 13%0 30,000 | o850 11 1 —
1350 25,000 | 9% 1 1748 ——
h:] - ————— - - =T 1%00 20,000 76 18 on X -
1500 18,000 | 1000 16.5 £E.x a—
AL 2300° ¥ uﬁtar—hr ...... —— —— n——— ———— 1500 20,000 é.ou 322.5 1;.5 gg
1500 17,500 .
ey o | 1500 e £ o &7
“AL dxta euppilied vy ALL fbeal Oorp, W
W Tniversity of Michigsn Sm) deta.
B Battplls (KDRO smd Navy) data.
mwmmmmwnmmmmmmu. A Tniwersity of Michigem and Battells deta were oo redial apscimens.
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TABLE ITV

COMPARATIVE FROPERTLES OF BAR STOCE AND DISCS CF 8-590 ALLOY

Tensile jropeartiss Ruptare oheracteristios
Tempor— Pensdle Offset yiald tion | Temper— Rupture Xatimated rup—
¥ Troatmant ature 8 B & a ture elongation
o (°F) (pot) (poi) (yoromnt) | Ep” (ga1) (porcent)
0.02 percent 0.2 pexvent 100 hr 1000 hr 100 hr | 1000 hr
Dloc | Forged and egsd ™ 129,0%0 70,750 0,250 8 13%0 27,500 | 18,000 10 5
(MR-T4B-F)
](J:I.ﬂo Bolution—treated 75 18,500 36,250 51,000 36 1350 ?,500 | 25,000 10 n
MR-ThB--Q) - )
Disc Bolution—treated 75 130,500 45,000 70,500 17 1350 32,000 | 25,000 12 13
{(RE-TVB—GA) | end agsd
Bar atook? | Bolution~treated ) 159,300 56,730 88,250 9.5 2330 31,000 | 24,000 -- --
and aged 32,000 | 26,000 35 1))
Disa Forged and aged 13%0 s | - 5,000 29 1500 13,100 6,000 12 5
(MBR-T4B-F)
Disc Soluticn—tredtsd | 1350 65,730 | ==mme- h6,000 o5 1500 20,000 15,000 30 16
(HR-TUB-qp) | and aged
Bar ptock™ | Bolution—treated | 1350 65,875 | ------ 57,500 Drmoo 19,000 | 1%,000 8 10
and aged 21,000 | 15,500 23 25
Time—defcrsation strengtha
Teupar— 100-k* deformabion strengthe 1000-hr dsformation strengths
Form Troatment ?g;ra (pud) (pai)
)
0.1 percent| 0,2 percent 0.5 percent |1 percent|Trensition|0.)l percont{C.2 psrcent|0.5 percent|{l percent Transitim:l
Diso Forged apd aged | 1500 | -ww-mm [ omeee- 6,500 9,000 9,300 | e=meme | mmeeee | emeeee 4,000 L,200
(MB=7h3-2)
Diso Solution-treatsd| 1500 9,400 11,000 1,800 17,200 16,700 7,300 9,200 1,600 | 13,600 12,800
(MR-TLE—A | and aged.
Bar stook® [Bolution-treated| 1200 10,300 13,200 17,300 18,700 17,600 8,000 10,600 13,100 | 14,000 | ------
ol aged

“Tnpublished data from the University of Michigan.
ta from reference 1l.

MBS

09LT 'ON NI VOVN

L2



TAFLE IV

COMPARTDOR (F ROCH-TRHPERATUFE AND ETCO-¥FMPFRATURE PROPEGNTES OF SEVERAL TARGE JORGED DISOS (@ B-990 AD S-H16 ALLOTS

Tewt tomperature, °F Boart temperebie 1200 %o 1500
Allay B-390 e 816 590 LTS B-590 T 5530 Ba-B18
Dlao® ME—TAE—T| KO~Th~QA |3A-TSB- [Xa-TEB-4 [MB-ThE IR-763-F [MB-14B-] WO-THB-QA | ME~TGE~F | XF—168-Q | KR-TB—F| RR-ThB~GA | KR-T6B-F | KR-76B-Q
Bhart~ixme propertient
Oparpy impect strength, ft-1b 9 3 19 9 13 k3 Lx} n T W7 LY 13 2o 43 Ly
Tsod iwpaoct mang:th, fi=1b T 13
Tencilo strength, 189,050 130,900  |1%0,000 | 1bL,000| 88,700 | BL,600 120,000 | 206,000 64,625 | 65,790 | 88,000 | 63,000 k3,209 | M4, k00 ,000 | €0,000
0.1-porcent-offeect rlold strength, pal| $9,000 | 63,500 79,000 70,000/ 66,290 h610":‘0 gg:cm 56,0” 50,70 E:ﬁm 56,0]) 52,000 31,30 15,050 S,CO'D h9,o~:0
0,2-parvent—offoet yleld streagth, pel 936250 0,500 E'gitm ,000{ 71,730 | k9,000 1&000 =8,000 3, ) 59,000 | 53,000| 35,900 { 37,850 | k3,000 [ 91,000
Xlangation, percent 17 15 le 23 2 23 28 ) 17 17
Ruptwro strengths, pedt . o oo - L. . a a. o
Wer e - = | =menn==]663,000 966,000 "g,ooo 58,000 Pir2,000 | “W1,000 | 32,000 | %%3,000[ EF,000 [ ------ 531,000 -w,ﬁ
w-iee  |mEmemssEsessss vmes =1 TT=—"" 2«31900 Eﬁ:m ,000 ,000 ﬁg.ﬂm 32,000 | 37,200 39,000 1%,1m 20,000 20,500 22,
o0k 0 |memessspEeeees- Emmm———] T Jm :m 50.000 53100’0 1 1m'° ﬂ:m ET:O’D'O 29,000 ,WO lD,mo 13,703 lan
Hopture elapgsblons, psroent®s
W e e mmmmmem | ememeee| RO 13 10 7 10 12 10 10 12 b E I
1000-hr T 1 10 7 L] 13 10 10 5 16 '
Creep shroagths, Tal:
0,001 poroant UV [ PESTI, [ e1,500 | 23,000 | 8, 28,000| 10,600 | 16,500 | 1,500 | 19,000| 2,600 | 10,000 | 11,000 | 13,%00
0,000 pawasat /i SN AN U DT S| D 48000 | 016,000 | olees 12,100 | 13,000 | 10,500|~-2--- | 7,00 | 8,300 { 7,500
1.00-hr dofurombion strengtha, padi
0, d-porcent deformation 0 |mmmememfeemmmmn feeeeees | meemel memeee | aoeaon | mmeaes 919,900 | —emrs | coeoen | 13,000 | 13,000} emomen 9,400 | 5,000 ,000
0. 2—peraant dsformation - 31,300 é,;oo 13,100 | 1,700 | 22,000 | 20,000| —-----| 11,000 { 13,600 ,000
0,%5—parvont daformabion hg,(n) L000| 17,000 | 21,k00 | 28,000 | 27,000 6,900 n,g 27,000 15,000
1,0-paroont dsforratica E ,000 | =2,500]| 20,%00 | ok,100 | 31,000 | 30,000| 9,000 12, 18,500 | 21,000
Trensition 00000 yETmemmmEmsssssessssss ) Seessss TN | VY 59,500 | °6k,000] 24,500 29,000 1 35,500 351':-'-"3 9,30 16,700 155(-,:0 £0,200
10000 deformtion skrepgths, pal:
O.l-poroent doformtion [=eeeees[-eeene- S— SR [ U R ceemee | meeeee {030,000 | 99,000 [ <-meee | 07,300 | 03,500 | 05,50
0,2-perosnt deformsblon 00 |em--- o —mmmme | mmemaaa 22,000 |°18,500 | 2,500 | 25,%00| 98,000 8,700 | 16,500 { 15,000 --e===- 9,800 | 9,600 10,000
0.5-parcont deformebion ~  [==-s- —[----- e el Rttt 3,000 | 07,000 5500 ,000( 13,000 {17,000 | 24,%00 2300 -=+=mm= 1,600 | 11,200 | S1k,700
1.0-porognt deformation 000 fewsssesfa-eee s |remmem | m=-dee-] 3W,300 | 33,000 4000 | 943,000( 15,500 | 20,800 ,500 | °23,500| koo | 13,600 | 12,000 [ 216,000
Zranettion SN, PSR PR [— 39,000 | 39,000 000 | w000 2k,500 | 20,400 | 28,000 | 27, %h,000 | 12,800 | 12,000 | 15,000
Rosddusl room-tompoTsture propertiss: After crosp testing at 1200° ¥ _Aftor greep fesiing ot 1v0° P ATtar oreop testing at 1500° T
Trod imgmot strength, ft-db  |==--- el Bt Bl ] P P 1 5.3 2 L 7.8 | —==--- 2 5.5 k8
Tensils strengoh, ] B et e | e 127,000 (131,006 |139,000 | 138,000[110,50 | 133,500 ﬁﬂn 133,500/ 103,000 | 116,000 | 183,000 ( 115,000
0,1-peroent—offwst yleld strength, p#d|-———-=fu==—mnn Bl IRt 3,000 , 000 ,000 ,000 g,ooo 12,000 000 4500 g,iﬂo 55,000 ,000| 65,000
0.e—pevcamt~of feus ' yiold strength, pud[---—=-]-==m-mn  |omoee—- —~==-=| ok,%00 , 000 000 | 83,000( b3,000{ 79,600 | 89,000 oco| 60,600 | 62,500 » TL, 500
o pereaat i ot el s el e o | | i 5501 B0 | | 1 1 T4
SEyab brostmuts: < TNACA "
-THBT Ac—{argsd and agnd dimcj 16 br &b 1500° ¥) aiv—oodl, NAC

MO-THB-TA Ecat~troatsd and aged dimoj 2%0° T, %h‘j sutor—quanched plus 16 ke at 1W00% ¥y sir—ooel,
FB-TER-T Ao—forgsd and agnd diwo; 16 hr ab 1h00° ¥y air—oocol,
MTERQ WMMM;WP,%h)MﬂMIGM@IW°?; sir-ooal.

b3 Q16 d4po data talen from refersnce 10.
ORstizated Talnes.
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NACA TN No. 1760

29

Disc dimensions: 18-inch diameter, 3

T4F - 17X
8
1
e \,bﬁ:'
S & £
& \
v
abs R
T4F - 18X
University of Michigan
test section
74F - 13X
—————— gn — e ———
T4F - 1X Battelle test
| section
74F - BA
T4F - 6A
T4F - TA
TAF - 8A Small coupons
o] > R Six bars deep
? R T4F - 9A A through F
oy Ity fy T4F - 10A
<H <H <t
D~ o~ [ *
TAF - 11 Large coupons
1-4,12 - 18 are
three bars deep -
X through Z
/ Drawing - 1/2 scale

%inches thick

Figure 1,- Location of test coupons in forged and aged S-590 alloy disc
NR-74B-F. Coupons: as-forged; 16 hours at 1400° F.
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NACA TN No. 1760

30
74Q - 18
T4QA - 20
&
Py
ﬁ 7
&4
& b
T & P R
Q@ . Xel 'gy
<
[l (\bga ‘1,.:\ .
Y v
& 3
_ ’ 74Q - 21
&
University of Michigan
74QA - 18X test section
——————— o — —————8-3/4" S
QA - IX Battelle test
74 _6A section
T4QA - TA
T4Q4 - 8A
TAQA - QA Small coupons
Six bars deep
bd R 74QA - 10A A through F
TLE]Y ]9 mea-1a
?; é’ § é’ Large coupons
S 15,13 - 21 are
three bars deep
X through Z
Drawing - 1/2 scale
| —
Disc dimensions: 18-inch diameter, 3 inches thick
Figure 2.- ZLocation of test coupons in heat-treated S-590 alloy disc NR-74B-Q.

Coupons 74Q: 2300° F, water-quenched. Coupons T4QA: 2300° F, water-
quenched; 18 hours at 1400° F.



NACA TN No. 1760

140,000 . - 40
Short-time physical properties
=2
| e
120,000 \ 20 5
\ Charpy impact | |
“\_—Jlrf
- \
100,000, } \\ 0
\
o N
-t ?
3 \\ 3\ %{)
o 80,000
:
80,000
40,000 \\¥\1
XBO sé-
20,000 40¢
non L o
L o B
20
— a
ol 0
Room 1200 1300 1400 1
Temperature, © F
- 40,000 Creep strengths
8
B
£ 20,000—pLan,
2‘ > \JPO%
§ <
1200 1300 1400 1500

31

803000 Rupture strengths
_ 60,000 N\]
&)
4
B N N
o N T
% \\\’:0% I~
7
e
S~ \'
Q
1200 1300 1400 1500
Temperature, OF
80,000
:g ! 100-hr deformation strengths
1 |
T ooh mreien
o Té‘ 40,000 \A\ — 1%
] 0,
cg A0k
IO
5" 20,000 NN
E Rs.
2
]9200 1300 1400 1500
Temperature, °F
80,000
g 1000-hr deformation strengths
g
§ _ 40,000f_~1%
(]
Ef’-‘ g Transition
g9 NN 065
” 3 20,000 ‘\\ 7 -
a g >
E . ‘\
2]
1200 1300 1400 1500

Temperature, OF

Figure 3.- Summary of properties of S-590 alloy disc NR-74B-F. Disc
treatment: as-forged; 16 hours at 1400° F.




20 ' NACA TN No. 1760

Short-time physical properties *0 Rupture £
- us
\ L] gs N
120,000, \\ Charpy impact :-—-""__—7 20§ 3 60,000 \
V-~ A 'g a \Jo
Y ] 3 g‘ ‘b.
g o AN
\ h M \;’g\
A
100,000 N 0 %40’000 N
. 4 S \"E’o\
& : S
\j% E \\.
8,
80,000 % 3‘ 20,000 SN
- N[~ B2
3 Y7 .
a8 % 4B-QA 0
60,000 W };&o ‘\ 1260 1300 1300 1500
[s]
INAN \('yield stren L Temperature, °F
\\\3=1-—-=EQ 74 4
Nl o — —& :’\ng “g 00-hr deformation strengths
40,000 I=0.1-percent | “74B'Q \\A = !
0.2-percent 6. B [ |
0.1-percent % & S [ |
| g E \\\\ \Transition
|
20,000, : 02 g UGS
'\‘ A Elongation 74B-Qa g 8. NN RS
Y Gl i 208 g & 0 P> —
_ N
— s 74.B|'Q g’ S H 2% §B=‘\
0 05 38 20,000 ~J | A R
Room 1200 1300 1400 1500 el \\B\ \f
Temperature, °F < =
n 0.1%
P '
1200 1300 1400 1500
Temperaturs, °F
40,000 g 1000-hr deformation strengths
_ %0 Creep strengths g
) 8
g 0.000; g
£ 20,000 percent/hz: ) § 40,000 Transition
5 v
o N—1%
& 0.00001 Percent jpp— 2\. 2 'E:_ SN
- ) EI ) S SR
0 | 8 20,000 i \‘\
1200 1300 1400 1500 E 1 QQ N —r
Temperature, OF § — 3
a I 0.1%
B % mw o mw 100

Temperature, °F

N Disc Treatment h

*¥ 44 NRT4B-Q  2300° F water-quenched
000 s x NR-TAB-QA 2300° F water—quenched; 16 hr at 1400° F

1]

Figure 4.- Summary of properties of S-5%0 alloy discs NR-T4B-Q
and NR-74B-QA.
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£4
bt
=
o]
&)
316 18
288 108 — = I —
NR-74B-F
283 o _— Forged; 18 hr st 1400° F
' ._—O\o—< )—"(34—0/(J
) —0Q_Atofo—o e AN x \
255 2102 O OO0 T X—x
i= P / XY X—X——%—X"
H AR
240 & 100 ———x—+—¥—x
m > f>_ ] . Q D—d\
pam| N @K\_?}—c{
E . @15—07 bﬁi\o—u l -0 '-/ o =
[ ] .
216 2 96 \
Y—X N XX X—X—X X—X—X
/ \ \ 'f: \X/ \X'\g X—¥
205 jor: | ~ __—//X‘_XT*?K—X-X—BYJI—\ ¥—' : M—TiBQ MR \\
) x/x N__ Solution-treated at 2300° F ‘\
195 g3 3 i hr water~quenched N\
185 90— 2 3 ¢ 5 6 7
In, from center end to rim end of test coupon

O Surface exposed to forging
% Surfece next to ¥~ or center plane

Figure 5.~ Variation in hardness from center to rim of S-590 alloy discs NR~74B.
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80,000
70,000 ===
80,000 . 1200° F
50,000 ——
40,000H<< —t T
30,000 i W
’ kR § 1850°F
—
o 20,000 Sou
7] \% 1\
ne
N . 1500° F
10,000
9,000 NR-74B-F: as-forged;
8,000 16 hr at 14000 F \ ]
7,000 o CRR -
8,000 < :
5,000 e SCRI“C‘ ~
4,000 1 1 1
8 10 2 4 8 8 ;4 2 4 8 8,000 2 4
80,000
70,000 FHH=—
60,000 e M~ =t
50,000 H _‘1 - . 1200° FD
-§.4o,000 B i T way S L 4 et
n o g| 1350°F
@ 30,000 R =
g NR-74B-Q: 2300° F, O —
9 water-quenched ]
20,000 o CRR
u SRR
B CRC
o STR
19, 8 .'2 4 8 8 2 4 6 8 2 4
10 100 ’ 1000
80,000
70,000 Ht=——
60,000 == =
50,000 1 1200° 7 -
T 40,000 —] - A
g 30,000 1 4 \A | - 1350° F
o ——
v - — 1500° F
20,000 [TNR-74B—QA: 2300 F, water- iz f-
quenched; 16 hr at 14000 F 1A A
A CRR —
10,000 A SRR
'y 1
2 4 6 2 4
10 8 100 2 4 & 8000
Time for rupture, hr
Specimen location

CRR Center-plane radial specimen near rim
SRR Surface-plane radial specimen near rim
CRC Center-plane radial specimen near center
STR Surface-plane tangential specimen near rim

Figure 6:~ Curves of stress against rupture time at 1200°, 1350°, and 1500° F
for S-590 alloy discs NR-74B.
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Stress, psi

60,000
! I I l l o Creep test data
.\\ 21% elongation e Rupture test data
X
-~ i Y
50,000 S ~. | 175
\\ \> e r ~J
=~ - S
p
T ~ Ojfs TS ~~ LN 6% g,
40,000 JF: - — o U v
s W ay
\l l . r "-==\ .\\ P \Ex.:\‘ TG, nlnngﬁ“nn
1\\J B [~ A Tra.nsitlonto
[ F—] -
F\ '----.,__\ R ol \\ third-~ Btag
30,000 — _ ™~ - craep
TR
\““G--o.__
\.,_\_‘
20,000 T
10,000 [ i L1

®y 1,000 10,000
™ v

a hn
Ladsy OF

Flgure 7,- Curves of stress against time for total deformation at 1200° F for S8-590 alloy disc NR-74B-~ F
Heat treatment: as-forged; 16 hours at 1400° F.
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Figure 8.- Curves of stress against time for total deformation at 1200° F for 8=580 alloy disc NR-74B-Q.

Heat treatment: 2300° F water-quenched.
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Figure 8.~ Curves of stress against time for total deformation at 1200° F for S-590 alloy disc NR-74B-QA.
Heat treatment: 2300° F water-quenched; 16 hours at 1400° F,
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Figure 11.- Curves of stress against time for total deformation at 1360° F for 3-590 alloy disc NR-74B-Q.

Heat treatment: 2300° F water-quenched,
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Figure'12,- Curveg of stress against time for total deformation at 18350° F for $-690 slloy disc NR~74B-QA
Heat treatment; 2800° F water-quenched; 16 hours at 1400° F.
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Figure 18.- Curves of stress against time for total deformation at 1500° F for $-690 alloy disc NR-74B-F.
Heat treatment: as-forged; 16 hours at 1400° F,
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Figure 14.- Curves of stress ageinst time for total deformation at 1500° F for §-590 alloy disc NR-T4B-QA.
Heat treatment: 2300° F water-quenched; 18 hours at 1400° F.
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DATA ON STRESS AND TIME FOR TOTAL DEFCRMATIAN AT 1500° F FOR S-550 ALLOY DISCS NR—7LB

[NDRC and Navy dﬁ‘ta]

ma f1oN B Lo a_M A, . aa o Tranasltion to
Dj_sc Smcim&n Stmag ti&l 1 \or) 1or Lowal aciomuatlorn [o] th;lrd—-etage CI‘eeP
(a) mmber | (psi) d?forlm.tic))n oo | Dor
percern eformaticon
0.1 percenti0.2 percent|0.5 percent| 1 percent|2 percent |5 perceni (hr) (porcent)
RR—TLB-F 9A 20,000  ----- - = 1.7 6 16 28 15.5 1.95
gd |16,000|  ----- e b5 13.5 31 Sh 2k 1.56
g& |11,000] ----- --- 2 1 28 6l 101 48 1.L2
o7, 10,000 0.069 1 5 35 a5 145 250 T4 0.92
gF 6,000] ----- L 20 132 392 700 - LBk 1.17
NE—74B—QA| 1AF 20,000 ----- - | -m--- 10 2L Lo 69 1L .60
110 18,0000 ----- - | == 20 T2 119 220 b0 62
118 16,000  ~---- --- & TO 180 306 L7 b 155 .85
1D 15,000 <o % 56 325 515 787 | 300 -9k
ux 12,000 077 3 25 1270 “3400 - —— (P L1T00 .58
17 |10,000 .068 72 b, 436 1800 | -mem-e- - el IR L -—=-
ox 8,000 .036 430 oo | -mmem- | mmmeme- --- - | = —

SHeat treatments:
MR-~7AB-F As—farged; 16 hr at 1400° F.
TR—7hB—QA 2300° F water—quenched; 16 hr at 1400° F,

bEstimted.
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