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SUMMARY

This report is one of a series in a cooperative research investi—
gation undertaken to ascertain the properties of the better wrought
heat—resisting alloys in the form of -large discs required for gas—
turbine rotors.

The properties of large discs of 5-816 alloy have been determined
for both the as—forged and aged condition (disc NR—76B-F) and the
heat—treated and aged condition (disc NR—76B—Q) at room temperature
and, by means of stress—rupture and creep tests for time periods up to
ebout 2000 hours, at 1200°, 1350°, and 1500° F. Short—time tensile test,
impact test, and time—deformation characteristics are included.

INTRODUCTION

This report presents the results of a study of the room-temperature,
1200°, 1350°, and 1500° F properties of a large forged disc of S-816 alloy.
One~half of the disc was tested as—forged and aged, and the other half
was heat—treated and aged before testing. The halves are referred to
herein as two discs, NR—T6B-F (forged and aged) and NR—76B—Q (heat—
treated and aged).

The primary purpose of this study was to determine the level of
properties exbibited by this alloy in the form of large forgings of
the type required for rotor wheels of gas turbines amd to determine
the relative properties of such forgings as—forged and aged and as
heat—treated and aged. The results obtained previously from similar
investigations of 19-9DL, CSA, Timken alloy, EME, and low—cerbon
N-155 discs have been published as references 1 to 9. A concurrent and
nearly identical investigation of a large forged disc of S-590 alloy has
been published as reference 10.

This work is being carried out as part of two correlated programs
of research on alloys for gas—turbine applications in progress in
this country. The National Advisory Commlittee for Aeronautics is
gponsoring work directed toward the development of improved high—
temperature alloys for gas turbines used in alrcraft power plants.

B i T el e
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A concurrent program, formsrly sponsored by the National Defense Reseerch
Cormittee, Office of Scientific Research and Development, and now
gponsored by the Office of Naval Research, Navy Department, is being
directed to the development of alloys for gas—turbine applications in
general and, in particuler, for both ship and aircraft propulsion
turbines. The work described herein was accomplished with the financial
asglstance of the National Advisory Committee for Asronautice and the
Office of Naval Research, Navy Department.

This report is being distributed by both the NACA and the Navy.
The investigation of these discs for the NACA was conducted at the
Engineering Research Institute of the Unilversity of Michigan and for the
Navy at Battelle Memorial Imstitute.

TEST MATERTATS

The avallable information concerning the disc may be summarized
ag follows:

Mamufacturer:

Allegheny—Iudlum Steel Corparation
Heat number:

k1625

Chemlcal composition:

The chemical composition was reported by the mammfacturer to be
the following percentages:

C Mn Si Cr N1 Co Mo Ll Cb Fe

-— — —_— — —— —— ——

0.38 0.50 0,53 19.80 20.57 42.72 3.90 L, 76 3,95 2.87
Fabrication procedure:

A 12-inch-square ingot from a 5000-pound electric~arc heat was
hammer cogged to 9% inches square from 2300° ¥ and upset %o 3155 inches
thick from 2250° F, The resulting disc was more nearly octagonal than
circular and measured about 17 inches across.

The disc was cut in half. One half was left as—forged, marked NR—T6-F;

the other half was heated at 2300° F for 2% hours and water—quenched,

marked NR—T6-Q. Test bars from each half were then aged for 16 hours
at 14000 F,
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Sampling:

The code number assigned to the two halves was NR—T6B., They will
hereafter be referred to as the two discs, NR—T6B—F and NR—-T6B—Q.
Figures 1 and 2 show the locations of the samples cut from the halves
and the code system identifying the coupons. The mumbers refer to
locations on the flat faces of the discs, and the letters refer to
the locations through their thicknesses.

EXPERTMENTAT, PROCEDURE

The investigation was designed to provide four types of information:
(1) The physical properties at room temperature, 1200°, 13500, and 1500° F
which can be expected in large fargings of the S-816 analysis; (2) the
effect of heat treatment on these physical properties; (3) the variation
in properties which might be present in various locatioms in such large
forgings; and (4) the change in roam—temperature properties resulting
from exposure to elevated temperatures under stress for prolonged time
periods, -

The physical—property data obtained from the halves of the large
forged disc of S-816 alloy included short—time tensile properties,
impact strengths, rupture test characteristics, and design curves of
stress asgainst tims for total deformations of 0.1, 0.2, 0,5, and 1.0 per—
cent at 1200°, 1350°, and 1500° F. The time — total-deformation data
were obtained from time~deformation curves from both stress—rupture and
creep tests.

The uniformity of the forging was checked by means of a hardness
survey. Hardness, tensile, and impact tests and metallographic
examination of speclmens after campletlon of the creep tests were used
to estimate the stability of the material during prolonged exposure to
temperature and stress.

The testing procedures used for the short—time tensile, 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 obtalned are compiled as a series of tables and figures,
with the principsl results from the discs NR—T6B-F and NR-76B—-Q
sumarized in figures 3 and 4. The source of the data (NACA or Navy)
is indicated in the tables.

UG S . . e —————a — - — ———— -
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Hardness Survey

The Brinell hardness of materlal cut from the farged and aged
disc NR—76B-F ranged fram 258 to 311 while the range for the heat—
. treated and aged dlsc was fram 255 to 280. (See figs. 5 and 6.) The
hardness generally increased from the center to the rim of the discs,
more so in the case of theo farged and aged disc than in the case of
the heat—treated and aged disc., However, the minimmm value was measured
about 2 inches from the center of disc Q on the center plans, while the
maximm velue was measured at the rim on the forged surface of disc F.

The forged and aged disc showed a higher over—ell hardness than
the solution—treated and aged disc, in addition to the greater hard—
ness dlfference from center to rim of the forged and aged disc. The
hardness variations encountered from center to rim appear to be rela—
tively small, considering the size of the original disc from which the
halves F and Q wers cut and the difficulties of forging such a highly
alloyed material. .

Short—Time Tensile Properties

The results of the short—time tensile tests at room temperature,
12000, 1350°, and 1500° F are shown in teble I, At room temperature,
12000, and 1350° F, the forged and aged disc NR—T6B-F showed slightly
higher tensile and yield strengths than the heat—treated and aged
disc NR—76B—Q. At 1500° F, the situatlon was reversed, with the heat—
treated and aged disc showing slightly higher strengths than the farged
and aged disc. The varlation in ductility was small, both between
discs F and Q and among the room—temperature and elevated—temperature
tests. However, at roam temperature and at 1350° ¥, the average
elongation fcr disc Q was a few percent above that for disc F. The
elongations of both discs were higher at room temperature and 1350° F
than at 1200° and 15000 ¥, It should be noted, however, that every
specimen tested at 1200° F broke in the gage marks. The average
elongation for all the tests on both discs was about 20 percent.

There was a tendency for the specimens from the interior of the
discs to have lower strength at roam temperature and, in disc Q, lower
ductility.

Charpy Impact Resigtance

Charpy impact resistance (V-notch) was determined on specimens
from the two discs F and Q at room temperature, 1200°, 1350°, and 1500° F
after holding at temperature sufficiently long to insure & uniform
temperature in the specimens. The data are shown in table IT and ,

figures 3 and k.
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The Charpy lmpact velues of the discs T and Q were nearly identical
at 1200° and 1500° F, but at room temperature and at 1350° F the impact
strength of the forged and aged disc was higher than that of the heat—
treated and aged disc., For both the discs F and Q, the impact strength
at the elevated temperatures was nearly twice that at room temperature
and did not change significantly from 1200° to 1500° F,

The average of the impact strengths of the gpecimens from the
surface of the discs was about 20 percent higher than that of the
interior speocimens for both discs F and Q at all temperatures.

Rupture Test Characteristics

The stress—rupture data for the tests at 1200°, 1350°, and 15000 F
are shown in table ITI, and the rupture—strength values obtained fram
the curves of stress against rupture time in figures T to 13 are shown
at the bottom of table ITI. All stress—rupture tests were run on
1/4—inch-diameter specimens whioh were cut from the discs in either a

‘radial direction or less than 45° from redial.

At 1200° F, the stress-rupture strength of the heat—treated and
aged disc Q was slightly superior to that of the forged and aged disc F.
The 100-hour and 1000-hour rupture strengths of disc Q were 66,000
and 52,000 psi, respectively, and of disc F 62,000 and 50,000 psi,
respectively.

At 1350° F, the rupture strengths of the forged and aged disc and
quenched and aged disc were nearly identical; the 100-hour and 1000-hour
strengths were about 38,000 and 29,000 psi, respectively.

At 1500° F, the 100-hour and 1000-hour rupture strengths of disc Q
were again sglightly higher than those of disc F. The 100-hour and
1000-hour strengths of disc Q were 23,000 and 17,500 psi, respectively,
and of disc ¥ 21,000 and 13,500 psi, respectively.

Ingpection of the curves of stress agalnst rupture time (fig. T)
shows some increagse in slope with Increasing test temperature for
disc F and hardly any change in slope with increasing test temperature
for disc Q. At 1200° and 1350° F, the slopes of the stress-rupture
curves are about the seme for both discs. The comparative slope
changes between discs at 1500° F indicate that for service at this
temperature, the heat—treated and aged disc was superior to the forged
and aged.

Ductilities of the stress—rupture specimens measured after fracture
varied from fair to good. Elongations for the 1500° F tests were mostly
only fair, ranging from 2 to 8 percent, while those for the 12000
and 135090 ’F tests were better, ranging from 6 to 15 percent, with one
low value, 3 percent, reported at 13500 F (disc NR-T6B-F).
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Time—Deformation Characteristics

A convenient method of describing the high-temperature strength of
a material 1s by curves of stress against time required for varilous
total deformations, Data from both stress—rupture and creep tests are
used to prepare such design curves. Such information, along with the
curves of stress against rupture time, gives design engineers a complete
picture of the expected performance of an alloy under constant tensile
gtress, This information is presented in figures 8 to 13 for deformations
of 0.1, 0.2, 0,5, and 1.0 percent at 1200°, 1350°, &nd 1500° F for time
periods up to 2000 hours., OCurves showing the time of transition from
a minimm creep rate to the increasing rate of third-stage creep have
been added so ag to show when rapld elongation preceding failure starts.

The curves of stress againgt time far total deformation were .plotted
Tfraom the data in tables III to VI, The data were taken from the time—
deformation curves of the stress—rupture and creep tests. The time—
deformation curves for the creep tests and stress—rupture tests have not
been included in this report. .

Tables IV, V, and VI also show data scaled from the design curves
in figures 8 to 13 and show the stresses to cause various total
deformations from 0.1 to 1.0 percent in definite time periods of 1,

10, 100, 100G, and 2000 hours. For ease of comparison, these data and
similar data for the S-590 discs NR~T4B and for the N-155 disc NR-66D
are shown together in teble VII, Also included for comparison are lmpact
and tensile data at roam temperature, 1200°, 1350°, and 1500° F for these
meterials and residual roon—temperature impact and tensile data for
specimens after creep testing of the various materials (after 1000

to 2000 hr under stress at test temperature).

Cresp Strengths

Many engineers are accustomed to basing designs on creep rates,
especially for long periods of service. For this reason, the creep
rate data have been collected from the time—deformation curves and are
shown in table VIII, and the logarithmic curves of stress against creep
rate for the tests at 12009, 13500, and 1500° F on the two discs F
and Q are shown in figure 14, The creep rabes used were either minimum
or final rates from 1000-hour tests at 1200° F and from 2000-hour tests
at 1350° and 1500° F, The creep strengths obtained from figure 1% are
shown in tables IV, V, and VI and for ease of comparison are tabulated
as follows:
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Dieo Tempero;ture Stress (psi) for creep rates of —
(°F) 0.0001 percent/nr | 0,00001 percent /hr
NR—T6B-F 1200 28,000 218,000
NR-T76B-Q 28,000 316 000
NR-T6B-F 1350 20,000 13,000
NR—T6B-Q 19,000 10,500
NR-T6B-F 1500 11,000 8,500
NR~T6B—-Q 13,500 7,500

8Bgtimated.,

These creep strengths can be compared with the deformation strengths
in tables IV, V, and VI. The creep strengths for a rate of 0,000L percent
per hour at 12000 F are apparently safe for use for time periods up
to 10,000 hours since extrapolation of the transition—point curves
(stage—-two to stage—three creep rate) in figures 8 and 9 out to 10,000 hours
indicates that at the stresses listed second-stage creep would s‘bill
prevail,

For the tests a:b 1350° ¥, the situation is quite different. Extra-—
polaetion of the 1350° 7 transition curves In figures 10 and 11 shows that
at the stresses for a creep rate of 0,000l percent per hour Increasing
creep rates will occur 1n about 14 000 hours for dlsc F and 7000 hours
for disc Q. At the lower stresses producing a creep rate of 0,00001 per—
tent per hour, third-stage creep would not occur far considerably longer
tims perlods.

Extrapolation of the 1500° F transition curves (figs. 12 and 13)
shows that at the stresses far a creep rate of 0,000l percent per hour,
increasing creep rates will occur in 1500 hours for disc F and in
3700 hours for disc Q. Even at the gtress for a creep rate of
0.00001 percent per hour, extrapolation indicates an Increasing creep
rate for disc F in 4000 houre and for disc Q@ at about 25,000 hours.

Comparison of the extrapolated rupture strengths with the creep
strengths Indicates that the estimated stresses for fracture in
10,000 hours are well above the O,000l-percent—per—hour creep strengths
at 1200° F. The rupture strength (10,000 hr) is only slightly higher
than the creep strength (0.0001 percent/hr) at 1350° F, At 15000 F,
the creep strength of dlsc F is above the estimated rupture strength
while for the dlsc Q the two are equal.

. The scatter of the creep-rate data and the change in slope downward
of the curve of stress against creep rate at low stresses producing rates
less than 0,0001 percent per hour meke unwlse the large extrapolations
necegsary in both creep and rupbure data for comparisons of the creep
rate far 0,00001 percent per hour with the 100,000-hour rupture strengths.
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In all cases, caution should be observed since extended service
periods of several times the maximm test period used here (about 2000 hr)
may magnify such effects as surface and structural instebility, which were
overshadowed by other varlables during the short test periods,

Stabllity Characteristics

Some of the test specimens from each of the two dlscs were subJected
to tenslle, impact, and hardness tests at room temperature after creep
testing at 12000, 1350°, and 1500° F with the results shown in table IX.

The conglderable decreases 1n Impact strength end tensile test
ductility at room temperature were the most significant changes observed.

The hardness of disc ¥ Increased somewhat after creep testing at
1200° F, but did not change after testing at 1350° F and seemed to
decrease slightly after testing at 1500° F,

For the forged and aged disc F, the proportional 1imit and 0.1-
and O.2—-percent yleld strengths were slightly higher after creep testing
at 1200° and 1350° F (except far the O.l-percent yleld strength after
1200° F which remained unchanged), but were lower after testing at
1500° ¥, Ths tenslle strength was lower after creep testing at all
three temperatures, and the 0,02-percent yleld strength did not change
significantly after testing at 1200° and 1350° F but decreased after
testing at 1500° ¥,

The yield strengths of the heat—treated and aged disc Q were higher
after creep testing at 1200° and 1350° F and lower after testing at :
1500° ¥, The temsile strength was lower after creep testing at all
three temperatures.

The microstructure showed less breskdown of the dendritic pattern
at the center of the disc than near the rim, and the grains were coarser
at the center. The structure near the rim was, however, more typical
of that of the test speclmens, Original microstructures of the center
end rim portions of the forged and aged disc are shown at magnifications
of 100X and 1000X in figure 15. The microstructure of the rim portion
of the heat—treated and aged disc 1s also shown at 100X and 1000X in

figure 15.

The grain—slze range was sbout 5 to 7 nmear the rim of the farged
and aged disc and about 4 to 7 at the cemter. The grain—size range
near the rim of the heat—treated and aged disc was about 4 to 6, Thus
the heat-treated and aged disc was slightly coarser grained (by one
A,S,T.M. grain—gize number) than the forged end aged disc,

Precipitation within the graing is not evident in the original
microstructures or In those of the creep—tested specimensg. Soms
precipitation is evident in the microstructures at 1000X of speci-—
mens 10A, Q12F, and Q12E (figs. 16 and 17), which were tested in stress
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rupture, the first two at 1350° and the last at 1200° F, No explanation
can be offered for the apparent absence of precipltation in the photo—
micrographs of the original structures and of the structures of all the
tested creep specimens and 1500° ¥ gtress—rupture specimens. The
photamicrographs of figure 15 show the original structures at magnifications
of 100X and 1000X of the farged and aged and heat—treated and aged discs.
Those of figures 18 and 19 show the structures at 100X and 1000X of the
two discs, F and Q, after creep testing at 1200°, 1350°, and 1500° F, The
photomicrographs of figures 16 and 17 show the fractures at 100X and
internsl microstructures at 1000X of the specimens of the two discs after
stress—rupture tests at 1200°, 1350°, and 1500° F. The fracture of
specimen Q12E, which was tested for 1699 hours at 1200° F, appears to

be transcrystelline, The fractures of the specimens tested at 1350°

(F10A and Q12F) and 1500° F (¥11D and Q14D), and the fracture of speci—
men F9A (2618 hr at 1200° F) were all intergramular. The longer time of
exposure to high temperature and lower stress may have caused speci—

men F9A to break with an intergranular fracture at 1200° F, while the
corresponding specimen QI2E from the quenched and aged disc broke with

a transcrystallline fracture. Specimens tested in stress rupture

at 13500 and 15000 F (F10A, Q12F, F11D, and Ql4D) showed considerable
intergramlar cracking adjacent to the fracture.

DISCUSSION (F RESULTS

The tenslle, stress—rupture, creep, and time—deformation data
provide as nearly complete design information for the S-816 discs,
NR-76B-F and NR-T6B-Q, as can be obtained in the laboratory from tests
under constant tenslle stress.

The test data contained in this report apply only to the particular
discs tested and fabrlcated and heat—treated in the mamner Indicated.
Consldersble experience indicates that the properties depend on the
particular mamufacturing process used in the production of the discs.

It should not be assumed that the properties hereln reported apply to
disce of a simllar camposltion produced by another fabricator or
necesgarily to similar discs produced by the same fabrlcator,
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SUMMARY OF RESULTS

The principal results obteined from the 17-inch—diameter
by 35%-—inch~thick discs may be summarized as follows:

Farged and Heat—treated
aged disc, and aged disc,
NR-76B~F NR-T6B~Q
1, Brinell hardness range:
On center plane at rim 300 280
On center plane at center 270 260
2, Offset yleld strengths:
0.2—percent—offset yield
strength, psl, at —
Roam temperature 85,600 76,500
1200° F 67,000 58,000
13500 F 59,000 54,500
1500° F kg, 000 51,000
3. Rupture test characteristics:
Stress, psi, to cause rupture
at 1200° F in —
10 hours 78,000 80,000
100 hours 62,000 66,000
1000 hours 50, 000 52,000
Stress, psi, to cause rupture
at 1350° F in — .
10 hours 52,000 52,000
100 hours 38,000 39,000
1000 hours 29,000 29,000
Stress, psi, to cause rupture
at 1500° F in —
10 hours 30,000 29,000
100 hours 21,000 23,000
1000 hours 13,500 17,500

The elongations and reductlions of area of the fractured rupture
test speclmens were gensrally satisfactory with the exception of some
specimens of the forged and aged disc, NR-T6B-F, tested at 1500° F,
Increased rupture tims did not produce a significant change in
ductility.
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i, Total-defarmation characteristics under stress:

The data for the two dlscs are shown elsewhere in this report and
will not be repeated here. Briefly, the heat—treated and aged disc
was generaily superiar at 1200° F, although extrapolation of the data
obtained indicated that for long times at low stresses (0.1— and
0,2-percent total deformation) the forged and aged disc might be
superior. The forged and aged disc was superior at 1350° F, and
at 1500° F the solution—treated and aged disc was superior except at
low stresses (0.l—percent total deformation), No explanation has
been found for the fact that the farged and aged dilsc was quite
definitely superior at 1350° F, while the heat—treated and aged disc
was superior at both 1200° amd 1500° F,

For very long time service, the order of superiority described
might be changed samewhat. This is evidenced by the fact that the
cresp strengths (0,0001 percent per hour and 0,00001 percent per hour)
of the forged and aged disc were equal or superlor to those of the
heat—treated and aged disc at all three test temperabtures s except for
the 0.000l-percent—per—hour creep strength at 1500° F where the heat~
treated and aged disc had the higher strength,

5. Uniformity:

The properties of the disce were quite uniform in view of the
Blze of the forging end the characteristics of the alloy.

6. Stability:

The impact strength and ductility decreased after creep testing
at 1200°, 1350°, and 1500° ¥, The ultimate—strength values from tensile
tests decreased after creep testing at all three temperstures. The yleld
strengths of the forged and aged disc chenged very little after creep
testing at 1200° and 1350° F and decreased after testing at 1500° F.
The yield strengths of the heat—treated and aged disc increased after
creep testing at 1200° and 1350° F and decreased after creep testing
at 15000 F,

Battelle Memorial Imstitute
Columbus, Ohio
and
University of Michigan

Ann Arbor, Mich,
March 17, 1948
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TARLE I.—

SHORT-TIME TERSIIE FROPERTIES (F S-816 ALLOY DISCS NE-T&B-

[Pulled at 0,02 in,/min through yield strengths, then 0.06 in,/min to mphlra]

Offset yleold strengths
Disc Specinsn |Specimen Teﬂttm Tenpile (pat) Proﬁtcmal Elinonga‘:ion R:%uction Yodulus of
(a) rumber |location t‘*"?g;‘;‘ 'f?“ﬂn?“‘ iy | (o orosy [elestiotty
#81) 0,02 peroent|0,1 percent{0.2 perost (vei) (percent) | (parcent)
WR-TEB-F | PP17x  [Surface Room 153,000 66,800 84,000 91,000 18,600 20.5 15.9 [30.h x 206
(farged) | PFISX |Burface Room 12 E 67,#00 ,500 h'r,hoo 18.9 19. 34.0
bri7f |Interiar| Room 1hg,400 60,000 R 81,200 k3,600 23.0 23,k [32.5
bp18Y |Imtericr| Room  |147,100 58, 000 500 81,000 37,400 19.5 9.2 |33.5
OpkX  |Burface 1200 [117,500 | - 53,000 63,000 67,000 41,500 a5 1.1 [e6.5
CFGZ  |Surfacs 1200 121, 750 51,800 63,500 67,000 ke, 000 dat 15.9 |23.0
CPEI | Surfaoce 1350 9l 000 93,7006 61,500 66,000 39,000 23.5 gl 28,0
oR6Y Interiar 1350 83 250 4k Lioo 50,000 52,800 36,000 22,5 22,0 |e3.8
bpsX  |Burface 1500 57 200 k), 000 16,800 27,000 ———- -}
YPSY  (Interior| 1500 so’ﬁ 7500 18,500 51000 31,000 16.5 19.9 [2k.0
MR-T6B-Q | PQEx  |smrface Roam 11;9,500 58,800 1,800 77,800 35, oo 32,5 25,9 [3%.2
(muenchsd)| P@BE |Burface Roam 55,900 TL,400 7,400 3k, 33.0 25,0 |33.3
bggY |Imtericr| Roam 1!+o 1? 55,000 63,800 74,400 30, ooo 18.5 16.9 (32,1
b5Q3Y  |Imberior|{ Room 00 6,400 70_.hoo 76,hoo 32,900 16.2 13.7 |32.5
8Q7I  |Surface 1209 107,750 48,500 300 57,000 37,500 dy3 14,8 |27.2
057 |Tmterior| 1200 (105,500 | 50,000 56;'700 60,000 37,500 d1p 13,5 |e5.8
°06r  |Gurface 1350 84,000 k) =00 50,000 52,600 5,000 25,5 22,7 [es.0
°Q8% | Swfaoce 13%0 83, 18, 4500 ,200 56,800 0, 000 23 21,6 |a2b,0
b@x Surface 1500 58,500 L4 koo 48,500 50,200 0,000 19.6 23.0 [29.3
bogY Interior 1500 63,200 ho, ’k00 ,000 51,500 3h,900 16,0 16,2 (17,0

B®Hpat treatmonta:
Ap—Forged end eged; 16 hr at 1400° ¥, sdr—cool.

NR-T6B-F3

NR-TEB-Q: Heat—troatod and agedy 2300° 7,

YRavy data.
CRACA data,

dBroke in gage mark,

a% I vater—quenched; 16 I at 14000 T, air—oool,

@
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NACA TN No, 1765

TABLE TT.— CHARFY NOTCEED-BAR IMPACT RESISTANCE AT ROOM TEMPERATURE
1200°, 1350°, AND 1500° ¥ FCR 5-816 ALLOY DISCS NR-76B

[Navy data: 0.394—In, squaere specimens with a 0.079—in.-deep 'V'-—no'bch]

Charpy
Disc  |Specimen | Specimen | Test temperature | impact ﬁg’?j"mh
(1) number locatian (°F) strength (£t-1b)
(£t-1b)
RR-T76B-F 8 Interior Room 15
(forged) 1kx6 Toterior Room 27 23
15%h Interior Room 27
TA Surface Roam 22
15x1 Surface Room 27 28
1k7a Surface Room 36
‘D Interior 1200 31
1hz6 Interior 1200 y7 Lo
15%6 Interiar 1200 43
- 8F Surface 1200 L3
1433 Surface 1200 54 Ls
15x2 Surface 1200 39
14xL Interior 1350 k3
1435 Interior 1350 Lo 4
15%5 Interior 1350 .39
i Surface 1350 15
ikz2 Surface 1350 61 53
15X3 Surface 1350 54
TC Interior 1500 31
1hzh Interior 1500 50 43
1425 Interior 1500 18
F Surface 1500 18
1kxe Surface 1500 3 by
1k23 Surface 1500 50
NR-76B-Q 15D Interior Room 18
(quenched) 16C Interiar Room 16 17
18B Interior Rocm 18
& Surface Room 21 22
18% Surface Room 2y
158 Iaterior 1200 Lo
170 Tnterior 1200 39 40
19D Interior 1200 38
154 Surface 1200 L7
17F Surface 1200 50 L6
18a Surface 1200 Lo
156 Tnterior 1350 38
16D TInterior 1350 35 37
18D Interior 1350 38
8x2 Surface 1350 37
16F Surface 1350 51 Lh
194 Surface 1350 43
im Interior 1500 Lo
18¢c Interior 1500 3k 37
19¢C Tnteriar 1500 36
15F Surface 1500 51 .
17A Surfece 1500 18 49
1GF Surface 1500 50 :
IHeat treatmsnts:

NR-T6B-F: MAsforged and aged; 16 hr at 1400° F, air—cool.
WR-T6B—Q: Heat—treated and aged; 2300° ¥, 2% hr, water—quenched; 16 hr at 1400° ¥,
alr—cool.
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NACA TN No. 1765 . 15

TABIE TIT.— RUPTURE TEST DATA AT 1200°, 1350°, ARD 1500° ¥
FOR S-816 ALTOY DISCS NR-76B

Digo  [spaotmenSpactmn, 0%, |t TR0 [Eongion Fefucticn| Mot
(a) or {location|"*Ey™ °l(pe1) | (1Y | (percent) |(percent) |(peroent /br)
TR-76BF | PFor  |mmterior| 1200  |60,000| 130 cg 9 0.050
(forged) | PF9C  |Tnberior] 1200 55,000] 246 c11 10.5 .03%
bFIGE |Interior| 1200 55,000] 638 13 13.8 .015
broB  |Interiar| 1200 50,000 658 €10 9.k .0068
bpoa  |swrface 1200 15,000| 2618 c7 6.4 .0012
Prop  |Tmtertor| 1350  |60,000] 3.5/ €15 6.2 | ------
broc |Interior| 1350 40,000 58 c11 12,1 | -eee--
bFioB [Inberior| 1350 35,000| 212 ¢10 10.2 .028
bF10F  [Swurface 1350 35,000| 275 8 8.6 .018
briw |Tnterfar{ 1350 30,000| 565 1k 12.5 L0145
broa  |Surface 1350 27,000| 180h c3 b7 .0009
dp114  |Surface 1500 25,000] 33 2 2.4 .OLT5
9718 [terior| 1500 21,000 81 3 5.5 .0137
AF11E  |Imberior| 1500 18,000| 236 8 5.6 .010
4F11C |Toterior| 1500 16,500 362 2 .8 0015
8F11D  |Interior| 1500 13,500{ 1132 L 2.3 .001%
RR-768-Q | PQI2A |Surface 1209 65,000 118 o7 10,2 | =e=e--
(quenched)| PQ12B |Tnterior| 1200 60,000| 203 °g 4.8 .025
b12p [Imberior| 1200 55,000] 683 e 7.1 L0075
bqior [Imterior] 1200 50,000 1699 o7 4,5 .0026
bi3A |Swrface | 1350 Lo,000( & 11 w7 | ------
bQ13B |Interior| 1350 35,000| 253 o 9.8 .030
bua¢ |Imterior| 1350 30,000| 868 10 9.8 LO0kT
bQoF  |Surface 1350 27,500 1286 8 10,2 .0023
dqika  |Surface 1500 25,000 L5 T 7.0 .Oh6
Q1B |Interiar] 1500 22,000| 136 7.5 7.8 .012
4Q14C. |Interior| 1500 19,500 4h3 5 L7 .0026
dqkp |Interior| 1500 17,500| 928 i 3.2 0015
kP |Surface 1500 16,00 (e) | =----- —— | e
Rupture strength
- T%tm‘e Stress (psi) for ruptufre in— .
10 hr 100 hr 1000 hr 2000 hr
NR-76B-F 1200 5,000 62,000 50,000 l7,000
(farged) 1350 52,000 38,000 29,000 26,500
1500 30,000 21,000 13,500 12,000
HR—76B-Q 1200 80,000 66,000 52,000 49,000
(quenched) 1350 £52.000 39,000 29,000 26,000
1500 29,000 23,000 17,500 16, 000

BHont treatments: W

NR-—76B-F: As-forged and aged; 16 hr at 1400° F, air—cool.
WR-76B—Q: Heat—treated and aged; 2300° F, 2l hr, water—menched; 16 hr at 1400° F,
air—cool. .

DHACA data; 0.250—in,—diameter specimens with a 1—in. gage length.

ghroke in gage mark. .

Navy deta; 0.250-in.-diamster specimsns with a 1.3~in. gage length.

©The extensometer was insecure during this test and deformation readings after 50 hr were
in error because of rupture of adjacent units. The test was discontinmued at 527 hr.
Moasurement of the specimen after removal fram test showed 1.0-percent elongation
and 2.4—percent reduction of area.

TEgtimated values extrapolated from Figs. 7 to 13-
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TARTE IV.— DATA YO OTRESS AND TIMZ FOR TOTAL IEFCRMATION AT 1200° F FOR B-816 ALLOY DISCS FR-T6B

[HacA aata]
Trenocltion to third-stags arsep
]zh)m Epeciman ?“hregﬂ da?niﬁial:ll.m Mma (hr) for total deformations of —
a momber | {(psl oo Tims Dafarmation
(porocamt) (0,1 peroent |0.2 pervent |0.5 paroent|l parcent|e percent|5 percent (hr) (parcent)

MR-T6BF | Pray  |e3,000| 0,087 8 875 A - S —— -
(forged) | Trez , 000 133 -- 30 503 51850 -

dpga =, 000 196 " 1 100 380 970 ———- 18k0 3.2

398 |50,000| 210 -- 2 33 98 347 623 7.4

imo (55,000 .850 -- % 1 52 139 160 5.7

dpce  |%%,000 ,363 -- -—-- 7 g 58 203 koo 7.8

Aygx  |60,000 .300 - ——— &1 1 17 63 180 7.1
FB-T6B-Q | PRce ek, 000 088 25 1480 S — ——n c——— ——— o
(quenched) | PQ6T {39,000 Jgg - 8 1033 ----- --- — ——-- -—

dqipE |30,000 . -- - ; 13; ?_:ég 1480 1530 N

dqgap |3s,0000 . == e 1 550 50 0

dqeB 000 .ﬁ -~ —-- 03 13 LL 148 -— -

dgiea |6%,000 .630 -~ “—-- ---- 17 e ———— -

Disc Total deformabion Btress (pal) to tsuse total deformabion in —

(a) (peroent) 1 10 I 100 hr 1000 mr 2000 hr
MB-TEBF 1 °2k,500 | emeemee | mmeeeme | omeeees
(forged) -g g:g . 532:% f:% Egsg% ogg:g%

» 3
1.0 -l 57,000 53:000 2000 321500
Trepaition | =meemem [ ceemees 59,500 48,000 5200
RR-765-Q % %27,000 019,500 | mmeeemm | coeeeen
(quenched) 2 | e 43,000 3ii5oo 23,500 223,000
.3 s, 000 55,500 6,000 ,000 933,000
1.0 071,000 62,000 52,500 k3,000 %4g,000
o}
Mrensitdon 0 | memmmem [ ammees 64,000 52,000 48,000
Diss Creep stremgth (psi) at 1000 hr for oreep rates of —
(=) 0.0001 peroemt/hr 0.00001 percent/hr

HR-T6B-F (farged)
HB-76B-Q (quenchsd)

28,000
£8, 000

%18,000
16,000

BFpat treatmentor

HET6B-F1 As—forgod and aged; 16 hr at 1400% 7, air—oool,

FR-76B-Qt

Hoat-treated and aged; 2300° ¥,

Boreep tests; 0,50%-in.~diameter specimeng with e 2-In. gage length.

CPgtimated valnea,

dﬂh‘nun—rn'pt\n'e toata; 0.250-in.-dismeter speoirsns with a 1—in, gags length.

’%- hr, watsr—quenched; 16 kr at 1¥00° F, air—ocoal.

9T
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TABET.—M@FOREMAMMWMLMMHIWFM&&GMDME-T@

0.0001 parcant/br

Diso Spastme | Gtress Inttiel Tims (hr) for total daformaticns of — Trangition to third—mtags oreep
(a) mrher (pad) dstormetion Time Defarmation
{ porcemt) 0.1 pevcsmt | 0,2 psroent | 0,5 peroont | 1 percant | 8 parcent | 5 peroent (be) { porooub)
123-7534)- brax 19,?0.23 0.057 koo il (e B -=-s -=- === -
for 13 . w075 | weeem | wee- -—-- --- —=n- “n=
=) | i | wem | o ¥ /- R il [l [ e
Tr137 25,000 .03k 1 110 J?g ----- - -=- -=- -=-
°FL0A 27,000 13 - 9 800 16& =" 1600 1.8
°F1CD 30,000 123 - 5 20 -3 300 300 5.8
b alln::] 35,000 ;LE - .5 5 16 k7 Ihk 100 3.5
Nl 4000 . --- .3 1o gg 100 = 5] 130 2.9
OF100 000 .170 s | mmemmee a 3 6 20 —-- -
WE-TEB- bk 18,000 -,057 i m ---------- - --- ---- ---
(quenched) bz 12,000 .053 % ---------- -—-- -=- --— ---
14 15,000 072 0 | e-e- ---=- ---- --- ---- ---
bQy 18,000 078 8 12 A800 | ----- —-
by 21,840 096 1 30 8953 o s - o ---
°cqer | 27,500 .13 --- 5 - =- 2.3
cqec 30,000 A86 --- 2,5 33 12 3152 845 kLo 2.5
oqLIB ,000 140 e e a2 8 125 100 4,0
°QL3A , 000 165 === | e < h 10 38 5 6.0

Diso Totel dsfarzabion Stress (psi) to oause total defarmabion in —

(a) (poroamt) 1 Br 10 ke 100 e 1000 hr 2000
NB-TEB-F 0.1 24, 000 17,000 13,000 40,000 49,500
{targed) .2 33,000 27,300 22,000 16,500 415,000

N, ] ,000 33,000 28,000 8l %00 3,000
1,0 3,000 37,000 31,000 6, 500 28 000
Premattion ] emeeeem S 33,500 98, 000 825, 000
WR-76B-q 2 21,000 17,000 13,000 49,000 48,000
{quenrhed) .2 430,000 25,000 £0,000 15,009 13,500
.3 2300 33,000 27,000 e1,500 19,500
1.0 3,000 ,500 30,000 423,300 8,
Srapsition 0| ememmem | eemeee 36,000 27,000 dex)
Diso Cresp sirongth (pel) st 1000 by for creep rates of —
(2)

0.00001 peroent /br

FR-T6B-F (forged)

' UR-76B-Q (quemchad)

20,000
19,000

13,000
110,300

Oant trastoantar
KR-T6B-E't
NR-TEB-Qt

ho-forged and aged; 16 hr at 1400° ¥, air—acal,
Hant—treated and aged; £300° 7,

& hr, water—quenched; 16 km at 14000 ¥, air—cool,

TRavy data from oresp tests) 0.500—in,~dismeter spscimena with a £-in, gage length.
ghtreas—rupinrs

SFAOA dnta fram
tod values,

tertey 0,250-1n.dlamster gpeoimona with n 1—in, gage langth.
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TARIE VT.— DATA FOR STRESS ARD TIMZ ¥OR TOTAL IEFCENATTON AT 1%00° T FOR 6-816 ATLOY DISCS WR-TGB

[avy aata]
. Transition to third-stege creep
Digo Speoizan Btroos d.efmm Mpe (Ir) for totel defcrmations of — .
(=) uuaber (72) {peroont) 0,1 perocent 0.2 perceat 0.5 parocent 1 percent 2 percanb % parcent ?h:? D?fmgn

HB—TGB-—J)‘ %ﬁ‘ 8,000 0,033 23:; et ---- - - - -—-- ---
forged e 10,000 . 900, wmen —- --- -- ---- “e-
( bmE 10,000 175 02150 - - .- - — -
e 13,000 8 1% 1385 — -- 1140 k3
dp13p %00 k 0 210 535 970 -- 500 2

4r110 2300 1 3 230 - - 170 .
dynE ,000 - 2 £0 63 1h% - 100 1.k
4r118 21,000 --- o 23 5L T -- o5 i

Gr1a £5,000 --- .3 % 30 --- - 10 .

WB-T6B-Q by 8,000 20 | - - —--- --- -=- -- ---- ---
(quenched) besx 10,000 20 885 === -=- --- - w=ne ==
boay, 13,00 20 205 --=e === === - ----
daikp 17,300 --- 12 150 510 Bos -- sk 1.0
ko 15,500 | ----- —-- 96 18 30 -- 130 .6
dqkn ,000 | mewen - 1 1y kb o] - 21 K
dgika 25,000 | -m-en R Bt & 17 30 -- 15 1.0

Diso Tobal deformation Streen (psi) to cangs total deformation in —

(=) {perceat 1t 10 br 100 hr 1000 hr 2000 hr
AR-T6E-F 0.1 16,000 12,%00 9,000 5,500 oL, %00
(fovasd) 2 22,000 18,000 13,800 9,600 8,500

S0 meemees 23,000 ig,uoo 131,800 200
.6 ] mememes 2000 5300 10,000 10,200
Treneitin 0| @ ===-e-- 4,000 18,000 12,000 10,300
RB—TGB‘Q L0 mmmee 012.5@ g.ma 05..5@ -
{quenched ) .2 22,000 18,000 1h,000 10,000 08,800
.5 98,000 23,500 15,000 o1t 700 013,h00
1.0 | e 800 21,000 ©16,000 5500
Tremgitdon 0 | 0 ==meee- 300 20,800 16,000 %1k, 500
Dimo Oreop strength (pal) at 1000 @r for cresp rates of -
(a) 0,000, parcent /ir 0,00000. parcers /hr
FB-TEB-¥ (forgeld) 11,000 8,500
HE-T6B-Q {quenched) 13,300 7,500
SHoat troatmete: W
R-TGE-¥t As—Torgsd and mged; 16 hr af 1400° F, air—cool.

FR-TEB-Q:

Esat—treated enl aged)

Dpate fram aresp taxte; 0.505-1n,~dismster specirspa with a ~in. gage length,

OZatimated valuea.

ata from streas-ruphoe tests) 0,250-in—dlexater specimens with a i—in. gage length.

7, E&hr, water—quenched; 16 hr at 1h00° ¥, air-oocl.

gt
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TARLE VII.— (OMEARIBOH OF FOOM-TEMPYRATURYE ARD FIGH-TEHEERATURS PROPERTIES OF EEVERAL LABGE FORDED DIECS F LOW-OARBOT H-1793, £-090, AXD o-816 ALIOYD

Toat temparaturs, °F Boon temperaturs 1900
Low—oarbon Toe—carbon
B-816 ¥ o
e 5 % : '3 s
Disc mumber® HR-56D ME-ThB-F HR-ThB-GA ER-T6E-T ME-T6R-Q B-64D MB-thB-F NR-ThB-QA MB-TER-F NR-T6B-Q
Sbart-time properties:
Charpy izpact strength, = 9 23 1% a 9 15 43 k3
t—pounda
Izod imoast sirength, 56 7 18 L e - ————— | -
Tansile wtrangth, pei 118,000 129,050 120,500 150,000 Lk, 000 ,000 88, o0 81,600 180,000 106,000
0.1-pavcamt—offunt 67,000 90,000 3, ,000 70,000 * b7, %00 65,050 35,000 63,000 5,000
yiald strength
o.w..% 72,500 58,250 70,500 83,00 76,000 ,000 L, T30 ¥9,000 61,000 58,000
Tlougation, peroert .4 8 17 2 » 2 15 27 16 @
Boplure strengths, ped:
10-br ’ e e B —————— 61,000 455,000 55,000 478,000 gy, 000
1003 —m—— B oI IERETEELEU P —_— Ez,ooo ,500 ,000 62,000 66,000
1000-4r e[ e - | - i IR 5000 ,000 ,000 50,000 53,000
op miengihe, pals
0,0001 peroent, —— —_——— | - e - 26,000 27,700 £3,000 28,000 9,
0,00001 por ——— e B e — 15,000 | eemmee | eeimeen 418,000 415,000
100-4r defarmmtion strengtha, pal: ! .
O.L-mou:d: deformation - g,m mmemme— mmm—ese— o mme——— d':l. ‘ﬂ”
0,B—peroont deformmtion ,000 99,200 26,000 El,:‘pm =00
0,5 parosnt deformation - ﬁg;m’o , 000 33,800 hg'm ,C00
1.0-perosct dafarmniion ————— ———— == 000 , 000 2500 ,000 92,500
Trangition 1,500 47,000 4000 55,500 464,000
1000—hr daformation strengtim, peil
0,1~peroect daformation m————— m———— N 1h,500 el e i et i e
0.g-parosat deformticn - 4,000 2,000 418,500 24,500 5,500
0,3peroect deformticn memmeme- mmmrnes mmmem—= 30,000 3e,000 27,000 33,500 dgT,OOO
1.0-parceat dsformabion —————— | emmmeee 13,000 3k, 300 33,000 ,000 3,000
Trangition ————— —————— ———— 39,500 39,000 36,000 ,000 52,000
After areep testing at 1a°F
Bonideal room-bemperature ropertissi
ixpast strength, e | - e R —— 17.5 ammamnn m——nan 1 5.5
t—pounds
Tenmilo streogtn, d 000 | meeem f eeemeee | eee- - e 18,70 127,000 131,000 1%9,00 1§,OOD
0. 1-oarcent—offesh e 2,500 83,000 , s 5000
yield sirength, pei
o — ——t= 76335‘0 9*1” wim BTJOOG m}m
yield sirangth, psl R
Eloogation, parcent —— -——— 25 6 6 8.0 8,5

“Heat treatmautat

KB-65D1  Torged Aiso; streas-rolicved by heching %o 1200° T for € Iy and cooling in air.
NE-THB-¥: An-forged dieoj mged 16 br at 14000 ¥, air—oool,

M-ThB-QA: Eeat—treatod and oged disoy EJJO”T,%I::', voker—quenahed; 165 hr at 1h00° P, air-cool.

As-forged and aged disay 15 br st 14007 P, air—oocol.
%I:r, waker—qmonchol; 16 kv at 14000 ¥, wir-oeql.

TE-TER-F:
ER-TEB-Qt Ebat—tronted and aged dimy) PIO° ¥,
bDate from roferonce 3.
Tata from reformws 0.
{mated valnes,
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Test temparature, °F

. 130 1300
7
Aoy B-155 8 5’;“ s-816 -1 B'5§‘° 8-816
ﬁlﬁ? (o ) (a
Diso nkmber® MR-E6D MR-THEY MR-ThB-QA MB-76B-F ME-TERQ KR-6E6D HR-THB-F FR-ThB-QA NB-TEB-F MB-{6B-Q
Ghart=tdra properyles:
um;w 1mpact alrensth, 50 1 17 k7 [ 13 20 ky ks
Jeod impact etrength, =00 | e;cemme | ecedaas ————— mmmman | eesmewe | cemeeee | cmeeenn [ B B
foot—pounds
Tenaile otrength, pai 60,000 6k, 625 65,750 88,000 83,000 k0,500 k3,108 A, koo ,000 60,000
0.1-pore ot 12,000 50,750 43,500 56,000 2,000 33,300 1,3% 33,0% ,000 19,000
lh‘oﬂgﬂl
0.2-parosat—offaet hit,500 55,000 46,000 %,000 53,000 34,000 35,900 37,850 ¥9,000 1,000
y1eld alrength, pal
Elangation, perosnt 2h.p -] & 2 8 0,5 9 18 17T 11
Fuptwre ctrengths, wait
10-&r ! ho,000 2,000 41,000 2,000 d54 000 4oy, 300 ,000 ————— 431,000 409,500
100—hr 11,000 900 32,000 37,%00 30,000 20,000 12,100 20,000 20,500 22,000
1000—hy 2,000 ,000 25,000 27,000 9,000 1k, 200 ,000 15,000 13,700 17,500
v strangths, psit ’ ,
0,0001 perveat 14,000 10,600 16,400 19,500 19,000 8,700 42 800 10,000 11,000 13,500
0.00001 werosat /o 7,500 wamm 12,100 13,000 10,500 000 | eeee- - 7,100 8,50 7,500
100~tr deformabtion strengtha, peil
0,1~perosnt dsf crmmtion 1,000 | =mee- - mmm—a 13,000 13,000 7,700 ———— 9,k00 9,000 9,000
0,8-peroent deformation 151700 13,100 1h,700 22,000 20,000 11,000 —————— 11,000 13,600 1k, 000
0,%—parosnt deformetion £2,000 17,000 £1,h00 28,000 27,000 u,zgg §,500 1h,800 17,000 19,000
1.0-paroent defarmmtion g,oﬂo 20,500 2,100 1,000 30,000 17 9,000 17,4900 , 50 21,000
Trauaition 4000 24, %00 29,000 35,500 35,000 16,400 9,900 160700 18,000 £0,200
1000—hr dsformation strangths, pait '
0.1-peroant defmmation 8,000 e ———— 430,000 9,000 ) ‘g ——— 47,300 45,0 45,500
0.G-porcont deformbion 18,000 48,000 8,700 16,%00 18,000 & B 91200 9,600 10,000
0,%—percout deformation 17,200 13,000 17,000 ek, 500 £1,%00 10,500 s 11,600 11,900 glk,-roo
1,0-percent defmmation 1g,5oo 13,700 £0,800 dgg) 500 433,500 12,000 & o000 13!600 12,000 416,000
Tranwition 18,000 1k,500 22,500 ,000 27, 11,900 44,200 12,800 12,000 16,000
Aftar cresp testing at 1350° 7 Afsor areep testing ab 1500°F
Rasifnal roam—tesperature proporhles:
Tacd impmot wizwngth, k.6 2 b 7 1.8 ', T I 2 3.5 L8
foot—pounde
Teonile sbrength, ped 126,%0 110,500 138,500 133,500 133,500 11h,000 105,000 116,000 1¢3,000 119,000
0, l~porcant~affast 65,500 ,000 T2,000 000 4300 20, %00 n, 5,000 67,000 65,000
ylald strongth, pei
0.8 paromst-cfTaal 6,300 83,000 ,000 89,000 £1,000 54,500 80,800 62,500 3,500 %00
Yiald sirength, ped
Elocpation, percent 13 1 h| 5.0 10.7 b1 .5 L] T4 1.0

st troatmmrtar

BE-66D; TForged A1sop strsus—reliseved by beating to 1200° F for 2 hr and coaling in air,
MR-THE-F: Asforged diso; aged 16 kr at 1A00° P, air—occol

TR-TAP-QAt Esat—treatsd anl sged disog QWP,%hr,vntur—qluniwdglﬁh-atlwr,dmL
ER-TEB¥: Awforgsl aml aged diso; 16 kr at 1W00° ¥, air-cocl,
WB-TSB-Gt wmmmu-nlwr,%h,ntn-@mm 16 kr st 14009 F, alrogal,

PPata from reforance 3.
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TAEIX VITI,~ CREEP TEST DATA AT 1200°, 1350°, AND 1500° F FOR 8-816 ALIOY DIBCS NR-T6B

[A11 specimens were 0.505-in. in diameter with & 2-in. gage length]

@At 13kh hr, when test vams discomtimmed.
“Baoanaaofoouh‘ouarfailmu,thntamuatm'emhighat%hrfarlhr m.rimmlheo°]';md.nt650hrror3lhr

maTimm 1470° ¥, The arsep retes anl defarmations may bhave besn incrsassd by these temperaturs rises.
T¥aines at 942 hr, when test was discombimued.,

Disg Spootman tampT:::turo Strops [Duretion deﬁﬁm Creop rate (percent/hr) at — Total deformation (percent) at —
(a) auaiber (°F) (pei) | (br) T crcent) | 500 mr 2000 mr [1500 hr |2000 hr 500 hr 1000 hr |1%00 hr | 2000 hr
MR-T6B-F | Prey 1200 £5,000{ 11k 0.087  [0.000083[0,000050 [=====sm= |ommmuaan 0,172 | 0.205 | ===-n | wuue-
{forged) | Prez 1200 35,000 1124 .133 ,000k151 000372 |====m-=n [-=====-= Jo8 | 688 | --ee- | ---e-
OF13x 1350 12,000f 2065 L0587 .000050 | .0000k0 |0.000020 |0,000012 ) ,10% 26 0.137 0,145
SFex 1330 15,000| 2016 072 L0000TE| .0000KE [ ,000033| .000032| ,168 195 .218 .235
K37 1330 20,000 13k4 .080 .000172( 000116 |4.00010 |==----=- 27 | 336 | 4,370 | ---cC
CF13% 1380 25,000( 2015 .09k .000195{ .000155( ,000130| ,000130]| . .3 50 517
CF1Y 1500 8,000| 2koo .033 L000065| 0000451 ,000022( ;000020 .125 LT .160 267
CF13Y 1500 10,000 1995 - gﬁ .000205| .000065| ,000043] ,000038| .170 .210 gg:zt .26
crz 1500 10,000] 2010 . .000055| ,000055| .000032{ ,000017| .129 A60 | ., 1ok
Cysz 1%00 13,000| 1956 .080 ,000240| ,000200( ,000250| .000305( ,307 4eo 545 B75
FR-T6B-Q | PQsZ 1200 24,000| 1008 088 000065 | 000050 [~======= |===m=mu- AR | 176 | mmemm | meee-
(quenched) | PasY 1200  [35,000 1008 /133 +000290| 000270 == ===~ ol Rt w332 | JA50 [ mmmmm f eeee-
o eghz 1350 12,000 2012 057 .000065| ,000030( .000022| ,000022| .129 154 67 178
000% 13%0 12,000 2040 .053 ,000030| ,000020| .000015| ,000012] ,101 | .113 .123 .128
ol 1350 15,000 2213 .072 .000095] ,0000k0| ,00002%( .000030( .19k .223 .233 .28
°Q1Y 1350 18,000 2120 .078 .000173| .000080| ,c00062| . 28 | 337 .373 500
i oQly 13%0 21,840  gha .096 .000305|T,000285 |- ~=-r=mu [emamaaan 91 | £.815 | --<-c | -amee
oQ5Y 1500 8,000 1963 045 .000055| .000027| .000015| ,000015( .118 | .141 .151 157
ogsx 1500 10,000 2137 .052 L0000T3| .000046[  ,000027| .000027| .182 .208 .22l .2h3
oz 1500 13,000, 2002 072 00019 | .00012 | .00009k| ,000094| .262 | ,332 .383 433
SHeat treatments: s =
MB-TEB-¥: As—Targed end eged; 16 hr at 1400° ]‘ air—gool,
HR-T6B-Q: Heat—treatsd and aged; 2300° ¥, hr, wvater—quenched; 16 hr at 1400° P, air—cool,
NACA data.
CHavy data. -

GOLT "OH NI VOV


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

PARTE IX,— EEFECT OF CHEEP TPSTING AT 1200°, 1350°, AND 1500° ¥ ON THE BOCGH-TEMEERATURE

PHYSICAL FROFFRTIES (F 5-816 ALIOY DISCS MB-TSB

Prior testing conditions Besidual room-tempersture properties

() |opectzem T:n?aratnre Btvoss |Tims |stronst prene J?;ﬁ)msth ) Fropartional | Elougabion | Reduction et ) Vickern
o | (s | (e | Cond 0,08 peroont |0.1 poroant|0.2 poroent| (o) (povonmt) | (poroent) [ 2 [ raqn | oo

WR-76B-F | MUY (e) O IR G I R B B B ———- wmme | mmmmeee- 18, 18 292

(forgod)

(a) (o) (o) (e} (o) {150,000 63,000 79,000 83,600 kk,200 20,5 20,5 £17.8 | mammnm T390

broz 1200 | 38,000 [112% [-=--=m= | mmemmm | ameeo- === ———— S— - ———— 10, 12 33%

broy 1200 25,000 | 1124 (139,000 62,500 79,000 87,000 k5,000 8 T R [— NI [ —

Srax 1330 15,000 2016 [-====== |  -=e=mm | =Temes | omtesss o mmmmes =" -nee 7.0, 7.0 | =====- 33k

dr13x 1350 12,000 | 2065 {136,500 64,000 82,000 89,000 15,000 9.0 PR gy [

dp13y 1500 10,000 [ 1995 |==-==== | =sewew mommme | mstemee ———e-- —_— ---- 5.0, 6,0 | «=wan- 303

nr 1500 8,000 | 2450 |123,000 33,000 67,000 3,500 36,000 Th 8,2 | —weaumnn | owewma- S

w7654 | Vary (o) (0) (o) [mmmmmmm | mmeeem | e e pl M 0,10 | 293

(quenched)

{2} (o) (o) (6) |(e) }|1hk4,000 56,500 70,600 76,500 33,300 2.0 2.9 819.0 | ------ 8326

Pesy 1200 35,000 2008 |-=mmmes | mmemme | mmemme | eemeen | e - S IO 6, 390

bese 1200 £4,000 | 1008 |138,000 62,000 81,000 £8,000 3,000 8.5 X iy [e— ——-

Loz 13% | 12,000 [20bg |-=--mm | wmmmmm | mmmemm ) meeees mermne -en - 7.0, 8,5 | === 319

dqr 1330 18,000 | 2120 |133,500 63,300 75,500 81,000 48,000 10,7 1,9 | —eweeee- cmeen | wmem

S 100 | 10,000 [ 2137 [=-mmems | mmoees e I —- | 3.5, 60 | - 312

Uy 1500 8,000 | 1965 | 119,000 50,500 65,000 71,500 31,500 7.0 T T — S [

et treatmontst
MR-T6B-F1 Asforged and aged; 16 br at 1h00° F, air—cool,

MR-TEB-Qt

Heat—treatsd and aged; 2300° F,

aaca date (0.365-in.—sguare impact spsolmen with a 0,050—in,-desp ¥notch).

S

1ginal ocndition.

A¥avy data (0,h50-4n,~dimmeter impact spooimen with & V-notch),
OPenpile data fram average of four tsats on center— mnd gurface-plane
Tiwpact velue is average of yalnes from four temts (F172 — 21.0, 15.0; F18% —
of two wpocimens (F17Z, F18%Z), taken about 1/2 to 1 in. in from the worked surface of ths dlsc.

QJE-hr, watar—quanched; 16 hr at 1400¢ T, air—oool.

radial spocimens at rim of disc.
14,0, £1,0); Vickers hardnoss velue 18 average of Several impressicns from each

€Trpact valuo i@ average of Taluss fram thres tests (QLIY — 14.3, Q2Z — 22,8, Q3% — 20.0); Vickers herdness velue is everage of several impressicns from each

of two speoimens {QI1Y eni & mpecimen from en unidentifisd location).
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Figure 1.— Location of test coupons from as—forged and aged S—816
allay disc NR—TEB-F.

—— —— e e


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

2l NACA TN No, 1765

N
22
x| X
AV ¢
| | <] <
o| 0| ! o
x - =N 23
4 X
5 X
3 6 X
a
7 X
8 X
9 X
X
- 0 X-
< - ( ?_4
ajm| oot
A4
€1/
I12A
\‘[ X rog
e 12C
&) HY Iizo
m 4
l HZIZE
12F] v‘m

Figure 2.— Location of test coupons from solution—treated and aged S-816
alloy disc NR—76B—Q.
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Figure 3.— Summary of properties of S-816 alloy disc NR—T6B-F. Disc
treatment: Ag—forged and aged for 16 hours at 14L00° F,
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Figure 4.— Summary of properties of S5-816 alloy disc IR—-76B—Q. Disc
treatment: As—forged, water—quenched after 2-]2; hours at 2300° F,
and aged for 16 hours at 1LOOC F.
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5.— Variation in hardness from center to rim of ag—forged and aged
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Figure 6.— Variation in hardness from center to rim of solution—~trested.
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STRESS, PSI

76,000 .
60,0000 == —0 _1200° F
50,000 —— ——
30,000 = M—
. 1500°
20,000 S
| T
NR-76B-F: AS-FORGED AND AGED FOR 16 HOURS AT i400° F T~ _|
‘\
4 2 4 100 2 4 )
70,00 - | !
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80,000 —= o
40,000 ————— 1350 ©
30,000 = d =
T T° 1500° Fpr
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NR-76B-Q: AS-FORGED, WATER -QUENGHED AFTER 2'5 ~—
HOURS AT 2300° F, AND AGED FOR |6 HOURS AT [400° F W
4 2 4 100 2 4 2
TIME FOR RUPTURE, HR
Figure 7.~ Curvee of stress against rupture time at 1200°, 1350°, and 1500° F for 5—816 alloy

disca NR—TEB.
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Figure 8.— Curves of stress agalnst time for total deformation at 1200° F for 5-816 alloy disc

NR—76B—F. Heat treatment: As—forged and aged for 16 hours at 1LOO® F.
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Figure 9.— Curves of stress against time for total deformetion ab 1200° F for S-816 elloy dlsc
NR—76B-Q. Heat trestment: Asg—forged, water—quenched after 2%- hours at 2300° F end aged

for 16 hours &b 140Q° F,
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Figure 10.~ Curves of sgtress agalnst time for total deformation at 1350° F for S-816 allcy diac
NR—76B-¥. Heat treatment: As—forged and aged for 16 howrs at 1400° F.
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Figure 11,— Curves of stress ageinst time for total deformation ab 1350° F for S-816 alloy disc
NB—"{GB—Q. Hoat treatment: As—forged, water—quenched after 2% hours at 2300° ¥, and aged for

16 hours at 1400° F,
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Figure 12.— Curves of stress against time for total defarmation at 1500° F for S-816 alloy disc
NR~TEB-F. Heat treatment: As—forged and aged for 16 hours at 1400° F.
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Tigure 13.— Curves of stress asgeinst time for total deformation at 1500° F for 5-816 elloy disc
Rl_?—'{GB—Q. Heat treatment: As—forged, water-quenched after 2«]2- hours at 2300° F, and aged for
16 howrs at 1400° F,
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Figure 1lk.— Curves of stress agalust creep rate at 1200°, 1350°, and 1500° F for S-816 alloy
discs NR—TEB.
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Figure 15.— Original microstructures of S-816 alloy discs NR—76B-F and
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(2) Specimen F9A; 2618 hours for rupture at 1200° F and 45,000 psi.

100X 1000

100X 1000X
(c) Specimen F11D; 1132 hours for rupture at 1500° F and 13,500 psi.

Figure 16.— Microstructures of specimens of S-816 alloy disc NR—76B-F
after stress—rupture tests. Disc treatment: As—forged and aged for

16 hours at 1400° F, Electrolytic chromic acid ebch.
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(b) Specimen Q12F; 1286 howurs for rupture at 1350° F and 27,500 psi.
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(c) Specimen Q14D; 928 hours for rupture at 1500° F and 17,500 psi.

. Figure 17.— Microstructures of specimens of S-816 alloy disc NR—76B-Q
after st;c‘ess—rupture tests., Disc treatment: As—forged, waber—

quéncl,le-d. after 2%— hours at 2300° F, and aged for 16 howurs &t 14000 F.

Electrolytic chromic acid etch.
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(a) Specimen F27; 112k hours at 1200° ¥ and 35,000 psi.
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(b) Specimen F2X; 2016 hours at 1350° F and 15,000 psi.

100X _ '1000X
(c) Specimen F13Y; 1995 hours at 1500° F and 10,000 pst-.
Figure 18.— Microstructwres of specimens of S-816 alloy disc NR—76B-F
after oreep tests. Disc treatment: As—forged and aged for 16 hours

at 1400° F, Electrolytic chromic acid etch.
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(a) Specimen Q6Y; 1008 hours at 1200° F and 35,000 psi.
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(b) Specimen Q9Z; 2040 hours at 1350° F and 12,000 psi.
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(c) Specimen Q5X; 2137 hours at 1500° F and 10,000 psi.

Figure 19.~ Microstructures of specimens of S-816 alloy disc NR—T6B—Q
after creep tests. Disc treatment: As—forged, wabter—quenched after

2—%— hours at 2300° F, and aged for 16 hours at 1400° F, Electrolytic

chromic acid etch. .m
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