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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 ~arge discs required for gas
turbine rotors. 

The properties of large discs of S--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 
about 2000 hours, at 12000 , 13500 , and 15000 F. Short-time tensile test, 
impact test, and time-deformation characteristics are included. 

INTRODTJCTION 

This report presents the results of a study of the room-temperature, 
12000 , 13500, and 15000 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-76B-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 exhibited by this alloy in the form of large forgings of 
the type required for rotor wheels of gas turbines and to determine 
the relative properties of such forgings as-forged and aged and as 
hsat- t reated and aged. The results obtained previously from similar 
investigations of 19-9DL, CSA, Timken alloy, EME, and low-carbon 
N-155 discs have been published as references 1 to 9. A concurrent and 
nearly identical investigation of a large forged di sc of 8-590 alloy has 
been published as reference 10. 

Thi s 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 Committee for Aeronautics is 
sponsoring work directed toward the development of improved high
temperature alloys for gas turbines used in aircraft pm-Ter plants. 
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A concurrent program~ formerly sponsored by the National Defense Research 
Committee, Office of Scientific Research and Development~ and now 
sponsored by the Office of Naval Research, Navy Department, is being 
directed to the development of alloys for gae-turbine applications in 
general and, in particular, for both ship and aircraft propulsion 
turbines. The work described herein was accomplished with the financial 
assistance of the National Advisory Committee for Aeronautics 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 University of Michigan and for the 
Navy at Battelle Memorial Institute. 

TEST MA'IERIALS 

The available information concerning the disc may be summarized 
as f ollows: 

Manufacturer: 

Allegheny-Ludlum Steel Corporation 

Heat number: 

41625 

Chemical composition: 

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

Mn Si Cr Ni Co Mo w Cb 

0 . 50 0.53 19 . 80 20 . 57 42.71 3.95 

Fabrication procedure: 

Fe 

2.87 

A 12- inch- square ingot from a 5000-pound electric-arc heat yas 

hammer cogged to 9! inches square from 23000 }' and upset to 3 5
6 

inches 
2 1 

thick from 22500 F . The resulting disc was more nearly octagonal than 
circul ar and measured about 17 inches across. 

The disc was cut in hal f . One half WIlS left as-forged, marked NR-76-F ; 

the other half was heated at 23000 F for 2~ hours and water--quenched~ 
marked NR- 76-Q. Test bars from each half were then aged for 16 hor.rs 
at 14000 F . 

• 
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Sampling: 

The code number assigned to the two halves was NR-76B. They will 
hereafter be referred to as the two discs, NR-76B-F and NR-76B-Q. 
Figures 1 and 2 shaw the locations of the samples cut from the halves 
and the code system identifying the coupons. The numbers refer to 
locations on the flat faces of the discs, and the letters refer to 
the locations through their thicknesses. 

EXPERrnENTAL PROCEDURE 

3 

The investigation was designed to provide four types of information: 
(1) The physical properties at room temperature, 12000, 13500, and 15000 F 
which can be expected in large forgings of the 8-816 analysis; (2) the 
effect of 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 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 8-816 alloy included short-time tensile properties, 
impact strengths, rupture test characteristiCS, and design curves of 
stress against time for total deformations of 0.1, 0.2, 0.5, and 1,0 per
cent at 1200°, 1350°, and 15000 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, tensil e , and impact tests and metaJ.lographic 
examination of specimens after completion 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 E2l-43 and E22-4l. 

RESULTS 

The data obtained are compiled as a series of tables and figures, 
with the principal results from the dis cs NR-76B-F and NR-76B-Q 
summarized in figures 3 and 4. The source of the data (NACA 01' Navy) 
is indicated in the tables. 
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Hardness Survey 

The :B:r1nell hardness of material cut f:rom the forged and aged 
disc NR-76B-F ranged from 258 to 311 while the range for the heat
treated and aged disc was f:rom 255 to 280. (See figs. 5 and 6.) The 
hardness generally increased from the center to the rim of the diSCS, 
mere so in the case of the forged and aged disc than in the case of 
the heat-treated and aged disc. However, the minimum value was measured 
about 2 inches from the center of disc Q on the center plane, while the 
maximum value was measured at the rim on the forged surface of disc F. 

The forged and aged disc showed a higher over-all hardness than 
the solution-treated and aged diSC, in addition to the greater hard
ness difference f:rom 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 f:ram which the 
halves F and Q were 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~ 13500, and 15000 F are shown in table I. At room temperature, 
12000, and 13500 F, the forged and aged disc NR-76B-F showed slightly 
higher tensile and yield strengths than the heat-treated and aged 
disc NR-76B-Q. At 15000 F, the situation was reversed, with the heat
treated and aged disc showing slightly higher strengths than the forged 
and aged disc. The variation in ductility was small, both between 
discs F and Q and among the room-temperature and elevated-temperature 
tests. However, at room temperature and at 13500 F, the average 
elongation fer disc Q was a few percent above that for disc F. The 
elongations of both discs were higher at room temperature arid 13500 F 
than at 12000 and 15000 F. It should be noted, however, that every 
specimen tested at 12000 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 f:rom the interior of the 
discs to have lower strength at room temperature and, in disc Q, lower 
ductility. 

Charpy Impact Resistance 

Charpy impact resistance (V-notch) was determined on specimens 
from the two discs F and Q at room temperature, 12000, 13500, and 15000 F 
after holding at temperature sufficiently long to insure a uniform 
temperature in the specimens. The data are shown in table II and 
figures 3 and 4. 

I 

. \ 
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The Charpy impact values of the discs F and Q were nearly identical 
at 12000 and 15000 F, but at room temperature and at 13500 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 12000 to 15000 F. 

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

Rupture Test Characteristics 

The strese-rupture data for the tests at 12000, 13500, and 15000 F 
are shown in table III, and the rupture-strength values obtained from 
the curves of stress against rupture time in figures 7 to 13 are shown 
at the bottom of table III. All strese-rupture tests were run on 
l/4-inch-diameter specimens which were cut from the discs in either a 
radial direction or less than 450 from radial. 

At 12000 F, the strese-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 13500 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 15000 F, the 100-hour and 1000-hour rupture strengths of disc Q 
were again slightly 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 F 21,000 and 13,500 psi, respectively. 

Inspection of the curves of stress against rupture time (fig. 7) 
shows some increase in slope with increasing test temperature for 
disc F and hardly any change in slope with increasing test temperature 
for disc Q. At 12000 and 13500 F, the slopes of the stress-rupture 
curves are about the same for both discs. The comparative slope 
changes between discs at 15000 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 goo~. Elongations for the 15000 F tests were mostly 
only fair, ranging from 2 to 8 percent, while those for the 12000 
and 13500 F tests were better, ranging from 6 to 15 percent, with one 
low value, 3 percent, reported at 13500 F (disc NR-76B-F). 

5 
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Time-Deformation Characteristics 

A convenient method of describing the high-temperature strength of 
a material is by curves of stress against time required for various 
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 
stress. This information is presented in figures 8 to 13 for deformations 
of 0.1, 0.2, 0.5, and 1.0 percent at 12000, 13500, and 15000 F for time 
periods up to 2000 hours. Curves showing the time of transition from 
a minimum creep rate to the increasing rate of third-etage creep have 
been added so as to show when rapid elongation preceding failure starts. 

The curves of stress against time for total deformation were plotted 
from 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, 100S, and 2000 hours. For ease of comparison, these data and 
similar data for the 8-590 discs NR-74B and for the N-155 disc NR-66D 
are shown together in table VII. Also included for comparison are impact 
and tensile data at room temperature, 12000, 13500, and 15000 F for these 
materials and residual room-temperature impact and tensile data for 
specimens after creep t esting of the various materials (after 1000 
to 2000 hr under stress at test temperature). 

Creep 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 12000 , 13500, and 15000 F on the two discs F 
and Q are sho~TI in figure 14. The creep rates used were either minimum 
or final rates from 1000-hour t es t s at 12000 F and from 2000-hour tests 
at 13500 ruld 15000 F . The creep strengths obtained from figure 14 are 
shown i n tables IV, V, and VI and for ease of comparison are tabulated 
as follows: 
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Temperature Stress (psi) for creep rates of -
Disc (~) 

0.0001 percent/hr 0.00001 percent/hr 

NR-76B-F 1200 28,000 a18,000 
NR-76B-Q 28,000 a16,000 

NR-76B-F 1350 20,000 13,000 
NR-76B-Q 19,000 10,500 

NR-76B-F 1500 11,000 8,500 
NR-76B-Q 13,500 7,500 

aEstimated. 

These creep strengths can be compared with the deformation strengths 
in tables IV, V, and VI. The creep strengths for a rate of 0.0001 percent 
per hour at 12000 F are apparently safe for use for time periods up 
to 10,000 hours since extrapolation of the transitio~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-etage creep would still 
prevail. 

For the tests at 13500 F, the situation is quite different. Extra
polation of the 13500 F transition curves in figures 10 and 11 shows that 
at the stresses for a creep rate of 0.0001 percent per hour increasing 
creep rates will ,occur in about 14,000 hours for disc F and 7000 hours 
for disc Q. At the lower stresses producing a creep rate of 0.00001 per
cent per hour, third-etage creep would not occur for considerably longer 
time periods. 

Extrapolation of the 15000 F transition curves (figs. 12 and 13) 
shows that at the stresses for a creep rate of 0.0001 percent per hour, 
increasing creep rates will occur in 1500 hours for disc F and in 
3700 hours for disc Q. Even at the stress for a creep rate of 
0.00001 percent per hour, extrapolation indicates an increasing creep 
rate for disc F in 4000 hours ana for disc Q a t 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.OOOl-percent-per-hour creep strengths 
at 12000 F. The rupture strength (10,000 hr) is only slightly higher 
than the creep strength (0.0001 percent/hr) at 13500 F. At 15000 F, 
the creep strength of disc F is above the estimated rupture strength, 
while for the disc 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 produ9ing rates 
less than 0.0001 percent per haur make unwise the large extrapolations 
necessary in both creep and rupture data for comparisons of the creep 
rate for 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 maximum test period used here (about 2000 hr) 
may magnify such effects as surface and structural instability, which were 
overshadowed by other variables during the short test periods. 

Stability Characteristics 

Same of the test specimens from each of the two discs were subjected 
to tensile, impact, and hardness tests at room temperature after creep 
testing at 12000, 13500, and 15000 F with the results shown in table IX. 

The considerable decreases in impact strength and tensile test 
ductility at room temperature were the most significant changes observed. 

The hardness of disc F increased somewhat after creep testing at 
12000 F, but did not change after testing at 13500 F and seemed to 
decrease slightly after testing at 15000 F. 

For the forged and aged disc F, the proportional limit and 0.1-
and O.2-percent yield strengths were slightly higher after creep testing 
at 12000 and 13500 F (except for the O.l-percent yield strength after 
12000 F which remained unchanged), but were lower after testing at 
15000 F. The tensile strength was lower after creep testing at all 
three temperatures, and the O.02-percent yield strength did not change 
significantly after testing at 12000 and 13500 F but decreased after 
testing at 15000 F. 

The yield strengths of the heat-treated and aged disc Q were higher 
after creep testing at 12000 and 13500 F and lower after testing at 
15000 F. The tensile strength was lower after creep testing at all 
three temperatures. 

The microstructure showed less breakdown 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 specimens. Original microstructures of the center 
and 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 is also shawn at 100X and 1000X in 
figure 15. 

The grain--flize range was about . 5 to 7 near the rim of the forged 
and aged disc and about 4 to 7 at the center. The grain-eize 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--flize number) th~ the forged and aged disc. 

Precipitation within the grains is not evident in the original 
microstructures or in those of the creep-tested specimens. Some 
precipitation is evident in the microstructures at 1000X of speci
mens 10A~ Ql2F~ and Ql2E (figs. 16 and 17)~ which were tested in stress 

j 
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rupture, the first two at 13500 and the last at 12000 F. No explanation 
can be offered for the apparent absence of precipitation in the photo
micrographs of the original structures and of the structures of all the 
tested creep specimens and 15000 F stress-rupture specimens. The 
photomicrographs of figure 15 show the original structures at magnifications 
of 100X and 1000X of the forged 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 12000, 13500, and 15000 F. The 
photomicrographs of figures 16 and 17 show the fractures at 100X and 
internal microstructures at 1000X of the specimens of the two discs after 
stress-rupture tests at 12000 , 13500, and 15000 F. The fracture of 
specimen Ql2E, which was tested for 1699 hours at 12000 F, appears to 
be transcrystalline. The fractures of the specimens tested at 13500 

(FIOA and Ql2F) and 15000 F (FIlD and Ql4D), and the fracture of speci-
men F9A (2618 hr at 12000 F) were all intergranular. The longer time of 
exposure to high temperature and lower stress may have caused speci-
men F9A to break with an intergranular fracture at 12000 F, while the 
corresponding specimen Ql2E from the quenched and aged disc broke with 
a transcrystalline fracture. Specimens tested in stress rupture 
at 13500 and 15000 F (FIOA, Ql2F, FIlD, and Ql4D) showed considerable 
intergranular cracking adjacent to the fracture. 

DISCUSSION OF RESULTS 

The tensile, stress-rupture, creep, and time-deformation data 
provide as nearly complete design information for the 8-816 discs, 
NR-76B-F and NR-76B-Q, as can be obtained in the laboratory from tests 
under constant tensile stress. 

The test data contained in this report apply only to the particular 
discs tested and fabricated and heat-treated in the manner indicated. 
Considerable experience indicates that the properties depend on the 
particular manufacturing process used in the production of the discs. 
It should not be assumed that the properties herein reported apply to 
discs of a similar composition produced by another fabricator or 
necessarily to similar discs produced by the same fabricator. 
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SUMMARY OF RESULTS 

The principal results obtained from the l7-inch-diameter 

by 3..2 - inch-thick discs may be 8Ul!IlIIarized. as follows: 
16 

1. Brinell hardness range: 
On center plane at rim 
On Genter plane at center 

2. Offset yield strengths: 

0.2-percent-offset yield 
strength, psi, at -
Room temperature 
12000 F 
13500 F 
15000 F 

3 . Rupture test characteristics: 

Stress, psi, to cause rupture 
at 12000 F in -

10 hours 
100 hours 
1000 hours 

Stress, psi, to cause rupture 
at 13500 F in -

10 hours 
100 hours 
1000 hours 

Stress, psi, to cause rupture 
at 15000 F in -

10 hours 
100 hours 
1000 hours 

Forged and 
aged disc, 

NR-76B-F 

300 
270 

85,600 
67,000 
59,000 
49,000 

78,000 
62,000 
50,000 

52,000 
38 ,000 
29 , 000 

30, 000 
21, 000 
13, 500 

Hea-t-treated 
and aged disc, 

NR-76B-Q, 

280 
260 

76,500 
58,000 
54 ,500 
51 ,000 

80,000 
66,000 
52 ,000 

52 ,000 
39 ,000 
29 ,000 

29 ,000 
23,000 
17,500 

The elongations and reductions of area of the fractured rupture 
te st specimens were generally satisfactory with the exception of some 
s pecimens of t he forged and aged disc, NR-76B-F, tested at 15000 F. 
Increas ed rupture time did not produce a significant change in 
duct ility . 
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4. Total-deformation characteristics under stress: 

The data for the two discs are shown elsewhere in this report and 
will not be repeated here. Briefly, the heat-treated and aged disc 
was generally superior at 12000 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 
superim~. The forged and aged disc was superior at 13500 F, and 
at 15000 F the solution-treated and aged disc was superior except at 
low stresses (O.l-percent total deformation). No explanation has 
been found for the fact that the forged and aged disc Was ~uite 
definitely superior at 13500 F, while the heat-treated and aged disc 
was superior at both 12000 and 15000 F. 

For very long time service, the order of superiority described 
might be changed somewhat. This is evidenced by the fact that the 
creep strengths (0.0001 percent per hour and 0.00001 percent per ho~) 
of the forged and aged disc were e~ual or superior to those of the 
heat-treated and aged disc at all three test temperatures, except for 
the O.OOOl-percent-pe~hour creep strength at 15000 F where the heat
treated and aged disc had. the higher strength. 

5. Uniformity: 

The properties of the discs were quite uniform in view of the 
size of the forging and the characteristics of the alloy. 

6. Stability: 

11 

The impact strength and ductility decreased after creep testing 
at 12000, 13500, and 15000 F. The ultimate-etrength values from tensile 
tests decreased after creep testing at all three temperatures. The yield 
strengths of the forged and aged disc changed very little after creep 
testing at 12000 and 13500 F and decreased after testing at 15000 F. 
The yield strengths of the heat-treated and aged disc increased after 
creep testing at 12000 and 13500 F ani decreased after creep testing 
at 15000 F. 

Battelle Memorial Institute 
Columbus, Ohio 

and 

University of Michigan 
Ann Arbor, Mich. 

March 17, 1948 
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TABLE I .- SHORT-TillE TENSILE PROPERTTI:S OF &-816 ALLOY DISCS NR- 76B 

[Pulled at 0 . 02 in . !min through yiel d strengths , then 0. 06 in.!min to rupture] 

Test Tensile 
Offset yield strengths 

Proportional El ongation Disc Specimen Specimen (ps i ) . 
(a) number l ocation temperature strength limit in 2 in. 

(~ ) (psi ) 0 . 02 percent 0.1 percent 0. 2 percent (ps i ) (percent) 

NR- 76B-F bFl 7X Surface Room 153, 000 66, 800 84,000 91,000 48, 600 20 . 5 
(forged ) bF18X Surface Room 150, 300 67, 400 82 , 500 89 , 000 47, 400 18 .9 

bF17Y Interior Room 149, 400 60, 000 75, 000 81, 200 43, 600 23 . 0 
bF18Y Interior Room 147,100 58, 000 74, 500 81, 000 37, 400 19 .5 

cF4x Surface 1200 117, 500 53, 000 63, 000 67, 000 41,500 0..14. 5 
cF6z Surface 1200 121,750 51, 800 63 , 500 67, 000 42, 000 0..17 

cF6x Surface 1350 94, 000 53 , 700 61,600 66, 000 39, 000 23 .5 
cF6Y Interi or 1350 83, 250 44,400 50, 000 52, 800 36, 000 22 . 5 

bF5X Surf a ce 1500 57, 500 35, 200 44, 000 46, 800 27, 000 - - --
br5Y Interior 1500 60, 400 40, 500 48, 500 51 , 000 31 ,000 16.5 

NR-76B-Q bQ2X Surface Room 149, 500 58, 800 71, 800 77, 800 35, 900 32 . 5 
(quenched ) bQ3X Surface Room 149, 000 55, 900 71, 400 77, 400 34 , 400 33 . 0 

bQ2Y Interior Room 140, 300 55, 000 68, 800 74, 400 30, 000 18 .5 
bQ3Y Inter ior Room 138, 400 56, 400 70, 400 76, 400 32, 900 16. 2 

cQ7X Surfa ce 120') 107, 750 48, 500 54, 300 57, 000 37, 500 0..13 
cQ{3y Interior 1200 105, 500 50, 000 56, 700 60, 000 37, 500 0..12 

cQ6x Surface 1350 84, 000 44, 500 50, 000 52,600 35,000 25 . 5 
cQ8z Surface 1350 83, 000 48, 500 54 , 200 56, 800 40,000 23 

b'¢lX Surface 1500 58, 500 44, 400 48, 500 50, 200 40, 000 19 .6 
b'¢lY Interior 1500 63, 200 42, 400 50, 000 51, 500 34 , 900 16. 0 

-------

aHeat treatments: 
NR-76~F : A&-forged and aged; 16 hr at 14000 1', air-cool. 
NR-76B-Q: Heat-t reat ed and aged; 23000 F, 2t hr water-quenched; 16 hr at 14000 F, air-cool. 

bNavy data . 
cNACA data . 
dBroke in gage mark . 

Reduction Modulus of 
of area el as ticity 

(percent) 

19 .9 30 .4 x 106 
19 . 5 34 . 0 
23 . 4 32 . 5 
19 . 2 33 . 5 

14.1 26 .5 
15 .9 25 . 0 

24 . 4 25 . 0 
22 . 0 23 .8 

-- - - 24 .1 
19.9 24 . 0 

25 .9 35 .2 
29 . 0 33 . 3 
16 .9 32 .1 
15 . 7 32 . 5 

14 .8 27 . 2 
13 . 4 25 .8 

22 . 7 25 . 0 
21.6 24 . 0 

23 . 0 29 . 5 
16 . 2 17 . 0 

- ~ -

~ 

~ o 
;:t> 

~ 
~ 

f--' 
--J 
0'\ 
\Jl 

f--' 
w 
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NACA TN No. 1765 

TABLE II.- CHARFY NOTCHIID-BAR IMPACT RESISTANCE AT ROOM TEMPERATURE 

1200°, 1350°, AND 1500° F FOR 8-816 ALLOY DISCS NR-76B 

[Navy data: 0.394-in . square specimens with a 0 . 079- in.-deep v-notc~ 

Charpy Average Charpy 
Disc Specimen Specimen Test temperature impact impact strength 
(1) number location (0]') strength (f1r-1b) 

(f1r-1b) 

NR- 76B-F BD Interior Room 15 
(forged) 14x6 Interior Room 27 23 

15X4 Interior Room 27 
7A Surface Room 22 

15X1 Surface Room 27 28 
14z1 Surface Room 36 

7D Interior 1200 31 
14z6 Interior 1200 47 40 
15X6 Interior 1200 43 

SF Surface 1200 43 
14x3 Surface 1200 54 45 
15X2 Surface 1200 39 

14x4 Interior 1350 41 
14x5 Interior 1350 42 . 41 
15X5 Interior 1350 39 
14X1 Surface 1350 45 
14z2 Surface 1350 61 53 
15X3 Surface 1350 54 

7C Interior 1500 31 
14Z4 Interior 1500 50 43 
14z5 Interior 1500 48 

7F Surface 1500 48 
14X2 Surface 1500 34 44 
14z3 Surface 1500 50 

NR-76B-Q 15D Interior Room 18 
(quenched) 16c Interior Room 16 17 

18B Interior Room 18 
8X1 Surface Room 21 22 
lSF Surface Room 24 

15B L"lterior 1200 42 
17C Interior 1200 39 40 
19D Interior 1200 38 
15A Surface 1200 47 
17F Surface 1200 50 46 
lBA Surface 1200 42 

15C Interior 1350 38 
16D Interior 1350 35 37 
1BD Interior 1350 38 
8X2 Surface 1350 37 
16F Surface 1350 51 44 
19A Surface 1350 43 

17D Interior 1500 40 
18c Interior 1500 34 37 
19C Interior 1500 36 
15F Surface 1500 51 
17A Surface 1500 48 49 
19F Surface 1500 50 

1Reat treatments : ~ 
NR-76B-F : Aa--forged and aged; 16 hr at 14000 F, ail'-cool. 
NR- 76B-Q: Hea1r-treated and aged; 23000 F, ~ hr , water-quenched; 16 hr at 14000 F, 
air-cool. 



NACA TN No. 1765 

TABLE III.- RUPI'URE TEST DATA AT 12000, 13500, AND 15000 F 

FOR 8-816 ALLOY DISCS NR-76B 

Disc Specimen Specimen Test stress Rupture Elongation Reduction 

(a) number location temperature (pei) time i n 1 in . of area 
(0]') (hr) (percent) (percent ) 

NR-76B-F ~E Interior 1200 60, 000 130 c8 9 
(forged) bF9C Interior 1200 55 , 000 246 cll 10. 5 

bFl OE Interior 1200 55,000 638 13 13.8 
bF9B Interior 1200 50,000 658 cI0 9 .4 
bF9A Surface 1200 45,000 2618 c7 6 .4 

bF9D Interior 1350 60, 000 3 . 5 c15 16.2 
bFI OC Interior 1350 40~000 58 cll 12 .1 
bFI 0B Interior 1350 35,000 212 c10 10 .2 
bFI OF Surface 1350 35, 000 275 8 8 . 6 
bFI OD Interior 1350 30, 000 565 14 12. 5 
bF10A Surface 1350 27, 000 1894 c3 4. 7 

dF1lA Surface 1500 25, 000 33 2 2.4 
dF1lB Interior 1500 21,000 81 3 5 . 5 
dFllE Interior 1500 18 , 000 236 8 5.6 
dFllC Interior 1500 16, 500 362 2 .8 
dFllD Interior 1500 13,500 ll32 4 2.3 

NR- 76B-Q bQl2A Surface 1209 65, 000 ll8 c7 10.2 
(quenched) bQl2B Interior 1200 60, 000 203 c6 4.8 

bQl2D Interior 1200 55, 000 683 c7 7.1 
bQl2E Interior 1200 50,000 1699 c7 4 .. 5 

bQl3A Surface 1350 40, 000 82 cll 14.7 
bQl3B Interior 1350 35, 000 253 c14 9 .8 
bQl2C Interior 1350 30, 000 868 10 9 .8 
bQl2F Surface 1350 27, 500 1286 8 10 .2 

dQl4'A Surface 1500 25, 000 45 7 7.0 
dQl4B Interior 1500 22 ,000 136 7.5 7.8 
dQl4C Interior . 1500 19 , 500 443 5 4 . 7 
dQl4D Interior 1500 17,5iil0 928 4 3 .2 
dQl4F Surface 1500 16,QGO (e) ----- ----

Rupture str ength 

Temperature Stress (psi) for rupture in -
Disc (OF ) 

10 hr 100 hr 1000 hr 

NR- 76B-F 1200 f75,000 62, 000 50, 000 
(forged) 1350 52,000 38, 000 29 , 000 

1500 f30, 00O 21, 000 13, 500 

NR- 76B-Q 1200 1'80, 000 66, 000 52,000 
(quenched) 1350 f52,000 39,000 29 , 000 

1500 f29,OOO 23, 000 17,500 

aHeat treatments: 

Minimum 
creep rate 

(percent Ihr ) 

0 . 050 
. 034 
. 015 
. 0068 
. 0012 

------
---- --

. 028 

.018 

.0145 

.0009 

.0175 

. 0137 

.010 

.0015 

.0014 

------
.025 
.0075 
. 0026 

------
. 030 
.0047 
. 0023 

. 046 

. 012 

. 0026 

.0015 
------

2000 hr 

h7, 000 
26, 500 

f12 , 000 

49,000 
f 26,000 
1'16, 000 

NR- 76B-F : As-forged and aged; 16 hr at 14000 F, a i r-cool. 
NR- 76B-Q: Heat-treated and aged; 23000 F, 2~ hr , water-quenched; 16 hr at 14000 F, 
air-cool. 

0NACA data; 0 .250-in.-diameter specimens with a l-in. gage length . 
cBroke in gage mark . 
dNavy data; 0 .250-in .-diameter specimens with a 1.3- in . gage lellgth . 
eThe extensometer was insecure during this test and deformation readings after 50 hr were 

in error because of rupture of adjacent units. The test was di s continued at 527 hr. 
Measurement of the specimen after removal from t est showed l . O-percent elongation 

f and 2.4-percent reduction of area.. 
Es timated values extrapol ated f r om figs . 7 to 13. 

15 



TABLE IV.- DATA FOR STRESS AND TIME FOR TOTAL DEFORMATION AT 12000 F FOR &-816 ALLOY DISCS NR-76B 

[NACA data] 

Initial Time (hr) for total deformations of - Transi tion to third-s tage creep 
Disc Specimen Stress deformation 
(9.) number (psi) (percent) 0.1 percent 0. 2 percent 0 .5 percent 1 percent 2 percent 5 percent Time Deformation 

(hr) (percent) 

NR-76B-F ~2Y 25, 000 0 . 087 8 875 -- -- ----- --- -- -- ---- ---
(forged) ~2Z 35, 000 .133 -- 30 503 c1850 --- ---- ---

dF9A 45,000 .196 -- I 100 380 970 ---- 1840 3 .2 
dF9B 50, 000 .210 -- ---- 11 33 92 347 625 7.4 
dF9C 55, 000 .250 -- - --- 4 19 52 139 160 5 . 7 
dFlOE 55, 000 .365 -- ---- 7 24 58 208 400 7 .8 
.dF9E 60, 000 . 300 -- ---- cl 4 17 68 120 7 .1 

NR-76:B-Q bQ6z 24 , 000 .088 25 1480 ---- - - - -- --- ---- ----
(quenched) bQ6Y 85 

---
35, 000 .133 -- 1030 --- -- --- ---- ---- ---

dQJ..2E 50, 000 .276 -- ---- 44 163 415 1480 1630 5 .4 
dQJ..2D 55, 000 . 351 -- ---- . 14 85 182 550 450 4 . 0 
dQJ..2B 60, 000 .440 -- ---- c3 15 44 168 -- -- ---
dQJ..2A 65,000 .650 -- --- - ---- 4 17 72 ---- ---

Disc Total deformation Stress (psi) to cause total deformation in -

(a) (per cent) 
Ihr 10 hr 100 hr .1:000 hr 2000 hr 

NR- 76l>-F 0.1 ------- c24, 500 ------- ------- -------
(forged) . 2 45,000 38, 000 31, 500 24, 500 c22 , 500 

. 5 61, 000 52,000 43 , 000 33,500 30, 500 
1. 0 ------- 57,000 48, 000 38, 000 35, 500 

Transition ------- ------- 59 , 500 48, 000 44, 500 

NR-76:B-Q .1 ------- c27, 000 c19 , 500 ----- --
(quenched) . 2 ---- -- - c43 , 000 34,500 25,500 c23~OOO 

. 5 c65,000 55, 500 46,000 36, 000 c33 , 000 
1. 0 c71,000 62 , 000 52,500 c43 , 000 c40,000 

Transition ----- -- ------- c64 , 000 52,000 48,000 

Disc 
Creep strength (psi) at 1000 hr for creep rate9 of -

(a) 0 . 0001 percent/hr 0 . 00001 percent/hr 

NR- 76B-F (forged) 28, 000 c18, 000 

NR-76:B-Q (quenched) 28,000 c16, ooo 

aHeat treatment s: 
NR-76l>-F: Ae-forged and aged; 16 hr at 14000 F, a1l'--cool. 
NR-76:B-Q: Heat-treated and aged; 23000 F, ~ hr, wateI'-quenched; 16 hr at 14000 F, air-cool. 

bCreep tests; 0 .505-in.-diameter specimens with a 2-in. gage length. 

~ 

CEsttmated values . 
dStrese-rupture tests; 0.25(}-in .-<l iameter specimens with a I-in. gage length. 

.. 
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TABLE V.- DATA FOR STRESS AND TIME FOR TOTAL DEFORMATION AT 13500 F FOR &-816 ALLOY DISCS Im-76B 

Initial Time (hr) for total deformations of 
Transition to third:...atage creep 

Disc Specimen Stress 
(a) number (pe i ) deformation Time 

(percent) 0 .1 percent 0 . 2 percent 0.5 percent 1 percent 2 percent 5 percent (hr) 

NR-76:B-F ~13X 12, 000 0.057 400 ------- - ---- ---- - ---- -- - -- --
(forged) ~2X 15, 000 . 072 15 1075 - - -- - -- --- ---- -- - -_ .. -

bF3X 20,000 .080 4 160 --- -- --- - - ---- --- -- --

bF13Z 25, 000 . 094 1 110 1875 -- --- ---- --- -- --
cFl0A 27, 000 .113 --- 9 185 800 1695 --- 1600 
CF10D 30, 000 .125 --- 1 . 5 10 31 86 300 300 
cFl 0B 35 , 000 .145 --- d.5 5 16 47 144 100 
cF10F 35, 000 .164 --- . 5 12 40 100 245 130 
cF10C 40, 000 .170 --- ------ - dl d2 •5 6 20 -- --

NR-76:s-Q. bQ4Z 12, 000 . 057 175 d3OO0 ----- -- --- ---- --- ----

(quenched) bQ9Z 12,000 . 053 225 d8000 ----- ----- -- -- -- - ----
bQ4X 15, 000 . 072 28 580 ----- ----- ---- --- ----
bQ.lY 18,000 . 078 8 132 d3800 ---- - --- - --- ----
bQ4y 21,840 . 096 1 50 890 ----- --'-- --- - ---
cQ.l2F 27, 500 .115 --- 5 58 243 688 --- 82O 
cQ.l2C 30, 000 .126 --- 2 . 5 33 124 343 845 440 
cQ.l3B 35, 000 .140 --- ------- d2 8 36 125 100 
cQ.l3A 40, 000 .165 --- - ------ <1 4 10 38 45 

Disc Total deformation 
Stress (ps i ) to cause t otal deformat ion in -

(a) (percent ) lhr 10 hr 100 hr 1000 hr 

Im-76:B-F 0 . ] 24, 000 '17,000 13, 000 d10, 000 
(forged) .2 33, 000 27, 500 22, 001) 16,500 

. 5 39 , 000 33,000 28, 000 24, 500 
1. 0 43 , 000 37, 000 31,000 d26, 500 

Transition - ------ ------ 35, 500 28, 000 

NR-76:s-Q. .1 21,000 17, 000 13, 000 ~,OOO 
(quen,.hed) .2 d30,000 25, 000 20, 000 15, 00:> 

. 5 38, 500 33,000 27, 000 21,500 
1. 0 d43,000 36, 500 30, 000 d23,500 

Transition ------- ------ 36,000 27, 000 

Disc Creep strength (psi) at 1000 hr for creep ratee of -

(a) 
0. 0001 percent/hr 0.00001 percent/hr 

NR-76B-F (forged) 20,000 

NR-76:s-Q. (quenched ) 19,000 

aHeat treatments : 
NR-76:B-F: A&-forged and aged; 16 hr at 14000 F, air-cool. 
NR-76:s-Q.: Heat-treated and aged; 23000 F, ~ hr, water-quenched; 16 hr at 14000 F, air-cool. 

bNavy data f rom creep teste; 0 . 505-in.-diameter specimens with a 2- in. gage length. 
cNACA data from strese-rupture tests; 0. 250-in.-diameter specimens vith a l-in. gage length. 
dEet1mated values . 

13, 000 

10, 500 

Deformation 
(percent) 

- --
- --
- --
---
1.8 
5 .2 
3 . 5 
2 . 5 
---

---
-- -
---
---
-- -
2 . 3 
2 . 5 
4 .0 
6 . 0 

2000 hr 

~, 500 
d15, 000 

23 , 000 
~25 , 000 
0.26, 000 

d8, 000 
13, 500 
19 , 500 

d21,500 
.124, 000 

-

~ 

~ o 
~ 

~ 
~ 
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TABLE VI.- DATA FOR STRESS AND TIME FOR TOTAL DEFORMATION AT 15000 F FOR &-816 ALLOY DISCS NR-76B 

[ Navy data] 

Initial Time (hr) for total deformations of 
TrEL~ition to third-stage creep 

Disc Specimen Stress deformation 
(a) number (psi) (percent) 0 .1 percent 0 . 2 percent 0 .5 percent 1 percent . 2 percent 

Time Deforma.tion 
5 percent (hr) (percent) 

riR--76B-F bFlY 8,000 0 .033 235 - ------ - --- --- --- -- ---- ---
(forged) bF13y 10, 000 . 052 55 900, ---- --- --- -- - --- - --

bFlZ 10, 000 .044 175 C2150 ---- - -- --- -- --- - ---
bF5Z 13, 000 .080 8 155 1325 --- --- -- 1140 4 .5 
dFllD 13, 500 ----- 4 30 210 535 970 -- 500 .9 
dF11C 16, 500 -- --- 1 43 230 --- --- -- 170 .4 
dFllE 18,000 ---- - --- 2 20 68 145 -- 100 1.4 
dFllB 21,000 - ---- -- - 2 23 51 77 - - 25 . 5 
dFllA 25, 000 ---- - --- . 5 14 30 --- - - 10 . 4 

NR-76B--Q bQ5Y 8,000 .045 210 -- -- --- --- - --- --- - - ---- - --
(quenched) bQ5X 10, 000 .052 20 885 - --- - -- -- - -- ---- ---

bQ5Z 13,00J . 072 20 205 --- - --- --- -- - --- ---
dQl4D 17, 500 -- - -- --- 15 190 510 806 - - 540 1.0 
dQl4C 19, 500 -- --- -- - 4 96 218 340 -- 130 . 6 
dQl4B 22, 000 ----- - -- I 19 44 76 -- 21 . 5 
dQl4A 25, 000 ----- --- ------- 6 17 30 - - 16 1. 0 

Disc Total deformation 
Stress (psi) to cause total deformation in -

(a) (perce:J.t) I hr 10 hr 100 hr 1000 hr 2000 hr 

NR- 76B-,F 0 .1 16, 200 12,500 9, 000 c5, 500 c4,500 
(forged) .2 22 , 000 18, 000 13, 800 9 ,600 8,500 

. 5 ------- 23 , 000 17,000 11, 200 c9 , 500 
1. 0 ------ - c25 , 000 18, 500 12, 000 c10, 200 

Tranaition ------- 24, 000 18,000 12, 000 cI 0, 300 

NR-76B-Q .1 ------ c12,500 9, 00) c5,500 -------
(quenched.) .2 22 , 000 18, 000 14, 000 10,000 c8, 800 

.5 c28, 000 23 , 500 19, 000 c14,700 c13,400 
1.0 ------- c25, 800 21, 000 c16, 000 c14, 500 

Tranaition -- -- --- c24, 500 20, 200 c16, 000 c14, 500 

Disc Creep strength (psi) at 1000 hr for creep rates of -

(a) 0 . 0001 percent/hr 0 . 00001 percent/hr 

NR-76B--F (forged) '11,000 8, 500 

NR-76B-Q (quenched) 13, 500 7, 500 
-

~eat t reatments: 
NR-76B-F: Aa-for ged and aged; 16 hr at 14000 F, air-cool . 
NR-76B-Q: Heat-treated and aged; 23000 F, 2~ hr, watsr-quenched; 16 hr at 14000 F, air-cool. 

~ 
bnat a from creep test s; 0 . 505-in.-diameter specimens with a 2- in . gage length. 
~stimated values . 
dData from stress-rupture test s; 0 .250-in .-diameter specimens with a I-in. gage length . 

I 
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TABLE VII.- COMPARISON OF ROOM-TEMPERATURE AND ~TEMP.ERA'IURE PROPERTIES OF SEVERAL LARGE FORGE:D DISCS OF LOII...cARIlON 1>-155, &-590, AND 5-816 AllOYS 

Teet tem:Perature, 0]' 

Alloy 
l.ow-carbon 

1>-155 
(b) 

Room temperature 

&-590 5-816 
(c) 

D1 Be numbers NR-66D NR-74B-F NR-74B-4A NR-76B-F 

Short-time nropertlee: 
Charpy impact strength, 

foo~pounds 
Izod. iml)8.ct strength, 

foo~pounds 

TenSile strength, 'Dei 
o . l-percent-offeet 

yield strsngth, psi 
O.2-percent-offeet 

yield strength, psi 
Elongation, percent 

Rupture strengths J psi: 
10-hr 
l00-hr 
10Q(}...hr 

Creep strengths J pel: 
0 . 0001 parcent/hr 
0 .00001 percent/hr 

l00-hr deformation strengths, psi : 
C.l-percent deformation 
O. 2-percent deforms.tlon 
O.5-parcent deformatic!1 
1.O-percent defortIlltlon 
Transition 

10Q(}...hr deformation strsngths, psi: 
a.l-percent deformation 
O.2-percent deformation 
O. 5-per cent deformation 
1 .O-per cent deformation 
Transition 

Res idual room-temperatW'B properties: 
I zod. impact strsngth, 

foot-pounds 
Tensile strength J pel 
o . 1-nercent-offeet 

yield s t r ength, ps i 
O. 2-percent-oN'eet 

yield s t r ength , psi 
El ongation, per cent 

8Heat t r eatments : 

52 

56 

n8,ooo 
69,000 

72,500 

35.4 

5 

6 

129,050 
90,000 

98,250 

8 

9 25 

7 18 

130 ,500 150,000 
63,500 79,000 

70 , 500 85,000 

17 21 

NR-66D: For ged dis c ; streslt-r-el1eved by heatiD<! to 12000 F f or 2 hr and cool1ng in a ir. 
NR-74B-F: A&-for ged di sc ; aged 16 hr a t 14000 F, a~ool. 

NR-74B-Q.'. : l!ea~treated and aged d isc; 23000 F , ~ hr, ~tel'-<!uenChed; 16 hr a t 14000 F, a~ool. 

NR-76B-F : A&-forged and aged dis c ; 16 hr a t 14000 F, a1r--cool. 
NR-76B-Q: Hea~treated and aged disc ; 23000 F, ~ hr, wat el'-<!uenched; 16 hr at 14000 F , a~ool. 

bnata from r $f erenc. 3. 
"Data fr om r efer ence 10. 
dEet imated values. 

NR-76B-Q 

19 

19 

144,000 
70 ,000 

76,000 

30 

Low-carbon 
1>-155 

(b) 

NR-66D 

51 

83 , 000 
47,500 

50,000 

21 

65,000 
55, 000 
42,000 

28,000 
15,000 

17, 500 
28,000 
35,000 
40,000 
51,500 

14, 500 
24, 000 
30,000 
35,000 
39 , 500 

17.5 

ll8,750 
72,500 

76,250 

25 

1200 

&-590 5-816 (c) 

NR-74B-F NR-74B-QA NR-76B-F NR-76B-Q 

9 15 43 43 

---- -- - ---- ------- ---

88,700 81,600 120,000 106, 000 
66,250 46,000 63,000 56,000 

71,750 49,000 67 , 000 58,000 

15 27 16 12 

d69, 000 d66, 000 d78,OOO 

I 
d84 000 

52, 500 52,000 62,000 66;000 
40, 000 42,000 50,000 53,000 

27,500 23,000 28,000 
d18, 000 

28, 000 
d16,000 

._-- - d19 , 5OO 
28,500 26,000 31,500 34,500 
38,000 33,800 43,000 46,000 
42, 000 39,500 48,000 52,500 
47, 000 49,000 59,500 d64 , ooo 

22, 000 d18,5oo 24,500 25,500 
32, 000 27,000 33 , 500 37 , 000 
34, 300 33 , 000 38,000 d43 , 000 
39 , 000 39,000 48,000 52,000 

Arter cr eep testing at 12000 F 

11 5.5 

127, 000 131,000 139,000 138,000 
85,000 78, 000 79,000 81,000 

94 , 500 85,000 87,000 88, 000 

6 6 8.0 8 . 5 

~ 

~ 
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~ 
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~ 
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TABLE VII.- COMPARISON OF ROO~I-TEMPERATURE AND HIGB-TEMPERATIlRE PROPERTIES - Concluded. 

Teet temperature J or 1350 

Low-carbon 
&-590 

Alloy N-155 
(b) (c) 

Disc numbs"" NR-66D NR-74B-F NR-74:8-4A NR-76B-F 

Short-t1lne properties : 
Charpy impact strength, 50 11 17 47 

foot-pounds 
I,od impact strength, - ------ ------- ------- -------

foot-pounds 
Tensne strength, psi 60,000 64,625 65,750 88,000 ° .1-l'ercent-offeet 42,000 50,750 43,500 56,000 

yield strength, psi ° .2-percent-offset 44,500 55,000 46,000 59,000 
yield strength, "si 

Elongation, percent 24 . 2 29 25 23 

Rupture strengths, "OBi: 
d42,000 d41,000 10-hr 40,000 ')2 , 000 

l00-br 31 , 000 27, 500 32 , 000 37,500 
l ooO-hr 24,000 18,000 25,000 27,000 

Creen strengths, 'Psi: 
0 .0001 percent /hr 16,000 10,600 16,400 19,500 
0.00001 nercent /hr 7, 900 ------- 12,100 13,000 

100-hr deformation strengths, psi: 
o . I-percent deformation 1l,OOO .------ ------- 13,000 
O.2-percent deformation 16,700 13,100 14,700 22,000 
O.5--percent deformation 22,000 17,000 21,400 28,000 
l . ~percent deformation 25,000 20,500 24,100 31,000 
Transition 24,000 24,500 • 29,000 35,500 

l000-hr deformation strengths, psi: 
8,000 d10,000 o . l-percent deformation ------- -------

O.2-percent deformation 12,000 dB ,000 8,700 16,500 
O.5-percent deformation 17,200 13,000 17,000 24,500 
1 . O-percent deformation 19,500 15,500 20 , 800 d26,5OO 
Transition 18,000 14,500 22,500 28,000 

After creep testins at 13500 F 
Residual room-temperature properties : 

I,od impact strength, 4.6 2 4 7 
foot-pounds 

Tensne strength, psi 126,500 110,500 132,500 136,500 ° .1-percsnt-offset 65,500 76,000 72,000 82,000 
yield streneth, psi 

O. 2-percent-offsst 69,500 85,000 79,000 89,000 
yield strength, 1'si 

Eloneat1onJ percent 13 1 3 9.0 

aHeat treatments: 
NR-66D: Forged. disc; strsss-rslieved. by bsatins to 1.2000 F for 2 hr and cooline in air. 
NR-74B-F : As-forged. disc; aged 16 hr at 14000 F, air-cool. 

8-816 

NR-74B-QA : Heat-trsated. 8.nd aged disc; 23000 F, * hr, vateI--quencbed.; 16 hr at 14000 F, air-cool. 

NR-76B-F : As-forged and aged. disc; 16 hr at 14000 F, air-cool. 

NR-76B-Q: Heat-treated..and aged disc; 23000 F, ~ hr, "at6I--quenched.; 16 hr at 14000 F, alr--cool. 

bnata from reference 3. 
CData from reference 10 . 
dEBt1mated. values . 

1500 

Low--car bon 
N-155 &-590 8-816 

(b) (c) 

NR-76Jl'.Q NR-<i6D NR-74B-F NR-74:8-4A NR- 76B-F NR-76B-Q 

40 46 13 20 43 43 

------- -------------- ------- ------- - ------

83,000 40,500 43,125 44,400 59,000 60 ,000 
52 ,000 33,000 31,350 35,050 46,000 49,000 

55,000 34 ,000 35,900 37,850 49,000 51,000 

28 30.5 25 18 17 1.7 

d53 ,000 d27, 300 d29 ,OOO d31 ,000 d29,5OO -------
39 ,000 20 , 000 13,100 20 ,000 ~0,500 22,800 
29 ,000 14,200 6, 000 15,000 13,700 17,500 

19,000 8,700 d2,800 10,000 11,000 13,500 
10,500 d5,000 ------- 7,100 8,500 7,500 

13,000 7,700 ------- 9,400 9,,000 9,000 
20 ,000 11,000 ------ - 11,000 13, 800 14,000 
27,000 15,500 6,500 14,800 17,000 19,000 
30 ,000 17,400 9,000 17,200 18,500 21,000 
36,000 16,400 9,300 16,700 18,000 20,200 

dg,ooo d5,300 d5,5OO d5,500 ----- -- d7,3OO I 

15,000 6,800 ------- 9,200 9,600 10,000 

j 21,500 10,500 1l,6oo 11,200 d14 , 700 
d23 ,500 12,000 d4,000 13,600 12,000 d16 000 

27 ,000 11,200 d4,200 12,800 12,000 d16;000 

After creep test ins at 15000 F I 

7 . 8 4.5 ------- 2 5.5 4.8 

133,500 114,000 105,000 116,000 123,000 119,000 
75,500 50, 500 71,200 55,000 67,000 65,000 

81 , 000 54 , 500 80,800 62,500 75,500 71,500 

10 . 7 15 1.5 5 7.4 7.0 -- ----- -
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TABLE VIII .- CREEP TEST DATA AT 12000, 13500, AND 15000 F FOR 8-816 ALLOY DISCS NR-76B 

[All specimens were 0.505-in. in diameter with a 2-in. gage length] 

Disc Specimen Test Stress Duration Initial Creep rate (percent /hr) a t - Total deformation (percent) at -

(a) number 
temperature (psi) (hr) 

deformation 
("F) (percent) 500 hr 1000 hr 1500 hr 2000 hr 500 'hr 1000 hr 1500 hr 2000 hr 

NR-76B-F ~2Y 1200 25,000 1124 0 .087 0 .000083 0 .000050 -------- -------- 0.172 0 .205 ----- - ----
(forged) bF2Z 1200 35,000 1124 .133 .000415 .000372 -------- -------- .498 .688 ----- -----

cF13X 1350 12 ,000 2065 .057 .000050 .000040 0 .000020 0 .000012 .105 .126 0 .137 0 .145 
~2X 1350 15 ,000 2016 .072 .000076 .000046 .000033 .000032 .168 .195 . 218 . 235 
~3Z 1350 20,000 1344 .080 .000172 .000116 d .OOO10 -------- . 270 . 336 d . 370 -----
cF13Z 1350 25,000 2015 .094 .000195 .000155 .000130 .000130 . 296 . 382 .450 .517 

cFIY 1500 8,000 2490 .033 .000065 .000045 .000022 . 000020 .125 .146 .160 .167 
cF13Y 1500 10,000 1995 .052 .000105 .000065 .000043 . 000038 .170 .210 . 231 . 246 
CFIZ 1500 10,000 2010 .044 .000055 .000055 .000032 .000017 .129 .160 .182 .194 
cF5Z 1500 13,000 1956 .080 .000240 .000200 .000250 .000305 .307 .420 . 545 .675 

NR- 76B-Q bQ6z 1200 24,000 1008 .088 .000065 .000050 -------- -------- .148 .176 ----- - - ---

(quenched) b Q6Y 1200 35,000 1008 .133 .000290 .000270 -------~ -------- .352 .490 ----- -----

c eQ4z 1350 12,000 2012 . 057 .000065 .000030 .000022 .000022 .129 .154 .167 .178 
cQ9Z 1350 12,000 2040 .053 .000030 .000020 .000015 .000012 .101 .113 .123 .128 
cQ4x 1350 15,000 2213 .072 .000095 .000040 .000024 . 000030 .194 .223 . 233 .258 
cQlY 1350 18,000 2120 .078 .000175 .000080 .000062 .000060 . 281 . 337 . 373 . 400 
cQ4Y 1350 21,840 942 .096 .000305 f.000285 -------- -------- . 391 f. 515 --- -- -----

cQ5Y 1500 8,000 1963 .045 .000055 .000027 .. 000015 .000015 .118 .141 . 151 .157 
cQ5X 1500 10,000 2137 .052 .000075 .000046 .000027 . 000027 .182 . 208 . 224 . 243 
cQ5Z 1500 13,000 2002 .072 .00019 .00012 .000094 .000094 .262 . 332 . 383 .433 

aHeat treatments: 
NR-76B-F: Ae-fQrged and aged; 16 hr at 14000 F, air-cool. 
NR-76B-Q: Heat-treated and aged; 23000 F, ~ hr, water-quenched; 16 hr at 14000 F, air-cool. 

~ 

bNACA data. 
cNavy data. 
dAt 1344 hr, when test was discontinued. 
eBecause of controller failures, the temperature was high at 585 hr for 1 hr, maximum 14200 F; and at 650 hr for 3~ hr, 

maximum 14700 F . The creep rates and deformations may have been increased by these temperature rises. 
fValues at 942 hr, when test was discontinued. 
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Disc 

TABLE IX .- EFFECT OF CREEP TESTING AT 12000 , 13500 , AND 15000 F ON THE ROOM-TEMPERATURE 

PHYSICAL PROPERTIES OF 8-816 ALLOY DISCS NR-76B 

Prior testing conditions Res idual room-temperature properties 

Offsst yield strength Izod impact s trength 
Specimen Tensile Proportional El ongation Reduction 

(a) Temperature StrssS Time strength (ps i) limit in 2 in . of area (ft-lb) Vickers 

(~) (Jlsi) (hr) (psi) (Jlei) (Jlercent) (Jlercent) hardness 
0.02 percent 0 .1 percent 0 .2 percent Navy NACA 

NR-76:&-F ~4Y (c) (c) (c) ----- -- ------ -- - --- - - ---- - -- - -- ---- - - - - ------- - 18, 18 292 
(forged) 

(d) (e) (c) (c) (c) 150,000 63,000 79,000 85,600 44,200 20 .5 20.5 f17 .8 ------ f320 

~2Z 1200 35,000 1124 - - -- - -- -- - --- ------ - -- --- ---- -- ---- ... - -- -- --- - - - 10, 12 335 . 
~2Y 1200 25,000 1124 139,000 62,500 79,000 87,000 45,000 8 8 . 7 - - - ----- - ----- --- -

dF2X 1350 15,000 2016 -- -- --- ------ ----- - --- - -- ------ ---- - -- - 7.0, 7 .0 --- --- 334 

dF13X 1350 12,000 2065 136,500 64,000 82,000 89,000 45, 000 9 .0 6.2 - - - --- -- _ ... - - -- - ---

dF13y 1500 10,000 1995 ------- - - - -- - -- -- - - -- - --- ------ . -- -- ---- 5 . 0, 6.0 -- ---- 323 

dFlY 1500 8,000 2490 123,000 53,000 67,000 75,500 36, 000 7.4 8.2 -------- - -- --- - ---

NR-76B-Q b Q7Y (c) (c) (c) ------- ----- - ------ ------ - - ---- --- - - - - - ------ -- 10, 10 293 
(quenched) 

(d) (e) (c) (c) (c) 144, 000 56, 500 70 ,600 76,500 33,300 25 .0 21.9 g19 .0 --- - - - g326 

bQ6Y 1200 35,000 1008 -- -- --- ------ ------ -- -- - - --- - -- - - -- -- - - - - -- -- - - 6, 5 320 

bQ6Z 1200 24,000 1008 138,000 62 , 000 81,000 88, 000 30 ,000 8 . 5 8 . 7 -------- - ---- - - - --

d~z 1350 12,000 2040 ----- - - - -- - -- ---- - - -- -- -- ---- -- ---- - --- 7 . 0, 8.5 - ... - --- 319 

dQlY 1350 18,000 2120 133,500 63,500 75,500 81,000 48 , 000 10 . 7 11 .9 ---- - --- -- --- - ----

dQ5X 1500 10,000 2137 -- - - - - - - -- - -- - ----- - - ---- ---- -- --- - -- - - 3 . 5, 6 .0 --- -- - 312 

dQ5Y 1500 8,000 1965 119,000 50,500 . 65 , 000 71,500 31,500 7 .0 7 .9 ----- - -- - ---- - - -- -

aHeat treatments: 
NR-76:&-F: Ae-forged and aged; 16 hr at 14000 F, air-<:ool. ~ 
NR-76:&-Q: Heat-treated and aged; 23000 F, ~ hr, wateI'-quenched; 16 hr at 14000 F, ai~oo1. 

bNACA data (0 . 365-in.-square impact specimen with a 0 .050-in.-deep V-notch) . 
cOriginal condition. 
dNavy data (0 .450-in .-diameter impact specimen with a V-notch) . 
eTensi1e data from average of four tests on center- and surface-plane radial specimens at r im of disc. 
f Impact value is average of values from four tests (F17Z - 21 .0, 15 .0; F18z - 14 .0, 21.0); Vickers hardness value 1s average of s everal impr essions from each 

of two specimens (F17Z, F18Z), taken about 1/2 t~ 1 in. in from the worked surface of the disc. 
gImpact value is average of values from three tests (QllY - 14.3, Q2Z - 22 .8, Q3Z - 20.0); Vickers hardness value is average of several i mpressions from ea ch 

of t,ro specimens (QllY and a specimen from an unidentified location). 
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Figure 1.- Location of test coupons from as-forged and aged 8-816 
alloy disc NR-76B~. 
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Figure 13.- Curves of stress against time for total deformation at 1500° F for 8-816 alloy disc 

NR-76B-Q . Heat treatment: As-forged, water-quenched after 2~ hours at 23000 F, and aged for 

16 hours at 1400° F. 
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Figure 14.- Curves of s tress against creep r a te at 1200°, 1350°, and 1500° F f or 8-816 alloy 
di s cs NR-76B . 
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( a ) Disc NR- 76B-F ; as- forged and aged . Radial section of Y-epec i men 

near r im . 

l OOX l OOOX 
(b) Disc NR- 76B-F; as- for ged ~Dd aged . Radial section of Y-epecimen 

near center . 
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( c ) DIsc NR- 76B-Q; heat - treated and. a ed . Radial section of Y-spec in en 
near r im . 

F igure 15.- Original microstr uct ures of 8-816 alloy discs Tffi- 76B-F and 
NR- 76B-Q . Electrolyt i c chrorr;ic acid etch . ",~~-
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100X 1000X 
(a) Specimen F9A; 2618 hours for rupture at 12000 F and 45,000 psi. 

100X 1000X 

(b) Specimen F10A; 1894 hours for rupture at 13500 F and 27,000 ps i . 

100X 1000X 
(c) Specimen F1lD; 1132 hours for rupture at 15000 F and 13,500 psi. 

Figure 16.- Microstructures of specimens of 8-816 alloy disc NR-76B-F 
after stress-rupture tests. Disc treatment: As-forged and aged for 
16 hours at 14000 F. Electrolytic chromic acid etch. ~ 
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100X 1000X 
(a) Spec imen Ql2Ej 1699 hours. for rupture at 12000 F and 50,000 psi. 

100X 1000X 
(0) Specimen Ql 2F j 1286 hours for rupture at 13500 F and 27,500 psi • 
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100X 1000X 
( c ) Sp«;'lcimen Q14Dj 928 hours for r upture at 15000 F and 17;500 psi. 

Figure 17.- Microstructures of specimens of s -816 alloy disc NR-76B-Q 
after stress-rupture tests. Disc treatment: AS-forged, water-

1 . 
~uenc~ed after ~ hours at 23000 F, and aged for 16 hours at 14000 F. 

Electrolytic chromic acid etch. ~ 
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100X 1000X 
(a) Specimen F2Z; 1124 hours at 12000 F and 35,000 psi. 

100X 1000X 

(b) Specimen F2X; 2016 hours at 13500 F and 15,000 psi. 

10 OX 1000X 
(c) Specimen F13Y; 1995 hours at 15000 F and 10,000 psL 

Figure 18.- Microstructures of specimens of s-816 alloy disc NR-76B-F 
after oreep tests. Disc treatment: As-forged and aged for 16 hours 
at 14000 F. Electrolytic chromic acid etch. ~ 
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100X 1000X 
(a) Specimen Q6Y; 1008 hours at 1200° F and 35,000 psi. 

100X 1000X 
(b) Specimen Q9Z; 2040 hours at 1350° F and 12,000 psi. 

100X 
( c) Spec imen Q5X; 2137 hours at 1500° F and 10,000 psi. 

Figure 19 .- Microstructures of specimens of s-816 alloy disc NR-76B-Q 
after creep tests. Disc treatment : As- forged, water-quenched after 

2~ hours at 2300° F, and aged for 16 hours at 1400° F . Electr olyt i c 

chromic ' acid etch . ~~~ 
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