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By E. E. Reynolcls, J. W. Freeman, and A. E . White 

SUMMARY 

It has been found that the properties of hea t -resisting alloys 
are dependent to a large extent on the conditions of fabrication. 
Because the large size of certain gae-turbine rotors has introduced 
fabrication procedures for which information is not available~ a 
research program was begun a t the University of Michigan t o ascertain 
the properties of the netter alloys in the form of large forgings. 

On the basis of prior investigations of bar s t ock and a large 
cheese forging, CSA alloy was thought t o have promising properties 
for gas-turbine rotor service . Two cheese forgings were prepared as 
large discs by the Crucible Steel Company of America from the same 
heat of CSA alloy . These two discs were heat-treated and hot-cold­
worked. They differed only in that one was given an aging treatment 
following solution treatment and prior to hot-cold-work and the other 
did not have this intermediate aging. The discs were cut up for 
experimental purposes, and several radial coupons were supplied to 
the University of Michigan for investigation for the NACA. 

The data obtained on properties at room temperature and 12000 F 
showed that the aging treatment was beneficial to the rupture 
properties of CSA alloy, while no effect in tenSi le, hardness, or 
time-deformation properties was observed; extrapolation of the rupture 
data, however , indicates that the beneficial effect of the aging would 
be lost at time periods of approximately 10,000 hours. 

The relation of properties of the discs of eSA alloy with those 
of bar stock, an ae-forged disc, and discs of other alloys depends on 
the processing procedure and heat treatment as well as on the chemical 
composition. Becaus e all these varied, direct evaluations of individual 
factors cannot be made. 
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INTRODUCTION 

The need for improved materials for use in gas-turbine rotor 
applications has led to the development of several allols with good 
high-temperature properties. One of these is CSA alloy which is an 
iron-base alloy with an analysis of 4 percent manganese, 4 percent 
nickel, 18 percent chromium, 1.S percent tungsten, 1.S percent 
molybdenum, and O.S per~ent columbium. This composition was developed 
by the Crucible Steel Company of America in cooperation with the 
National Advisory Committee for Aeronautics. 

This report presents the results of a study of the properties at 
room temperature and 12000 F of two large discs of CSA alloy. The 
principal object of this investigation was to determine the level of 
properties which could be developed in the alloy in the form of large 
disc forgings. The chemical composition had been modified by increasing 
the carbon and lowering the columbium contents, a change suggested by 
previous work for improving strength. In addition the data obtained 
made it possible to show the effect of an aging treatment following 
solution treatment and preceding hot-cold-work on the properties of 
these two otherwise similarly processed discs, to compare these 
properties with those of a large as-forged disc of CSA alloy previously 
studied, and to determine the degree to which the properties of bar 
stock could be reproduced in large forgings. 

Room temperature and 12000 F are the two temperatures at which 
properties of materials have been considered as an indication of their 
performance as rotors in current jet engines. Satisfactory room­
temperature properties are needed to withstand the high stresses 
existing at low temperatures near the hUb. Good properties at 12000 F 
are believed to be a necessary requirement of material near the rim of 
the discs. 

These discs of CSA alloy are two of a number of discs of various 
alloys which are being studied. The results obtained from investigations 
on large discs of CSA, 19-9DL, low-carbon N-1SS, and Timken alloys are 
given in references 1 to 6. 

This work was conducted at the University of Michigan under the 
sponsorship and with the financial assistance of the National Advisory 
Committee for Aeronautics. 

IThe original heats of this alloy were designated as 234-A-S alloy 
and were reported under that name. The name has since been changed to 
CSA alloy. 
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DESCRIPTION OF DISCS 

Information concerning the two discs of high-carbon CSA alloy is 
summarized as follows: 

Manufacturer: 

The Crucible Steel Company of America 

Heat number: 

Induction heat lX2280 

Chemical composition: 

Both di scs were produced from the same heat. The chemical 
composition was reported to be the following percentages by 
the Crucible Stee~ Company of America: 

g ~ E Q Si Cr Ni ~ W ~ 

0.42 4.47 0.030 0.016 0 .41 18.06 5.20 1.30 1.20 0.28 

This composit ion is quite close to the original analysis of the 
alloy but is considerably higher in carbon and lower in 
columbium than the disc used for the work of reference 2. 

Fabrication procedure: 
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The following inf~rmation concerning fabrication of the two discs 
was supplied by the manufacturer : 

The heat was cast into a l5-inch-equare ingot, and the ingot 
was hammer-cogged on a 7- t on hammer to a 9-inch-equare billet. 
Two 290-pound slugs were cut from the billet, heated to 21500 F, 
and upset and rounded in one heat on a 7-ton hammer to 20-incb-

diameter by 3~-inCh-thick discs. The finishing temperature 

was 16500 F. One disc was stamped 5 and the other, 6. The 
additional heat t reatments and details of hot-cold-working on 
the individual discs are as follows: 



4 

Disc 5 

(1) Sol ution-treated at 
20500 to 21000 F. 

(2) Air-cooled to room 
temperature. 

(3) Heated to 14200 F. Hot­
cold-worked on 7-ton 

hammer to 3~ inches thick 

(approximately 10-percent 
reduction) to an estimated 
finishing temperature 
of 12500 F. 

(4) Stress-relieved at 12000 F 
for 4 hours and air-cooled. 

NACA TN No. 1533 

Disc 6 

(1) Same as for disc 5. 

(2) Air-cooled to 14000 F and 
aged 24 hours . Air-cooled 
to room temperature. 

(3) Same as for disc 5. 

(4) Same as for disc 5. 

The final disc size was 20 inches in diameter by 3~ inches thick. 

Four radial strips 1 inch wide and 3~ inches thick from each disc were 

supplied for testing to the University of Michigan. 

ETIERJNENTAL PROCEDURE 

To evaluate the properties at room temperature and 1200
0 

F of 
the two CSA alloy discs the following testing program was decided 
upon: 

(1) Tensile tests at room temperature and 12000 F 

(2) Rupture tests at 1200
0 

F 

(3) Creep tests at 1200° F wrrder a stress of 25,000 psi 

(4) Hardness, tensile, and rupture tests to show uniformity of 
the disc material 

(5) Stability studies based on hardness, tensile, and magnetic 
tests and metallographic examination of the specimens 
after creep and rupture tests 
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The major emphasis was placed on the high-temperature properties 
of radial specimens from near the rims of the discs because the rim 
is heated to the highest temperatures during service. Data on stress 
against time,for total deformation were obtained from the elongation 
curves from the rupture and creep tests. 
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The test specimens were obtained from coupons cut from the discs 
according to the diagram of figure l. This drawing shows the location 
of the specimens and the identifying code. In the code the letters X, 
Y, and Z refer to locations of the coupons with respect to the faces 
of the discs . In the tables the specimens designated by a C after 
the specimen number were from near the center of the disc. All other 
specimens were from the rim end of the coupons. Tensile and creep 
tests were conducted on standard 0.505-inch-diameter specimens. The 
specimens for rupture tests were of 0.160-inch diameter. 

RESULTS 

Hardness Surveys 

There was very little difference in hardness between the two 
CSA alloy discs. (See figs. 2 and 3 and table I.) Both discs had 
Brinell hardnesses falling in the general range of 230 to 255, although 
some of the values were outside this range. The hardness surveys showed 
that the discs had somewhat higher hardness near the rim than near the 
center. In general they also ' were harder near the surface exposed to 
forging than in the interior. However, the over-all hardnesses of the 
discs were uniform for forgings of this size. 

Short-Time Tensile Properties 

The t ensile properties at room temperature and 12000 F are presented 
in table I and the curves of stress against strain are included as 
figure s 4 and 5. 

The tensile properties of disc 6, which was aged following 
solution-treating and preceding hot-cold-working, are only slightly 
higher than those of disc 5, which was not aged. Average room­
temperature 0.02-percent-offset yield strengths of discs 5 and 6 
were 47,800 and 50,300 pSi, respectively. Both di scs had room­
tempera ture tensile-test elongations varying from l5 t o 30 percent. 
The ductility was lowest in the center plane. 

At 12000 F both discs had tensile strengths of about 60,000 psi, 
0 . 2-percent-offset yield strengths of 43,000 psi, and elongations of 
approximately 30 percent. 
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Rupture Test Character.istics 

The rupture test data at 12000 F for the two discs of CSA alloy 
are given in table II. Included in this table are the estimated 
ductilities to fracture and the rupture strengths at definite t ime 
periods obtained from the logarithmic curves of stress against 
rupture time of figure 6. 

Disc 5, which was not aged before hot-cold-working, had 
strengths for rupture in 100 and 1000 hours of 37,000 and 31,500 psi. 
Corresponding strengths for disc 6, which was aged, were 41,000 
and 34,000 psi. Comparative ductilities to rupture of the discs 
were 13-percent elongation to rupture in 1000 hours for disc 5 
and 9 percent for disc 6 . 

Rupture tests on specimens from the three locations designated 
in table II were run to obtain an indication of the uniformity of 
rupture properties of the discs. These tests show the relative 
fracture times of center and rim material under the stress which 
gave fracture in 100 hours in the series of tests on rim spe cimens 
from the center plane of the respective discs. Disc 5 showed no 
appreciable variation in rupture strength between locations. The 
specimens from near the center and near the surface of disc 6 gave 
shorter rupture times than the center-plane r adial specimen near 
the rim. This disc was weakest near the surface at the rim. A more 
complete survey would have included tangential specimens, but material 
for such test specimens was not provided. 

Time-Deformation Strengths 

Only a limited amount of time-deformation data was obtained for 
the two discs of CSA alloy. These data for both discs have been 
combin~d in figure 7 along with data for the as-forged 10w-carbon 
CSA alloy disc previously studied . On the basis of one creep test 
on each disc the properties at the lower deformations and longer time 
periods appear to be very similar to those of the previously tes ted 
low-carbon CSA alloy disc . However, at the higher deformations and 
shorter time periods the strengths of the hot-cold- worked high-carbon 
CSA discs are hi her than that of the low- carbon CSA disc. The 
transition curves are also higher for the two high-carbon CSA discs. 

The curves of stress against the logarithm of the time for 
total deformation were plotted from data in table III. These data were 
taken from the time-elongation data for creep and rupture te s t s. The 
stresses to cause the various total deformations in time periods of 1, 
10, 100, 1000, and 2000 hours, defined by the curves of stress against 
time for total deformation, are shown in table IV. Both discs have 
very similar time-deformation strengths with the s t ress to cause a 
total deformation of 0.5 percent in 1000 hours being 25,000 ps i . 
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Creep Strength 

Data from time-elongat ion curves for creep tests~ including total 
deformations in 100~ 500~ and 1000 hours and creep rates at 500 
and 1000 hours~ are shown in table V. The minimum creep rates for 
the rupture tests are given in table II . Minimum creep rat es from the 
rupture tests and the creep rate at 1000 hours for the creep tests are 
plotted against s t ress on l ogarithmic coordinates in figure 8. These 
curves for discs 5 and 6 are compared in figure 8 with the curve of 
stress against creep rate for the previously tested large forged disc 
of low-carbon CSA alloy. Only one creep test was conducted on 
materials from the two diSCS) 5 and 6) to furni sh comparative data. 
A creep strength of 23 , 500 psi for a rate of O.OOOl percent per hour 
was obtained for both discs. However~ on the basis of the curves of 
figure 8) disc 6) which was aged) appears to be slightly superior to 
disc 5. 

Extrapolation of the transition curves of figure 7 for both discs 
indicates that the O. OOOl-percent-per- hour creep strength of 23 ~ 500 psi 
will be a safe design stress for this material out to time periods 
of 10)000 hours. 

Stability Characteristics 

The effect of creep and rupture testing at 12000 F on the room­
temperature physical properties; the magnetic susceptibility~ and the 
microstructure" of the CSA alloy discs was used to evaluate the 
stability characteristics of this material. 

Both discs had lower room-temperature tensile properties after 
creep tes ting and showed a small decrease in Vickers hardness during 
rupture test ing as is shown by the test data of table VI. There was 
no appreciable change in magnetic susceptibility during the rupture 
testing of either disc . 

Photomicrographs of the original material and completed- rupture­
test specimens are shown in figures 9 to 11. Original microstructures 
are representative of the structure near the rim and near the center 
of the discs. There was considerable variation in grain size between 
the discs and from the rim to center of the individual discs. Disc 5 
varied in grain size from 7 at the rim to 4 near the center. Disc 6 
varied from 5 at the rim to 2 to 4 near the center . 

Considerably more excess constituent was present in the structure 
near the centers of both discs than near the rim. This excess con­
stituent appeared as l arger and more agglomerated particles near the 
center. The aged disc 6 showed evidence in a very fine precipitate. 
No apparent change occurred in the microstructures of the discs during 
rupture testing . 
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DISCUSSION OF RESULTS 

The properties of the two discs considered in this investigation 
are summarized in table VII and compared with the properties of an 
as-forged disc previously investigated . These three eSA alloy discs 
had 0.02-percent-offset yield strengths ranging from 40,000 
to 50,000 psi at room temperature. The stress for rupture in 
100 hours at 12000 F ranged from 35,500 to 41,000 psi, and for 
1000 hours from 30,000 to 34,000 psi. The ductility of the specimens 
tested was good. 

Test material was not available for the determination of the 
ductility at the exact centers of the discs. Low center ductiiity 
has been a serious problem in most rotor forgings. The testing 
program on eSA alloy has been restricted fo pancake-type forgings 
and has not included a contour forging. Such physical tests as have 
been made on the pancake forgings have not disclosed any outstanding 
nonuniformity. 

In the previous report on a large forged disc of eSA alloy it 
was recommended that improvement in properties of the alloy could be 
gained by changing the columbium-to-carbon ratio and, more important, 
by introducing hot-cold-work into the fabrication of the discs. 
(See reference 2 . ) The two eSA alloy discs of the present report 
had these improvements incorporated in their manufacture, Specifically, 
the carbon content was raised and the columbium content was lowered, 
and both discs were hot-cold-worked approximately 10 percent between 
14200 and 12500 F. 

In general the hot-cold-working and composition change of the 
two high- carbon CSA alloy discs did not result in an outstanding 
improvement in properties . The tensile properties were somewhat 
higher and the rupture strengths slightly higher. Time-deformation 
strengths were improved for time periods up to 100 hours at high rates 
of deformation . No appreciable difference between the three discs 
was observed in creep tests at 25 ,000 psi. There is some indication 
that the aging treatment prior to hot-cold- work was of benefit to 
rupture strength . Extrapolation of the curves of stress against 
rupture time to longer time periods, however, indicates that the 
beneficial effect of aging prior to hot-cold-work would disappear 
at about 10,000 hours . 

The lo~-carbon eSA disc was found to be very stable structurally 
at 12000 F', ' This was also true for the two high-carbon eSA discs as 
indicated by the microstructure, hardness, and magnetic studies. 
Although the decrease in tensile properties during creep testing is 
an indication of some instabi~ity in the alloy, it has been observed, 
in general, that hot-cold-worked alloys show a drop in tensile 
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pr operties a s an effect of creep test ing. This is probably the r e sul t 
of the s t rain relief of t he cold-worked structure which occurs dur i ng 
the l ong t ime a t 12000 F. 

On the basis of original mi crostructures the discs were not 
uniform. There were larger grains and more and larger part i cles of 
exces s constituents near t he centers t han near the rims. Ne ither the 
da t a f rom t h i s invest i ga t ion nor preliminary experiment s on billet 
s t ock i ndicat e t hat t his struct ural condition has an appreciab l e 
effect on r upt ure-t est propert ies at 12000 F. 

In general t he comparative data for eSA alloy bar s t ock in 
table VI II show hi gher tensi l e proper t ie s and l OO- hour ruptur{" 
s trengths t han t he large discs. The agreement in 1000-hour r upture 
s trengths i s qu i t e good. Presumably the higher short-t ime proper ties 
and hardness of bar s t ock are due to their lower temperat ure of hot­
col d-working . The r upture t est ductility of the solut ion-t reated 
and hot-cold-worked disc was much bett er than t hat of similarly 
pr ocessed bar s t ock. I t seems probable, from bar-s t ock dat a, that 
raising the solut ion-treating t emperat ure on the disc mat erial would 
p~oduce l ow r upt ure t est ductility. 

The t wo CSA alloy discs had slight l y lower r upture and tens i l e 
properties than discs of 19-9DL and Timken alloys but wer e mu ch 
weaker than a low-carbon N-155 alloy disc. (See table VI I I.) However , 
the discs of the different alloys cannot be compared on the bas i s of 
composition alone because t he properties of t hese alloys vary with 
production procedure. Variations in heat treatment and hot-cold­
working condit ions make i t impossible to show an exact relat ionship 
between composition and properties. 

In appraising t he data in t his report, considerati on should be 
given to the f act t hat reproducing these propert ies in other dis cs 
depends on the cont rol exercised in production. Also, the proper ties 
of the eSA alloy discs would be expected to lose the beneficial 
effects of hot - cold-work i f t he t est temperat ure were increased much 
above 12000 F . 

CONCLUSIONS 

Sufficient t est s have been made t o indi ca t e the r elati-re properties 
of two large cheese-type forged discs of CSA alloy. The chemi cal 
composition of the t wo d i s cs was modified from previous heat s of tLe 
all oy . Both di s cs were solut ion-t reat ed and hot - cold-worked and one 
was aged prior t o hot-cold-work. The follow i ng concl us i ons are 
indicated by the dat a: 



l 

10 NACA TN No. 1533 

1. The propert ies obtained were only slightly bet er than were 
previously obtained for an as- forged cheese forging having lower carbon 
and hi gher columbium contents. Direct evaluation of the two procedures 
or the composition change cannot be made because the relative degree of 
hot - cold-work and prior heat treatment of the as- for ged disc is not 
known. 

2 . An aging treatment a t 14000 F following solution t reat ment 
and prior to hot-col d-work was beneficial to the rupture properties 
of CSA alloy, while no effect was observed in t enS i le, hardness, or 
time-deformation properties. 

3. Extrapolation of the rupture data indicates that the beneficial 
effect of the aging would be lost at time periods of approximately 
10, 000 hours. 

4. The large discs had good uniformity. Although the size and 
amount of excess constituent var ied from rim to center of the disc, 
no adverse effect on properties was observed. 

5 . The da.ta do not permit an evalua t ion of the room-temperature 
properties in the exact center of the discs. 

6. In general the tensile properties and short-time rupture 
strengths of the discs were lower than those obtained from similarly 
processed bar s tock . The 1000-hour strengths agreed quite well. The 
difference was probably due to the bar stock being hot-cold-worked a t 
the lower tempera ture of 12000 F. 

7 . The tensile and 100-hour rupture-strength propert ies of the 
t wo CSA alloy discs were , in -eneral, slight l y lower than those of 
discs of other alloys. On the basis of 1000-hour s t rengths, agreement 
beb·reen the alloys was sat isfactory with the exception of the low­
carbon N-155 disc which had higher propert ies . However, a s t rict 
comparison between the discs cannot be made on the basis of composition 
alone because the producti on procedures used for these discs were 
considerably different. 

University of Michigan 
Ann Arbor, Mich ., March 17, 1947 
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TABLE I 

SHORT-TIME TENSILE PROPERI'IES OF LARGE DISCS OF CSA ALI.DY 

Specimen Tempers. - Tensile Offset yield strength Propor-

Disc Specimen location ture strength (psi) tional 
number (1) (O:F) (psi) limit 

0.02 percent 0.1 percent 0.2 percent (psi) 

5 5BY eRR Room l23,000 46,500 59,000 64,500 27,500 
(Solution- 5GX SRR Room l29,250 50,000 60,000 64,500 33,500 
treated; 5EX SRR Room 132,500 47,000 57,500 63,000 35,000 
hot-cold- m-G eRC Room 115,500 45,000 55,500 61,000 22,500 
worked) 

5GY eRR 1200 59,375 ------ 43,500 46,300 22,500 
5BX SRR l200 58,125 ... ----- 39,500 42,500 20,000 
5BY-C eRC 1200 58,375 ------ 38,500 41,000 17,500 

6 6EY eRR Room 115,000 53,500 65,000 69,500 32,500 
(Solution- 6Ex SRR Room 130,750 50,000 62,000 68,000 30,000 
treated; 6Gx SRR Room 130,000 41,500 64,500 70,500 30,000 
aged; 6EY-c eRC Room 117,500 47,000 63,000 67,000 30,000 
hot-cold-
worked) 6Bx SRR 1200 60,875 ------ 41,000 43,500 22,500 

6DZ SRR 1200 59,500 ------ 41,000 45,000 22,500 
6BY-c eRC l200 61,000 ------ 38,000 41,000 17,500 

----

~ center-plane radial specimen near rim of disc. 

SRR surface-plane radial specimen near rim of disc. 

eRC center-plane radial specimen near center of disc. 

[ 

Elongation 
in 2 in. 
(percent) 

15 
25·5 
29·5 
16 

29 
34 
29 

13 
26 
27·5 
17 

28 
34 
26 

Reduction 
of area Brinell 

(percent) hardness 

14.8 ---
21.4 247 
28·5 226 
16·3 241 

39·1 ---
53·4 ---
41·9 ---

10.0 ---
23·9 256 
26.8 257 
16.6 232 

44.2 ---
47·2 ---
33·5 ---

~ 

I 

! 

I 

I 
i 

I--' 
I\) 

~ 
&; 

~ 
21 o . 
I--' 
\J1 
W 
W 
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TABLE II 

RUPl'URE-TEsr CHARACTERISTICS lIT! 12000 F OF LARGE DISCS OF CSA ALIDY 

Specilnen Spec1lnen Stress Rupture Elongation Reduction Minimum. 
Disc nUl!lber location (psi) t1ln.e in 1 in. of area creep rate 

(1) (hr) (percent) (percent) (percent/hr ) 

5 5DY eRR 40,000 41 39 51·5 ------
(Solutlon- 5DY CRR 35,000 252 20 35·6 a.olSO 
treated; 5DY eRR 32,000 495 13 30.8 .0105 
hot-cold- 5DY CRR 30 ,000 3037 10 16·5 .0012 
'WOrked) 

5DX SRR 37,000 78 26 6J .9 ------
5DX SRR 37,000 115 24 56·9 ------
5DY-C CRC 37,000 74 23 42·7 ------
5DY-C eRC 37,000 112 24 52·8 ------

6 WY CRR 43,000 80 17 25·6 ------
(Solu-eion- WY eRR 41,000 90·5 24 46·5 ------
treated; &:lY CRR 40,000 534 15 30.8 .0080 
aged; 6BY CRR 38 ,000 180 18 29·8 .0240 
hot-cold- 6BY eRR 34,000 908 9 14.0 .0035 
'WOrked) 

6DX SRR 41,000 28 19 51.9 ------
6DX SRR 41,000 14 16 57·8 ------
6DY-C eRC 41,000 43 18·5 31.9 ------
6Dy-C eRC 41,000 67 20 31.9 ------

Rupture strength 

Spec1lnen Stress (psi) for rupture in -
Disc location 

( 1) lOhr 100 hr 1000 hr 2000 hr 

5 CRR 45,000 37,000 31,500 30,500 
6 CRR ------ 41,000 34,000 32,000 

Rupture ductility 

S,pec1ln.en Estimated elongation (percent) to rupture in -
Disc l ocation 

(1) 10 hr 100 hr 1000 hr 2000 hr 

5 CRR 40 25 13 10 
6 CRR -- 24 9 --

leER center-plane radial spec1ln.en near rim of disc. 

SRR surface-plane radial specilnen near riln of disc. 

eRC center-plane radial spec1lnen near center of disc. 

~----------------------~--- -



TABLE TIr 

TIME-DEFORMATION DATA AT 12000 F FOR LARGE DISCS OF CSA ALIDy 

I Trans.i tion to 
Initial Time (hr) i'or total deformati ons of - third-stage oreep 

Disc Specimen Stress deformation 
number (psi) (peroent) 0.2 percent 0.5 percent 1 percent 2 percent 5 percent Time Deformation 

(hr) (percent) 

5 5EY 25,000 0.142 5 828 a 3470 --- ---- ---- ---
(Solution- 5DY 30,000 .15 01 35 152 9tD 2700 2350 4.0 
treated; 5DY 32,000 .16 - 12 50 155 380 295 3·5 
hot-cold- 5DY 35,000 .18 - b·4 30 88 182 135 2·9 
worked) 5DY 40,000 ·33 - --- ---- --- ---- ---- ---

6 6DY 25, 000 .155 5 960 a 4550 --- ---- ---- ---
(Solution- 6BY 34,000 .225 - 8 42 305 812 470 2.6 
treated; 6BY 38, 000 ·30 - --- 13 45 117 70 2·5 
aged; illY 40,000 .36 - --- 17 76 385 350 4·5 
hot-cold- illy 41,000 .42 - --- ---- --- ---- ---- ---
worked) illy 43,000 ·50 - --- ---- --- ---- ---- ---

-- ----

~y extrapolation of creep curve . ~ 
~st1mated , 

I--' 
.j::""" 

~ 
f; 

~ 
~ o . 
I--' 
\Jl 
LV 
LV 
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TABLE Dr 

TIME-DEFORMATION Sl'RENGTHS AT 1200 0 F OF LARGE DISCS OF CSA ALIDY 

Total Stress (psi) to cause total 

Disc deformation deformation in -

(percent) 1hr 10 hr 100 hr 1000 hr 2000 hr 

5 0.2 a30 ,000 25,000 ------ ------ ------
·5 a38, 500 33,000 27,500 25,000 ~3,500 

1.0 ------ a40,ooo 30,500 26,500 ~5,500 
Transition ------ ------ 36,000 30,500 30,000 

6 .2 ------ 25,000 ------ ------ ------
·5 a38,500 33,000 27,500 25,000 ~3,500 

1.0 ------ a40,ooo 30,500 26,500 ~5,500 
Transition ------ ------ 38,500 32,000 ------

- -

aEstimated. ~ 
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TABLE V 

CREEP TEST DATA Kr 12000 F FOR LARGE DISCS OF CSA ALLOY 

Creep test Total deformation Creep rate conditions Initial (percent) at - (percent/hr) at -Disc deformation 
Stress Duration (percent) 100 hr 500 hr 1000 hr 500 hr moo hr (psi) (hr) 

5 25,000 959 0.0142 o .2gy 0.423 0·530 0.00025 0.00019 

6 25,000 960 .0155 ·300 .419 ·505 .00025 .00014 
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TABLE VI 

EFFECT OF CREEP AND RUPl'URE TESTING AT 12000 F ON THE ROOM-TEMPERATURE PHYSICAL 

PROPERrIES OF LARGE DISCE:. OF CSA ALIDY 

Residual r oom-temperat ure pr oper ties 
Prior testing 

Specimen conditions Tensile Offset yi eld 
Disc s trength s t r ength number Type Stress Time (psi) (psi) 

test (psi ) (hr) 
0 .02 per cent 0 .1 percent 0 .2 percent 

5 (a ) (b) (b ) (b) 126,250 47,SOO 58,SOo 

5EY Creep 25, 000 959 121,000 37, 000 48, 500 

5DY Rupture 30,000 3037 ------ - -- ---- -- -- - -

6 (a ) (b) (b ) (b ) 125 ,250 50,300 63, 800 

6DY Qreep 25,000 960 ll5,000 38,500 50,500 

6BY Rupture 34,000 908 ------- - ----- ----- -

aAverage of tests on center and surface plane specimens at rim of disc. 

bOriginal condition. 

cCenter rim. 

dcenter. 

eSpecbnen fractured in gage mark. 

64 , 000 

54, 000 

-- --- -

69,300 

56,000 

------

Propor- El ongation t i onal 
in 2 in. limit (per cent ) (:psi) 

32,000 23 

22,500 e19 

----- - --

30,SOO 22 

22,500 e14 

------ --

~eduction 

of area Vicker s 

(percent ) hardness 

21.6 ~61 

~63 
13 ·4 ---

- --- 245 

20 . 2 ~70 
~51 

9 ·4 -- -
---- 258 
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TABLE VII 

COMPARATIVE PROPERl'IES OF THREE CSA AllJ)y DISCS 

Disc 

Heat number 

Chemical composition, percent: 
C 
MIl 
Si 
Cr 
Ni 
Me 
W 
Cb 

Fabrication 

Principal Brinell hardness range 

Room-tamperaturs tenaile propertieab : 
Tensile strength, psi 
0 .02-percent-offset yield strength, psi 
O.l-percent-offset yield strength, psi 
0.2-percent-offset yield strength, psi 
Elongation, percent in 2 in . 
Reduction of area, percent 

Tensile properties at 12000 Fb: 
Tensile strength, psi 
0.2-percent-offset yield strength, 
Elongation, percent in 2 in. 
Reduction of area, percent 

Rupture characteristics at 12000 F : 
lOO -hr rupture strength, pai 
lOO-hr rupture slongation, percent 
lDOO-hr rupture strength, psi 
1000-hr rupture elongation, 

percent in 1 in. 

Time-deformation strsngths at 12000 F, 
0.2 percsnt in 10 hr 
0.2 percent in 100 hr 
0.2 percent in :.000 hr 

0·5 percent inlOhr 
0 ·5 percent in 100 hr 
0.5 percent in 1000 hr 

1 percent in 10 hr 
1 percent in 100 hr 
1 percent in 1000 hr 

Transition in 100 hr 
Transition in lOCO hr 

Creep strength at 12000 F, psi: 
0.00001 percent/hr 
0.0001 percent/hr 

~ta ~rom reference 2 . 
bAvsrage values for radial specimens . 
~st1mated. 

pai 

in 1 in. 

psi: 

5 6 

lX2280 lX2280 

0.42 0.42 
4.47 4.47 

.41 .41 
18.06 18 .06 
5·20 5·20 
1 ·30 1.30 
1 .20 1 ·20 

.28 .28 

Hot-forgedj Hot-forgedj 
21000 F, 2100 0 F, 
air- cooledj air- cooled to 
10 percent 14000 F j 24 hr 
:tJot- cold-work at 14000 Fj 
at 14200 to 10 percent hot -
12500 Fj cold-work at 
12000 F, air- 14200 to 12500 F j 
cooled· 12000 F, air-

cooled. 

230 -255 230 -255 

126,250 125,250 
47, 800 50,300 
58,800 63,800 
64,000 69,300 

23 22 
21.6 20 ·2 

58,625 60,500 
43,300 43,200 

31 29 
44 .8 41.6 

37,000 41,000 
25 24 

31, 500 34,000 

13 9 

25 , 000 25,000 
- ----- - -----
- - - - -- - -- - --

33,000 33,000 
27,500 27,500 
25,000 25,000 

c40,OOO c40,OOO 
30,500 30,500 
26,500 26,500 

36, 000 38,500 
30 , 500 32,000 

- --- - - - --_ .. -
c23,500 ~3,500 

NACA TN No . 1533 

Low- carbon CSA 
(a) 

lX22l8 

0 .25 
4 .14 

.25 
18·32 
5·76 
1.46 
1.51 

·95 

Forged from 
2150 0 F to 14000 F j 
12000 F, air-cooled. 

200 -230 

107,400 
40,300 
53,170 
58,300 

35 
39·8 

51,875 
40,000 

27 
49 ·5 

35,500 
32 

30,000 

18 

25,000 
21,000 
17,000 

30,000 
27,500 
25,000 

33,500 
30,000 
26,500 

32,000 
26,000 

9,000 
21, 000 



TABLE VIII 

COMPARATIVE PROPERTn:S OF DISCS AND BAR STeCK OF CSA ALIDY AND DISCS OF 19-9DL, IJ:JW -CARBON N -155, AND TIMKEN ALlDYS 

Processing 
(a) 

Heat Heat treatment Hot-cold-work 
Alloy Form number Aging 

(b) Tempera- Tempera-Time Cool1nS ture Tempera- Time ture 
(~) 

(hr) (c) 
tu=e (hr) (~) 
(~) 

High- carbon CSA Disc 5 lX2280 2100 (d) A.C. ---- -- 1420 
to 

High-carbon CSA Disc 6 1.X2280 2100 (d) 
1250 

A.C. 1400 24 1420 
to to 

14000 F 1250 
Low-carbon CSAe Disc 1.X2218 (f) (f) (f) ---- -- ----

CSAS Bar stock 36781\2 (h) (h) (h ) ---- -- ----
CSAS Bar stock 36781\2 2200 1 W. Q. - --- -- 120O 
CSAS Bar stock 36781\2 2050 2 W.Q. ---- -- 1200 
CSAS Bar stock 36781\2 2200 1 A.C. 1400 24 1200 

to 

eSAS 
14000 F 

Bar stock 36781\2 2050 2 A.C. 1400 24 1200 
to 

14000 F 
CSAS Bar stock 36781\2 2050 2 A· C . 1400 24 1200 

to 
14000 F 

i19-9DL Disc B10429 ( J) (J) (J) ---- -- --- -
k19-9DL Contour B11728 2150 2 W.Q. ---- -- 1250 

disc 

k19- 9DL 
(EXC44) 
Contour B11728 2150 2 W.Q . ---- -- 1650 
disc 

(EXc46) 

~w-carbon N-155 Disc All534 ( J) (J) ( J) --- - -- ----

T1mkenn Contour H-4315 ( J) ( J) ( J) - --- -- 1200 
disc to 

Timkenn (S451) 1300 
Contour 13060 2150 2 W.Q. ---- -- 1250 
disc 

Timkenn (C3B-441) 
Contour H-4684 ( J) (J) (J) --- - -- 1275 
disc 

(Sl509) 

"All these mat erials wer e Siven " f i na l str ess -relief trea tment at 12000 F . 
bchem1 ca l composition (percent) of CSA a lloy heats ' 

Form Heat 
number C Mn Si 

Discs l.X2280 0 .42 4.47 0 .41 
(5 and 6 ) 
Disc l.X2218 
(hot-forged) 

.25 4 .14 .25 

Bar stock 36781\2 .42 4.17 ·55 
cA.C. air-cooled. 
W.Q. wat er-quenched. 
~ime of solut i on t reatment not known. 

-
Cr Ni Mo W 

Of 18.06 5·20 1.30 1.20 to.28 

18·32 5 ·76 1 .46 1·51 ·95 

18.04 5·13 1.41 1.29 ·59 

Reduct-ion 
(percent) 

10 

10 

---

---
10 
10 
10 

10 

20 

---
(1) 

(1) 

---

(1) 

(1) 

(1) 

Room-temperature phyeical 
Rupture propertiee at 12000 F for -

Tens11e 
strength 

(ps1) 

126,250 

125,250 

107,400 

130, 500 
147,750 
146,250 
147, 500 

139,600 

141,500 

104,700 
119,600 

102, 500 

118,290 

122,780 

135,750 

123,875 

properties 

° .02-percent- 100 hr 1000 hr 
offset Elonga- Brine11 yield tion Elonga- Elonga-

(percent) hardness Strength Strength strength tion tion 
(psi) (psi) (percent) (psi) (percent) 

47,800 23 230 -255 37 , 000 25 31, 500 13 

50 ,300 22 230-255 41, 000 24 34,000 9 

40,300 35 200-230 35 , 500 32 30,000 .18 

44,000 25 248 48,000 20 37, 000 16 
87, 250 34 306 46,000 1 42, 000 2 
83, 600 28 314 56, 000 5 32,000 2 
62,850 15 300 38,000 2 33,000 2 

70,150 22 281 44,000 19 34,000 15 

72,250 13 295 44,000 19 33,000 10 

39,275 30 202-208 40,000 27 34,000 16 
70,500 26 246-253 47,000 3 38,500 1 

39,000 34 200 -223 36,500 20 32,000 14 

58,750 35 211-255 55, 000 12 42, 000 10 

76,400 14 250-261 45,500 18 34, 000 10 

81,000 20 269-299 44,000 2 34,000 3 

72,500 18 248-267 49,000 30 34,000 30 

eSae reference 2. 
f As-forged 21500 F t o 1400° F . 
SPrevioua unpublished data. 
~Qt-ro11ed. 

~ 
iSee reference 1. 
~ot-forged . 
ksee r eference 6 . 
l Exect amount of hot-cold reduction not known. 
msee reference 3. 
nsee reference 4. 

I 
i 

I 
I 

I 

~ o ;x:. 

~ 
~ 

f-J 
V1 
w 
w 

f-J 
\0 

-/ 



20 
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Coupons Received for Testing 

Disc 5: solution-treated; hot -
cold -worked 

5B X, Y, and Z 
5D X, Y, and Z 
5E X, Y, and Z 
5G X, Y, and Z 

Disc 6: solution -treated ' aged ' , , 
hot- cold -worked 

6B X, Y, and Z 
6D X, Y, and Z 
6E X, Y, and Z 
6G X, Y, and Z 

NACA TN No . 1533 

D 

B 

C 
E 

Disc dimensions : 20-in. diameter by 
3-1/2 in. thick 

B / 
BX V 
BY V 
BZ V 

Numbering of coupons 

Figure 1. - Diagr am showing location of test coupons in large discs 
of CSA alloy. 
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1:l Disc 5 S 
101C3 21000 F air -cooledj 10 percent hot-cold-workj 12000 F 4 hr (coupon 5BX) o:! 

I , t f i 

102 

100 

98 

96 

101 

102 

100 

98 

96_ 
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Disc 6 
21000 F air -cooled to 1400

0 
F j 14000 F 24 hr j 10 percent hot-cold -work j 12000 F 4 hr (coupon 6BX) 

I 
I 

\ \ I 
\ ) 

\ / 

\ 
, ....... A .... ....... , 

~I 
1 2 3 4 5 6 7 8 9 

In. from center end to rim end of test coupon 

o Surface exposed to forging 
• Surface next to Y - or center plane 

Figure 2.- Variation in hardness from center to rim of large discs of CSA alloy. 
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22 NACA TN No . 1533 

Disc 5 
2100° Fair -cooled; 10 percent hot-cold-work; 1200° F 4 hr 

255 255 235 255 241 r 
241 

255 
~ 

248 

255 

241 241 

241 

20" 

Disc 6 

248 241 31 
2 

241 

248 255 i 

" 

2100° F air-cooled to 1400° F; 1400° F 24 hr; 10 percent hot-cold-work; 
1200° F 4 hr 

255 238 241 241 255 T 
248 255 235 235 

255 255 248 

235 241 

255 

1\1 
241 3-

2 

255 1 
~~--------------------- 2d'--------------------~ 

Figure 3. - Brinell hardness survey on large discs of CSA alloy. 
(Data from Crucible Steel Company of America .) 
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Figure 4.- Stress -s train curves for short-time tensile tests on disc 5 of CSA alloy. 

- I---

---I---

~ 
.009 .010 

-

~ 
~ 
~ 

-~ . 
f-J 
V1 
lJJ 
lJJ 

f\) 
lJJ 



80,000 

, 
I--

70,000 , --I----V-

V 1--1 
V 

V P ---
y V ~ 

(,.---

60,000 / 
VI Vi J 

/ [:7 p 

/ 

/ V 1/ V / 

50,000 

..... 
UJ 
0. 

UJ" 
UJ 40,000 QJ 
H ..... 

Cf.l 

75° F if 75° V 75~ F / 75,0 'l /I 

7! II II 
II 7) j 

fI If II (j l..--- !--~ I--
/ 

1200° F A ~ ~ --7 I ) I // V; 1/ V 12000 F 

V 
~ 

/ 

30,000 il II / I V 1y>200
0 

F // V 
/ 

II II ! / V I I / t 
20,000 

6Eyl 6GXI 6Exi 6EY-CI 6DZ V 6B~/ 6BY -c 7 
II / II II / / / 

10,000 / / / / v !7 / 
I 7 I I / / / 

V ~ / ~~ I_V li - --- -~ 00 .001 .002 .003 .004 .005 .006 .007 .008 

Elongation, in. lin. 

Figure 5. - Stress-strain curves for short-time tensile tests on disc 6 of CSA alloy. 
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70,000 
60,000 ..... 

8. 50,000 
en~ 

en 
QJ 
H .... 

Cf.l 

40,000 -
30,000 

20,000 
10 2 

High-carbon CSA disc 5 

21000 Fair-cooled; 10 percent hot-cold-work; 12000 F 4 hr 

- - - I'-- -'<:.. -.:: -..::.r ..:: ::.::::: -( .J...-

\...J,ow -car bon 
CSA disc 

I I 

4 6 8 100 2 4 6 8 1000 2 4 

Rupture time, hr 

High -carbon CSA disc 6 

70,000 
21000 F air-cooled to 14000 F; 14000 F 24 hr; 10 percent· hot - cold-work; 12000 F 4 hr 

60,000 ..... 
2. 50,000 

gj 40,000 - ...... 
QJ 
H co 30,000 

20,000 
10 

• n - -

2 4 

" - u r- f- --

6 8 100 

o 

• 
o 

-- f-- - - -
LLow-carbon 

2 4 6 8 1000 

Rupture time, hr 

Location of specimen in disc 
Center radial specimen near rim 
Surface radial specimen near rim 
Center radial specimen near center 
Low-carbon CSA alloy forged disc. 

(See reference 2.) 

CyA disc 

2 4 

Figure 6. - Curves of stress against rupture time at 1200CJ F for discs of CSA alloy. 
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r-- t-2: 5% 

2 4 

J 1 .1.1. I . 
Disc 5 6 

Stress -rupture hme 6 o Creep data 
I Disc 6 • • Rupture data 
J Disc 51~ \ &. ~ Transition 
Low-car~on CSA 1\ ¢ ~ Extrapolated 

1\ \ ft.- 17% elongation --Low -carbon CSA alloy disc 

1.0% ..J ~% .'-..............24% (See reference 2. ) 

" - ~ 
., 

' ........ r ...... 
........ 

........ ~ 15% \ T I . '-....... r-- ;.:: r---_ r-r- -- .... ~ 20% ...... ........ ............... ~~ , A ~- t. 9% elongation 
I-t-- ..... 1'--

.... 
~ --., -I---~t- "'t-...... :.....- - Disc 6 ~ l'-r.:: .::-- ~~ f:::. t:,.. 

::::::- ~ ~% ~ 10% Transition: t--- -- ro-': f..- _ 
1.0%_ r-~ f- ~ 1.' start of 

t- l::- f..- O~ r--:::: ......... l,- ~ r-Di~C 5 third -stage 
f"".t- r:;.; r- Low-carbon CSA creep 

~i-- I-A- Irr -- r"'-' r--t--- -l-t-t- +- r-2!% - t-- t--t-t-t- ---!----

0.1% 

-r--
~ , , , .. 

6 8 10 2 4 6 8 100 2 
Time, hr 

4 6 8 1000 2 4 6 8 
10,000 

Figure 7. - Curves of stress against time for total deformation at 12000 F for discs of CSA alloy. 
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9,0.00 
8 ,000 
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.00001 .00005 

x 
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o 

.0001 

Disc 
High -car bon 5 
High -carbon 6 

Low -car bon 

.0005 .001 .005 .01 

Creep rate , percent;hr 

Treatment 
21000 Fair-cooled; 10 per cent hot -cold -work; 12000 F 4 hr 
21000 F air-cooled to 14000 F , held 24 hr; 10 per cent hot-cold­

work; 12000 F 4 hr 
For ged from 21500 F to 14000 F; 12000 F 4 hr. (See refe r ence 2.) 

Test enter ed third -stage creep 

Figure 8 .- Curves of s tress against creep r ate a t 12000 F for discs of CSA alloy. (All data at s tresses 
above 27,000 psi fr om rupture tests .) 
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NACA TN No . l533 29 

0.,) 4· 
0::1 <::J 

, , " 
--> - -. 0 0 

0,., 0 
o . . ' 0 , 

}l 

100X 1000X 
(a ) Radial section near rim of disc in Y -plane. 

100X 1000X 
(b) Radial s ection near center of disc in Y -plane . ~ 

Figure g. - Original microstructure of disc 5 of CSA alloy. (Disc 
treatment: 21000 Fair -cooled; 10 per cent hot-cold -work; 
12000 F 4 hr .) 





NACA TN No. 1533 

100X 1000X 
(a) Radial section near rim of disc in Y -plane . 

. '" 

/~ , 

; 

. , .. ... 

31 

100X 1000X 
(b) Radial section near center of dis c in Y -plane . ~ 

Figure 10. - Original microstructure of dis c 6 of CSA alloy. (Disc 
treatment: 21000 F air-cooled to 14 000 F ; 14000 F 24 hr ; 
10 percent hot -cold -wo r k ; 12000 F 4 hr . ) 
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NACA TN No. 1533 33 

Fracture - 100X Interior - 1000X 
(a) Disc 5: specimen 5DY; 3037 hours for rupture under 30,000 psi. 

Fracture - 100X Interior - 1000X 
(b) Disc 6: specimen 6BY; 908 hours for rupture under 34 ,000 psi. 

~ 
Figure 11. - Microstructures of completed 12000 F rupture specimens 

of discs of CSA alloy. 


