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FOURTH PROGRESS REPORT
ON
FOUR LOW-ALLOY STEELS FOR ROTOR DISKS OF GAS TURBINES

IN JET ENGINES
SUMMARY

This report is the Fourth Progress Report on an investigation being
carried out for the Materials Laboratory, Wright Air Development Center,
Department of the Air Force, under Air Force Contract Number: AF33(038)-13496
(Expenditure Order Number: 605-227 SR-T7).

A study of the high-temperature properties of four low-alloy steels,
L340, 17-22A(S), H-LO, and €-L22, in the form of forged J-33 jet engine disks
is being carried out. A concurrent investigation of the high-temperature
properties of the products of isothermal transformation is being made utili-
zing bér stock. The results of the structural studies are to be correlated
with the results to be obtained from the disks.

The study of the properties of the products of isothermal transforma-
tion as outlined in the First Progress Report is virtually complete. The
results obtained indicate that the normalized and tempered structures of
17-22A(S), H-LO, and C-L22 possess superior high-temperature properties at
1100°F as compared to any of the other structures developed to date. (The
criterion used for comparison was the stress to cause l-percent total deforma-
tion in 1000 hours.) For L3LO, the upper-bainitic structure proved to be

superior to the normalized and tempered structure both at 1000°F and 1100°F.



The time-temperature-transformation curve for C-l22 steel has been
outlined.

A1l three H-lO disks (normalized, oil quenched, and interrupted-
quenched) and the normalized 17-22A(S) disk have been split and the center
slabs cut out. These slabs have been magnafluxed and macroetched and found
to be sound. Also, a hardness survey has been made on each slab.

The C-L22 disks were re-heat treated by the Crucible Steel Company of
America to eliminate the problem of hard spots encountered in the disks as
originally heat treated.

Room temperature tensile tests have been made on specimens cut from
the center slabs of the oil=-quenched and interrupted-quenched L3LO disks,
each of the 17-22A(S) disks, and the oil-quenched H-LO disk, as outlined in
the Third Progress Report.

The initial sorting survey at 1100°F to establish the rim properties
of each heat treated disk has been starﬁedo

Because of the results obtained to date, a modified testing program for
the disks has been suggested and is shown in the Procedure and Proposed

Testing Conditions below.

INTRODUCT ION

This report covers the progress made between 1 October 1951 and 31
December 1951 on an investigation of the high-temperature properties of
four ferritic alloys, 43LO, 17-22A(S), H-LO, and C-L22, in the form of
forged rotor disks for gas turbines in jet engines.

The objectives of this investigation are to determine the effect of
heat treatment upon the high temperature properties of each of these four
steels and to obtain design data for the heat treated disk showing the

best properties.



As a further clarification of the effect of heat treatment upon the
high-temperature properties of these steels, a concurrent study of the
creep~-rupture properties of the products of isothermal transformation is

being carried out, utilizing bar stock.
PROCEDURE AND PROPOSED TESTING CONDITIONS

The high-temperature testing program for the disks as originally out-
lined was as follows:
(a) Establish stress~rupture time and stress-time for l-percent total
deformation curves out to 1000 hours at 1100°F for every disk.
(b) On the basis of results of (a), select the best disk of each alloy
and:
(1) Establish at each of three temperatures out to 1000 hours
curves of stress-rupture time, start of third stage creep,
and time for total deformations of 1, 0.5, 0.2, and 0.1
percent, using specimens taken radially at the rim.
(2) Survey by limited tests the variation in high~temperature
properties of specimens taken tangentially at the rim and
at the center of the disks.
(3) Establish tensile properties at each elevated temperature.
Because interest in ferritic disk materials seems to be mainly focused
at 1100°F for regular jet engine service and because of results obtained
to date in this investigation, it is suggested that the testing program be
modified as follows:
(a) For U340 steel, survey all three disks at 950°F, the highest
temperature for which long time properties appear to remain high

enough to be of interest. At 1100°F and 1200°F, establish



stress=rupture curves out to 100 hours for the heat-treated disk
showing the best properties at 950°F.

(b) For 17-22A(S), H-LO, and C-L22, limit the design curves to 1100°F,
-the temperature of major interest at the moment. Using the heat-
treated disk of each alloy showing the best properties at 1100°r,
establish curves of stress versus time for fracture and stress
versus time for a total deformation of 1 percent out to 1000 hours

at 1000°F, and a stress-rupture curve out to 100 hours at 1200°F.

RESULTS

The results obtained to date are presented separately for each steel
under (1) disk investigation and (2) investigation of the properties of the

products of isothermal transformation.

Disk Investigation

L340 STEEL

The room temperature tensile properties at the centers of the oil-
quenched and interrupted-quenched disks have been determined and are pre-
sented in Table I. The interrupted-quenched specimens, which were about
20 Brinell points harder than the oil-quenched specimens, showed higher
tensile strength and lower ductility as compared to the oil-quenched speci-
mens. For specimens 2W-2Z taken directly from the center of the disks, the
interrupted-quenched disk had an average tensile strength of 137,L00 psi as
compared to 124,000 psi for the oil-quenched disk, and showed an average
elongation of 12 percent as compared to 17 percent for the oil-quenched disk.
The 0.2 percent offset yield strengths averaged 96,000 psi for the oil-quenched

specimens and 105,000 psi for the interrupted-quenched specimens.



The rupture properties for rim material of both disks are determined
out to 200 hours at 1100°F and are shown in Table IV. The stresses to cause
rupture in 100 hours were 18,500 psi for the interrupted-quenched disk and

15,000 psi for the oil-quenched disk.

17-22A(S) STEEL

The center slab of the normalized and tempered disk was cut out, magna-
fluxed and macroetched, and found to be sound. A Brinell hardness survey
was taken and is shown in figure 1. The slab had a Brinell hardness range
of 235 to 330. The principal ranges were 235 to 270 at the center and 300
to 330 around the edges. The low hardnesses at the center of the disk seem
to indicate incomplete hardening upon normalizing.

The room temperature tensile properties for all three disks are summarized
in Table III. Results from.specimens 2W-2Z, taken directly from the center
of each disk, show that the interrupted—-quenched disk was slightly harder than
the oil-quenched disk and had slightly higher tensile properties and tended to

have much lower ductility. The normalized disk, which was much softer at the
center than either of the other two disks, had much lower tensile properties
than either the oil-quenched or interrupted-quenched disks and slightly better
ductility.

The survey of the high-temperature properties of the three 17-22A(S) disks
is now in progress and the results obtained to date are shown in Table V and
in figures 2-.

The rupture strengths énd l-percent total deformation strengths at 1100°F

are as follows:

100 Hour 1000 Hour Stress to Cause 1% Total

Disk Rupture Strength Rupture Strength Deformation in 1000 hours
Number (psi) (psi) (psi)
1 (N.) 35,000 11,500 13,500
3 (0.Q.) 39,500 18,500 18,250

L (I.Q.) 10,000 21,500 20,500



H-LO STEEL

The center slabs have been cut from all three H-LO disks. All the
slabs have been magnafluxed and macroetched and found to be sound. Brinell
hardness surveys have been taken on all three slabs and are shown in figﬁres
5-7. All three disks are harder than the specified hardness range of
280-320 Brinell and the oil-quenched disk showed one very hard area 6f
365-390 Brinell. The variation in hardness tended to be erratic rather than
localized at specifié 1ocation$ in the disks. The Brinell hardness ranges
for the disks were as follows:

(1) Normalized + tempered, 315-380

(2) 0il quenched + tempered, 315-390

(3) Interrupted quenched + tempered, 327-393

The room temperature tensile properties of the oil-quenched disk are
shown in Table ITI. The average hardness for the test specimens was 357
Brinell, the average tensile strength 177,000 psi, and the 0.2-percent off-
set yleld strength 162,000 psi. The elongation at the rim averaged 10 per-
cent and at fhe center 4.5 percent.

The survey of the high-temperature properties of the three H-LO disks
is now in progress and tﬁe results obtained to date are shown in Table VI.
These data indicate that all three disks are brittle, showing low elongation

at fracture in the rupture tests.

C-L22 STEEL
The C-l22 disks were re-heap treated by the Crucible Steel Company of
America to eliminate the problem of hard spots encountered in the disks as
originally heat treated. The original heat treatments and those carried out

by the Crucible Company are as follows:



(a) Original Heat Treatment
Disk #1. N. 1900°F + tempered at 1200°F.
Disk #3. As forged.
Disk #4. 0.Q. from 1900°F + tempered at 1200°F.
(b) Crucible Company Heat Treatment
Disk #1. Full annealed at 1600°F for 6 hours and furnace cooled.
N. 1900°F + double teﬁper at 1200°F for 2 plus 2 hours.
Disk #3. Full annealed at 1600°F for 6 hou?s and furnace cooled.
Disk #L. Full annealed at 1600°F for 6 hours and furnace cooled.
0.Q. from 1900°F + double temper at 1200°F for 2 + 2 hours.
The survey of the high-temperature properties of the nofmalized and tempered
€-122 disk is now in progress and the results obtained to date are shown in

Table VII.

Investigation of the Properties of the Products of Isothermal Transformation

4340 STEEL

All creep testing of isothermal structures as outlined in the First
Progress Report has been completed. Creep data obtained in addition to that
shown in Table I of the Third Progress Report is shown in Table VIII.

Using the stress to cause l-percent total deformation in 1000 hours as
a basis for comparison, the normalized and tempered structure was superior
at both 1000°F and 1100°F to all structures developed except the upper bainitic
structure. The stress to cause l-percent total deformation in 1000 hours at
1000°F was 13,300 psi for the normalized and tempered structure, and 17,300 psi

for the upper bainitic structure.



17-22A(S) STEEL

A1l creep testing of isothermal structures as outlined in the First
Progress Report has been completed at 1100°F except for one test now in
progress on the upper bainitic structure. Creep data obtained in addition
to that shown in Table II of the Third Progress Report is shown in Table VIII.

The results obtained to date from creep-rupture tests at 1100°F are as

follows:
Stress to Cause
1% Total Deformation
in 1000 Hours
Structure BHN (psi)
Norm. + T. 10 Hrs. at 1200°F 291/317 19,000
0.Q. + T. 1 Hr. at 1300°F 302/306 15,000
Aust. 1750°F + 1% Hrs. at 1350°F 309/313 16,000

Aust. 1750°F + 10 Hrs. at 1150°F + T. 12 Hrs.
at 1200°F 291/313 less than 15,000

Aust. 1750°F + 2 Hrs. at 900°F + T. 16 Hrs.
at 1200°F 317/327  approximately 16,000

Aust. 1750°F + 5 Min. at 700°F + T. 12 Hrs. 302/303 15,500
Using the stress to cause l-percent total deformation in 1000 hours as a
basis of comparison, it can be seen from the above data that the normalized and

tempered structure is superior to any of the other structures developed.

H-LO STEEL
The isothermal transformation data for the H-LO steel has been re-examined
and corrected and the time-temperature curve has been redrawn and is shown in
figure 8. This diagram shows that the only isothermal structure which can be
developed is a bainitic structure between 700°F and 800°F. All creep testing
at 1100°F has been completed except for one test now in progress on the
bainitic structure. Creep data obtained in addition to that shown in Table ITI

of the Third Progress Report is shown in Table VIII.



The results obtained to date are as follows:

Stress to Cause 1% Total
Deformation in 1000 Hours

Structure BHN (psi)
Norm., + T. 18 Hrs, at 1200°F 312/320 27,800
0.Q. + T. 12 Hrs., at 1200°F 321/323 23,300
Aust. 1950°F + 10 Hrs. at 750°F +
T. 1 Hr. at 1300°F (Bainite) 308/312  approximately 23,000
C-L22 STEEL

The time-temperature-transformation curve has been outlined and is
shown in figure 9. The only signs of austenite transformation appear above
1100°F. Holding above 1100°F out to time periods éf 2l hours results first
in the appearance of a dark etching material in the grain boundaries, similar
to that which was obtained with the H-LO steel. Holding for the longer time
periods also produced throughout the matrix what appeared to be carbide par-
ticles.

Creep testing of the normalized and tempered and oil-quenched and tempered
structures at 1100°F has been completed. The results obtained are as follows:

Stress to Cause 1% Total
Deformation in 1000 Hours

Structure BHN (psi)
Norm. + T. 2L Hrs. at 1200°F 299/306 28,700
0.Q. + T. L Hrs. at 1200°F 307 30,000

Creep data obtained in addition to that shown in Table III of the Third

Progress Report is shown in Table VIII.

FUTURE WORK

Farly in the next period, the initial survey tests on the disks will be

completed. The data should then be analyzed and a choice made of the disks
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to be used for design data. In this connection, attention is directed to
the extreme brittleness of all three H-LO disks in the rupture test with the
probable conclusion that all three are unsuitable for use at 1100°F.

Likewise the initial surveys of isothermally-treated specimens is near-
ing completion, requiring analysis of the data and decision as to future work.
In view of the tests on disks it appears that the isothermal transformation
survey ought to be extended to include rupture tests as well as total deforma-
tion characteristics.

A correlative study of the microstructures of the disks and isothermally

transformed structures of bar stock should be carried out.
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TABLE IIX

ROOM TEMPERATURE TENSILE PROPERTIES AT THE CENTER OF THE 17-22A(S) DISKS

Disk #1 - Heat Treatment:

Specimen Specimen Tensile

N. 1750°F + 2 Hrs. at 1200°F

Offset Yield Strengths Proportional Elongation Reduction Brinell

Number  Location Strength (psi) . Limit in 2 in. of Area Hardness
(a) (psi) 0.02% 0.1% 0.2% (psi) (%) ¢))
w SRR 142,800 $8,500 109,400 114,700 76,500 15.0 50.3 314
X CRR 137,200 96,200 107,000 111,300 89,000 14.5 Lh7.1 282
2w SRC 117,000 71,800 79,400 81,000 47,000 9.0 13.L 22
2X CRC 116,000 73,400 78,500 79,800 66,000 15.5 38.5 238
2y CRC 117,000 73,600 77,200 79,200 62,500 20.5 18.9 238
2z SRC 119,000 74,000 79,600 81,700 61,000 19.0 L8.0 2h1
Disk #3 - Heat Treatment: 0.Q. from 1750°F + 8 Hrs. at 1200°F
w SRR 150,900 123,000 132,200 133,800 93,000 18.0 56.14 326
1x CRR 1Lk5,000 123,L00 130,500 132,800 9L,000 16.5 50.9 313
2w SRC 144,800 121,800 126,400 128,300 109,500 11.0 23.8 313
2% CRC 145,000 120,600 126,200 128,200 103,000 12.0 29.2 311
2y CRC 145,000 119,000 125,500 128,000 99,500 17.5 L6.6 295
2z SRC 145,800 121,000 126,700 129,000 106,300 15.0 L0.7 294
Disk #L - Heat Treatment: Interrupted-quenched from 1750°F + 2 Hrs. at 1200°F

w SRR 158,800 137,400 142,400 143,700 124,000 16.0 51.1 332
1x CRR 155,500 125,600 135,300 137,800 93,000 16.5 h9.8 321
2w SRC 148,500 121,000 131,200 13,000 98,000 5.0 6.L 320
2x CRC 149,000 124,300 130,300 132,800  10l,000 8.0 9.3 317
2y CRC 149,000 119,300 128,200 131,600 101,000 15.0 L1.0 318
2z SRC 149,800 124,200 131,200 133,200 108,000 15.5 L1.9 312
(a) SRR Surface plane radial specimen near rim of disk

CRR Center plane radial specimen near rim of disk

SRC Surface plane radial specimen at center of disk

CRC Center plane radial specimen at center of disk



TABLE IV

RUPTURE DATA FOR Li3LO DISKS AT 1100°F

Disk #3 - Heat Treatment: First treatment - 0.Q. from 1750°F + 8 Hrs.
at 1200°F
Second treatment - 0.Q. from 1550°F + tempered
at 1050°F

Time to Reach
Specimen Specimen Stress Rupture Elongation Reduction 1-Percent Total

Number  Location Time of Area Deformation
(a) (psi)  (Hours) (%) (%) (Hours)
liw SRR 25,000 17 20.5(P) 39.1 2,0(¢)
LX CRR 20,000 31 23.0(P) 3l 2,6(¢)
Ly CRR 13,000 212 57.0(0) 11.0 20
Disk #L - Heat Treatment: Interrupted-quenched from 1750°F + 2 Hrs.
at 1200°F
LX CRR 30,000 17 3.5(8) 8.1 L
LW SRR 25,000 29 . 7(d) 5.9 11.2
iy CRR 16,000 199 5.6(d) 7.0 8L,

(a) SRR Surface plane radial specimen at rim
CRR Central plane radial specimen at rim

(b) Elongation in 2 inches

(c¢) Extrapolated value

(d) Approximate elongation



TABLE V

RUPTURE DATA FOR 17-22A(S) DISKS AT 1100°F

Disk #1 - Heat Treatment: N. 1750°F + 2 Hrs. at 1200°F

Time to Reach

Specimen Specimen Stress Rupture Elongation Reduction 1-Percent Total

Number  Location Time (%) of Area Deformation
(a) (psi)  (Hours) (b) (%) (Hours)
Lw SRR 50,000 26 12.3 7.0 6
hx CRR 145,000 36 5.7 3.9 13
Ly GRE 10,000 60 5.6 7.0 21,(¢)
Lz SRR 30,000 175 1.7 0.8 13L
6w SRR 20,000 519 2.6 2.8 1,06

Disk #3 - Heat Treatment: 0.Q. from 1750°F + 8 Hrs. at 1200°F

Lz SRR 147,500 51 2.6 5.1 29
Lx CRR 2,500 ok 3.5 8.2 L7
o st 38,500 861 3.0 3.5 45
Ly CRR 32,500 219 3.0 1.6 156
W SRR 25,000 189 2.6 3.2 1,02
6X CRR 20,500 792 2.1 2.4 77h
Disk #l - Heat Treatment: Interrupted-quenched from 1750°F + 2 Hrs.
at 1200°F

hx CRR 145,000 69 2.3 L.0 36
Liw SRR 37,500 151 4.0 1.6 79
LY ckr 32,500 287(d) 3.0 2.0 186
bz SRR 26,000  L79 3.9 1.6 337
W SRR - 20,500 1233 3.0 . 3.6 96l
(a) SRR Surface plane radial specimen at rim

CRR Central plane radial specimen at rim
(b) Approximate elongation
(c) Extrapolated value

(d)

Broke in gage mark



TABLE VI
RUPTURE DATA FOR H-LO DISKS AT 1100°F
Disk #1 - Heat Treatment: First treatment - N. 1950°F + 2 Hrs. at 1200°F
Second treatment - Retempered at 1200°F

Time to Reach
Specimen Specimen Stress Rupture Elongation Reduction l1-Percent Total

Number Location Time (%) of Area Deformation
: (a) (psi)  (Hours) (£) (%) (Hours)
LW sRR 55,000 28(P) - - -

Lx cRR 55,000 L8.s(c) 1.2 1.3 1o(d)
Ly crk 5,000 16L(P) - - -

Disk #3 - Heat Treatment: First treatment - 0.Q. from 1950°F + 8 Hrs. at 1200°F
Second treatment - Retempered at 1200°F

6w SRR 60,000  35.5 2.2 2.8 26(d)
Ly CRR 50,000 136 1.8 3.9 106(d)
Lw SRR 15,000 298 1.8 3.9 26p(d)
Lz SRR 39,000 (e) - - -

Disk #li - Heat Treatment: First treatment - Interrupted-quenched from 1950°F
Second treatment - Retempered at 1200°F

hx CRR 60,000 34(P) - - 28
Lw SRR 50,000 108 2.6 8.1 7
by cRk  L5,000 2l3(P) - - 228
Lz SRR 39,000 (e) - - -

(2) SRR Surface plane radial specimen at rim
CRR Central plane radial specimen at rim

(b) Broke in threads

(¢) Broke in shoulder

(d) Extrapolated value

(e) Test in progress

(f) Approximate elongation



TABLE VII

RUPTURE DATA FOR C-L22 DISKS AT 1100°F

Disk #1 - Heat Treatment:

Specimen Specimen Stress

First treatment
Second treatment - Full anneal 6 Hrs. at 1600°F

- N. 1900°F + 2 Hrs. at 1200°F
and furnace cooled. N. 1900°F
+ double temper at 1200°F for
two plus two hours.

Time to Reach

Rupture Elongation Reduction 1-Percent Total

Number  Location Time in 2 inches of Area Deformation
(a) (psi)  (Hours) (%) (%) (Hours)
Lw SRR 55,000 1.7 26.0 69 .5 -
LX CRR 45,000 1.7 23.0 73.0 0.9
Ly CRR 35,000 318 15.0 36.3 26
Lz SRR 32,000 (b) - - —_—

(a) SRR Surface plane radial specimen at rim

(b) Test in progress

CRR Central plane radial specimen at rim



Steel

4340

17-224(S)

H-40

C-422

TABLE VIII

CHEEP PROPERTIES OF 4340, 17-22A(S), H-40, AND C-422 STEELS

Heat Treatment BHN

Aust. 1750°F + 111 Hrs. at 1050°F - 275
{Lower Pearlite)

" " n L] 2"0

Aust. 1750°F + 28 Hrs. at 850°F - 325
(Upper Bainite)

Aust. 1750°F + 1+ Hrs. at 850°F + 294
T. 11 Hrs. at 1100°F (Lower Bainite)

Aust. 1750°F + 1% Hrs. at 1350°F 309
” ” " " 315

dust. 1750°F + 10 Hrs, at 1150°F + 313
T. 12 Hrs. at 1200°F

n L L " 29 l
Aust. 1750°F + 2 Hrs, at 900°F + 327

T. 18 Hrs, at 1200°F

L " n ” 517
Aust. 1750°F + 5 Min., at 700°F + 303

T. 12 Hrs. at 1200°F
0.Q. + T. 12 Hrs. at 1200°F 323

Aust. 1950°F + 10 Hrs, at 750°F + 308
T. 1 Hr. at 1300°F (Bainite)

” ” " ” 512
Norm. 1800°F + T. 24 Hrs. at 1200°F 306
0.Q. + T. 4 Hrs, at 1200°F 307

Test Stress Time in Minimum Percent Total Deformation at Time in Hours for Specified
Temp. ) Progress Creep Rate Indiceted Time Periogds Total Deformations
(°F} (pst) (Hours) (%/1000 Hrs.) 300 Hrs. 500 Hrs. 1000 Hrs. 0.1% 0.2% 0.5% 1.07
1100 4,250 1007'®) 3.9 1.37 2.32 5.2 s 21 90 217
1000 13,000 848l 5.4 2.0 4.2 -- 2 6 46 141
1000 15,500 1005'&) 0.42 0.41 0.51 0.75 1 18 470 1s9s(c)
1000 13,000 1032(8) 0.53 0.5 0.64 0.94 2 3 300 1104(¢)
1100 19,000 565'°) 2.04 0.88 2.04 -- 1 17 158 336
1100 15,000 1076'%) 0.59 0.32 0.44 0.74 14 108 622 1465(°)
1200 19,000  550(P) s 1.78 - -- (4) 10 79 194
1100 15,000 6s2!?) . 1.55 3.69 -- 24 54 107 218
1100 19,000 796! 1.43 0.7 1.1 - (@ 8 177 477
1100 15,500 320 - 0.41 - -- 5 65 - --
1100 14,000 1032'®) 0.43 0.35 0.45 0.7 22 67 621 1698'°
1100 24,000 1036(®) 0.8% 0.5 0.66 1.14 () 23 300 862
1100 28,000 1004(%) 1.37 0.73 1.05 2.16 (d) 1 131 470
1100 23,000 660 - 0.43 0.62 -- (@) 37 393 --
1100 30,000 1120'®) 0.88 0.67 0.82 1.34 (@) 3 112 690
1100 30,000 1003(2) 0.49 0.64 0.75 1.01 (a) 1 133 870

(2) Completed test
(b) Test fractured at this time
Extrapolated value

)
(d) Test reached this deformation on loading
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