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INTRODUCTION

Rene’ 95 is a highly alloyed, precipitation-strengthened , nickel-b ase supera lloy
which Is used to make two turbine disks and the four turbine cooling plates of
the T700 engine.

The conventional method of manufacturing Rent 95 turbine hardware is com-
prised of forgings made from powder compacts or the cast ingot. Because of
high alloy content, and thus the stre ngth, Bene’ 95 is difficult and expensive to
produc e by these conventional methods , and the largest cost element is the for-
ging cycle It self. The development of a successful , forge less , hot isostatic
pressing (HIP) process has a significant cost savings potential and can also
develop properties comparable to forging with more homogenei ty and repro-
ducibili ty. Thi s work , performed under the U. S. Army Contract DAAJ O2-73-
C-0106 (Phase U), was directed toward this goal . The objective was to develop
a reliable, low—cost , reproducible, powder metallurgy p roduction process for
manufacturing premium quality hot isostatically pressed (As-HIP ) T700 engine
turbine hardware.

The program initially consisted of the following five tasks :

Task I Process Refinement Definit ion
Task U Fabrication and Evaluation of Lab Test Specimens
Task DI Fabrication of Engine Test Hardware
Task lv Test and Evaluation
Task V Technical Data Package

USAAMRDL Technical Report 76_30 1 describes the work completed In these
five tas ks .

An additional Task VI - Cooling Rate Analysis for Optimum Properties - was
later added to define the fundamental relationships between cooling rate, quench
media, and component section size needed to develop optimum mechanical
properties in turbine disks and cooling plates. The work completed In Task VI
is described here.

1. Mathur , P. S., and Bartos, J. L., DEVELOPMENT OF HOT ISOSTATI-
CAL LY PRESSED RENIE’ 95 TURBINE PARTS, USAAMRDL-Th-76-30 ,
Eustis Directorate, US Army Air Mobility R&D Laboratory, Fort Eustis ,
Virginia , May 1977, AD A043688.
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HE AT TREATMENT STUDY

The fundamental heat treatment studies were conducted on test block and test
specimen samples to determine the effect of section size , quench media, and
solution temperature on cooling rate from the solution temperature in As-HIP
Rene’ 95. Several levels of each parameter were evaluated by burying ther-
mocouples at the mid-point of two sets of 6-inch-diameter by 1.-Inch , 2-inch,
and 3-inch-thick plates (Figure 1). Data obtained in this study was to be used
to construct curves from which cooling rates can be predicted in parts of one
or more different section sizes. The correlation between cooling rate and
mechanical properties was to be established by preparing tensile specimens
and heat treating them in a vacuum facility capable of producing a wide range
of cooling rates. Four cooling rates representative of those achievable in
T700 hardware were applied to the specimens.

Cooling Rate Curves

One set of blanks was solution treated at Ts — 30°F (2100°F) where Ts is the
y ’solvus temperature for 1 hour prior to quenching, while the second set
was solutioned at T5 — 60°F (2070°F) to determine the effect of solution tenip-
erature on quench rate. All six blanks were solutioned and quenched five
times to determine the effect of quench media and section size on quench rate.
(~ iench media employed were:

1. Fan air cool.

2. 1200°F salt.

3. 1000°F salt.

4. 400°F salt.

5. 011.

Temperature read ings from the embedded thermocouple were recorded at 15-
8econd intervals using a portable potentiometer until the blank temperature
reached 1200°F. These data were analyzed to define cooling rate curves.
The resulting curves , shown In Figure 2, repre sent actual cooling rates ach-
ieved in several quench media as a function of section size. The curves suggest
that the 30°F difference In solution temperature has a significant effect on cool-
tug rates obtained from the slower quench media In small section sizes , but

L very little effect on rates obtained from faster quench media.

P 10 
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Mechanical Properties and Cooling Rate

In order to obtain a relat ionship between mechanical properties and cooling
rate, tensile specimens were machined from the cooling plate blanks to deter-
mine the effect of cooling rate and solution temperature on mechanic al prop-
erties. Two sets of twelve specimens were prepared - one set for solutloning
at T8 - 30°F (2100°F) and one set for solutioning at T5 - 60°F (2070°F).

Four groups of three specimens each (for three test temperatures) for each
solution temperature were solutioned and cooled at a controlled rate In a
vacuum furnace. Four cooling rates were examined for each solution temper-
ature: 100°F/minute, 200°F/minute, 400°F/minute and 6000F/mlnute.

1 : Tensile properties as a function of cooling rate for the two solution temperatures
are presented in Table 1 and Figures 3 through 5. Results indicate only a
slight degradation in yield strength at all three test temperatures and ultimate
tensile strength (UTS) at 1200°F with the lower (T5 - 60°F) solution temper-
ature. Ductiities were approximately the same, although some scatter in
ductilities was observed. Overall tensile properties were consistent with
Task I and Task IV results in Contract DAAJO2-73-C-0106.

Heat Treatment Evaluation

The tensile properties versus cooling rate data was used In conjunction with
FIgure 1 to define experimental heat treatment processin g parameters as shown
In Table 2 for five As—HiP T700 turbine disks.

The disks 1 and 2 were designed to examine the effects of a faster quench media
and slightly lower solution temperature (T8 — 60°F) on the resultant properties.
All the other aspects of the heat treatment practice were identical to Task DI
procedures. Disks 3. and 4 were to determine the effect of removing a portion
of the bore slug on cooling rate. Only a 0. 5-i.uch-dia.meter hole was employed
to permit removal of a small meta.Uographic and density sample from the bore
afte r heat treatment. Disk 5 was to explore the benefits derived from removing
the mild steel container from the bore area. This approach may increase the
cooling rate significantly, with attendant improvements In mechanical properties.

• The five disks were heat treated at Vendor A (Table 2) and evaluated according
to the cut-up plan shown In FIgure 6. The tensile and stress rupture test data
is presented In Tables 3 and 4 and compared to average Task DI results.

13
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Table 1. Tensile Properties of As-HIP Rene’ 95 Cooled at Controlled Rates
From 2070°F and 2100°F Solution Temperatures

% of Ultimate
Solution Cooling Yield Tensile Elong- Reduced

Specimen Temp Rate Strength Strength atton Area
No. (0F) (°F/mlii) (ksi) (ksl) (%) (%)

Room Temperature Tensile

1 2100 100 165. 1 228. 7 19.4 21. 4
3 2070 100 165. 5 228. 3 17. 2 18. 2

6 2100 200 172. 8 232.6 17. 5 20. 3
8 2070 200 171. 0 233. 8 18. 6 19. 9

11 2100 450 184. 5 236, 6 13,1 14.5
13 2070 410 182.5 240.2 16. 0 19.1

16 2100 600 189.3 242.9 14. 2 15. 9
18 2070 600 185. 7 242. 1 16. 0 17. 9

800°F Tensile

25 2100 100 155.3 213. 8 18. 3 18,8
5 2070 100 157. 6 210.7 15. 8 15. 8

26 2100 200 164. 4 217. 8 15. 7 16. 2
10 2070 200 164. 5 221. 6 15.2 16.7

27 2100 450 174. 2 223.3 11. 7 12.1
15 2070 410 173. 6 223. 9 13. 5 16.3

28 2100 600 179. 3 225. 4 11. 9 13.1
20 2070 600 175. 3 227.4 14.3 17. 5

1200°F Tensile

2 2100 100 148. 3 203.6 19.1 21.8
4 2070 100 150. 9 203.7 17. 5 18. 3

7 2100 200 156. 0 211.1 18. 0 18. 4
9 2070 200 157. 3 208.4 14.5 17.0

12 2100 450 165. 8 219. 1 10. 9 11. 5
14 2070 410 167. 7 216. 2 12.7 14.8

17 2100 600 174. 1 223. 6 8.8 11.6
19 2070 600 168. 3 219. 8 10. 8 12.3

14
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Table 2. Heat Treatment Processing Parameters Plan for
Vendor A Thrblne Disks

Mild Solution
Disk Steel Temyerathre Quench
No. Conta iner Center Slug (LPF) Media

1 intact intact 2100 (T8 - 30°F) 4000F Salt Bath

2 Tfltact Intact 2070 (T8 - 60°F) 400°F Salt Bath

3 Intact 0. 5-Inch hole 2100 (T8 - 30°F) 1000°F Salt Bath

4 intact 0. 5-Inch hole 2100 (T5 - 30°F) 400°F Salt Bath

5 Removed
from Bore 0. 5-inch hole 2100 (T5 - 300F) 1000°F Salt Bath

The data shows that reducing the salt quench bath temperature from 1000° F
(Task 111) to 400°F (disk 1) resulted In an approxImately 6 ksi Increase in room
temperature tensile strength at the bore , bit very little change In 1200°F tensile
strength at the rim. The slightly lower solution temperature used on disk 2
had a negligible effect on mechanical properties (compared with disk 1).

The comparison of properties from disk 3 and Task JIL parts and disk 4 and
disk 1 indicate the effect of a 0. 5-Inch-diameter center hole on cooling rate.
Bore properties of disk 3 were not affected significantly by the hole, while room
temparature tensile properties of disk 4 were Increased by 1-2 ksi. The cente r
hole was not nearly as effective as anticipated, due probably to its high aspect
ratio which undoubtedly restricted salt flow and heat transfer. A larger diameter
hole may improve bore cooling rates, bit would also eliminate all the test ma-
terial required to monitor microstructure, density, and Thermally Induced
Porosi ty of each disk. As expected , the rIm (1200°F) properties were very
similar to those obtained in disks heat treated without center holes (Task DI
and disk 1).

18
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The disk 5 measured the effect of machining the mild steel container off the
bore region of a disk contaIning a 0. 5-inch-diameter center hole. Compared
to disk 3, bore yield strength properties were Improved slightly. The sus-
piciously low UTS and ductiities of disk 3 made comparison of these properties
with disk 5 data questionable. The stress rupture test results fro m all the
disks were comparable to average Task DI results , although the disks 1, 2 ,
and 4 showed lower values In the first test. The sustained peak low cycle fatigue
(SPLCF) teat on disk 1 also yielded results comparable to Tas k III data.

The analysis of the data presented in Tables 2 and 3 thus indicates that, from
a technical viewpoint, the heat treatment procedures used on disk 4 produced
the most attractive mechanical properties. However, from an economic stand-
point, the drilling of a center hole prior to heat treatment is undesira ble. The
added expense of drilling a center hole would be justified only if a significant
ti~proveme nt In mechanical properties was pro duced. Comp arison of data from
disks 1 and 4 suggests that the center hole has a minor effect on properties.

The heat treat processing of disks 3 and 5 did not provide a large enough in—
crease In mechanical properties to ju stify the economic penalties associated
with drilling a center hole and removing the HIP container from the bore region
prior to beat treatment.

The Improvement In bore properties effected by reducing the salt quench bath
temperature from 1000 F (Task I]I parts) to 400°F (disk 1) was significant.
Average room temperature yield and ultimate strengths were increased to
10-12 ksi above the T700 -2 a minimum requirements. The 1200°F yield
strength at the rim was Increased slightly, but ultimate strength and ductility
were slightly lower than those of Task lfl. Moreover , current (Task DI)
processing economics should not be adversely affected by simply reducing the
salt quench bath temperature.

22
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MODIFIE D HE AT ThEAT STUDY

At about the same time, under a separate General Electric effort the heat treat
studies on T700 turbine disks had indicated that a more efficient and reproduc-
ible solution and quench process could be achieved by changing heat treat sources
and procedures . The practice at Vendor A cons ists of solution treating in an
air furnace followed by salt bath quenching. The temperature control and quench
rates attained with this practice have been marginal in terms of producing the
required mechanic al properties . A modified practice involving solution treat ing
In a salt bath followed by a salt bath quench (Vendor B) had been Investigated.
Results on T700 turb ine disks indicated that improved mechanical properties
can be reproducibly achieved with this practice at Vendo r B. As a consequence
of these recent studies , it was decided that the Task VI heat treat investigat ion
be modified to Include a detailed evaluation of Vendor B capabilit ies.

Fundamental cooling rate studies were thus initiated at Vendor B. A T700 turbine
disk was prepared with thermocoup les in the bore and rim regions to define cool-
ing rates in these areas (Figure 7). Six heat treat sequences were completed ,
and cooling rate data accumulated. Each sequence began with a 1-hour solution
treatment at T5 - 30° F ±15°F in a molten salt bath . The primary process ing
variables were quench bath temperature , quench bath agitation , and tran sfer
time from solution bath to quench bath. Details are shown In Table 5.

Table 5. Heat Treat Sequence at Vendo r B

Quench Bath
Heat Tre at Temperature
Sequence No Tran sfer Time (sec) fF) Agitation

1 10 1000 No
2 10 1000 Yes
3 60 1000 Yes
4 60 700 Yes
5 120 700 Yes
6* 10 700 Yes

*Disk fitted with 0. 5-Inch plates on top and bottom of rim are a.
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Table 6. Heat Treat Sequence and the Cooling Rates

Heat Tre at Salt Bath Transfer
Sequence Temp Time Cooling Rate (°F/mln)

No. (0F) (sec) Ag~ta±ion Bore Rim

1 1000 10 No 185 360
2 1000 10 Yes 270 395
3 1000 60 Yes 220 365
4 700 60 Yes 280 440
5 700 120 Yes 390 430
6* 700 10 Yes 270 355

*Disk fitted with 0.5-inch plates on top and bottom of rim area.

Table 7. Heat Treat Sequence and Cooling Rates with Delayed
Transfer Time

Heat Treat Salt Bath Transfer Cooling Rate During Temp Prior to
• Sequence Temp Time Transfer (°F/min) Quench (°FL

-
‘ No. (°F) (sec) Bore Rim Bore Rim

3 1000 60 30 70 2060 2016
4 700 60 30 70 2055 2015
5 700 120 60 100 1998 1916

The temperatures were recorded as a function of time after removal from the
solution salt bath using a Doric Digltrend 200 recorder. One time-temperature
reading per second was tabulated from each thermoco uple.

The cooling rate data was analyzed and the results are summarized in Tables 6
• and 7.

0 o - . . -A cooling rate of 250 to 350 F/mniute is desired in the bore to achieve the room
temperature 0. 2% yield strength of 173 to 180 ksi. Also lImiting the rim cooling
rate to less than approximately 400°F/minute should produce excellent 1200°F
strength properties without reducing ductilitles below the desired minimums of
8% elongation and 10% reduction of area.

25
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Quenching into 1000°F unagitated salt (sequence 1) produced an acceptable cool-
• tog rate in the rim , but the bore rate was somewhat lower than desired. Agitat-

ing the 1000 F salt and using a 10-second tr ansfer time (sequence 2) increased
the cooling rates in both regions to more desirable levels , although the measured
value In the rim seems low when compared to the rate achieved In sequence 1.

Delaying the quench operation in sequences 3, 4, and 5 resulted in an air cool
from T5 - 30°F during the delay followed by quenching from lower temperature s.

• The cooling rates given in Table 6 are those achieved after the disk was immer-
sed in the salt bath . Although some scatte r is app arent , the more representa-
tive rim cooling r ates achieved afte r 60- or 120-second transfe r times appear to
be essentially equivalent to those effected after a rapid (10—second ) transfer.

Table 7 shows the cooling rate s dur ing the delayed transfer of sequences 3, 4,
and 5 along with the bore and rim temperatures just prio r to salt bath quenching .

These significant reductions in temperature prior to quench make sequences in-
cluding extended transfer times less desirable than those using rapid transfers.

The rim cooling rate In sequence 6 (Table 6) appeared to be reduced significantly
by the 0. 5-Inch piates. The bore cooling rate was lower than anticipated, but a
crack in the disk through the bore thermocouple hole which developed during this
sequence may have affected results.

Analysis of the data In Tables 6 and 7 suggests that sequence 2 should provide
the desired mechanical properties in both rim and bore regions, and this was next
investigated by heat treating a disk for mechanical testing. In order to obtain
a clearer relationship between cooling rate and mechanical properties, two
additional disks were treated to the parameters shown in Table 8. In addition,
a fourth disk was heat treated according to sequence 6 and evaluated to deter-
mIne if addition of the rim plates does produce a better balance of bore and rim
properties.

These four disks were sectioned per the cut-up plan of Figure 8. The tensile
test results are presented in Table 9. Data from disks 1, 2, and 3 indicated
the expected Increase In strength with cooling rate (lower salt bath temperature),
although the room temperat ure bore results were somewhat lower than ex-
pected. IXictilitles at 1200°F decreased with Increasing cooling rate and became
marginal In disk 3. ComparIng data from disks 1, 2, and 3 with the T700 re-
quirements Indicated that disks 1 and 2 would meet all requirements, while
disk 3 would be marginal In room temperature ultimate tensile strength at the

26
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Table 8. Heat Treat Sequence for Additional Disks

Heat Treat
Sequence Salt Bath Transfer Time

No. Temp ( F) (sec) Agitation

1 1150 10 Yes

2 1000 10 Yes

3 850 10 Yes

4* 700 10 Yes

*Df ~k fitted with 0.5-Inch piates on top and bottom of rim area.

bore and 1200° F ductility at the rim. Disk 4 was quenched Into a 700°F salt bath
with 0.5-inch steel plates on top and bottom of the rim area to reduce the cooling
rate. Tensile data shown In Table 9 indicate that an excellent combination of
high room temperature bore strength and 1200°F rIm strength was achieved
without compromising 1200°F ductility in the rim. The tensile prop erties of
disk 4 would also meet the T700 requirements. The effect of ~~it bath quench
temperature (cooling rate) on room temperature and 1200 F tensile properties
is illustrated In Figures 9 and 10. The improvements In room temperature
ultimate tensile strength and 1200°F ductility effected by using the 0. 5-Inch rim
plates and a 700°F salt bath quench are noteworthy.

Results of stress rupture testing at 1200°F/iSO ksi are presented In Table 10.
•1 All rupture lives met the specification requirement of 25 hours, but the ductil-

ities were somewhat low. However, only disk 2 failed to meet the specification
requirement of 2%.
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Detailed Mechanical Pr ope~j y  Evaluation

While the above data was being generated, a meeting was held with the Govern-
ment personnel at this time to determine the future direction of the program.
Since the current T700 production hardware uses -150 mesh screen powde r , as
opposed to the -60 mesh powder used in Task s W and VI, it was agreed upon to
conduct future heat treat study on these parts . It was further decided to use
heat treat sequence with agitated salt bath temperature of 1000°F (equivalent to
disk 2 in Table 5) in further testing. This is also the heat treatment used in
current production hardw are.

Moreover , using the test results from the production hardware wifi eliminate
the need of making extra hardware specifically for the heat treat study. The
disks to study the reheat treatment behavior will,however, be separately heat
treated.

Two turbine disks from the first batch of production hardware were evaluated
per the cut-up plan of FIgure 11. The tensile , stress rupture, sustained peak
low cycle fatigue, and creep rupture test results are shown in Tables 11 through
15. The crack prop agation test results are listed In Table 16. The test
results are similar to those obtained hi Task III and meet the engineering re-

- 

- 

- quirement for these prope rties. The slight discrepancy between the tensile
properties could perhaps be the result of location within the quench tank.

28
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Table 9. Tensile Results of DISkS

Room Temperature
Bore Mid-Bore 

—

0.2% Ultimate 0.2% Ultimate
Heat Treat Yield Tensile Elong- Reduced Yield Tensile Elo~
Sequence Specimen Strength Strength ation Area Specimen Strength Strength aticT

No. No. (ksi) (ksi) (%) (96) No. (ksi) (ksi) (%)

1 1A 171 235 17. 5 17.8 lB 175 238 15. 2

2 2A 171 235 17. 0 16.4 2B 177 239 15.8

3 3A 174 230 13.5 14.8 3B 179 240 15. 4

4 4A 175 238 16.7 16.1 4B 176 239 16.4

T700 Minimum 163 225 10 12Requirements

t 29
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Table 9. Tensile Results of Disks at Vendor B

Room Temperature 1200°F Tensile
_ _ _ _ _  

Mid-Bore Rim
0.2% Ultimate 0.2% UltImate

educed Yield Tensile Elong- Reduced Yield Tensile Elong- Reduced
~rea Specimen Strength Strength ation Area Specimen Strength Strength aticti Area
(%) No. (ksi) (ksi) (%) (96) No. (ksl) (lcsi) (96) (96)

!~ 8 lB 175 238 15. 2 17. 3 1C 160 216 16. 5 17. 9

1D 161 217 12. 9 14. 9

L 4 2B 177 239 15. 8 16. 5 2C 170 217 9. 8 9.3

2D 165 214 12.1 13. 7

3B 179 240 1S,4 17. 0 3C 172 224 10.1 11.6
- 3D 167 216 8.6 11. 2

.1 4B 176 239 16.4 17. 2 4C 166 219 12.8 14. 0

• 4D 168 222 13. 1 12. 0

153 203 8 10 
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FIgure 9. Room Temperature Tensile Properties of T700 Disks
Heat Treated at Vendor B
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Table 10. Stress Ruptere Results of Disks at Vendor B

1200°F/150 ksl Stress Rupbire 
-

Heat Treat Salt Bath Reduced
Sequence Temp Life Elonga- Area

No. eF) (hr) tlon (%) (%)

1 1150 98 2.6 5. 5

2 1000 162 1.0 2.8

3 850 80 2.0 2.4

4* 700 89 3.0 2.8

*DIsk fitted with 0.5-Inch plates on top and bottom of rim area.

Table 11. Tensile Properties of Production DIsk 1

.2% Ultimate
Yield Tensile Reduced

Specimen Strength Strength Elongation Area
No. Temp. (ksi) (kai) (%) (%)

1 Room 193. 1 249.6 15. 3 19. 1
2 Room 181. 3 235.3 12.5 13. 8

3 Room 183.6 244 16 15. 9
14 Room 174.5 241.3 17. 3 20.5
4 1200°F 177.4 216.3 8. 4 9.5
5 1200°F 166.2 215.3 12.0 16.8
6 1200°F 166.2 216.4 14. 6 18. 1
7 1200°F 162.2 214.9 16.3 19.1
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Table 12. Stress Rupture and Sustained Low Cycle Fatigue
(SPLC F) Properties of Production Disk 1 

—

Stress Rupture SPLCF
1200°F/150 ksl 1200°F/145 ksi

Specimen No. Life (hr) Cycle to Failure

8 174.3

9 68. 7

10 2, 154

Table 13. Tensile Properties of Production Disk 2

. 2% Ultimate
Yield Tensile Reduced

Specimen Test Strength Strength Elongation Area
No. Temp (ksi) (ksi) (96) (96)

1 Room 175. 5 238. 6 15. 6 21. 4
2 Room 178. 5 240.5 18. 7 2 1 4
3 Room 176. 1 238. 8 18. 7 22. 4

14 Room 175. 5 238. 8 18. 7 22 . 4

4 Room 177 240. 3 18.7 23. 4
5 1200°F 173. 7 225. 4 15.6 17. 9
6 1200°F 164. 2 221. 4 12. 6 11. 9
7 1200°F 171. 9 224.4 17. 2 19.1
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Table 14. Stress Rupture and Sustained Peak Low Cycle Fatigue
(SPLCF) Properties of Production Disk 2

Stress Rupture
1200°F/iSO ksi SPLCF

0Specimen No. Hours Elongat Lon 1200 Ff145 ksi

8 151. 6 4.7

9 144 7. 8

10 723

Table 15. Creep Results of Pro duction Disk 2

Specimen Test Temp. Stress Time to
No. (°F) (ksl) .1% Creep (hr) Remarks

11 1100 150 200 Test discontinue d
after 260 hours.

13 1100 150 80 Test discontinued
after 240 hours .

Table 16. 1000°F Crack Prop agation Results of Production Disk 2

Nominal initial
Fati gue Crac k

Specimen Max Stress Length Depth Residual Life —

No. (ksi) (In. ) (in . )  (Cycles)

12 100 . 066 . 029 4578

A ratio = 0. 95
Frequency = 20 cpm

Specimen precracked at room temperature.
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RE-HE AT TREATMENT STUDY

This study was Initiated to determine the possib ility of salvaging any improperly
heat treated disk by re -heat-trea ting with prop er heat treatment .

Four turbine disks (-60 mesh powder) were used to study the effect of double
heat treatment . Three of these disks were deliberately heat treated with a dif-
ferent heat treatment than the standard selected heat treatment of the fourth
disk. The initial heat treatment on each of the disks is listed in Table 17. Each
of the disks was then re-heat trea ted to the standard heat treatment schedule
of 2085°F/I hr/1000°F salt quench + 1600°F/i hr + 1200°F/24 hr . The mech-
anical property testing was conducted on samples from each disk per the cut-up
diagram of F igure 12. The ten sile test results are shown in Tables 19 and 20.

As is evident from these resu lts , the double heat treatme nt (even with a differ-
ent initial heat treatment ) pro duced similar tensile pr operties . The stress
rupture properties are marginal and show differences fr om one disk to another ,
but this probably is due to data scatter rathe r than a specific effect of the heat
treatment cycle . The sustaine d peak low cycle fatigue results , although show-
thg scatte r , far exceed the minimum requirement (300 cycles).

Table 17. Initial Heat Tre atment of Turbine Disks

SA072 2085°F/i hr/10000F SQ + 1600°F/i hr + 1200°F/24 hr
SAOI3 2025°F/i hr /8000F SQ + 16000F/1 hr + 1200°F/24 hr
SA074 2025°F/i hr/i400°F SQ + 1600°F/4 hr
SA075 2105°F/i hr /1000°F SQ + 1600°F/i hr + 1200°F/24 hr
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Table 18. Tensile Property Results

.2% Ultimate
Test Yield Tensile Reduced

Specimen Temp Strength Strength Elongation Are a
• No. ( F) (ksi) (ksi) (%) (96)

A. SA072—4 73 169. 9 234. 3 17. 3 19. 8
B. SAO7S—4 72 174. 3 235. 6 15. 7 15. 1
C. SA074—4 72 171.8 236.8 19.0 18.9
D. SA075—4 72 172.5 234.1 16.3 15. 4

A. SA072—3 800 162.6 221.8 16. 5 18. 0
B. SA073—3 800 159.5 217.3 15.7 14.5
C. SA074—3 800 163.3 222. 6 16.4 13.3
D. SAO I5—3 800 162. 7 217.4 14. 7 14. 8

A. SA072—1 1200 167.1 217.4 11.5 14.3
B. SA073—1 1200 166. 2 217. 5 10. 0 11.7
C. 5A074—1 1200 167. 1 218. 2 11. 2 13. 5
D. 8A075—1 1200 163. 5 216. 9 9. 2 10. 9

Table 19. Stress Rupture Test Results

Reduced
Specimen Elongation Area

No. Life (hr) (96) __~%)

SA072—5 75. 6 3. 2 3. 2
SA073_5* 4L7 2.7 1.6
SA074—5 85. 0 1. 6 1. 2

-

• SA075—5 ii. 9 2. 9 2.4
SA073—2 58.7 1.9 1.2

*R~ flns Failures

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - : -~~~~~~~~
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Table 20. Sustained Peak Low Cycle Fatigue Test Results

1200°F/145 kM

Specimen No. 141e (cycles)

SAO72—7 1468
SA073-7 2444
SA074—7 2377
8A075-..7 3165
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— CONCLUSIONS

• A reliable correlation between cooling rates and mechanical properties has been
generated , and the use of this correlation for tailoring heat treatment quench
tempera t ures and part geometry has been demonstrated in Rene’ 95.

• Evaluation of disks with drilled 0.5-inch-diameter center holes indicated that
the center hole has very little effect on resultant mechanical properties.

• Reducing the quench salt bath temperature from 1000°F to 400°F increased
tensile properties significantly. Excessive transfer time delays reduced disk
te mperature at quench but did not significantly change the quench rate.

• Agitation of the quench salt bath improves the cooling rate achieved during
heat treatment , thereby increasing resulta nt disk mechanical properties.

• Heat treatment of production disks using a 1000°F salt bath quench , rapid
(10 seconds) transfer into the salt bath , and agitated salt bath resulted in fully
acceptable mechanical properties.

• Effects of incorrect heat treat ment , i.e., low solution temperature (down to
T5 - 60°F), high solution temperature (up to T~ 

- 15°F), excessive 1600°F
age , or low quench rate , can be completely eliminated and acceptable mechan-
ical properties produced by application of a second , correct heat treat sequence.
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