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SUMMARY

A group of buckets overtemperatured in service were given an ex-
tensive metallographic examination. Most of the buckets showed an over-
aged microstructure. Similar microstructures were also found in new
buckets and in new buckets heated at 1500° F for 50 hours. Therefore,
an overaged microstructure is not proof of overtemperature.

Several of the overtemperatured buckets had partially solutioned
microstructures, which may be taken as evidence of overtemperature
operation.

The stress-rupture lives of specimens obtained from overtempera-
tured buckets ranged from 66 to 216 hours when tested at conditions giv-
ing a 100-hour life for S-816 bar stock. The partially solutioned buck-
ets had longer lives than the overaged buckets.

A considerable variation in hardness and microstructure was found
in the new buckets. These variations are probably due to fabricating
variables and could cause variation in bucket performance in service.

INTRODUCTION

An overtemperatured bucket is one that has been heated in service
to a temperature greater than the allowable maximum operating tempera-
ture. In most engines in service today the bucket temperature is not
measured, but the tailpipe temperature is measured. Studies have shown
that when the tailpipe temperature reaches the operating limit of about
1275° to 1300° F in steady-state operation, a region in the buckets
reaches a temperature of 1500° F. Hence, an overtemperatured bucket
may be defined as one that has been heated in excess of 1500° F.
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Overtemperature was sometimes observed by pilots but was usually
noticed during engine overhaul by indirect evidence such as warped or
cracked nozzle guide vanes. One practice has been to inspect the buck-
ets and discard all those showing visible damage such as cracking, warp-
ing, or necking. Other buckets from the engine, however, often showed
no visible damage. If overtemperature was suspected, four undamaged
buckets were removed from the engine and examined microstructurally in
order to determine whether they had been overtemperatured.

Heating S-816 above 1500° F is known to produce microstructural
changes. Spheroidization and solution of carbides have been taken as
evidence of overtemperature operation, and buckets showing these changes
have been classified as overtemperatured. Similar changes in micro-
structure, however, might also take place during normal engine operation.
Therefore, there is some question of whether or not microstructural ex-
amination can distinguish between overtemperature and nonovertemperature
operation.

This investigation evaluates the microstructural method of detecting
overtemperature in S-816 buckets. A metallographic examination was made
of new and overtemperatured buckets. New buckets were also heated and
then microexamined to estimate the effect of normal operation. As a
further check on the effects of overtemperature, stress-tupture tests
were conducted on a group of the overtemperatured buckets.

PROCEDURE
Buckets Investigated

Eight new buckets and twenty buckets classified as overtemperatured
were used for this investigation. Table I lists all the buckets and how
they were investigated. The eight new buckets were selected at random
from Air Force stock at the NACA lewis laboratory.

The overtemperatured J47 buckets were furnished by the Air Force
from their Oklahoma City Depot. Buckets 1 and 2 were from engine A,
which exceeded a tailpipe temperature of 1832° F on acceleration. (Max-
imum tailpipe temperature is 1275° to 1300° F.) Buckets 3 and 4 were
from engine B, which oversped 104 percent of rated speed with a tailpipe
temperature greater than 1490° F. The remaining 16 buckets overtempera-
tured in service were of unspecified background.

Four of the buckets of unspecified overtemperature history were
necked. A photograph showing an example of this necking is presented in
figure 1. The necked buckets were 5, 6, 13, and 14 (table I).

9807%
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Metallographic Survey

Buckets were sectioned for microexamination and hardness measure-
ments as shown by the sketch in figure 2. All eight new buckets and
twelve overtemperatured buckets including the four buckets from engines
A and B, and two necked buckets were investigated by this method. In
addition, small sections were cut from various parts of two of the new
buckets and heated for 50 hours at 1500° F and then inspected
metallographically.

Stress-Rupture Tests

Stress-~rupture specimens were machined from eight overtemperatured
buckets as shown by figure 3 and tested in stress rupture at a tempera-
ture of 1500° F and stress of 23,600 pounds per square inch. This tem-
perature and stress would give a nominal 100-hour life for S-816 bar
stock in the standard heat-treated condition. As shown in figure 3, a
region adjacent to the stress-rupture specimen was photomicrographed in
order to furnish a correlation of rupture life with microstructure.

RESULTS
Metallographic Survey

The microstructure of heat-treated S-816 is presented in figure
4(&). Aside from the residual columbium-tantalum-type carbides, the car-
bides that precipitate in aging are very fine. When subjected to in-
creasingly higher temperatures, these fine carbides tend to coalesce and
spheroidize, producing what is termed an overaged microstructure as il-
lustrated in figure 4(b). At still higher temperatures, these carbides
tend to redissolve into the matrix until the alloy becomes predominantly
a solid solution with the exception of the very stable columbium-
tantalum carbide precipitate.

The microstructures of the new buckets were in most cases typical
of those found in heat-treated S-816 bar stock. Several regions were
found, however, where the microstructure appeared slightly overaged, as
shown in figures 5(a) to (e). A cold-worked region was also found in one
of the new buckets (24) as shown in figure 5(f).

The microstructures found in the overtemperatured buckets are pre-
sented in figure 6. In general, the microstructure varied from the
leading edge to the trailing edge of these buckets. The leading edge
usually shows the greatest degree of overaging, as exemplified by the
hyphenated or spheriodized structures found in this region, while the
trailing edge shows much less overaging. The middle of the bucket




4 NACA RM E56K30

generally shows very little overaging. The microstructure also varies
somewhat from the hub to the tip of the buckets. That is, the leading
edge at the hub is slightly different from the leading edge at the tip,
and so on. In most cases, however, these variations are of much smaller
magnitude than those from the leading edge to the trailing edge.

A considerable variation in microstructure was found between buck-
ets 5 and 6, which were almost completely solutioned, and the remaining
overtemperatured buckets. This solutioning indicates that the overtem-
perature must have been quite severe. Buckets 5 and 6 were necked
which further indicates a severe overtemperature. All the remaining
overtemperatured buckets investigated metallographically had overaged
microstructures. The variations in this overaging may be shown by com-
paring buckets 12 and 4. Bucket 12 shows a large amount of carbide pre-
cipitation, while bucket 4 shows very little. The remaining buckets
show more overaging than bucket 4, but less than 12. This moderately
overaged microstructure might therefore be considered the typical micro-
structure of the overtemperatured buckets. A cold-worked region was
also found in one of the overtemperatured buckets as indicated by the
region at the trailing edge of bucket 3.

The microstructures produced by heating sections of the new buckets
for 50 hours at 1500° F are shown in figure 7. These specimens had mod-
erately overaged microstructures quite similar to those found in most
of the overtemperatured buckets.

The hardness data for all the buckets are presented in table II.
There were few variations in hardness, but two of the new buckets, 22
and 23, each had a hardness range of Rockwell C-21 to 35. The remaining
buckets had hardness values typical of S-816 bar stock, and no distinc-
tion could be made between the new and the overtemperatured buckets on
the basis of hardness values.

Stress-Rupture Tests
The results of the stress-rupture tests are presented in table III.
The rupture life of the overtemperatured buckets ranged from 66 to ap-
proximately 216 hours with an average life of 133 hours.
The microstructures of the specimens before testing are shown in
figure 8 in order of increasing rupture life. The specimens moderately
overaged had shorter rupture lives than those partially solutioned.

DISCUSSION OF RESULTS

The results showed that an overaged microstructure similar to those
found in the overtemperatured buckets can be produced by heating sections
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from new buckets at 1500° F for 50 hours. This temperature roughly cor-
responds to full-power operation for the engine and is not an overtem-
perature. It seems very likely, therefore, that buckets that had been
run at normal operating temperatures may appear overtemperatured. Fur-
thermore, overaged structures were also found in some regions in the new
buckets.

An overaged microstructure, therefore, is not positive evidence of
overtemperature operation. Only when partial solutioning occurs does
overtemperature produce a unique microstructure. The partially solu-
tioned buckets examined, however, would have been discarded during in-
spection because they showed visible necking. Partial solutioning might
occur with a high temperature and low stress, such as during a hot start,
with no visible damage to the bucket. In this instance, microexamina-
tion would detect overtemperature.

The survey of the overtemperatured buckets showed that the leading
edge of these buckets was usually overaged while the midchord was not.
Hence, it might be thought that overtemperature could be detected by
variation in microstructure of a bucket. This detection might be pos-
sible if overtemperature always involved a high temperature for a short
time and if all the buckets had uniform microstructures when new. Such
is not the case, however. Overtemperature could occur with a wide vari-
ety of time-temperature conditions, and the new buckets did not have
uniform microstructures. Hence, it does not appear likely, particularly
with the present variation in microstructure of new buckets, that over-
temperature can be reliably detected by a variation in microstructure
between the leading edge and the midchord of a bucket.

As far as rupture life is concerned, the moderately overtempera-
tured buckets (overaged) ranged in life from 66 to 216 hours, which is
within the scatterband of rupture life for S-816 bar stock. Hence, it
is difficult to estimate the effect of overtemperature on the strength
for these buckets. The partially solutioned buckets, however, had
longer rupture lives (212 and 216 hr) than the overaged buckets (fig. 8).

One of the significant results of this investigation was the varia-
tions in microstructure and hardness of the new buckets. Several of
these buckets showed signs of overaging, while others had a cold-worked
region. Two buckets each had hardness values ranging from Rockwell Cc-21
to 35. In view of such variations, it would appear that scatter in
bucket performance may be partially due to fabricating variables. Cer-
tainly, if there were less variation, a more uniform performance in serv-
ice might be expected. Therefore, the problem of fabricating variables
and how to control them seems worthy of more study.
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SUMMARY OF RESULTS

Twelve buckets overtemperatured in service were inspected metallo-
graphically. In addition, eight overtemperatured buckets were tested in
stress rupture. Eight new buckets were also examined metallographically
in the as-received condition and after heating at 1500° F for 50 hours.
The following results were obtained:

1. An overaged microstructure is not definite proof of overtempera-
ture since similar microstructures were found in both new buckets and
those heated at 1500° F. Partial solutioning, however, may be taken as
evidence of overtemperature.

2. The rupture lives of the overtemperatured buckets ranged from 66
to 216 hours when tested at conditions giving a nominal 100-hour life
for S-816 bar stock. Partially solutioned specimens had longer lives
than overaged ones.

3. Signs of overaging and cold work were found in some of the new
buckets. Hardness ranging in a single bucket from Rockwell C-21 to 35
was also found in two of the eight new buckets examined. These varia-
tions, probably due to fabricating variables, could cause scatter in
bucket performance in service.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 5, 1956
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TABLE I. - BUCKETS INSPECTED

Bucket | Manufac- Condition Examination
turer
1L A Overtemperature; engine A Micro survey
z A Overtemperature; engine A
3 B Overtemperature; engine B
4 C Overtemperature; engine B
5 D Overtemperature; necked
6 c
7 A Overtemperature; unspecified history
8 A
9 E
10 A
15k F
12 A ]
13 B Overtemperature; necked Stress rupture
14 D
1E3) B Overtemperature; unspecified history
16 E
1 F
18 F
165 A
20 F
1 '
21 A New Micro survey + heat treatment (1500° F for 50 hr)
22 A
23 A
24 A
25 B
26 B
2l A
28 F 1 Y
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TABLE II.

Leading edge
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- ROCKWELL C HARDNESS VALUES FOUND IN BUCKETS

Trailing edge

980%

Bucket 15 2 S 4 5 6 Bucket 1L 2 3 S S 6
Tip 2SSIE2TRIE DTSN 2801803 Tip 27N IR26HIRA6 - 128N RS TSNS
1{ Mean SOUIS2 GNP B SOi BT 24 12{ Mean 27 278 26 826 "2 1528
Hub 228 [T 28E27 (27 |l 24 Hub 226N 250 (261 N2E U226
1 atyo) 2oNr2oT26hE2s | 301 31 Tip 278 F28RFE 28 1298 28UINAA.
2{.Mean 28205 | 258268 2728 21{ Mean [ E8s R 27 SE 26825268835
Hub 25 [ 24 | 2425 [£.26 | 27 Hub AU AT A [l e el e
laifo) 288829 0NS0NEST 35, 35 ibaifo) 29 [F28IR 268 NP8 L5 NS0 ,
S{jMean SIRE295(F09s 150 |Ns50) 56 22{:Mean SOF| 2 [E2S 2428l 35 ‘
Hub SRS B0L SO | 51 55 Hub 248 FRARIE 25 (20 S 25|80
Tip 2TNEREN25 26| 25822 Tip 2SRE27 e 208 2788 2581825
4{:Mean 200 [R28 | 25125 || 25 25 23{ NMean |8 21825 [E23ul 268 S 29 35
Hub 26027 =26 27 | 275 27 Hub 240121 ['23 | 24| 251 26
*
Tip SONIFSOSIEDONEDY | SogH 8 26 ilatye) SOV 290 N2 ] 27 | 25 24
5{:Near tip| 22 | 24 |24 | 24 | 24 | 23 24{ Mean (B 27 | 285 [F29 128 28 |27 |
Mean 2sripar i 24 | 294 (=25 | 23 Hub 27EN28 29N I BMA2THND 6 |
Hub 20IF 27N IE 26527 [ 27 28 k;
Tip 27MIE288E 2N P8RIEOTHINA5
D 200528 2 9ad 1026 |25 25{ Mean |t 27 | 25 || 24 125 | 25 | 26
6{Near Clps =25 824 |24 523 | 22 {27 Hub 29N N2 8IS 27 8 DB RIR SN 54
Mean 281 |F24 1125 |25 5250125
Hub 260N |28 2B 2T T 2T Tip 241 25 IE2 7N |E28RIE28 8 28
26{ Mean (=248 24 8 IEa5u | 258 |FD 78| D
Tip 231825 |24 | 25 ("24 | 21 Hub 24 (23 |[223 | 26. 827 |+ 29
7{ Mean 26 |25 |26 | 24| 24 | 25
Hub caalh2 2T 25 |82 1D Jislje) 253724 1825 (26 1250506
27{.Mean 26 |25 126 | 267| 26 430
Tp SURR2H 260|826 | 27523 Hub 24 | 2471125 245126 | 25
B{IMean SORIE2B | DTN 27 228 [F27
Hub 28 RRTRIRD TN 27 | 128 (521 Tip 28 NII28 829 FSONIE 5029
- 28{:Mean 29N ESORISONIEE0 29 F D
Tip 20 |s20 028 |28 | 28] =52 Hub S0 |30 B0 F2981 50 F50
9{ Mean BSOS RS 28R 2 E S
Hub 30 |28 |27 | 28 | 30 | 33 || Hardnesses from region cut next
to stress-rupture specimen
Tip 2260205 1251485 || 25
10{ Mean E T B el BTl | (B B 24 | 25
Hub 20 2782 = 28 |28 27 || 14 24 |24
1S 28 | 28
Tip Sian(se SE ISABEIEDE, N 28 29l 1°6 251126 ’
11{ Mean Sarirad L 288 ERd s 28528 |l 1.7 2882s
Hub SIEER27 27826 Re | 27 18 29829
9 25 |26
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TABLE ITII. - RUPTURE LIVES OF OVERTEMPERATURED BUCKETS

[All specimens tested at 1500° F and 23,600 psi.]

Bucket | Rupture life,
Hr
ks 216.2
14 ZANEES
115 84.9
16 66
L7 68.7
18 20045
19 68.6
20 1.52.7
Ayt il 835 55
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Figure 1. - Necked bucket.
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Figure 2. - Sketch showing how buckets were sectioned and inspected.
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Metallographic

T }— Stress-rupture
Specimen-—\\\ ’4——””_—f specimen
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Figure 3. - Sketch showing how stress-rupture specimen and metal-
lographic specimen were cut from buckets.
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X1000.

(a) Normal. Reduced 6 percent in printing.

Figure 4. - Microstructure of S-816.
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Figure 5. - Microstructures found in some new buckets. Reduced 44
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Figure 6. - Continued. Microstructures
Etch, aqua regle plus glycerine.
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Figure 6. - Continued. Microstructures
Etch, aque regia plus glycerine.
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Figure 6. - Concluded. Microstructures
Etch, aqua regia plus glycerine.
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Figure 7. - Heat-treated specimens. Reduced 44 percent in printing.
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Figure 8. - Stress-rupture specimens arranged in order of increasing
rupture life. Reduced 63 percent in printing. X750.
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