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RESEARCH MEMORANDUM 

PRELIMINARY INVESTIGATION OF GUY ALLOY AS A TURBOJET- ENGI NE 

BUCKET MATERIAL FOR USE AT 16500 F 

By R. A. Signorelli) J. R. J ohnston ) and J . W. Weeton 

SUMMARY 

Guy alloy, a cast nickel-base material, was evaluated as a turbine 
bucket material for operation at a temperature of 16500 F . As-cas t 
buckets were run in a J33- 9 turbojet engine f or cycles of 15 minutes at 
rated speed and 5 minutes at idle speed . Stress rupture, impact, and 
engine- performance data indicate that Guy alloy may be considered f or 
bucket use at a temperature of 16500 F . Ductility and impact strength 
of Guy allay is limited but appears to be adequate for bucket 
applications . 

INTRODUCTION 

Significant increases in thrust may be ,)btained by increasing the 
operating temperatures of turbojet engines . Since the operating temper 
atur es of turbojet engines are limited by high- temperature -material prop
erties , perhaps the most direct approach to advancing engine temperatures 
i s to develop improved heat- resisting materials . 

The development of a new, cast, nickel-base alloy considerably 
stronger than many of the currently used alloys was reported by Guy 
(ref. 1) in 1949 . This alloy will be termed Guy alloy hereinafter . 
The stress - rupture properties reported in reference 1 indicated that the 
alloy could be considered for use as a turbojet - engine bucket alloy at 
advanced temperatures. At the time the present investigation was 
started, relatively little effort had been expended t o determine the po 
tentiality of this material. 

The study reported herein was conducted to evaluate the potential 
of cast Guy alloy as a turbine-bucket material for use at 16500 F. 

Prior t o evaluating buckets in the engine at 16500 F, castings were 
made at the Lewis laboratory which demonstrated that the reported rupture 
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properties could be reproduced and that turbine buckets could be cast 
which ) although not of production standards ) had a soundness suitable for 
engine studies . Because of the knovm low ductility of the alloy) "pro .)f 
tests " of buckets were run in a test engine at 15000 F that prove the 
al18Y had adequate impact resistance and structural integrity to vTarrant 
fur ther study . The results of these preliminary studies are reported in 
t he following section . The preparation for and the results of the eval
uation of Guy alloy in an engine at a bucket- ~aterial temperature of 
16500 F are described in the remainder of the report . 

For engine evaluation of Guy alloy at 16500 F) 52 invest .ent- cast 
Guy alloy buckets were r un in a J33 - 9 turbojet en~ ine . The engine ,.,1as 
operated for repeated cycles of 15 minutes at rated speed and 5 minutes 
at idle speed with a bucket temperature of 16500 F and a stress of 18 )800 
psi at about midspan ) where the bucket might be expected to fail by stress 
rupture . 

PRELIMINARY STUDIES 

Stress -Rupture and Tensile Tests 

To reproduce and extend the str ess -rupture data of r eference 1 ) r up 
ture bars were cast and evaluated . The stress - rupture results obtained 
(fig . 1) indicat.ed that Guy all06 could be considered fo r use as a bucket 
alloy at bucket temperatures 150 to 2000 F hi gher than normal operating 
temperatures of current enf tnes . The low elongation values obtained in 
these rupture tests (3 to 6 percent at fracture ) and in tensile tests at 
r oom temperature indicated limited du tility) huwever . 

The r esults of room- temperature tensile tests performed on as - cast 
~ars are as follows : 

Ultimate Yield strength Elongation Reduction 
strencth) (0 . 2 percent (1 in . gage of area) 

psi offset) ) length ) ) percent 
psi percent 

119 )120 108 )500 1.3 4 . 4 
119 )800 95 )4 60 1.6 2.6 

Casting of Buckets 

Since it was not known whether bucket shapes could be cast from Guy 
alloy ) it was necessary t o conduct pr eliminary casting studies . Buckets 
Here successfully cast to shape using the lost - wax investment process . 
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Melting was performed in air using an induction furnace. Buckets were 
centrifugally cast in air directly from the melting crucible. Unfortu
nately} buckets that appeared sound upon radiographic inspection were 
found to have surface defects when post-emulsion zyglo inspection was 
used. These surface defects were attributed to dross, which is not sur
prising considering the high aluminum content of the alloy and the air 
atmosphere used. It was felt that satisfactory castings of Guy alloy 
could be made using inert-atmo~here equipment and exercising care in 
adding the aluminum to minimize dross formation . 

Impact Tests 

Because of the limited stress rupture and tensile ductility of the 
alloy, data on impact strength were obtained. Laboratory impact data 
obtained in the NACA drop test (ref. 2) are shown in table I. The impact 
values for Guy alloy are lower than those of some alloys included for 
comparison but are higher than those of cermets and some other cast alloys 
shown. Also, it appears from table I that the impact resistance of Guy 
alloy increased with temperature. It is possible that the impact re
sistance of Guy alloy is appreciably higher at 16500 F, the test t emper
ature used for this engine evaluation. 

Engine Proof Tes t 

Inserted at various times as replacement buckets in a J33 engin~ 
which was being run at 15000 F J were 12 buckets selected from the group 
made in the preliminary casting studies. These buckets ran in the proof 
test without fracture for times ranging from 150 to 230 hours when the 
test was discontinued. (The time on each bucket varied with the time of 
insertion .) 

During the course of 'the proof test, several buckets of other alloys 
fractured, and fragments struck the rotating Guy alloy buckets. Several 
were dented and nicked, but none had to be removed because of impact 
failure. Thus) the alloy was considered ductile enough to withstand the 
impact of fragments of failed buckets in an engine test. 

MATERIALS J APPARATUS, AND PROCEDURE 

Turbine Buckets 

Cast J33- 9 buckets and stress-rupture bars of Guy alloy were ob 
tained from a commercial source. To minimize dross formation, alloy melts 
were prepared using an argon cover and the alloy was remelted, deoxidized, 
and cast into investment molds in a closed system with an argon atmosphere. 
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Test bars and buckets were investment cast to the following nominal 
chemical analysis : 

C Ni Cr Mo Al Cb Fe B Mn Si 

Wei ght 0 .1 64 - 70 12 - 15 5- 6 5 . 5 - 7 2 4 .5 0 .5 0 . 5 0 . 5 
percent max . bal. 

All buckets were inspected f or internal and surface defects using X- ray 
radiography and post -emulsified fluorescent - dye penetrant inspection . 
All buckets selec ted for engine evaluation were required t o be free of 
defect.s detectable by radiographi c inspection . Buckets with surface de 
fects near the leading or trailing edges or with oxide or dross inclu
sions in the airfoil were rejected . Buckets were allowed t o contain a 
l imi ted number of small surface defects in the central portion of the 
a i rfoil and in the base . 

Engine Operation 

A full turbine wheel of 52 as - cast Guy alloy buckets and two thermo 
couple buckets was i nstalled i n a J33 - 9 turbojet engine . The engine was 
operated for repeated cycles of 15 minutes at the rated speed of 11)540 
rpm and 5 minutes at the idle speed of 4000 rpm . Only the time at rated 
speed is cons i dered in the subsequent discussion of bucket life . 

Stress and Temperature Distribution 

The distributions of centrifugal stresses and temperature in buckets 
during engine operation are shown in figure 2 . The stresses in bucket 
airfoils were calculated using density and cross - sec t ional - area measure 
ments by the method described in reference 3. To obtain the bucket tem
perature distribution prior to evaluating the Guy alloy buckets) a full 
tcrrbine wheel of S- 816 buckets was operated in the engine f or a few min
utes . The bucket temperature was obtained from thermocouples installed 
in buckets and connected t o a recording device through slip rings ) using 
t he method described in reference 4 . 

Durinp- the engine evaluation of Guy alloy) bucket stress and temper 
ature were controlled by regulat i ng the engine speed and exhaust- nozzle 
openi ng ) respectively; bucket tempera.tures vrere measured by thermocouples 
installed in t wo S- 816 alloy buckets . Since S- 816 does not have adequate 
strength +'0 operate at 16500 F for long times with normal J33- 9 bucket 
stresses) a l - inch section was cut from the tip of the airfoil to reduce 
centrifuC"al stresses t o an acceptable level . 
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Bucket Elongation Measurement 

Four buckets were scribed near the trailing edge as shown in fi gure 
3 . Bucket elongation measurements were made of the scribe marks after 15 
and 60 hours of operation using an optical extensometer. 

Stress -Ruptur e Tests 

Stress - rupture bars were cast along with the buckets, and these were 
tested at 16500 F a.nd 15 , 000 to 30 , 000 pounds per squa.re inch . 

RESULTS 

Bucket Performance 

All buckets were operated in the engine test for 102 hours . A fa 
tigue failure of the centrifugal compressor r otor at 102 hours ended the 
test . 

The damaged compressor rotor and housing are illustrated in figure 
4(a ). Fragments of failed components passed through the combustion sec 
tion and damaged the buckets as shown in figures 4(b) and (c) . 

Elongation of Buckets 

Elongation measurements were taken after 15 and 60 hours at rated 
speed . The greatest elongation observed was 0 .0035 inch in a 1/2- inch
gage length, or less than 0 . 8 percent . 

Microstructure and Grain Size 

Photomicr ographs of the typical as - cast structure of Guy alloy buck
ets are shown in figure 5 (a) . The photomicrographs in figure 5 (b ) il 
lustrate the structure after engine testing . Comparison of figure 5(a) 
with figure 5 (b ) shows that no visible change occurs as a result of en
gine testing . Photographs of as - cast macroetched buckets are shown in 
figure 6 . The grain size is small and uniform within each bucket with 
a small difference in grain size between the two buckets . 

Stress -Rupture St rength 

The 1650
0 

F stress - rupture data obtained from as - cast cylindrical 
test bars are shown in fi gure 7 . The lOO-hour str ess -ruptur e strength 
at 1650° F is 25,500 psi . 
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Since the evaluation of Guy alloy buckets was terminated by the com
pressor failur e , it may be of interest to determine what the life of the 
buckets mi ght have been if they failed by stress rupture . The stress 
rupture life of the material at each point along the bucket length can be 
predicted using the stress and tempera ure distributions of fi gure 2 and 
extrapolating stress - rupture data. A plot of the resulting r upture life 
a gainst distance above the base of the buckets indicates the l ocation of 
the mi imum life of buckets in stress rupture . This section of the bucket 
has the most severe combination of centrifugal stress and temperature . 

The cur ve shown in figure 8 is typical of several constructed using 
mathemat i cal and graphical extrapolation methods . The minimum is the most 
important section of the curve ; this area is obtained from stress-rupture 
data and is not extrapolated . The rest of the cur ve should be consider ed 
qualitative . If failure results solely from the centrifugal stress and 
temperature, the buckets should fail about 2 inches above the base and 
should have an operat ing life of about 400 hours . In addition to centri 
fugal stress, it should be remember ed that factors such as vibrator y 
stresses, thermal shock, and corrosion may influence blade failures. The 
influence of these factors usually reduces bucket life below the stress
rupture life . 

DISCUSSION 

The operation of a full wheel of Guy alloy buckets for 102 hours with
out a failure at a bucket temper ature 1500 F above current temperatures 
indicates that it has considerable potential as a bucket material f or ad
vanced temperatures. The termination of the test after 102 hours because 
of a compressor failure was unfortunate, but a life of 102 hours at 16500 

F without a failure compares favorabl y wHh S-816 alloy evaluated at 15000 

F. Alloy S- 816 evaluated at 1500° F in similar tests has a mean life of 
about 200 hours with time to first failure as low as 34 hours (refs . 5 to 
8). The life of the Guy alloy buckets being studied probably would have 
b een appreciably longer than 102 hours; on the basis of stress-rupture con
siderations alone, the alloy should have run about 400 hours in this 
engine . 

The J33 engine is a relatively high-stress engine, with bucket 
stresses of about 20,000 psi in the zone where stress-rupture failure is 
most probable . Many engines of more recent design operate with bucket 
stresses of the order of 13,000 to 15,000 psi; in these relatively low
stress engines, Guy alloy might be suitable for operation at temperatures 
above 16500 F. 

The impact resistance of Guy alloy appears adequate for bucket ap 
plications even though the alloy has less impact resis t ance than most 
f or ged alloys now in use. The impact data of table I from the drop 
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impact test indicates that Guy alloy has less impact r esistance than X- 40 
alloy, but has more impact resistance than s ome of the ot her materials 
shown . Alloy X- 40 with an impact strength of 48 inch- pounds is known to 
have adequate impact strength for bucket applications , while some other 
materials shown in table I (such as alloy 35- 100 and the cermets ) with 
about 3 inch- pounds are known to be inadequate f or bucket applications 
similar to that described herein . The impact strength necessary for buck
et applicat ions is therefore known to be within these limits . The exact 
value , however, is not known . Thus, other impact- strength evidence must 
be considered in evaluating Guy alloy as a bucket ma terial . 

The r esistance of a bucket t o impact failure when a forei gn object 
or fai l ed components pass into the path of the r otating buckets during en
gine operat ion is a very practical criterion for evaluation . Foreign ob 
jects entering an engine can do considerable damage t o buckets (ref . 9 ) 
and may destroy a large perc entage of the buckets , if the bucket meterial 
is extremely brittle . The large quantity of material that passed through 
the engine into the path of the buckets when the compressor failed imposed 
a much more severe impact test on the buckets than a normal fo r eign object . 
Despite the abnormally severe conditions , the buckets did not shatter or 
break off a t the base . The damage was confined to the point of impact . 
Thus , the failure of one bucket should not cause a catastrophic chain re
a ction of bucket failures as more brittle materials have done . The gener 
al nature of damage sustained by most of the buckets ) \·TaS an "erodinf off " 
of numer ous small pieces (fi gs . 4 (b ) and (c)) . Many fragment collisions 
were absorbed without causing fracture (fig . 4 (c) ) . Evidence of resis 
tance to impact damage i n an engine was a lso obtained in the pr eliminar y 
proof test . 

Addit ional testing of Guy alloy buckets in an engine test at 16500 F 
is needed to determine the scatter of nor mal failure times for the alloy . 

SUMMARY OF RESULTS 

During a program conducted to evaluate Guy alloy as a turbine -bucket 
material for operation at a bucket temperature of 16500 F) buckets in the 
as - cast cond ition were r un in a J33 - 9 engi ne at a bucket temperature of 
1650

0 
F . The engine was operated over cycles of 15 minutes at rated speed 

and 5 minutes at idle speed . The results obtained are as follows : 

1 . Guy alloy buckets were operated successfully fo r 102 hours at a 
_ bucket temperature of 16500 F) indicating that Guy alloy is a potential 

bucket material fo r advanced temperatures . The test was terminated at 
102 hours by a compressor r otor failure that result.ed in extensive damage 
t o the enc ine and the test buckets . 
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2 . While not as ductile as fo r ged mater ials now in use, Guy alloy 
appeared to have sufficient ductility to be considered for bucket use . 
The buckets did not sha.tter when the compressor failed a nd a. large quan
tity of material pass ed through the turbine. Numerous small pieces were 
chipped off the upper portion of bucket airfoils by impac t collis ions, but 
the impact of other fragments was absorbed wi th no fracture occurring . 

Lewis Flight Propulsion Laborator y 
National Advisory Committee f or Aeronaut ics 

Cleveland, Ohio, September 21, 1956 
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TABLE I. - IMPACT DATA 

[Obtained by H. B. Probst and H. T . McHenry at the Lewis laboratory] 

Material Room Temperature 12000 F 15000 F 

Notched Unnotched Notched Unnotched Notched Unnotched 

Impact strength, in . - lb 

Alloy 

Guy 12. 9 16 . 7 15. 2 22 . 7 

35- 100 1. 6 2 . 0 2 . 5 2 .5 

HEl049 3.7 3. 2 4. 5 

73J 5 .1 

Wrought 25 . 8 56 . 0 
Inco 550 

Heat- treated 48 . 0 
X- 40 

Cermet 

K152B 2 .1 4 . 1 1.6 3 . 7 1.6 

K154B 2.8 5 . 2 2 .3 5 . 2 2 .3 5 . 5 

K162B 3.3 6 . 3 1.3 2 . 6 
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Figure 1 . - Stress-rupture properties of Guy alloy cast at Lewis laboratory . 
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(b) Turbine; resulting from compressor failure at 102 hours . 

Figure 4 . - Continued . Damage to engine . 
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(c) Turbine buckets. 

Figure 4. - Continued. Damage to engine. 
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(c) Concluded . Turbine buckets. 

Figure 4. - Concluded . Damage to engine. 
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X250 

X'750 

(a) Before engine testing. 

F igure 5 . - Typical microstructure of Guy alloy. Etchant: 45 percent water; 45 
percent glycerol; 10 percent hydroflouric acid. 
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X250 

X750 

(b) After engine testing. 

Figure 5. - Concluded. Typical microstructure of Guy alloy . Etchant: 45 percent 
water; 45 percent glycerol; 10 percent hydroflouric acid. 
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Figure 6. - Macroetched as-cast Guy alloy buckets. 
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