View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)


https://core.ac.uk/display/42872968?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

NASA ‘Techmcal Memcrandum 78973

(NASA-TM~78973) ILONGITUDINAL SHEAR EEHAVICE
OF SEVERRL OXIDE DISPFRSICN STRENGTHENELD
ALLOYS (NASRA) 20 p HC AQ2/MF AD1 CsCL 11F

LONGITUDINAL SHEAR BEHAVIOR
OF SEVERAL OXIDE DIS PERSION
STRENGTHENED ALLOYSS

T K Glasgow
Lew:s Research Center
Cleveland. Ohio

H

TECHNICAL PAPER presernted at the

Fall Meeting

sponsored by American Instituie of Mining,
Me&allurglcal and Petroleum Engineers
Chicago, Ikinois. Ociober 24-27, 1977

S

o DR U gt B8 3 o #qzlz.r:w,i.m:; i

G3/26

N78-31211

nclas
30258




E~9746

LONGITUDINAL SHEAR BEHAVIOR OF SEVERAL OXIDE
DISPERSION STRENGTHENED ALLOYS
by T. K. Glasgow
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135
ABSTRACT
Two commercial oxide dispersion strengthened (ODS) alloys, MA-753
aﬁd MA-754, and three experimental ODS alloys, MA-757E, MA-755E, and
MA-6000E, were tested in shear at 760° C. Comparisons were made with
ofher turbine blade and vane alloys. All of the ODS alloys exhibited
less shear strength than directionally solidified Mar-M 200 + Hf or then
conventionally cast B-1900. The strongest ODS alloy tested, MA-755E,
wés comparable in both shear and tensile strength to the lamellar
directionally solidified eutectic alloy y/y' - §. Substantial improve-
ments in shear resistance were found for all alloys tested when the
geometry of the specimen was changed from one generating a transverse
tknsile stress in the shear area to one generating a transversa com-
pressive stress. Finally, 760o C shear strength as a fraction of ten-
sile strength was found to increase linearly with the log of the trans-
verse tensile ductility.
INTRODUCTION

f In addition to severe tensile stresses, materials employed as gas
furbine blades are subject to a variety of other stresses, including
shear stresses. Candidate materials for advanced blade application in-

clude oxide dispersion strengthened¢ (ODS), directionally solidified (DS)
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eutectic, and refractory fiber reinforced alloys. In each of these
advanced alloy systems, a longitudinal alignment of microstructural
elements (fig. 1) contributes enhanced high temperature creep strength.
But this alignment provides a potentially easy path for shear failure.

The tensile and creep shear properties of a DS eutectic alloy,
v/y' - 8§, have already been reported (refs. 1 and 2). The objective
of this study was to determine the tensile shear strengths of several
ODS alloys at 760° C. Comparisons were made with DS eutectic alloys
and currently used directionally and conventionally cast turbine blade
alloys. No comparable data were available for fibér reinforéed alloys.

| MATERTALS

Nominal compositions of the alloys used in this program are listed
in table I. The ODS alloys cover a range from the simple solid solution
alloy MA-754, to the more complex gamma prime precipitation strengthened
dalloys MA-755E and MA-6000E. The suffix E applied to three of the ODS
méterials is indicative of their experimental status. MA-6000E is a
pgrticularly recent development identified as alloy D in reference 3.
The alloys MA-755E and MA-6000E are strengthened by refractory metal
solid solution additions as well as by gamma prime precipitates and the
oxide dispersion; they may be considered as candidates for advanced gas
t;rbine blade applicaticn. The alloys MA-754, MA-753, and MA-757E have
ﬁeither refractory metal additions nor substantial volume fractions of jf
Qamma prime. Thus, they have less strength at intermediate temperatures
and are more likely to be used as vanes (MA-754 is in fact already in

service as a vane material). All the ODS alloys tested were made by the
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mecﬁanical alloying process (ref. 4). The fabrication sequence of ODS
alloys MA-753, MA-754, and MA-757E included both extrusion and hot
rolling; the alloys MA-755E and MA-6000E were extruded but not further
worked by rolling. At the time of this study, hot rolled MA-6000E of
sufficient thickness (1.2 cm) for shear testing was not available.
Conventionally cast B-~1900 and DS Mar-M 200 + Hf were chosen:to represent
materials currently used as gas turbine blades. Samples of a nickel-

based DS single crystal superalloy, Mar-M 247, were tested in shear while

literature data was examined for a new DS eutectic alloy, y/y' - Mo.

A few well aligned samples of the lamellar DS eutectic alloy y/y' - & were

also avsilable for test.
PROCEDURE

Two types of shear specimens (figs. 2(a) and (b)) and a conven-
tional tensile specimen (fig. 2(c)) were used in this program. Thc
first specimen (fig. 2(a)) was similar to that used sﬁccessfully for
shear testing DS eutectic alloys (refs. 5 and 6). For this study the
specimeh head was locally reduced in thickness to decrease the shear
area. This modification was required to avoid tensile failures in the
spééimen shaft. While this specimen was designed to test shear strength,
the stress state in the failure area included both longitudinal shear
and transverse tensile stresses. A second typé of specimen (fig. 2(b))
was fabricated which could be tested by compressive rather than tensile
loading. 1In this case, the stresses in the shear failure area included

longitudinal shear and transverse compression. In both cases described

- above the transverse stresses were generated by differential expansion

s



or contraction cf the specimen shaft relative to the specimen head.
The differential strains were caused by Poisson ratio effects as illus-
trated in figure 3.

All shear and tensile testing was conducted in air at 760° C. This
temperature was chosen as representative of advanced gas turbine engine
bﬁade root temperatures. The crosshead speed for both shear and tensile
tgsuing was 0.025 cm/min; for temsile testing this corresponded to an
iﬁirial strain rate of 0.0l/min. Specimens were examined after failure
by standard metallographic techniques including scanning electron
microscopy.

RESULTS
Microstructures

Shear fractures in the 0ODS alloys tested with superimposed trans-
verse tensicn (specimen of fig. 2(a)) occurred primarily along grain
boundaries. Typical transverse views 6f shear failures are shown in
figure 4. Longitudinal views are shown in figure 5; included is a
sample of vy/y' - § showing the very stréight fracture path typical
of this alloy. When shear tests were conducted with superimposed com-
pressive ztress (specimen of fig. 2(b)) the fracture path was independ-
ént of the location of grain boundaries (fig. 6). There was very little
plastic deformation evident for any of the materials tested in either
shear manner.

Mechanical
The 760° C shear with transverse tensile stress, shear with trans-

verse compressive stress, and tensile Streﬁgth data obtained in this



study are listed in table II. Data for the DS eutectic alloy presented
in table II, columns 1 and 3, were taken from reference 1. For conven-
ience, the results are listed in both engineering and metric units. It
ﬁay be noted, that none of the ODS alloys tested had shear strengths as
ﬁigh as that of DS Mar-M 200 + Hf. The two blade candidate ODS alloys
tested, MA-755E and MA-6000E, had shear strengths approximately equiv-
dlent to that of vy/y' - 8. When the transverse stress was compressive,
ﬁable IT, column 2, the measured shear strength for all alloys was
greatly increased, generally by a factor of two, as compared to the
shear tests with transverse tensile stress, table II, column 1. There ¢
Qﬁsia fair degree of scatter in all the tests, but especially in the
tests with transverse compression added to shear stress. Some of this
scatter may be attributed to the absence of an alignment fixture in the
compressive load train.

The level of ultimate tensile strength of the alloys tested when
éonsidered alone gave no indication of the shear strength. In figure 7,
the shear strengths determined with specimen 2a, the specimen with a
superimposed transverse tensile stress, are displayed as fractions of
éorrespondingntensile strengths. The ratios‘for alloys tested varied
from 0.3 for y/y' - 8§ to 0.6 for MA-754. The value of 0.7 for cast
B-1900 was determined from data in references 1 and 7. For the ODS
dalloys the higher ratios are for the alloys MA-753, MA-754, and MA-757E;
these alloys were fabricated by ~ trusion followed by rolling. The ODS

alloys fabricated by extrusion alone show a lower ratio of shear to



t%nsile strength. While the shear strength did not correlate well with
t;nsile strength alone, examination of the 760o C tensile strength in
c;njunction with the 760o C transverse tensile ductility from refer-
[
eﬁce 8 did yield an interesting correlation (table III). The ratio of
.Shear (specimen 2a) to tensile strength was plotted as a function of
the reduction in area of specimens tensile tested transversely to any
microstructural alignment (fig. 8). For materials of this study and
additicnal materials (refs. 10 and 11) the increase in shear to tensile
r;tio was approximately linear with the logarithm of transverse ductilf
1}y (Z RA). The data for figure 8 represent a wide variety of materials
i;cluding a conventionally cast superalloy, a single’cryscal superalloy,
aéDS superalloy, two distinctly different DS eutectic alloys and ODS
aﬁloys further strengthened by volume fractions of gamma prime ranging
from nil to 55v/o. There was no evident correlation between shear
strength and the ductiiity of longitudinally oriented specimens. Assum~
abi%g the demonstrated relation was valid, the 760° C shear strength of
éot rolled MA-6000E (not yet determined) was calculated from longitud-
ihal tensile strength and transverse reduction in area data (vef. 8).
fhe calculated result for hot rolled{MAv6660E waéwﬁ86'ﬁf;(70 KSI1), a..
considerable improvement over the 285 MPa(4l.4 KSI) shear strength of
the MA-6000E of this investigation fabricated by extrusion alone.
DISCUSSION
The generally low values of shear strength measured for the ODS

alloys indicate that special care must be taken if they are to be used



aé gas turbine blades. The suggestion, already made for the vy/y' - §
s?stem (ref. 2), that the highly stressed blades might incorporate a
réot section of a conventional superalloy is also appropriate for the
ObS materials tested in this study. It is possible that mechanical
treatments, such as hot rolling or forging may provide the requisite
improvement in shear strength; or it may be possible to design blade
rbo; attachments sufficiently different from current concepts to accom-
modate materials of lower shear strength.

It is important to note that the shear capability is strongly af-
fected by the total stress state. The shear stress at failure was much
éreater for the specimen geometry with a superimposed transverse com-
pressive stress than for the specimen generating a transverse tensile
stfess. In a blade root the areas of highest shear stress also exper-
ience a considerable transverse compressive stress (ref. 2). The ori-
gin of the transverse compressive stress is illustrated in figure 9.
yéitheryof the shear specimens used in this study simulated well the
toéal stress state in a real blade root. It is recommended that in
fuéure studies the test specimen resemble more closely the geometry of
the intended application. In addition, the effect of time on shear
load‘catrying capability should be determined.

It was noted that those ODS alloys which were processed by both
extrusion and warm rolling had higher ratios of shear to tensile
strength than those which were fabricated by extrusion alone. While

this disparity may be due to other factors, such as, differing gamma
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ﬁrime contents, improved shear capability may result when post extrusion
WOfking is included in the fabrication of such alloys as MA-6000E. The
anticipated commercial practice does include hot rolling. It has al-
ready been shown that hot rolled MA-6000E has substantially higher
transverse tensile ductility (3.2% RA, ref. 8) than the comparable ex~-
truded alloy MA-755E (0.3% RA, ref. 8). And if the relationship of
fiﬁure 8 holds, its shear strength may be expected . to be higher too,
comparable to that of DS Mar-M 200 + Hf.

Finally, although there was little or no plastic deformation metal-
légraphically evident for any of the shear tested specimens, the strong
m%thematical dependence on ductility attests to the importance of plas-
tic accommodation for the attainment of superior shear strength. Because
the increase in ratio of 760° C shear to tensile strength was approxi-
m?tely linear with the log of transverse reduction in area small improve-
ﬁ;nts in the ductility of low ductility alloys may be expected to bg more
beneficial to shear strength than equal improvements in alloys of higher
original ductility.

| SUMMARY AND CONCLUSIONS

Several oxide dispersion strengthened alloys were tested at 760° C
in shear and tension. Comparisons were made with the directionally sol-
idified eutectic alloys vy/y' - & and vY/y' - Mo, with two currently
usédrgas turbine blade materials, directionally solidified Mar-M 200 + Hf
an& conventionally cast B-1900, and with a directionally solidified

single crystal superalloy, Mar-M 247. The following conclusions are based



on short time tests only; for turbine blade applications creep shear
results must also be obtained and considered.

1. None of the ODS alloys tested, including two of the type con-
sidered for turbine blade application, had shear strength as high as
that of DS Mar-M 200 + Hf or of B-1900. The shear strength of the
s#ronger ODS alloys fabricated by extrusion was about the same as that
of y/y' - 8, too low for highly stressed turbine blade dovetails. It
wés suggested that to use an extruded ODS superalloy a modified root
design or a composite blade having a ODS alloy airfoil and a more con-
ventional superalloy root portion may be required.

2. Stresses other than shear imposed on the shear failure area
greatly affected the measured shear resistance. When the specimén de-
sign was such that significant transverse compressive stresses were
added, the measured shear strength was much higher than when tfansverse
tensile stresses were added.

3. By examining data for diverse superalloys an empirical rela-
tionship between the ratio of 760° ¢ longitudinal shear to tensile
sﬁrength and the transverse tensile ductility was discovered. The in-
cfease in shear to tensile ratio was approximately linear with the
légarithm of transverse ductility measured as reduction in area. There-
fbre, small improvements in the ductility of low ductility alloys may
bé expected to be much more important to increased shear capability
than equal improvement in alloys to higher initial ductility.

4. From the measured longitudinal temsile strength and transverse

tensile ductility of an ODS superalloy, MA-6000E, processed by hot
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rolling its shear strength was calculated to be equivalent to that of
DS Mar-M 200 + Hf. It thus appears possible that the shear strength of
ODS‘superalloys can be improved sufficiently by thermomechanical work-
ing to allow their use in the root portion of gas turbine blades.
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TABLE II. 760° SHEAR AND TENSILE DATA

Alloy Shear Strength, | Shear Strength, Tensile Data
Specimen 2a, Specimen 2b, U.T.S. Elong
KSI MPa KSI MPa KSI] MPa | %
MA-753 ‘ 37.9 261 101.5 700 85.2l 587 6
MA-753 37.7 260 83.7 577 84.7, 584 | 6
MA-753 f -—— ——— | —— -—- 81.71 563 | 7
MA-754 ; 24.8 171 45.1 311 43.8) 302 | 22
MA-754 ; 26.8 185 55.1 380 44.4 306 | 24
MA-754 ; - - 44.4 306 —
MA-757E ‘ 45.6 314 84.7 584 8.4 561 | 7
MA-757E 43.8 302 73.3 505 79.80 550 | 9
MA-757E -— -— 75.2 519 -—
MA-755E 46.5 321 98.1 676 | 131.8 909 | 1
MA-755E 46.6 321 118.5 817 | 126.20 870 1
MA-755E -— -— 109.4 754 —
MA-6000E 41.6 287 94.1 649 | 129.9] 896 | 6
MA-6000E 43.0 296 103.9 716 | 129.0f 889 | 6
MA-6000E 39.6 273 | ————- -— —
DS Mar-M 200 + Hf| 69.9 482 158.9 | 1096 | 147.1 1014 | 12
DS Mar-M 200 + Hf| 64.5 /45 172.8 | 1191 | 156.2] 1077 | 18
DS Mar-M 200 + Hf| 66.0 455
DS Mar-M 200 + Hf| 69.1 476 - -—
DS v/y' - § 4412 | 30312 103.8 716 | 1611 | 11101 11
DS y/y' - & 100.8 695 | - -—
DS y/y' - & 132.4 913 -—
DS' Mar-M 247, - | 85.9 1592 [ --—e- -—- | 1513 {10413 | 113
Single Crystal | 94.3 650 ——— - o | iy
DS y/y' - Mo 89,6224 | 6182+4 | ————- -— | 159% | 10994 | 174
B-1900 971,2 | 66912 - | 1385|9525 | 47
1. Ref. 1.
2. Tosipescu specimen, pure shear.
3. Ref'. 10 . |‘ P F
4. Ref. 11. !
5. Ref. 7. J

AN
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TABLE III. LONGITUDINAL SHEAR STRENGTH, LONGITUDINAL TENSILE STRENGTH,
RATIO OF SHEAR TO TENSILE STRENGTH, AND TRANSVERSE TENSILE
DUCTILITY FOR SEVERAL ALLOYS TESTED AT 760° C

Alloy Shear Strength, Tensile Ratio Transverse
: Specimen 2a, Strength, | Shear RA,
) MPa A MPa ) Tensile %
MA-753 261 | 578 0.45 . 0.71
MA-754 1 304 0.59, 7.51
MA-755E 321 889 0.36 0.3
MA-6000E , )
Extruded only 285 892 0.32 4 N.A.
Hot Rolled N.A.2»3 1000 N.A.2»% 3.21
DS Mar-M 200 + HE | = 464 1045 0.44 2.6
1
DS Y/y' - 6 i 303657 11108 0.27 0.3
DS Y/Y' - &, .

- Optimized 384627 11108 0.35 0.8
DS y/y' - Mo 618"*° 10997 - 0.56 179
DS Mar-M 247, ‘ 10 10

Single Crystal 621 1041 0.60 11

' B-1900 - 669° 95211 0.70 1512

1. Ref. 8.

2. Not available.

3. Estimated from figure 8 as 480 MPa.
4. Estimated from figure 8 as 0.48

5. "Failure Strain," ref. 1.

6. Ref. 1.

7. Iosipescu specimen, pure shear.

8. Assumed same as Yy/y' - §. o

9. Ref. 11, Test temperature 750 C.

10. Ref. 10.
11. Ref. 7.
12. Ref. 9, Interpolated.
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Figure 1, - Competitive materials for advanced turbine blades with elong-
ated microstructures for improved creep strenagth,
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Figure 2. - Test specimens used in program; all dimensions in cm.



A

V’7/ 77

~—~ SHAFT
CONTRACTS

1 LOAD

SHEAR &
TRANSVERSE
TENSION

Figure 3. - Poisson's ratio effects cause transverse

////

SHAFT
EXPANDS

SHEAR &
TRANSVERSE
COMPRESSION

stresses during shear testing.

MA-753

1 mm

‘QO‘PIC;. :
o

“

Figure 4, - Shear failures of tensile shear specimens along grain bound-

aries, transverse views,
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Figure 5, - Shear failures of tensile shear specimens, longitudinal
views,
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(a) LONGITUDINAL VIEW, MA-6000E. (b) TRAN SVERSE VIEW, AS IN SECTION
AA, MA-T53,

Figure 6. ~ Shear failures under combined shear and compressive stresses, inde-
pendant of grain doundary position.
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Figure 8. - Relation between the ratio of 76(P € shear strength to ultimate tensile
strength and transverse tensile ductility.
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Figure 9. - The centrifugal load on a gas turbine biade is resisted by the tooth
bearing load. The tooth load may be resolved into two components, a com-
pressive stress, o, acting perpendicular to the blade axis, and a shear
stress, T, acting parallel to the blade axis.
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