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GENERAL

MAR-M-247 is a nickel-base casting alloy
developed by the Martin-Marietta Corporation for
applications requiring high strength at elevated
ternperatures up to about 1900F. Its balanced com-
position provides an excellent combination of
tensile and creep-rupture properties as a result of
gamma-prime strengthening enhanced by solid
solution and grain-boundary strengthening.
Evaluations after long-time exposures to normal
operating temperatures — for example, creep-test
specimens and turbine blades removed from service
—reveal excellent microstructural and mechanical-
property stability. This sluggish reaction to high-
temperature exposures helps to maintain excellent
notch toughness as well as high strength (Refs. 6,
20, 31, 40).

MAR-M-247 has good castability, which is an im-
portant characteristic for the production of critical
gas-turbine components such as blades, discs, and
integral wheel configurations. It is an outgrowth
of MAR-M-246 with an addition of hafnium and
adjustments in other alloy levels to optimize prop-
erties and castability (Ref. 6).

Commercial Designation
MAR-M-247

Alternate Designation
MM-0011 (Refs. 8,13)

Specifications

No AMS, ASTM, or other widely available specifi-
cations for MAR-M-247 had been published at the
time of preparation of this document.

Some individual companies that use ar produce
the alloy, in all probability, have prepared their
own proprietary specifications. AiResearch Corp.,
for example, developed company material specifi-
cations covering requirements for chemical com-
position, cleaning, and visual, penetrant, and
x-ray inspections, etc.

Composition [Table]

Heat Treatment

Although the combination of gamma-prime,
solution, and grain-boundary strengthening are
effective in the as-cast condition, heat-ireatment —
either aging alone (below 2000F) or solution
{above 2000F) plus aging - is usually applied since
it tends to improve properties (See Section 2.1.2.1)
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fir plus 1600F 20 hr,
AC (Refs. 8, 16, 31, 42).

Typical solution-plus-
aging treatment con-
sists of 2250F two hr,
argon quench, plus
1800F five hr plus
1600F 20hr, AC (Refs.
2,16, 28, 41).

Hardness
Heat-treated:
Rockwell C30-40
(Ref. 2)

5.5 Al
3.0 Ta
1.5 Hf
1.0 Ti
0.7 Mo
0.15 C
0.05 Zr
0.015 B

Forms and Condi-
tions Available

Available as conven-
tional equiaxed
investment castings
and as directionally solidified castings. The material
has also been produced in the form of single crys-
tals; but for this type of casting, modified alloys with
recluced contents of the grain boundary strengtheners
(carbon, hafmium, boron, and zirconium) and some
with additions of about three percent rhenium have
gained wide acceptance (Refs. 11, 12, 14,15, 16, 19,
20,23, 24, 27, 30, 35, 36, 41).

Melting and Casting Practice

Generally, the alloy is induction melted and cast
in vacuum, Conventional shell molds made by the
lost-wax process are used for the production of
equiaxed investment castings. Vacuum induction
melting and casting and shell molds are also used
in the production of directionally solidified and
single-crystal products, but special processes and
techniques are used to produce the temperature
gradients and progressive solidification necessary
to obtain the desired results. For this purpose, three
different processes have been developed: the exo-
thermic, withdrawal, and liquid-metal-cooling
processes, all of which produce similar results
(Refs. 14, 15, 23, 41).

Special Considerations

The mechanical properties of MAR-M-247 are
markedly influenced by crystallographic orientation,
which is quite significant in directionally solidi-
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fied and single-crystal products, but net in con-
ventional investment castings, which are equiaxed
and isotropic. For example, loading of directionally
solidified and single-crystal castings in the [111]
orientation provides the best creep resistance.

However, loading in the [001] orientation, which
coincides with the longitudinal orientation and

the major stress axis in directionally solidified and
single-crystal turbine blades, provides the best
combination of properties; that is, good strength

and creep-rupture life plus excellent thermal-

fatigue resistance as a result of the relatively low
Modulus of elasticity in that orientation (Refs. 2, 2
3,4, 14, 23).

1.9.1.1 [Figure] Standard stereographic triangle
showing relative stress-rupture lives at about 1400F
of single crystals of MAR-M-247 as a function of
crystallographic orientation with respect to the 211
direction of loading, 212

21

Removal of cobalt from the alloy improves the
cyclic oxidation resistance and hot corrosion
resistance but adversely affects creep properties.

1.9.2.1 [Table] Effects of reducing cobalt content
on various properties.

2121

Grain size significantly infiuences the properties
of MAR-M-247. Generally, finer grain size, produced
by relatively rapid solidification, improves strength
at low-to-intermediate temperatures up to about
1500F. For higher-temperature performance, coarser
grains produced by slower solidification are pre-
ferred. For certain castings, the desired grain sizes
are difficult to achieve. For example, for thin air-
foils operating at the highest temperatures coarse
grains would be desirable; whereas for the heavier-
section root-attachment area, where service tem-
peratures are lower, a fine-grain microstructure
would be preferable. However, the normal solidi-
fication rates associated with these differences in
section size tend to have the opposite effects on
grain size. This type of problem can be mitigated
to some degree by certain foundry techniques,
such as creating deliberate hot spots in the mold
to retard the solidification rates in selected areas.

The Howmet Corp. has developed two grain-
refining processes in conjunction with hot-isostatic-
pressing (HIP): Grainex and Microcast-X, which
can provide ASTM grain sizes as fine as two
(Grainex) and three to five (Microcast-X}, respec-
tively (Refs. 23, 40 p. 992)

Hot-isostatic-pressing (HIP), which involves the
simultaneous application of heat and pressure,
can be used to virtually eliminate internal porosity
from MAR-M-247 castings, thereby improving
mechanical properties. In this process, argon is
normally applied at pressures of 15 to 30 ksi at
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temperatures of 2200 to 2225F. Some products,
however, for example MAR-M-247 heavy-section
castings such as integral wheels, have been found
to undergo incipient melting when hot-isostatically-
pressed at 2200F and 15 ksi for four hours. To
prevent this type of damage and still eliminate
porosity, the HIP parameters were modified to
2165F and 25 ksi for four hours. This type of trade-
off between temperature and pressure can also be
used to prevent grain growth and to inhibit car-
bide degradation (Refs. 23, 40 pp. 993-4).

PHYSICAL PROPERTIES AND
ENVIRONMENTAL EFFECTS

Thermal Properties
Melting Range: 2400 to 2450F (Ref. 42)

Phase Changes and Time-Temperature-Transfor-
mation Diagrams

MAR-M-247 consists of about 60 percent coherent
gamma-prime phase, Ni; (Al, Ti), in a matrix of
gamrna, which is a nickel-rich solid solution
strengthened by alloy additions of cobalt, molyb-
denum, tungsten, chromium, and tantalum. The
gamma-prime phase is the main strengthening
component. Carbon, boron, zirconium, and hafnium,
mostly in the form of carbides and borides, pre-
cipitate at the grain boundaries and contribute to
strength and ductility. In addition, elemental
segregation during solidification causes the formation
of small amounts of a gamma/gamma-prime eutectic
and carbides interspersed in the interdendritic ar-
eas, Heat treatment mitigates segregation, refines
the gamma-prime dispersion in the gamma matrix,
eliminates some of the gamma/gamma-prime
eutectic, and optimizes the grain-boundary car-
bide morphology and distribution, most of which
benefit mechanical properties.

The alloy exhibits excellent microstructural stabil-
ity at normal operating temperatures. It is resistant
to the precipitation of unwanted intermetallics
and of carbides of undesirable morphology. A
study of the effects of high-temperature service was
conducted on investment-cast gas-turbine blades
that had been in service at 1400-1545F for 548 hours
plus 146 heat-up/cool-down cycles (Ref. 31). The
service exposures induced some precipitation of
small secondary gamma-prime particles and ag-
glomeration of the primary gamma-prime partictes.
Nevertheless, tensile and creep-rupture tests at
1560 and 1650F and high-cycle fatigue tests at 1560F
on specimens from both the used blades and simi-
lar unused blades showed that the minor micro-
structural changes had little effect on mechanical
properties (Refs. 6, 14, 20, 28, 31, 39)
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2.1.2.1.1 [Figure] Larson-Miller plot comparing
stress-rupture properties of used and unused gas-
turbine blades.

Note: Generally, this Handbook prefers to present
creep and rupture properties in terms of direct
test data rather than in terms of a time-temperature
relationship such as the Larson-Miller parameter.
In this particular instance, as well in Figures 3.4.9
and 3.4.11, Larson-Miller plots are used because
direct test data were not available. Whereas these
plots can be useful for comparative purposes, they
should be used with great caution when extrapo-
lation outside the data range is attempted.

(See Section 3.4 in the section “General Discussion
of Handbook Contents” in Volume 1 of this
Handbook.)

Thermal Conductivity

2.1.3.1 [Figure] Thermal conductivity of
directionally solidified alloy.

Thermal Expansion

2.1.4.1 [Figure] Thermal expansion of MAR-M-247
in two different forms and conditions.

Specific Heat

'Thermal Diffusivity

Other Physical Properties

Density: 0.308 Ib. in3, 8.54 gm cc? (Refs. 16, 35,
36, 42).

Electrical Properties
Magnetic Properties
Emittance

Damping Capacity
Chemical Environments
General Corrosion

Protective coatings are required for MAR-M-247,
as well as other superalloys, to protect against oxi-
dation and hot corrosion (sulfidation) in high-
temperature applications such as turbine engines.
Generally, either: aluminide diffusion coatings
{RT-21) or MCrAl overlay coatings applied by
plasma spray or vapor deposiiion are used for
such applications. {M=Metal, for example nicke!,
cobalt or a combination). Under conditions of cy-
clic stress-strain and excess coating thickness
(greater than 0.002 in.) cracks may initiate in
aluminide diffusion coatings and propagate into
the base metal. In one series of tests at 1600F, a tin
aluminide diffusion coating, 0.001-0.002 in. thick

. had no detrimental effects on the fatigue life of

MAR-M-247 up to at least 107 cycles (Ref. 41, pp.
132-5). For the MCrAl overlay coatings, greater
thickness can be applied without deleterious effects;
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however, disadvantages compared with aluminide
coatings are the inability to coat internal channels,
the need for increased apparatus, and the inability
to coat large batches (Refs. 38, 41, 43, 44).

2.3.1.1.1 [Figure] Oxidation resistance in air at
2012F of MAR-M-247 and of two alloy variations
with reduced cobalt content.

2.3.1.1.2 [Figure] Results of tests at 1700F cn bare
and aluminide (RT-21) coated alloy in the AiResearch
oxidation, hot-corrosion burner rig.

23.1.1.3 [Pigure] Effects of variations in specimen
temperature, gas velocity, and sodium chloride
content of gas on surface deterioration due to
seven hours of impingement by combustion gases
from lamp oil containing 0.5 percent sulfur. The
sodium chloride was derived from the injection of
an aqueous salt solution into the combustion chamber.

Stress Corrosion

Nuclear Environments

MECHANICAL PROPERTIES

Specified mechanical Properties

Minimum room-temperature tensile properties
specified for directionally solidified alloy by ac-
ceptance standard in Reference 2:

Ftu = 140 ksi

Fty = 120 ksi

e(d4D) =7.0%

RA =7.0%

Mechanical Properties at Room Temperature
See Section 3.3

Tension Stress-Strain Diagrams and Tensile
Properties

3.2.1.1 {Figure] Weibull plot showing comparison
of tensile strength of the alloy with IN-100 for specimens
machined from integrally cast turbine wheels.

3.2.1.2 {Figure] Weibull plot showing comparison
of 0.2 percent yield strength of the atloy with IN-
100 for specimens machined from integrally cast
turbine wheels.

3.2.1.3 [Figure] Weibull plot showing comparison
of elongation of the alloy with IN-100 for specimens
machined form integrally cast turbine wheels.

Compression Stress-Strain Diagrams and Com-
pression Properties

Impact
Bending
Torsion and Shear

Bearing
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327 Stress Concentration

3271  Notch Properties (See Figure 3.3.1.5)
32.7.2  Fracture Toughness

3.28 Combined Loading

3.3 Mechanical Properties at Various
Temperatures

331 Tension Stress-Strain Diagrams and Tensile Properties

3.3.1.1 [Figure] Tensile stress-strain curves at
elevated temperatures and two different strain rates.

3.3.1.2 [Figure] Effects of elevated temperatures on
the longitudinal tensile properties of directionally
solidified turbine blades.

3.3.1.3 {Figure] Effects of elevated temperatures on
the transverse tensile properties of directionally
solidified turbine blades.

3.3.1.4 {Figure] Effects of elevated temperatures on
the longitudinal and transverse tensile properties
of directionally solidified bar or slab.

3.3.1.5 [Figure] Effects of elevated temperatures on
the tensile and notched-tensile properties of
investment-cast, grain-refined, HIP'd blade/
disc rotor,

3.3.1.6 [Figure] Tensile-strength properties of con-
ventional investment castings at temperatures up
to 1800F.

3.3.1.7 [Figure] Effects of strain rate on tensile
yield strength (F,) at several elevated
temperatures.

3.3.1.8 [Table] Tensile properties of conventional
investment-cast integral wheel at 70F and 800F.

3.3.1.9 [Table] Elevated-temperature tensile prop-
erties of directionally solidified alloy in longitudi-
nal [001] orientation.

3.3.1.10 [Table] Tensile properties of single-crystal
and directionally solidified turbine blades in lon-
gitudinal and transverse orientations at 75F and
1400F.

3.3.1.11 [Table] Tensile properties of single-crystal
ingots in transverse orientation at 75F and 1400F

3.3.1.12 [Figure] Effects of test-specimen orientation
with respect to the growth axis [001] of directional
solidification on tensile ultimate and yield strengths
and elastic modulus at room temperature and 1400F.
Comparable properties of equiaxed specimens are
also shown.

3.3.1.13 [Figure] Effects of test-specimen orientation
with respect to the growth axis [001] of directional
solidification on tensile elongation and reduction

of area.
332 Compression Stress-Strain Diagrams and Com-
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pression Properties

Impact

Bending

Tension and Shear

Bearing

Stress Concentration

Notch Properties (See Figure 3.3.1.5)
Fracture toughness

Combined Loading

Creeps and Creep Rupture Properties

3.4.1 [Figure] Effects of i.ncreasing temperatures
on the stress to cause creep rupture of equiaxed
turbine blades in 100 and 1000 hours.

3.4.2 [Table] Creep-rupture properties of conven-
tional equiaxed investment-cast blade/disc rotors
at several temperatures and stress levels,

3.4.3 [Table] Creep-rupture properties of conven-
tional investment-cast integral wheels at 1400F
and 1800F.

3.4.4 [Figure] Creep-rupture time and prior creep
(elongation at two hours prior to rupture) of the
alloy tested at 100.7 ksi and 1400F.

3.4.5 {Figure] Comparison of creep-rupture time
and total creep elongation of two different heats
of the alloy at 15.66 ksi and 1900F.

3.4.6 [Figure] Weibull probability plot of creep-
rupture data from tests conducted at 40 ksi and
1630F on equiaxed specimens.

3.4.7 [Figure] Effects of crystallographic orientation
of loading direction on creep-rupture life of single
crystals.

3.4.8 [Table] Creep-rupture properties of single-
crystal turbine blades in the longitudinal [001] and
transverse orientations at three test temperatures
after solution treatment at two different temperatures.

3.4.9 [Figure] Larson-Miller parameter plot com-
paring stress-rupture properties of conventional
investment cast alloy with directionally solidified
alloy.

3.4.10 ([Figure] Effects of directional-solidification
grain orientation on creep-rupture properties of
the alloy, and comparison with equiaxed alloy at
1400F and 1800F.

3.4.11 [Figure] Larson-Miller parameter plot for
various amounts of creep strain and rupture of
directionally solidified alloy.

3.4.12 [Figure] Effects of cobalt content on creep-
rupture life and steady-state creep rate at 1600F.
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3.4.13 [Figure] Effects of cobalt content on creep-
rupture life and steady-state creep rate at 1400F
and 1800F.

3.4.14 [Figure] Creep-rupture life at 1900F and 19
ksi of specimens machined in the longitudinal ori-
entation [001] from single crystals of MAR-M-247
and five modified alloys intended for possible
single-crystal applications.

Fatigue Properties
Conventional High-Cycle Fatigue

3.5.1.1 [Table] Fatigue strength (axial loading) at
107 cycles of conventional investment-cast blade/
disc rotors at several temperatures and A ratios.

3.5.1.2 [Table] Fatigue strength (axial loading,
longitudinal [0C1] orientation) at 107 cycles of
directionally solidified test bars at 1600F.

3.5.1.3 [Figure] Load—controlled high-cycle fatigue
test results for directionally solidified alloy, smooth
and notched specimens, and longitudinal {001]
orientation, at room temperature.

3.5.1.4 [Figure] Load-controlied high-cycle axial
fatigue test results for directionally solidified alloy,
smooth and notched specimens, and longitudinal
[001] orientation, at 1600F.

3.5.1.5 [Figure] Estimated endurance limits at 107
cycles from load-controlled axial fatigue tests,
longitudinal [001] specimen orientation.

Low Cycle Fatigue

3.5.2.1 [Figure] Effect of grain orientation of the
directicnally solidified alloy on thermal-fatigue life
of coated and uncoated notched specimens.
3.5.2.2 [Figure] Low-cycle fatigue life as a function
of total cyclic strain (excluding thermal expansion
and contraction) with coordinated strain and tem-
perature cycling.

3.5.2.3 [Figure] Low-cycle fatigue life as a function
of total cyclic strain at two temperatures and two
strain rates.

3.5.2.4 {Figure] Low-cycle fatigue life at three elevated
temperatures as a function of total cyclic strain for
investment-cast, grain-refined, HIP'd alloy.

3.5.2,5 [Figure] Low-cycle fatigue life under load
control at 1400F for smooth coated and uncoated
specimens from directionally solidified test bars.

3.5.2.6 [Figure] Low-cycle fatigue life under load
control at 1400F for notched uncoated specimens
from directionally solidified test bars.

Fatigue Crack Propagation

Elastic Properties
Poisson’s Ratio
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Modulus of Elasticity

In general, the modulus of elasticity of single-
crystal and directionally solidified nickel and
nickel-base superalloys varies widely with speci-
men orientation with respect to the crystal lattice,
minimum medulus in the {001] direction and
maximum in the [111] direction. Whereas Figure
3.3.1.12 shows the limited available test data on
the effects of orientation on the elastic modulus
of MAR-M-247, the following test results on
NABSAIR 100 (a derivative alloy for single crys-
tals) and on pure nickel are probably reasonable
approximations of the minimum and maximum
modulus levels of MAR-M-247, corresponding to
the [001] and [111] orientations respectively:

NASAIR-100, 75F, [001] - 16.6x105psi
Nickel, 75F, [001] - 18.2x105 psi
NASAIR-100, 75F, [111] - 40.7x106 psi
Nickel, 75F, [111] - 42.6x10° psi
NASAIR-100, 1800F, [001] - 12.1x10° psi
NASAIR-10C, 1800F, [111] - 31.2x106 psi

The deviation of the NASAIR-100 chemistry from
that of MAR-M-247 consists primarily of the
elimination of practically all of the cobalt and the
grain-boundary strengtheners (carbon, hafnium,
boron, and zirconium) from the composition
(Refs. 41 p. 88, 147-149).

In Figure 3.6.2.2.1, the relatively low modulus
values of MAR-M-247 are reasonably consistent
with the longitudinal [001] grain orientation of
the specimens,

3.6.2.2.1 [Figure] Modulus of elasticity in longitu-
dinal [001] grain orientation for test specimens
machined form directionally solidified alloy.

The following modulus of elasticity values were
determined from the recorded stress-strain rela-
tionships in strain-controlled low-cycle fatigue
tests on conventional investment-cast MAR-M-247,
grain refined, HIP’d, solution treated at 2165F
two hours and aged at 1600F 20 hours:

400F - 30.4x10° psi
800F - 29.4x10° psi
1400F - 25.3x10° psi

Each value is a average of eight test results. Since
the tests were conducted on equiaxed alloy, they
should represent a reasonable integration of the
modulus-of-elasticity values for ali of the crystal-
lographic orientation (Ref 25).

3.6.2.3.1 [Figure] Range of modulus of elasticity
values determined by numerous tests on eqiaxed
castings at temperature form 75 to 2000F.

Modulus of Rigidity
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3.6.3.1 [Figure] Range of modulus of rigidity
values determined by numerous tests on equiaxed
casings at temperatures from 75 to 2000F.

3.6.4 Tangent Modulus
3.6.5 Secant Modulus

4 FABRICATION

4.1 Forming
42 Machining and Grinding
4.3 Joining

431 MAR-M-247 is one of the most difficult alloys to
bond by conventional fusion welding. However,
Transient Liquid Phase {TLP) bonding has been
applied successfully to the alloy. This technique
uses modified MAR-M-247 filler metal containing
refatively large amounts of boron (greater than two
percent) and fabricated into flexible foils by rapid
solidification processes. The bonding process is
carried out under controlled bonding pressure in
vacuum furnaces similar to those used for brazing.
The filler metal temporarily melts and then reso-
lidifies at the bonding temperature {approximately
2200F) in correlation with boron diffusion into the
base metal. With proper control of the joining
parameters and subsequent age hardening, the
microstructure and tensile strength of TLP joints
approach those of the base metal; for creep-rupture
properties, maximum joint efficiencies of about 75
percent have been attained (Ref. 26, 33).

432 MAR-M-247 has also been joined by Solid-State-
Diffusion bonding, which is quite similar to TLP
(discussed in the preceding paragraph) except
that no filler metal is used. One study evaluated
the following process variables: temperature, sur-
face toughness, and bonding pressure and time.
The results showed joint tensile strength equal to
that of the base metal but inconsistent and unsat-
isfactory creep-rupture properties (Ref. 21).

4.4 Surface Treating
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Table 1.4 Composition (Refs. 2, 41) MAR-M-247 Single Crystal
2250 F 2 he, Argon quench + 1500F, 24 hr, AC
Aoy MAR-M-147
Weight Percent [111}_ BEST
» . . - VERY 600D
Composition Min Max Suggested Aim
- - INTERMEDIATE
Co 9.0 1e 0100
0 -
W a5 105 100 70 OFF[001}-, -EXTREMELY
INTERMEDIATE. » —
A 5.3 5.7 55 VERY GOOD- 22 GOOD
[001) [012) {o11]
Ta 2.8 33 30
Hf 12 16 15
Ti 09 12 10
Figure 1.9.1.1 Standard sterographic traingle showing
Mo 05 08 07 relative stress-rupture lives at about 1400F of single
crystals of MAR-M-247 as a function of crystallographic
¢ 013 017 015 orientation with respect to the direction of loading
(Ref. 14)
ir 0.03 0.08 0.05 :
B 001 0.02 0015
Mg —_ 0.20 - .
Table 1.9.2.1 Effects of reducing cobalt content on
various properties (Refs. 9, 10, 17, 18)
4] - 0015 -
Si B 0.20 _ Alloy: MAR-M-247
Fe _ 0.50 _ Form: Investment Cast
. Condition: Aged
Ni Remainder ‘
Property Effect
Tensile Minimal Effect
Creep-Rupture Lite 50% reduction-decrease

Creep Rate

(See rigure 3.4.12 & 3.4.13)

{Sea Figure 3.4.12 & 3.4.13)

total removal-dacrease

50% reduction-ncrease
total rernoval-increase

(Oxidation Resistance Improves {See Fgure 2.3.1.1.1)
Corrosion Resistance Improves
Long-term Stability Improves
Contributing Factors
¥ Volume fraction and particle size
Carbide monphology and compaosition
Stacking fault energy
-+ Mismatch
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-247

80
60

Strass {ksl)

40

20

Figure 2.1.2.1.1 Larson-Miller plot comparing
stress-rupture properties of used and unused

MAR-M-247, Investment-Gast Turbing Blades
- Age 1975 F 1 hr +1600 F 20hr -
Note: The data points are baged
. ontests at 1560 and 1650F on ]
spacimens machined from the blades
@ fresh blades
" ® from service at 1400-1545F, 548 hours ™|
plus 146 heat/cool cycles

L

4 45 486 47 483 49 50

P= (T + 460) (20 + log t) x 10-3
T=test temperature, F
t= rupiure time, hr

gas-turbine.blades (Ref. 31)

T T |
MAR-M-247
— —— As-investment-cast turbine —
rotors (Equiaxed) (Ref. 28)
------ Directipnally salidified (Ref. 2)
= 2250F 2 hr, argon quench + 1800F, 2hr +
3 40— 1600F 20hr, AC =
@
o
= 0 Coeff of Th, Exp. ,
s — in/ inF
g
2 - -
4 2 \
© 1.14x 105
: N ot
o i
E 10 0.87 x 105 <l
A N
=T\ 1.08x 108
] 0.75x 108 |
o Le ;
i} 400 800 1200 1600 2000
Temperature (F)

Figure 2.1.4.1 Thermal expansion of MAR-M-247
in two different forms and conditions (Refs. 2, 28)
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30 T T T T T T T T T
MAR-M-247, Directionalty solidified
B 2250 F, 2 hr, in vacuum; argon quench + 1800 F -
Shr.+ 1600 F, 2 hr., AC
Tests ware made in triplicate with identical results.
20 -
/
i // |
i} 1 il | ] L
0 400 800 1200 1600

Temperature, F

2000,

Figure 2.1.3.1 Thermal conducitivity of directionally
solidified alloy (Ref. 2)

Specific weight change (mgfcmf’

Figure 2.3.1.1.1 Oxidation resistance in air at

o =
=1 =]

MAR-M-247 and two variations with reduced
[~ Cabalt contents
Equiaxed, investment cast under vacuum
-~ Temp= 2012 F i

M 5 percent Co

0 —— —
| 0 percent Co ]
i ! \
" 10 parcent Co (MAR-M-247)
.20 L] L ! i
300 50 100 150 200

Time (kr)

2012 F of MAR-M-247 and of two alloy variations
with reduced colbalt contents (Ref. 10)



Fehruary 1999 Aerospace Structural Metals Handbook
[ T 7 1 T T
1
MAR-M-247, Directlonally Solidified
2250 F 2 hrin vacuum, Argon quench +
t— 1800 F, 20 hr, AC + 1500 F, 20 hr, AC ]
Burner rig test paramaters:
| a Fuel-JetA ]
b. Cycle - 60 min. 1700 F +3 min. forced air cooled
¢. Specimen rotation - 1500 rpm
_ d. 5 ppm synthetic sea salt (ASTM D1141-52)
O RT-21 Coated
D Uncoated
2
0
2 ;\
=,
s 4 Weight change is an average ]
s of two test specimens
F-
[ %)
= 6
@
g R
]
-10
-12

0 100 200 300 400 500 600 700
Tast Time (hr}

Figure 2.3.1.1.2 Results of tests at 1700 F on bare
and aluminide (RT-21) coated alloy in AiResearch
oxidation, hot-corrosion burner rig (Refs. 2, 41)
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0.080 [—

Temp: variable

NaCl 5 ppm

Gas Vel: 0.5 mach /P

MAR-M-247, Investment-Cast {Equiaxed)

0.25-in.- diameter rods, bare
(uncoated) specimens
heat treatment not known

Temp: 1650 F
NaCi: Sppm
Gas Vel: variable

Temp: 1650 F

NaCl: variable
Gas Vel: 0.5 mach

0.060

0.040

Surfage Recession In 7 hours (in.)

0.020

/

/

/

'q

/

=

L/

18

00 1700 1800

Temperature (F)

0.35

Q.45 0.55
Gas Velacity (Mach)

5 10
NaCl (ppmy)

Figure 2.3.1.1.3 Effects of variations in specimen temperature, gas velocity, and sodium-chloride content
of gas on surface deterioration due to seven hours of impingement by combustion gases from lamp oil
containing 0.5 percent sulfur. The sodium-chloride was derived from the injection of an aqueous salt
solution into the combustion chamber (Ref. 22)
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I 1 ( ]
MAR-M-247, Conventional investment-tast
integral turbine wheels
1600 F 2 hr, AC
Note; IN-100 is a Ni-base alloy with
1.5C0 -10Cr -5.5A1 4.7Ti -3Me -0.95V

99 o1
80 : ﬁ :
50 - Room Temp. — f :
E 10
8 5| IN-100(seznote) t_—)l\
4 - 248 Tests o z
E B From One Heat I _
=2 I
= 1.0 7
“ o5 ! MAR-M-247 |
“F i 1 38 Tests Fram -
B ’ J One Heat _
0.1 é 5
1 i
0.005 |- [104 ksi] [115 ksi] _
- IN-100 -
- 4 Specified MAR-M-247 | -
Min Spacified Min
102 105 110 120 130 140150

Uttimate Tensile Strength, Fyy (ksi)

Figure 3.2.1.1 Weibull plot showing comparison
of tensile strength of the alloy with IN-100 for
specimens machined from intergrally cast turbine
wheels (Ref. 5)

Failure (percent)

89

g0

50

10

1.0

0.5

0.1
0.005

Ni-Base Alloys » NiCo

MAR-M-247

MAR-M-247, Convantional investment-cast
integral turbine wheels

1600 F 2 hr, AC
- ?D -
— 100 & -
|_ 249 Tests .
One Heat
Rogm Temp.
= y .
B [
= ' -
1l
: MAR-M-247
- ' 38 Tests From |
[ 1 One Heat
N
192 ksi] {110 ksi]
[ f T T -
- IN-100 MAR-M-247 7
4 Specilied Specilied Min

83790 95 100 110 120130

Yield Strength, Fry, (ksi)

Figure 3.2.1.2 Weibull plot showing comparison

of 0.2 percent yield strength of the alloy with IN-100
for specimens machined from integrally cast turbine
wheels (Ref. 5)
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MAR-M-247, Conventional investment-gast
imegral turbine wheels
1600 F 20 hr, AG
| 1 L
99 |— MAR-M-247
¢g [~ 36 Tests From - '&Ir -
[~ One Heat 9’ I ]
[ IN-100 Ny
50 ™ 249 Tests |
One Heat
- /
= H
B s L
E N .,' Room Temp. :
£ M
z 7
05
- ¥ -l
e f] ’ -
-l | m
01 O
[2.8%] [3.5%i]
0.005 = T 3
[ MAR-M-247 N-100 -l
- ﬁ'ge(:lﬁad Specified Min
n 1 f " L i
2 3 4 5. 10 20 30

Etongation, e{4D) (percent)

Figure 3.2.1.3 Weibull plot showing comparison
of elongation of the alloy with IN-100 for specimens

machined from intergrally cast turbine wheels (Ref. 5}

[ T T T T T T T
B MAR-M-247, Directionally solidified
= | turhine blades —
[Fag 2250 F 2 hr, rapid cool + 1800 F 5 hr,
= | AC + 1600 F 20 hr, AC .
g Longitudinal | |
5 180 ] ‘/A\
£
% 180 - P (o) |
= Fyy 30 e
2 === -7 - +1 160
~

Fy {Av A
£ y ) . ~ 140
N Rl S =54 ()|
Fp, 30 A
_ 4v i ]
T 10 [— o=S5dDev Three Tests at Each Temp 100
8 ! i
g 5 r—-__e_('lvg_)______
= - ) i '»
g 0 i s
E —
- S O I YO At A
] RA-3a = P
. 5
0 200 400 60D 8GO 1000 1200 1400 1500

Temperatura (F}

Yleld Streagth, Fry (ksl)

Reductlan in Area,

(percent)

Figure 3.3,1.2 Effects of elevated temperatures on
the longitudinal tensile properties of directionally
solidified turbine blades (Ref. 2)
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MAR-M-247, As-investment-cast turhine rotors

Strain rate
1) }— 0.00005 infinfsec.

-~ - - 0.005in/fin/sec.
100 / === 930F

- 1600F
. y e
”
, /
’
s /
60 7 >
’
Ly
’
40 .
’
/
/1
/4
20 7
7
0
0 0.1 0.2 0.3 0.4 0.5 0.6

Strain (percant)

Figure 3.3.1.1 Tensile stress-strain curves at elevated
temperatures and two different strain rates (Ref. 28)

. T : - - T ‘ T
k] [ MAR-M-247, Directionally solidified
= turbine blades
u- 2250 F 2 hr, rapid cool + 1800F5 h, — |
'.g AC + 1600 F 20 hr, AC
€ [~ Transverse
& |
4 =
s 10 - g
R e e e o
= Fy-3o =
® 100 : 1w B
E " Fty @
] PR 120 &
Fy 30 -~ |—— - 'Nr -
4 T { 100 5=
T A o=StdBev ThreeTests at Each Tam‘p A
g8 [ -
E s __/‘ ) g
= .'"'-_—I__ N I e e R = ‘.-‘.:-‘
-E— 0 el e-3g 15 = g
= & S5
3 | _RA——ee— o=
u_‘: A T - — P 10 §
L -Rae 7T ~ ©=
] 5
0 200 400 600 800 1000 1200 1400 1600

Temperatura (F}

Figure 3.3.1.3 Effects of elevated temperatures on
the transverse tensile properties of directionally
solidified turbine blades (Ref. 2)
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MAR-M-247, Directionally solidified
|- barorstab —
2250 F 2 hr, rapid cool + 1800 F § hr,
AC + 1600 F 20 hr, AC
l— --O-- Longiudinal —
—&— Transverse
180
—_ Fo
B £
w
£= 160 o -l--r 3
w \
-,‘§=. 140 5
e 120
@
.6 \
£
> \
80 [
140 [~ - O
= I P \
2
= 120 g Fy v
[*™
= - ‘\¢
= 100
2
@»
=2 8
2
: \
60
:_ 20 H
S¥F o g Y
=& 10 =
;g
S8
“ 0

0 400 800 1200 1600 2000

Temperature (F)

Figure 3.3.1.4 Effects of elevated temperatures
on the longitudinal and transverse tensile pro-
perties of directionally solidified bar or slab
{Ref. 37)
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1 1 ] 1 I

MAR-M-247, Conventionai Investment-
Cast Blade/Disk Rotor —]

‘5; Grain-Refined (Grainex) and
= HIP'ed at 2165F, 25 ksi 4 hr,
=0 — Heattr.: 2165F, 2hr + 1600F, 20t ——]
=g
R
g 220
£g
2% o
§ £ NTS (Ki=2.8)
=3 ™S
% £ 160
e % [ J
e Kl " Fiy
2% 120 [
E 3 [
= ty
2% w A\
] \
2
40

Q
“.‘21 ’A »
Eg :\ \M /?-
2 I\

0 400 800 1200 1600 2000

Temperature (F)

Figure 3.3.1.5 Effects of elevated temperatures
on the tensile and notched-tensile properties of
investment-cast, grain-refined, HIP'ed blade/
disc rotor {Ref. 37)
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1 1 1 1

MAR-M-247, tavestment-Cast (Equiaxed)
— 1600F 16hr, AC
B 160 [— —
F /..'-"
[
i " ——/ ’\\
£ 140 F,
= tu
=
g \
o
o 120 == *
] F
= ty A
e A
@ 100
.f:' h
- 1
£ 80 Y
E y
S \
60 v
£ s
=

40
0 400 800 1200 1600 2000
Temperature {F)

Figure 3.3.1.6 Tensile-strength properties of
conventional investment castings at temper-

atures up to 1800F (Ref. 42)

Code 4218

Page 16

Yield Strength, Fry (ksl)

February 1999

T 1 1 |
MAR-M-247, As-investment-cast turbine rotors
| O 830F
& 1400F
® 1600F
100 —O—— —_— :
/
80 P
/
/ Fy /.'
60 -~
- . /
40
20
10t 103 104 103 102

Strain Rate {in./in.fsec.)

Figure 3.3.1.7 Effects of strain rate on tensile yield
sirength (Fyy) at several elevated temperatures (Ref. 29)

Table 3.3.1.8 Tensile properties of conventional
investment-cast integral wheel at 70F and B00F (Ref. 36)

Alloy MAR-M-247
Form Investment-Gast Integral Wheel {Equiaxed)
Condition 1600F 2 br, AC
Temperature Fiy F. e RA
{F) {ksi) {ksi) | {percent) (percent)
70 18 123 4.8 9.5
800 1" 128 4.6 81
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Table 3.3.1.9 Elevated-temperature tensile properties of
directionally solidified alloy in longitudinal [001]
orientation (Ref. 16)
Allgy MAR-M-247
Form Directionally Solidified
Condition 1500F 2 hr, AC
Temperature Fuy Fuo e RA
{F) (ksi) | (ksi) { {percent) | (percent}
1200 108.2 | 1243 6.4 81
1380 1180 | 1360 55 6.5
1560 1216 | 1254 6.9 6.0
Table 3.3.1.10 Tensile dpro_perties_ of single-crystal and directionally
solidified turbine blades in longitudinal and transverse orientations at 75F
and 1400F (Ref. 41)
Aloy © MARM-247
Form Turbine Blades
Condition 2275F 2 tir. + 1B0QF 5 hr. + 1600F 20 hr.
Teml(Jg;ature Crystals Origrtztion (If;i) (lfgf) {pergent) (pe’::enl)
75 Single Long 134 | 140 n2 -
75 Dir. Solid Long 132 154 58 -
75 Single Transverse 123 1B 11 192
75 Dir. Solid | Transverse | 124 27 - -
1400 Single Long 135 154 6.7 -
1400 Dir. Selid Long 140 168 6.0 -
1400 Single Transverse 124 144 87 16.3
1400 Dir. Solid { Transverse 121 136 6.0 -
Code 4218
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Table 3.3.1.11 Tensile pro?erties of single-
SF and 1400F (Ref. 41)

transverse orientation at
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stal ingots in

[} [] B I ]
MAR-M-247, Directionally solidified
1875F 5 hr + 1600F 20 hr
B AT Data From One Test, 1400F Data From  —]
the Average of Two Test
20
g
= 190
=
en
= 1
£ 70
“ 150
_ 130
E
2% 115). 0.2 percent Fyy
= 2 40 7
= AT 4 } i
30 Equiaxed —
5% 20 52 4 |
a 1
fre}

a 750 150 300 Equiaxed

Anple between specimen longitudinal axis ang the
directional solldification growth axis [001}

February 1999

Alloy MAR-M-247
Form Single-Crystal Ingot
Condition 2275F 2 hr. + 1800F 5 hr. + 1600F 20 tr.
Temperature Fy F, e RA
(F} (ksl) (ksi) | f{percent) | (percent)
75 124 132 - 9.8 220
1400 12 137 106 178

1875€ 5 hr + 1600F 20 hr
I = Range of Data

| [0 Elongation

Reduction of Area

MAR-M-247, Direcionally solidified

30 —— Room Temp. 1400F
= e
5“; 25
© 8 I
ga 20
= N M &
2g 15 N —
5= q N
T8 1 A -
oW g s N

0 A U N A

D 7.50150 300 'Equimed

00 7.50 159 300 Eouiaxed

Angle Between Specimen Longitudinal Axis
and Directlonal Solidificalion Growth Axis [D1]
Figure 3.3.1.13 Effects of test specimen orientation with
respect to the growth axis [001] of directional solidification
on tensile elongation and reduction of area (Ref. 3)
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Figure 3.3.1.12 Effects of test specimen orientation
with respect to the growth axis [001] of directional
solidification on tensile ultimate and yield strengths
and elastic modulus at room temperature and 1400F.
Comparable properties of equiaxed specimens are

also shown. (Ref. 3)

T T T T
— MAR-M-247, Conventional Investmenticast
1600F 16 hr, AC
Rupture time:
| O 100 hours
® 1000 hours
100 i
AN
AN
80 A
= Y
£ NG
w 60 N
- N
40 a_ g
\ ~
~
20 I~
“|.. ]
1]
1400 1500 1600 1700 1800 1900
Temperature (F)

Figure 3.4.1. Effect of increasing temperatures
on the stress to cause creep rupture of equiaxed
turbine blades in 100 and 1000 hours (Refs. 1, 42)
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Table 3.4.2 Creep-rupture properties of conventional equiaxed
investment-cast blade/disc rotors at several temperatures and stress
tevels (Ref. 25)
Alloy MAR-M-247
Conventional Investment-Cast Blade/Disc Rotor, Grain-Refined
Form {Grainex) and HIP'ed at 2165F, 25 ksi, 4 hr.
Condition 2165F 2hr + 1600F 20 hr
Tem‘i‘;’;‘“"e s;;if)s Creep Time (hr) to gong. | RA
05% | 10% | 20% | Rupture {percent)
1400 90 250 - - 274.7 1 11
1400 90 125 - - 140.9 10 19
1400 90 183 - - 300.2 15 3.4
1600 55 42 77| 124 2179 76 81
1600 45 309 | 451 628 818 59 75
1600 45 203 | 336 - 7246 6.1 78
1800 25 57 88 14 126.6 5.4 53
1800 22 224 287 | 348 4121 58 - 89
1800 22 139 178 | 214 220.8 4.0 5.3
Table 3.4.3 Creep-rupture properties of conventional investment-
cast integ_ral wheels at 1400F and 1800F (Refs. 36, p 17)
Aloy MAR-M-247
Form Investment-Cast Integral Wheels (Equiaxed)
Condition 1600F 20hr, AC
Temp(ir)mure S(i;:.%s Rupture Tine (hr) (psr‘::rl.gﬁt) (0 e?éa nt)
1400 97.% 1313 5.0 12.4
1800 320 57.1 6.6 5.5
Code 4218
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MAR-M-247, Conventional Investment-cast
(Equiaxed)
Turbine Blades ]
1600F 20hr, AC
180 Max
160
140 Avj.
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|
=
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g 80 Min
=
5
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Figure 3.4.4 Creep-rupture time and prior creep
(elongation at 2 hours prior to rupture) of the alloy

tested at 100.7 ksi and 1400F (Ref. 8)

LIRS T RN LI |

T

MAR-M-247, Canventional investrnent-Cast
{Equiaxed) specimens from mid-chard of a

first-stage turbine blade

1800 F 5 hr + 1600 F 20 hr
|
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Figure 3.4.6 Weibull probability plot of creep-
rupture data from tests conducted at 40 ksi and
1650 F on equiaxed specimens (Ref. 8)
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— MAR-M-247, Conventional tnvestment-cast ——]

(Equiaxed) Turbine Blades
1600F 20hr, AC

|- Heat Form
Source 1
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| Avg Heat Form
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Figure 3.4.5 Comparison of creep-rupture fime
and total creep elongation of two different heats
of the alloy at 15.66 ksi and 1900F (Ref. 8)

MAR-M-247, Single Crystals
2250F 2 hr, Argon Quench + 1500F, 24hr, AC

Mumbers Next to Data Points Indicate
Greep Rupture Lives in Hours

Figure 3.4.7 Effects of crystallographic orientation
of loading direction on creep-rupture life of single
crystals (Refs. 4, 14)
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Table 3.4.8 Creep-
the longitudinal [00
temperatures after solution treatment at two different temperatures (Ref.

41, pp. 37, 38)

i

ture properties of single-crystal furbine blades in
and transverse orientations at three test

Altoy MAR-M-247
Form Single Crystal Turbine Blades
Condition Solution-treated as indicated 2 hr., argon quench, 1800F 5 hr. +
1600F 20 hr.
Temperature (F) Osriﬁamli%nn S:{;?)s %ump;t’;‘:) Elongation RA
Solution Test (percent)

2250 1800 Long 30 126.4 172 436
2275 1800 Lang 30 1134 203 46.7
2275 1800 Transverse 30 1028 251 41.2
2275 1800 Transverse 27 1813 171 46.4
2250 1800 Transverse 27 1488 178 378
225Q 1900 Long 19 168.1 21.4 521
2275 1900 Long 19 206.8 20.0 57.3
2250 1900 Transverse 18 1196 16.6 36.6
2275 1900 Transverse 19 1722 199 455
2275 2000 Long 15 48.3 175 40.2
2275 2000 Transverse 14 78.5 206 40.1

Ni-Base Alloys » NiCo

MAR-M-247
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T 1 ( 1 i 1 i
MAR-M-247 MAR-M-247, Directionally sofidified
- - - Dirgctionally solidfied, longitudinal orfentation 1875F S hr + 1600F 5 hr
2230F 2 hr, argon quench + 1800F 5 hr + 1600F 20 hr i Range of Data
—— Investment cast (squiaxed)
1800F 5 hr + 1600F 20hr
1400F 1800F
400 105 ksl 30 ksi
T
100 f—— 200 [ 1]
g ¥ =~z = 100
2 oo 2 B 1 T
% ® =l 3800 :(P:‘L:“hrw
é \ I L. _2. 40 14 - R S T Y N N A B A
40 - S
\ T~ ‘:. 20w H g Y - U6 S I S [ N )
\ N ]
Rupture Times; 20 - 1300hr S
20 | 1 | ™ W A 0 ri r
42 43 44 45 46 47 a8 43 50
4 A Ag
P =(T= 460)(20 + log 1) x10°3 Equiaxed quiaxed
T = Test temperature, F 1 Elongation
1 = Ruptura time, hr <> Reduction of Area <
70
Figure 3.4.9 Larson-Miller parameter plot comparing stress- E E & B [t
rupture properties of conventional investment cast alloy with 8 § Nl
directionally solidified alloy (Refs. 16, 36 p. 22, 40 p. 598) *f-, = 0
= N
Eﬂ ﬁ 30 - N
&= -
g5 O AR
22 ot T
0 A ﬁ'@ N

0 750150 300 vKuiaxad 0 7.50 150 30° "Equiaxed

Angle Betwean Specimen Longitudinal Axis
and Directional Solidification Growth Axls [001]

MAR-M-247, Directionally sclidified turbine blades, Figure 3.4.10 Effects of directional-solidification grain
longitudinal orientation orientation on creep-rupture properties of the alloy,
2250F 2 hr, argon quench + 1800F 5 br + 1600F 20 hr, AC and comparison with equiaxed alloy at 1400F and
— 0.5% creep F (Ref. 3
weeee 1.0% creep 1800F (Ref. 3)
~—- 2.0% creep
— — Rupture
100 — T <
= & I S LR
E --‘.-_-"‘: ) '\\
E’ o \
2 3
— -~ .
“ w S
N RN
N
b1

36 38 40 LY 44 46 4B 50 82

P=(T= 460) (20 + iogt) x 103
T = Test temperature, F
t = Rupture time, hr
Figure 3.4.11 Larson-Miller parameter plot for various
amounts of creep strain and rupture of directionally
solidified alloy {Ref. 2)
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| ] I ]
| m&}xﬁi};ﬂvﬁgﬁ:&cm (Equiaxed) | MAR-M-247, Investment Cast (Equiaxed)
Al tests at 1600F Solution treated and aged
—&— 60 ksi
—a— B2ksi i
.- 47.6ksi 150 ]
" Y
Z 100
400 & |
1400F
50 ' 100 ksi
E 300 ) 7 ®
Y ~ 4 =
= -7 e
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Figure 3.4.12 Effects of cobalt content on creep-rupture

life and steady-state creep rate at 1600F (Ref. 9) Figure 3.4.13 Effects of cobalt content on creep-rupture

life and steady-state creep rate at 1400F and 1800F (Ref. 9)
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MAR-M-247
Plus § mudified compositions
for possible single-crystal applications.
Turhine blades-single crystal
Heat treatment not known
Note: The relatively high content of
zirconium in the moditied alloys are
probably a result of the use of zirconia
melting crucibles.
Elements MAR-M-247 Modified Alloys
{percent) Range 1 2 3 4 5
Mo 0.50 - 0.80 0.86 0.88 0.89 1.80 .83
W 9.50 - 10.50 10.51 10.40 10.2 10.48 10.62
Ta 2.80 - 3.80 3.61 3.61 3.29 3.54 3.69
T 0.90 - 1.20 1.14 0.97 0.95 0.98 1.15
Cr 8.00 - 8.80 8.89 8.20 8.58 8.06 8.38
Co 9.00 - 11.00 - - 545 - -
A 5.30 - 5.70 5.44 539 5.34 5.40 5.45
C 0.t13-0.17 0.016 0.008 0.007 0.008 0.015
Ht 1.20 -1.60 - 0.59 0.57 - -
i 0.03 - 0.08 027 028 0.24 0.46 0.14
Y - - - - - 0.04
N Bal Bal Bal Bal Bal Bal
Alloy Compositions are Given in Table Above
300
1900F, 19ksi
200
=
:.q:; [~
; 150
=
g 0
100 — 7
50 —-“/ — _—
A7
MAR-M-247 1 2 3 4 5
Figure 3.4.14 Creep-rupture life at 1900F and 19ksi of specimens
machined in the longitudinal orientation [001] from single crystals
of MAR-M-247 and five modified alloys intended for possible
single-crystal application (Ref. 7)
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Table 3.5.1.1 Fatigue strength (axial loading) at 107 cycles of conventional
(equiaxed) investment-cast blade/disc rotors at several temperatures and A
ratios (Ref. 23)

Alloy

MAR-M-247

Form Conventional Investment-Cast Blade/Disc Rotor, Grain Refined
{Grzinex) and HIP"ed at 2165F, 25 ksi, 4 hr.

Condition

2165F 2 hr. + 1600F 20 hr,

Test Temperature
(F)

A Ratio

Fatigue Strength at 10 7
Cydles (ksi)

1100

0.67
0.25

325
29.2
221

1500

0.25

45.0

188

1700

0.67
0.25

366
25.0

137

Note:

A Ratio = glfernating stress
mean stress

alternating stress = max. stress - min. stress

2

Table 3.5.1.2 Fatigue strength (axial loading, longitudinal [001] orientation)
at 107 cycles of directionally solidified test bars at 1600F {Ref. 34) -

Allgy

MAR-M-247

Farm

Directionally Solidified Test Bars

Condition

Solution Treated and Aged

Temperature

{F)

Suriace
Coating

A Fatigue Slgength at

Ratia 19
Cycles (ksi)

1600 RT-21 Aluminide L kL]

Uncoated L) 38

Uncoated 0.95 55

Note:

A Ratio = alternating stress
mean stress

alternating stress = max. stress - Min. stress
2
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[ t
|— MAR-M-247, Directionally sclidified
2250 2 hr + 1800F 5 hr + 1600F 20 hr
| A-095R=002
4
. U&Q
100 | Re-t @\ Smooth, Uncoated
=- . o o) "
80 \' Smoath, Uncoated —
-—— i [ )
50 |——— Notched, Y )
Uncoated T~ __\64\0\
40 0195 472 —:EL“\‘ -
(b =3 U \fﬂ?&"",_,h-m Coated
20 0 251,1_ 60% V-Notch
i Root Rad = 0.00B-inch T
0 : 1
103 104 105 106 107 108
Cycles to Fallure

8 8 K
(=] (=]
Maximum Cyclic Stress (ksi)

[=:]
(=1

Figure 3.5.1.3 Load-controlled high-cycle axial fatigue test results for

directionally solidified alloy, smooth and notched specimens, logitudinal

[001] orientiation, at room temperature (Ref. 2)
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3 ] [
MAR-M-247, Directionally solidified
2250 2 hr + 1800F 5 hr + 1600F 20 hr
- Note: For the Notch Geometry
See Figure 3.5.1.3 =
- A=095.R=002 &
w
100 B
———— Al A o
80 AL L
= . ey, g
= g ~g R g &
g Solid Symbals A Smogth E
E 40} RT-21 Coating —& AN - 60 £
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| i
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Cycles ta Failure

Figure 3.5.14 Load-controlled high-cycle axial-fatigue
test results for directionally solidified alloy, smooth and
notched specimens, logitudinal [001}orientiation, at

1600F (Ref. 2)
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| MAR-M-247, Directionally solidified

2250F 2hr + 1800F 5 hr + 1600F 20 hr

A=095R=0026 —

Estimated Endurance Limits - "_A'—'\
at 107 Cycles ]
R=-1.0
—
— e — N
Note: See Figurs 3.5.1.3 tor Geometry
of Notched Specimens
2 2
5 3 3 gL
g 9.4 B 'g 2 & 5 g
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Figure 3.5.1.5 Estimated endurance limits at 107 cycles from load-controlled axial
fatigue tests, longitudinal [001] specimen orientation (Ref. 2}

i f |
MAR-M-247, Directionally Solidified
"~ 1875 F5hr+1600 F 20hr
Specimens thermally cycled between
[~ 1958F (2min) and 77F {2min) in
AiResearch bumer rig (See Fig 2.3.1.1.2)

250

200
\q.\Each Point Is Average

150 ot IFow Tests

100 \u:i,\"\ RT-21 Coated
|

50 \UncFuateﬂ—
.
Y g

o 750 450 300 " Equiaxed

Cycles to First Crack

Angle Between Specimen Longitudinal Axls
and Directional Salidification Growth Axis [001]
Figure 3.5.2.1 Effects of grain orientation of the
directionally solidified alloy on the thermal-fatigue
life of coated and uncoated notched specimens
(Ref. 3}
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[ I [ 1
| MAR-M-247, As-tnvestment-cast turbine rators (equiaxed) |
Axial
Ki=1
R=-1
Strain Rate, & = 0.00005 infin/sec
Temperature tycling: 930F - 1600F
Foy = 107 ksi at 830F; 94 ksi a1 1600F
- -@- - In-phase cycling
| —O— Out-of-phase cycling —_—
MNote: "In-phase” refers to strain and termperature
|- cycling up and down together, while "out-of-phase” —
pertains to strain cycling upward while temperature
| cycles downwand and vice versa ]

1.0
\ N

0.8 <

Q0
0.8 .\

~

Poe

04

0.2

Totai Cyelie Strain (percent)

0.1

10. 102 103 10 105
Cyclas to Failure
Figure 3.5.2.2 Low-cycle fatigue life as a function of total

cyclic strain (excluding thermal expansion and contraction)
with coordinated strain and temperature cycling (Refs. 28, 29)
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MAR-M-247, As-investment-cast turbine rotors (equiaxed) _ |

|~ Axial

Kt=1

R=-1

Fyy at 830F = 107 ksi

Fyy 2t 1600F = B4kesi

O Strain Rate, £ = 0.00005 inJ/in./sec.

@ Strain Rate, £ = 0.003 inJin/sec.
|- Temperature cycling; 930F - 1600F JR—
Note: Depending upon the strain rangs, cycle
| time varied from 130 to 400 seconds for the Ja——
low strain rate and from 2.5 to 4.0 seconds
| for the higher strain rate ’ —

I
1600F 930F
1 1

1.0 QT.N\

0.8
o ]
0.6 > \o\ ha
o N
~
O

0.4 i

a.2

Total Cyclic Strain (percant)

0.1

10 102 103 104 105
Cycles to Failure
Figure 3.5.2.3 Low-cycle fatigue life as a function of

total cyclic strain at two temperatures and two strain
rates (Refs. 28, 29)
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| MAR-M-247, Coventional investment-cast blade/disc rotors, __ |
Grain-Refined {Grainex) and HiP'ed at 2165F,
25 ksi, 4 hr, Heat tr: 2165F 2 hr +1600F 20 hr
| Axial —]
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R=0
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Figure 3.5.2.4 Low-cycle fatigue life at three elevated
temperatures as a function of total cyclic strain for
investment-cast, grain-refined HiP’ed alloy (Ref. 25)
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MAR-M-247

A=10
B K-! = 1
R=0
60 Hz
1400F
—&— Uncoated

—  Directionally solidified bars
2250F 2 hr, argon quench + 1B0DF 5 hr, AC +
1600F 20 hr, AC

- -0~ - RT-21 aluminide coating
longitudinal specimens

102 103
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104

109

Figure 3.5.2.5 Low-cycle fatigue life under load control
at 1400F for smooth coated and uncoated specimens from

directionally solidified test bars (Ref. 2)
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Figure 3.5.2.6 Low-cycle fatigue under load control at
1400F for notched uncoated specimens from directionally
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MAR-M-247, Directionally solidified bars-
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|- 1600F 20 hr, AC E—
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MAR-M-247, As-investment-cast (equiaxed)

|
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Figure 3.6.2.3 Range of modulus-of-elasticity values
determined by numereous tests on equiaxed castings
at temperatures from 75F to 2000F (Ref. 32)
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MAR-M-247, Directionally solidified stab
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[~ Each point is average of three tests
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Figure 3.6.2.2.1 Modulus of elasticity in longitudinal
[001] grain orientation for test specimens machined
from directionally solidified alloy (Ref. 2)

MAR-M-247, As-investment-cast (aquiaxed}
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Figure 3.6.3.1 Range of modulus-of-rigidity values
determined by numereous tests on equiaxed castings
at temperatures from 75F to 2000F (Ref. 32}



