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[-the unit vector along primary orientation, m-the unit vector along
secondary orientation, 6-the polar angle, ¢-the azimuth angle,
z-the angle between m and line projected from / on horizontal

plane and then projected on the plane normal to /
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Fig.1 Schematic of dependence of Poisson’s ratio on orientation:
(a) definition of primary and secondary orientations in
crystal coordinate system and (b) the relation between

orientations and specimen geometry
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Fig.2 OM images of slabs with two orientations in transverse
section: (a) <001><100> and (b) <011><110>
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Tablel Measured modulusand Poisson’sratio of specimens

with two orientations
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Table 2 Calculated stiffness constants of the used single

crystal superalloy

TIC C1u/GPa C12/GPa Ca4/GPa
20 166.01 64.41 130
100 163.64 63.64 127
200 156.02 58.62 124
300 154.35 59.75 121
400 147.68 55.88 118
500 146.05 57.05 115
600 144.61 58.41 112
700 137.77 54.37 109
800 135.23 55.43 105
900 124.87 49.67 101
1000 116.57 48.17 96.5
1100 106.58 47.78 90.4

. <001><100> <011><110>  <011><110>

e EIGPa GIGPa G/GPa v

20 130 130 50.8 -0.074
100 128 127 50.0 -0.110
200 124 124 48.7 -0.121
300 121 121 47.3 -0.130
400 117 118 45.9 -0.141
500 114 115 44.5 -0.113
600 111 112 431 -0.080
700 107 109 41.7 -0.087
800 103 105 39.9 -0.111
900 96.6 101 37.6 -0.144
1000 88.4 96.5 34.2 -0.171
1100 77.0 90.4 29.4 -0.202

Note: E-Young's modulus, G-shear modulus, v-Poisson’s ratio
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Fig.3 3D distribution maps of Poisson’s ratio of the single
crystal superalloy at 800 C: (a) maximum of Poisson’s

ratio (vimax) @and (b) minimum of Poisson’s ratio ( Vimin)
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Fig.4 Variation of Poisson’s ratio at 800 C in plane with various
primary orientations: (a) primary orientation along <001>,
(b) primary orientation along <011> and (c) primary

orientation along <111>
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<111>; (b) primary orientation along <011>
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Fig.7 Displacement of atom in direction perpendicular to <011>
when tension applied to it; for convenience of reading
pictures (only painted crystal cell on the back left side of
the fcc (1, 2), fcc (3, 4) and in the middle of the fcc (5)
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Fig.8 Schematic of contact surface of tenon of single

crystal superalloy blade
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Anisotropy of Poisson’s Ratio of a Ni-Based Single Crystal Super alloy

Liu Jinlai, Meng Jie, Li Jinguo
(Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

Abstract: The anisotropy of Poisson’s ratio of a single crystal superalloy is essential to understand its mechanical behavior, e.g.
calculating the contact stress between blade tenon and turbine disc. However, it is difficult to determine the Poisson’s ratio of single crystal
superalloy of every orientation. In this research, one simple experimental method was employed to measure the stiffness constants and then
the Poisson’s ratio of different orientations was calculated. The slabs of a third generation single crystal superalloy in two orientations
<001><100> and <011><110> were prepared by seeding technique in Bridgman method. The Young's modulus and shear modulus of the
first specimen and the shear modulus of the second specimen were measured by resonance method from room temperature to 1100 °C. The
three stiffness constants Ci1, Ci2 and Ca4 of this superalloy were calculated from the measured moduli. The Poisson’s ratio in any
orientation can be calculated based on the stiffness constants. Further, the 3D distribution map of maximum and minimum of Poisson’s
ratio of every primary orientation can be drawn, so the distribution feature of Poisson’s ratio in 3D space can be acquired conveniently.
When the primary orientations are along <001> and <111>, the Poisson’s ratio in plane is isotropy with secondary orientation. When the
primary orientation is along <011>, the Poisson’s ratio demonstrates significant anisotropy with secondary orientation, the Poisson’s ratio
reach minimum with secondary orientation <110> with negative value, while maximum is obtained in secondary orientation <100>.

Key words: single crystal superalloy; stiffness constant; anisotropy; Poisson’s ratio; crystal orientation
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