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Table 1 Elastic stiffness constants of " and y phase

Elastic stiffness constant/GPa

Phase Reference
Cu Cop Cus
y 248 149 125 [20]
y' 223 149 125 [21]

&2 GH4169 RADMRINFEEAMERESH
Table 2 Effective elastic property parameters of GH4169 and

its components

Effective elastic property parameters

Material — — — =
E/GPa  K/GPa  G/GPa v
e 223.00 182.00  86.22 0.295
e 201.10 17370  76.93 0.307
Yoy 20400 173.00  78.50  0.302
GH4169%*" 218.60  180.20  84.20 0.298
GH4169;; 20400 162.80  79.00  0.300

Note: Cal.: the calculated values in this work; Exp.: the experi-

mental values in report
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Table 3 Chemical composition of the experimental GH4169
superalloy (©%0)
Ni Cr Fe Nb+Ta Mo Ti Co Al Si
51.55 19.62 Bal 508 3.03 108 <10 0.58 0.17

7:Ni-Cr-Fe
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5 7-(111)
8
= y-(111)
2
g 7-(200) 7-(220)
- 7'-(200) y-(220)

30 40 50 60 70 80
26(9

K1 GH4169 wif & & X S Lk fiTht &1k

Fig.1 XRD pattern of GH4169 superalloy
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Fig.2 Schematics of four-point bending stress loading: (a) without loading and (b) during loading
F4 MRSl sH
Table 4 Experimental parameters of four-point bending
Parameter H/mm h/mm A/m E/GPa t/mm o/MPa Ay/m
Magnitude 119.43 59.29 31.86 204 2.80 Cal. Mea.
Note: Cal.: the calculated value; Mea.: the measured value
%5 GH4169 M= TN A EE
Table 5 Four-point bending stress measurement of GH4169
Order o/MPa E/GPa h/mm H/mm A/m t/mm Ayi/m
a 218.00 204.00 119.43 59.29 31.86 0.00091 2.80
b 281.00 204.00 119.43 59.29 31.86 0.00117 2.80
c 340.00 204.00 119.43 59.29 31.86 0.00141 2.80
d 434.00 204.00 119.43 59.29 31.86 0.00181 2.80
e 470.00 204.00 119.43 59.29 31.86 0.00196 2.80
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Fig.3 Experimental measurement results for (220) diffraction plane of y phase: (a) =218 MPa, (b) 0=281 MPa, (c) ¢=340 MPa,

(d) 0=434 MPa, (e) 0=470 MPa; (f) the diffraction data fitting of (220) crystal plane
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Measurement and Calculation for Crystal Plane Diffraction
Elastic Constants of GH4169

Chen Qiang®, Ye Yicong®, Zhu Changjun®
(1. Department of Materials Science and Engineering, College of Aerospace Science and Engineering,
National University of Defense Technology, Changsha 410073, China)
(2. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,
Central South University, Changsha 410083, China)

Abstract: According to the micromechanics of composites, the effective elastic respond of Ni-base superalloy was predicted and the

parameters of effective elastic properties of GH4169 as well as its constituent materials namely effective elastic modulus E , effective bulk
modulus K , effective shear modulus G and Possion’s ratio 7, were also theoretically calculated on the bases of macroscopic
stress-strain relationship. Compared with the theoretically calculation and the experimental measurement in article, the results show that
the errors of the theoretical calculated values of GH4169 alloy E=218.60 GPa, K=180.20 GPa, G=84.20 GPa, ©¥=0.0298 and the
experimental values are 7.16%, 10.69%, 6.58%, 0.67%, respectively; the errors of y’ phase theoretical calculated values E=201.10 GPa,
K=173.70 GPa, G=76.93 GPa, 1"=0.307 and the experimental values are 1.42%, 0.40%, 2.00%, 1.66%, respectively, which proves the
accuracy of the theory. Furthermore, the mesomechanical elastic respond of Ni-base superalloy was predicted in theory and the crystal
plane diffraction elastic constants of y-(Ni-Cr-Fe) phase of GH4169 alloy, E»20=233.89 GPa, v220=0.284 were also calculated theoretically
based on mesomechanical stress-strain relationship of Ni-base superalloy under uniaxial loading. Simultaneously, the diffraction elastic
constants of the (220) crystal plane of y-(Ni-Cr-Fe) phase were experimentally measured with the combination of four-point bending to
calibrate the load stress and X-ray diffraction for diffraction strain measurement. Contrasted between the theoretical and experimental, the
results demonstrate that the experimental E»,0=248.00 GPa, v220=0.276 and that difference between the theoretical calculation is 5.69%,
2.90%, respectively, which proves the accuracy of the theoretical model and also provides a theoretical basis for the study of residual stress
measurement by diffraction method as well.
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