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Abstract: A calculation mode] @mal deformation and thermal stress of orthotropic lowas established u-
0

sing Element-free Galerkin -%w\ OEFG) and the discreted governing equation for t

coefficient factors and primary and secondary Poisson’s ratio fact
effects of off-angle and the above orthotropic material factors

stress were discussed, and the reasonable ranges of these
lected to analyze the thermal deformation and therma

model and compared with isotropic materials. The

PN

»tmethod was deduced. The reliability of present mo dprograms have been verified

&4nalyzed using the calculation model. The

thermal deformation displacement and Mises

a@&t rs were provided. A group of parameters were se-

of orthotropic material by using the proposed calculation

%
s show that the calculation accuracy of total thermal deform-

ation displacement and Mises stress based on EFG method is higher than the finite element method. The off-angle
affects both magnitude and direction of total thermal deformation displacement and Mises stress, while orthotropic
factors only affect the magnitude of total thermal deformation displacement and the Mises stress without affecting di-

rection. Reasonable selection of off-angle and orthotropic material factors can effectively reduce the thermal deforma-
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tion and thermal stress during the design of composite materials.
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Fig. 8 Comparison of total thermal deformation displacement by EFG, FEM and reference solutions

at nodes along the path AB(Fig. 2) of turbine impeller
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Comparison of Mises stress by EFG, FE%
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Table 3 CPU time comparison for the %M s of

turbine impeller between EFW

P, CPU time/s Q«%\{ :
FEM QA EFG
0.2 1.7 N 3.4
0.5 1.6 3.4
2 1.7 3.5
5 2.1 3.4

Note: P, —Thermal expansion coefficient factors.
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Table 4 Comparison of EFG solutions, FEM solutions and reference solutions of total thermal deformation displacement

and Mises stress of turbine impeller C, D and E points(Fig. 5(a)) under different off-angles

Off-angles Contrastive Total Thermal Deformation displacement/mm Mises stress/MPa
6/(" items C D E C D E
EFG 1. 4253 1.9201 0. 82530 2. 2623 2.1204 28. 3124
0 FEM 1. 4256 1.9192 0. 82575 0. 5240 1. 2165 21. 4531
Ref 1. 4253 1. 9206 0. 82507 2. 9940 0. 7868 39. 6957
EFG 1. 4274 1. 9407 @628 2.5776 1. 8708 15. 8436
15 FEM 1. 4246 1. 9330 @ 79602 1. 7024 0. 2396 11. 9260
Ref 1. 4276 1. 9417 ;@O 0. 79625 3. 8097 0.5203 22. 4415
EFG 1. 4955 2. 115 0. 76558 0.5834 1.1633 69. 8705
30 FEM 1. 4858 2, 39 0.76414 1. 8164 0. 2708 56. 9044
Ref 1. 4964 /r@? 0. 76604 1. 0581 0. 2538 94. 7827
EFG 1.5240 \IP 1772 0. 69104 1. 3660 0. 5330 76. 6056
60 FEM 1.5161 @@ 2. 1604 0. 68954 0. 8230 0.5932 72.1756
Ref L5247~ 2.1781 0. 69186 2. 6856 0. 1154 97.3934
EFG éﬁ%@,) 1. 9585 0. 65131 1.° 0. 2209 41.7893
75 FEM N 1. 9549 0. 65058 0. 0.5418 35. 8302
Ref AN T4068 1. 9586 0. 65158 QQY) 7183 0.1872 53. 3952
SN S
\\ Z
\\
L
Ulm !
0.0016
X 0.0015
Mises stress/Pa 0.0014 Mises stress/Pa
1.3E+07 0.0013 1.3E+07
1.2E+07 0.0012 1.2E+07
1.1E+07 0.0011 1.1E+07
1E+07 0.001 — 1E+07
9E+06 0.0009 9E+06
8E+06 0.0008 8E+06
TE+06 0.0007 7TE+06
6E+06 0.0006 6E+06
SE+06 0.0005 SE+06
4E+06 0.0004 4E+06
3E+06 0.0003 3E+06
2E+06 0.0002 2E+06
1E+06 0.0001 1E+06

(a) Isotropic material
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Fig. 10 Comparison of total thermal deformation displaceme
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