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mation of single crystals
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Fig. 2 Meshing and boundary conditions of the uniaxial tension
FEM model
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Table 1 Material parameters of pure aluminium*” and aluminium single crystal

Material Cu/GPa C1o/GPa Cu/GPa  m #/st  ho/MPa keo/MPa ksso/MPa  m’ Bofs?
Pure Al 108.2 61.3 258 001 1.0 58.48  27.17 61.8 0.005 5x10%
Single crystal Al 108.2 61.3 28.5 001 1x10° 284 3.7 37.8 5x10*  5x10%°
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nomenological constitutive model: (a) true stress-true strain

curves and (b) true stress difference of two models
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Fig.5 Mises stress contour and deformation predicted by different

models of pure aluminium after uniaxial tension: (a) poly-

crystal plasticity model and (b) phenomenological model
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Fig.6 XY shearing strain contour predicted by different models
of pure aluminium after uniaxial tension: (a) polycrystal
plasticity model and (b) phenomenological model
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model and (b) phenomenological model
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Fig.9 Mises stress contour and deformation predicted by different
models of a single crystal aluminium after uniaxial tension:

(a) crystal plasticity model and (b) phenomenological model
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(a) polycrystal plasticity model and (b) phenomenolo-
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S M
(Average: 75%)

4287 0ee1
i Nieew
11985 01

Bl11 B SR B h i 45 Mises 82743 A =
Fig.11 Mises stress distribution contour of a single crystal alu-

minium after uniaxial tension and unloading: (a) polycrystal

plasticity model and (b) phenomenological model
11b), Xk — 0 YW ROW G5 A X B2 ) RIRE e, B A
WA R 5 NIRRT A %, BEERBRZERN
LD | P P A S RN B I NP G S A 7114
TN T IX o AR 528 T8 7 AR 1) AR 24 20 o0 B o B
DI Jm e B . il W VE A 57 0 B PR AR, FE &
J& BT Y rh 2 7 TR A RST R 24 59 A8 Ak i H-
i, KAy,

4 #

1) KA RBITIETHHE T 2045 5 55 80 1 5 1
PLAFE A . 78RR B BUEE T A2 A BE 5K B i Bk afeik
I3 FPR TR 20 R TR A A R R R T AR T 4 K R R S A vk
G FARRR) 02 Bl B VR A R TR o N g - AR i 2R )
TR REARY) &

2) difB R R R, MV AR 25.5%
CERUAETT 46D, 2 RS R0 AR 3 8 77 - 0B A% i 26 0
s ZE R, FON A2 K AE IR ) 61 MPa. B iR AL
R, BN I 3590, 2 LAY TR 1
FNA7-FNAR T aR 7 AR R, BN I E RN
24 MPa.

3) KT AT B L oK B 5 B SRR R I 2
s A S P A R TR T DA TN < Je ARk 9 % A BR AR T
Hh AR LR 1) 5 e d A LA R WL ke A I8 73 5 A o

S8 3k
[1] Lee E H. ASME J Appl Mech[J], 1969, 36: 1
[2] Jia N, Raabe D, Zhao X. Acta Materialia[J], 2016, 111(1): 116

References

[3] Wu Yurui, Shen Yao, Wu Peidong et al. International Journal
of Solids and Structures[J], 2016, 96(1): 265

[4] Jia N, Roters F, Eisenlohr P. Acta Materialia[J], 2013, 61:
4591

[5] Eidel B. Acta Materialia[J], 2011, 59: 1761

[6] Zhu Youli(%k & #), Kang Yonglin( 7k #&), Ding Huadong( ]
4£7R) et al. Journal of Armored Force Engineering Institute
(G Y Fe TR 24 B 241 [3], 2003, 17(1): 5

[7] Jung K H, Kim D K, Im Y T et al. Materials Transactions[J],
2013, 54(5): 769

[8] Marin E B, Dawson P R. Comput Methods Appl Mech Eng[J],



3766

WA ERMES TR

46 %

1998, 165: 1
[9] Marin E B. On the Formulation of a Crystal Plastic Model[R].
Lawrence Livermore, CA: Sandia National Laboratories, 2006
[10] Meyers M A, Vohringer O, Kad B K et al. Material Science
and Engineering A[J], 2002, 322: 194
[11] Hutchinson J W. Proc R Soc Lond A[J], 1976, 348: 101
[12] Kothri M, Anand L. J Mech Phys Solids[J], 1998, 46: 51
[13] Mechking H, Cocks U F. Acta Materialia[J], 1981, 29: 1865

[J], 1989, 5(1): 67

[18] Wang Zhigiang(7F. H 5#), Zhu Duanping(#i Bt°F). Plastic Meso-
scopic Mechanics(28 P41 % 77 % )[M]. Beijing: Science Press,
1995

[19] Kim D K, Kim J M, Park W W et al. Computational
Materials Science[J], 2015, 100: 52

[20] Teplyakova L A, Beshpalova | V, Lychangin D V. Physical
Mesomechanics[J], 2009(3-4): 166

[14] Follasbe P S, Kocks U F. Acta Materialia [J], 1988, 36: 81 [21] Dixit N, Xie K'Y, Hemker K J et al. Acta Materialia[J], 2015,
[15] Dassult Simulia Inc. Abaqus Aralysis User’s Manual[M]. 87: 56

Rhode Island: Abaqus Software, 2013
[16] Li H W, Yang H. Computational Materials Science[J], 2012,

54: 255

[17] Mathur K K, Dawson P R. International Journal of Plasticity

Analysis and Comparison of Finite Deformation of Pure Aluminium
and Single Crystal Aluminium Based on Polycrystal Plasticity
and Phenomenological Constitutive Models

Hou Shuai, Zhu Youli, Wang Yanli, Sun Hanxiao
(Academy of Armored Force Engineering, Beijing 100072, China)

Abstract: Polycrystal plasticity model can reflect the material’s microstructure and various mechanical response, but it is too complicated
for great computation. The phenomenological elastoplastic constitutive model is relatively simple, as yet phenomenological elastoplastic
constitutive model under the condition of large deformation will cause difference based on the additive decomposition of deformation rate
tensor. In this paper, the uniaxial tensile test process of pure aluminium and single crystal aluminium were calculated based on the
polycrystal plasticity finite deformation elastoplastic finite element method (CPFEM) and phenomenological elastoplastic constitutive
model, and the differences of two models was compared. The results show that the true stress-true strain curves of pure aluminium
calculated by the two models are different when true strain exceeds 25.5%, and the difference increases with increasing of strain.
Polycrystal plasticity model reflects the anisotropy of deformation, texture and residual stress during large deformation of pure aluminium
and single crystal aluminium.
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Corresponding author: Zhu Youli, Ph. D., Professor, Faculty of Equipment Maintenance and Remanufacturing Engineering, Academy of

Armored Force Engineering, Beijing 100072, P. R. China, Tel: 0086-10-66717168, E-mail: zhuyl2011@sina.com


http://21.156.240.108/kcms/detail/%20%20%20%20%20%20%20%20%20%20%20%20search.aspx?dbcode=CJFQ&sfield=kw&skey=large+deformation

