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Table 1 Material parameters of 6061 aluminum alloy
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Fig. 5 Stress nephogram with different friction coefficients
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Fig. 9 Force-displacement curve of the top surface of the
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Table 2 Numerical results of models corresponding to different friction coefficients

. . Maximum shear Maximum normal Maximum equivalent Maximum
Friction coefficient . . .
strain strain strain force/N
0.025 0.740 -0.331 0.741 8 899.73
0.050 0.697 —0.263 0.625 9 566.97
0.100 0.651 -0.212 0.553 10 001.50
Relative maximum difference 13.7% 56.1% 34.0% 12.4%
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Table 3 Euler angle of characteristic grains

Grain number @/(°) Q) 2,/(°) Grain number /(%) wl(®) 2,/(°)
1 69.24 167.34 8.61 9 334.93 38.19 29.33
2 44.05 92.39 45.56 10 30.45 127.11 356.19
3 356.63 154.92 76.61 11 59.93 105.73 313.11
4 305.74 23.07 333.37 12 88.45 166.05 33.32
5 45.14 101.42 64.90 13 74.86 154.71 302.25
6 282.88 86.40 282.11 14 76.35 51.48 307.37
7 350.37 146.78 286.51 15 79.65 77.10 351.57
8 49.77 3.76 329.80 16 357.28 56.00 72.22
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with different numbers of elements
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Table 4 Loads of the model with different numbers of elements at different
compression distance and their maximum relative differences

Load/N
Number of elements
1.0 mm 1.4 mm 1.8 mm 2.5 mm
8 026 =7 790.82 -8 180.42 -8 469.96 -8 726.07
14 604 —7487.38 =7 824.37 -8 008.19 -8 157.61
23 835 =7 669.64 -8 038.55 -8 270.62 -8 436.06
Maximum relative difference 4.05% 4.55% 5.77% 6.97%
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Fig. 18 Mises deformation nephogram of the model with two element types
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Fig. 19 Top surface force-displacement curve of SFEJ Mises i 7 - P35 2500 A2 il 24
model with two element types Fig. 20 Average Mises stress-strain curves of the sloped part
of the model with two element types
hJ
3 &%

(1) BBVEARIE /IS, B0 46 83K S 22 ZUK B9 RVE B[] [ 46 8 R0 AF T ok o BEAILIBC ] B9 RVE Ha]
J 45 A5 L 1) 7 {815 oy, 2 S P AR TR 1N B — o R N, AR A (BRI . X R WA AR T I
eI i) 23 A A — 7 R EE B Bl DT X RSB 45 2R s LR

(2) BOAEIFIA T 3 BhAS TR BE 45 2R B0 22 W R BT A RS JE OS2 0 o 45 R, il R 48 22 B 1
% 250 5 A fh A AR X T sl /0, AR vl ] 958 T 2 W S K R A TR R S 23 ) s 446 -5 5 010 A8 AR Uk
ZAN AT 7 AR TR) v JEE I, JBE 45 2R B A ASE 2R 1) AR 3 1 16 D7 1) ) S 455 R D/, T A L A1 23
T 8 L[] 014 s 246 e 10, ) B s 24 2R i 5 0 0 o BO(ERBE LA AR R, R BUEE $ R ROk
0.025 FEAT I REEAT BV AL 4s 1Y I 59 N7 7R o BIOULAA B2 23 A, el T ok 4 e B ) AS ) S5 2 Mises i
FIor AT AN BT, HOXE T BT 04 AL, R R BT 22 A A 2 S BOH R AR (R 25 S A

(3) TEAHIRI BEHE AR AF T, 23 v 18] s B0 K I T8 ok 8 H CRUSE) T b 8 H i s 2 B e 4 H
PIRREOL, FFIHE T TR HUE ST R IR0 . 45 R R A2 TR H 852 1 00, ki & 3 39 m

024203-9



i34 % = JE Ll i 2% Eitd 2

PRI (1B 1A dikE) , SUE SR IR B A 22 555 10 [ Aok B H L b2 B 0 H
I, H T BRI RO 1 A8 Ak S BOR [R] 2SR | A [ 7 8 1) foRE T R AT i 22 e, foRs 8] F9 AH B4 F o 0 22
5, DNTITXTEESE R A2 T — S8R0 o AN [R] BT B T 45 SRR W, ZS TR T Y 28 T AR B R T 1Y
AT PAS BTG, T B80R JEE BTy o A [R) e 20 4 N T A B SO R i 75 s g L DY AR BTN (E R TR] 45

ﬁo

75 R AS , AT 0k B TR F A X A A D TRT AR B T 22 R 0L i ] R AT LA

S22 3

(1]

(3]

(6]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

AR, MIT R, SRS MAR B AR OB AU R R (0], P P TR, 1997, 8(4): 27-30, 118.

DONG X H, NAKAMACHI E. Application of crystal plastic model in computer simulation of sheet metal forming [J]. China
Mechanical Engineering, 1997, 8(4): 27-30, 118.

XUUERE, J7 R, B4 5. BT A RSB BN B AT BRI [J]. 284 T Re=#41, 2006, 13(2): 1-8, 28.

LIU H J, FANG G, ZENG P. Numerical simulation of large deformation based on the theory of crystal plasticity [J]. Journal of
Plastic Engineering, 2006, 13(2): 1-8, 28.

PR, SR, B, R I R 1 R O 22 FROTBUBT S (1], DU AR 24, 2006, 42(3): 15-21.

PIH C,HAN J T, XUE Y D. Progress in finite element simulation of metal plasticity forming with crystal plasticity [J]. Journal
of Mechanical Engineering, 2006, 42(3): 15-21.

A 3. FCC 4R V3 I T2 i A2 i S A AT BROTARY [D]. T BH: RAER2:, 2009,

SI L Y. Finite element simulation of crystal plasticity in FCC metal cold working texture evolution [D]. Shenyang: Northeastern
University, 2009.

AR, X, B 2T Voronoi Kl SRS MEA FRITZL S LAEMR [T, #8510 422430, 2009, 8(3): 193197, 216.
SIL Y, DENG G Y, LU C. Crystal plastic finite element polycrystalline geometry modeling based on Voronoi diagram [J].
Journal of Materials and Metallurgy, 2009, 8(3): 193-197, 216.

TR, FHIHIME. O SRR R AL R (7], SRR, 2011(3): 16-19.

ZHANG F G, DONG X H. Microplastic forming simulates material microscopic modeling [J]. Mould Technology, 2011(3):
16-19.

FBIC, RPAK, 5. FET Hopkinson JEATHY BN EBT I A INE SIS [J]. J1222#4H, 2012, 44(1): 124-131.

ZHENG W, XU S L, CAI C. Experimental study on dynamic compression shear composite loading based on Hopkinson
compression bar [J]. Journal of Mechanics, 2012, 44(1): 124-131.

B, TRAAR, Eil2R. LR A s RS B & ARt gT (7). R F2244), 2014, 35(2): 115-123.

ZHANG C, XU S L, WANG D R. Experimental study on dynamic and static compressor-shear composite loading of granite [J].
Journal of Solid Mechanics, 2014, 35(2): 115-123.

A, 2, KA. PFLIGIRERER S IR BT TERERTFE (0], W IR B4R, 2018, 32(3): 52-59.

LI XY, LI Z B, ZHANG D. Study on quasi-static compressive shear properties of aluminum foam with closed-cell [J]. Journal
of High Pressure Physics, 2018, 32(3): 52-59.

RITTEL D, LEE S, RAVICHANDRAN G. A Shear-compression specimen for large strain testing [J]. Experimental Mechanics,
2002, 42(1): 58-64.

RITTEL D, RAVICHANDRAN G, LEE S. Large strain constitutive behavior of OFHC copper over a wide range of strain rates
using the shear compression specimen [J]. Mechanics of Materials, 2002, 34(10): 627-642.

DOROGOY A, RITTEL D. A numerical study of the applicability of the shear compression specimen to parabolic hardening
materials [J]. Experimental Mechanics, 2006, 46(3): 355-366.

DOROGOY A, RITTEL D. Numerical validation of the shear compression specimen. Part Il : dynamic large strain testing [J].
Experimental Mechanics, 2005, 45(2): 178-185.

DOROGOY A, RITTEL D. Numerical validation of the shear compression specimen. Part I: quasi-static large strain testing [J].
Experimental Mechanics, 2005, 45(2): 167-177.

DOROGOY A, RITTEL D, GODINGER A. Modification of the shear-compression specimen for large strain testing [J].
Experimental Mechanics, 2015, 55(9): 1627-1639.

024203-10


http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.1007/BF02411052
http://dx.doi.org/10.1016/S0167-6636(02)00164-3
http://dx.doi.org/10.1007/s11340-006-6414-8
http://dx.doi.org/10.1007/BF02428191
http://dx.doi.org/10.1007/BF02428190
http://dx.doi.org/10.1007/s11340-015-0057-6
http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3969/j.issn.1007-2012.2006.02.001
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.3321/j.issn:0577-6686.2006.03.003
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.11858/gywlxb.20170655
http://dx.doi.org/10.1007/BF02411052
http://dx.doi.org/10.1016/S0167-6636(02)00164-3
http://dx.doi.org/10.1007/s11340-006-6414-8
http://dx.doi.org/10.1007/BF02428191
http://dx.doi.org/10.1007/BF02428190
http://dx.doi.org/10.1007/s11340-015-0057-6

%3446 B A Z2 R TR BT S oA IRt 52

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

VURAL M, MOLINARI A, BHATTACHARYYA N. Analysis of slot orientation in shear-compression specimen (SCS) [J].
Experimental Mechanics, 2010, 51(3): 263-273.

ZHAO J, KNAUSS W G, RAVICHANDRAN G. A new shear-compression-specimen for determining quasistatic and dynamic
polymer properties [J]. Experimental Mechanics, 2008, 49(3): 427-436.

PIERCE D, ASARO R J, NEEDLEMAN A. Material rate sensitivity and localized deformation in crystalline solids [J]. Acta
Metall, 1983, 31(12): 1951-1976.

ASARO R J, NEEDLEMAN A. Overview No. 42 texture development and strain hardening in rate dependent polycrystals [J].
Acta Metallurgica, 1985, 33(6): 923-953.

HUANG Y. A user-material subroutine incorporating single crystal plasticity in the ABAQUS finite element program: MECH
178 [R]. Harvard University, 1991.

TEIE%E, A0 4032 G R ET B AT AT ) RIB AL (1] BRIETTIR4E, 2013, 33(2): 1-5, 8.

WANG G J, SUN Q. Deformation behavior and deformation texture of hot extruded 4032 alloy bar [J]. Heilongjiang
Metallurgy, 2013, 33(2): 1-5, 8.

HUANG S Y, ZHANG S R, LI D Y. Simulation of texture evolution during plastic deformation of FCC, BCC and HCP
structured crystals with crystal plasticity based finite element method [J]. Transactions of Nonferrous Metals Society of China,
2011, 21(8): 1817-1825.

VAT, AT, EIGENS. A = s R AE S R A SR A BROTAANL [J]. 15302244k, 2018, 36(2): 233-239.

XIN C, ZHAO D, YAN X P. 3D modeling microstructure and crystal plasticity finite element simulation [J]. Journal of
Computational Mechanics, 2018, 36(2): 233-239.

FERE, F 5%, AR FIH] ABAQUS BELUR [FIBAS T 4 @ YTHIL A2 (1], LA TAR 5 A 3k, 2018(2): 93-94.

QI K, YAN H, CHEN X Y. Metal cutting processes in different modes are simulated by ABAQUS [J]. Mechanical Engineering
and Automation, 2018(2): 93-94.

Finite Element Calculation of Polycrystalline Shear-Compression
Specimens with Static Loading

ZHAO Weiye'**, ZHAO Dan'*?, LU Pin'*?, JIN Tao'*?, MA Shengguo'**

(1. Institute of Applied Mechanics, School of Mechanical and Vehicle Engineering,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2. Shanxi Key Laboratory of Material Strength & Structural Impact, Taiyuan 030024, Shanxi, China;
3. Taiyuan University of Technology Mechanics National Experimental Teaching Demonstration Center,

Taiyuan 030024, Shanxi, China)

Abstract: The effect of crystal texture on the numerical results was studied based on the theory of crystal

plasticity, and the polycrystalline compression shear sample (SCS) model with texture was established. The

influence of micro-grain on the macroscopic mechanical properties in the process of finite deformation under

static loading condition was studied in terms of material and sample structure. Because of the particularity of

model geometry, the stress, strain and deformation characteristics of skewed slot were computed.

Considering the effect of friction on the specimen during compression, the influence of friction coefficients

on the deformation process was analyzed numerically. The influences of grain number, element number and

element type on the mechanical properties of polycrystalline compression shear model under the same

friction coefficient were calculated. The stress states of grain with different orientations in key parts of the

specimen were also studied.

Keywords: polycrystalline; crystal texture; crystal plasticity; shear-compression; friction coefficient
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