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Test method for CAE simulation material parameters of continuous fiber reinforced polymer matrix composites
LU Zhuo, LI Shuhu, XU Jingli, WANG Ronghui, LI Lin, LIU Yan, SUN Kuiyuan
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : At present, according to the composite parameters, the performance data of most standard measurements are more
suitable for product inspection and quality control, and the scope of application of standards is often not clearly applicable to the
design side, resulting in difficult reference use in Computer Aided Engineering (CAE) analysis and design. In general, in the CAE
simulation process of composites, there are still some problems, such as unclear the needed material parameters, unclear test
methods, and lack of a complete test system. In view of this, the principles of elastic constitutive parameters and strength parameters
of continuous fiber reinforced polymer matrix composites in two forms (laminate and fabric) were introduced, the material parame-
ters required for CAE dynamic and static simulation analysis were defined, and the domestic and foreign test standards for tensile
testing, compression testing and shear testing were compared and analyzed, the deficiencies in the design of various test standards
were pointed out. Finally, a complete set of material parameter testing method for CAE simulation analysis of continuous fiber rein-
forced polymer matrix composites was improved and established on the basis of American standard and international standard, so
that the measured performance data were more suitable for CAE analysis and design.
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Tab.1 Classification of material symmetry and numbers of stiffness coefficients

Material symmetry type Symmetry declaration

Numbers of non-zero coefficients of Numbers of independent coefficients of

compliance matrix flexibility matrix (positive axis)

Triclinic shafting Asymmetry 36 21
Monoclinic shafting A plane of symmetry 20 13
Anisotropy Three planes of symmetry 12 9
Transversal An isotropic plane 12 5
Isotropy - 12 2
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Fhe

%2 Epoxy Carbon Woven (230 GPa) Wet (ANSYS S#{F)
Tab.2 Epoxy Carbon Woven (230 GPa) Wet (ANSYS parameter card)

Property Value

Tensile modulus x direction/Pa 2.3x10"

Tensile modulus y direction/Pa 2.3x10"

Tensile modulus z direction/Pa 2.3x10"
Poisson ratio xy 0.2
Poisson ratio yz 0.4
Poisson ratio xz 0.2

Shear modulus xy/Pa 9.0x10’

Shear modulus yz/Pa 8.2x10°

Shear modulus xz/Pa 9.0x10°

W2 FRITALUE IR A S
A 94, Horp Tensile modulus x/y/z direction 435
R 1/2/3 T3 W] A Fr AR s B 5, Poisson ratio xy/yz/xz
5390k 12/23/13 J7 WIS H , Shear modulus xy/yz/
xz 539 R 12/23/13 J5 ) By DR HE . SR SR 9
/>, Horp Tensile strength x/y/z direction 43 3I{ 03 1/2/
3 77 [ B FE R B, Compressive strength x/y/z direc-
tion 73 5K 1/2/3 J7 [n] 1Y Fe 47 58 B, Shear strength
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%3 Carbon Fiber (230 GPa) Wet (ANSYS Z#F)
Tab.3 Carbon Fiber (230 GPa) Wet (ANSYS parameter card)

Property Value
Density/(g-cm™) 1.451
Tensile modulus x direction/MPa 59 160
Tensile modulus y direction/MPa 59 160
Tensile modulus z direction/MPa 7 500
Poisson ratio xy 0.04
Poisson ratio yz 0.3
Poisson ratio xz 0.3
Shear modulus xy/MPa 17 500
Shear modulus yz/MPa 2700
Shear modulus xz/MPa 2700
Tensile strength x direction/MPa 513
Tensile strength y direction/MPa 513
Tensile strength z direction/MPa 50
Compressive strength x direction/MPa —437
Compressive strength y direction/MPa —437
Compressive strength z direction/MPa -150
Shear strength xy/MPa 120
Shear strength yz/MPa 55
Shear strength xz/MPa 55
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Tab.4 *MAT 59/*MAT_COMPOSITE_FAILURE_SOLID MODEL (LS-DYNA parameter card)

Number Variable Default Number Variable Default Number Variable Default
1 MID 1 15 Al 1 29 YYC 5.55x10°
2 RO 1.2x10° 16 A2 0 30 77C 6.5x10’
3 EA 1.85x10" 17 A3 0 31 XXT 5.55x10°
4 EB 1.85%x10" 18 A\l 0 32 YYT 5.55x10°
5 EC 6.0x10° 19 V2 0 33 77T 3.45%107
6 PRBA 0.25 20 V3 0
7 PRCA 0.33 21 D1 0
8 PRCB 0.33 22 D2 1
9 GAB 0.77x10° 23 D3 0
10 GBC 2.715x10° 24 BETA 0
11 GCA 2.715%10° 25 SBA 7.7%10
12 XP 0 26 SCA 5.43x10°
13 YP 0 27 SCB 5.43x10°
14 7P 0 28 XXC 5.55%10°
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Tab.S5 Material parameters required for dynamic and static CAE simulation of continuous fiber reinforced polymer matrix composites

CAE Method

Material parameters

ANSYS static CAE material parameters
DYNA dynamic CAE material parameters
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Tab. 6 Typical test methods of tensile, shear and compression properties of composites

Test properties American standard/International standard

National standard

Tensile property
Shear property ASTM D5379/D5379M—19

Compression property

ASTM D3039/D3039M—17,1SO 20975-1:2023

ASTM D6641/D6641M—23,1S0 20975-1:2023

GB/T 3354-2014,GB/T 1447-2005

GB/T 3355-2014,GB/T 30970—-2014,GB/T 28889—-2012,
GB/T1450.1-2005,GB/T1450.2-2005

GB/T 1448-2005
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Tab.7 Composites testing mode, testing standards and corresponding material parameters

ANSYS static CAE  DYNA dynamic CAE

Composite type Test mode Test standard Test parameters . .
material parameters material parameters
Unidirectional longitudinal
ASTM D D M-1 E ,u,,
Unidirectional stretching S 3039/D3039 7 kS Bty S E\stty S
composite Unidirectional transverse Eyprty Sy Epottiy: Sy
stretching ASTM D3039/D3039M-17  E,,,u,;,S,, E 1S, AT
Fabric longitudinal stretching ~ ASTM D3039/D3039M—17  E,, 1,5, + 1,5 Eyottgs Sy EypottysSyys
Braided composite o | N ' E, py5585, Ey 08y,
Fabric normal stretching ISO 20975-1:2023 E,, S, Eyt5sSss E.y o ts5Sss
UnidiYCCtifmal In-plane shear ASTM D5379/D5379M—19 G,S, G,:8,,,G 55850 G1355,5G51585,, Gy
composite Out of plane shear 23 G,;,S,, G558, S5
In-plane shear G, 381,5G 558155 38,565,585, Gy
Braided composite P ASTM D5379/D5379M—19 127 G122 8122 Grs Sy G282 Gy oS3y O
Out of plane shear 13 G,.S, G585, Sy
Unidirectional In-plane compression ASTM D6641/D6641M—23 Sen
- . SCII’SC33’SC22 SCII’S(E}’SCZZ
composite Normal compression 1SO 20975-1:2023 Sy
. . In-plane compression ASTM D6641/D6641M—23 Sen
Braided composite . Sens8c2 S Seis8c S
Normal compression 1SO 20975-1:2023 Sess ; ;
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