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ABSTRACT

The Study on FEM Simulation of CFRP Laminate Plate

through Material Properties Prediction Simulation

By Kim, Ho—Joong
Advisor : Prof. Kim, Ji—Hoon, Ph. D.
Dept. Advanced Parts & Materials Engineering.

Graduate School of Chosun University.

CFRP are widely employed in various applications, due to their high specific
stiffness and specific strength compared to other solid metal. Lately, for that
reason, the advanced composite are employed in aircraft and wind power
blade and automobile, etc : materials should be as light as possible with the
highest attainable performance. Previous studies have evaluated the basic
physical properties of CFRP using GENOA. In this study, different stacking
angle CFRP to predict the strength and stiffness. Material properties obtained
from previous study through real test. Compare the simulation results with
experimental results, the reliability was evaluated.

Tensile test specimens were made for ASTM D3039 / D3039-00.
[+0° /=0° 110 specimen size is 15X250X1.2mm (Width X Length X Thickness)

And [+15° /=15" lio, [+45° /=45" ]10, [+90° /=90° lio, [0° /90" lio,
[90° /0" ]io size were 25X250X2.5mm. Tensile test was performed at
displacement control on 2mm/min until fracture. Bending test specimens were
made for ASTM D790. Test specimen size is 40X 180X 2mm. Stacking angle
is same as tensile specimen. 3 point Bending testing machine was made for
ASTM D790 and KS standard. The Supports's diameter was made in 30mm.

Because of slip, The supports was fixed for degree of freedom. Support

— VIII —
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span is 120mm. And the loading nose was placed in center on specimen. The
supports and the loading nose were installed between actuator and loadcell on
UTM. And then Bending test was performed by the loading nose on
5mm/min.

Predicted material properties was performed by Ansys in universal
simulation. It was compared with real tensile test results and bending test
results. Except the non-—linear data, for all experimental conditions showed
that the strength and stiffness value was saw in approximation. In the study,
followed by GENOA with CFRP laminated Lamina properties prediction and
interpretation method for the angle specific reliable. Accordingly, material
properties prediction though GENOA for the previous study and analysis

method was reliable.
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3, B3R A AL (F) YA Nexcoms) ©ll
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5 = AR e HRAse] AU
2+ 39 A3 (Vacuum Bag Molding), #5% A% (Compression Molding), ZE
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Photo. 1 Autoclave for State of Vacuum Environment
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Fig. 5 Autoclave Vacuum Stacking Method of Composite (a) /

Thermostat cure cycle for CFRP Laminate (b)
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Table. 1 Bending Specimen of Definition of a Term (Prepreg Sheet)

Carbon/Epoxy Prepreg Sheet

Collection @ chosun

Thickness Fiber Areal Wt Resin
(mm) (g/m?) Content (%)
0.125 125 73

CU125NS
R/C Scrim Wt Total Wt
(%) (g/m?) (g/m?)
*£37 34 232
C U112

NS
\; NS: No Scrim

125: Fiber Areal weight (g/m?)

U: Unidirectional Type

C: Carbon Fiber



Table. 2 Tensile Specimen of Definition of a Term (Prepreg Sheet)

Carbon/Epoxy Prepreg Sheet
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. Fiber )
Thickness Total Wt ArealWt Resin
. rea
(mm) (g/m?) ) Content (%)
(g/m”)
USN125A 0.125 195 125 36
U S N 12

=

A: Scrim Type (36%)
125: Fiber Areal weight (g/m?)

N: No Scrim

St HS Carbon Fiber (24T)

U: Unidirectional (UD) Type




Table. 3 Definition of a Term (Stacking method)
[A° /B° In

L N : 7} Prepreg® A3 /M
B : Prepreg? A% 7%

S A

A : Prepreg? A% 7%

= =
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(a) Specimen of Tensile test

(b) Specimen of Bending Test

Photo. 2 Sample Specimen
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Fig. 7 Specimen of Tensile Test(a) and Bending Test(b)
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Photo. 4 Strain—meter 6200
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Test
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(KTM Engineering,
Model : strainsmart 6200

Universal Testing Machine
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Personal Computer
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Displacement
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Stress-Strain Curve
Load-Displacement Curve

Fig. 8 Diagram of Measurement System
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Al 3 A Simulation

1. FE Modeling

CFRP <17, 3 A% 2 FEA(Finite—Element Analysis)el A2 Model®] 3D
CAD Modeling Dassault System CATIA V5 R18 *VZ o|gal9ly, Wg fota
2eA =273 ANSYS Workbench™ & o] g-ato] a)4& agich #44 “JejolA
oAl = Aol o] Fo)AY] wEel 7244l e 918 ANSYS Workbench &
gl Analysis systems® Static Structural& ©]&3%F3th  Analysis Processi
Engineering dataclAl A zel oigt A% 98, Geometryelxd I kS
Importdte], Model®} Setup®lA] Meshing, Contact ¥ 3}% 37, Solution¥} Result
|4 Deformation, Stress, Strain 52| Output Datas &3 = 9t} A 2y}
TdatA 1, W APgH] A7)l wel A4dsk 3D CAD Surface Model stp¥}
A2 W3kstel ANSYS Workbench® Geometryoll4l ImportAlZl & Surface’dH 2
AJHPAS 1 X 1mm 7] (Mesh size: 1mm, Mesh type: Quad only) % 4712 AH
S Zt= Element® AAASITE Fig. 904 <13 #3 Modele] ©h3F Mesh
Modeling& Webdth. Zela AsgAdFel GENOA™ES %8 o< CFRPY
Laminate®] th3dt Material Propertiese] 7]%3te] ANSYS®| Engineering Data®ll
7 A4 24AE dYsidith @ AEe] did oA A el thst Material
Properties% Density, Orthotropic Secant Coefficient of Thermal Expansion,
Orthotropic Elasticity, Orthotropic Strain Limits, Orthotropic Stress Limits,
Tsai—Wu Constans 52 Y33 th. GeometryellAsl Model®] Properties®l+=
Lamina® 78 A32HS g3tk Modeling 24 ©] %] Component System
¢} ACP(Pre) 223} ACP(Post) RHS o]&sto] AT HF57wel 255
et Layers AAsTh vhFo® A APy 4 21S Folshr] f&# sks

0% AAxAE dYsdn AA Aol AEHIA A= AFH FFd 7
of ¥zslo] Strainghe =937 Wil Simulationol %= 7+ A€ Modeling 2]
A5 91A % Element® Stress®} Strainghg WH9vlch %X ST
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(a)Meshing of Tensile Modeling

(b)Meshing Process of Bending Modeling
Fig. 9 FEA Modeling in Ansys Workbench
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2. Material Properties

2 Ade] AFEE CFRPE& oW 5AE& 7FA2 8le] ANSYS Workbench?]

Composite material (Orthotropic Material) 8] Properties of Outline row?] A%

rlr

g9l Density, Orthotropic Secant Coefficient of Thermal Expansion,
Orthotropic Elasticity, Orthotropic Strain Limits, Orthotropic Stress Limits,
Tsai—-Wu Constans & ©°]|d A4 GENOAE 3l Reconstruction
Simulation Data®ll 7]%3}Fo] Material Properties® 83t xR o=
[+0° /=0" 110 AlHE B4 g oJAlE Table. 5o YEMTLE 2 AF-ollA] AFE-sH
Orthotropic Material 2ol tfal of] AAHAE o] &3te] ANSYSe| A -g3sh3ith
Engineering ©A152] #& ZAAtsl7] & AF8¥ Outlines Table. 4014 A A8}

31 9Jt}. Orthotropic Material® 7| % ol2a1& t}&y} g} 2

o= D% (1)

where:

o = Stress vector = (output as S)

D = Elasticity or elastic stiffness matrix or stress—strain matrix
el

th . .
e = g—¢& = elastic strain vector

. T
(e = Total strain vector = [gxgygzsxysyzsm] )

(e'™ = Thermal strain vector)
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Fig. 10 Stress Vector Definition
Equation 2-1 may also be inverted to:
e=e"+D %o (2)
For the 3—D case, the thermal strain vector is:
"= AT o 020 0 0] (3)

where:

o = secant coefficient of thermal expansion in the x direction
ﬂT = T - Tref
(T = current temperature at the point in question

(Tref = reference (strain—free) temperature

Collection @ chosun



The flexibility or compliance matrix, [D] ' is:

TV 1 TV,
- 0 0 0
y Ey Ey
Ve TV 2 0 0 0
_ E E E
D t=| B , (4)
0 0 0 G—xy 0 0
0 0 0 0 L 0
Gyz
0 0 0 0 0 L
GIZ,
where typical terms are:
E«x = Young's modulus in the x direction
V«y = Major Poisson's ratio
Vyx = Minor Poisson's ratio
Gxy = Shear modulus in the xy plane
Also, the [D]™ ! matrix is presumed to be symmetric, so that:
v v
yr Ty
= 5
5 E (5)
= 6
EZ EI
Vy Vi
= — 7
a) (7)
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Expanding Equation 2-2 with Equation 2-3 through Equation 2-7 and

writing out the six equations explicitly,

Oy VpOy VO,
g, = NI+ —————
VpOp Oy V0,
Sy:ayAT‘f— E +E_ E
x Y Y
VpOy Vyzay 0,
e, = OzZA T+ e f
E, Ey i
ny
8 pu—
_ %y
gyz —
Yz
. O-IZ
Err — G

where typical terms are:
ey = direct strain in the x direction
o0« = direct stress in the x direction

shear strain in the x—y plane

€ xy

0xy = shear stress on the x—y plane
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(9)

(10)

(11)

(12)

(13)



Table. 4 Outline the experimental tests used to calculate values for the

engineering elastic constants.

Property Description
Through thickness Youngs Modulus
Not measured directly. Can be Calculated from
E11 Vig Uy i ) }
——= —— to Ensure a consistent stiffness matrix, or can be
E, Ey,
estimated from inverse flyer plate tests.
In—plane Youngs Modulus.
E22 . )
calculated from O° tension test.
In—plane Youngs Modulus
E33 . .
calculated from 90" tension test.
In—plane Poisson ‘s ratio
v 23 calculated from 0O° tension tests in which strain gauges applied
in 22&33 directions.
Out—of—plane Poisson ‘s ratio
y 31 calculated from 90° tension tests in which strain gauges applied
in 11&33 directions.
Out—of—plane Poisson ‘s ratio
Vig Vor .
Often unknown, can be calculated from —=— 1if v21
v12 Ey, Ey
calculated from 0° tension tests in which strain gauges applied
in 11&22 directions and E11 known or estimated.
693 In—Plane shear modulus
Average of that calculated from 45° tensile tests using below.
G12 Out—of—plane shear modulus
Average of that calculated from short beam shear tests.
Out—of—plane shear modulus
G31
As G12 above.
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Table. 5 Material Property of [+0° /=0° ]10 CFRP Lamination

Property Value Unit
Density 1.49E-06 | kg.mm®
Orthotropic Elasticity
Young's Modulus x Direction 123,400 MPa
Young's Modulus y Direction 7,939 MPa
Young's Modulus z Direction 7,939 MPa
Possion's Ratio xy 0.34 N/A
Possion's Ratio yz 0.4 N/A
Possion's Ratio zx 0.34 N/A
Shear Modulus xy 6,230 MPa
Shear Modulus yz 2,992 MPa
Shear Modulus zx 6,293 MPa
Orthotropic Stress Limits
Tensile x Direction 1,804 MPa
Tensile y Direction 25 MPa
Tensile z Direction 25 MPa
Compressive x Direction —529 MPa
Compressive y Direction —-171 MPa
Compressive z Direction —-171 MPa
Shear xy 86 MPa
Shear yz 50 MPa
Shear zx 86 MPa
Orthotropic Strain Limits
Tensile x Direction 0.0147 N/A
Tensile y Direction 0.003448 N/A
Tensile z Direction 0.003448 N/A
Compressive x Direction —0.00428 N/A
Compressive y Direction —0.0306 N/A
Compressive z Direction —0.0306 N/A
Shear xy 0.0466 N/A
Shear yz 0.04 N/A
Shear zx 0.0466 N/A
Tsai—Wu Constants

Coupling Coefficient xy -1

Coupling Coefficient yz -1

Coupling Coefficient zx -1
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3. Load—Constrain Condition

TS A7 ¥ PRS2 g4olA ¥EF 1
g dolgtE 2] Elements
< AEE TEART TS AlPE AT B 5 do|whE g
AREE TEA7IAL, ¥ AolRtE e Elemente] 2mm/min®] W&
Aojed = A=F st AR iAol dhsh 5212 Fig. 11 YEH
AA Aol AEGRIA A F2F L7 AgR] AFgol7] Wil AldE e
o] 7}&dl A1 9] Element? Strain¥} Stress& o] 125 At
w3 AlEdolAoA AdHY AFHE XAt e 2719 A7 10mm<] 9F
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NoseZE HF3HA] == 39t} (Support?t Loading NoseZE Rigid Body® A3}

I

= = A9 @S wrel Alolsr] flEiA 10709 step e
2 ol ddE FdET w3 A sl s % =3 %W Contact®S
Fig. 119 t}23} o] vpeplt). Analysis Settinge AR do] &3t WIS <
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Fig. 14 The Stress—Strain Curve of Tension Simulation [+0° /=0 ]

Fig. 15 The Stress—Strain Curve of Tension Simulation [+15° /=15° 1o
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Fig. 16 The Stress—Strain Curve of Tension Simulation [+90° /=90° ]io

Fig. 17 The Stress—Strain Curve of Tension Simulation [0° /90° ]io
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Fig. 18 The Stress—Strain Curve of Tension Simulation [90° /0° 1o
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(b)
Photo. 5 A Process of Tensile Test [+0/=0]10 (a) / Failure of [+0/=0]10 (b)

{“/Collection @ chosun



(b)
Photo. 6 A Process of Tensile Test [ +15/—15];0 (@) /
Failure of [ +15/—15]10 (b)
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(b)
Photo. 7 A Process of Tensile Test [ +45/—45]10 (a) /
Failure of [ +45/—45]10 (b)
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(a)

(b)
Photo. 8 A Process of Tensile Test [ +90/—90]10 (a) /
Failure of [ +90/—90]10 (b)
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(a)

(b)
Photo. 9 A Process of Tensile Test [ 0/90]10 (a) / Failure of [ 0/90]19 (b)
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(a)

(b)
Photo. 10 A Process of Tensile Test [ 90/0]10 (a)/ Failure of [ 0/90]10 (b)
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Fig. 19 The Stress—Strain Curve of Tension Test [+0° /—0° ]io

Fig. 20 The Stress—Strain Curve of Tension Test [+15° /=15 1o
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Fig. 21 The Stress—Strain Curve of Tension Test [+45° /—45° ]

Fig. 22 The Stress—Strain Curve of Tension Test [+90° /—90° ]io
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Fig. 23 The Stress—Strain Curve of Tension Test [0° /90" ]io

Fig. 24 The Stress—Strain Curve of Tension Test [90° /0° ]io
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Fig. 25 The Stress—Strain Curve of Real Test and Simulation Result of
Tension [+0° /=0" ]io

Fig. 26 The Stress—Strain Curve of Real Test and Simulation Result of
Tension [+15° /=15 ]
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Fig. 27 The Stress—Strain Curve of Real Test and Simulation Result of
Tension [+90° /=90° 1o

Fig. 28 The Stress—Strain Curve of Real Test and Simulation Result of
Tension [0° /90" 1io
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Fig. 29 The Stress—Strain Curve of Real Test and Simulation Result of
Tension [90° /0° 1o
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Fig. 31 The Stress—Strain Curve of Bending Simulation [+0° /=0° 1o

Fig. 32 The Stress—Strain Curve of Bending Simulation [+15° /—15" g
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Fig. 33 The Stress—Strain Curve of Bending Simulation [+45° /—45° 1o

Fig. 34 The Stress—Strain Curve of Bending Simulation [+90° /—90° ]io
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Fig. 35 The Stress—Strain Curve of Bending Simulation [0° /90° ]io

Fig. 36 The Stress—Strain Curve of Bending Simulation [90° /0° ]io
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Photo. 11 A Process of Bending Test [+0/—0]10
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Photo. 12 A Process of Bending Test [+15/—15]10
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Photo. 13 A Process of Bending Test [+45/—45]¢
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Photo. 14 A Process of Bending Test [+90/—90]10
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Photo. 15 A Process of Bending Test [0/90]10
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Photo. 16 A Process of Bending Test [90/0]10
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Photo. 17 Test specimens of Bending Fracture
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Fig. 37 The Stress—Strain Curve of Bending Test [+0° /=0° 1o

Fig. 38 The Stress—Strain Curve of Bending Test [+15° /—15" ]1o
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Fig. 39 The Stress—Strain Curve of Bending Test [+45° /—45" ]io

Fig. 40 The Stress—Strain Curve of Bending Test [+90° /—90° ]io
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Fig. 41 The Stress—Strain Curve of Bending Test [0° /90° ]

Fig. 42 The Stress—Strain Curve of Bending Test [90° /0° lio
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Fig. 43 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [+0° /=0° ]1o

Fig. 44 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [+15° /—15" 1o
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Fig. 45 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [+45° /—45° ]1o

Fig. 46 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [+90° /=90° 1o
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Fig. 47 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [0° /90" 110

Fig. 48 The Stress—Strain Curve of Real Test and Simulation Result of
Bending [90° /0" 1io
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