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of same pattern CFRP Lamina/Laminate by changing
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ABSTRACT

Reliability Analysis and Material prediction of same pattern
CFRP Lamina/Laminate by changing stacking plies using
FEM

Kim, Chi—Joong

Advisor @ Prof. Kim. Ji Hoon, Ph. D.
Dept. Advanced Parts and Materials
Engineering

Graduate School of Chosun University.

The world make efforts for increased energy efficiency. Because of
pollution and fuel. Weight lightening of machine solve a problem of
pollution and fuel shortage. Weight lighting of transportation equipment
as passenger safety is also important. Therefore Machine field is trying
to apply CFRP. CFRP has specific strength, rigidity, wear resistance,
and electric insulation, etc.

If Laminate method(angle, ply) is changed, CFRP has mechanical
properties has changed. Because It is isotropic materials. so CFRP is
very difficult to calculate the theoretical equation.

CFRP have to experiment for obtain exact properties of matter. If every
time you change the test method has to experiment. In case of will
spend a lot of money and time. Simulation method In order to solve this
problem would be to apply. Many country is used to Simulation method.

Korea trend apply to Simulation method gradually. GENOA is Composite

_Xi_



materials analysis program dedicated. GENOA and other analysis
programs are difference. GENOA is can be apply to the environment
variables (Fiber, Matirx, Void volume ratio, Fiber Volume ratio and
Stacking angle, etc). So it is with the actual experimental result
stunning results. MCQ using a property of matter obtained from the
actual experiment, was simulation. Thus, the properties of matter of
each layer can be obtained.

Previous studies have evaluated the basic physical properties of CFRP
using NX—Nastran and GENOA. After had a reliability assessment. In
this study, Ply can be stacked on Different to predict the strength and
stiffness using the fiber and Matrix properties obtained from previous
study.(Simulation specimen is same experiment specimen.) Compare the
simulation results with experimental results, the reliability was

evaluated.
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CFRP9 EAdHolHE 47] fal 4, &= 181 dAdAdHS ASTM
Ao whal 100, 90° ), ¥EF(0°, 907 ), ATH(£45° ) A
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RT (SN,SG)

Table. 1 Definition of a Term — 01

XX(YY,XY)

T(C,S)

L Type of Real Test

T : Tension
C : Compress
S : Shear

Direction

XX 0°
[YY : 90°
XY : Shear
Type of Test Method
RT : Real Test

SN Simulation
Nastran

SG Simulation
GENOA

Table. 2 Manufacture Condition of Specimen

Carbon/Epoxy Prepreg Sheet

Fiber .
Total Wt Resin
7 (mm) ) ArealWt
(g/m?) ) Content (%)
(g/m?)
USN125
A 0.129 195 125 36




Table. 3 Characteristics and use of the CFRP

w5 =4 A 9
7l (1= 22 FA), 7171, (e Fd kb
An]), vAr, 27, A9, AEAF,
M| RS, AT, LEvlel, BE, A,
H] g4 AR71Al, 2EZ=EF, TAIY, sAHEE,
Fhl g}, |Ae]7], E2to] &, gy 4,
Elolo], HME 3|d Zgdy ARV B¢ 5
H] 734 e4ge 717], o7, a&71A, AF Aol
7+ A 327 2E2F(Drive shaft, Leaf spring) &
VAL
°° FRPH, 93, 441 (Ro]2) =
CFRP H] 7 2] 3 A
o FF/17] b, Aok e,
- vfo) Az ve}, Bo] WE AL =B,
Ry
AE77] =
XA 9
e XA FHE, XA a7 =
701'E, 701@
A7 Ed | o 83, gdwx ¢, AHdEH ¥ F,
g} A=, AR &
Ul 24 stel ZHE, 917, 4 wiV] 5
g
A = 3FFaL L=
q]cé}\é E/\ vL*E"éé)O7] ?]—1;1(_]— [e)




Table. 4 Material Properties of the CFRP prepreg Sheet

Type| Fiber Resin Prepreg Sheet
Characteristics (Carbon) | (Epoxy #2500) (CU125NS)
D it
ensty 1.83%10° 1.24%10° -
[kg/m’]
Tensile Strength
- - 2.53
[GPa]
Elastic Modulus 240[GPa] 3.6[GPa] 132.7[GPa]
Breaking Elongation 21[%] 3[%] 1.3[%]
Poisson's ratio - - 0.3
Resin Content - - 33[%Wt]
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Photo. 1 Tension Specimen 0°

14.8

252 ‘

15
1.2

:

Fig. 2.1.1.1 Dimension and Shape of Tension Specimen 0°
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Photo. 2 Tension Specimen 90°

181 \

2.6

A

25

Fig. 2.1.1.2 Dimension and Shape of Tension Specimen 90°
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Photo. 3 Compression Specimen 0O°

‘ 1397 ‘

65

=
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y 3.5

Fig. 2.1.1.3 Dimension and Shape of Compression Specimen O°
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Photo. 4 Compression Specimen 90°
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Fig. 2.1.1.4 Dimension and Shape of Compression Specimen 90°
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Photo. 5 Shear Specimen £45
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U
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Fig.2.1.1.5 Shear *£45
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2. gy

7}, Jig

(1) 7 A1

A A= AS77] AEGAAd L AlvkE(F) A4 MWG—100kNA A|

S FEE o, 9 x1o A7) W A A 1o AAE= AJFH
Hul 271, FAE Table.5e] Yep St UTMel| 2ts = 1 x19] &}
G gl gAde] gEs 1S AV, AF Az A
A MAE Sstel Ao 14 ek
Table. 5 Tensile Test Device Type
Size Grip f
. . rip tace Applicable specimen Upper grip
Grip capacity Width(mn) thickness(mm) weight (kg)
W L
100KN 170 203 40 0 to 7 10
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(2) &= A1

= A2z Fig. 2.1.2.1°) yeErd 23k o] CFRP Alg#e 452
¢l+= Housing Block¥} CFRP A|d¥H-& 1A A7]+= Wedge Gripo = A2}
o] o, Wedge Grip CFRP ¢ el A]e] YA 4o
140mm= A Zrste] AldHS 7AHAZD 4 JAEE 5131, Housing Block
2 Wedge Gripg ¢E3== A&kt =3, Wedge Gripd?t Housing
Block7te] whztz QIgh Wddo] VA e st7] flste] sigs we)| o
A E otk b5 AP ol E w1} Fig. 2.1.2.2¢ o5 A 19 ©d
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Fig.2.1.2.1 Compression Test Device

UPPER HOUSING BLOCK

\7 %\ 7

SPECIMEN

LOWER HOUSING BLOCK

Fig. 2.1.2.2 Schematic of Compression Test
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t}.  UTM(Universal Testing Machine ; nEAE AE7),
MWG—-100kNA)
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t}. STRAIN METER

-
_0|L
2
(03
o
o
=
2
N
v
w
o
o

d ¢l EFH(KTM Engineering, Model : System 6200)+ Fig.2.1.2.3¢] 4}
bWl A3} Zo] Strain Gage Input Card, Thermocouple Input Card,
High—Level Input Card, LVDT Input Card, Piezoelectric Input Card,
Digital /0 Card °]&A 6718 AS 7t==2 7= 3laL, 7h=e] A7)
19x51X152mm=E th&Fst A 53 AFgo] 7hsstth Al@He] AEHR]
Aol A& F2 3t F, AER] Alo|A 9] o) F5FE dtelstr] Sk A
gl_l AlolA 9] ool gl=
gk 5, AF7IE ol&= It

g}l e UTM3} Hlolg

Fig. 2.1.2.3 Strain Meter
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3. Simulation_MCQ

MCQ+= HARS] 712 &4 dolgoA dx4 A= AFs 7149 =
e dAtste] Ay 9 2w stel = Fiberdd Matrix®] E47 A2
7+e] 444 2 4 (Fiver Volume Ratio, Void Volume Ratio) & 243} o=
o] 7bsd HaAE AR &4 ZTrIafolv. & Agel AHE¥ CFRPY] 7]
 HolE = o, o5, Ad AdS Tk L1, o] 7] wlolE|e whet
Fiber®} Matrix®] =4 Hlo|HE A4 o3 2 5 7| 24P sdst
A Algdold Avg do] A3 9 vAdy 7|24 Pd 49 vlaste] Fiber

9} Matrix EA49] g9A 9 NgAS =wsgo).

NFAL AAF T Bagty AdAs el A= Feo #Brgl 244 o=
37 Y& 0° , +45° , —45° , 90° =AM Z A= 4 Wl W= 7179 A
e el A4S 53 Carpet Plot 1 ZEA] o583ttt

GENOA?2] MCA (Material Constitution Analysis) 2 7] o]&242 )&
I} 2},

Longitudinal Tension Stress[S);71 2 %

E,
Sur=Smrk; +k, Efﬂ) (1)

Smr= kafllT

Longitudinal Compress Stress[Sy;q 2 8%

E
Sraic= Sk +k, Efll) (2)

Sme= kafllc’
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Transverse Tensile Stress®] 7%

)
|1 T =k

Sipr= {1 - ( \/E_ l,{f)(l o Ef22

In—plane Shear Stress? 7%

o E, ik,
5”25:{1—(\/E—kf)(l—@)}&ns{l— m}
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A 274 Carpet Plot d= 9 A=A H7}

1. Carpet Plot d& XA H7}

7t A@E
Algdloldel Al o &3t Carpet plotellAl AA A3 AFFS Frhsta
A A AgdHES AlEdelAY wdE o ® Al &Skl

= Al AEA F7HE sk ARl ' CFRP= 07, +45°
—457 23 90° o =ME 5FF AlgHe AFslt AgHY TR
= [02/+458/—458/9021s, [04/+456/=456/904]s, [05/+455/—455/905]s,

[06/+454/—454/906)s,  [0s/+452/—452/90s] ©lv  AFAEZS A&
250mm X 25mm X 5mm (A o] X H o] x F7)) o] 1 Fig.2.2.1.1¢] YE AT,

Al TN TS JF stEel AeE 0 UEE
[02/+458/—458/90:], [04/+456/=456/904] s, [05/+455/—455/905] s,
[06/+454/=454/906]s, [0s/+452/—455/905]s ATTAE A18HS A5314
i, o] AlgHe tig olsiE wuA, Az Ald¥e] ASWRE Fig
2.2.1.2~2.2.1.6° 3780tk 3 A, b5, A9 AF Al AldE

° 7

29 AL W) fetel Aol 56mmel W A7) APWe] F TRy

=

v

,d
1o
>

CFRP®) W) 54& f13ko] Fig. 2.2.1.73% ol A9 A= 7ol
A& CFRPY Z4le] #2h& stk

_23_



Table. 6 Definition of a Term — 02

[Aa/Bb/Cc/Dd] s

—

S | Symmetric

b : Prepreg?] AZ 7|4

A : Prepreg®] A= 7t

- -

1

< Ply 7I5 1 40
A:0",B:+45 ,C: —45" | D 90°
Prepreg® A% 74 1 2, 4, 5, 6, 8
a, bc,d: 2, 4,5, 6,8

=205 |

U
()

FLJJ: | N

Fig.2.2.1.1 Tension [A/B/C/D],
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Fig. 2.2.1.7 Strain gage and Specimen




o AEd

1A 2. Yo o2l UTM3F StrainMeterE FYL3tA AL 33}
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A3 23 9 aF

A 1A s A% 7248 EAAASEH

a9

oft oot

TS 7INte® A, F 18 dd F7F A
& (5) el tilste] zF AP 58 -3
F)2 2 (6)NA Lol Table. 7o YERHS]

|o
FORU
=)
o
N

2y

*

o=— (5)

chord_ﬂ
E = (6)

o17]4, 2](6)> Table 7.°14 YeERA F &
A(Ae)e 71€718 Uehdth oE E9, WY ES x2 /HES dha, $8HS vE
7HeE shd, |EEY AREE xi, FHS & Z7F Ha, $¥9] A%

vi, B8 voE2 A & A Ao 3 ye—yiol HA, Aed T xe—xy
At =, B e (yo—y)/(xe—x1) 0] BT} o] A& Table.7e] & e
g k] F7Y ghe 7 4 gl

45 o M= stgo]l Ha 13.39kNO®E 7o ﬂ%gﬂr, HYES 3
7.4678kN F-ZolA W EC] o] HA ¢ro} IYiEol= =
ATh.

CFRP? 712&4E& ©2AFETEE a4 &< MCQOl ARE3to] Fibers}
Matrix Z7+e] A4S 738l9 Fig.3.1.29F Fig.3.1.3° ey, daidf53

4

HE7hARE 2t
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A8 vAde] 2 Jg&S m X Matrix BAE AEZS Figd.1.49] Yehdl
t}. T3 Carbon Fiber® Matrix7} o]F+= TAH|E Fig. 3.1.5¢1 veRglt
MCQONA oA Fiber9t Matrix® &4 3 Matrix B|ASE T E AFEslo] 2
A 71z AR AF, vAdY kol dSol 7heAd oF-E HrkstaA VA
TUs PHo R AEHo|HAE AW, AlEH| A Dozl ARATE A
A NEAE $8-d18 HAx¢ o] Fig. 3.1.6~Fig.3.1.100] Yehict 18 =
oA XXT+ % 0° olx, YYTE <1 90° , XXCE &% 07, YYCE &5
90° , XXY& Hdeke A A s

T A dAFHE Bl
MCQoIA €2 Fiber &4, Matrix 54 A&t
Haldets AA A3 Ayl Ao fAkst dyE A

o
=
7 Matrix $4& A 210] WSHGE e 5] st
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Table. 7 Specimen Alignment and Chord Modulus Calculation Strain

Ranges

Strain Range for Chord

Modulus Calculation

Longitudinal Strain

Checkpoint
Start Point End Point for bending
HE e HE
1000 3000 2000
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Unidivectioml Test Ply Properties
Unidirec tiorl Test Py Properties

Fig. 3.1.1 Basic Carbon Composite Material Properties— Cal_Input_File
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240000

222 Modulus
210000k =
90000 -
60000 -
30000 -
0 A : 2 . 2
El1l E22 Gl12 G23 E
Fiber Properties Matrix Properties

Fig. 3.1.2 Rigidity graph of Carbon fiber and Matrix

3500
(2 Strength
3000%= =
500
— S
S11T S11C ST SC SS
Fiber Properties Matrix Properties

Fig. 3.1.3 Strength graph of Carbon fiber and Matrix

_34_



NE B
E ./I u
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¢ e
=] /
@ []
30+ /
||
15+ /
|
0 l/ 1 1 1
0.00 0.01 0.02 0.03

Strain (mm/mm)

Fig. 3.1.4 The Stress—Strain Curve of Matrix

05F

0
003
02

0:01 s &\\\x

WR
Minufacturing Deta

Fig. 3.1.5 Fiber Volume Ratio(FVR) and Void Volume Ratio (VVR) —
Cal_Input_File
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—0— XXT_1 —o— XXT_2
—2— XXT_3—v— XXT_4
b XXT_5 = XXT_S

1.8

Stress[kN/mmz]

1.2

0.6

0.0 L
0.000 0.006 0.012

Strain[mm/mm)]

Fig. 3.1.6 The Stress—Strain Curve of Real Test and GENOA Simulation

Result of Tension O°

g 0032 o YYT 1 ——YYT 2
B —— YYT 3 ——YYT 4
é] —o—YYT_5 ——YYT_S
w

173

So0

w2

0.016

0.008

0.000 L L L L
0.000 0.001 0.002 0.003 0.004

Strain[mm/mm]

Fig. 3.1.7 The Stress—Strain Curve of Real Test and GENOA Simulation
Result of Tension 90°
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S
=N
T

Stress[kN/mm’]
S
-
T

—o—XXC_1 —o—XXC 2
—2—XXC 3 —v—XXC 4
—o—XXC_5 XXC_S

0.002 0.004 0.006
Strain[mm/mm]

Fig. 3.1.8 The Stress—Strain Curve of Real Test and GENOA Simulation

Result of Compress 0°

g
0.20 -
:
o
2
g 0.15 -
)
0.10 -
0.05 —e—YYC_ | —o—YYC 2
- —+—YYC 3 ——YYC 4
——YYC 5 ——YYC S
0.00 & ' ' '
0.00 0.02 0.04 0.06
Strain[mm/mm]

Fig. 3.1.9 The Stress—Strain Curve of Real Test and GENOA Simulation
Result of Compress 90°
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—=—XXY_1 ——XXY 2
—a—XXY 3 —v— XXY 4
—+—XXY_5 —%—XXY_S
0.00 - -
0.00 0.04 0.08

Strain[mm/mm]

Fig. 3.1.10 The Stress—Strain Curve of Real Test and GENOA Simulation
Result of Shear £45°
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Al 22 Carpet Plot AFA H7}

1. Carpet Plot 9=

7% A B4 g 3 Afo|r] AojRA Fiber9 Matrix A<
[A./Bo/Ce/Dal s8] AT W3tel] W& 9k 44 Carpet Plot Z#ZE o=
stk Z1Efe)] vEbd eAbs %E YERAT

GENOA-MCQE ©o]4& 3lo] [0/+45,/—45./904 2 AZE A¥AE 4249 Ply
3 ¥y HYES AEHo)Hd dto] Fig.3.2.1.5~Fig.3.2.1.14¢] YERT}.
GENOA-MCQZ &l4e Fast Az} B AIFHEL 90° oA Wiy o] =7
285 sk om, gpko] AHTE ol [0./+45,/—45/90a A1HAE AF AHE 5
Re AE, 907 HE —45° 4457, O AR ¥yt RAgel Hrk ol:
[0./+45/=45/90a] A FAS QG APS & 4 zeko] CFRP AlgA L] U
A& Fto] E7HA] dtS sk Ao wedo] Hu

N
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STRENGTH (N/(mm~2))

Carpet Plot of Final Failure

o 5 10 15 20 25 30 a5 40 45 50 55 60 65 70 75 80 85 90 95 100 105
Percentage of -45.0/45.0 Degree Angle

Fig. 3.2.1.1 The Carpet Plot Strength

-~ {MPa
800 |-
600 [
400
200
0
A B c D E

A:0_2-45 16-90 2, B:0_4-45 12-90_4, C:0_5-45_10-90_5
D:0_6-45_8-90_6, E :0_8-45_4-90_8

Fig. 3.2.1.2 The Strength of Simulation
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Longitudinal - Exx (N/(mm#2))

130,000
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120,000
115,000
110,000
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100,000
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90,000
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75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

0

Carpet Plot of Material Properties
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40000
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10000
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Percentage of -45.0/45.0 Degree Angle

Fig. 3.2.1.3 The Carpet Plot Modulus

2 MPa

A B C D E
A:0_2-45 16-90 2, B:0_4-45 12-90_4, C .0 _5-45 10-90_5
D:0_6-45_8-90_6,E: 0_8-45_4-90_8

Fig. 3.2.1.4 The Modulus of Simulation
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Fig. 3.2.1.5 Ply Strain of [0/+45s/—455/902]

Fig 3.2.1.6 Ply Stress of [[02/+455/—455/90:2]

_42_



Fig.3.2.1.7 Ply Strain of [04/+456/—456/904]s

Fig. 3.2.1.8 Ply Stress of [[04/4+456/—456/904]
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Fig. 3.2.1.9 Ply Strain of [0s/+455/—455/905]

Fig. 3.2.1.10 Ply Stress of [05/+455/—455/905]s
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Fig. 3.2.1.11 Ply Strain of [0e¢/+454/—454/906]

Fig. 3.2.1.12 Ply Stress of [0s/+454/=454/906]s
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Fig.3.2.1.13 Ply Strain of [0gs/+455/—455/90s]

Fig. 3.2.1.14 Ply Stress of [0s/+452/—452/90s]s

_46_



2. Az A3

Carpet Plot dHPolEe] AFHY oAFE T} A5 AgdA 557
([02/+458/—458/902], [04/+456/—456/904]5, [05/+455/—455/905] s,
[06/+454/=454/906]s, [0s/+452/—452/90s]) & FAE ZtE2 A &ste] I AP
KR e

7bzkel Ag@ e A9 A¥E Fig.3.2.2.1~Fig.3.2.2.100 Yehdiolar, 247he] Al
A Ha TR o] AYS st

Ay B F AFAY FG FEolu 1/4XHellA Fhedo] HA| kil ¥ H-ofA
gteto] dojib= A AFHAolv A FH 3 T A FAZ gdo] dojd A
o7 ks dto] A dloJEdA ALl

olgfgt I A A HolHE ol&s ot SY-WY AEE JE A¥ AF
[02/+458/—458/902] s, [02/+458/—458/902] sel A 2 Y-W¥Y AE=7F
Fig.3.2.2.1% Fig.3.2.2.4° Yehd RAAY SH-HE A7l Aoz R3PS 3o}
7 Hdgor M Ees = F AT oy @ Aol yehue olfr= AlEH
[02/+458/—458/902] s} [04/+456/—456/904]s2] £45° 9] H|&o] EHHFOE <Qlslo]
HA48  FeElZ et wbdel [0s/+455/—455/90s]s,  [06/+454/—454/906] 2}
Os/+452/=455/908] & 35 +H-Hy AE=7F Agos [Sa3074=4
o/+450/ 455/905]s, [06/+454/=454/906] 9k [08/+455/—452/90s] &= Matrix®] <
Aol W] k= Ao Algrl "k Fig.3.2.2.169] ZF Alg8e Ho -9

=5 B7|skth [0./+450/-45./90458 Bt 8 -WY HE vlus o

B, [02/+458/—458/9021s8] A8} [04/+455/—45:/904] s8] AE7F dATS B
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Fig. 3.2.2.1 The Stress—Strain Curve of Tension [0s/+45s/—455/902]

Fig.3.2.2.2 A Process of Tensile test [02/+45s/—458/902]¢

(0/45/ 45490y — 7

Fig.3.2.2.3 Failure of [02/+45s/—458/902]
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Fig. 3.2.2.4 The Stress—Strain Curve of Tension [04/+456/—456/904]

Fig.3.2.2.6 Failure of [04/+456/—456/904]
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Fig. 3.2.2.7 The Stress—Strain Curve of Tension [05/+455/—455/905]s

Fig. 3.2.2.8 A Process of Tensile test [0s/+455/—455/905]

Fig.3.2.2.9 Failure of [05/4+455/—455/905]s
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Fig. 3.2.2.10 The Stress—Strain Curve of Tension [0s/+454/—454/906]s

Fig.3.2.2.12 Failure of [0e¢/+454/—454/906] s
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Fig. 3.2.2.13 The Stress—Strain Curve of Tension [0s/+452/—452/90s]s

Fig. 3.2.2.14 A Process of Tensile test [0s/+452/—452/90z]

(04/45/~45/90 ~ 1

Fig.3.2.2.15 Failure of [0s/+452/—452/90s]s
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Fig. 3.2.2.16 The Stress—Strain Curve of the [0./+45,/—45:/904] s
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3. Simulation¥} AMEAFS A Hlw

Fig.3.2.3.3°1A4] Holx A3 7o) [05/+455/—455/9051.8 A% $38-HY A%
o] 71&717F A9 dX g Bt &A%, Fig.3.2.3.1, Fig.3.2.3.2, Fig.3.2.3.4
9} Fig.3.2.3.5004 Holi= RA™ [0o/+45s/—458/90:21, [0s/+452/—455/90s]
o] §¥-Wy Mo A AlEHolAH A AF Y Stress w2 A2 FAFEA
A"k, Strain gk <ﬂ7e} AFFET o AA b AS gdsislth oy |
ol dehE olfr®E 3% 24 204 AWetslRol  [0o/+45s/—458/90:]s,
[08/+455/—455/90:] = N AP F vlEH difo] TS Aox Alsrt €.
[04/+456/—456/9041 58} [05/+455/—455/9051s8] MCQE o] &3t & §9-W
g Axg AFE Fotel 92 $Y-WF AZ7E thgol Exlol Hth
[0s/+455/—455/9051 8] B-9-AFH A=A} & AlPHel Cracke

2 wdbo]l Hm, [04/+456/—456/904)s & A=

A Ao Feto] HH, F5o Aol Fasitia Als T

_54_



©
[a
O
‘w 030
733
[
U 0.25
0.20 -
—a— 1
0.15 —= 2
--&- 3
—e—5
0.10
o
0.05 | —— S
0.00 1 1 1 1 1 1 1

T0.000  0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Strain[mm/mm]

Fig.3.2.3.1 Comparison of Tensile test and Simulation of
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Fig.3.2.3.2 Comparison of Tensile test and Simulation of

[04/+456/—456/904] ¢
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