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ABSTRACT

Reliability Analysis and Material prediction of same pattern

CFRP Lamina/Laminate by changing stacking plies using FEM

Jung, Hyang—Cheol

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

Graduate School of Chosun University.

Fuel efficiency and environmental problem 1is an 1important problem in
transportation equipment. Latest, light weight material such as CFRP,
Aluminum, Magnesium has been studies in order to apply in the field of
automotive, train and aerospace industries.

vehicle fuel economy is improved. when the weight of the transportation
equipment is reduced. in addition, Vehicle weight reduce the carbon dioxide
emissions. Lightweight materials used in electric vehicles. It increase the
mileage and energy efficiency can be improved.

CFRP has low thermal strain, strength, rigidity, insulating property. but CFRP
is anisotropic materials. So it 1is difficult to obtain the mechanical
characteristics of CFRP by Theoretical methods.

Due to these problems, we usually obtain the mechanical properties of CFRP
through material experiments. It 1s difficult to obtain the mechanical
properties of CFRP. And much cost and times are needed.

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

- Xii -



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 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,
Different stacking 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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Fig. 1.1.3 Composite structures for Airbus A380
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1. Al

e

CFRPE] =AdelHE &7 98 %, b= 18 ddAdHAs ASTM
ATV et 107, 907 ), AFH 07, 907 ), HATH(£457 ) AF
HS Carbon/Epoxy Uni—direction Prepreg Sheet(Sk Chemical,
USN125A, Carbon/epoxy uni—direction 125g/m*) S AlMg-3sle] H3taa
AEFAQ  (F)9IAFA A (http://www.nexcoms.com) ol F& A 23T

Table. 1°l:= 2+ AlFHES 778+ 1L, Table. 20+ A=Y 5EAAS e

B= Algdel= Grip faceel o A8 vEHY §9 AT DAYE A
A= 7b7to] Zolo| ghE s F-Fekgith

0" 2 Algd#ALS ASTM D638, D3039 el wa} Alg#A 475
4.8x252x1.2mm(WXLXT)Z AZstal, 5] o]z 56mm= A9
OF THIFo] R Photo. 1, Fig. 2.1.1.1¢] YERJSITE 90° A& H

7]+ 25X 181 X2.6mmeo® AZsta, 5 Zdol= 26mm= 0° A dHI}
2ol AlgHe] oF & FEof BA3o] Photo. 2, Fig. 2.1.1.29] YeERS T

3
0° &4F AFHLE o] ASTM D695, D3410 74 wel AlgHe 9715
10.3x139.7x3.5mm=Z A&+ 3L Photo. 3, Fig. 2.1.1.3°] YeRd L
0" = Alg¥He ® doli= 66mm=E APHALY &F Edte] FASAT
90° AlgHe] FA7]+= o] 25%x139.5X3.5mm= A& &}% 3, Photo. 4,
Fig. 2.1.1.4°] Yepiiet 90° k= Ad#e] & dol= 66mm= AlP#H
o < Edte] FASnt Ad Al¥HL> ADTM D3518 fAel whet
+45° = AZFste] JAFAFAR} FdstA AAste] Photo. 594 Fig

_10_



2.1.1.5° Yerf St

_11_



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) 5 ArealWt
(g/m°) 5 Content (%)
(g/m”)
USN125
A 0.129 195 125 36
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Table. 3 Characteristics and use of the CFRP

4
4

o,

AL 9)

CFRP

FEN (A2 A, S5/17], (gD nd

Au)), vARL, 2, AT, 4B
n4AY, AFEEA, SRl BE, A,
8, SEEBE, A, FABE,

a7
7, da2elr], Eekel &, 2Ely &,
Efolo], MIE 3d Z2HAe, AX7] B8 &

ere 717], o471, &7, A Aol

A28 2E2F(Drive shaft, Leaf spring)

=

o

FRPH, B85, AZAa(Hol7) =

77171 <Yy, de2 gt bE
nfo] A Z W€}, Elol™] WE AL BF
AE717] &

XA FHAE, XA 98717 &

701-5‘:’ 701-/\61
A7 | ok 92, A 28, AAE 94T,
Ei A=, A4 5
35 ZAE, 94, B WP/ 5

auy
oXx|ox

e u|ax

o,

=
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Table. 4 Material Properties of the CFRP prepreg Sheet

Type| Fiber Resin Prepreg Sheet
Characteristics (Carbon) | (Epoxy #2500) (CU125NS)
Density g g
) 1.83X10° | 1.24%10 -
[kg/m"]
Tensile Strength
- - 2.53
[GPa]
Elastic Modulus 240 [GPal 3.6 [GPa] 132.7 [GPal
Breaking Elongation 21[%] 3[%] 1.3[%]
Poisson's ratio - - 0.3
Resin Content — — 33[%Wt]
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Photo. 1 Tension Specimen 0°

252 |

15
1.2

N

A

P

"

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

=
Ul

y 3.5

Fig. 2.1.1.3 Dimension and Shape of Compression Specimen O°
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Photo. 4 Compression Specimen 90°

‘ 139.5 ‘
| !

65

1.5

w

.5

y
3

Fig. 2.1.1.4 Dimension and Shape of Compression Specimen 90°
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Photo. 5 Shear Specimen £45

=205

=26

a 'T‘ W

Fig.2.1.1.5 Shear *£45
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(1) 7 A1

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

Te oo, /I A1 A7) 9 1 A el FRE= AlEEl

3r O
=
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 face 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#He 452
%1+ Housing Block¥} CFRP AldHE 314G A7]= Wedge Gripl.z A 2F
o] ¥9%lom, Wedge Grip2 CFRP &&F Algde =Z7|o @A Ao]
140mm= A|&sto] Al¥dHS 1PGAZA %% 33 al, Housing Block
2 Wedge Gripg 4¢3} . T3, Wedge Grip¥} Housing
Block?te] whzkz Q15 W o *§7]X] T 3t7] Sleto] siee Wel o
AYE st % A9 olalS F 1A Fig. 2.12.20] &% A 19 whd
5 YEhSith
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Fig.2.1.2.1 Compression Test Device

UPPER HOUSING BLOCK

IECET

SPECIMEN

LOWER HOUSING BLOCK

Fig. 2.1.2.2 Schematic of Compression Test
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. UTM(Universal Testing Machine ; ®Y&sAE Ag7],
MWG—100kNA)

Az 7P 7124 7IAR] 54e &7 AdMe oH-HE ARE

Tefjof sk, ool that 7HE AnbHQl Wol ARl SHe 7hske WY

B S48 Aotk ¥l wet 1, o F, AW so2 vE  odn

UTMS] A3 2= Al 44 Azba} i, s 7helsd, 71 3ol
&

gk sk5 gtol wAo] ¥, stF ghol A
7M1 9] sk e SASE otk A, b5, Ad
ASTM TrAe] g Aztd A%, b5, dd A5 F2s o 7, 4
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AN Azl AAete] HAS vt APALY VAR EAH THeiAE §
of wel wgol miko] dojupi=dl o] F Z}7t I WP E, AP
ol A WEE A9 AFAY 7] o] Leol et HIF (e &
ﬂ%fﬂ Al 9] QOH Halek) gL v &2, ¢ = JL/LoZ
TEE BAET 9 o] A gtdo] dojd we] & WFo] Yo
L‘r7l A AFH] dHAow Uir fow g2 3E7|8H, @9l ke/or T
T Pat9l 2 dEpdnh oF A3 A9 AlFA heAE g s Al
FHo)| @ WASRE Ui s st @ox vEhdoh A3 WRle UTM

=

o] A - sk&tell Housing Blocks A A& stal Wedge Gripell Al@HS &9
A Sl Ho“‘_%gi*rﬂ stea 7Fells W, AR A= st #he S8=
St =, 1 A e AR wigo] dojd we] d& wWYo] ot
7] A9 ’\]qui-J dHaAdo R Ui @gte® o2 RV|EH, ©9E ke/or E
T Paw§l® vEbdch"” CFRP MA@ oA Ajdel7] wie] Sdg
W o AFo] HAUets Ay} gho]l vEA e g, 7zt AgHS 7

#o) Aglo] AaE gl
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t}. STRAIN METER

2.1.2. 10l A At A o] Arel VEAR VAA 54 &7 Sl
M S8 -0E AEE Fotofof gt o714 WEe S es

2 AEFRIHEeIt. AEY e AEYIACIA L] HYS H7]ZQl Al
T2 FHS 3, o] SHHUS PCE AFS sty & AFoA AFgst ~E
g AW EHKTM Engineering, Model : System 6200)+ Fig. 2.1.2.3¢] 4
Bl 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)
19X51 X152mm= kst AM 3 ARgo] 7hsdlth Al AESQ]
AE F2= & 5, 2B AolA Y o] #FEF detetr] flste] A
2 AEHRIMES] AFdE SAsdn. AEHR] Alo]X 9] o] gl
gk H, AF7IE ol&2 It
gteh =3 UTM3t o] g

Fig. 2.1.2.3 Strain Meter
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3. Simulation_MCQ

o] 7bsd HdAE A& A Zradolnh. & Aol ARE-¥ CFRPE 7
= HolE e 4, o F, Ad dds Feke] d3laL, o] 712 dHolHE AR

sto] Fiber®} Matrix®] =4 HoJHE K2 § 3rddh A2y wstel] o
ug z

H

rl

B Y 9 0ag A% 20E 45 2 vusel By F9E F 2A

& 4% Feo BYS ASsaA o HolHE olgdtel, 4F £E A3

A eka, 00, £10°, 15", £30° *45° ,£60° , £90° ,0° /90" ,
LS

.

GENOA<S] MCA (Material Constitution Analysis) 8] 7]+ ©]&242 o5
¥ A2
Longitudinal Tension Stress[Sy,,12l -

.. E,
SlllT:SfllT(kf—}_km ) (D
Ep,

Sur= kafHT

Longitudinal Compress Stress[Sy;0 2 8%

.. E,
Spane= SfllC(kf+km—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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AlE o] oA ASe A2 Wste] AA|l AHye] HwE Sl AEA
= BUbetaat A AldES AlEoldd wds 2o R AFeit
o ATl AEAE ErkE #lsked ARge]l ® CFRP= 07, £15°,
+45° , £90° , 0° /90" , 90° /0" ¢} o] AF AEEE A FF A
A2 A 8= [0l, [£15]1, [£45]1, [£90110, [0/90140,
0 8 22 Ao r AFHden, A5HAS Table. 6 o #7138
vle} Ao AlFHEC A7)+ 250mm X 25mm X 5mm (A o] X §l o] X F7]) &
Fig.2.2.1.1l &AIs] depligleh. o5 Al g ol A, 244
o] AYPAS AFHHS Fig. 2.1.1.2~2.1.1.7° AAs] %7|8Aq k. &3H
A, o=, AT A A AFEHEe vEd s WS flste] Aol
56mmel §& 77t AlFHE] ¢ Bl S sillh dsks A&
Al mlAlEHA A E = CFRPE W9l 545 918ko] Fig. 2.1.1.8°] Hol=
P

o
A7 2EYR Alo|AE CFRPY FT4lel #3& s3itth
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Table. 6 Definition of a Term — 02
[A/Blx
_— N : Prepreg®] A3 7l

B : Prepreg®] A

7t
S

e

o[y

1

A : Prepreg?] A

~

o[y

s

< Ply 7l @ 10
Z+) 0, +15, —15, 45, 90, —90
N (8% ) : 10ply
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Fig.2.2.1.1 Specimen of CFRP
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Fig. 2.2.1.8 Strain gage and Specimen
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Table. 7 Specimen Alignment and Chord Modulus Calculation Strain

Ranges

Strain Range for Chord

Longitudinal Strain

Modulus Calculation Checkpoint
Start Point End Point for bending
LLE L€ e
1000 3000 2000
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120000
Y N/mm
80000 -
40000 -
E11 E22 GI12
Unidirectional Test Ply Properties
1500 |
772 Nimm’
1000 -
500 -
0 b %/% 2z
S1T s11C s2T s22¢ S128

Unidirectional Test Ply Properties

7% 3.1.1.1 Basic Carbon Composite Material Properties—
Cal_Input_File
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240000

/2] Modulus

2100005 =
90000
60000 -
30000 -

o 2 S —
Ell E22 GI12 G23 E
Fiber Properties Matrix Properties

Fig. 3.1.1.2 Rigidity graph of Carbon fiber and Matrix

3500
B8 Strength
3000 7
500
S R
SIIT S11C ST SC SS
Fiber Properties Matrix Properties

Fig. 3.1.1.3 Strength graph of Carbon fiber and Matrix

_39_



NA
E _
E -/I =
Z —
C4sl |
g .
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30+ /
||
15 /
||
0 / 1 1 1
0.00 0.01 0.02 0.03

Strain (mm/mm)

Fig. 3.1.1.4 The Stress—Strain Curve of Matrix
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.

A\
A\
AN

0.04 -
0.03 -
0.02 -
ol \
0.00
FVR VVR
Manufacturing Data

Fig. 3.1.1.5 Fiber Volume Ratio(FVR) and Void Volume Ratio(VVR)-—
Cal_Input_File

_41_



—0— XXT_1 —0— XXT_2
—2— XXT_3 —v— XXT_4
& XXT_5 = XXT_S

1.8

Stress[kN/mmz]

1.2

0.6

0.0 M~ L
0.000 0.006 0.012

Strain[mm/mm)]

Fig. 3.1.1.6 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

@

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. 3.1.1.7 The Stress—Strain Curve of Real Test and GENOA

Simulation Result of Tension 90°
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—s— XXC | —o—XXC 2
—+—XXC 3 —v—XXC 4
—o—XXC 5 XXC_ S
0.0 < ' '
0.000 0.002 0.004 0.006

Strain[mm/mm]

Fig. 3.1.1.8 The Stress—Strain Curve of Real Test and GENOA

Simulation Result of Compress 0°

g
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:
o
2
g 0.15 -
)
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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. 3.1.1.9 The Stress—Strain Curve of Real Test and GENOA

Simulation Result of Compress 90°
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Fig. 3.1.1.10 The Stress—Strain Curve of Real Test and GENOA

Simulation Result of Shear *£45°
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Fig. 3.2.1.1 Strength of [A4/Bslio
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VH%M

A B C D E F G I

A:0-90,B:90-0,C:0,D:10,E:15,F:30,G :45 H:60,1:90

Fig. 3.2.1.2 Modulus of [A./Bbl 10
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Fig 3.2.1.3 Ply Strain of [£10° 10
Fig. 3.2.1.4 Ply Stress of [£10° ]1o
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m—

Fig.3.2.1.5 Ply Strain of [£15° ]1o
Fig.3.2.1.6 Ply Stress of [£15" ]
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Fig. 3.2.1.7 Ply Strain of [+45° ]

Fig. 3.2.1.8 Ply Stress of [+45" ],
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Fig. 3.2.1.9 Ply Strain of [£90° ]10

Fig. 3.2.1.10 Ply Stress of [£90° 110
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FlE

Fig. 3.2.1.11 Ply Strain of [0/90]10

Fig. 3.2.1.12 Ply Stress of [0/90]10
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Fig. 3.2.1.13 Ply Strain of [90/0]10

Fig. 3.2.1.14 Ply Stress of [90/0]10
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Stress[GPa]
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- 1
—— D
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—+— 5
00 1 1 1 1 1 1 1 1
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
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Fig. 3.2.2.1 Result of Tension [0° ]10

Fig.3.2.2.2 A Process of Tensile test [0 ]10
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Stress[GPa]

s WON =

0.0 M I 1
0.000 0.004 0.008

Strain[mm/mm]

Fig. 3.2.2.3 Result of Tension [£15° ]ig

Fig.3.2.2.4 A Process of Tensile test [£15° 11

Fig.3.2.2.5 Failure of specimen [*£15° ]
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0.0z | A
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0.000 0.006 0.012 0.018
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Fig. 3.2.2.6 Result of Tension [£45° ]io

£as2,, — |

Fig. 3.2.2.7 A Process of Tensile test [£45° ]

Fig. 3.2.2.8 Failure of specimen [£45° ]io
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Fig. 3.2.2.9 Result of Tension [£90° ]io
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1
0.000 0.004 0.008 0.012

Strain[mm/mm]

Fig. 3.2.2.10 Result of Tension [0 /90° ]io

Fig. 3.2.2.11 A Process of Tensile test [0 /90° 1o

Fig. 3.2.2.12 Failure of specimen [0° /90° ]io
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0.000 0.004 0.008 0.012

Strain[mm/mm]

Fig. 3.2.2.13 Average result of the [90° /O° ]10

a.-§

Fig. 3.2.2.14 A Process of Tensile test [90° /0° 110

Fig. 3.2.2.15 Failure of specimen [90° /0" ]io
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Fig.3.2.2.16 Modulus of specimen
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[MPa itz 000
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Fig.3.2.2.17 Strength of specimen
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Fig.3.2.3.1 Comparison of Tensile test and Simulation of [0° 110
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Fig.3.2.3.2 Comparison of Tensile test and Simulation of [£15° ]ig
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Fig.3.2.3.3 Comparison of Tensile test and Simulation of [£45° ]ig
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Fig.3.2.3.4 Comparison of Tensile test and Simulation of [£90° 1o
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Fig.3.2.3.5 Comparison of Tensile test and Simulation of [0" /90" 110
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Fig.3.2.3.6 Comparison of Tensile test and Simulation of [90° /0° ]io
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