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Prediction of Material Properties of Carbon Fiber Prepreg in the
Laminated Composite Using Reverse Analysis with
Dynamic Characteristics

Mun-Young Hwang*, Lae-Hyong Kang**"

ABSTRACT: If what the mechanical properties according to a layer have was found out by analyzing the already
fabricated composite, it could be possible to develop the composite of the better performance than the existing
products. In this study, we tried to calculate the mechanical properties of the inner prepreg lamina by applying the
reverse design technique to the composite structure made by laminating prepregs. When the physical quantities
obtained by the simple tensile test are used alone and the physical quantities obtained by the tensile test and the mode
analysis are used at the same time, the results of this study show that the accuracy of the latter is higher Finally, the
maximum error of E, predicted was 0.09% and the maximum error of predicted E, was 7%.

8: ojn] AZE BAAE AFS BAste] AR oW | A BAL /LA dold 4 qlrkd, 712 A
of Hl3) B £ A Y BIAR ALS FAT 5 A Hrk B ATl Zelze a8 A3t A
A B R PR tho) G UA /WS Hgotel YR Zelxe 1 S0 BHLS At stolet T

HABOR oAt B o] §3 A0k AFAY W HE AL B Dol AL BelF2 o] §3 4
2 ulwd A% 49 Pt o o2 A S =
E,9] At 23he 7%gich

[t o B4 o i

Key Words: %] Z12-¢-7}| (Laminated composite), -3+ A~E-4] (Finite element analysis), %3 8}(Reverse-engineering),
of| 2 (Prediction)

1.4 2 7ol 7] whiel, At AAle] Fast aNo 7

AT Tk Be ATAEe] AL EA RS o] g

AR HEE ol ul7I7bae] MBS Fol7] Sla)  RE N D S BEY A Aol R S -
A, P2 AR AT ASH R ol Gk M4 ok izt Lol 2 Mahmood F(112 B ¥ B

U R A e FEA Rt v Leko] MZE, v HHE A W AZYL AAste], 80%0] s} A}

Received 25 March 2019, received in revised form 12 August 2019, accepted 26 August 2019

*Department of Mechatronics Engineering, and LANL-CBNU Engineering Institute-Korea, Chonbuk National University, Jeonju 54896, Korea
**"Department of Mechatronics Engineering, Department of Flexible and Printable Electronics, and LANL-CBNU Engineering Institute-Korea,
Chonbuk National University, Jeonju 54896, Korea, Corresponding author (E-mail: reon.kang@jbnu.ac.kr)



178 Mun-Young Hwang, Lae-Hyong Kang

%z ] EH{s]- 06‘]—_9,_/\ EH]
9 E}%*é% AL, S Sl IS Aot vk
o] 2 A 5=
Az S FARR 7 d Sl A=
T% Hii] ul7) st B3 & A 22

| gk, AR a2
=

_Ul
f
o
2
il
il
mi
2 W
Q'L
2
=2 J}u

A5 am %t Woﬂ
4g A el Bk s

olie o] it olgich. 1 ol 2t 34 xHraa %
A, A% 2w, w4 Sol chpstl ZE ] wj ot
HEsP A% BIARNA AGE RS GHA e

Hog BAsl] Y= HESSAYE, O R B,
Ao By v)g B S drE o] Adz BAo] Q)

oh e A A ol A g e o] Sk e e

71E A9 At olgjo] Az AY FE Baw o7 u
ol We A7k ] go] 2w 4= ek

o, 02 AR A A2He o] 88 o 4ANE o4
Ao x| ghet. TRl ok27kA] o4lA) F)wo] Bt 71
AL[3-7]0)A] BE 3D A7jd oz dojA CAD ZES A
skt PEsHe wWlel tiEk 97k 2 SaE D Qe
ARoleh AR AL Slak A B ATISIE AR
Slott S ARelu Hgol 7hsstet ko] gk

upebA], SR zoll ek SdA| 7IRo] i ASu o
2 (Classical laminated plate theory, CLPT)[9] 7|¥to2 7}t
E 9 oH10-12]. 2L} o] B3t Al A Q] HFH & 5 5k 2]
(Rule of mixture) 7]|HFe] £=38FA] 0] AAAlo] L], 4
(o] H}-?S‘]:q]}\—]_g] %/H oﬂ_%___ Z—}pj—Eﬂ_ }_-—_x]tl]— UHEF-%»/—\A 1:(1)]—
oA B4 52 Aeh=rt HojRl= Tlo] Qi

B A mE= S Uk tijt A5 Fetert HofA]

Fig. 1. Stress resultants on an element: (a) force per unit length;
(b) foments per unit length; and (c) definition of rotation
¢ compared to the angle 0

= e melely] 1o 54 54 vlvte] mer ol A%
glold RS &8atqlct 524 54 71N s AlS A
TomM A% W U o} uEes W] B4S
neste] AL SHEES AAZAL et
&, 7|19 9HA o S FESkAL, WH AR AW
FE Teje 4 oz PUES AN AE o4 Z2

Z138e] ANSYS Composite PrepPost(ANSYS ACP)S -85
of Al w9 IEAE S TRt Ao A W B4

shol ALGE A2 BAL A E3tlrh AN F FEEL
s R0l 2430 ALH0R o5 2skE 4
s A28 240 Usnt S99 Aol

l

Jo

_IlN

o)
ofj
2

o,
(i, e

= 9] lamina 5-0] t5-2] 5
2 =l et
ol uHEal/\7]- o]

]
b=

do 4
T
o &
g o

B oot

Exgo

ofs
f

ru oo rlo
ol
8

}od lamina <
= golz ALgstelth. 4% el el 7

o

K

o

=~ =
A =

[e]

h= lamina 59| S, 77 B 2o o8 242 4 3
o

3

lo N
=
ol

—_—

i

Of

th. o]2fgt A5 H3A o] w2l A
A= CLPTS} 32 AlHe] Aol 23]
& AHEste] HF A5 A A 14}6}
T A e AS 53w ALt S
of AxAom Agsh= Aolth. 1Y, 1 ] A
H 539 A I ol A= ol 2t drtbH
= AAE s3sk= Aol ot A8 lamina -2
Aol Alzto] dhrd HA=RE FE2EH Q7Y
ojut Fh= HlolE ZHE Y sfofit 51 EHTOH =
A# ] WE O] lamina 29| ZHE9} T 58 13 4
+ 84 o] asith 2 Aol A= CAE 3j4L o]
sto] A7 W7ol Aot FAE 1T 4 3l 8
= xﬂ/\]ﬂ@‘\:} AAE A7 ol = ot e
AR A WA 7Hge o] EASHA] o a4 Wt
oA FA Wk wheh 18 a40] AMe A 4 9]
A, 847 WP EAS o, 4de] obd AAde A%
o} qhoF WFo] whAlshA] oFe @aqhe] Aol Attt
B, 2efgh Heofl 2|9l Zh= Fg. 1(o)ef] Yehd x-y HH
I y-z FollA SgE A 2ol 0, 0,02 FAET. 54, &
a7t Uy o)z, 240] AA| 0] F7 k= FAE 4 9
oh 840 33k '_r“* FAHA S 220 7R = &
Hyofl dwto] QlaL, FAlof lamina 5-¢] 4 A
lamina 3 AW WY 9 45} AvtErh. lamina F-0]
4 WA 3R A Al M Y] & FEE FEl Al
A 4 Sl
Aol mE

FIOL?

=)
_1

Al
=~

S0l 9] 33 Aol B Jo BHe



179

Iteration

Correspond to initial target value

(or experimental result)

Axr 74

Fig. 2. Principle of the prediction of the lamina properties in this

Prediction of Material Properties of Carbon Fiber Prepreg in the Laminated Composite Using
Eq- (WeziE Z} 840 5/ UoF ditoll W @3t of o &5t aaoA Uulsld st RHE= 24 8
A8 PRy Qolxi $¥ Ao ofs) AHH S ol AolAe My Lo] TRoIT 444 4= Yk 9]
ch(Fig. 1 22)[13] A A g e abef delel AU e AN
Z =AY B4S AN o] 7Hstet.
k -
N Z J m ; 21% gl AHgE AR B4 JdAE ARE A
y (= y Z = -~ . = = -
Ny) Elaclog 5 Sl AH8-H lamina F-of tfsto] HE St ¥
N & A4S oF Bt T the, A5 oA E alelsho] A4t
4 ko (oyk = . =
B1=> [ () a () & aslob gick. s ARHE s SlElAE AL
x xz
L FFO BE lmina 5 ©49 YR W ohet
" Z [ o lamina 59| 79} 2% gFo] WhEA] Foi Aok gk, 1
y ¢ = y A g = - -
| " Ad o, A 2 AT ML 45 Bao) AF Ang suow
A% B A AF AN F @% B3R
NE lamina 2] 4, 7z, 9 7= A3 2204 22 kW lamina 29] B4 o AAeIich 23 sj4o] Tt 2
| 3ol vhet hmol A WY BEolTh. Z12te] lamina A3 FElEE kg Aol 4 Ayt
= QA0 24 FAEE 3D LA WA Hy 28 FE
2 uppa A ofdjel 2 MELA T4 WHAS 3 Lamina & ZA o= Hx}
e
N A5 EdA oA AHE-H lamina T 7S oI5 817] 9
x Ay Az A Biy Bz Big] & =1 =12 &S 1o Pe %
Ny A, Ay Ay Bz By By | €y b‘j_ OH*T EX]— Flg 29]— _ ] E]- E]'Zﬂi }\ﬂ—,—Q]- E]E]- g
Nay _ A Az Ass Bis Bz Bes||Vry WA, AL o &5t A} 6= L& E‘I‘H QH G A H
ol B P S s | @ omReE Yol lamina 3] $A, 2%, £ Hug 5
M, Biz By By D1z Dy Dy Y B - N a
Mxy Bis By Bgs Dic Dag Deg Kxy —]’7?_‘3} o—ﬂﬂg ]O"H /\] He —'LH.‘ 10—: dﬂ‘é‘ X]’E‘ E% T 9\}\
{Vx} _ Hyy H45] {yyz}
vy Hus  Hss] Wz
047] Oﬂ A—] Conducting a specimen analysis
(stacking sequence, angle, thickness)
Ajj =Xy 1(Qi/')ktki i,j=126 (3) F
= 2= (QiditeZi; 1,j=1,2,6 (4) Predicting the composite properties Ex, Ey
using the tensile test simulation, the modal simulation and
Dy = leg=1(@ij)k (t,22 %)' ij=1,26 (5) the information of rlie specimen analysis
5 = 4 _ 3 .. Predicting the lamina properties E,, E,
Hij =258 Q) |tk — 5 @z + D)5 i,j=4,5 6
Yo e=1(Q )k[ k tz( K7k 12)] b © using the tensile test simulation and
direct optimization with the genetic algorithm
(Qik = k WA lamina Zof T3t A4 vlE 20 A4
olt}. ta= k RS lamina & F7|0]1L, z, = k HA] lamina
= = B3lz)0] 1 Ao
5o Ao FH3polnh. A= A5 HAA _0“5 e U A,
E]‘LH i LY D--“:‘ :TL?ﬂ % % 6] é ]/]'E]‘ﬁ]:]' ]‘E‘ %‘O\l;g' 1_7'“‘%‘ the estimated properties and
e, H]L 24 Ack Z4A4S YeRiTh BE LB the target value
T]oﬂ ?1_1:1% Eq. (3) Oﬂ 7:“/&5] )J\E]— E% Rioﬂ EH (or experimental result)
o B4R AL g AR 48 AZEOE o &
st A ALk 4= Qo & Ato A= of gt Atk ¢
3 ANCSY ACPE o]t} 9lolA] Qojal Al Hng 2 i e i !
—8—3}01], 1—4_ X3 94 T R =1 o] _g_g]_?i PSS %@.;(H _q] EA Conducting the optimum simulation
= f lamina structure based
S AL 2 9)rh. of lamina structure -ase
on the predicted properties E,, E,
-A, B,DY H ZAAYH
- THE HREY BAT ARE 4% A |
2 A, B, D, H= 42 2379 74 4o research



180 Mun-Young Hwang, Lae-Hyong Kang

za3%t

=
| .
g
o}l

ok

P&t 4% g a5 LA gJat
548 A4A17] 2 lamina Z0] 460) ARE
= ¥ o2 (burn ou) BlA=0} W8t Av| 5
ste] 2 A Se BAsh Yot
TH1415). 2ot B A4 ofeist HF RS
sl wfobat 4 qlthz bAoA CAES] a4 gk
T oho] 43 534 Yol 488 lamina 9] 74
o Eshs 7] $HE F1 71&Hh

S, 2 A8 A A3 m g s14 Aset 4w
£ RS o] g5t AN AU HAF BaA 7
4 Ey, By (413 ZEA A9 2% BahAo] wha A4 of
o WA A A A FaES LER S o2t

A, WHE s QRAE, B A A AT 6
A% e E e A A e Agstel U
o lamina%- 3 0] 24 E, E,(4 3 BEANA ] 475
AE g Abo] v A4 okl HANE A HIA A ) e
< b 1 X, 2 YRS oS,

A, 58 lamina %] 24 E, B 7]MEOR A4kE]
A B4 By B2t A AF S8 B AL
B3I0] A4 By By(EE AFE B2 A9
¢ AF AukE B AR A By E)S vt
)% ABE AL ohe Bl A

r m{ﬂ
rlo

ZZA o2, lamina & 74 E,, E
of ube iR o] A= A1 2%
2o} ah9] A of et ARt A
Wk ol ejat 225} By FxBo] A EL A
Bl wek BA 23 0] geFstE R ARg-H = FAI=
of wpe} M 3 E|ojopt Fht.

Z 5 oo AL ZHEx AW O 2 HE lamina 29| &
AL J=As= urof 335l 7]&sk ).

w
A
11
JHI

el 2 Ey, B2 05| 218 A Al

8 AT 2R AT S
A% B0 A AF, B AP WA A §
22 314 B9 ANSYSS FEPTH 4% B3 P

32l BEE S 9foto] Q4 2 Aol X, Y, Z W
3AEE 2= Y E2 ?*é% SOLID 185 845
gaict. A sl s fIst skl dieh A=A A <
& A 213 FAsA HEA] Al o5 1 ol
tj5te] Fig. 33} Zro], o] X-98FO & 2 mm/ming] 4%
(@ A=) A A7) F2<Q] ASTM D3039(16]9] A
27¢ TR WYl BT ES APt Eok me
A4S 915 AARDL Fig 49} o] AA Fu S 5
X (FRF) B4 2437} Z U3 EE A|HO] 32 JBE 17
ShaL, W5 Aof vsd =4S T o RS HE
ol A o] 7HsshE S At 84 Azbe] et

e

= 1o lo ot

Fixed support

A

Deformed laminated
\ composite s

n f
Tensile force

Fig. 3. Schematic of tensile test simulation for prediction of lam-
ina properties of laminated composite

Fixed support
A

Deformed laminated
\ composite s

Possible vibration direction

Fig. 4. Schematic of modal test simulation for prediction of lam-
ina properties of laminated composite

Lamina'(cd u’nmp:oslté

Fig. 5. Geometry model of the laminated composite by ANSYS
prepost as considering the stacking sequence, angle,
thickness of a lamina sheet

o dAe] whesks ffell A9 Ak LS AL, AR
of mpE2 sk ottt M el 2 ks &1l
T ARSERE Ame] H QI AL Sl whE w0, A
hof| w2 HAA QL QI uhE AL 1 3k At
2le 913t Zh2te) a4 Aapr} i 7| SE T md 64
= B Awel A kel w2 rhordt Be g B
Zal7] $1eto] 634 3} FAA7HA| oﬁﬂw K|} 7
e Fig 59h o] BA W lamina 5-2] A, 215,
AS 18ste] malgy sio}. o]yt A= AEE 183t 1
B 2144 ANSYS ACPE BH8-5l0] 433tk 3 Wil e
o} N s3] AP ad o) B4 A<

AR B Be AN A SA AR BHS Y
ok AA = AT e Es B o] Tt AR 48o]A 4
Waich A 0] uet 82

_]
q
B3] Wg-22 HHL

?
>~

=
Fol, 4 FelolA 4%
& % qlrk ol 4ol



Prediction of Material Properties of Carbon Fiber Prepreg in the Laminated Composite Using... 181

7% ) xd,% LR R EL
B we o149 Auks 1) Wl

Xé;l‘n‘%% FA717] S5kl E3, vl 59, 2
Fe Holt A WA S Fueg

gl
u}

=-
3}

3.2 ME SEx| W5 lamina &2 Z4 E,, Ex°| 0F
Lamina & 734 A E, E ]X]— /\]04 OHHJJ. AnR=) /\] 5] OH
A2 7]HEe 2 ANSYSO] 213 2|43} & (Direct optimization
tool) & &-§-5to] o SH ) QALY ATt &0l 7] fI%h
SNZE]= lamina % 744 By F,2] A MOl 3104 o
3 A% B0 24 By B2 1418 st Sla) o
o= et BAL 120 Wk ARH 5L 9
T oAb A7) 24} Bol chEA 24 QT (muld-
objective genetic algorithm, MOGA)o]| 2] <=3§3tc}.
MOGA 71%& T3] B3EgHe AASH= Zlo] 7bsshu],
At AE S8l 249 F3EgkE e dagEolth &
A dE dagES PR stal A3 s Al
r& estr] fIsto], & Aqtol A A E MOGAS] 7]
94 /\l” A BE = 2070w, BEE Sl ST AE
= 107o]ch. Hof &are]F vhE Sl 20“10114 odar

ﬂu HHE =82 of| S5 lamina 3 734 E,, By 28519
Sl OJXJ AlE H’Hg ol AAE A B3] 3
I HygEo] HAS Hat S HPEe| U S ¢
%74‘% == 1%5}14 St TR ERERE =24
A A AFH AEe 1 AJHAA Y SE WP E
Tt Zobd wj7hA] =gttt HhEE = QI Al a4
H—J AAZRALE A AR siAa FUI AARACE A
° 2 NAFC) of|=F lamina & 734 E|, B2 X35 &
011*1 53 ST HPEo] sUg F AIFE Y A=
Uet= 2ol A4% ) 955 lamina 3 734 Ej, E,9
Ao d5E 2S5 5T A3 Ex Eve A S3E 4
= 5gA9 A Ey By T2 AL dgE] ALbE A5
Aol A By Evol eabeS Fo 3Tt
4. Lamina & 24 o= Z
Aol A AA Z EFA HH-2 lamina 39| 717
& A 5ot GAA AEYolH EeEE AEsH] ¢
3, H3 & lamina 3 5735 ¢12]2] lamina 3 &4
ole| & g gsto] A A H AlEH ol HAaE =P FTt. o
5 A= 9 AlEdo] oA lamina F 7S &

gotol AukEl 42 Bablel 24l ofa) ShelE .
A2 9J3t S| TYAIL 7)) CERP o)) 4
$AEZ A28 722 A a A B0l MY g
3l CFRP2] A= Eslx|2 2 €] CFRP lamina®] E4& 94
Akl 7o) 7Ps e S et 3ol IFE a4

OHH ol

Table 1. Boundary condition input in the simulation of tensile
test and modal test for calculation of E, and E,

Material type CFRP UD Preperg
Stacking sequence |0/90]s
Thickness of one lamina 0.15 mm
Dimension of specimen 13 mm x 240 mm
E, of one lamina 140 GPa
E, of one lamina 8.4 GPa
G, of one lamina 4.5 GPa
G,; of one lamina 3.5GPa
Poisson’s ratio,, of one lamina 0.281
Poisson’s ratio,; of one lamina 0.4
Node 1,098
Elements 963
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Fig. 6. Boundary condition in simulation of tensile test and
modal test for calculation of E, and E,
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Table 3. Estimated E,, E, by the simulation in the condition of
static (tensile condition)

E, oflamina | E, oflamina | Simulated stress of
(GPa) (GPa) the laminates (MPa)
(Error %) (Error %) (Error %)
Initial
ntatinput |- 46 49 8.49 296.54
values
140.93 7.47 297.32
Candidate 1
andidate (0.31%) (12.01%) (0.26%)
142.14 7.88 299.98
Candidate 2
andidate (1.17%) (7.18%) (1.16%)
140.83 8.29 297.23
Candidate 3
andidate (0.24%) (2.35%) (0.23%)

Table 4. Estimated E,, E, by the simulation in the condition of
statics (tensile) and dynamics (bending + torsion +

Shear strain (ug) Iead—lag)

Fig. 7. E, and E, of the laminated composite predicted from the E, of lamina | E, of lamina | Simulated stress of
slope of the S-S curve that obtained by the tensile test (GPa) (GPa)  |thelaminates (MPa)
simulation (Error %) (Error %) (Error %)

Imtvljlllz’ ut 140.49 8.49 296.54

Table 2. Boundary condition input in the simulation of predic-
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Material type CFRP UD Preperg
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Stacking sequence |0/90]s (0.28%) (7.30%) (0.25%)
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) A 296.54 MPa (Error %) (Error %)

inverse calculation

- - Initial input
.Straln of the de§1red value by 0.00284 mm/mm values 28.79 222.55 543.35
inverse calculation
. 28.8 222.55 543.05
The used optimization tool MOGA i
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