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Mechanical Properties for Processing Parameters of Thermoplastic
Composite Using Automated Fiber Placement

Jung-Won Sung*, Hyeon-Seok Choe*, Bo-Seong Kwon*, Se-Woon Oh**, Sang-Min Lee**,
Young-Woo Nam*", Jin-Hwe Kweon**

ABSTRACT: In this study, the effects of the additional processing parameters on the mechanical properties of
thermoplastic composites fabricated with automated fiber placement (AFP) were evaluated. Annealing and vacuum
bag only processes were then performed on the manufactured thermoplastic composites, respectively. For verification,
the crystallinity was measured by differential scanning calorimetry (DSC), confirming the variation of semi-crystalline
thermoplastic composite according to the process conditions. The void content of thermoplastic composites was
evaluated by matrix digestion method while microscopic examination confirmed the porosity distribution. The
interlaminar shear strength test was conducted for three different process parameters (VBO, annealing, and no
treatment). A comparison of the three tested strengths was made, revealing that the porosity value had larger effect on
the mechanical properties of the thermoplastic composite compared to the degree of crystallinity. Additionally, when
thermoplastic composite melted up, the pores were continuously removed under vacuum process; the removal of the
pores resulted in an increase of the interlaminar shear strength.

£ S AL AF AR ASAFP) FHE AL Aty BFAC sl 27t FHS S F 7]

A B vA= FE Frtetdch At HUP qES ?L A AFPS] 34 WE B3l 4rtad SgAE
Xﬂ 7%}0“‘ ° D% Xﬂ 2ZHE A7EAA E3HA o 01 % (Annealing) ¥ %159 (Vacuum bag only) 34 435} ct. =

24t 9 7178 24 % St Ewrn: A7k 224 st 4 Differentil scanning
J i A sk Wete S5t
Aek AIBE A ol A oS Ao ool Hug A2 5 AE LEE Sl

o 71282 ANl 34 22000 02 71T
2 A2 ATk B
W 2L Fa 97t

H
B ERAAS IS R

= Y= A% At AFP
= ur 7138 aol 71741& el B we G oA w a4g
%A 0z drhay B3 1o 7]

—|—'

Key Words: &7144 ?}XH (Thermoplastic composite), -5 41-F- 2] #H|(Automated fiber placement), 24 s}l
(Crystallinity), &7F At 7+ = (Interlaminar shear strength)

Received 15 October 2019, received in revised form 30 October 2019, accepted 31 October 2019

*School of Mechanical and Aerospace Engineering, Gyeongsang National University
*'School of Mechanical and Aerospace Engineering, Gyeongsang National University
Corresponding authors (E-mail: ywnam@gnu.ac.kr, jhkweon@gnu.ac.kr)
**Korea Aerospace Industries, Ltd.


DOI: http://dx.doi.org/10.7234/composres.2019.32.5.229

230 Jung-Won Sung, Hyeon-Seok Choe, Bo-Seong Kwon, Se-Woon Oh, Sang-Min Lee, Young-Woo Nam, Jin-Hwe Kweon

1. M

ru

A3 A= T 71A A
715 WSS 24 e A8Ea
2k AlZko]l 29 A 7y & Af7kgo] E7Fsshe 1= <
off A 2H-G =] A] ool ek Ao 2] H3t Thalo] Qlr[1]. o]
g3t o= QlsiA 2 A7k Bl gt A+t
7h S A 2P e A ik Ik B A= AlEE ARE
A g Qg AL sk A 4 ok E
| 4% 7Pssin] ARle] mao] Be)
[2]. 28U Z 2] ) I (Prepreg) & 2
LR R R

ool 3 Zholl 1l F7kol WAy

¢

o T
A 2K

1

o

FU?L' %0 lO

o o fil

o o

e, =
N

Ho ol

Mo = H oy
)
R
il
iy
S
)
)

It @ a2 jo & Mo
B
iR/ {0
&5
rir
)
HT
u
2
olN
QL
rlr ©

oo
O

N
N
o
oM,

o
*d

2 b
3o, Mo
rr
RO
k)

A

BN

tid

flo

N
30, off o

2

Jo

X,

ojM

X

=

i ox

N NSO oo
o\

N

N

ol

o

fd

N
B

Rl oM I
w 1o

5o I
o =
>
Jo
)
ofN
o}
=
=
o
T
o
N
N -13 m_m
filo
Y
2
=
wy e X

o ©

in-situ 37 A7t Y= L QITH4].
o

o i
o
i

J

)
I
i
o

7

oy
i)

%0 in

&3 FHOE Ao vl A& AlZto
&

N

5} ]
[5]. AHE A+ A5 FHl= 1 em WeJo] Lo = 3
A Hl o] ZE thEA| o] 7} 7hs 7t ] o] 2R
2 ghe] AZ3eh(67]. As A
Hl 2 AZME 250 A9 At A2 A4l
] A2 g o] Avks 2|43} & 4 Qlrt. Qureshi 5[8]&
ATP(Automated tape placement)2 A2 A714A 234
of e EF o] HE A AE AVt B VA =
& vluskglom ATPE A2t d7kard H53A2] 714
A 24 LESY | BR AAtE drtaAd 53 7
AR EAJHH 55% & A7 2 i) Comer 5 [92 In-
st 202 A2 Arlay BEel o E2eo|ng
AR b BaA el 7| AE 24 2ol & Bl

o
=
il
ox
filo
ool
ox
ok
N
pacs
2
2
lo
re
-
N
N
¢
=
ol

al

o ox R
OIN' D—{_O‘ r_"ﬂ.

o
O
o Sk % o T K

o
=2
om QFAISLE 95} 4] ARP FAMS X251 B a2 )

c}. Aswani 5[1012 LATP(Laser assisted tape placement)
Y01l (Layup) B2 ¢ uEA(Wing box)S A 2H3kg0
™, ILSS(Interlaminar shear strength) 2 DCB(Double
cantilever beam) A|¥2 $3 S} 5 Abe]o] A 4 iy
£ SIS Kim 5 [11]2 AFP FH| 2 o3 AukE A
15171 $13to] =2 (Mandrel)& A A|5M4 2 AFPE A|
bl Baka) 2ofol ofgt ABS Saakalr.

Qrhadl 470 AHTEE BAS] o] o}
QAT WA ER T8 G S Qe A s
2o} BEAE REH o R AYTRE PG o
AR F-Z(Semi crystalline)o|t}. G7FAA $2]&= A%

g

NN
i e o

BT o

vy

o] Aot Fejofl ek Q7o &4, 71414 540 th=
oh12]. At I7kaA LEAY) REe 243t
AL ek, 2R3t e A9 =R Y f] Ao 2=
THA W2 e = o) GaFs won, YE et mEa
= ARt rt BoH13-15]. AHs AF A5 S o835}
of Azt Grtad BEA= Wae] waA ZggEof 4
Aot vk @& A= E SN]SR AL
B 2443 2xo drtad EEAE AT A
7]+ ]2 % (Annealing) 34 o] ¢].2 0, 11% SHConsolidation)
TRORE 5= ol 28t 17| gE o R 1y
= 2158 (Vacuum bag only) 37 o] EAgtct. whepA
Aol As A AT BelY 4% 2= 9 AS &
L5 desto] AZtE 374 G B ol tisl M
W ol RS sl ER 22t w2700 )

Q7kay B Hstel 7138 W AYste

€ AR Sastol Wl HAsislth.

o
ofs

2. Mz &=H 2 Al

2.1 ¥tad SER ME

2 Ao AMEE F7FaA B A& Tencate Aol A
Algohs w4 AR A3t Ee ofH 2-AE-A=(AS4D-CF/
PEKK)o|w H|o]Z 9] FA F7:= 0.14 mmo]t}. 4-f H A
o 22 (FAW )L 145 g/mZO]U:], PEKKQ] 47| g2 34%0|
of. A7k EA AlZFe] 74~ CORIOLIS A7} 7idgh
o5 Ao As A A AHIE ARSI 2H2He) S
(AS4D-CF/PEKK) H|o|Z 5 HF2AI] § £ZEo]E o]
|3 1A Ao 2 dt= WF o R Ho|ZE 255k
5o ehr s 2huy|o|E Q] driadd EdAE Fig |
of et on, glojA & o3t 45 2= 45 &

= gejsto] Azbeteint. #arol whE Aj2F 270 Table 1
of AAIsE o, 27120 AF 2% 9 HF &keof ot
o] @ S AL £ Ao 417
o 4% 2wolA 004 mise] HF HER AR A7k
B3 ES Sample #12 F7]5}5ch npzl7 A 2 430°Co] A
Z 2 %04 0.04 m/s, 0.1 m/sQ] A3 &ea A zhE d7pa
A B3R E 717k Sample #2, Sample #3°.2 % 7|5} oF

Fig. 1. Laminated thermoplastic composite



Mechanical Properties for Processing Parameters of Thermoplastic Composite Using Automated Fiber Placement 231

Table 1. Manufacturing parameter of AFP

Laser power
(Nip-point temperature)

3,349 W (417°C)
3,460 W (430°C)
3,460 W (430°C)

Types Layup speed
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0.04 m/s
0.1 m/s
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