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Evaluation of Process Performance and Mechanical Properties
according to Process Variables of Pneumatic Carbon Fiber
Tow Spreading

Jeong-U Roh*", Un-Gyeong Baek*, Jae-Seung Roh**, Gibeop Nam***"

ABSTRACT: The carbon fiber has been damaged via tow spreading process for carbon fiber spread tow. The fiber
damage is caused by friction between equipment and fibers or between fibers and fibers in the process of spreading.
As a result, mechanical properties are decreased due to differences in process via material and equipment condition.
Therefore, minimizing fiber damage have to be considered in the process. In this study, the change in carbon fiber
pneumatic spreading process was observed by according to the filament count, sizing content of carbon fiber and
process variables in spreading equipment (fiber tension at the beginning, air temperature in spreading zone, vacuum
pressure in spreading zone). Tensile strength was evaluated using samples prepared under optimal conditions for each
of the carbon fiber varieties, and mechanical properties were reduced due to damage on the carbon fiber.
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Table 1. Specification of carbon fiber (CF)

HoTlo| A BAAS Amd T = o17] 98 I No. Specification Filament count | Sizing content
— — "gTar ——UH|— = - [e)
718 0|88 ATd|Dsls THA o)A 1t g@_ 9= Mo 1 T700SC-12k-50C 12,000 1.0%
&AFS 2| 431517 08 BA oA BraMeo] Wt E 2 2 T700SC-12k-60E 12,000 0.3%
o} xfo]A FHeE, BhAAS EO Aat Zu|o] LA Wi 3 T700SC-24k-50C 24,000 1.0%
@8, DR, ABUDE Belste] BHAS
wsle ettt T Eo], fla x| et 3ol A Table 2. Specification of binder powder (PA) and its treatment
fES = AN — 1=t b
— condition
270 H A 2E WEE o) g3 AFEE Frteto], g -
AR Al T V1A B g Selstic Classification Value
Density 1.02
2 Al 3 Average particle diameter (um) 70
= 0
Glass transition temperature (Tg) (°C) 50-60
2.1 ElaMS ES Az gl EH| Amount of binder treatment (wt.%) 3.5
2 AFNH = aHd ES AxydS ¢l 3712 Temperature of binder treatment zone (°C) 130
Tension Binder )
controller processing [| Puller ] Wu1§u1g
Hot air Vacuum Hot air Vacuum it = unit
blower 1 | unit 1 blower 4 | unit 4 unt
Carbon fiber

Spreading zone 1

Spreading zone 4

Fig. 1. Schematic of tow spreading machine (pneumatic spreading type)
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Table 3. Specification of test conditions

Content Parameter
Filament count 12,000, 24,000
Sizing content (%) 0.3,1.0
Pulling speed (m/min) 10
Temperature of hot air in spreading zone (°C) |160, 180, 200, 220
Vacuum pressure in spreading zone (kPa) -1,-2,-3
Fiber tension at the beginning (gf) 400, 600, 800

9} 7314 (KBH-1089, = =3}31)5 100:802] FAH]&&E &
getol ALgelelth A B ARE PaA Bad s A
3Fo g2 AYslo] A Z=3l1L 100°C L E oA 30% o] =
0.1 MPaQ] ¢t g3 Z=gl2& £1]5F9th VaRTM
(Vacuum assisted resin transfer molding) FH O 2 =X &
zoJsteiom, 150204 2417k 43HS AaAsaic
24 Z2MA ds % JIAN 24 "I}t
Jo= vH|wsl7] Y3l), XA O 2 300 m E5F
o] &t {5 &Y 3k F, Fig 2] HZo] %—712}/\}%
gl TS RS A& o &
Al 7| AR B 8 571 H
W= Table 40| HZzo], 7} &l 5 1 7MY AHet &
AZANA AZE AL E EQE o]&351glon], ASTM
D 3039/D 3039ME w}e} Q1A= Al sk Q1A 3
o= InstronAFe] Wl 8801 1815 BHs A %71 S AHgSH
of WEAE 7] B £EE 1 mm/ming A A3}
stk SR U 44 1910 E 0%z Aaisto] vm
sjoom, o} SJBIA] QLA F 2t A ASTM D2584

Table 4. Optimal test conditions according to the type of carbon

fiber
Condition No. 1 2 3
Carbon fib T700SC- | T700SC- | T700SC-
arbon thet 12k-60E | 12k-50C | 24k-50C
Temperat.ure of hotoalr in 160 160 160
spreading zone (°C)
Vacuum pressure in
. -2 -2 -3
spreading zone (kPa)
Fiber 'Fens-lon at the 600 800 400
beginning (gf)
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Gathered broken carbon fiber

Fig. 2. The gathered broken carbon fiber on vacuum unit of
spreading zone
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Fiber tension at the beginning (gf)

Fig. 3. Weight of the gathered broken carbon fiber on vacuum
unit according to the fiber tension at the beginning
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Fig. 4. Weight of the gathered broken carbon fiber on vacuum
unit according to the vacuum pressure in spreading unit

14 I T T 1

< T700SC-12k-60E
C - T700SC-12k-50C
T700SC-24k-50C

Weight of the gathered broken carbon fiber (g)

150 160 170 180 190 200 210 220 230

Temperature of hot air in spreading zone (°C)

Fig. 5. Weight of the gathered broken carbon fiber on vacuum
unit according to the temperature of hot air in spreading
zone
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Fig. 6. Tensile strength before and after the tow spreading pro-
cess according to carbon fiber material conditions
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