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Investigation into the Variation of Physical Properties in Carbon Fiber
Composites (CFRP) according to Braiding Conditions

Eun Jong Son'’, Jae Hong Jeon?, and Ki Sung Park®

'Department of Textile Fashion Business, Bucheon University, Bucheon 14632, Korea
2Research Institute Cooperative of Job & Consulting, Seoul 06746, Korea
*Super Textile Development Center, Korea Textile Development Institute, Daegu 41842, Korea

Abstract: This study investigated the braiding weaving method and the resulting tensile
and flexural properties of rigid bodies based on different types of carbon fiber yarns. The
research examined the physical properties of rigid bodies at various weaving angles using
T700, T800, and PITCH-based yarns. The results revealed that the type of carbon fiber yarn
directly influences the tensile characteristics of the rigid body. T800 yarn exhibited high
strength, while PITCH-based yarn demonstrated high elongation, confirming that each
yarn maintained its relative characteristics. The study found that the properties of braided
rigid bodies vary depending on the yarn properties and weaving angle. At 0 degrees (UD
direction), the rigid bodies displayed pure carbon fiber characteristics. However, as the

TCorr.espon.ding Author: Eun Jong Son weaving angle increased, a transition towards polymer resin properties was observed. The
E-mail: eunjong@bc.ackr investigation confirmed a significant decrease in both tensile and flexural strength as the

weaving angle increased. The results obtained through this study will serve as important
Received January 24, 2025 basic data for setting the correct process conditions in the production of carbon fiber rigid
Revised February 23, 2025 bodies using the braiding method.
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Table 1. Specifications and characteristics of carbon fiber tested

Fibers specification Tensile properties
Manufacturer Numberof  Resinquantity  Density  Diameter  Strength  Modulus  Elongation rat
T Fiber name umber o esin quantity en5|t2y iameter reng odulus ongation rate
filament(K) (%) (g/cm?) (um) (MPa) (GPa) (%)
Toray T700 12 1.0 1.80 7 4,900 230 2.1
(TORAYCA) T800 24 0.5 1.80 5 5,490 294 20
Mitsubishi
(DIALEAD) PITCH 10 0.5 215 1 2,600 790 03

*Source : Technical data sheet of TORAYCA (Toray) and DIALEAD (Mitsubishi).

Table 2. Braiding weaving facility specification

Category Specification Facility layout Photos of facility
Facility name Tri axial over brading system
3240 ! ’; !
Manufacturer Tipoel Co. |571:1
D!.ISt
Model TOB-0T1 g
k' ] i F
Braiding width Adjust the width with the mandrel e 'E Braiding
P body
Number of carriers 128 § \\
& o f E]
Velocity (rpm) 50~200 1 cxnsibinsiing
1 eletric control
. box
Bobbin size (mm) 55x 178
Dust collector @150 mm x 2 hole || 1820 |
Overbraiding
work idi -
Length (m) 33 chamber Lo ”™"® Yineing
6000

Breadth (m) 1.8 - =
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Table 3. Braiding weaving conditions

Category 1 2 3 4 5 6 7 8 9 10
Carbon fiber used T700 T700 T700 T700 T700 T800 T800 T800 T800 T800
Standard 12K 12K 12K 12K 12K 24K 24K 24K 24K 24K
Braiding angle (°) 0° 30° 45° 60° 90° 0° 30° 45° 60° 920°
Number of bobbins (ea) ubDP 128 128 128 UDP ubP 128 128 128 UDP*
Mandrel diameter (mm) ubpP 200 200 200 UDP ubpP 200 200 200 UDP*
Horn gear (rpm) UDP 25 27 27 UDP UDP 25 25 27 UDP*
Winding speed (mm/min) UDP 350 350 350 uDP UDP 350 350 350 UDP*
Feed servo speed (mm/min) ubpP 200 160 100 ubpP ubpP 210 170 100 ubDP*
Braiding quantity (m) 1 5 5 5 1 1 5 5 5 1

*UDP : uni-directional prepreg composite.

Table 4. Process conditions for step-by-step braiding works

Process sequence Process condition Photos of process output

1. Fiber preparation process ~ ©T700-12K, T800-24K grade carbon fiber yarn

©128 bobbin bunkon winding machine

©Be aware of the risk of carbon fiber wool

oSet tension conditions that minimize the occurrence
of fuzzy

2. Bobbin winding process

© Preparation for krill mounting after winding
©Mounting the braider on the mandrel

©Induce the introduction of the bobbin's mandrel
oKeep each bobbin tension the same to eliminate

3. Bobbin creel
mounting process

sagging or kinking
o Perform preliminary braiding to set the conditions of l%i @ ﬁ e o
4. Braiding condition input each moving part - = i] ==
process ©Check that the weave shape and angle meet the R ERERE =

requirements

& xsflleoows E X & E°CE ECEl
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Table 4. Continued

Process sequence Process condition Photos of process output

o After repeated checks, the final operating conditions
are confirmed when the operating conditions are
completed.

o Start braiding

5. Start of braiding process

©When braiding is complete, remove the mandrel
o End braiding by checking the weave angle

©Condition after the completion of the braiding
process

6. End of the braiding process

oThe final result of the braiding prototype

©Removal of the mandrel from the finished braiding

7.Mandrel removal process
P ©Check the weave angle once more

T700 30° T70045° T700 60°

©Normal or not of yarn cutting detection sensor
©Normal yarn force automatic regulator
8. Precautions during the (bobbin inside spring guide attached)

KL

/
S
K
OO

SCNNNON O\

process ©Whether the density/thickness of the horn gear can \ \
be adjusted \/ \?§

o 2-axis braiding as shown on the right
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ANNN
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>
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QAL Q) Al BLA): ASTM D4018 A3 HH (Standard Test
Methods for Properties of Continuous Filament Carbon and
Graphite Fiber Tows)2] A]RZ&H|Q} 114 2] o]z 118
sol ole] thguAloR BRI £EAS Aol
ol Z 2|7 TL(prepreg) A EAJAIA A &= =
ASTM D3039/D3039M-14 A| &8 AJHE] A|F Ao B4

Aol A2 2-&(volume fraction)& 2-8-A1A AFEA=

Table 5. Before and after photos of carbon fiber yarn experiments

g o, AFE4%(2 mm/min), 2~ E | Q1A o] A] (Kyowa,
120Q FHAY 5mm)E ARSI Table 50 A -3
O] AbxE YERH STt

S HEZAE AE Az D G}

S HEAE AJE Az

=kA~A-§ UD(Uni-Directional) 7 32X E A]HA| 2 ASTM
D3039/D3039M-14 =8-AIF ¥ &8 A9 &<l
I SAaMG HEAES oy AXRZE 0°49 &
JulaLE QlaliAl= UD ®ak(dolHaFo g 009 AlHS
Azt A A2 Table 60l AR A 2FA 3t
Figure 10| A& ARRIS UER Sl

Before the experiment

After the experiment

Sample status

0 30 40 50 mm
~

Table 6. Preparation processes of carbon fiber UD composite specimens

Process Process manufacturing condition Process result
-"4"
©Material: SK chemical prepreg /
o Specification: USN150(T700), UIN150B(T800), |
URN300B(Pitch)
©Resin: SK standard type (K51) applied
Laminate

manufacturing

©Sheet molding: SK chemical (vacuum bag
molding)

©Curing conditions: one step curing

©150°Cx30 min, 1~3°C/min temperature increase

Temp. m— Pressure
5 bar

150°C Dwell for 30min

Demold below
80°C
RT.. 1~3°C/min

-1 bai

Time (min) acuam

© Cutting specimen using diamond saw
©Processing specimen surface manually
© Attaching tab according to specifications

Sample
processing
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(b)

Figure 1. Photograph of UD-oriented carbon fiber composite specimen; (a) T700 carbon fiber, (b) T800 carbon fiber, and (c) pitch carbon fiber.

Table 7. Carbon fiber braiding composite sample fabrication

Process sequence Process condition Process result

© Check the braiding weaving condition of the fabric
©Measure and adjust the braiding pattern

©Cut the composite test standard fabric

oPutin resin (Hand layup)

©Vacuum bag forming at room temperature for 24 hours

Laminate fabrication Check the weaving Check the weaving
condition pattern

©Resin: Kukdo Chemical KFR120 (main agent)
plus KFH163 (hardener)

©Mixing ratio: 100 to 19

©Composite curing: Room temperature, 24 hours

©Cut the specimen using a diamond saw
Specimen processing  ©Attach the standard tab after surface processing of the
specimen

IR ERN]

()

(b)

Figure 2. Photos of carbon fiber (T700) composite sample at different braiding angles; (a) 30 ° weave specimen, (b) 45 ° weave specimen,
and (c) 60 ° weave specimen.

Sadg oy AEAE AR A% Bdlold WA B AZTHT Figure 20] A2 ARIS e gic.
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Table 8. Strength and elongation test conditions of the specimen

Test equipment Test grip Extensometer Cross head speed
INSTRON 2716-002, Video extensometer .
INSTRON 5969 50 kN Wedge Action grips (Gage length: 50 mm) 2 mm/min

517] $J8l ASTM D 3039/D 3039M A|@H o 2x A|3ls}
it Table 8o AP27S Liehfiet.

FINF: Bang ARAES] 23 54 FaAL 9l
A ASTM D 790 A9 AFako] Al@isralch. 2343
7](model: Shimadzu AG-100kNX UTM)& ARE-5H4IT}.

3. 20 Y D

3.1 EHAMS BALS] QIFEN

Edo|g-& UAr2 AAE T7003} T800, PITCHA YA}
of tiet AFSAHLR Figure 33} 22 235 AUeh &
244 25 AAEALS AEoAE= T8007} 7Y 94
skaL, 4 = PitchA] AL 7HE ©HAo] S Ehld

T700
ET300
M Pitch

Tensile strength (MPa) Tensile modulus (X10GPa) Elongation (X1000 %)

Figure 3. Comparison of tensile properties according to carbon fiber
types.
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Figure 4. The relationship between tensile deformation and tensile strength according to carbon fiber weave angles; (a) T700 and (b) T800.
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Figure 5. Relationship between tensile strength and tensile strain of braided rigid body according to carbon fiber type; (a) 0 ° braiding, (b) 30 °

braiding, (c) 45 ° braiding, and (d) 60 ° braiding.
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Figure 6. The relationship between flexural deformation and flexural strength according to carbon fiber weave angles; (a) T700 and (b) T800.
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