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Design and Experimental Verification of a Narrow-channel Continuous
Carbon Fiber Tow Weft Insertion System for Soft-Hard Blended Preforms
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Abstract: To address the issues of high labor intensity and low forming efficiency caused by man-
ual weft insertion in narrow channels during the forming processes of soft-hard blended preforms, an
automated weft insertion system was developed based on an S-shaped trajectory of continuous carbon
fiber tow. The formation mechanism of the S-shaped trajectory was analyzed to establish the synergis-
tic relationship between carbon fiber bundle positioning and coordinated multi-mechanism motions. A
system architecture was designed, with the weft delivery mechanisms, electronic weft insertion mech-
anisms and post-insertion control mechanisms as the core components. Prototype experiments demon-
strate that the system achieves continuous and stable weft insertion in narrow channels at a rate of
12.5 picks per minute.
Key words: soft-hard blended preform; narrow-channel weft insertion; continuous carbon fiber
tow; S-shaped trajectory; weft insertion system
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Fig.1 Carbon rod array tooling system and S-shaped

weft insertion trajectory
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Fig.2 Formation mechanism of S-shaped weft

insertion trajectory
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Fig.3 Overall architecture of weft insertion system
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Fig.4 Schematic diagram of carbon fiber bundles

pretreatment yarn
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Fig.5 Working principle of weft delivery mechanism
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Fig.6 Schematic diagram of electronic weft

insertion mechanism
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Fig.7 Schematic diagram of the post-insertion

control mechanism
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Fig.8 Working principle of weft controlling mechanism

after insertion
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Fig.9 Hardware composition of PLC control system
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Fig.10 Calculation model of the servo motion

axis parameters
X-yzgtaEashid a2 a b ffE.
KB & R HUR AT IE 7S 308 B4R 4 1 300 50K
B8, X MF67E X mEE 8, Y f-F 67
MEAME R R P IR AT Y BEm S, X-Yis
At a R Ax Ay 23K
Axr = d,sin 30°
Ay = d;sin 60°}
e AR (D (@) IF AR
NS - E ST IR W R i SR R L
it DK P

©))

®1 fARBETSHE

Tab.1 Servo unit parameter table

SIgE| XWiZsh e | YHZITE | 5I4MR%ET
45k 22 FT IR 22 KT IR W e 14 iy
R 1:1 1:10 1:1

AS/mm 5 10 78
AP /pm 1 1 5
P, 11 777 216 11 777 216 11 777 216




TR TR o TOU TR A A G T T TR SRR AT RS A R GE I BT MR — OO L M E F

3.2.2 IRV FEE

AN G I ik 557 G B 23 S B0 R 3 £
P PLC ARG 2 8008 HIAH L 09 7 2 1, O i i
Ak BRAZ S A 2 15 A 15 5 S B2 HLBGRAT B 1 2
S O3 IR 4 ) 5 0 R Y o O 4 i 4 i A2 )
Bold T, REmBERETREWNRE 11
AN

YT Z R 4RI BT AT G B AL BRCZ 1 1) D
MLIRE. 25 X-Y a5 8 °F & i b B 51 i 2
IRaah R I Ab iz 2. 51 4 S04 L AT, 200 G Y
A AR I T R RE A A AR AT A B Y
BENRET iz s, IR b A I B IR 4 (e
21 Y A B ml BT ) L R GEARE I AR AR, SF
PR N R ab 3], w0 R i, Ol 1 T R AR B
T WA EE T AR TR EE A
N1 B E BB n o, BB — AR 5
STARSE M. £ 4E)= AR L PE BOR A
A4 HHEIRIETT.

4 FAHARRERRIE

SR BIE S| £ R GeAE A S8 T 5| AR EF 4k R
) AT AT R B S SRR AL (BT 12) X6 B 8 [ 9 gk A 7
B A YRR G AL

SEES AR R BEAY HT-1 3k Bk £F 4 o K [m) 7Y
5Tl 2 A ) R R L R B A N DD IR AR SR
350 mm, & R 40 mm, B A SEEE R H »
108, % TP il A4 75 4% 3 1A 0 % BRPE L 5 HORT
54 AN AT 5 26 S5, SRR A5 R AR 13 FiR .

S 25 R W B 51 4 R G2 R AR A5 438 JE
o S8 R SR AT AE R 51 4 TAE R UE T RGN

B

X-Yiz8shtra

BREERES]

X-YiEsh P& E3
L CHETE)

X-Y B FPEE
I FE

Y

| EsI%gERBmE |

11 BFEITRER

Fig.11 Program running flow chart
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