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Abstract: A novel weaving approach is proposed to fabricate T-shaped composite specimens featuring
multiple structural configurations on a three-dimensional weaving machine through a single threading process.
This method employs a profiled zonal threading strategy combined with specifically designed shedding
sequences to embed weft yarns into the warp layers. By optimizing the weft paths, the rib and web sections of

the T-shaped preform are integrally formed in a single operation. T-shaped carbon fiber composite
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components are fabricated and subjected to Charpy impact tests at an impact energy of 7.5 J. Thus, the effects
of different weave structures and warp tensions on the impact performance are investigated. Comparative
analysis of nine types of specimens reveal that, under identical warp tension conditions, the shallow-interlaced
structure exhibits the highest peak impact load, approximately 37% and 20% greater than those of the
orthogonal and the shallow-interlaced with backing warp structures, respectively; the shallow-interlaced with
backing warp structure demonstrats superior energy absorption capability, achieving the highest energy
absorption efficiency under both 0.6 N and 1.1 N warp tensions; in contrast, the orthogonal structure shows
pronounced sensitivity to warp tension, with its total absorbed energy increasing by approximately 52% as
warp tension rises. The results indicate that lower weft buckling and smaller warp tension enhance peak
impact load, whereas higher weft buckling and greater warp tension improve total energy absorption. These

findings provide a theoretical basis and experimental insight for the structural design and performance

optimization of T-shaped composite components.
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VAR £T 2 S 39 5 1A, B0 48000 IR O ZE A 5245 4
A R R | R L R LR T S b Sl 45 AT
ol fry e e A B AR TR B AR DR SR R R AR
AR U, 25 BB A L T [R) 254 <6 Jes 4 1
Jo ) LA 3026~50% 0. HHT, & A A R
w R E 2GS A R A4S =2
JRE5t . TNV T 2, 4L S J2 5 S5 MR
T =HEHLAN Y At N AR RE Ty B A — L
B ARLE DT R LS P b o PR RE DT T, = HEHLALLE
MR RO 5 B, = 4L YT
JUL 25 R S5 A0, JE R PLIE 5 i 7 3R AL 9 T B
HE HE A KR T3 A vh A B R Tz i e
SR, — FLOCHE TR 1) 2 12 1 R ) AR 2 B it
BT KR SRR, TTREXS TRAT g A IR S A 4 A T
FEE R . NI, RGEHETE = 4EHLUR 5 AR 5C
AU T 22 2 80O H X W) A O o F0 2 b
BHERE RS2 R, HA B2 R e B S TR .

TEATC i e PERE W50 05 T, — 48 J2 45 A AR SC AT
FROEAFE . EEWE N 4 425 )
PEAT il SE G, S5 R WA [A] ool R AR
T 2B SRR X R B Ay it T A 2T 2 W
S o o TR £T 4 0 2 T AR A T SR £ A R
(M BF L R S S5 E O S b 2 2 45 A Y
D7 AW T AR A AR A () b it BE AR A 454
FEIE NG LT B2 T 2% . Patel 5 V5 1
TR A AR 32 BN A R bl AN (R A Y
MR 2 MR E A — RS . IeAh 2 A
4T e ot P RE X Bl )2 R 5 2T 4 TR 2% O e B
&, AT UYL Stephen S50 HBEAT T S BR B ST
{HL i A LU AT R G RE . Wanger 55 B Xf
JE R AT S 1 AR R, S BT A

iy ek e R S . 5P ARG AN, TR RS TR
11 1 T TUART IR R Sk 9 12 ) 4 v Bl 2 O i 2 5%
(B R, AT it 1 BE 5 DAV BE 45 4 5 S AR 48y 1) 1
TLRGIR .. MmEERE " S5HRTEYITFRT TIE
P30 2 vy S5, T 0 H R O 8 o g5 R R
SHV T R AT R TR R o T R
T I A (0 Im A3l DX AT 7 b s SE 5, R T s AL
BN T2 RETNAR SIE T HETES
TR A T o i A RME o AR e v e L
1) = HENLZUE A MRS, AR DGRBS T 2
R . Ren &7V X = HEHLLUF MR IFTF R T 42 1)
5 & ) whali S8, o3 M 1 0 R 22 S R O
SET AR Sy R Wel S5 A X = HEHLYY
B e o e A AR AR T PR R AR R R T
e RSF R GRL . Jing %Y F) H CT (Computed
tomography ) £ AR X} = 4EHL L L1 () i A 5 85 U1 17
R HEAT AR A3 AT, S T RO AR R MR T (Rep-
resentative volume element, RVE ) ¥ B & & FH T 1%
T h e Y I AT b 22 A A A I AR —
HHLE TS TIEM M st A7 b 347 T IR A
5% . Hao 5E™ M1 T = 4EHLEY T U 14 76 Jin s i
1) 52 o of I5F B 458 0 LB SRR [ 26-28 16 sk 1 /Y
TIEF AT TW R 54 ay it o 88 T8N
0 45 A8y 15 B A A3 R ) O R BL/NES Y A b T
BTIR S Z TS T N R b 81 05 UL 3
ZE 5t o

SRR CAMRE =4I HA TR T
TR 0 23 5 0 op ik RE 7 TS T A R,
1H 22 550 T A 2 % 330 ) 4 23 ) 7R 5 GBS S 4K
AT RGN A, PR b AT AR, T A
SRS BUE S RO WURIAR MUY BT i S A2 G M



106 BRI MR Rz R (A R B 22 D

i 58 %

BHERE R A R w0 Hoh, 225k 1 54
L GUEE g 2 52 R S5 TR A9 G BE N R o Launay
ST 22Kk Ty Yy 2E M R R AR AT T
SCH R TE, IR PR T A R R . Rl
SR M T AR M A& K AT, R A
2220 5Kk T By OR, S5 o B b 2 2 B0 A n
. Mebrate 55 R B U3 i A2 op o i 22 20 1) 5K
J14x B F ARG 0 95 1L | [a] It 3 R B A R 20 2%
5 12 X 45 4 3 A [ R A 0 05, B 5 R B &
AR LR . 5 I R R R 20 445 4 S A
Yy 71 % PE R 22 8] B 6 R AAG B Iz R, Sy i
— R A PERE G R WF ST TSR AN [] A A
D7 W ESE T B X g 2 R B A TRIAR BY T SR I
SEfli BT A T HE AN BUE BA 45 S 1 22 R0 4 5 B
JE AR S BT 2L S T RE Y OE [ A3 T
T

Zi bRTiR, LA TR E SRR 2
5w MR AR 7 A AR AR A A5 R L B R
B, PRI A 2 0 K i 2 e 2T ) G B FR 4 i
BA T I B9 8L 5 o A Xk = 4R HLZUTIE B A
MAE SRS T AS B E AR bl PERERY
ERIT ARG 5, RAREEE L. AFEETA
[ 22 20k ) 5 2 2UA5 K B3k — 4R HL S 4, >R
SR R s T B N A 3 0 T o

FHL

HHR3

(a) Structural design of the preform
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(b) Flange width and layer thickness of the preform in the compressed state
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Fig.1 Configuration design of the I-shaped preform
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(a) Warp tension control mechanism

(b) Warp tension adjustment
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Fig.2 Warp tension control scheme
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(b) Warp and weft yarn distribution of the shallow-interlaced
structure with stuffer warps

(c) Warp and weft yarn distribution of the shallow-interlaced structure
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Fig.3 Warp and weft yarn distribution characteristics of

three structures
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(a) Yarn paths in the orthogonal structure
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(b) Yarn paths in the shallow-interlaced structure with stuffer warps
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o (c) Yarn paths in the shallow-interlaced structure
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Fig.4 Yarn arrangements of the orthogonal structure, the

shallow-interlaced structure, and the shallow-inter-

laced structure with stuffer warps
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Fig.5 Weaving process of the I-shaped preform
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Table 1 Thickness parameters of the composite rib
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(c) Load-time curves of three structures under 1.6 N
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Fig.8 Load-time curves of different types of specimens
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(b) Morphology of angle-interlock yarns under a warp tension of 0.6 N
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- !,’i' —— —

1 mm

l

(d) Morphology of angle-interlock yarns under a warp tension of 1.6 N
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Fig.9 Morphologies of angle-interlock yarns under different

warp tensions
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Fig.11 Impact damages of the orthogonal structure under

different warp tensions
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Fig.12 Impact damages of the shallow-interlaced structure

under different warp tensions
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(c) Damage observed }rom three directions for specimeﬁ 737-3
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Fig.13 Impact damages of the shallow-interlaced structure

with stuffer warps under different warp tensions
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