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Abstract: Three-dimensional (3D) braided composite tubes, including 3D multi-layer braided, 3D five-
directional surface-core braided, and 3D seven-directional braided tubes, were fabricated by vacuum assisted
resin transfer molding. The yarn traces of the 3D braided composite tubes were systematically analyzed. The
quasi-static axial compression tests were carried out to investigate the effects of different braiding processes on
the compression bearing capacity, failure mode and energy absorption performance of three-dimensional
braided composite tubes. The results showed that the axial bearing capacity and failure mechanism of circular
tubes with different braided structures were significantly different. 3D multi-layer braided tubes maintained a
high volume content of circumferential yarn, which can effectively bear the axial load, making its axial
bearing capacity significantly higher than the other two types of braided circular tubes. However, due to the
weak load transfer performance between fibers, brittle failure was easy to occur, resulting in the worst energy

absorption effect. 3D five-directional surface-core braided and 3D seven-directional braided tubes had closely
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interwoven yarn structures, and the radial braided yarn can effectively limit the shear crack growth, thus

leading to gradual and stable flowering failure. Such failure had better energy absorption characteristics. The

fiber of the 3D five-directional surface-core braided tube broke more fully, and the energy absorption effect

was the most excellent.

Key words: braided composite; tube; compression test; failure mode; energy absorption characteristic

BE % 25 BUEOR I BRI, = 4 i 225 bR
DA BT | LURERE O | LU B2 v HU e 5F | i JA fokt 45
LTz TS AR Sl A MR R
S SEGRE JESE T RE G MR
P, g G52 BORHE SR BE J7 1) 38 i 1 2b 2k T8 R
PRIARGE K, AT m] Bt o L W 0 s e At
s AP

S MORHE IR 25 4 S B 5 AR AE TR B
WA EIE N —, — ol 58 P 5t B S
T a3, BA R m i B E R LA
LA Ok 2 B 5 N 42 #)Z eiE . Huang 5578
o 1 R O O = A A R R R A A il 1)
246 AT AR T B0 35 W 1 A R SSHL B AT T TR 2
T, B TS K BRI A5 B 45 4R A8 (0 e SR X
BE A 73 R IR i Wiy 3 32 B 0 o 21 4k W 2
PAK TGRS o 0T UL, R A A A AR AS = 1A 4 fiE
B AR 32 B 1) e 40 43047 I ) A A 03 J2 BEIR 1

ST SR R RERE T . O T R R A B
PR 09 = PR AE , ANTIE HOEHe m 258102 5 4
Bo ARG RSB ORAE D T U S MR R —
P gAY A 25, E A R = g g AU
SR A S A S T AN T EAR
S 235 g T HMRE 0 R BT A R O E A
LA 7 W N N IR | 3 NTRE L AN YT KA
ZRMBERAFE T WAL SRS AA R
Jit A PERE AL A AR T 2 b G AT AR R
14 BE B WIS RE 1, 78 4280 T 25 45 45 R T 48 PR T
R B B RN W D B, A AR
S 2R VS B9 T A PERE SR OT T IR ABESE

Calme 55 = 4k 4 2152 A B4R 0 A B o)
4 F AR R 09 R BOIL B EAT T A 5 L A5 R
B Ak 2 SUAE R AT RO S T IR A TR R 1] SR 4 R Y
SRIEAT N B T AR R o Chiu %80 i
BT IE T =42 SUE G B RHE B 4 212 B0 Bl )
J 246 P B8 i IR A0 B2 W, i Al 1) 20 22 42
S5 M RE R WO, T A LD 2 D E T R 5Kk
SFURGT Y T A = g 20 A R R R AR Y 2
RICHIL i) 0 R 2 R WA e, i B 0 0 IR A A T 4 48 e
AT IR AR 3 B0 O o AR IR R R i | Btk
W SR 5 R B IR U 2, HL K BT A () B9 21 4 (R AR
BN B0 g 2R B/ g 21 A BE B i A A B I

REALR . R 2@ 55 i 56 X e A BT T — 4k
[ 4 2 F0 = 4t 1) 2t 252 5 BRI AE 1) T 4 ) o
PERE , WF 5% 4 I = 4 1 10) Js 2[5 480 A L = 4 DU [1) 2
LR, HEm A fE i A T2 Rtk A
AR R RE Ty o S RS o B R/
J7 IR AR 41 Yk 5 A bR IR A8 Bl ) TR A, A T
G 21 S HOR AF 2 R 2% e [ R 46 PR BB S T
Zhou S5 TURIFGY T Ak o SV G bR RS A A 1)
et e 1, 3T A ROST 40 UL 45 4 A B Je A AR
T G5 HE B R 1) vhes g S e SO IR SRR b T =
A o 215 G 4R I A 1 R 1) e o A O N AE UL A A
HLEE ., 4% o0 B A0 i i 50 % b3 BT T 4 g 21
(B 55 = 4 1 i) 2 20 680 A T 1) P 4 ) 2 MR L A R
R =4 g SRS B SE A0 S 00 Bl e R 2R
M= 4k o 25 48 B A B hF 09 2 RE 45 M o Gideon
SEUEENL T SR VA M RHRAE b Ak
R AT BR TR WU T = 4k g SR A A RHE A
(9 455 7724 PR RE L 48 T P A BRI X K 2 A By
[r] s 45 M BE AR ROHL A 6 B 35 52 ), 4R 1 T G 21
SR G SRS R AR AT o B 52 e, O o 1 6 iE
TR HETG P . McGregor 4522V 56 i 22 M 4
1 73 2 55 R X8 A [) A TR o 2[R A T R T A o) TR
Tt BCE BRI 5, 000 1 18845 E e 5t 8 far T A 45 4
PLIAN R AR 2, 5 3 A TRl 45 O AL BT 19 fiE
R, IR R, G A R Bl ) s
4f 717 1 i S R IR AR T BT A ) £ 4 B4
BEFNET i 540 | T AN [R] G 2125 0 5 | 7S 1) s 4 18 A
WA W35 25 5 A5 i i B IR B Xk e 1 Ho g
FEPE. 4R T LS A S b ORHE S T — 4 2
JEGR B g AR N RO R g A T AR A MOk
45 b Y 1 FH I Ak T e A5 B B, [ AF 9 B i
A HiE .

AR SCIE B A il B R £ 35 7 (Vacuum as-
sisted resin transfer molding, VARTM) i &K , ifil £
T ZZWBERmS g S w4
MmN 3RMAEGMERGE . RE T =4k
WAV G MORVE B L LR, I T R o S i ) e
AR R T ARG8T X = e 8152 5 bk
(5] A 1Y) s 4 7 48 4 15 D BIL B R B 7 E 1Y 52
Wi, S 4 R bR N FH BT A HE BRI RE O B 4 it
AR5



704 Mow b

PNV S

555 4%

1 ZHRAESHEEE MO ER
K38
1.1 HRITE
ARICHEFE T 3 Fh AN R 2 4L T 20 B9 525 #4 KL R
AL R ) S g 2L SRR A (3D
braided composite
tubes, 3DST) | = 4k £ JZ 48 58 9 215 & M R
(3D multi-layer braided composite tubes,3DMT ) A
o= 48 £ o g 22 5 M oB | (3D
braided  composite  tubes,
3D7DT) . Frf 4w LA R U B L R LT 2
i UM . W 1R R ARG AU, I 2 2k
Yy b S, HL LA ) AR ) HE S 2K i )
PE AT R 23 A T LIS B b, G U 42 1 5 20 2 7
AP E: s sh B, BIRTER 5 &t 4T 8 T
P 20 2 2 41 T 8 L e 28 L
IR St
AT

surface-core five-directional

seven-directional

— U
1RGSR B B 2L F s T 1A
Fig.1 Schematic diagram of braiding process of tubu-

lar braided composites

Pl 2 D = 2 T 1) 18 2 2 T AR ) 485 2 4 OF-
iz Z LA P AU R R RS . TS R,
P16 85 2 i 1 ] 1i a3l AR SR B0 1) 5 20 4 s B 7 )
A 5 A2 1] 35 20 4% T A 1) 12 3l AH AR AR 1] #E 20 4% iz
Bl J5 1) AH L 238 B i A AR 20 RS Bl 2 A 4R
F o W 2(a) B, g WA S8R I 48 A
WA s 3 2 EL WA AR 2 f AV A A 1) s
EE i FAI LRSS BRI R H
(VA SRR =S R AV Bus F 4 E cE VR i A
W20 4% 0 A A IR o (8 2 A% R R 1) i
i 20 232 Bl U A1 T A B9 B (R T 1) b
RGE L T 5 5 (8 2 2k D AR 1) 2 2120 1 F T iz BB
W, FC R S8 — S BR 10 20 MR L T 8 BR e 2 4 2
T A U ] 23 A i 5 B, skt o TS T Y e
ko W 2(b) B, 7 4 ZUBU 0 9 R R LR
B PIFh LD 2, R0 BR ) 20 FAR [0 20, il 1o 20 £ 4 4 21
.

o SFHGIALHL B
o ARIONS BT

B gL
WHE

(a) Plane motion law of yarn carrier
AR { )

y V :t ;
_____ AN

(b) Surface morphology of preforﬁl
[ 2 =2 e TS G 27 [ A 4 20 R 58 sl AL A
Fig.2 Motion rules of 3D five-directional surface-core braid-

ed tube yarn carrier

Kl 3 0 = 4 22 )2 95 28 2 2 T A 04 48 2 % - T
18 S AL E AU CF R R BE . gL R,
P 16 20 0l 16 20 1) 5 20 45 32 S L S = 4 T 1) T
O BUEE AL R 3R 1) 20 s S RLE AR R . A R 22 A A
T AR Rt iz s g, AR 51 shJ7 A,
Az 2bis g 2= N AN LR L) b SEid i (g
LT XN —Z o W 3(a) fros 42 m b
WP AR b nh i FREhE) G, S8 i R b2
JEAESE =20 [ B F AL, FEAE - T N B0 05 P 4R
B WANO R BRSO N die , 35T [
TEAR LD o 7 g SUTIU 1 19 2 i m] LAY A A 3
P 1) 20 FNAR 1) 20, T 25 20 DU W T 6 6 1 B, T ] 3
(b) 7R o

Pl 4 Dy = 2B i g U5 1 5 20 2% F- I iz B
MU AU R B o i SUd R, BEAT A
— I A8 4 S 2048 2 4% U A S AR )42 B T Al
6] 20 AN By 5 85 20 I, AR 48 G 22 R 1) 20 5 A
J5 1) J& )38 35 5 =0 M DU B 5 5 — A b e
leb fih 1) 2038 S A s R AR SR TR REE = b 4
[6] 20 (55 (20 2) i A AR SRS LD Z ] 7225 — 25 il
S5 DU A BR i) 20 (2R 0 20 40) 4 A A 41 20 21 20 2 1]
W ACa) FioR i U 2 g 2l PU A JA h A iz 3 21
E, 4w 4% 2085 th F A2 3 2] G ) e 2 A7 dn
P 4(b) ez, T il 14 2 1 m] LAY & 2 4 LD 26
R 2b 2 AL 1) 2b 2 il i) 20 R A R



BEAS 2, 45 - = e G G125 BORK I8 4 Jal 1) 445 P B % M SR AL B 705

o5 4
©® If[n) i ob 8%
® gk y T TIN S
© RRFDIELDEE M T TSN
W DHL 8 SN
i | R
i h ‘Jt A
L ki o
H FfET G
L NpgarsV
e ; ,"' ”
\\ ¥ . \.\\ " 4 "
AN S .
\.\\ » ~--- * //
8 = = >

(a) Plane motion law of yarn carrier
it —_. .

PN

(b) Sac rnorpology of preform
3 4L = 58 4 4 A A 5 20 4 iz sl ML A
Fig.3 Motion rules of 3D multi-layer braided tube yarn car-

rier

o L B
® Hi4p e
Y Y
SR Y

B4 =L g 2014 85 20 25 02 g LA
Fig.4 Motion rules of 3D seven-directional braided tube

yarn carrier

i Lo g SUd AR AT LR, O 1 98 45 T 1] Y
HRILAETT , = 4L 1) 2 BRI AE 7 A% 58 = 4k DU 1] 2 41
TR E R T 1 AR R 3T [ 2
2 A B e b s Ay o (BAE g R, B
R 4 S0 4 LT3t T3 B A 2540 e B i 1) Tl PR BE

(4[] B A7 76 A 7 Ry B P o Fl 305 1 1 4 i 22
PE | JR #8 £F 4450 VR 0T R 25 3 BU08 A 2F 4 25 1) 18 21 i
W, DT 52 ) 45 4 B 1R Ty 2 vk de . AHELZ T, =4k
1) TS 4 2 D K =Y 22 )2 4 4% o 45K T 2 T Y
o 2 45 14 BE 5 AT T AL 555 2 21 235 46 A [R) %) 00 R )2 (]
PERE N iR g Lk R AT & H e AT R 1 4 B X
20 4R 43 AT (T 45 45 4 RE AT RO i R R 2 Ze i 45 5
) )RR T, B BN W T .
1.2 REEFE

AR 5 BT = 4k 4 2152 6 B Rk R4S T AR
FH T A B B A A A 9 D B e 28 R A 34 e
E 3% 5 2F 4t gn 20000 0, B A R Y B AR
ES1-WSR618 7 5 %0 A4 i o B il 14F A9 RS O g
400 mm X 70 mm N AE X 78 mm #M % . T 4 i
B 75 1l B B g 1% 338 B 8 (Vacuum assisted resin
transfer molding, VARTM ) 3% 12 i & 5 & & 1k A
ALK SN E AR VARTM B R B 1K . [
A 1B J5 s 4 252 G R IE A U R iR
6 i, 2 1A TIlFE I S50

HEE

SREA mEEHG )
i

L8 —

PS5 s Al AR IR 15 Jo B R0 e R R

Fig.5 Schematic diagram of vacuum assisted resin transfer

.

3DMT 3D7DT
6 Al He 46 ke

Fig.6 Axial compression test pieces

molding device

il

3DST

x1 HKESH
Table 1 Specimen parameters

M/ NAR/ BB/ HEUR/ AR

LA 'Er]nm mm mm )y HFmE/%
3DST 70 70 4 29 48.3
3DMT 70 70 4 32 43.6
3D7DT 70 70 4 14 45.2

1.3 RWHE

THE 0 25 45 3 56 7E MT'S 810.25 77 fig ik 1 AL
AT R R SR E AR 0 i 4 R
A 3 mm/min, JE45 17 FE R 35 mm. &S AR R



706 Mow b

PNV S

555 4%

RO 2 O 4 A IR A5 SR IO, A & pLi
SRR e o P R IR I — PR AT s 4 T UK
g%, B YRR S A 0 0 T 4 R R R O 1l
POt AR BE WL 5 4 S B 1) BROOLAB D 5 L, LA T
fifp 45 KA 1) s 46 O SBHL B

2 AWERKNSH

2.1 =ZHRREAEESHRIE S HhEE LSRR

B 7 95 = 4k 2 )2 95 5 g 20 [ 8 7 U i S il
] 45 45 08 1 3R 3 B B gk far -1 A i 2 . A
B ar L& 3, SDMT (8145 (1) 48 - B% i 26 3
AR By BE o 7E W 4R A-B By B 3 Rl 07 RS 2k
B, HARGE T R A K E, BB B B R 3
Tt B R R R AR . AT A B S
R A IR, 28 ap iR R B il 2R 1E N ) 12
B-D BBt o 163X — By B, i b 2R B S A R
A 1 5 Bl e 52 2 30° e ff Jr A B DD S A, H3
S0 T (B A i £ AE B BE WY 0 F 2L AR A
SR T RE R C Ao W5 2 804k S 1) 5 st LA S &F 2
Ji T 4 e, A RO W, HL 3R R AR 35 B-C BT 2%
1 2 DB BR300 8% it 2 A fe e P
BB, MR R EOULT YR S A AU R — B
IREJE , S5 MU 8007 0] R AR AL, 4 i T3 s
PNPRY A AN R i A A 2 DA S
3SDMT & & M RHEN 45 76 R 45 2 A T 1 30 O Jie t
(3798

(a) Sample compression process

250 : :
B : ——3DMT-1
: ——3DMT-2
200 : ——3DMT-3
Z150¢
&
#2100
: E
/SRS T
G A é 1 1 é 1 1
0 9 4 6 8 10
fi# / mm

(b) Load displacement curves
P 7 SDMT [ Al 1 1 45 o it R 287007 S i 2
Fig.7 Axial compression process and load-displacement
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(b) Load displacement curves
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