=5 ilH 3 1k

Acta Materiae Compositae Sinica

BREF S-SR LT YRR ZIYTRIN AW IE = S SR &b RE B T 5t W R e S 1R L
RAAE PRI BZE L%

Crushing energy absorption characteristics and damage mechanism of carbon fiber-glass fiber
hybrid reinforced epoxy 3D braided composite thin-walled circular tube

ZHANG Xuliang, YANG Yugqiu, YAN Jianhua, MA Yan
TEZR R View online: https:/doi.org/10.13801/j.cnki.fhelxb.20201210.001

LT RIS HAN SO

Articles you may be interested in

BRET eI SR PR AR IR 253 FRHR S 22 N TR A A W RE R PR 0 S TR AR IR B 5T
Quasi—static compression experimental study on energy absorption characteristics of multicellular structures filled with

carbon fiber reinforced epoxy composite tubes

HAEMBIAAR. 2021, 38(9): 28904-2903  https://doi.org/${suggestArticle.doi)
LT GGE I G PRI B R E (R T S TR 4 I RE AL

Energy absorption mechanism of filament wound composite sandwich cylinder under quasi-static compression loading

SRR 2017, 34(8): 1764-1771  https://doi.org/10.13801/j.cnki.fhelxbh.20161130.002
ARG YGRS R A AR - AT 8 I W BEREPE

Energy—absorbing characteristics of carbon fiber reinforced polymer composite—Al square tubes with different braiding

angles

A RHREFEAR. 2020, 37(3): 591-600  hitps://doi.org/10.13801/).cnki.fhelxbh.20190528.003
AR RET A/ S AR A AR 1) T 2 i i AR

Temperature effect on transverse compressive behaviors of 3D braided carbon fiber/epoxy composites

B AR, 2018, 35(3): 607-615  https://doi.org/10.13801/j.cnki.thelxb.20170612.004

=HERASICISICE G MR AN S 4 O AL
Tensile and bending damage mechanism of 3D braided SiC/SiC composites
HARRIEER. 2019, 36(8): 1879-1885  htips://doi.org/10.13801/j.cnki.fhelxb.20181018.001

LIRERIE TR LT 4R S IR S 5 AP RN () TR A T4 T 5 W RE S 1
Compressive deformation behavior and energy absorption of Al foam—filled carbon fiber reinforced plastic thin—walled

tube
BEMREAR. 2020, 37(8): 18501860  https://doi.org/10.13801/j.cnki.fhelxh.20191206.002


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201210.001
https://fhclxb.buaa.edu.cn/article/doi/${suggestArticle.doi}
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20161130.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190528.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20170612.004
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20181018.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20191206.002

FRREMGE AT, FRELHINGEE



Eé*ﬁ*ﬂ'i*ﬁ F38E O HOM O 9H 20214

Acta Materiae Compositae Sinica Vol.38  No.9  Sep 2021

DOI: 10. 13801/j. cnki. fhelxb. 20201210. 001

BAR RBARRRFEBERAWK=RAS B9
& PR B R R IR A I SRS L)

1 ) 3 * 4
#nr el g DR
(LARMEREE  Gi8UEp TR R A G R A ML RO L, 1 2016205 2. RAERZSE PRSI HE M T2
WLy, LI 2016205 3. RAER4 GigIRHE Oy, 11 2016205 4. BB KAE Zi8UREEEBE, F9il 226019)

W OE . T SRS R s B IR L R R, 4 T S RN RR 2207 X (IR e /e
TR LF 4E Bk 2F 2t (CF-CF) . BR4F4E-B 527 4k (CF-GF); BB LR 4t -t 2F 4k (GF-CF)) 33 3R &g (EP) iy =28 =
A2 SR RER A, 0 v RSl ) R R R A BRI R, WY T T 4R 4y Xk v BE B 45 (1)
A WM RE RN IR S AR I . P 9K & B . CF-CF/EP #F i 19 HU B B W U {8 43 %1 L GF-CF/EP K 36%, b
CF-GF/EP K 12%, 4i#1 40 Nk £ 4} (CF-CE/EP & CE-GF/EP), A% YB3 i B sipiat, 4
2h R AT 4L RE A S5 8 i v e R s i R, S AT M S A A NI R A T R 2 A/ N RO IR . i
N LL NP LT 4k 1Y) GF-CF/EP, WEIRELNHIFIE AN h=X, o Zdgy=ag:, =45 2o 2 m 7
BRI

KB . =S4 LPYERIe; AR RERBHLE e S R

FE 425 TB332 XERERER: A XEHS:  1000-3851(2021)09-2821-08

Crushing energy absorption characteristics and damage mechanism of
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Abstract: Based on 3D braiding and vacuum assisted resin transfer molding, three types of epoxy (EP) matrix three-
dimensional braided composite thin-walled circular tubes with different hybrid modes (braided yarn/axial yarn:
carbon fiber-carbon fiber (CF-CF), carbon fiber-glass fiber (CF-GF), glass fiber-carbon fiber (GF-CF)) were pre-
pared. Through quasi-static axial crushing and detailed observation of failure section, the influence of fiber hybrid
mode of thin-walled tube on energy absorption performance and failure mode was studied. The results show that:
the specific energy absorption values of CF-CF/EP samples are 36% and 12% higher than those of GF-CF/EP and CF-
GF/EP, respectively. When the braided yarns are made of carbon fiber (CF-CF/EP and CF-GF/EP), the failure mode

of circular tube is folding failure mode. Carbon fiber is used in braided yarn to effectively restrain the axial expan-
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sion of central crack, and more tiny micro damage occurs in the 3D structure of folding deformation. However,

when the braided yarn is made of glass fiber (GF-CF/EP), and the failure mode is flowering and bending inside and

outside, the central crack is produced, and the 3D structure presents delamination and bends to the inside and out-

side of circular tube.

Keywords: three dimensional braiding; fiber hybrid; composite; energy absorption mechanism; quasi-static

axial compression
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Table1 Properties of raw materials

Property T700 CF 398 GF JC-02A epoxy
o/MPa 4900 2450 —

E/GPa 230 81.95 —

p/(g-cm™) 1.8 2.64 1.12

Notes: CF—Carbon fiber; GF—Glass fiber; o—Tensile strength;
E—Tensile modulus; p—Density.
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Fig.1 Schematic diagram of 3D five direction braided yarn arrangement

with 2 layers and 14 rows
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Table 2 Parameters of 3D braided composite thin-walled circular tube

Specimen 6/(°) T/mm Vee/ % Vel %
CF-CF/EP 32 3.28 45.56 0

CF-GF/EP 33 3.47 27.67 18.86
GF-CF/EP 35 3.88 19.98 26.56

Notes: CF—Carbon fiber; GF—Glass fiber; EP—Epoxy resin; CF-CF/EP—Braiding yarn is CF, axial yarn is CF; CF-GF/EP—Braiding yarn is
CF, axial yarn is GF; GF-CF/EP—Braiding yarn is GF, axial yarn is CF; V;—Fiber volume fraction of carbon fiber, V;—Fiber volume fraction

of glass fiber; T—Thickness of wall; 6—Braiding angle.
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(b) Observation of sample after CF-GF/EP compression
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Fig.5 GF-CF/EP axial compression process diagram and load-displacement curves

&l 5(a) FE 5(b) AT UL, FEBEAE48 o fr,
GF-CF/EP 5 BE Yy 1k 45 i i 24 s Ak 2 my e, HOH
M NG S LR AE v, I H 550 ) 4 0 FnAE A S il
i 181 5(c) 7] I, GF-CF/EP #7751k 3 5 5 U5 X
AW, & TREE IR, Tk
W 5 a] LLE AN RT3 & 8 3R 8 iy CF-
CF/EP Fl CF-GF/EP, GF-CF/EP 1E JE 47 i 7 b %
WA B S T A R A S il =X
2.2 ZHEFELASEEMBEEREEERUICIELE

LU fE 5 WUSCME Es J2& PP B4R B e i) o 22
febn, BDE RIS RE o CBOE b 45 T Sl 1) e 400 287 -
PR 4R T 7 TR R /) 5 4 5 2 1Y) L (R P,
MR 4 52 G MRS Ay P 1) e 00 AT -8 A it 2
&6 PToR , Fe 46 520 48 1 78 I 4 ok 72 v ik 312 —
MEE R Z )G, B FSFEMA LN,
FEAE N A5 i e I =R i T B i O B R
W AR P TR
Ut = Ug + Upend + Uy + Ut + Uy + others (2)

Ut = Usolg + Ug + U, + others 3)

A Ug AEFHEWT T WA BE R 5 Upena M9

F AT IR RE S Uy A BEDN ] T 24 i Wiz i
IR s ;  Ug A & BE 43 24 R I i 0 050 1) i 1
Uy BRI FT R RE & 5 Upq N 8 BEST & BT IR
M HE & -

R W U AR -
Ur = thdS (4)

Kb S, AIRAINIRS s PoyERAT; S AN .

| Total energy absorption Uy
First peak load P, A Joad P
* verage load P,

- B, eeERa & '
= r 4 S o - sy
S| F \\“"‘\,V'\-m-/ S
4 |
z | !
o | !
8.
£ |
S |l

|

|

o

Displacement S
6 SRS A RPRME R ) AR - (88 il 2
Fig.6 Typical axial compression load-displacement

curve of composite pipe/®

FURE R W (E Bs O B JSCRE 19 44 RH T IR Y
REf(E, HItHE AN

S
Es:lIOdeSLAAp (5)

b A NIREERIE A LAREERGKIE; o
AR

H O TSR B 1 &2 G M R EURE 1Y HL R
W AE AN ¢ 3 Fios o TTLLE H, #I M FIR, %
2190 Sy Wk £ 4 (1) CF-CF/EP %L L 4t 2120 o B 35 2
4k 19 GF-CF/EP U fig it WIS fH K 36 %, 4n 4120 AH
A, il 20 o8 Bk 21 4 i CE-CE/EP 2 He il 20 o0 3%
HSLF4E ) CF-GF/EP LUREREME K 12 %, &l 3~
50T LA, EAMTREE R 2S5 5 ENZ0

He B



EaMB=ER

- 2826 -
®3 ZHBASESHREHERERNEERBIERE
Table 3 Energy absorption properties of 3D braided composite thin-walled circular tube
Type specimen Py /N Spmax Uy/1 Sur E/(Kkg™) Sks
CF-CF/EP 42 606.31 1205.96 996.36 47.34 80.58 4.12
CF-GF/EP 46 503.92 1794.68 1124.13 9.24 70.45 0.37
GF-CF/EP 43 561.49 1267.68 902.15 28.42 51.64 1.81

Notes: P,,.,,—Maximum load; Ur—Total energy absorption; E,—Specific energy absorption; Sp;,,, and Sg , Syr—Standard deviation of P,

and standard deviation of Es, Uy.
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