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(1) 2.5D ZR4ETiidil A G sk bRl 2.5D gnZiLF4ETi
Hl 44 R~} 9 420 mm X 250 mm X 3 mm, M40 B 4f 4t
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ALY R MM 1 . BEE8R
ZL301, JCEMASRWE 3 s, Hrpprs 32
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H 12 A SRR R T R, PR TRE, SeB

Rl MAO RETYERITERES B
Table 1 Property index of M40 carbon fiber

WS BRET Y 2 W] IR, RIS — e AR _E ] ALCS
FREIAE R, BHASA 3 B SO, X £ ke 31— e 1Y)
LRI R AL

R2 25D LN L EZSH

Table 2 Weaving process parameters of 2.5D carbon fiber

fabric
Item Parameter
Fabric name 2.5D fabric
Raw material M40JB-6000-50B carbon fiber
Fabric size 420 mm X250 mm X 3mm
Fabric structure 2.5D
Volume fraction/% 48
Warp density/cm | 12
Weft density/cm 32-34
Volume ratio of warp and 65,35

weft/%

R3S SRR

Table 3 Chemical composition of aluminum

Type of Mor}oﬁlament Tensile Elastic Density/ Alloy Mass fraction/%
fib diameter/ strength/  modulus/ 5
tber um MPa Gpa  &em?) codle Si Mg Cu Mn Ti Others Al
M40 6.5 4400 392 1.77 ZL301 03 9.5-11.0 0.1 0.15 0.15 -  Margin
(b)

Warp yarns
Weft yarns

El 1 2.5D 4 RHLAL R E K

Weft yarns

Fig. 1 2.5D fabric appearance and architecture: (a) Preforms photos; (b) Shallow-bend joint woven; (c) Shallow-straight joint

woven; (d) Layer linking structure
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Fig. 2 Schematic diagram of vacuum pressure impregnation
method: 1—Lift and rotate the plug; 2—Cooling water; 3—
Insulation cover; 4—Heating coil; 5—Preform; 6—Digital
control and display; 7—Crucible lift; 8—Vacuum; 9—Power

supply
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75, s KAE LRI o3 7 4 1) A2 ) e
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BHRCIRAT ) B Bebr AR R, Rl & 3 pr
75 K H Instron5543 BN FAFATRRRIGHL IR R &
MEHO S R FNZ R 125 RE s R A BT SR A HEK
EE L EMERARE R SEBRE B, Ht S AR
T, KA DSADVANCE A X HHEATHH(XRD)
AT E A MR A R K A AR RA
Quanta2000 7353 F A5 (SEM) M &2 70 B i R T 4H 27
FITK TS

Strain gauge

Reinforcing piece

B3 2.5D-C/Al H A MR
Fig. 3 Tensile physical drawing of 2.5D-C/Al composite

material
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Fig. 4 Relationship between woven fabric structure and

average relative density
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2.2 OLEFIXT 2.5D-Cy/Al E 4 MR 28 20 B 22
K 5 Flios & =M g gy 2.5D-C/Al B &M EHE
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B 5 =R aih gL i 1
Fig. 5 Microstructure characteristics of three woven fabric
structures: (a) Shallow-bend joint woven; (b) Shallow-straight

joint woven; (c) Layer linking structure
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Fig. 6 Microstructure of 2.5D-Cy/Al composites with different fabric structures: (a), (b) Shallow-bend joint woven; (c), (d)

Shallow-straight joint woven; (e), (f) Layer linking structure

Zila R SR R IR N 268.25. 247.14 A1 244.65 MPa;

=R EERI ) 2.5D-Cy Al A FHRHZ 1) 8% R 1z 158
FEAY B AEA AN 3.1 £, 3.39 51 3.20 1%, H:
2 R SRBLAR B B2 73 i 2 AR A 1 2.19 £5. 2.02
580 2.00 %, W6 HIRRKET 4E 3G 50 A8 I 52 & 4 R 38 550 4L
B, A4 2HETERRM. S5t

2.5D-CyAl PRI R M [ b R A — 5
Wi . = F 2.5D IS h 2 20 LT A2 2 B K F)
AMRUCRIRACE I JEIRFIRAC B B T7E 2.5D 21
Wt b v 2 4 1) i it 2 3 R S MR 27 1] BRI
WM N RE, Bk, SR EHMZRE SR
P, A EIRR SRR R o 500 B 5



228 455 12

BIERAE, &5 GUESHIXT 2.5D-CyAl A MR 25 s 2 P RE ) S 2517

41451
Warp

o 400138061 Weft ook33
& B 71301 §
s \
< \
20 300 - 268.25 \
g 247.14 \ 244.65
o \
z 200 b \
] 12237 122.37 \ 12237
< 7 \
E 100} :
5 : § )

X

X

&S NN

0
Shallow-bend Shallow-straight Layer linking
joint woven joint woven structure

B 7 % ZL301 MAFZMEEHIN 2.5D-C/Al REHEL
22/ 1) R e i B2
Fig. 7 Tensile strength of ZL301 and 2.5D-C¢/Al composites

of different woven fabric structure
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Fig. 8 XRD patterns of 2.5D-SiC¢/Al composite at different

woven fabric structure: (a) Shallow-bend joint woven; (b)

Shallow-straight joint woven; (c) Layer linking structure
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Fig. 9 TEM images on interface in 2.5D-C¢/Al composites: (a)

Morphology of Al4C; phase; (b) SAED pattern
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Fig. 10 Warp tensile fracture morphology of 2.5D-Cy/Al composites at different woven fabric structures: (a), (b) Shallow-bend joint

woven; (¢), (d) Shallow-straight joint woven; (e), (f) Layer linking structure
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Cross fracture

Bl 11 =M 2.5D-CyAl A EE: m) Ak T30

Fig. 11 Weft tensile fracture morphology of 2.5D-C¢/Al composites at different woven fabric structures: (a), (b) Shallow-bend joint

woven; (c), (d) Shallow-straight joint woven; (), (f) Layer linking structure
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Effect of woven fabric structure on microstructure and
mechanical properties of 2.5D-C/Al composites

HU Yin-sheng, YU Huan, WANG Zhen-jun, XU Zhi-feng, DONG Jin-tao

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The vacuum gas pressure infiltration was used to compose the 2.5D-C¢/Al composites with the volume fraction
of 48%, of which the reinforced material was M40 carbon fiber with shallow-bend joint woven, shallow-straight joint
woven and layer linking, the matrix alloy was ZL301, to find the effect of woven fabric structure on microstructure and
mechanical properties of 2.5D-C¢/Al composites. The results show that the density of 2.5D-C¢/Al composites changes
with woven fabric structure, the density of shallow-straight joint woven reaches maximum, 98.5%; the woven fabric
structure has great influence on the warp tensile strength of the composites; the warp tensile strength of shallow-straight
joint woven reaches maximum, 414.85 MPa, and its tensile fracture surface is uneven and shows moderate interfacial
bonding strength; the fabric structure has little influence on the weft tensile strength of the composites, and the difference
of tensile fracture surface is not obvious.

Key words: woven fabric structure; 2.5D-C/Al composite; vacuum gas pressure infiltration method; microstructure;

mechanical property
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