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Fig.1 Weave structure diagram of 3D five-directional (a) and

3D orthogonal braided (b)
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Table 1 Braiding parameters of 3D five-directional perform

Parameter Value
Fabric size/mm 130x20%3
Circumferential flower node/mm-(10 flower node)™ 15~16
Axial flower node/mm-(10 flower node)” 35
Fabric thickness/mm 3~3.2
Fiber volume fraction/% 51

R2 ZHEXTMBRRASH

Table 2 Braiding parameters of 3D orthogonal preform

Parameter Value
Fabric size/mm 130%x35%3.7
Warp density/the number of 10 mm 10
Weft density/the number of 10 mm 6
Fabric thickness/mm 3.5~4
Fiber volume fraction/% 50.5

F 3 M40 FHBIEEESE
Table 3 Performance of the M40 fiber

Fiber model Monofilament diameter/um Tensile strength/MPa

Young's modulus/GPa  Elongation/%  Density/g-cm™

M40-6K 6.5 4400

392 0.7 1.81
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Fig.2 Equipment and mold schematic of vacuum pressure

impregnation method

P TE) BRAR /NIRHR IS TR AT, BN R o8 4R Ak R
FEBB T K, AR P I U SR AR, B
TR BRI, P EBAELT R N AFAESLBR GG, Lo
IRRZ AR A FLEL

Kl 5 3 SEM IS 2[R 73 A 75 2T 4 o R L AR AR 2R
DEIRIFLBR . A2 LA P DA S S T T i) AL, R
9 RN R ERCAR AL AR FLIRAR AN, LR 2 v 2

LR H T ) S B L, 3K Ak R T T A U A P S 4 A
ST, A0 [ A X 3 Y R A, 3
AN, TERCT WA AL

Kl 6 24 550 CTRHGELEE T =4k fi [ Cy/Al A4l
2, ] DUR I AR A7 AR 5 R W S FLBRER B (1 6b),
U O AL (P 6f) B3R W& A4 k)b £F 4k 3 Aii
AN, AW BRTYEmENS . B 7a hfLBEE R
P SR T) 2z T, b Al B T o ) 3 32 D R A L Ay ke R
10 2D MR B A SR VR A TR AT Y S AR 41 4
GIRAL, BT IR R4 R R BN, 2B R )
TEH, SRS PR R EAARRN, TBRSLER GG . B
7b A MR N LR, HORSTRRN, 2975 150 pm, 3L
FUBR BB A PRI A 530 C I G AR,

K 8 Sy TG B o 570 CHI =4 11 C/AL &kt
BHOROWZLZ, 7] LUR H B A ARG B 5 FLIR A 21 4
T SRR B, BB o RTINS H & 1 2 &
PR AL ZU0 L] R B, 570 °C HUAEE T & &4
BRSBTS, SR YE o 5], SR IS B B,
DA TG BT v, AR e R PEARE T, 4R 4E 540
23 ol V1 T RS T G S o Tl i B M e A
Uf, TR 40 85 .

P9 i (1 B 51 THT P 21 2 AN BRIR Mk, RSFZ1h
200 um, 3 T IR X . X T = 4E g SR A
WS R 2%, BB Z A T7 I b Aabic A, 2
B BB AS AL, RO A, ARETE b & 456y
TR AR B

500 pm

10 um [ - ' ; . 10 pm

K3 530 CHUAGRLE NI =4k 1L C/Al BRI 4R

Fig.3 Microstructures of 3D five-directional Ci/Al composites at the preheating temperature of 530 °C: (a, d) plane, (b, €) vertical surface,

and (c, f) intersecting surface
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Fig.4 Pore within the fiber beam of 3D five-directional C¢/Al

composites at the preheating temperature of 530 'C
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Fig.6 Microstructures of 3D five-directional Ci/Al composites at the preheating temperature of 550 °C: (a, d) plane, (b, e) vertical surface,

and (c, f) intersecting surface

- J. Porede { “Pore withir the fiber beam

o8 im ; g, 3 P ’ 50 um

7550 CHIFRIREE T I =4k Tl Co/AL AR AL B

Fig.7 Pore defects of 3D five-directional Ci/Al composites at the preheating temperature of 550 ‘C
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Fig.8 Microstructures of 3D five-directional C¢/Al composites at the preheating temperature of 570 ‘C: (a, d) plane,

(b, e) vertical surface, and (c, f) intersecting surface
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Fig.9 Cold shut of 3D five-directional C¢/Al composites at the

preheating temperature of 570 'C
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Fig.10 Microstructures of 3D five-directional C¢/Al composites at the preheating temperature of 590 C: (a, d) plane,

(b, e) vertical surface, and (c, f) intersecting surface
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Fig.11 Microstructures of 3D orthogonal Ci/Al composites at the preheating temperature of 530 C: (a, d) plane,

(b, e) vertical surface, and (c, f) intersecting surface
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Fig.12 Cold shut of 3D orthogonal C¢/Al composites at the

preheating temperature of 530 'C
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Fig.13  Microstructures of 3D orthogonal C¢/Al composites at the

preheating temperature of 550 C: (a, b) plane, (c, d) verti-

cal surface, and (e, f) intersecting surface
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Fig.14 Inclusion and cold shut of 3D orthogonal C¢/Al composites

at the preheating temperature of 550 'C
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Fig.15 Microstructures of 3D orthogonal C¢/Al composites at the
preheating temperature of 570 “C: (a, b) plane, (c, d) vertical

surface, and (e, f) intersecting surface
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Fig.16 Cold shut of 3D orthogonal C¢/Al composites at the

preheating temperature of 570 'C
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Fig.17 Microstructures of 3D orthogonal C¢/Al composites at the
preheating temperature of 590 °C: (a, b) plane, (c, d) verti-

cal surface, and (e, f) intersecting surface
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Micro-defects of 3D-Ci/Al Composites by Vacuum Pressure Infiltration

Nie Mingming, Xu Zhifeng, Yu Huan, Wang Zhenjun, Zhou Zhenzhen, Cai Changchun
(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 performed to prepare 3D five-directional and 3D orthogonal braided performs woven by
M40 graphite fiber composite (3D-C¢/Al) with the volume fraction of 51% and the density higher than 97%. The morphology and formation
mechanism of micro-defects and control measures were analyzed, and the effects of braiding structures on micro-defect formation were
compared. Results show that the defects in the composite are micron grade micro-defects, including pores within the fiber beam and partial
fiber reunited, cold shut, microscopy shrinkage cavity and small inclusion in the substrate concentration. The 3D orthogonal composite has less
pores between the fiber beam and pores within the fiber beam than the 3D five-directional composite, while the fiber reunited phenomenon of
3D orthogonal composite is more serious than that of 3D five-directional composite. The main reason for the different defects is braided
structure distinctions. Increasing the fiber preheating temperature could effectively reduce the internal pores defect and partial fiber reunited
phenomenon.

Key words: 3D-woven; C¢/Al composites; fiber preheating temperature; braided structure; micro-defect
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