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Abstract: Continuous fiber reinforced metal matrix composites, as representatives of high-performance
structure-function integrated materials, the innovation of their preparation technology and the expansion of
engineering applications have always been core issues in the field of materials. This paper mainly reviews
the forming process of continuous fiber-reinforced metal matrix composites, systematically combing the
advantages, disadvantages, and applicability of traditional forming technologies for fiber metal matrix
composites. Aiming at the bottlenecks of traditional processes, high-quality integrated forming methods for
new composites such as 3D printing technology and fiber metal prepreg preparation technology are
discussed. The feasibility and application trends of these methods in forming structural parts of fiber-
reinforced metal matrix composites are also discussed, with the aim of providing a reference for the
development direction of high-quality preparation processes for metal matrix composites and their
engineering applications.
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Fig.1 Phase deposition method

(a)cross-sectional morphologies of SiC;/Al composites' ™™ ; (b)EBSD diagram of matrix and grain boundary

misorientation distribution diagram in SiC;/Al composites
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Fig.2 Ultrasonic infiltration forming composite wire

(d)schematic diagram of composite wire formed by ultrasonic infiltration process

(¢)effect of magnesium content on the mechanical properties of composites

(29801, (1)infiltration cross-section of composite wire! 3,
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Table 1 Traditional preparation process of continuous fiber reinforced metal matrix composites

Process type Advantage Disadvantage Ref.
Solid phase  Diffusion bonding method ~ Lower forming temperature and weaker Complex production process [4,37-38]
method interfacial reaction
Physical vapor deposition  Suitable for any metal matrix Higher cost and complex production ~ [7-8,10,39]
method process
Liquid phase  Die casting Forming complex structures Preform prone to damage and [40]
method complex preparation process
Squeeze casting High densification degree and excellent Prone to cause deformation and [14-15]
mechanical properties damage of the preform
Semi-solid rolling method ~ Non-closed infiltration Poor infiltration quality and complex [ 19-20]
operation
Thermal spray coating On-demand manufacturing and reduced interface  Low fiber volume fraction [41]
method reactions
Pulsed magnetic field Non-closed infiltration Poor infiltration quality [42]
infiltration method
Ultrasonic infiltration Low equipment requirements, capable of Difficulty in forming three- [29-30]
method continuous forming of composite wires dimensional structures
Gas pressure infiltration Few casting defects and reduced high- Higher production cost [23-24,43]

method

temperature oxidation
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Fig.3 Schematic diagram of other preparation processes

(c)pulsed magnetic field infiltration technology
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(a)pressure casting method'*'; (b)integrate winding, thermal spraying and thixoforming technologies'*!;
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Fig.4 3D printing fiber reinforced metal matrix composite morphologies

(a), (b)bonding of carbon fiber and SnygBi;, matrix in metal melting three-dimensional direct writing technology
(¢), (d)infiltration morphology of carbon fiber reinforced Sny,Pby, composite prepared by fiber traction printing

(e), (1) continuous fiber reinforced bronze matrix composite shaft side diagram ,and the morphology before and after sintering'

— PR A T i LAZRICE ) BE DT AR A
Yol A i) i (LR R A, SR T 1.2 mm BT A 4
SR AR N B A AR KB i 28, i hr R 4 2 o
JE R W 2 3 R v 152 % 264 % . 152% F1153 %,
L5 L THR Y AT LT A R 4 JE S 2 A M R 3D AT EN
ARAGEEAEBR . — B I5 1t 3 & KT 51 & 2F 4k HE A 2%
ELAIAR FE 502 B, B 2 A b kLR ) 1k D) 18] 55007 55
TG 1.2 IR ZUIBUR B IE B i A X Py 3
LR EE Y AR b 2E BRI, B R A A% 1 AL
BT BOM R BB A K T BRI, 7™ BRI T AR
1 H

AR, 2 RUBE AL TR A 28l 1R I S (1
SEL R < 3 o A 2T 2 R TR R AR T TR 2 - THOK R R

[51-52] ,
H
[53-54]
H

55)

SEFTRGE R T NOGE & R I R E M O B
L1 ST G KA AR Sy 5 RUJE 288 A % 38 S 20 4, i
TR AV A% 21 Y /e PR 5T 1Y 7 4 R Y5 22 RO B i
5 & JE S iR S ATt WA B T s |
Bt 5 YR (B B G R . SRR A AR R T K 2
P fL- LR A b TR 7 (A B & A, S 3D AT ED
MR AT AR A R LG A MR AL AR IR T S T
FEAL R FHFFRE T8 4%
22 AHEETERRRFEEAR
EEIREALREIE T —FP 600 & L4 1
5 4 J@ MR Y (MetPreg™) i il 1 122 (&1 5(a) )™,
MR FE R 0.15~0.50 mm, 58 & K 10~40 mm, B %%
LR RN A e €Ki o WA K S F O o 3% [N



H54E 1Y

VESELT NG 9 42 R A 5 AR R SR B R 3

121

HE— 25 R HTOE S B MetPreg™ 22 R 98 281 R ML Ak
A m R SR E (] 5(b)) , T2 e il
T OGP IRORS 5 981 4% S 1A 2 T O A BRSSP 4R R
TR (E5(c) ) o MetPreg™ fa 78 {4 4 #H # I 7
Y22 3 AL, B S & R4 o B IR 22 g 58
TASE MRS REL SRR R E T 284,
AP TR B I G J AT A PR R B A A RE

(a) ) _
Fiber guides

AT R 2 P A A R A S 2T R BB 4 . R
MZEA T RSN &R RB A AISEA, R
BRI ZR G PR R R 7 Ol RN W B DL R e
JE 5 B 138 B Tk 9% s A o, b R 4R 0 A
4.0 GPa, HimiltEiefee . XEWELE S TRZ S
A5 30 1 ZEAR AR, AN K B R S ALSE AR R T A A A
KICHH S50 i A RRE A SR Z5 )

Composite storage
Air jet reel
cooling \

Metal
impregnation

o '

—_— Qoo”

Continuous fiber
reinforcement

Shaping die

/ TTT Pulli it

5 SR A A LI s R BUE R B/ i by
(a) 42 @ T Fk il T 2R B 5 (b) WOLA B AL BEHA 5 (o) il BUARR AT RO AR

Fig.5 Forming technology and macro/microstructure of cylindrical parts™"’

(a)metal prepreg manufacturing process diagram; (b)laser-assisted melt winding technology ; (¢)surface and microtopography of cylindrical parts
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(a)Hubble Space Telescope high gain antenna waveguide/boom™®”; (b)transmission towers in which cables are being installed , illustrated

as composite core aluminium stranded wire sections'®!
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stator vane'™; (e)satellite propellant tanks

(g)aircraft engine blade ring"**

"5 (1)M40/Al composite space infrared remote sensor barrel structure

'; (h)aircraft engine T-shaped structural component

1s (¢)skin structures of space shuttles'®; (d)airfoil cross-section of RB211-E4
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