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Research progress of additive manufacturing process and equipment for
thermoplastic composites

XIE Wei

( AVIC Manufacturing Technology Institute, Beijing 100024, China )

Abstract: Thermoplastic composites exhibit high toughness and damage tolerance, as well as good impact resistance. Additive
manufacturing offers an effective way for making high-performance complex thermoplastic composite components without molds,
which has a broad application prospect in aerospace and other fields. This article introduces the research progress of additive
manufacturing process of short-cut fibers/continuous fibers reinforced thermoplastic composites. The processes and mechanical
properties of different resins and fibers are compared. For the additive manufactured PEEK reinforced with 10%(volume fraction, the
same below) of shortcut carbon fibers, the tensile strength and modulus can reach 109 MPa and 7.4 GPa, respectively, which is 85%
higher than the pure PEEK. For the additive manufactured ABS reinforced with 10% continuous carbon fibers, the tensile strength
and modulus can reach 147 MPa and 4.185 GPa, respectively, which is 5 times and 2 times of pure ABS. According to different
processing routes and material systems, the equipment for fabricating advanced thermoplastic composites becomes larger and more
integrated. Finally, from the material, equipment, process and application perspectives, the challenges and opportunities of
thermoplastic composites by additive manufacture are identified.

Key words: thermoplastic composites; additive manufacturing; continuous fibers; short-cut fibers; in-situ consolidation
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Table 1 Commercialized SLS composites and their properties
Manufacturer Material mark Material composition Tensile Elasticity Breakin.g
Matrix Reinforcement  Strength/MPa  modulus/MPa  elongation/%

EOS PA2000 PA12 — 48 1700 15
PA3200GF PAI2 Glass bead 51 3200 9
Carbonmide PA12 Carbon fiber 73 6100 4.1
Alumide PAI2 Aluminum 48 3800 4
PEEK HP3 PAEK — 90 4250 2.8

3D Systems DuraForm ProX PA PA12 — 47 1770 22
DuraForm ProX GF PA12 Glass bead 45 3720 2.8
DuraForm ProX AF+  PA12 Aluminum 37 4340 3
DuraForm ProX HST  PA12 Fiber 44 4123 4.3

Hexcel Hex PEKK" EM PEKK — 75.2 4743 1.94
Hex PEKK" 100 PEKK Carbon fiber 111.3 6563 24

CRP technology Windform“GF2.0 PAI12 Glass bead 51 4304 4.6
Windform“LX3.0 PA12 Glass fiber 60 6048 24
Windform“XT2.0 PA12 Carbon fiber 84 8928 3.8

Farsoon FS3300 PA PAI2 — 46 1602 36
FS3400 GF PAI2 PA6 44 3500 4.5
FS3400 CF PAI2 Carbon fiber 65-70 4700 3
FS3250 MF PAI2 Mineral fibre 51 6130 5
Ultrasint” X043 PA6 — 66 3700 2
FS6140GF PA6 PA6 77 6585 1.7

Silver PA-2014NC PAI2 — 45 1500 25
PA-2014GB PAI2 Glass bead 47 3700 8
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Table 2 Technical paths for continuous fiber reinforced composite additive manufacturing

Material composition

. Movement
Process type  Material mark
method Matrix Continuous fiber reinforcement
In-situ Continuous Mechanical arm  Almost all thermoplastic resins ~ Carbon fiber, glass fiber, Kevlar, metal
impregnation composites wire, copper wire, optical fiber
Co-extrusion CEVD Mechanical arm / PETG, PP, PPS, ABS, PC, Carbon fiber, glass fiber
with towpreg G5 antry PB, PEEK,etc
Anisoprint Axis of motion PEEK, PEI etc Carbon fiber, basalt fiber, etc
Towpreg Markforged Axis of motion PA, PEI Carbon fiber, glass fiber, Kevlar
extrusion
9T Labs Axis of motion PEEK, PEKK, PPS, PA12, Carbon fiber, glass fiber, basalt fiber
Biobase PA
Mantis Axis of motion PEEK, PEKK Carbon fiber
Composites
APS - Tech Axis of motion PLA, ABS, PA, PC, Carbon fiber, basalt fiber, metal wire
Solutions PEEK, PEI,
metal ( sintering ) ,
ceramic ( sintering )
In-situ AREVO Robotic arm PA Carbon fiber
consolidation ) )
Desktop Metal Axis of motion PEEK, PEKK, PA Carbon fiber, glass fiber
Electroimpact Robot PEEK, PEKK, PA12, ABS Carbon fiber, glass fiber, boron fibre
CBAM Impossible-objects Axis of motion PEEK, PA12 Carbon fiber fabric, glass fiber fabric
technology
Inline Moi Axis of motion VE Glass fiber

impregnation
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Fig.1 AM of continuous-fiber-reinforced thermoplastic composites based on prepreg fibers
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Fig.2 AM of continuous-fiber-reinforced thermoplastic composites based on co-extrusion
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Fig. 4 Defect analysis of AM samples by in-situ impregnation process
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Fig. 5 Anisoprint company’s short-cut/continuous fiber reinforced composite equipment and products
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