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1. Research Background
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B Wide-Ranging Application of Fiber Reinforced Composites

60 —
. . A350XWB C929
* High specific strength
"""" 8787 1
. . 50 — * T
* High specific modulus ;
o I
i o epe = '
* Design flexibility, ... L e
=] /
=
& A400M
(] ’
= A
~ 30 2
)
= A380 7
3 i
(oF z
g 204 _aam& A —
8 ’,
As21 ,ﬁgaa’ C919
A340e @330 7
wd . ... - s Al 3/ S * ________
’/
375?3;5j ..kao'o-;oo.mm 1
fTer] DC10L1011 Mpse- *'g73r.ace o #MD90
0 ——=——o -~ * * B747-400
1L L L L L L L L L e e e
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Vehicle Body of the BMW 7 SERIES

Sources: www.airliners.de

3D Printed Continuous Fiber Reinforced Composites of Anisotropic Topology Optimized Structures



1. Research Background (&)

B Manufacturing Process of Continuous Fiber Reinforced Composites (CFRCs)

-
Automated Tow Placement

y 3D printing path

» More complex structure can be realized

2.3 | . Topology
\ - | optimized
structures
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1. Research Background

B Topology Optimization of CFRCs

1. Fibers <45 mm long
were removed

2. Closed loops were
combined into
continuous paths

B

25 mm
N

Additive Manufacturing 44 (2021) 102056

CICCF/PA
LISCF/PA

SCF/PA

Composites Science and Technology 204 (2021) 108644
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Composites Science and Technology 230 (2022) 109727

Anisotropic property

Path planning

Performance
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2. Materials and Methods {(j)

B Multidisciplinary framework to design and produce a topology optimized structure

Continuous fiber
! i i ; reinforced composite Miicro striclise Micro material

Concurrent material and structure optimization

In-situ impregnation method

Anisotropic

3D printing topology optimization
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2. Materials and Methods (K/)

B Equipment and material
Kevlar Fiber KF

Extruder PLA

Feed rate
Printing path

Plate

Vi (%) E, (GPa) E, (GPa) G,y (GPa) Oxy
6.67 12.3331 1.7557 0.9880 0.3673
10 15.0108 1.7818 1.0071 0.3660
15 19.0340 1.7762 1.0370 0.3640
20 23.0571 1.7170 1.0689 0.3620
3D prlnter 25 27.0803 1.6041 1.1027 0.3600
30 31.1034 1.4376 1.1388 0.3580
R 35 35.1266 1.2175 1.1772 0.3560
Shaanxi Fibertech Technology Development Co., Ltd. p s R i 3o Pyl
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2. Materials and Methods

B Topology optimization

min: c(p,0)=U(p,0)'F Materials [~ Force )
V(%) 1 Load
V, Boundary conditions |
st KU=F - /
0< P = p =1 Optimization result ” —
| 2r<0<2rx ® Constant fiber content (V,= 10%) 7=

Simultaneous optimal designs for both material distribution and fiber orientation

ocal areas
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2. Materials and Methods {&j)
\'u. -

B Path Planning

Messerschmitt-Bolkow-Blohm (MBB) Beam
Shape topology /

Topology optimized structures can be produced by this continuous printing path
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2. Materials and Methods ((\)

B Progressive design of fiber content

ALV ARAVS AN

0% Vf=6.67% Vf* 10%

‘&‘

Vf= 25% VF=20% VE=15%

= A

Vi=30% Vf=35% Vf=40%

Finite Element Analysis Stress/MPa

2.50
1.88
1.25
0.63

(=)
(=]
(]

Vo
BiEatatadhdulat el
oWwNF NG
ornwodnd

¥

Inhomogeneous distributions of fiber content
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3. Experimental Verification {(D)
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B 3D printed topology optimized structures of two benchmark geometries

- —
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3. Experimental Verification {2 )

B Cantilever beam

® Structural stiffness: 184.96 N/mm
® Pecak load: 73435 N |

1000 -

800

200 -
Universal testing machine (PLD-5kN, LETRY Corp.,China)

> 123.07 % in structural stiffness increase o+“&F—F—m———————————1——1——1—
. . 0 1 2 3 4 5 6 7 8 9 10
»> 52.16 % in peak load increase Displacement (mm)
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3. Experimental Verification

B MBB beam
® Structural stiffness: 541.77 N/mm
2000 @ Peakload: 1406.44 N
1800 - .l“:'«‘v",’z!
] [l T TeRE——
1600 - v
1400 -
= 1200 -
'c'g 1000 -
— .
800 -
600 -
400 - =
. . . ] |4 A_‘ N .A,
» 36.27 % in structural stiffness increase>7] A ——
> 64.43 % in peak load increase o T T T r !
Displacement (mm)
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3. Experimental Verification {2 )

B MBB beam with different fiber contents

Model A Model B

Model C s ol

Model E

vE=20% i @ o  VF=30%

120%40*10 mm
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3. Experimental Verification

B MBB beam with different fiber contents

Load (N)

Load (N)

Model A
4000 -
3500 "7‘4 A‘ovA.
O oames. h
3000 -
2500 - =
N’
2000 2
8 VAV, S
[T ———— ]
1500 - \
1000 -
500
0 T 1
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Displacement (mm)
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3000 - -
2500 - =
Z
2000 T
[=]
=3
1500 -
1000 -
500 -
0 .
0 5 10 15 20 25
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3. Experimental Verification {2 )

B MBB beam with different fiber contents

4000 ~

2000 4500
] /| Model A ]
3500 o Model B 1800 -
4 / - Model C fg - - 4000
1600 - I
3000 - Model D g ]
— ] —— Model E é 1400 - - 3500 _
Z" 2500 - —— Model F 2 : &
= - S 1200 - L3000 <
& 2000 - = - | S
S ‘= 1000 —
- 1 =z : - 2500 fc
1500 S 800 - | S
| = ] /A\ =
S “‘ - 2000
1000 4 1/ S 600 -
N o] y Structural siffness
500 7 4004 —— Peak load - 1500
' 200 [
0 v 1 v 1 v 1 v 1 . 1 1 i 1 d 1 i 1 v 1 v 1 v 1 1000
0 5 10 15 20 25 0 5 10 15 20 25 30
Displacement (mm) Fiber volume content (%)

Inhomogeneous distributions of fiber content can further improve performance
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4. Summary {K)

€ Topology optimization and 3D printing could promote the potential of CFRCs, and
even challenge traditional design and manufacturing mechanism relating material

and structure scale.
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Thank you for your attention !

Yiming Huang

State Key Laboratory for Manufacturing System Engineering

Xi’an Jiaotong University

Email: hyming0721(@163.com
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