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GF/PC Composite Filament Design & Optimization of 3D Printing
Process and Structure for Manufacturing 3D Printed Electric Vehicle
Battery Module Cover

Jeong-Wook Yoo*, Jin-Woo Lee*, Seung-Hyun Kim**, Youn-Chul Kim***, Jong-Hwan Suhr***"

ABSTRACT: As the electric vehicle market grows, there is an issue of light weight vehicles to increase battery
efficiency. Therefore, it is going to replace the battery module cover that protects the battery module of electric
vehicles with high strength/high heat-resistant polymer composite material which has lighter weight from existing
aluminum materials. It also aims to respond to the early electric vehicle market where technology changes quickly by
combining 3D printing technology that is advantageous for small production of multiple varieties without restrictions
on complex shapes. Based on the composite material mechanics, the critical length of glass fibers in short glass fiber
(GF)/polycarbonate (PC) composite materials manufactured through extruder was derived as 453.87 um, and the side
feeding method was adopted to improve the residual fiber length from 365.87 um and to increase a dispersibility.
Thus, the optimal properties of tensile strength 135 MPa and Young's modulus 7.8 MPa were implemented as GF/PC
composite materials containing 30 wt% of GE In addition, the filament extrusion conditions (temperature, extrusion
speed) were optimized to meet the commercial filament specification of 1.75 mm thickness and 0.05 mm standard
deviation. Through manufactured filaments, 3D printing process conditions (temperature, printing speed) were
optimized by multi-optimization that minimize porosity, maximize tensile strength, and printing speed to increase the
productivity. Through this procedure, tensile strength and elastic modulus were improved 11%, 56% respectively. Also,
by post-processing, tensile strength and Youngs modulus were improved 5%, 18% respectively. Lastly, using the FEA
(finite element analysis) technique, the structure of the battery module cover was optimized to meet the mechanical
shock test criteria of the electric vehicle battery module cover (ISO-12405), and it is satisfied the battery cover
mechanical shock test while achieving 37% lighter weight compared to aluminum battery module cover. Based on this
research, it is expected that 3D printing technology of polymer composite materials can be used in various fields in
the future.
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Table 1. Composition of GF/PC composites

GP20 GP25 GP30 GP35 GP40

GF (wt%) | 20 25 30 35 40

PC (wt%) 80 75 70 65 60
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Table 2. Process condition of filament extrusion

Table 5. Material & Thickness of battery module cover

FM1 FM2 FM3 BC1 BC2 BC3
T t °C 270 285 285 i i
emperature (°C) Material Al 3D printed | 3D printed
Extrusion speed 20 20 35 GF/PC GF/PC
(g/min) Thickness (mm) 1.25 1.25 1.25
Joints thickness (mm) 1.25 1.25 3
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Table 3. Process condition of 3D printing

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9
Nozzle temperature (°C) 320 320 320 300 300 300 340 340 340
Printing speed (mm/s) 30 10 50 30 10 50 30 10 50

Table 4. Constant variables of 3D printing

Layer thickness Infill density

Infill pattern

Infill direction Infill overlap

0.3 mm 100%

Line LD

0.03 mm
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Table 6. Tensile test results of GF & PC

GF PC
(ASTM-C1557) (ASTM-D638)
Tensile strength (MPa) 2,840 + 434 64 + 3.62
Young’s modulus (GPa) 47.37 +£3.71 1.66 + 0.02
Elongation at break (%) 7.00 +0.92 91.8+7.19
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Table 7. Tensile properties of GF/PC composites
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Fig. 2. Curve fitting of tensile test data to Halpin-Tsai equation

(a)

Fig. 3. Optical microscope image of cross section of (a) GP35, (b)

GP40

GP20 GP25 GP30 GP35 GP40
Tensile strength (MPa) 93.2+0.15 90.6 £ 0.08 105.4 + 2.85 110.6 + 4.54 119.6 £ 1.74
Young’s modulus (GPa) 3.8+0.08 45+0.20 53+0.18 5.7 £ 0.06 5.8 +0.07
Elongation at break (%) 4.37 +0.22 3.34+0.01 3.68 £0.26 3.70+0.23 3.97 £ 0.06
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FM1 FM2 FM3 Table 10. Optimal solution & variables
Diameter (mm) 2.02 2.00 1.84 Nozzle Printing Tensile Young’s Void
. . 01
Standard deviation (mm) 0.125 0.117 0.067 temperature speed strength modulus %)
0
Bubbles (#/100 points) 3 4 1 (°C) (mm/s) (MPa) (GPa)
Swelling ratio (%) 112.2 111.2 102.1 315 15.5 58.9 475 215
Table 9. Tensile test results of 3D printed GF/PC composite
PO1 PO2 PO3 PO4 PO5 PO6 PO7 POS POY
Tensile st th
enst;/lspr;:ng 53.4+3.62 | 643+533 | 514+ 152 | 51.1+2.34 | 549+ 4.16 | 51.1+3.09 | 48.9+0.34 | 48.9+ 6.95 | 50.5 + 0.65
a
Young’s
443 +0.07 | 510+ 0.08 | 4.68 +0.05 | 4.42 +0.03 | 428+ 0.08 | 4.08 +0.10 | 434 +021 | 4.14+0.19 | 4.79 + 0.06
modulus (GPa)
Elongationat |\ o3 14 | 167 +0.15 | 1.44£0.05 | 1.6640.17 | 1.6640.16 | 175+ 0.14 | 1.45+ 004 | 1.46 £ 0.15 | 1.60 +0.03
break (%)
Void (%) | 22.9+0.99 | 19.4+0.86 | 25.5+0.91 | 27.0+0.56 | 24.9+0.94 | 28.4+1.25 | 24.6+0.01 | 24.9 +2.54 | 27.6 + 1.07
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Fig. 5. Stress-strain curve of 3D printed with optimized GF/PC
composite and commercial GF/PC filament

Table 11. Tensile test result of 3D printed GF/PC composite as
optimal condition & error with optimal solution

Tensile Young’s . Flexural [Heatdeflection
Void
strength | modulus (%) strength | temperature
(MPa) | (GPa) ’ (MPa) (°C)
58.0 4.39 20.1 104 140
(-1.53%) | (-5.58%) | (-6.51%)

(): Error with optimal solution
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Table 12. Independent and dependent variables for FEA of bat-
tery module cover

Variables Values
E, 5200 MPa
E, 2876.1 MPa
Independent 035
variables Yi2 :
Vi 0.35
G, 714.2 MPa
E, 2876.1 MPa
Dependent Gy 714.2 MPa
variables Vi 0.35
G,, 1065.2 MPa

Fig. 6. (a) Time domain shock, (b) frequency domain shock
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14.3 MPa
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Fig. 7. FEA results of (a)BC1 (Al with thickness of 1.25 mm),
(b) BC2 (3D printed GF/PC with thickness of 1.25 mm),
(c) BC3 (3D printed GF/PC with thickness of 1.25 mm,
and 3 mm at joints)
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