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FEE AT 3T IR 695 Rk UL AR R (FDM) AT BP 34 AR th 22 RAE 47 69 1k JE 85K A BT B AR & PR SE 191 A, 38 3 R T 4k
TP AR CH B AT EER SR RITI R E), W R R A 7 X T AT 09 ) 24, SR 2 T 42T
R SLE (PLA)YBUE AT 69 B A gk, A T ik s R A AR, A A B H) 09 3AFH BB H DT R &R F L LA R, &%
A, FE B EAE 170 °C, oK 8 E 7 205 CCOA RS 45 5 4 0.65 i PLA U FH 4R 45 78 th 2245 52 M 64 ) B AR AE SL IR
B Gl R F R L ARAE A 22 0t ad SR AT S ik S AT R AL IT R e A X, AR R A R R R AR AR
G5 Mk A T SRAT AR A R I B ek F 49 5w b AR A 5 22.49 MPa, A8 6L T MAS A K49 19.37 MPa 425 7
16.10%; P A3 7 & I th 4% 69 454 M fi , 18 2 24.75 MPa A8 bk T3 % 3L 4,69 22.36 MPad2 9t 7 10.69%; 5f B4 &
B 58 38 K AT PP A 6 B HURE T T B, B /R 0.6 mm 69 160.51 pum #2 A 2] ZJF 1.0 mm 69 220.38 pum, A fAkE A
&7 37.30%.
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3D printing technology of PLA granular material based on screw extrusion
LIU Biaogiang', QIAN Bo'?, LIANG Yuxin',HU Zhentao'
(1. School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201600, China; 2. Key laboratory of
Intelligent Manufacturing technology of large complex thin-wall components of machinery industry aviation, Shanghai 201600, China)

Abstract : Aiming at the problems of unstable filament, low printing speed and limited printing materials in the existing fused
deposition modeling (FDM) printing technology, the printing parameters ( barrel temperature, screw speed, extrusion ratio and print-
ing speed ) were continuously optimized. The mechanical properties of the printed parts under different filling methods were
compared, and the forming parameters for polylactic acid (PLA) granular materials were finally determined. Based on these forming
parameters, the process research was carried out by using the self-made 3D printing equipment for screw extrusion of granular mate-
rials. The results show that the stability of spinning and the minimum porosity can be ensured when the barrel temperature is 170 °C,
the nozzle temperature is 205 °C and the extrusion ratio is 0.65 for PLA granular materials. The screw speed with different nozzle
diameters is numerically simulated to obtain the fitting formula of the two, so that the screw speed can be quickly determined when
different nozzle diameters are selected. Honeycomb filling shows more excellent bending properties, the value of which is 22.49
MPa, which is 16.10% higher than that of grid filling, and the value of which is 24.75 MPa, which is 10.69% higher than that of
honeycomb filling. And with the increase of layer thickness, the surface quality of printed parts gradually decrease, the surface
roughness from 160.51 wm with #=0.6 mm to 220.38 wm with #=1.0 mm, which is 37.30%.

Keywords : 3D printing ; screw extrusion ; surface roughness ; filling method ; numerical simulation
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Tab.1 Structural parameters of screw

Parameter type Parameter Parameter type Parameter
yp value/mm yp value/mm
Heli le of
Thread width 10 el angie o 17.6
lift
Depth of feed
Screw Diameter 18.5 P 0. e 3
section
Inner diameter
2 h 1
of barrel 0 F
Total length of 184 De.pth of rr.leter— 12
screw ing section
Length of feed
cne (.) e 76 Pitch of spiral 12
section
Compressed 63 Slot width 9
segment length
Measured 45 Screw and 075
segment length barrel clearance
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BT 22 b AR /N T T ELAS s SR IR R
£ 170 °CH, JLET R R LA 5], BF R Az L
- 5 ROSTAH AR 5 R IR 5 1 170 °CH, ks
BT 2 Bk A0 Ao 38 ol 223 i R BT 2
WA AR, Al o U0 8 A 3 35 o A A 1)
AR A A5 URE A} 8 U 20 1 34 A i s e 1 ¢
22, R, il A AR B R 170 °C, EAME
P PLA ORI RUERIE , $TED PLA MRS 14 Wi g
IR i B2 205 °Cs
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Fig. 3 Optimization of molding process parameters
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Tab. 2 Screw speed and nozzle diameter

Screw speed/(r*min”") Nozzle diameter/mm

15 0.4
18 0.6
22 0.8
28 1.0
33 12
41 L5
50 2.0

T 2% 0 TR EATE R, A RIR T &
A FESARLIME R RENS A S A B A T
HAED R B B R ATER R RSy 80% B 2
PR TE 90% DL 2 TENREEE LU R 75%

R3 EEHEZ0SmmEEIZESH

Tab.3 Molding process parameters with nozzle diameter of 0.8 mm

Parameter Value
Extrusion ratio 0.65
Extrusion line width/mm 0.6
Withdrawal distance/mm 2.0
Compensating distance/mm 6.0
Withdrawal speed/(mm*s™") 100
Layer thickness/mm 0.60
Filling overlap rate/% 90
Barrel temperature/°C 170
Nozzle temperature/°C 205
Hot bed temperature/°C 65
Packing density/% 80
Print speed/(mm=*s™") 80
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Tab.4 Standard deviation of wall thickness at different

extrusion multiplicities

Extrusion multiplier Average wall thickness Wall th1cknfes§ standard
deviation
0.25 2.78 0.51
0.40 2.89 0.33
0.60 2.92 0.19
0.65 3.03 0.10
0.70 3.07 0.18
0.85 3.18 0.35
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Tab.5 Porosity and total pore volume

Extrusion multiplier Total pore volume Porosity/%
0.25 12.334 0.954
0.40 8.153 0.826
0.60 5.698 0.723
0.65 3.056 0.644
0.70 6.769 0.745
0.85 10.963 0.891
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