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Research on FDM 3D Printing Process Parameters Based on Orthogonal

Experiments

WANG Hongkun DING Huifang CHENG Lijuan

(Beijing Institute of Computer Technology and Application, Beijing 100080)

LI Chengliangzi WU Ziqi

Abstract To enhance the dimensional accuracy and mechanical properties, and reduce the printing time cost of
the parts produced by the fused deposition modeling (FDM) process, the three—dimensional models of the
dimensional accuracy and mechanical test samples were designed using Creo Parametric 2.0 software, and then
sliced and printed. Combined with orthogonal experiments, the influences of printing temperature, speed and layer
thickness on the dimensional accuracy of PLA and PETG-ESD drum-shaped test pieces were studied. The
conclusion was drawn that the combination of printing speed of 80 mm/s, printing temperature of 210 “C and printing
thickness of 0.25 mm resulted in the smallest dimensional error. Under the above combination, tensile and
compressive tests were conducted on the mechanical test pieces. The experimental results showed that the honeycomb
filling method had the highest tensile strength and breaking force among the three filling methods ; when the filling
rate increased, the tensile strength and elastic modulus of the test pieces significantly improved; when the wall
thickness of the model increased, the tensile strength and elastic modulus of the test pieces also increased. In the
compressive test,the PETG-ESD material had a higher strength than PLA.

Key words 3D printing, Melt deposition forming technology, Orthogonal test, Dimensional accuracy,
Mechanical experiment
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Tab.1 Performance characteristics of different printing materials

R WE O 4R DR KRR JGTEIE IR PURLmEE WA 5 o5 i B i
/g+cm™ WEESC EEC BEIC /g+(10 min)™" /MPa £K&/% /MPa /MPa /kJ-m™

PLA 1.24 57 57 160 42.4+3.5 35+4 12.2+1.8 2 750+160 76+5 26.6+2.8

PETG 1.24 86 77 - 14 361 7.3+0.5 1 658+164 - -
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Fig. 2 Three—dimensional model of dimensional accuracy test
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Fig. 3  Dimension diagram of dimensional accuracy test sample
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Tab.2 Specification of drum specimen mm

FRE  BRFESMEd,  BREAMEL, iR« fLEED  fLEED
1:2 25 22.5 0.6 5 15
1:1 50 45 1.2 10 30
2:1 100 90 2.4 20 60
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Fig. 4  Print sample distribution
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Tab.3 Three—factor and three—level orthogonal test table
of PLA and PETG-ESD drum-shaped specimens

K FTENEEJE fmm - s™' FTENEEEC FTE)Z2 )R mm B

1 70 200 0.15 5
2 70 210 0.20 5
3 70 220 0.25 5
4 80 200 0.20 5
5 80 210 0.25 5
6 80 220 0.15 5
7 90 200 0.25 5
8 90 210 0.15 5
9 90 220 0.20 5

K5 sIBilfr
Fig. 5 Drum-shaped test sample
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Fig. 6 Geometric shape and size diagram of the specimen
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Fig. 7 Three—dimensional model diagram
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Fig. 11  Mechanical experiment sample piece
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Fig. 12 Compressed three—dimensional model of the sample part
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F4 RENEHHEE(PLA) . (PETG-ESD)
Tab.4 Test measurement data values (PLA), (PETG-ESD)

ST PLA D4 {E/mm  PETG-ESD M4 Y48 /mm
1 49.606 49.632
2 49.628 49.666
3 49.654 49.676
4 49.632 49.674
5 49.656 49.700
6 49.620 49.654
7 49.628 49.674
8 49.608 49.642
9 49.604 49.656

M 2 4 P RS HEA T AT A 2 PLA 80P

A AME T3 RS 525 8 -0. 052% ; PETG-ESD 8
TR 1 M1 RS 1R 25 0. 13% , R IR
BEIMERST BB 2238 R 2R >R, JE >R, il
BB C>A>B, Ut B ZEFT Rl 7K -7 ) ROSTHG
AT R XSRS B S A R K, R AT B 4T
B3k 6T T A2 P b 5 Ml e /> o

FHNHT Dy > Doy > Doy » LA 80 mm/s Ay
B ATEN AR s [R)BE, 210 “COA AT ENIRE , 0. 25 mm
HIARITENRR o Zeid IE A0 A RS AE B2 5000, 45
JEASENSE R  FTENEE A 80 mm/s FTENEUE 4210 °C.
FTENEEE A 0. 25 mm, WW2H & ROT R 222/ MY . TEfA
S s K R B LIRS HO TR
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Tab.5 The results of the orthogonal experiment with three factors and three levels(PLA ), (PETG-ESD)

RS SHZE A (PLA) SLH4E 5 (PETG-ESD)
FIT S (A)FTEP o (B)FTENIREE (CFTENRE IR TR 2% HMER TR
/mm-s”! /C /mm AD/% AD/%
1 70 200 0.15 -0.012 -0.064
2 70 210 0.20 -0.056 -0.133
3 70 220 0.25 -0.108 -0.153
4 80 200 0.20 -0.064 -0.149
5 80 210 0.25 -0.112 -0.202
6 80 220 0.15 -0.040 -0.109
7 90 200 0.25 -0.056 -0.149
8 90 210 0.15 -0.016 -0.085
9 90 220 0.20 -0.008 -0.123
D, -0.058 7 -0.044 0 -0.0227
D, -0.0720 -0.0613 -0.0427
PLA -
D, -0.026 7 -0.052 0 -0.092 0
R, 0.045 3 0.017 3 0.069 3
D, -0.117 -0.121 -0.086
PETG-ESD D, -0.153 -0.140 -0.135
D, -0.119 -0.128 -0.168
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