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Influence of 3D Printing Process Parameters on Quality of Plastic Products
Ge Qing', Wang Fu’
(1. Hangzhou Vocational Technical College, Hangzhou 310018, China ; 2. Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract : The optimization of 3D printing process such as temperature, printing speed, filling rate, chip thickness as well
as the influence on the performance and quality of plastic resultant products was reviewed: Furthermore, orthogonal experimental
method could be employed to optimize multi-parameters simultaneously. In addition, the influence of 3D printing equipment
structure on the quality of 3D plastic printing products was also introduced. It was pointed out that improving the stability during the
printing process and adding support structure could effectively guarantee the quality of products.

Keywords : 3D printing ; process parameter optimization ; equipment structure optimization ; product quality

BT R BOREOR B A, I AFOR 3D FTEIBUAR Rt

e R BT AT WA SR 2 RN
I FLE TR TR SR M A AR TOHLIE 48 b 25 ithis T | %
LFBEL. T 3D $TEDIR A T RO 5 LB 4 F 22 in Ml
T EOR PP KR REOE S P AT I TR R, T s A ’f"ﬁh
4 AR B 7150 3D FTERIEA= 4, 10, T |
B T FURAS B PR BE ISR, 3D FTER YN T T2 % 3D i WA
L ) |2
STEDIRR = BOERE AT S0 B O 00 T3P 23 o ) A
M SORMA R B MR  REN o o H R T R T Pt
SRR SRS RS S L B b, B A b N ——
WAEARKALHE L5200 3D FTER ™ i (PR RE RIS &, 491 an s fin E}"Encr':j][]]:'ﬁﬁqj o B 3 e o R s (o 4 22

SRS TR R AT ED G R AR T, DA 4R e o P TR 52 4 | T a1 e kR 0 2 SRR A2 | T B

HIHIEE 3D ATENEAR W ARSI AR L RS gy zaﬁl%ﬂiﬁLﬂmﬂéﬁmﬁﬂLﬁn#%rjj
HE ML & B E K, I AL 3D FTEN & 45 F1 T 25354 W 22 1K RS 22 L FEE 2 B B A 22 O M TR FEE | 038 H s

LSy ALl

SERSEDRIER AL A ORGSR TRRIEREN g g e o P A 42 5 R IE 2 5 B R

BT L e T IR A 22 LS S SR R S50+ M X T
IR EERTE TS HLI AL T Sy AL T R

3D T ENME S RARMTTRUT ELI EIOE EBAH e =) bty 3 A 2 0 LA A 70 0
SERLIX LK k’e?ézmui-ﬂﬁzo RO TAMIBRERI o o T b b (X Ak S22 )
SENL, LA TT LUBRIE A SEZS X, 8R 5 22 b 7F HE 45 IX 46 20
O EEEE AT Ak%éél:o I T LM AR 22 X R BEFR N BSR4
FEREHEIX et i, 45 3D FTED Hbsr= i 1. Wik H 9 : 2017-10-07



杨超


HER, % 3D FTEN T S H06 Bk = i B i 5 ) 127

TS AL I (WIS 22 P BB DX S 22 ) A5 S0 i o i AT
R Z A R RLRE PRI SRR S S B T
Ak, T DASR i SRRk T
2 BETARTEN TE ML
2.1 REAKAHA

SEMR (55 531 22 MAAE 3D 3T BN Tl A v il B8 3 1)
PRI R A K IR PR TRLEE  PRIREIRLEE B TR R ke
TRLEE | FLIRLBEAF , ok UL SOl i 70 22 M IO il It
SR HI S — R R, A5 M 1) o

M 5e 85 U E SR BRI A M P — T -
LA =i B R (ABS) 1 3D FTEDHLE Sk A IR B 1
LS MU ) 3647 1 43, WE 9 T ABS (AR 72 2 FE RN
Mf 22 HLRH K o 220 B8 | vl ML I B2 RO I A TRLEE 43331 el
J5 K 19 270,238,269 °C [ fIG 2 52,22,22 °C, £ R W 1 A
TR B A 300 °C, T i A 4 7 i 7 S O A2 o B B AR
T 12.5%. Ji RO "R H 3D TERF AR § & T RF
60 mm x 60 mm x2 mm [ ABS Jy Bl i, IEIFIE T MBS
TRLBEXT 7 Sl A R A AR T s e . SEIR A SRR, 23
Rk B 20°C_ETHE 70°CHE, 7= S 2E RIFT ED 52 B A 6l
24 h J5 3 B 5 [ RIKOE T [ W e i R
IR 20 °C I, WIFT ER 5E Bl s 3l B 75 1l AR SE D 1) (4 45
RATHIH 0.45% F10.37%, i il 24 h J5 5 B 7 0 FK
07 ) MO 23253 1A 0.45% A1 0.39%. TRl 7= iy RS i 4
RORTRIA 2 RS i & T T il A 3D 4T B0 ™ i g5 it
IR MAAR ., 2SR 70°C, Fl 1k s A2 T AL 2
0.15 mm. RN S0°CHF, 3D FTE A4 ) 7 il A2 2 &2 A
RSF e X400, Bl R R B Ak . 2R ™
WIRIREAITSE T BT BE X T FPERE A2 . flLd ABS )5t
BE R IR RTA 3D ATENF AR BIE TIRAETTHE T M5
TRJETE S ~ 25 CILB AR LI, T il A5 754 1 TR T A
THE AR, 5~ 13°CIERA, I HE TR RE BRI B R s 23R
BRI 16°CI, T il 28 19 1 148 T A9 B2 4, 38.06, 32
PEVERBIRAT s MY PERIREE & T 16°CJa, I HE T M i BER L
TR ABTE 20 ~ 25 CHU I N BB N T 2%, 750 FET THE T
I R ey, 5 IS S A, T S PR fr o 2 0] 25 52
Wi I TR R RS o 24 SIS SR 1 mm B 75
I I 2 ThDMLRE S Je 1K, 9 10,40 wom ; BEMIR 58 BE88 0
S B VR A T T T 1) 3R TDREDRE B2 AE R A, b S
2 mm BT AT BT AR T 1 T R T B
JEHR 12,55 pm,
2.2 ATdpaE Fag4iAL

FTENH 3 2 BT A Bl 5 20 T 22 M FE Sk Pz Bl
AR, FE AR AR B R A A

TEZE 24 P F B 5Y T 3D 4T B b A b 37 B R 3
FELRTE 2 R RE R A T R A DR 3R X e A g
RERYSZ . DL FLIR (PLA) R J5URL, 48 1 — Rl T
100 mm x 20 mm x 5 mm FYIXFE. TFFE IR, T ENEH X
PRI EERE R R 5 S, LR TR A B L 2R
BB L YFTENEE A 40 mm /s JHFELFEH 0.432 mm,
)RR 0.254 mm KR TR 0.508 mm B, il £ 14
PLA K1Y 12 e RE i, DU L 3l 65.75 MPa, il
PR R 2081 MPa, B f# N 25 y 4.89 MPa, 4&5° 2
F R REUIR 3D ATEFL ARSI % 71> ABS BIRUZ R A
TIRBRF: G424 30 mm, JEEHR 4 mm, 2GR
9 10 mm, JEEEN 2 mm. 38 IR R R Bk R A
FUFEHR , WFFEIK B T2 S B06 ) 2 ThRELRS J32 60 e A i o
RSN, L2, SRR, JEDRL R 3 X ] (4 TR RELRES J32 52 o 5
oyt YEURE R F28 mm /s 35K F] 34 mm /s B, i1
FEHHREE 10,44 wm B4R F) 11.98 wm, BIRE K., 4
1 SIS S ERLER N 60 mm /s, 26RRHE R R R
TR 0.46 ~ 0.54 18, I 5 5 28 85 B 3 1 0.43 ~ 0.56 1%
R T 2 B RS TR T 3 KRS & 5 SR e R R/ N R
Fed AR TR TS RN A0 T4 ABS il B4 R 45 i 3 ik
F1 7ML, 45 5 2% W AR IR 1L 5 T 3 T o 4 1) 4 LA
B AR . MR 26 mm /s I, DR
JEAR T R 11.007 MPa ; 1 4 35 58 #OR I E) 34 mm/s
IR P B TR i 58 B AR 22 9.572 MPa., 3T B FRAZ I J3 X6 1
PHVEBE 2R, 5 AR A IR T B 0 i 1 B A 1 52 )
AR P i AR 3D ATER R R A T IR &
WS 7R, RSE 43 51 80 mm x 80 mm,40 mm x 40 mm,
20 mm x 20 mm A1 10 mm x 10 mm. 3 i BF 53 3 il 4%
Marlin [ {44932 2 28, PRAL T 26 00 A 00 A2 B 1T ED %
BRE, H=FATWRAEKE Y 293.6 mm,216.9 mm
H1106.3 mm i, FilFA R ER 22(0A 0.09 mm.,

2.3 EREME LY AKMLAKA

T 3D FTERIN T B v, AU B — I 2800 9k
A A R A TR e SR I, R R R TR 2
J R RE S — RN S RO I R LR A5 . X R — S G AT
PRI BEA R5CHE = 1l A2 e R AT o, PR IGR FH AE A8
ZR T 2SR A A SR B R RE A AT B

PR PR T 9 4L sSikgG %t PLA E @i 3D
FTEN B % TS BTG, R IAE S By 45°,
Mt Sk TR E A 210 °C BRI BE S 60°C HVRHEE R 4 mm/
s 5, BTl 45 1) PLA il & 0B it R 47, oA HH 30 22 0 35U AN
SSRGS P R 3D FTERHEAR 4 T PLA
BF SR 20 mm x 20 mm x 5 mm B EER ) #&%iT


杨超


128 TR R

2017 4F,45 45 % 55 12 1

14 AIEAZ TR, WP SK RS AR BE AN T BN AT T 00
b, A T RIS BE Ry 220°C, BURIREE -y 64°C,
FTER RN 45 mm /s, fEIZ00 T 20 F il 45 1% PLA il {4
B fe K S T R 0.30 mm, 5 R AL Z BiTH EL, BRI
T2 54%. R4k PR G AR 3D FTENF AR Sl 45 T —Fp
RSF R 40 mm x 20 mm x 10 mm A9 PLA J7 B B, #F 58
KB PLA 226 Fe B3 N TR 210 ~ 230°C, 328 8 7 i
SR S S B LMk, FIANEX oy B IREE R R 5
AR FIH A RIAT T k. SEOeas SRR S 2R R
0.1 mm.#EHEZE Ny 40 mm /s, 25 EH K 40 mm/s, IH
FEAA 25% I, Bl A NSRS RS R, X 5 1) L Y D5 T Fl Z
77 10 By 1% 224X 9 0.02 mm,0.02 mm 1 0.04 mm, 255 >
FIF 3D FTENHAR RN ABS BAR , 45 T —FPEAT ™ 5 2SI
M A AFEEH, IR SRR\ TAE B REE 7 R R 4T
EPR B LB P SR R B S HOHAT T . B
FERIEAERIN T T2 BEKIREE 230°C G IREE 70°C
FZIRFE 0.2 mm FTEIEESR 90 mm /s 3T HA] 20% S %
5S9KAIBE 0.7 mm.

S P B E SIS
2R R REFNST EE AR X 3D T EN i 4 R BE A 0
fls LA PLA Sy J5ORL, il % T —Flay 2 BROE MR 2 A B
GER I, X A RS 2 0 ) e v 00 5 R A IR
T 2 R )2 JEL B ST R A T B iin T
T2 AR 215°C 7 JZ)FEHE 030 mm BIFERR 40% 4T
EI#E#E 70 mm /s, 1M HJZ R s AEAR RS T 5 ma il
T 2R TETRELRE 32, B 23 B B8 AR, o AP 3 T R 2 AR AT
RN RS TR] S AN A, A= 45 B) F F G RlORR 3D T ER
ARG T — PR 22 5T, 8 33 1F 38 0 e B AT BN sl R 4T
COYRLIE , 45 SRR B AT O )y 20 mm /s, FTERIRLE R 190
I, FT B i 28 A MR ET Y A 3 B i Al b i B 430
4.02 mm.4.00 mm £ 3.96 mm, B E] K & 22.02 mm, H %
RZEAC IR 2ZEBEE 0.02 mm.

3 FTEMEEEHRMRL

B 3D ATERIN L L 22404, 3D 4T EpALAs B0 45
FWAEAR KB FRZWE 3D FTEN= i i BT i o {5 4n , Hcih
J AR 3D 3T ENGS A e Sk rh IR 37 , DTS 0 g 70
TR SRR VR P R AT BROC T X i
T 3D WA Sk 1 30 2 ORI B A 6T TR, 131 T
ZAHCA R S5, I3 o SE PR E R ECA R R R
BB R AR JEE B 5 e PR R R [ [ B A R AT T
o FERA R, MHEAR &N 10 mm B R HAR N
11 mm B R 5O 4 B KR 3.5 mm, 7 R
31 mm GEA BRSNS 1 mm B Bl 3D $TEI S5

ROTHE BE e, AR 1T BT i 8o 3D 4T EIALAE e 7EAR KA T
R T RS M 2R R MR P A A P A PR
TCIHTERTFE R TTORR 3D ST ERHLAYSLEEA T 1 AU B7 , 38
it BB — LR A IR AN DL T BRI S5 R, T I
LR FNNT P G AR, T X BEJE AR AT T % i, 1
W7 RS0 2A12 BUERG 4o ST X IR ERES A AR R LA
Pk R 7E 3D 4T ER b P g A fe KB TE 52 0.001 mm,
TS EACTT IR 100 mm /s, AT i & 8 RS B e L Z UL R
7=t SR FIIAE B SR G iU 3D T ED & me sk i
FEAREEFHEAT T ORAL , R R I B Bk S Sy 22 B
RIS . RIS TR AL T 1 & OO L il Bk 1
PERHE R g, TRk ) 22 b 225 | 26 S b L, i
PP R ek i) HIF PLA Fil ABS M R (A4 TED, 222
FHIERL A ABS B, Sk R 240°C, PRI R 110°C; 24
22BN PLA I AR SRR EE R 210°C, BRI EE )y 70°C
W T ASECR T s at e 3D #T BN AR 45 Hh T A7
G BRI A ERLRI
4 LEiE
Tt 3D T BN 2 S HORE Sk S5k BRI M R AN
JBT A QSN 3 BT AT B3 T ERLEE A T B AR R 4
SRR A T e R B A R AR HEVE T, 15 ELR T IE 28 10 1
LA Z T T 2280 B —FiA 2R & 3D FTERHI (-1
RERIBTR A AT B BRI Ab , Sk 45 o %o Sl 44 1)
A A A BOREE BN SRS R R AT EN B A YRR
PEHR RS S 2 WURHR i PR RE AT
S % 3 B
[1]  Guvendiren M, et al. ACS Biomaterials Science & Engineering,
2016, dio:10.1021 / acsbiomaterials.6b00121.
[2] Madhavan N K, et al. Bioresource Technology,2010,
101(22):8493-8 501.
[3] Tokiwa Y, et al. Environmental Conservation Engineering,2016,
34:399-405.
[4] ZopfDA, etal. The New England Journal of Medicine,2013,368
(21):2043-2045.
[5]  Williams J M , et al. Biomaterials, 2005 ,26(23):4 817—4 827.
[6] ZE@AE, 45 il A 31k, 2014(21):94-96.
Li Jinhua, et al. Manufacturing Automation , 2014(21):94-96.
[7] BREIY, 45 . IRMTT IO R 242441, 2009, 20(1):17-19.
Chen Xuefang, et al. Journal of Suzhou Vocational University,
2009,20(1):17-19.
[8] HHVL. % . il H AR SHLA,2016(6):139-142.
Han Jiang, et al. Manufacturing Technology & Machine Tool,
2016(6):139-142.
[9] BUHZ . LB TARIN,2017(7):100-102.
Lai Zhouyi. Mechanical Engineer,2017(7):100-102.


杨超


D, 55 - 3D FTEN T BB MR it B A 520 129

[10] ik, % BRI T0L,2016,44(12):38-41.
Xi Wu, et al. China Plastics Industry,2016,44(12):38-41.

[11] Xk . M%515E,2012,26(2):30-30.
Liu Xinling. Network and Information,2012,26(2):30-30.

[12] e, 55 . SR 58,2015, 32(12):89-92.
Yang Liang, et al. Experimental Technology and Management,
2015,32(12):89-92.

[13] ®ak=g, % . FPEVUCTRE, 2017,28(12):1420-1 426.
Zeng Daxing, et al. China Mechanical Engineering,2017,
28(12):1420-1426.

[14] BRIEZE, % AEHURS A I TH A, 2017(4):70-74.
Chen Haijun, et al.Modular Machine Tool & Automatic
Manufacturing Technique,2017(4):70-74.

[15] wted7, 45 PERHEE,2017(3):75-76.
Gao Yanfang, et al. China Science and Technology Information,
2017(3):75-76.

[16] H=e 3D FTENSF AL 20 s AL BEi T (D). P4 : 7
LIRRF,2015.
Xiao Liang.Thermaldynamics analysis of 3D printer head
component and its structural optimization design[D]. Xi’ an:Xi’“an
Polytechnic University,2015.

[17] H5E,% . HUMOhlE 2014, 52(7):15-18.
Xiao Liang, et al. Machinery,2014,52(7):15-18.

[18] JHRJE, % . Bk Tk, 2015,43(8):53-55.
Qu Chenguang, et al. China Plastics Industry;2015,43(8):53-55.

[19] RARX% . 5T FDM Pk s 8 v 3% T 29 AF9E [D]. TR - 3
PSR, 2014,
Wu Zhenxing. The research based on FDM rapid prototyping
support technology[D]. Shenyang:Shenyang Jianzhu University,
2014.

[20] VEZIX4 . LT PLA Z2F1) FDM BUPFHURRERE S BT R AL 1L [D].
Kife - REHTR,2015.
Wang Shaoxing. Analysis and optimization of the mechanical
properties for FDM specimens based on PLA filament[D].
Dalian:Dalian University of technology,2015.

[21] ST . 3T FDM e s ede /0 5 0F 52 [D]. B b - TR
EHRA,2016.

Chai Yu. Analysis and research for quality based on FDM rapid
prototyping[D]. Shenyang: Shenyang Jianzhu University,2016.

[22] MR HlEH AR SHLR,2016(4):21-27.
Yuan Zelin, et al. Manufacturing Technology & Machine Tool,
2016(4):21-27.

[23] VEFER, A P E TP, 2016(6):520-524.
Fan Xiaoliang, et al. Chinese Journal of Construction Machinery,
2016(6):520-524.

[24] VERZEL, A dlEl A ik, 2016,38(7):73-75.
Fan Caixia, et al. Manufacturing Automation, 2016,38(7):73-75.

[25] 4k, KB FDM XUk 3D FTER#LE I & T LS55 [D]
ZRRE AR, 2016,
Xu Jia. Large double nozzle FDM 3D printer design and process
parameters study[D].Qinhuangdao: Yanshan University,2016.

[26] 2 . LT FDM T ZAMUBESL B # 1 5 S T 2S5t 5¢ [D].
At AU, 2014,
Li Cheng. Development of dual sprinkler equipment and process
parameters based on FDM process[D]. Nanjing: Nanjing Normal
University,2014.

[27), AR LT FDM SR PRE LT L T 225tk [D].
RN TR, 2016.
Zhu Jingfeng. Design of rapid prototyping machine and
optimization of process parameters based on FDM technology [D].
Yinchuan: Ningxia University,2016.

[28] ARTE, 5 . HUAR TR, 2017(2):3-5.
Lin Yu, et al. Mechanical Engineer,2017(2):3-5.

[29] TEBKE 3D FTENR A HUA T A AT S AL B (D). B
PR R, 2015,
Wang Tiefeng. Research on thermalanalysis and optimization of
3D printing machine heat sink structure[D].Liuzhou: Guangxi
University of Science and Technology,2015.

[30] W . FDM Pl BUE LAY S5 4 1531 B AR 5¢ [D]. i : 4
R, 2009.
Yang Ming. Structural design and optimization on FDM rapid
prototyping machine[D]. Wuhan: Huazhong University of Science
and Technology,2009.

[B1] L7, 55 . BRIIREF,2016,7(22):16-19.
Cai Zihao, et al. Heilongjiang Science,2016,7(22):16-19.

HEXFFRBTME TR ARREKRH

2ol 3AFRHL IR, t AL FE B AT AT AL AR
P H AT T AR5 14 ' 2 R e T O Tl B A IR R
FEME, BRI TR SR BT s T, JG-2 WS 2
AR 2 MR LA S TR 85 D A 4 BC DT R, AR
TEYIA i BN IR B T LT 454 B 22 4R L IR AR
HO 2 BT TR AR s i R ZE I e AN U
I SSIEAR o SO T S s i DR3P 5 B S I AN B
B BRIR 3D R TR LA K S v 05 B S 1 22 DB IRAE

Ty ok BN e, T SR K, OB AR — B AR AR [ A
AFF . WA A A B AR A5 TE R T 45 et
ZIENRERRBC T WS RN AT T 2005, Ll 1A BHE T 56
W TG R AR AR BT AR S 7 5 N AT T
Wi‘z’ki%ﬁ/f):'m B TT R R ZI EN TR AR ), 760k

2R 220 A S 75 1 R FH B R 1977 500 473 B 97 5 ek Ak L, 44 v
FEERICRE 2R 20% LA b, B K L HE T AP DB AR L BE R
HOKV. AR, BHp, X WHEAR C A B F R E b
N, AR BT R 10 14 (PREX)


杨超




