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Fing ' skEL L ERE L IRE Rk P!
(L VLR R TREABE VLI CR) 214122 5 2. VLA B A Jedb il it R s B R B S0 2 VIO ) 214122)

WE: A TRIJERABRBID TG A e, AT ERF LM E 25, AAGLTHF YR 2R E T
BB A T AR XA PR T 3D 4Tk E AT R ILER (PLA) A @R ) FHAL A, SREAWN:
BARK S ik BT BCE 3D AT AR R R, MR E A ik B TR Z AT R A Al . BBk A 40 mm/s
BF, PLA #I4F & @ -F 8O0, 27 B FE B oA R EH 102 um ; R eaT4repd 2424, B 2R, #4 R
Mo 280 RETHFER R T 0.16 mm, FIAFEYSE 58 B 2 F4 5 B8 8 U R 246 B R rs 45 @R A %, mdafh 5% B
Aol 2 A Kk FIRFAF S T AR A N R ) 69 Ak A L 4 B AR BB R 5% e B &, LS 3 AR 4 110 mm/s B, 4]
ARG 5% T AR I AP 5% R 1A 2] T 757 MPa #= 44 MPa, B 210 Kk £ 4 2.66%,

KEEIR 3D AP R RILER; R @R Ak

FE S TQ320.66  XEAFRIRAEE: A XE4HS: 1001-3539(2022)06-0061-06

Effect of 3D Printing Speed on the Surface Quality and Mechanical Properties of PLA Parts
Yu Xiaojian', Qian Shanhua' *, Dong Shuhong'*?, Cheng Feng''*, Bian Da' *, Yao Jin'
(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China ;
2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi 214122, China)

Abstract : In order to improve the mechanical properties of fused deposition modeling 3D printing parts, based on single fac-
tor control variable method, the effect of 3D printing speed on the surface quality and mechanical properties of polylactic acid (PLA)
parts was studied by using white light interference topography instrument, scanning electron microscope and electronic universal
testing machine and other equipment. The results show that lower shell speed can improve the surface quality of 3D printing parts,
and higher filling speed can improve the mechanical properties. When the shell speed is 40 mm/s, the surface of PLA parts is flat
and smooth and the wires are closely arranged and evenly distributed, and the roughness is 10.2 pm. At the same time, not only the
printing process is stable and the output of filament is smooth, but also the dimensional deviation of parts is small, and the dimen-
sional accuracy reache 0.16 mm. The difference of compressive strength is related to the porosity of PLA parts and the bonding area
between layers. The improvement of tensile strength and elongation at break is due to the reduction of residual internal stress and the
improvement of interface strength between filaments and layups. When the filling speed is 110 mm/s, the compressive strength and
tensile strength of 3D parts reach 75.7 MPa and 44 MPa respectively, and its elongation at break is 2.66%.

Keywords : 3D printing speed ; polylactic acid ; surface quality ; mechanical property
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e e, Ho PLA LR ATREffE AR TR, &
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1 AR SR IT 4 3D FTEREAR N,
{5235 3145 % FDM 3D $TE[ PLA {44 12k
RB B R 2 AR AR IR . SRR I, BRI AR AR
B @A, R T 2 S50 3D FT RS & i A A
R AFER KW, T ESEE A, FTE
IR i 5 2 MR R RUR R B B AR AR
SR R FDM 3D AT ER il {4 1 2 g il 1)
Z ST, B T 1% £ 4. U Chacon 45 1) fiff
8T AT ER e J7 X0 3D FTENHI4 1 2 M fg i
SO, & I KT T 1) M 2 L ) 2 1 e e i, i
J7 1) AR BT ) BEARK R B A . Tian %5 7RSS T
ANFEFTENRE T 3D T B SRk £F 4 4 5% PLA &
BB 1A YERE , BT ED IR m A s 25 14 L
T AR A 2 A R B RIS B 2 T B T Y
FETE, WAL AL T 1 R 0 H S, 7 240 C 5 5
Af3E 2 155 MPa, Hu 25 ™ BF58 A6 3D 4TE1 T
pae 26 ANy & WAT DO -Rew b s slilik i) -4
i) 5 oy B 3, EL B 2 4T B2 & 1)y, A A Rk
257y iR A SR A i A e T A E] 610 MPa T
40 GPa,

3D FTERTE B R4 T ERHLMEE AH X 4T B IEA A
B sl B, [ dE Aol B S B s e s 4
ST EEXTTT B2 10 BT A A P MEAE A S g
35 ) 5 22 A8 Bl ) (B RG 45 B R R T 4 A 3k
JEXHTER I (K A R, — oL T, 255k
SR PE A et SR R 2 AN g, HE
BT = IR — IR X AR P, T
I, %5 UL FDM 3D FTEQ T 25 “HTEREREE” o
AR PRGTSDIE R BE T B 424 180 JoT 5k %) 52 el
SECTT X T 7 2 P RE G S e B A, X6 L
BUEIHEAT o0 A A, B TR ARAS 50l B A el
AT, Oh 3D FTER A A T2 S 8t fk
PEALHBARYEFIHE AR SR
1 XIEERs
1.1 EZR4#

PLA 2 ¥ % %, H 12 0 1.75 mm, % & K
1210 kg/m’, RINTHOGRIREHE B BRA 7

1.2 FZREAME

FDM [ $T EIFL : MakerBot Replicator Z18 7,
% [E MakerBot A FR/A ] 5

H, 77 BRI AL : WDW-100KN AU, %31 = &
PEERHE R A BR AW

G T#E 1L . MFP-D %1, 25 [E RTEC 2\ H);

HH T 2 5ES (SEM) : EVO18 B, i [/ 4 /R
SN F]

AR R R 0~200 mm, B# SR T HA4&
A R A
1.3 XAEH &

FIFH Solid Works — 2 #4514 44 il 3D 4T ER
TR, P A A R 45108 20 31 2 I GB/T 1040.2-2006
F1 GB/G 1041-2008 e, i R T 415 an &l 1
o KRR L STL #% 20 5, 4 MakerBot
Print £ R SE XA R HET T U1 kb BEATHT B S50 %
B, FRA K Geode SC AR 5 AT EQHLEAT 1UFE AT
B[l R i ke A b e o B % & R 20,30, 40,50,
60 mm/s, I FE W EEH 110 mm/s ;5 77 2% M BB AR
75 W % M 70,90,110,130, 150 mm/s, Ah 5%
R 40 mm/s. $TEPHLH A S 50 5 B — 2K
WHTENRE S 210°C, 3R 5k 100%, FTENJZ &k
0.2 mm, FTERSSE T N 150 mm/s, 570N H
2 H AR R 0°/90°,

- E ‘ - ,===#. L

(a) (b) (c)
a—HUAE I ISR BE IR 5 b— TR IR 5 c—hr iRt
B 1 aREE R

-

1.4 HAEMHX

FIH FDET IR SO PLA X0 2R 1 — 4
TS, I FR MRS BE A2 0.1 nm g

AT H - F R RO S A R O ) (XOEK Y)
RoF 5 0, tHE (A AR S 92 Br il & 45 258, R N
0.01 mm, JFHCEBRil it RF 5 B R T RO i 22
Y B AE R R RS BE VPR AR A 5

AL A, A 7 BRI e AL
FE SRR AT R 45 e, K 3 Wk e 25 SR B, B
For A T 446 1% 00 351 % O 5 mm/min A1 2 mm/
min ;

HHGAEEI w4 )5, FF SEM WS TES



T/IME, 55 3D FTENHREERT PLA i -3 1 5T it A1 07 2 P RE Y 52 ) 63

2 H#HR5HR
2.1 Shseik E st PLA 42 @R 2 %@

Kl 2 AR AR 52 BE T 1) PLA il £ 4 i — 4
WOUIESREC BT . K 2 ATLLE Y, PLA 1R
RO SRR A, EZ N FI5) A6
W W RN A AR, b R 8 i) (1] 2a), il 4
FM = 4R A LI 00 32, H oA 2 AN R
g , % 0 = B R 0.3 mm, T 30 23 /0 HL G B R A
B, HOREE N 0.14 mm, WETH 5 23R Z R IE BN
0.16 mm, KRB ACH  HHBEE/N, FiE
P Y 16 ELE P s (18] 2b), PLA 4 2 1f i 04
FE AT FEARST AT I 5] (TR0 W] ., FLIEE THP-3H 3
S, He e BE AWK, A 0.2 mm 5 [R]BF 49O
T B, Hoh G B M 1 ELER B, TR TR T B A
L TS AR Z MRS R 0.18 mm, 3 FERCPRET
(& 2¢), PLA il {35 i 52 8 o 0% g R A % 5 70
AT LA, 06 vy A TR AR R AR R, LI T B2 2R
0.27 mm, A JIEIRERE R -0.12 mm, BT 5 A2
[B] #2538 2 0.39 mm.

(2) (b) (©
a—20 mm/s ; b—40 mm/s ;c—60 mm/s
K2 RFSMEEE T PLA il {2 = 4EouE 4

Kl 3 ARSI e B T PLA il Y — 4 1m
JEA. B3 @580 PLA Z2bF X0z 2 A
WU, FRAD A 22 B TRL B, G0 1] 2 TR Ay . Abe
HPERNL I (] 3a), 22 BB ELE] B S L AN
DLW 135 AR 2B 22 b1 A7 BF HORG 45 HERURIE 42 31
S BESE T (18] 3b), B E T ] 22 BB
WA, Sl 2 1T SCEE A ZE R W A ] AL , R RT3 5] HE A
SRERE 1 T, R WIFT B 2205005 5 H 2244 55 18] Bt
IR AT RIS AR B, FOULTOR Ao T R
 ZERF BT AN, AR 22 BL G, HARAR P

ML L
e b4 g 3
SERRNIARIE | | Hill
233 i 3 3 i
t ,

] i )

(a) (b) (¢
a—20 mm/s ; b—40 mm/s ; c—60 mm/s
F3  AIFSMSEHE T # PLA — 4RI 5

DU 35 2 2 ) A B A T R K, R 1 R
MRS, S 30 PLA £ 3 MR R
R, HORLARE B K

& 4 R ASTRI Fh5e o B X PLA il {4 R FE A R
SHREEE R R . DA 4 BT LB Y il A A
JIE it 15 8 JBE B 38 S BRI T b TR, i R SRS
JEE B A1 5T B A 38N S B T RIS TR g
MANFEHE A 20 mm/s B, PLA 2T —4E L 5% 1%
P60 BN, SORRE /N, {08 5.4 pm,
E R PR R Ao 1, 22 4 2 T A ) S e P A sl a
B I 42, T RSP B e 0 T vy R, BCHE RS
K RE 2% 158 T 0.25 mm, Bl ST RN &
40 mmy/s B, il BB U A, HLRE
10.2 pm 5 H R EEE b, Wi iz shAse , th 22355
— 2, B RS R 22/, RGTHRS E IR E) 0.16 mm.
21 HNFE R BN 2 60 mm/s I, B EE Ak b, B
L2 HF B TCI I A A PR M AR B i, A S T 22
Wi 22 S G 1, SOHOMLRE B2 R, 35 81 25.9 pm, HL
LR DR AZ P AR AN, RS b R S5 B R
w2 I O RUSRG B AR 2 HIHS IR AR

35 - -50.30

o HIKEE
30 - = ROTHE

LA B /um
)
(=) W (=] W
=) =)

— o
W (=)
SRS /mm

W
T T

2‘0 3‘0 40 50 60

SRFEHTE (mm + 57)

B4 RIS T I PLA il {3 RS B R SHRG
SN LR A T I R B RS E ME R
RIS IS, WY ) B 22 b R ok T e R, SR
1 2 ) B 22 A B RMERR ORGSR A, 5
o PSR T 22 A% 4 224 SRy R e A A1, i 23 L
B RS, SO PR RS BE R ARG () Ao AT 8
118, KIS 2 R RL CHERZ , P E N 220
AR R AR O o L IR N, W 12 Bl L 45
RS , BCHAR T RLRE E B, TR 4o T
BRI, B A 22 o A PRI L A
22 A R 22 PR AN 3 ) A 2 TSR
23 I R 5 )P R P e R, WSk LR R 2 AR 2
B AT ELE R EFEAR, LS I SCAEAT il 52

PR RO RS M B BRI R RS RERRAR

BRI F R THORLAS B AN )RS , 3D FTERST



64 TARIRLNH]

2022 4F 55 50 45,55 6 1

SEHUE N BEAE N 40 mm/s.
2.2 AFiEJE AT PLA IR LR E ¥R
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