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Study on dimensional accuracy of pure copper forming parts
by laser selective melting

ZHANG Xiaogang' , LI Zongyi®, LIU Yan', ZHANG Hao
(1. College of Mechno-electronic Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. Gansu Institute of
Mechanical & Electrical Engineering, Tianshui 741000, China)

Abstract: Effect of process parameters on size precision of melting copper powder forming parts by means of selective laser
melting forming was studied based on orthogonal experiments. The influence of technological parameters on absolute error of
forming dimension and the effect of various factors on dimensional accuracy were analyzed when the thickness of feeding powder
was 0. 05mm. The order of the influence of each process parameter on the absolute error of size is the scanning interval,, scanning
speed, laser power and scanning path. The optimum parameter combination is laser power of 360W , scanning speed of 1050mm/’s,
scanning interval of 0. 08mm and scanning mode of spiral. The results show that, the absolute error of dimension increases with
the increase of laser power and decreases with the increase of scanning speed and scanning interval. The influence of different
scanning paths on the absolute error of size is small. The absolute error of size increases with the increase of bulk energy density
within the range of factor. The research provides the basis for the selection of parameters in laser sintering of pure copper powder.
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Fig. 1 ~ Experimental equipment
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Fig.2  Principle of SLM process
a—CAD model slice b—Ilaying powder c—sintering powder d—decrea-
sing the height of the worktable e—laying powder f—sintering powder
g—repeating the previous steps

Table 1  Parameters of orthogonal experiment

factors

levels.  Jaser power/ scanning speed/  hatch space/

scanning
W (mm-s7 ") mm path
1 360 600 0.05 zigzag
2 380 750 0.06 orthogonal
3 400 900 0.07 spiral
4 420 1050 0.08
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Fig.3 Specimens obtained by SLM
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Table 2 Orthogonal experimental results

absolute error

N laser scanning  hatch  scanning of size/mm
o power speed space path
5, 5,
1 2 2 2 2 0.4673 0.3394
2 2 4 3 1 0.3374 0.2779
3 1 2 3 1 0.3856 0.3298
4 3 3 3 3 0.3875 0.3123
5 1 1 1 1 0.5449  0.3669
6 1 4 2 3 0.3141 0.2819
7 3 1 2 1 0.5015 0.3517
8 1 3 4 2 0.3520 0.2742
9 4 3 2 1 0.3952  0.3344
10 2 3 1 1 0.4559 0.3467
11 3 4 1 2 0.4118  0.3300
12 2 1 4 3 0.4368 0.3370
13 4 1 3 2 0.4831 0.3479
14 3 2 4 1 0.3692 0.3172
15 4 4 4 1 0.3456  0.2785
16 4 2 1 3 0.5133  0.3574
K /mm © direction  1.5966  1.9663  1.9259  3.3353
! y direction  1.2528  1.4035  1.4010  2.6051
Ko /mm © direction  1.6974  1.7354  1.6781  1.7142
2 y direction  1.3010  1.3438  1.3376  1.2915
K/ X direction  1.6700  1.5906  1.5936  1.6517
3 y direction  1.3112 1.2676 1.2679 1.3188
K. /mm * direction  1.7372 1.4089 0.5036
4 y direction  1.3182  1.2673  1.1917
& s ¥ direction 0.3991 0.4916 04815 0.4169
MM direction 0.3132 0.3509  0.3503  0.3256
& wdirection  0.42440.4339  0.4195 0.4286
/MM direction  0.3253  0.3360  0.3269  0.3229
%o/ © direction 0.41750.3977 10,3984 0.4129
3/MM ) direction  0.3278  0.3169  0.3170  0.3297
K./ x direction  0.4343 0.3522 0.3759
4/MM - direction  0.3300  0.3168  0.3017
y x direction  0.0352  0.0674  0.1056  0.0137
M direction 0.0168  0.0339  0.0486  0.0068
R x direction  0.0317  0.0607  0.0950  0.0123
M direction  0.0151  0.0305  0.0437  0.0061

XHERZE , B mm; K, S5 IR A5 7K T R 20 2
ZEMBAEAM,i=1,2,3,4, K, 4 K BB(E;R 0 K 1)
We2E, R R B fE . ARIEERGE T AR SR
YR IRIE R R HEL, T 1A R R R
PRI . N 2 S B, 0 J7 1] A9 RS 446 0 R 22
JELE y T7 R 3R f TR IR GEAE o/ Al _E ) fR
FRiR 2208 N

2 FERGMH

2.1 HAETEI RFEIHRER M
MRIEZE 2 B BR 22 IROE D) R 5 RS iR 22

FRE NP 4 Frs . K B4 3 RS B HOEEh3 1
BERMIE R o BWOCIAEARMS , By e g, A A
W R B ARG, LR RO B D B B it B A
RIS 58 BE /N, 0 AR T 3 22 /8 Ot o 3 R
Ja B ARG 2 7 A B 2 OO e AR T 5K
TR BRI, BRI XK, B A A it RS 50K, T
R 1) J L R A A DX I S oy ARIURE 6] AR 45 7 3 5
S A R 22 1) 4 D A RS BUORS BRS R S B 3
BRI RS RZE o [, RBHOE T R AR AR Pebe sy
ORI B e b A A 2 IR B2 S HUR
AR IR

0.45

—a=—Xx direction
—e— direction

LIRSS

0.35r

0.30r

absolute error of size/mm

0.25

360 370 380 390 400 410 420
laser power/W

Fig. 4 Relationship between absolute error of size and laser power
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Fig.5 Relationship between absolute error of size and scanning speed



F4l % A6

SRS O X A Al AR R RS 2 B 5 855

Bz s} [E) 28 J, Ry (AR A5, YROPH I S AN & [ DY ] 25 S
LTS HIBE R, S BUR I R ST  IE A, ReHR
Za/N
2.3 AFEBEEEXRTEITRZER M

AN BE 5 RO a0 15 25 ¢ R S E & 6 iy
TNo RIRHEX RS Bl 1 o] BE A 38 st/ . OB ER
FEAAR B RIS B, I R HE U 18, A AR I 4
TE R — R4 2, a1 7 B o A )R S 2 A
BRI 2 (] A AR Y ) B AR/ AR AR
ST 22 [B) A5 e T ARV, A AR 1 =2 (8] 7 A= it M
LG e AR P RRIA L Z & R R, I IR
JEEFNTE BE R, WM I~ b 8 TR M AR 22, 3 A R
YNFURZE R o Al ] BB K, AR A 1 2 ) 45 2
THIFRASE /N, PR R SR AR X 20 Bl Ak B oK 2D, T iR
PRV Tt RUST 7 IN HL R AN 0 B 4 J A oK, T L RO 4 o
PRERUN

. 0.50
g —=—x direction
E 0.45f —e—y direction
3 0.40
g
5 0.35¢
Q
E ‘\\\
= 0.30}
8
<
0.25

005 006 007 008
hatch space/mm

Fig. 6 Relationship between absolute error of size and hatch space
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Fig.7 Schematic diagram of sintering single layer forming
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Table 3 Absolute error of sizes under different energy densities

No. E/(J-mm”)  §/mm 8,/mm
1 168.89 0.4673 0.3394
2 103.40 0.3374 0.2779
3 137.14 0.3856 0.3298
4 126.98 0.3875 0.3123
5 240.00 0.5449 0.3669
6 114.28 0.3141 0.2819
7 222.22 0.5015 0.3517
8 100. 00 0.3520 0.2742
9 155.56 0.3952 0.3344
10 169.78 0.4559 0.3467
11 152.38 0.4118 0.3300
12 158.33 0.4368 0.3370
13 175.00 0.4831 0.3479
14 133.33 0.3692 0.3172
15 100. 00 0. 3456 0.2785
16 224.00 0.5133 0.3574
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Fig.9 Absolute error of size & volume energy density

Fig. 10  Sintering failure caused by the too low volume energy density
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