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Table 2 Range of matrix building parameters with three
factors and four levels
Levels
Factor ] 2 3 7
Laser power/W 120 140 160 180
Scan speed/mm-s™ 100 200 300 400
Scan space/um 0.06 0.07 0.08  0.09
F#3 ZEHZRMAKFEREERITE
Table 3 Design of orthogonal experiment with three factors
100 - 30 and four levels
Experiment Scanning Scanning
80| 125 No. Laser power/W speed/mm-s™ space/mm
< 1ho = 1 120 100 0.06
E 60 L \S* 2 120 200 0.07
h= 115 5 3 120 300 0.08
2 ol g 4 120 400 0.09
S J10= 5 140 100 0.07
6 140 200 0.06
20r 45 7 140 300 0.09
0 0 8 140 400 0.08
1 10 100 1000 9 160 100 0.08
Particle Size/um 10 160 200 0.09
11 160 300 0.06
N w s . 12 160 400 0.07
41 BE A ISEMIE H 5 kife 5 :
K1 BHE WA 5 RLAR o A . 180 . 0.09
Fig.1 SEM image (a) and particle size distribution (b) of tin 14 180 200 0.08
b I d 15 180 300 0.07
ronze atloy powder 16 180 400 0.06
* 1 BEREESEHRMLENS m. -
o, =Ll x100% = — e Pmo_qg0%, (1)

Table 1 Chemical composition of tin bronze copper alloy

powder (w/%)

Cu Sn P Zn Fe Ni Others

Bal. 6.74 0.12 0.17 0.02 0.1 0.08
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Fig.2 Relationship between relative density and scanning

speed
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Fig.3 Effects of manufactured factors on relative density of

samples

WROE AR 8% 1) i S T s A, [ B 398 47 i P 8 [ B (1]
AR TS JE N BRI IR , FREAC T BBAE
PR ALER A . AR, OB G R R
AN BT K I W DU JERy R A H i, 3 SO B2
Kb HELBURE SR IS . T3 Ah, i RE N
23 18 <6 J8 R AR AR ) A RBR AR Y g, S R A IR
AR S DRI, O T R I 3 R B AL BE ik 7 4>
AR IRIEIR G 4 & R I, B R i v i 5
L B I
222 Ak EATHEEGI R

BB 3 A4, O D R R R EE g N, B
FHRGEEE IR, B A S S i,
MR 300 mm/s A B KAE 97.34%, Bl TR
96.47%. MNEREE S LT oM, A R I,
2 e A R SO T 2 5 R 1) BB (PIv) BAIR,
T B RS I ) BT K R T A R AR AL P O Th R
BN, AR ER RIS b A R
JATEBOR &4 G, AT 7 R IE AL 1) 2 FL IR Ge 45
BRI, I8 A AT I B0 FE A T 4k i
WRE L I, R B[R] P B R IR %
FIfe R, SEMRIRF . AR LA, BRI
BRI F RN, kR 300 mm/s fOFHEIE
FEE T LA s 20 H o L o 1) 7 A A
223 A2 BB I G Fh

WOLIE X A R 2 2 W 5 s TE 16 4 45 5 L
KR Z MR g5 A B R, F 4 TR B KN
Wi B B P S % . I 3 T DL, B
it RSN Ob: N R e R TN ES B S A =T E & E il
PRIAF] 0.08 mm I, 0% ol 97.31%, 4REEH9 N
FAHG AL, D0 30AF FE T 46 FAIC . 4 [R] BE 2 48 P 4 AH



* 1010 -

G E AR R

%47 %

AR O TL R EE RS, Y E N, R
—IFE S FIE G X E S, RGN T X
R EAs R SRR, 2 R Re TGk KA
B I, 3 T AR SRR A 4 Ak
B, I 3 ol 28 PE 2R 1T H B0 T AR, 95 i 4t
R AN S, 0 T B0k R A AN 25T A
PRI R B BE . BRI, TG B BRI = T 4y
AT, IETE AT o B IR, MTT £ 5 SO 40 3] I 3 2
A AE RIS A, 5 R B0 B F R0 1
GIEM AR, EE R m R ER
A RIS, B e B A AR AR T AR R
RIGAIHIZES . W 4 Fion, B 4a b IE W4 RIEE,
P 4b 3o R F 47 T it B 2R el
2.3 WAL H S BHEEE MR
2.3.1 ARULLALE HHT

WO DRI 14 R B 1 2241 P R HC ke T [ 21 2L 1
5% IV R FEE R st PRy 08 i YA 2 T (iR FE B BE i
PG IE DX A R TR A 280 R A U 5 0 A 380 1 R
AL — AR 22 3P PRI R T 2 S 5k
B MR 14 8 EZRFNG, HHr LR 4 23R
ko [ Sa 8 i AR A S E S TE S . v LR B
Bz R L, RIARER . HTBEm
(9 O B RS, 06 16 DX A R 28 A vy T 475 e L T
LI AR, P DA A 1 S B 2 215 i RS A 22 1R
Ko ASZEH QSn6.5-0.1 &4 Sn &N 6.7%,
FESE A FE R T AR o AP RIS 25 HBLA> R 6
i, 6 HELLHE TAL AW Cus Sng WIERI AL, HE
AL TT AR, AR AR ILRE . 1 Sb kA 14 1
WAL, ARG R MEORE A2 feilg o
Wi, A KM &R m, &L (até) HRE,
B X2 LA o A A4 by 32 10 4 X o 0 B AR O IE X

Solidified Overlapping Powder a

track zone

Previous laser hatch Melt zone

Solidified Overlapping Powder b
track zone

Powder  Melt zone

Previous laser hatch

P4 =4 0 X e ZR A R 5 i 7
Fig.4 Effect schematic of scan space on molded parts: (a) normal

and (b) too large
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Fig.6 Top and side micro vickers hardness of tin bronze alloy

manufactured by SLM
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Fig.7 Three-dimensional wind-round model of tin bronze alloy

manufactured by SLM
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Fig.8 Top micro vickers hardness of tin bronze alloy wind-round

model manufactured by SLM
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Selective Laser Melting of Tin Bronze Alloy and Its Properties

Bai Yuchao, Yang Yongqiang, Wang Di, Xiao Ran, Liu Yang
(South China University of Technology, Guangzhou 510640, China)

Abstract: In order to investigate the process and performance of QSn6.5-0.1 tin bronze manufactured by selective laser melting (SLM)
technique, the orthogonal experiment of three factors and four levels were designed to study the influence of laser power, scanning speed
and scanning distance on the density. SEM, OM, Micro-CT and microhardness tester were used to study microstructure and hardness. The
results show that the density of Sn-Cu SLM is up to 98.71% with optimized process. The microstructure is net-like dendritic structure with
homogeneous (a+0) phase and a phase. Micro vickers hardness (HB) is about 45% higher than the traditional casting of the soft state
(700~900 MPa). The wind wheel model manufactured directly has high compactness. It is indicated that the QSn6.5-0.1 tin bronze alloy
parts with better performance can be manufactured directly by SLM.

Key words: selective laser melting; tin bronze alloy; process parameters; microstructure; micro vickers hardness
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