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Study on Distribution Characteristics of Laser Energy
in TC4 Powder in Selective Laser Melting Process
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(School of Mechanical and Electrical Engineering, University of Electronic Science and Technology, Chengdu 611731, China)

Abstract; To study the effect of powder distribution on the energy absorption in the selective
laser melting process, a heat source model with higher accuracy is proposed. In this paper, the
distribution of powder particles is obtained by combing the method of steepest descent and
univariate search technique, while the absorption of laser energy by the powder bed is counted
according to the ray-tracing principle. This paper analyzes the effect of powder distribution on
laser energy absorption and proposes a new heat source model considering the effect of powder
according to the energy distribution characteristics. The results show that; the powder model
constructed by the optimization method can avoid the error estimated by physical parameter and
has only 4% error with the experimental results; The energy absorption tends to weaken in the
depth direction and approximately satisfies the normal distribution in the horizontal direction.
The heat source model constructed therefore is applied to the melt pool prediction, with the melt
pool width error of 6.4% and the joint width error of 9.6%. The heat source model based on
powder distribution proposed in this paper describes the energy distribution more accurately and
improves the simulation accuracy of the temperature field, which can provide a reference for the
further research of more accurate temperature field simulation technology.
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and depth

BIF 5 BE A A K - T 18] 64 0 A 15 B » 4532 fiE 119
SRS LN 8 Hh TR BT S L AT R BE R 3 A R B

0.0012
('ﬂa 0.0010 AXRE

4.6%x107*
500008 ﬁ?
£ 0.0006 . i
2 0.000 4

oy 0.0002

TR
(=1

00020
f tegmn |, AXEE
5 0.0015} g ga3x10* G O3%10
B i ’ ZI
< 0.0010f & -
# 2 q | 0
= Y
5 00005 3
R ok ey ‘lh..,._
O 55 60
30 55 —20
X/um 60 ylpm

AER
% H 25x10*

20
*/um

20
60 Sl

(c)2=30 pm
8 % G P AR Y T A ST PR ASE Y A R (] TR B K7 7 )
L REE A L
Fig. 8 Comparison of energy distribution between new and

old models in horizontal directions at different depths




%Al

B AR X EOU AL HOERERTE TCA M3 AR v 20 A 45 ML F 5 113

AR A . SCERL18 ] 4 H i R 40 A A Xl
(_Z(xzfyz) )

)

qo(xsy,2)=f,(2) * exp (16)

A o () i d/ b TSR AR GE I IR BRI AN ] 8
HZL A IR T s » Al A% G B SRR R IR D 22 T
Ry AR Xt R S 20 A1 A AT D5 1) B 52 W)L A5 1 0 BRI e
EH/IN ATt — 2 it

9 4 /N Y 5 S BR g3 A 22 1) R 22 X AR AR
BYE B A . B

22+ %)
gl(z)z

A fi) g o frd/h kR . A7)k
IKH PR RN 8 rh &g @ B B s o 7T T 4

() 53 775 PRBRE B T AR
SR P01 2K R ESCH S8 FREUSE I 9152 22 15026 R BCH
e= > (qlary ) —qi(z,y,2)  (18)

K gy o) N IR BCE . WA 5 3k 1 46 2K pR %
bS N el N PSR RN I E NSRS G Y
PG R AR S 7 ) RECHTE
HARSCHE 0 s RS 25 2R B B/ iR 22 L fiE
U M A IR 3 A 15 DL

Tr

6 e g5k
—— AT

ql(f,y,z):fl(z)'exp<* ) 17)

HEREH/107°
Now B G

—_
T

1 1 1 |

6 12 18 24 30
z/pm

9 RN Ik B BR KON L

Fig. 9 Loss function comparison chart

f=—]

1.3 #iFE&EE

G55 b SCIRIE Y 43 B AR B LA A5 R B
BT B R 32 AR ASE Y AR TR T 1] A K P 7 1]
(43 A I SLBE R BE M A8 AL . X £ (=) g1 () #EAT 5
WEZWAPA, f1(D g (D5 2 ZEHKER WA
10 fIr7s

I 245 3 () R AR A Sy

Q(xyy,2) = f1(zg—2) »

20z — a0 — v, 4+ (y— v, *"Uyt)z)>
gl(Z*Zo)z

exp(*

a.
Ao, oy 23 B0 O PR AE 2Ly T7 1) B9 R Bl R 5

http: // zkxb. xjtu. edu. cn

H RIERL Bl 1]
ss¢
50F

10 1 E E 1 1 J
0 5 10 15 20 25 30

z/pm

OO EFAIFEYIES

0.00351

0.0030F
0.0025F
20.0020F

0.0015F

£1(2)/(W-pm

0.0010F
0.0005[

- 1 1 1 1 1 J
0 5 10 15 20 25 30
z/pm

g (D5 =z ZRE XA ML
K10 fi) g (5 2 ZRWER
Fig. 10 The relationship between f;(2), g1 (2) and =

1.4 BREHBHHE
1.4.1 F44EA

K ABAQUS $f sty A FROCEE A, FEARH
RS 1 mm X 0.5 mm X 0. 27 mm, ¥ K JE R
A1 mmX0.5 mmXO0.03 mm, NEE T EITEK
G AR RN =N o i N =P A B e N SPANTTR N
PO A% AT 43 0 AR FH O 008 07 AT 43 00 L B
o DX 0T, 3 T Y B RE /N . R Delux 72
J7 AR AR SCH S i B RS A
L4.2 ##aix

A 5T BT AR TEKNA 247l TC4 Ry A
K HI R BUHLA 2 w0 0 4 AL /AR T e 300 H
A 0 R 67 Ky . i i A5 o Malvern Masterizer2000
(R IO B ASCARS: T 53 A L B8 4 A o 93 A KL JBE 3 A G
= 1R,

TCA BRI E o 4 450 kg/m® , il & 42 4k
P R R LA A 11 s
1.4.3 R&E&H

AR RIS IS A B SR B0 B 35 O 118 °C L % [ IR
b 3R T U 6T T B A 5 L X I R A 24 W/
(m® « KOU . 25 e o 1= 36 1o 4 5 X 38 B 3 1) 5%
M), 220 % b 22 X Je R it AR AR B i s 7 B S




114 [ . ]

K%

4

Eird i 56 %

F 1 TC4 8 RILFRS A

Table 1 TC4 powder chemical composition table

TE Al Vs Fe Y C 0 N H Ti
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Fig. 12 Physical image of powder density measurement tool
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Table 3 Measurement results of relative density of powder

My = my/g 7/ %
i 1 3.062 7 47.5
Mk 2 3.091 2 55.3
Mk 3 3.074 6 50. 1
M 3.076 2 51.2
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Table 4 Simulation results of molten pool width

e S 1t B S5 56 {E/ FEAE/ HXHERE/
pm pm %
1 125.7 136 8.2
2 131. 6 140 6. 4
3 135. 3 144 6. 4
4 139.7 146 4.5
5 143. 4 149 3.9
6 164.7 160 2.9
7 158. 1 152 3.9
8 132. 4 144 8.8
9 129.4 140 8.2
10 122. 8 136 10. 7

25 SBRATETHERLHAZR%ITA

Table 5 Experimental results and simulation results of joint

width
B BN TERE LI/ FEMH/  AEXR2E/
pm pm %
1 121.3 108 11.0
2 125.0 113 9.6
3 136. 8 120 12.3
4 139.7 121 13. 4
5 154. 4 124 19.7
6 142. 6 139 2.6
7 132.4 130 1.8
8 125.7 120 4.6
9 124.3 112 9.9
10 121.3 108 11.0
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Fig. 14 Simulation results of the molten pool under different

powers at a speed of 1 000 mm/s
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