#5048  FEeM
2021 4¢ 8 H

WEERMBSIE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.8
August 2021

AICIEX BT E & NARR AR H
iR AR

AL = @l z

el TERE R OF, OREgl, FAZ FTaR?

(1. REfTR W sh AN ST, IR AR 412002)
2. HERER GBS, L7 JLFH 110016)

1 E. BOLEIX )%k (selective laser melting, SLM)JEF AR AT SZHIEARE 25 RFREE . FEMER R EHBENE
B, (ARE L SH0RFHA Y, Mawr= a5l NBE, 40 SLM BB ER& 4 P9 B I i 1 88, BF 58 7 3ot sh %
MBPREE 2 MEERE T ESEOTERE SR HEERE . R RBENEN, R T HMEREAE . 45RRY,
SLM FIEAR & 4 P98 FEA ARUNAR . MW ERIE 2 PR A& B . IRBOEIh 2 (<130 W), w4 B (=900 mm/s) X
R BN R BB, A8 AN RS S UYL B A I 3 B R IR O ThEE (=190 W) IR 4433 BE (<600 mm/s)
X E TR B, e id mSRASu R AR AR R E TR . MR R, R e
P AL R M 7 SLM BUBEK & Sl T, H A B fa i /b 230 3 BB, RIASKI I R AR Bl b FRE 3% i R AR X, SR
JEE AN 0 D0 58 8 ) 8 LS SR T 3R T S o gk 9 X R K00 00 35K T S B 2 3 K K IX

XBIA: WOREX KA B OBz R . BotkRkE R

FEENHES: TG146.23 XHEFRIREE: A

X EHS: 1002-185X(2021)08-2841-09

O X 454k (selective laser melting, SLM)&IEL
ARIETB B R RS, N HEOCIEILE B
K, Gie =SB B E T LR R, Bk
Blmtkfe. R EREEHNREDY, ERER.
HARRE . VR BLE. AEWEESSEEE T Z N
TR, SRih T SLM BEd R E R, W R EIRE
Pia4E . VI, (MR EEFRL, HE s, B4,
ST ) I 2 5 B0 A G 9 AN T BB G [ A7 AE P,
IR R BRI A (0 ) 2 R IR A P R, B 23 AR
TAF R, o] 8 G R e 1) T A 12 A THT W ) S e
RS, th ok [ P9 AN T A B

HAET, B9 REE%T SLM )& FE 5 P 3 SR i
T R F0 0T P BE B B2 WA R T T OEE 4 AH R B AT .
Vandenbroucke!™ 125 A\ 3@ it 0748 T. 2 2 ¥ b i 34tk
AR R, %R FH AN 7] B 2% B RO [F) TC4 R Y
HEREIEAT T Gt R BT, D90 45 R BITE— 58 1 & Ak
THEREZEENT &, R ARG .
Kasperovich!™45 )il i i % TC4 IO T2 35014k
16, AT LA 3 R AE SR AR AL R, BARSLBR %A
0.05%, fERER LI R, I REFL AR 512 1)

Ygfs BHA: 2020-12-31

5 F AL s 24 RE B2 B A 2 i B & B R R e 4 0
G g K B3 BT R 7 1A K B . Benedetti™®
SENR T —E LESHT, SLM SIE K] TCA B 511
5 JE IR 57 5 E SO AL TR & T Risi i 20%, If
R JNRE i TR 9 55 98 B 5 o TR R R BB RS A O B B
U5 \ BF50 T WLV Ti-6Al-2Zr-Mo-V & 4 ¥
G 55 PERE I s R oY R e e AL TE A%
A, SALBIAEERRAR 79 55 5 e SR FE, I HLJR 57 IR X
FL0E I R PP T AR LS JE . DebRoy ™14 A X
THREGEMEME &P A& SR NER, L. Kk
A AN S B N (R G R AT T 3FIR . Weil'™128 A AR
5 38 A 1) £ Job R 2R T X S PR T Bk AR () R 3 AR
H TR B LEGRBATE B 5% AR B 45 7 THI 1 S gk
177 HE VPR . Zhao®25 AR sk X Gk idg, W
SR AE =y D2 RT3 B I OB I AL 2 1 T /N FLER [
TE B FE B4R, 45 21 /N FL R H /N FLA b 1 7 B A Fo
PESIEM, HARINFLFLBR 2T D2 . 108 2% W] [ 121 5
FEABUTT G (1, LE YR AR R 2 18] 28 b AN K. Lul®
&= NWFFE T %A LSP #l SLM AH45& 17 kil 46 TC4

B, HRPAT A EE BT OB 7 I FE fh A2 Bk

HEE&WE: PETIKERTEHEETE (HFZL2019CXY019); FHE#E S &1 ITE (2016YFC1100502)
EZ BN BEY, 1, 1982 4, it:, mg TR, | EBUR M REsh AU TR, 15 BRI 412002, Hiif: 0731-28593201, E-mail:

capi@608.163.net



+ 2842 -

Wiy @A RS TR

50 3%

R 3A SRR B LT VWAL, R IR
B TGRSR T DL B S B N 4 PR R R R R
B2 ) 45 o

SLM I B A g A 0 i o B JE Xk 1Pk e S i L A
WEFC AL TP B, RSB RA S E TZZ
IR AR, B BRI A U . [N R R STt
FEHOLTh & FEE 2 N FEE T ZSH G
BP9 R ER P IOV FI R, D9 BRBE I TN L I KRR
TEMACTR PR AR S

1 % I

SIS FH AR & 4k R ik 1 TCA ¥y oK, Wy A kL a
15~45 pm, ¥ K NERTER K, BRIE B =08 90% LA |,
w1 B, ARG LK 1.

1 SLM SUEH TC4 K& &M R
Fig.1 SEM morphology of TC4 titanium powders used for SLM
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Table 1 Chemical composition of TC4 titanium powders (w/%)

Ti Fe c N

H 0] Al \Y

Bal. <0.30 <0.10

<0.05

<0.015 <0.10 5.5~6.8 3.5~4.5

#*2 SLM B TCA &R ABIZHHIRIT
Table 2 SLM parameters for fabrication of TC4 titanium alloy

1

Sample Laser power/W Scanning speed/mm-s™ Sample Laser power/W Scanning speed/mm-s’
1 100 300 16 190 300
2 100 600 17 190 600
3 100 900 18 190 900
4 100 1200 19 190 1200
5 100 1500 20 190 1500
6 130 200 21 220 300
7 130 600 22 220 600
8 130 900 23 220 900
9 130 1200 24 220 1200
10 130 1500 25 220 1500
11 160 300 26 250 300
12 160 600 27 250 600
13 160 900 28 250 900
14 160 1200 29 250 1200
15 160 1500 30 250 1500
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Fig.2 Contrast pictures used for defects analysis before (a) and

after processing (b)
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Fig.3 TC4 titanium alloy samples fabricated by SLM under

different parameters (a) and local magnification (b)
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Fig.4 Defects distribution pattern of cross section for TC4

titanium alloy fabricated by SLM under different

parameters
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Fig.5 Defects distribution pattern of longitudinal section for
TC4 titanium alloy fabricated by SLM under different

parameters
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Fig.6 Irregular shape defects distribution of different positions for

sample 3 fabricated by SLM under laser power of 100 W

and scanning speed of 900 mm/s
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Fig.7 Spherical shape defects distribution of different positions

for sample 16 fabricated by SLM with laser power of 190 W

and scanning speed of 300 mm/s
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Fig.8 Schematic diagram for irregular shape defects formation in TC4 titanium alloy fabricated by SLM of original station for first layer

of powders (a), melted for first layer of powders (b), second layer of powders (c) and melted for second layer of powders (d)



% 8

AR WORIE IR OB KA 5 A AR SRS B Fs AL AT 5L

© 2845 -

K19 SLM EUJE TC4 Bk < # N BRI FLIRE o # s = 18
Fig.9 Schematic diagram for spherical shape defects formation
in TC4 titanium alloy fabricated by SLM of laser scanning

and melting (a) and solidification of molten pool (b)
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Fig.10 Influence of scanning speed on the number and proportion of defects at laser power of 100 W (a), 130 W (b), 160 W (c), 190 W (d),
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Fig.11 Influence of laser power on the number and proportion of defects at scanning speed of 300 mm/s (a), 600 mm/s (b), 900 mm/s (c),
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Table 3 Laser energy density for TC4 titanium alloy fabricated under different parameters (J/mm?)
Laser power/W
Scanning speed/mm s

100 130 160 190 220 250
300 133 173 213 253 293 333
600 67 87 107 127 147 167
900 44 58 71 84 98 111
1200 33 43 53 63 73 83
1500 27 35 42 51 59 67
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Fig.12 Diagram for defects evolution with laser energy density of 27 J/mm?® (a), 33 J/mm® (b), 44 J/mm® (c), 58 J/mm?® (d), 98 J/mm?® (e),

213 J/mm? (f), 253 J/mm° (g), and 333 J/mm® (h)
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Investigation on Relationship between Defects and Paramaters for Titanium Alloy
Fabricated by Selective Laser Melting

Zhao Chunling®, Li Wei', Wang Qiang®, Wang Yujian®, Zhao Yu', Di Shixiong®, Ren Dechun?, Ji Haibin?
(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Selective laser melting (SLM) technology can realize the direct fabrication of products with complex shape, high dimensional
accuracy, and excellent mechanical properties. However, improper selection of fabrication parameters of SLM will introduce de fects in the
products. For the problem of defects, this investigation studied the influence of the two main fabrication parameters, laser power and
scanning speed, on the type, size and quantity of internal defects in fabricated titanium alloy, and explored the evolution of defects with
fabrication parameters. The results show that there are mainly irregular shape and regular spherical shape defects in the titanium alloy
fabricated by SLM. The area with low laser power (<130 W) and high scanning speed (=900 mm/s) is mainly irregular shape defects.
Insufficient energy is the main reason for the formation of this type defect. The area with high laser power (=190 W), low scanning speed
(<600 mm/s) is mainly regular spherical shape defects. The gasification of alloying elements caused by excessive energy is the main
reason for the formation of this type defect. With the increasing of laser energy density, the SLM fabricated titanium alloy processing map
was drawn according to the evolution law of defects. The evolution of defects presents three stages for the area of irregular shape defects
gradually decreasing, micro-scale irregular defects to micro-scale regular spherical defects, and regular spherical defects gradually
growing up.

Key words: selective laser melting; defect; laser power; scanning speed; laser energy density
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