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[ABSTRACT] Laser powder bed fusion (L-PBF) technology has been widely used in the integration forming of complex
parts. However, the thermal stress generated by the rapid heating and cooling during the printing process affects the forming
quality of parts. In this study, a two-scale model of TC4 alloy L-PBF forming process was established based on finite
element method (FEM) at micro and macro-scale. At the micro level, the real-time temperature fields and stress distribution
during three-layer scan process were evaluated, and the effects of process parameters and printing layers on the micro-
scale such as melt pool size were explored. It was found that the growth of the melt pool size was more sensitive to power,
and high power could release the accumulated thermal stress in the lower layers, but it also had a higher cooling rate which
would increase the maximum thermal stress. At the macro level, the overall printing model of the part was constructed,
and the forming parameters were adjusted based on the microscopic scale results. The residual stress distribution and
deformation results were predicted, and good agreement was found between the two. Based on the actual printing results of
the component, by constructing a compensation model, the maximum displacement was reduced from 0.626 mm to 0.027
mm, a decrease of approximately 95.7%; The average displacement was reduced from 0.595 mm to 0.024 mm, a decrease
of approximately 95.97%, and the calculation time was controlled within a reasonable range.
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Fig.1 Thermophysical parameters of TC4 titanium materials

128 Biat s A - 202445 55678 5523 /241

Xof YR 43 A DU TLAF- B A5 52 DRI 220 235 ) 28 A 3o 4
SRR, RISR FH AR — S50 R0 A 0 ik

7E L-PBF i &, T i ABE S hAE—A~/ N X
W, P T RR IR SRR B, DT 3R AR A I T A

{o}=[D]{c"} (7)
K, {o} NP1 dE; [D] HERTCIRPERRRE ; {7} RN
o, Hrp () BLAT 3 3402 A

{7 ={e}—{"}—{} (8)
A, (e} (") (&' PRI BN AR [] i B AR )
AP AR ) R (8 ) ARAR (7)1

{e}=[D] {o}+{&'}+{e"} (9)

XA ST 25 R, R e R 2] th i
RIR MR R R A

. =0, ~ (o, +o.)]+e] + (10)
8y=%[6y—ﬂ(6X+62)]+65+81 (11)
€, Z%[GZ —u(o, +0,)]+el +¢' (12)
nﬁ;—gwﬁy; yﬂ=%+7;’z; sz=;2+7i (13)

K, E. G, w43 IFRoR i By UIBE FNARA L,
PN AR & It (14) 115

e =[ a1 (14)
K, T AWIHGSHIREE ;s a TRV RK R

A SCiE A Von Mises Ji [ 1 I > 1] W #1 H 2 75 &
AT M, FEAERLUN 1R

g:%\/(al_62)2"'(62_63)2"'(63_0-1)2 (15)
K, 01 0y0 03 ZIREE— 55 B =0T, AR
HB A SERN A e K RGBS 0, I , (2 A A PAPEAR
W, H i KN R 5 1) W R Sl R W B SR AR
TERIBE I, Jeti At Bt , DTTXS 4 ekt AR VA D = A 52
M (%) S PR AT 5 ] [ P oo A R i 0y i A P 28 2 A AR
SCR £ 1] [l 1 S PR RE 2 s Ak A 7Y ( BKIN ), TC4
MRS 1 R 1,
1.2 &HE

A 2 REEBSUR TR AR E 2 PR, o
FROTEEI 53 A0 5 2 WM 5 4, 88 3k 240 WSS DL kg 2 U,
RS T AL T 2280, I0XF 38 0 13553 A0 Fi AR
W S R TR
1.2.1 GHREMEEA

WK 3 (a) Fos, EEELFRBIARIER R ST 8 mm x 3
mm x 0.5 mm, 7EEE EAEE S mm x 0.5 mm x 30 um
0 3 JZHEIEBIAL, XA T AR R 43, RS FE Y




PN
RESEARCH HI:%&I

(] BF A T3 i, AR FH L85 i PO g 1) I A
R0 7k 2 R I A Al 43, B4 BT R R
5F40.02 mm, WK 3 (b) iR, FRic S 1 8 A, 00 F
HHE A 55 0.5 mm 4k,

XHIE NS AT I AR A SEsRoT” ik
S Al IX 8 P 8 BT BRI — AN B i ek PR RS
S 5RO HAth e = A 5, B “RAEPRIT” Bl
FBOCINIR RS SR A0S R XS R AR PR oT, A
AL A A AL ) AR
122 #REER

T OGRS A 0 G IR B8 S 31 T (-3 s, i
B S B IS T AR WA A P FH R 1
ol RS R | ekl 1

®1 TC4#RhZESH™
Table 1 TC4 material mechanical parameters
I N R A R

13]

WA B o R STOBY | BIKRA
O | HER/GPa s GPa GPa (x10°C™)
20 107 0.323 100.75 40.44 8.9

200 99.5 0.334 99.91 37.3 10.0
400 85.5 0.345 91.94 31.8 11.0
600 61.8 0.357 72.07 22.8 11.56
800 353 0.369 449 12.9 11.6

1000 16.3 0.38 22.63 59 11.6

1200 6.6 0.392 10.2 2.37 —

1400 2.53 0.403 4.34 0.9 =

1600 0.9435 0.415 1.85 0.33

Mﬂﬁﬁ
Bl
mﬁ%ﬁ
1 mm
% ﬁgaﬁm
%\
me

AR S AE
FRARIN ST

L s ]—»[r“ﬁ%ﬁﬁ]
[

iz ]<—[ BRRiE

2 HHHERREE
Fig.2 Calculation flow chart

(2,4' P jexp( 2R—2j (16)

Ao, A B ARMISCR s P IR0 D5 r BB
5 REFRM AR SIS D RS .t asE
OB (R FE T AR Pl RS o, Pt St bl i AR bR
(x0=0, yo=vs ), Hrr v s 705l O H R E 5 D,
Mt 2 R EAT RS (x, v) 5 (xo, vy) ZIAIAIHE
BN

R =(=x)* +(vs—y)’ (17)

B C17) A (16) BT s e, Ho,
BOEYIRI IR 130 W, 160 W, 180 W,3 4HicH El .
E2. B3, (i E T 2S5 2 Fi,

123 RULBEA

T IO CHE A 1 L v 22 B 2 R R RE, 32
B T AR 70 A AR P RN 0 i LA S B4 BB J2 1
YA — THA R N TS ERCR , TR A
SR S S Sl T 840 2 Y L RE 1Y 3 A
oA,

(1) FEAl AR A S8 BT H A 1 [ B SR FH R 2 A5
16 20 NHUE R —ANTRE, B AR LI
JZ R A A

(2) FEA A Al el — A A R E S B s
JZ— B R R, T H bR 2R oK 48B4k, DT AR
i ELAR R S i, EOnKE K (i HRE RS i 4 31 5
SN il %) AR AR AR S A

(3) 7€ L-PBF T 20l # rp, RN B 4 J&] Fil A #3
HIAT A

(a) VEEECFRIRLK R4S 53
B3 R R SRR

Fig.3 Thin-walled model and partial enlarged view

(b) A5

*2 HEIZSH
Table 2 Simulation process parameters
I N I
FE | WOLIRW | I (nm s | P {mm

| 130 | 1000 | 0.3
| 160 | 1000 | 0.3
| 180 | 1000 | 0.3

2024455678 5523 /2419 - BiZTRIERA 129



,—‘i. N »
m%lﬁx RESEARCH

Kl 4 (a) & WE T 0 A BRJTH R, R5F 2 70
mm x 74 mm x 51 mm, FEA )4 100 mm x 100 mm x 15
mm, X HAH 532 DU TR AR PR 117 0] 43, F AR A
/NHIUAS HEA TR 43, BN R IT R R 0.8 mm, 2 0.8
mm 5 FEHCR AR B IS 1 T30 0, B ST RS
Smm, {E 4 (b) iz,

HRPEABIRY 1 B AR PR R 100 °C, IR SR
BE 22 °C, OGHHRE EE R 1000 mmy/s, F4#EIEE A 0.11
mm, # A JZE K 0.03 mm, JZHEFE M E R 66.67°, IR
B EEIRE 10 s 35k H I MNAE FHOCRHE A
/N 7] SP101 % #5747 L-PBF BORE & UE , 3T ER 56

(a) Yyrpmin (b) PRI
4 MBIHHERTERNREMNEXS

Fig.4 Finite element model and meshing of formed workpiece

L/ C

(a) EVRMFFER3E it

0T ——E1(130W)
2500 | i ——E2(160 W)
WYY ——E3(180W)
2000} QL
%{ 1500 F
1000 F
500

0 0.01 0.02 0.03 0.04 0.05
Hif /s
(c) TER R fe i 25 ik

S LR AR 2
124 A%

B ITE M 3.2 GHz.8 #% 16 LM ENL
SR, SR F RS 3 v S AU 1) 20 ASE A 3 TR 9.65 he
FRAE R 3 38 9 T FH TS8R TR R LSO RN , A T A
RUAEA 700 BUE 2, 0432 #R AR & BRI
AN T, TR A 2 2R 2252 h, T8 2 )2 AR A
FRBL A BES IR, T ILFERT 5.6 he MR
Ji R , R4 RT B9 sh ISR () B[] Jle A Tk 42
Z AR T AR BITAL ) 2 AR o] DL 32 B Tl A 7=
WG ) 353 AT A B AR B TN A& IE

2 ZR5E
2.1 HMIERILER
211 BEY

G aE R K S pron, K’ S (a) M ELZ&MET
() 15 0t %6 BT, 7 H7E I L-PBF 3 2 b, i g 1R
2166.8 C i FICBREHLCAL, ] Bl B0 s R, ELY
BERT 7 S o A AR IR B RLR, 5 A K
‘MR, X EER R O A O B RS B, IS i A
J PR SR o AR I 28 T 7 R AR AR, A
TEC ST X R PR A% 5, 328 1 ek 5 0 et e 4

0450 - ——E1(130 W)

0405 E2(160W) /
—~-E3(180W) .

0.400 | / )
g 0375} * A/
2 0350F .
0325 F .
0.300 | —
S —
0275 L I
1 2 3
ZE
(b) 3R T4 A2 b A it v B
2500 ——E1(130 W)
——E2(160 W)
2000 ——E3(180 W)
,,,,,,,,,,,,,,,,,,,,,,,,,, 1670 C
1500
g
% 1000
500
() -
0 001  0.02 003 004 005
Hi 1) /s
(d) AL

5 REHER
Fig.5 Temperature field results

130 i hEEAR - 20244F 55674 5523 /241



PN
RESEARCH m%rex

BRI,

KIS (b) Al (c)rh, B2 250 R4 3 J2 S Abiet v
B 0.386 mm, A EL 5 2 2 () 98 B 0.364 mm 5 1 2
0.343 mm, 23 J3E KT 6% F1 12.5%; 46 3 J2 fe i
2583.8 CHLIE = FRIPIZR 2547.9 °C .2512.1 °C. ALA
Bl B EEE 0, R D 28N R 1 U A e T R
i RSF ARG N, SRR T 2 O R b i IR SRR
X FJRFEAER, fE L-PBF I TH, #viE ke ny 15
RG0S B IR S/ PO Ok 1Y)
/b W Y 2 B3G5 1 SR AL SR
WIRE BT T R, OB BB % T, i LR
TR v EAR T A R, st RUST i ) e 4 T 1
A A Ry B, BV it R X ) e o ek

KIS (d) AARRIEOLYIRT 4 45 (K3 (b)) 4bil
JE Bl BT B[R] AR R T, i e i) 3 AN fE AR SR O B
A W IE B, PR I8 B i S DGR A
HIECREN R RIAER . 1 0.005 s BY)Z EVE EIIHE] T,
El.E2 .E3 T.ZSHNR BRI 1.234 x 10° C/s
1.411 x 10° °C/s.1.54 x 10° °C/so FHULAT UL, B8 25 1y oy o
SRR RV H S 2, S 80 BT KA I B
PN EBIR R A 7 38K AR F 3 /NI H RN i
B RST R Ak, RIEEAS R T BB AU RE 4
B Ve H AL A BLIX ], B2, B3 #hZk A4 2
AMEEIIE R TCA 15 s RE (1670 °C ), ULHAEX i Fh
DR FHOCHHS 2 AR —E2 3 T EE 2 S
JZZ IR R A S BR A 25 B o
212 BA%

BT FINREY TR LR ST - 25 A
BN 1 A3 A T HE 7 SR A Ot o (7] 52 T 240 SR DA A
L L-PBF 2o 2 H A [ e L 18 52 iy S AR T 7 28 UL IR 6.
H T B A R v TR DX sz B A ) 1o R A R
DX 35k P SIEAAR IR ], B A3 B0 Ry g B ) N AR o

[ 7 3 130 W IR F Von Mises 25340 1534 B x
vz N 1o RTLAE Y, B AERON 43 A S S T
AR PR 2 1 R T i R 2 R T, A 1 R 2R
— BT x Jr I B PN ) FEAE TN EIRE R
RN, 1775 e 7 23 %) Al 0 ) s 7 2 it 2 1 )
PRIE R A7, W8 2 A5 i ARV B X S ATS e B % 775
TSI, 7 Fh A Tt 1 SRy AR 38 g 5 S i

el

[F A A X

ARSI
6 MRIFHAN AT IEE
Fig.6 Schematic diagram of material deformation by heat stress

FGRTILRERTLE S BTy 9 N =1 1 0 N 7 3 A I
J7 AR T E BB RN, I 78 2 -5 A A i [X 537
VAN oy e S S S ETA AR

8 NRHI E3 T 2240 A v #4001 AL
8 (a).(c).Ce XNt E 435124 0.01 $.0.025 5.,0.04
s, BEIHGBE 0 S Bl 28 38 YA U, A it AR e il
N JIFEAR A 0, 22 v R G A H) HARIE 2
HURBIE XA, R, ERES b, A
T3 RGN, 5 TR e X I B 2 R T i AR
A TE AR HI EL T ED JZ B AR N AR 80, )2 R
FREEUE/N, R o 2 T B A v A S AR A 88/ H
B8 (b).(d).(f) al Al b J2 A A B AT, ik

1 J1/MPa
741.61 Max
659.23
576.86
49448
412.11
329.73
247.35
164.98
82.601
0.225 Min

(a) Von Misesh¥ /1431
IV 71/MPa
428.55 Max
300.00
192.86
85.714
-21.429
-128.57
-235.71
-342.86
-450.00
-518.46 Min

(b) xJraN

1 J1/MPa
566.38 Max
300.00
192.86
85.714
-21.429
-128.57
-235.71
-357.43 Min

Ce) YT T]

1 J1/MPa
869.25 Max
300.00
192.86
85.714
-21.429
-128.57
-235.71
-342.86
-450.00
-710.59 Min

(d) zJF I n; g
7 E14BFTENZHRAT Von Mises M 15 K x.yz FEIME A1( 130 W )

Fig.7 Von Mises stress distribution and x, y, z direction stress at the
end of E1 group printing (130 W)

2024455678 552372450 - i RIERA 131



,—‘i. N »
mj"‘lﬁx RESEARCH

BV A DXl O, BEIE U R 2 BT
ANVUASTHA N S 34 anIE] 9 Bz, AT LA RS 18
UCATEN AR XA [R] B RO, o DR BT R Y

Jii 73/MPa

703 02 527.34 351.66 175.98 0.29986 Min

790 86 Max 615.18 439.50 263.82 88.139

(a) 0.01s (b) 0.015s

(c) 0.025s (d) 0.03s

(e) 0.045s (f) 0.045s
B8 E3 TEZTARERIEAR Von Mises M /147

Fig.8 Von Mises stress distribution at different time points under

E3 process

250 -

200 -

150 -

W F1/MPa

100 -

S0k

0 O.IOI O.IOZ O.IO3 O.IO4 0;05
Fifa)/s
(a) FTENFROT- 33N )54k

1200

900

600

v }1/MPa

300 [

El E2 E3
(b) FTESAR P AR )

9 VKBNS

Fig.9 Stress analysis of mesoscopic model

132 Wi hEEAR - 20244F 55674 5523 /241

N T, X SR 43 B v v ) AR 4 I A K, B f
I 3 5 R A HE A A Hﬂsr‘ﬁﬂﬁﬁﬂcmﬁ J& TR EERS
FE(E9 (a)). 458K 5 (d)RI%,0.015 s G bEESS 2
EURFTER#EAT, Bl A JCIE M B RIE 2 & AR s, N
PERUSCR /N, 1 B2 B3 PHALXAS 1 I8 KA HEIARCR,
fifi S XA ST (B REAIS, H s DR MR TR R, H RIS
)4 H0 5 AR Y B3 2 S P 1 A 00 o f HL R 38
R, AT ED R v 1 B RN i ) B2,
9 (b) *1 B2, E3 Hckp 1 & /NT EL, LA 7 )2
FF X RS J2 A VR T LARR R A B, 7, 1 A5
A Xiao 25 " gEiE , RIVEE VR FHAR 24 Tk 8] 19 JE 344
1B KU RN T T R
2.2 B

A MBI SE R, S RO i FE RO AR O
R A6 & 454 1 R i n] DURSICT )2 BRI AR 7,
FTEN AL R v (R 4 AR SN F KB A 1T B2, B3 45
SRR It 1 ¥4 A R B O T R o g kG, 2
FEAE R IR AR, 5 R AN S R R 5 ) T3
L-PBF i P = AR I S . 255 25 1 ) 5 TR
BB, WEBE 4T ENDS ELRFH B2 SR T 25380, 3TENM)S
BEAER A 10 #1 11 iR,

J¥ F1/MPa
1040.2 Max
924.89
809.62
694.34
579.07
463.80
348.52
233.25
117.97
2.7002 Min

(a) IBMEEPERIE N 1)

1000

== 51
== M

800

200

T s ki
(b)) JREBET5 AN 25 8
10 ERFEMHLER

Fig.10 Macroscopic simulation stress results



‘_‘i' »
RESEARCH mﬁrﬁ

& 10 SR THTERASIIN J1 5340 o BRARIN T £ 251
A T I A rg v L3, 7R IR B T 1) b i AN g Py, AN [
1R BE AR AN I B IR Rk S T IR ARCR FH 1
P, IR R T, R O A T 38 A #h i vl LA
KBSt HIBEAR InFn g /N 17F J2 XS AR R B
iR R ERAN TN BRI T B2 k3 SR AR
B, 5 Wang %5 U BESEAS B (O RF 78 45 R ARAT

11 TR ARG 500 A, T AR T AR
PR, AR 5 JLF-oh 0, L EBBER 137 (R 3E Kmiss K, th
T 07 T o DRI RRON, 7 5 ) H B ) PN M B % i A
R TUE A BT BN R b 5 2 08 2 Z 8] ) Ak
FIFEXT AL S, R I T S AR AR TR A T MR, 5181 10
XT L, R AR B 5 0 3 22 TRl s AE DG
2.3 IR

FTENRIE RORESL UL 12 Ca), il W E AR A
FRIAPEATIN G, 222 HIRE 5 = 4EEIR I 5 0] 05 B BRI G
Ho, Bl oA (12 (b)) ATRAE L R 2
FRER 1Al N MR A, B s/, B AR B AR B
AR A RS EY A BRI E R 2
Al BESE T B R R R, Wk ROk 4
BARSE DA SAT RN R b AR e TR (A& & i AT
WA AR5 ) SR U, S AT LI A BRI
AT Hh e kM
24 ETEVERERNTHRAMSEEREH

3 o0 %] e AR AR v TR DX R A 7 2 [ A MEE 1)
T EEE AR @ i ANSYS Workbench - 6 5 Hi T
WA A B S 12 ik AT i & . SR A
BUE A —1 A% 1E B X 400 4 A AU 3 47 78 T 2 (
13), T3S R AMEAR Y A i T A 52 PR T ER I 1) B
AR, B 13 (a) NAIB SR 10 455 AAMERIAL,
PAFEEAME K S5 m] SRy

il FIAMERL AL A T AR |, SR R IR RS T

ARTE B /mm
0.67283 Max
0.59807

% 0.52331

u 0.44855
0.37379
0.29904
0.22428
0.14952
0.074759
0 Min

1 HFELERTESH

Fig.11 Deformation distribution of simulation results

(a) FTERRUEAEAL

(b) WEESH S PHAERAIE X L (mm )
12 EEUTENGER KX

Fig.12 Model printing results and comparison

ARTE i /mm
0.66836 Max

M ) 50421

% 0.52005 /

= 044590
037174
0.29759
0.22344
0.14928
0.075125
0.00097064 Min

(a) #MEJFRYFTENRIA (RO 106%)
0.75

g 045
£
i S
5 0-30 e R
: e AR IE S AR
0.15
or 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-¢-0-¢-0-0-0-9-0®
0 90 180 270 360
AR ()

(b) SHEVETE AT HE
13 MERBITHE
Fig.13 Deformation of compensation model

20244E 5678 5237240 - ARG 133



‘_‘i.‘ »
E{%tﬁi RESEARCH

B B 3 B 35 mm 5 XA IR, B 13
(b)) AT, #MEA Y 5 4] G A R A 12 B 114 5 i /)N
S0 AR — 3, S # AT IE T, 4507 I B RS 25
FEHIFE 0.03 mm 2 P, A1 AR RS A5 RS f FH 0.626
mm Ji /N % 0.027 mm, FEKZY 95.7% ; FHH % &
0.595 mm JH/NE 0.024 mm, FE5RZ 95.97%.

3 Zig

(1) 7¢ L-PBF i i r il Ty 5 A1 38 U0 2 B 14
T, st RUSY 55 e v 8 47848 K, L v 32 D) SR S e B
3, HERnl DU R IR

(2) FH . 1430 AT 0, 380 A0 B O R A R R A
R A2 A BRI AT OB )2 BA R g, (H T
VA HE AR A AN A BT R

(3) X 72 AR F T Bk AR O AL LB 0IE T 5% A% 1 )
B BB, B 1 o A AR T A R AR DL, 5 R
R (1 1T 25 SR AH b, AR SC A8 2 B4 M AR AR S 1y A
L T 95.97%, 4577 AR TE 678 30 um DA,
TR B 8 2 A0 7 925 mT DL s R R, R R SF TR AR
TEEEF, M SZBRTERFR AL T

S £ X Bk

[1] FUJ, LI H, SONG X, et al. Multi-scale defects in powder-
based additively manufactured metals and alloys[J]. Journal of Materials
Science & Technology, 2022, 122: 165-199.

[2] B, MRaE, TR, 45 SR BOLHTA i i i B EUE AU
Wias hlE R, 2017, 60(13): 16-25.

WEI Lei, LIN Xin, WANG Meng, et al. Numerical simulation
on laser additive manufacturing process for metal components[J].
Aeronautical Manufacturing Technology, 2017, 60(13): 16-25.

[3] FU C H, GUO Y B. Three-dimensional temperature gradient
mechanism in selective laser melting of Ti—-6A1-4V[J]. Journal of
Manufacturing Science and Engineering, 2014, 136(6): 061004.

[4] MASOOMI M, THOMPSON S M, SHAMSAEI N. Laser
powder bed fusion of Ti—-6A1-4V parts: Thermal modeling and
mechanical implications[J]. International Journal of Machine Tools and
Manufacture, 2017, 118-119: 73-90.

[5] LIYL,ZHOU K, TAN P F, et al. Modeling temperature and
residual stress fields in selective laser melting[J]. International Journal of
Mechanical Sciences, 2018, 136: 24-35.

[6] WANG Q S, ZHANG W Y, LI S J, et al. Material
characterisation and computational thermal modelling of electron beam
powder bed fusion additive manufacturing of Ti2448 titanium alloy[J].
Materials, 2021, 14(23): 7359.

[7] LIZH, XU R J, ZHANG Z W, et al. The influence of scan
length on fabricating thin-walled components in selective laser melting[J].
International Journal of Machine Tools and Manufacture, 2018, 126:
1-12.

134 Bt iE A - 202445556748 5523 /241

[8] FmIs, PN, ARINE, 45, BOBKTEI3 160 AH5 M5k A hi
T T ZESHOBHI]. BLHHOE, 2019, 39(3): 376.

WANG Lifang, SUN Yaxin, ZHU Gangxian, et al. Optimization
simulation of process parameters on the residual stress in 316L stainless
steel by laser cladding[J]. Applied Laser, 2019, 39(3): 376.

[91 ) BRE E RO LI AL OE 0 B RO EAR S S 5
WF5E[D]. FR: TP, 2019.

FU Guang. Numerical simulation and experimental study on
thermal process of selective laser melting forming of titanium alloy[D].
Chongging: Chongqing University, 2019.

[10] B, PhIREE, X4, 55 WOCH M HIETC4/TCI 3L 5 4
Tofs B2 25 KA 30 18 S TN 5 08 S 80 BT 0], s il v 4 R, 2018, 61(4):
96-101.

SUN Cheng, SUN Yizhang, LIU Jin, et al. Temperature field
prediction and microstructure analysis of gradient TC4/TC11 titanium
alloy deposited by laser additive manufacturing[J]. Aeronautical
Manufacturing Technology, 2018, 61(4): 96-101.

[11] PRI, 224, 40, 45 JZ I RE I RIS SLM U TieAI4V
;I A BIFSR [T]. PO, 2021, 41(6): 1249-1256.

FENG Qingxiao, LI Duosheng, YE Yin, et al. Numerical simulation
on the effect of inter layer idle time on stress field of Ti6Al4V fabricated
by SLM[J]. Applied Laser, 2021, 41(6): 1249-1256.

[12] LIY L, GU D D. Thermal behavior during selective laser
melting of commercially pure titanium powder: Numerical simulation and
experimental study[J]. Additive Manufacturing, 2014, 1-4: 99-109.

[13] SHIPLEY H, MCDONNELL D, CULLETON M, et al.
Optimisation of process parameters to address fundamental challenges
during selective laser melting of Ti-6A1-4V: A review[J]. International
Journal of Machine Tools and Manufacture, 2018, 128: 1-20.

[14] YIN J, ZHU H H, KE L D, et al. Simulation of temperature
distribution in single metallic powder layer for laser micro-sintering[J].
Computational Materials Science, 2012, 53(1): 333-339.

[15] XIAO Z, CHEN C, ZHU H, et al. Study of residual stress in
selective laser melting of Ti6Al4V[J]. Materials and Design, 2020, 193:
108846.

[16] WANG L F, JIANG X H, ZHU Y H, et al. An approach
to predict the residual stress and distortion during the selective laser
melting of AISilOMg parts[J]. The International Journal of Advanced
Manufacturing Technology, 2018, 97(9): 3535-3546.

[17] KING W E, ANDERSON A T, FERENCZ R M, et al.
Laser powder bed fusion additive manufacturing of metals: Physics,
computational, and materials challenges[J]. Applied Physics Reviews,
2015, 2(4): 041304.

SEAER : E0E, B, Tk BS7 6046k & SR b R
(Bt * %)



