o otk AR

% 54 K% 8 4 2025 4 8 A
Vol.54 No.8 Infrared and Laser Engineering Aug. 2025

ZRRHNFEE AR RIE U REHAR
ERE, BEET, BLE, KB

(1. 7 B AF AP, T F 1248 333000,
2. Mg A BALS AR A RG], R B % 710100)

W OE: Aok R K (Selective Laser Melting, SLM) it X R 4E A £ X R M 2P by T
MR EMEREREMHEERY L ILRES RARLAREETDREEZF A, AF BAARN %
BT E A S HAIAT I RIBA R T 69 % 8 ROk K 1548 (Multi-beam Selective Laser Melting, MB-
SLM) # AR, 32t T —#F % b R & e sh a4 ik K ARAL R Rk, X AR iEE b Rl — ZiE g4
125 o B 1) 18] b ) VR RS i 8 3 A SR AS, BR £k R AT IR ek da gt &b RARME £ — 45 AR
B RE T ), T R T2 Bk 25 A, I E M B b R I & H R 60%. %A A
FI VA TCA 42 A BT %, il 3T BABAE IS HT R B BT 18] 2 8] 45 b T ik 3 12 4 b 09 - 1 #9645
R BET R AT TN T A LSRRV IR T RBRESFE GO ENALY R L, 2R %
B il de ] SO R REIAR AR £ aReiE B R A, IR KR A B ) T 49 20 MPa, % %6
RE T ERRH EHEAR RN 5L 870 MPa, £ K T 14514 Kok T 6954 8 S K E 760 MPa.,
B, T A AR B AT A A dpik B Bmls bz m AR IR, ROEMRTE, KERLBRE, Bk
B

KR ORI RIS R
FESES: TN249

SRR FEM AR, BB AL;, &R
YHEARERS: A DOI: 10.3788/IRLA20250301

5] Fi#%=: WANG Huaji, XU Haodong, CHEN Wenguo, et al. Research on selective melting forming strategy of multi-beam

20250301.

laser isometric follow-up scanning[J]. Infirared and Laser Engineering, 2025, 54(8): 20250301.
FATE, TRIEAR, BRICHE, 2. 20Ul 45 i B S 47 1 08 DR A 0P SRS DS [0]. 204N 5 OL T AR, 2025, 54(8):

0 35l

T

6 BE X 45 1k (Selective Laser Melting, SLM) £
AT A OGR4 JE by A FF R AR 1 T X
TG o BRI T 3 4 8 LA, a1k B
M Z LR E Sl A 4 a4 TBRIZIZ
BaME S EAREN FEATR . WA AE . 52
ST INEA 7/ | 7=E 2T R B R S < P A S VA I EE A B O
b, TEAT R A AL AT [ AL R ep, WA ) e R
BRI BB, BRI AR TR AR 7 &, It B
“E8 B RO T T G B A5 2 T ) R

BEXT 3 — B v, 22006 AOOG 18 X6 A6 B Y(Multi-

r#s B #A:2025-06-05;  &1iT HH#A:2025-07-10

beam Selective Laser Melting, MB-SLM) #| [ £ ik 85 &
2 BOG X o3 D AT 48 01 P42 U 19 J7 20f 2k
A5 IR Gy A A B AR AR RO PR SLM 9 [E A M
A, SR, MB-SLM F7 165 LI SLM A [F] 9 LB
S A8 ] 0y T X B X 22 R A, LR
BN S AR R S, 5T UK BR A0 T . 20
OO 55 BE BE S 1 BUBAE S — R AT B, i 45
il Z2 C O B B 23 KR, A R — 2 A D O T
[F) 7

15 22 AR BOCEE XA AL BRI 52 7 18, EISME
AR R 3 A E RIS Al B T —
ZAN AR fiE 1 @ P (Trumpf) 23 B & 1 22560

EERE v FAR, B, D508, Wi, FEAF BT R SR G B T I
BIEERTEAR, 5, W TR0, AL, T2 NS S e & Oy R AFIT

20250301-1



% 84

IFF: ZARBUFIEM ML KB RT RS T

% 54 7%

T3 XA A B A, AR AR R A Bk, 2
T IBRCR . EEBRR IS E % 555 % (ORNL) B
T 2RO A R T 1 B8 & 4 AR AR B
YR e, T 2R T Bk HE . ROBERTS 1 AP
SR ANSYS A FR B ITHE, B ARG 4 2 2R
TEAS R, B2 2HM, 2522 EES S
HHEAE s TAHERI™ 4538 23 08 b T 20080 2 R RE )
T AR, 7 552 R S 56 rh A AR R aURE Y 2 I D A
HEELING"" 45 3R FH 30O (i 756w (#1035 & -
A B AR Ty F ROY R 2 1w A
PANWISAWAS! ! 253 1o 1 37 A BR oo AR i 52 iR
JE 5 v PRIRCT Bl RO 45 F 1A, 45 SR SR W BE &
R 2 VR B (A HE I RO TR 4R, PR B Y
T2 HE Z 35 BRIK R S5 4 57 356 DX O A Y #4
T2 AR 15 R TORR Y J2 BT 32 I B0 g d5e K, i
YRR Z RN Bk

FEl PN AR 22 1 A RVRHIE B JOT U, T F Ji T 4 SR 5E , 7B
7R iz Fl ADAQUS #AF X 4 X IOt 4k 316 L i
FTEERTL FL, BT 2 A R vl B2 3 04 22 £k
HEFTIRGE, A5 s b P T 1 A Al R o5 S A
R B 26 ; T U K Fluent 24411 5T Inconel718
B G 1 DX UBO I AR A% 5 [ R, A5 3 o e ik

I:’ Area 1: Isolated r
region

TR A v, W1 I G A IR P B AT AR R S A
Xf s FELE AL AT BRIC AT, 45 Hh 7E R OB 1R Y
Y 3o F v, B A 1 W (IR B v T A M Ty, A
Gy kA . SR, B HT 2G0T KOS LR R TR
FAHH W T AT AT T 50 3, W e] S22 R R
], DRUE P £ 72 1 Fe e MR — 2 bk, 25 i
AT A

TC4 £k & & B A RAFpyERe N FH TALZ ALK R
G AFHERL | RAT AR FEAR | A% B2 2 HE 28 45 43
B, 4T TCA kA 4 1 OB S8R RAE e i n 17 =tk
7o BUB B i e 4R U 5 kG 5 B R e S
SERE A AR R, X AR AR BRI, R
TGN T 7 6 0 B JRAEAE N TME L SRR T K T
ROCRARAY R, SR S5 G XS AL R, JEH TC4 £k
B BUE R BETE X G, dak BE RS £ LS 5% L
HE R SLM iJE 5 MB-SLM J7 29k 47 40 #r, IR
FE R A HEAT TN, X EGAS R 45 R R B IR
A0« BN 15340, R SEBR AR I T AR SRR

1 FEEREHARERREARED

MB-SLM i i P B I 6 52 i il A8 Ak, O
AN 1 PR

[
' Beam expander Fiber |
| P — 1\
Area 2: Overlap | '
region | Scan head 2
' Scan head 1
D Solid parts | can hea S -
|
|
|
I .
: — ]Eulld plas Beam guidance & deflection
| N\
| Part 2
: Control systems
| Part | Building
| S chamber
| 8 X
| Scan field 2 Scan fiold 1
| 7 axis & Laser source
I -
| chamber
. support

K1 2t X ot RGRER

Fig.l Schematic diagram of the multi-beam selective laser melting system

FEFE 1 PR IRSE X3, (Part 1), 356 FIXT RO AT 58

BROE, H R RS SLMJLF —8. M RFn

202503012



Vol.54 No.8

http://www.irla.cn/article/doi/10.3788/IRLA20250301

Aug. 2025

B 1 b Part 2 i i, 3l 1 22 OGP OB o AR 5
Pl 2 Jor e 4 75 21O Al 5 450 T2 AL SR 5
TR PR B 4 4 SR SR 22 A B B R O
P ot 2206 B R, AT S B RO A Y
Y o

Overlap area Overlap area

- ¢ ; ; :
F r T L
z : (0660061 74 | ===

[ —
T T —
X Overlap area

X Overlap area

2 (a). (b) BT (o) 23 BILA BRI (d) rEI%Hh
B SS HEDE

Fig.2 (a),(b) Direct overlap; (c) The separation lines is the interleave

overlap of straight lines; (d) The separation lines is the interleave

overlap of curves''®!

FESCREFE Y, 4B AR A W AR B A, bR VA
FrtE SR M S PREE SR . R, SRR (1 ) X
T BT WY R B 73 A ASERUE , 7 o T 5 A
1 DX SR B8 B T AR OR A TR B B . bR T A SR AR
YRR L K T 2 et 2 Bl o G B A AR AR T 03, A
1775 S AR ] DX P 8 ) A S T) R 3 A B i, D
(AR A T B Al 3o o A8 A A2 A 9 7 A TN T, 3%
R g —FB oy IR B BE A LA K S L E [ 64 R 1
BT, b A A 5 | A A R A o 2 32 300 L ] Pl b
I BR il MTT 7= A6 AH B F 15 55— W2k
PSR R B B 25, MB-SLM 33 F 52 B 2 — AN 75 5
IR R, RO RE G AV R AE AR S /N R
S P P v T bR i 2 R T A1 O DX I PR A 3, A
T80T 43R [ AR 22 5%, T4 8 AR FAE
ik 2 B0 2 R P AR A, DR e 358 0 T R B AR A B R
JEE &R AY I, T AR Ak 2815 1 58 0 X A5 A R 138 43
A R 277 A — BB L, F O 7 A I R A A R
ARNE T, T 5 0 5 A L 0 45 SR A AR AR M D) e

T REERIG, 22 APERE

2L RO e DX A 14 25 B2 (] A e 0 A A
¥, AR Hh SRR Sh S R o R 7R S AR
2 FOHOCHE IR — R MU IR F SR B0 A, I HARIE S
(ERIOPIRCIPIZ N RS 15 SR S ] i R Ei 8
0 o A6 B Bl 4 4 RS, REAS A S B R R B4 IS
Gy o3 At WA I ) B o RIS I O 2445 BB , 5 v T
Jitti .
2 ARKMIBFERBSLIATE

Sy S B 22 O RO 45 B Bl 3 45 1 SR, S S R
AR R R R, (RS O A 7
MR R (), PRI A AR O I 2 18] A HE R d A AR
B

d= G =2+ =32 = 1,23) (1)

e d A CHRE R (037 mm),

AT AR LR, 25 SRBOC R RSB v, B A7
TE—E B R A A RERE B 14 . BB S HOr 12
N x=f0), y=g(6), WA FEHOC A1 B T 7R

S R
TG B ] ] B A B T g A R
BRI RS o BB EROLLE o TR, FBhEOL
TE (to+An) JR BhIF Mz EROL MBI R 2E . BN
JEAE € HAE W I A] 2, AR /NI, TEAE RS 14 5, FEHOCH
AL HE LR 22 O(0) A

1
o) = za'(fd)z"‘vo'fd 3)

P a N EROCHMNELE (AL m/s%); 1, 9 R GEAE
I ) (BAE: )5 vo A RIHRI 2] £ B (A7 mis).
A EHOCIEEE o 155, W 355 90O i 8] 8]

28 pax
lal
A 1y T RGAE RSB 18] CRAL: 8); 6,0 TR SCVFAL
BUR 255 a O EWOCFIG I B e XHE (R 2 5 s 8
5 ) JE ) (EAA: m/s?),
TESCBR TRE R, th T FHSE A R S 5 0, 5

Atztd+

“4)

20250301-3


http://www.irla.cn/article/doi/10.3788/IRLA20250301

% 84

IFF: ZARBUFIEM ML KB RT RS T % 54 %

BRI T B RERN_E A — A R A AO0< k< 1) LUk
Bl SRS o

26max
lal

Atzk{td+ ](O<k<1) )

FESE b OB s FE v, i A & R A s s dE il R
R IREE, WS ECABRAS A O R 1932 sh
iz R, [, W& AL s aT S8 i W
FOCH AN & MPHCRE, SRR RS S B AT o

3 HEE

K FH L HIJ7 BL3 2 ST 22 6 AROOE S5 B I 3 1
T8 DA AL BB B RS, Q&) 3 B . SR G4
FIARIR . B L e 2 BB o P8 A PR A AR 5
HCR A FRIT A, 25 bR A 1 A R T L 1) 7
o BOCIIEER AT r 3 A PRI AL, ARG 45 1 B 2
FARE ARG, BB S WO A A& FREE T %,
AR BIF 580 B 45 4 TCA I I T (4 21 1668 °C,
TR 72 Wem K, BOGTE XG0P 85 4 it
e B FIROC I S 20530, 32K 1064 nm, BE 7>
A I 25 w0 TR A A, A 8RR B Y v R A D) R
(14 60%, 1245 2 H) 2N 1l B AR BERE#ME: 326 HA
ZxAe B, S)CREA DR DR DRI A AL . PRI, BOE
BB TR A FE A 60%, i1 A A E N B
TR IR N A 5 J] [ R 358 1A 7 PR 3 R A S 4 A4, [
A2 SR M AR R AP X S e i 5 )

TERAL A, SR A FE ST HOR AR K 1 2
J2 USRS AR [ AR, B Y SOG I G B — X
I, 32 DI B A FRLOT R RO O 2 5 3T, BE A TR
FEFH T, M RIS AT 5 O BE R s 455,
TEHEAT 73BT I X SE 53 K BTG AN 2 50 o3 B 4 23

Kl 4 R TORRIEH R T MBS RE, 41
R (15 6 4 0l R SE O AR B O R A, 2T
R 807 HE 43 0 o FEBOC RN B BOG R R 28 8,
i Sk R B WOCA R A Mg . S11, S21 Hl 831 3%
FHAEA NS, 3% LKA G 22 W06 R 2D 34 1
AN VO A5 00 R AR T AR (W) — 451
S12, S22 1 832 3k H 75 [A] 2% 43 1 # K W& (Spatial
Difference Scanning Strategies, SDSC), Rl 3= ¥ )t Al 4fi
B Ot R S AEA R R A E E b, EEOsA T
I, B0 T RS — A A IE; S13.

S14. 823, S24. S33 I S34 3% i i ) R 47 4 o ws
(Temporal Difference Scanning Strategies, TDSC), Bl 3¢
RO 2% il B OG A8 A8 A — 39400 15 18 N S 20 4
W, EROCSEH M, F RO R — 2 B TR
R — NS

Substrate length

]
Isolated [Overlapping| Isolated
area area area

Pl 3 BSR4t X U R

Fig.3 Numerical simulation model and schematic diagram of scanning

Substrate width

arca

Basic strategies SDSC TDSC
[ L N b | -l
»| -
»| b=
»| -
:T >| -
S11 S12 S13 S14
et A Fhed-] | [ded—
"—T"P— : > 1:
S21 S22 S23 S24
b & I
|
€=
e
T -
S31 S32 S33 S34

S NGERE R S e =y

Fig.4 laser scanning path under different scanning strategies

4 BRUERSHH

5 it oA 22 BOG R 5E B RS, AR [R145 4 5R i
TR MG Hop i B A PHE X, R
LREB ot FIRE & G T 1923 K), 76 I X Rl
b PP 9 R 2 Oy 420 pm(BR R 500 pm), B T4k
SRFM, S [ (8 450 R W s B T A IS X A B
X IR A 22 5% . BR T SDSC Ak, i T2 X 38 P i#%
S M) X B R B P e B e — AN T N (RE

202503014



Vol.54 No.8

http://www.irla.cn/article/doi/10.3788/IRLA20250301

Aug. 2025

FEPME IA 3068.5 K), 3 Fi 25 5 S th DF 422 X N OG[R]
B4 A X7 B T B . FE SDSC N 240t e ikt
T W B, TE I 25 Ao i A9 3t oA 1) s T T
22058 ] )30 7 W [ A% 3k, DTG 8 17 B 5 Py A
S X CHEOGRY R LG SN T HHE X, TR E
P B K A RGE MR X, S B0Z NG 119 i R 2 0 it
DA A D A 2 A R DR X, TR B
KA G X

308 741

S24
Temperature/K

1086 1431 1776 1923 2465 2810 3155

Pl 5 (a) A 4241 SR W& 1 TRLEE 4341 5 (b) SDSC T B9 IR 4316 5 (¢)
TDSC IR S35

Fig.5 (a) Temperature distribution of basic scanning strategy; (b)
Temperature distribution under SDSC; (c) Temperature

distribution under TDSC

S T LU H, TDSC $45 5w Hok oK PR 1 1
JE A3 A AT e BEXT AR . AE T A SR v, TR AR
2 = A #E: fA . AR ik, 7E TDSC 1Y
BT, WOEIAR] s R B RIS . T 2K
WO E Z A3 RS2, 75 [/ — 5 ] S BE 3 48 =R A
FEAHHE AW AN 23 (R RRPE R SR T, PR X Sl S
N E] PN 28 1) 22 YOG i A R %, AR O ntl 1Y
T BOG n BB BO6 a1 06 n 51k %
I n+ 1 JE N O a5 A AN SRR, DI TR K
KA HNE b, 12% X8R AR T RIS 4, 9 MR R 1)
T2 3155 K, BH TR AT LB
1E MB-SLM i F2 i, B A B 306 o PRl i #4 5
PN b R B B0 B, B ) LR R ZE AR
SR A AR A AR S A AR TR, DT TE S ] Rl 7
P XY IS 1o [, BT 4 8 A RHE AR
?‘&?E@Wﬁj Me, FLAE I RICIRZS TR R 77 AR A 7 R o8
AN o Y0 IR AL L B RRHEE [T WS e I, AR ]

AHAD, SN S 7= Az, B2 ik A ng f10,

K 6t TR SR T BB AR 1 43 A (b
R2 mm FEEEARK ). 7F S11FI S12 SEngrh, Pz
XA R R 2 AN OGS . R HA R
i, JE BB AT R AR . ] R 1 249 SR 7 1k B ik
FERPRE R A N 7, IR T 56 — UG b s TR
REAR I IE LA I 7, S G2 1 445 b J&) BB B A 12 )
K, A BF 2 DX 3 98 AR B T X, X F S21 il
S31 KM, 7 B2z DX SO [R) 25 8 52 49140 9 1 1) 8 i
SREGTE M BHENK, RO IR, T EREWN
PR 5 % TR, X %7 B A SR B SR 2L . R
I, 763X — ML AR A — A R B H X (B AR
RN, 2068 RS ER A — R,
PrizE X E 2 [ 4k, #m nT LYY A) o A 2 & X
B, S A2 s MY GOSN ) o ot X
WO R T AR AR B AR A B AR N o AH SR AR T
TR, JISL X IRER AR N ST 24 20 MPa.

S13,S14 S23,S24 S23,824
& 6 (a) LA AN 195 AR 15370 5 (b) SDSC HYFRAIL 153010 5
(c) TDSC MIFRANL 15340

Fig.6 (a) Residual stress distribution of basic scanning strategy; (b)
Residual stress distribution of SDSC; (c) Residual stress

distribution of TDSC

B T A (1 5 5 g Sk, TDSC Al SDSC H % 4
X350 R 7 v IO 7 IX R, 2256 o ) A5 F 9 AR
FRATIY 11352 870 MPa, 15 T 45 8] 45 148 0
W T FIBR AT T AR 2 760 MPa. 1 T 5 4 41 IX 4§
AR A ), 57— 51l DX e 1 5 0 ) XK A B 2
fiff o XA BR AR N AL o0 A 5 S b B4 B
DX R AR 7 8 55—l I 8 DX 2 A

AR R AR R 0T, AR IR
(IS IR F 300 A o PR EE I 4 R0, S5 0E
PR 7 20T M A RIR B S 00 A LA 5], B iR

20250301-5


http://www.irla.cn/article/doi/10.3788/IRLA20250301

% 8 41 FiEHE:

% JR B FE M F) 3 Rk KA R SR A R

% 54 7%

JEE 5 fo R B2 1) 2 (L W 0l o 3Ry TIOOL B
P 45 B 3 A1 T LA A B 49 2 i AT AS R R e A
i Ve s T ) 2 SR AR W] A R A 4 D7 5T LA
INRLTTER AR, SR AR R BB 20 5 o oh T
G AR RS, ] LA R A HE R R [ 1o e A
W51 MR 7= o 5 BAR R 20000
AT B R R A9 7 2T UA R 1O i 3 A
J15p55 A, AT LA e e 0 R e . SFRERE BhE
Tl A RS A R 22 AR O 1 DX A i At A
AR PRI 7 MR 1 5553 A, AR LB S, MARAR
EREAR T AE N B AR N ) S BN AL TE RAR, A
A A 2 R R R RS JE

5 & i

AMFFER 9 22 ARHOL SF BB Sl L DX AL
JRTE SR, 3 2o BRI T BT A BB, JUAS LATF 4518

1) 26 1 56 50 1 40 S RE A8 A7 00k 2O
1 DR Ao 5 PP AR PR R IELIEE 3 RS 3 3 A, (i
ST, WD R 8 T AR T RAT BR

2) B ARSI S SRR T, SR i 2 M2 ] P A 4
SRS I R g 2], S T ARt T
P U o

3) S A O A Z 6] g I 25 b, ml gt — 20
PEAISIE A, TH BRI o

AAWFFE ] LA JLASJ7 T IT

1) BE— 25 Ak 22 56 AR 25 1 BE 30 41 4 S A
TSR, UnTe) i U O B I 1) R4 A s T R
RORNCIE R ER RS SRk (e WV R (b U RIPIE i

2) WHFEW Ko 5 0y FCHIN B A7 45 B 2By TR 1 H
UL, TR 5 SRR 5T P T X S i P — 225

3) It — 2D 5T 22 S RBOL A 1 I 5 R R B R
AREAE FH A OULBIL R , R A B e RE B 1 S A1) o 2
TR, DA T SR ) e B 4L 1S Sy B R

4) G5B TES WM H AR T AR EOAR, S F 5t
RIS Y27 i R - NS E R E [ F <Y DI = BRI
R, 1k — 20 B e U T AR E

S 3k

[11 ZOU S, XIAO H, YEF, et al. Numerical analysis of the effect of

[10]

(1]

[12]

[13]

202503016

the scan strategy on the residual stress in the multi-laser selective
laser melting [J]. Elsevier BV, 2020, 16: 103005.

YANG Yonggiang, CHEN lJie, SONG Changhui, et al. Current
status and progress on technology of selective laser melting of
metal parts [J]. Laser & Optoelectronics Progress, 2018, 55(1):
11401. (in Chinese)

CHEN Changpeng, YIN Jie, ZHU Haihong, et al. Effect of
overlap rate and pattern on residual stress in selective laser
melting [J]. International Journal of Machine Tools and
Manufacture, 2019, 145: 103433.

COOK P, MURPHY A. Simulation of melt pool behaviour
during additive manufacturing: Underlying physics and progress
[J]. Additive Manufacturing, 2020, 31: 100909.
DEBROY T, WEI H L, ZUBACK J, et al. Additive
manufacturing of metallic components — Process, structure and
properties [J]. Progress in Materials Science, 2018, 92: 112-
224.

SEFENE E M. State-of-the-art of selective laser melting process:
A comprehensive review [J]. Journal of Manufacturing
Systems, 2022, 63: 250-274.

ROBERTS I A, WANG C J, ESTERLEIN R, et al. A three-
dimensional finite element analysis of the temperature field
during laser melting of metal powders in additive layer
manufacturing [J]. International Journal of Machine Tools and
Manufacture, 2009, 49(12-13): 916-923.

ANDANI M T, DEHGHANI R, KARAMOOZ-RAVARI M R,
et al. Spatter formation in selective laser melting process using
multi-laser technology [J]. Materials & Design, 2017, 131: 460-
469.

THORSTEN H, KONRAD W. The effect of multi-beam
strategies on selective laser melting of stainless steel 316L [J].
Additive Manufacturing, 2018, 22: 334-342.

PANWISAWAS C, QIU C, ANDERSON M ], et al. Mesoscale
modelling of selective laser melting: Thermal fluid dynamics
and microstructural evolution [J]. Computational Materials
Science, 2017, 126: 479-490.

ERIK, R, DENLINGER, et al. Effect of stress relaxation on
distortion in additive manufacturing process modeling-science
direct [J]. Additive Manufacturing, 2016, 12: 51-59.

HAO Xiaojie. Study on temperature field of selective laser
melting 316L[D]. Beijing: Beijing University of Chemical
Technology, 2018. (in Chinese)

JIA Xue. Research on the flow field and mass transfer of tiny

molten pool during selective laser melting of inconel 718[D].


https://doi.org/10.1016/j.ijmachtools.2019.103433
https://doi.org/10.1016/j.ijmachtools.2019.103433
https://doi.org/10.1016/j.pmatsci.2017.10.001
https://doi.org/10.1016/j.jmsy.2022.04.002
https://doi.org/10.1016/j.jmsy.2022.04.002
https://doi.org/10.1016/j.ijmachtools.2009.07.004
https://doi.org/10.1016/j.ijmachtools.2009.07.004
https://doi.org/10.1016/j.addma.2018.05.026
https://doi.org/10.1016/j.commatsci.2016.10.011
https://doi.org/10.1016/j.commatsci.2016.10.011
https://doi.org/10.1016/j.addma.2016.06.011

Vol.

54 No.8

http://www.irla.cn/article/doi/10.3788/IRLA20250301

Aug. 2025

[14]

[15]

[16]

Harbin: Harbin Institute of Technology, 2017. (in Chinese)

LIN Huijie, SHEN Lida, JIANG Jinhui, et al. Simulation
analysis of features of overhanging structure fabricated by
selective laser melting [J]. Acta Aeronautica et Astronautica
Sinica, 2018, 39(7): 239-247. (in Chinese)

YIN Jie, WANG Dengzhi, WEI Huiliang, et al. Dual-beam
laser-matter interaction at overlap region during multi-laser

powder bed fusion manufacturing [J]. Additive Manufacturing,

[17]

(18]

of overlap methods on forming qualities of TC4 alloy fabricated
by multi-beam selective laser melting technique [J]. Applied
Laser, 2019, 39(4): 544-549.

LI C, LIU J F, FANG X Y, et al. Efficient predictive model of
part distortion and residual stress in selective laser melting [J].
Additive Manufacturing, 2017, 17: 157-168.

PARRY L, ASHCROFT I A, WILDMAN R D. Understanding

the effect of laser scan strategy on residual stress in selective

2021, 46: 102178.
ZHANG Siyuan, WANG Meng, WANG Chun, et al. The effect

laser melting through thermo-mechanical

Additive Manufacturing, 2016, 12: 1-15.

Research on selective melting forming strategy of multi-beam laser
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WANG Huaji', XU Haodong™, CHEN Wenguo®, DAI Yushan'

(1. China Helicopter Research and Development Institute, Jingdezhen 333000, China;
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Abstract:

Objective Laser selective melting technology is widely used in various fields such as aerospace, aviation, ships,
transportation, biomedicine, etc. due to its advantages of large forming freedom, high forming accuracy, and
controllable surface roughness in the solid part forming process. Due to the large internal temperature gradient
caused by the rapid melting and solidification process of materials under the action of the single laser beam, it is
easy to result in uneven structural density, high porosity, high residual stress and poor surface quality of the
formed parts. Therefore, referring to the current multi-beam laser selective melting technology that uses multiple
mirrors to diverge multiple lasers for selective melting and forming, a multi-beam selective laser isometric follow-
up scanning melting and forming strategy is proposed. This strategy regulates the dynamic state of the molten
pool through the coordinated action of multiple beams along a certain motion trajectory and time interval. When
the main beam performs melting scanning, auxiliary beams with a specific phase difference of each beam
synchronize and follow, forming a controllable temporal and spatial superimposed energy distribution. The power
of the auxiliary beam is set to 60% of that of the main beam. This simulation experiment takes TC4 titanium alloy
as the research object and analyzes the thermal mechanical coupling results of laser path scanning under different
time and space characteristics through numerical simulation. The feasibility of this strategy is verified and the
changes in temperature field and stress field and their influencing factors in the actual forming process are
predicted. The results showed that by controlling the space-time characteristics such as scanning path, phase
difference and scanning rate of multiple beams, the residual stress in the isolated region decreased by about 20 MPa
and the residual stress in the multi-beam synchronous re-scan node reached about 870 MPa. Under the change of
spatial characteristic scanning strategy, the residual stress decreased to 760 MPa. Therefore, it can effectively
reduce the cooling rate of metal materials, superimpose melting effects, fill gaps, improve structural density,

improve surface quality and reduce residual stress.

Methods

Based on the multi-beam selective laser melting technology (Fig.1), TC4 titanium alloy was selected as the

A multi-beam laser isometric follow-up scanning selective melting forming strategy is proposed.
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research object and a finite element model is established(Fig.3). The selective laser melting forming and multi-
beam Selective Laser melting forming methods are compared through numerical simulation and simulation
experiments for analysis.(Fig.4) Temperature (Fig.5) and stress (Fig.6) were predicted, and the temperature field
distribution and residual stress distribution in the joint area and isolated area under different forming strategies are

compared. The residual stress and deformation in the joint area are controlled by optimizing the scanning strategy.

Results and Discussions Due to multiple laser re-scans in the splicing area, the forming quality of the splicing
area is poor. The cooling rate and temperature gradient of nodes within the isolated zone are not significantly
affected by the scanning strategy. For the splicing area, compared with the basic scanning strategy, the cooling
rate and temperature gradient are significantly reduced. In the same direction isometric follow-up scanning mode,
using the spatial characteristic scanning strategy results in a larger space for heat transfer in the Y direction of the
melt pool, leading to an increase in the cooling rate of the joint area. On the basis of temperature field analysis,
the influence mechanism of stress evolution process in multi-beam laser melting forming under the scanning
strategy of time and space characteristics was established and a method for controlling residual stress was
proposed. Compared with the basic scanning strategy, in the inward (outward) symmetric equidistant follow-up
scanning mode, the residual stress of the multi-beam synchronous re-scan node is as high as about 870 MPa.
When using the spatial characteristic scanning strategy, the residual stress in the isolated area decreases by about
20 MPa(Fig.6). In the same direction isometric follow-up scanning mode, changing the spatial and temporal

characteristics separately does not have a significant effect on the residual stress changes in the joint area.

Conclusions By controlling the space-time characteristics such as scanning path, phase difference, and scanning
rate of multiple beams, the residual stress in the isolated region decreased by about 20 MPa. Under changing the
spatial characteristic scanning strategy, the residual stress decreased to 760 MPa. On the basis of using mature
process parameters, the quality of the formed parts can be improved by optimizing the scanning strategy. By
selecting the space-time characteristic scanning strategy between multiple beams, the residual stress in the joint

area can be reduced while controlling the residual stress in the isolated area within a certain range.

Key words: selective laser melting technology;  multi-beam laser isometric follow-up scanning;

simulation;  space-time characteristics
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