832 B 2 W FEHEEERFR

Volume 32 Number 2 The Chinese Journal of Nonferrous Metals

DOI: 10.11817/1.ysxb.1004.0609.2021-40063

IR REE

2022 42 A
February 2022

E§

& ik X e s 1 Ak iz /Y
BIRTTH

LR, A4l et B feFEz?

(1. EEMT K MEEES TR, BEE 330063;
2. ZMEsag =, kil 528000)

EE, = o'

B B @ Ti-0Al-4V G =4 RuR, SRIUVIRD) A T A FBOL A RE R XHEX BOLE L2
JETURR B 1 R AT 9 B AR 7 8 A2 (R UM o A USR] A — 5 g Ta) B R 15 19 5 sk B8 7037, R AT
Sqarse/PCG H BRI MU tE. SRR BEERIREE P RO AR R 2 37.04 J/mm’
BINZE 74.07 Ymm®, W55 AT FG MR AR A S, VR JBE I S JEE e R UG e T P e, SR 9 S5 A
LRI —F. BEEROCARER T LRI, BARBERE) B NES, IR 6.30%. RN IR “H%iH
R FEIE A, BT EEA AE T RIS AR D, SRR G AE B ORI X LU AR UL S = [R]
FRARNLAIEER, AT ILBE A AR R B I I B M R A& S, BRI ZE 6.28%. fEREEEEN

37.04~74.07 J/mm’ JS[E A, SERMEMGIT, B/SK0 2 MR AR R 5T E 2R KRR,
XA WOLIAREESE; SLM: Ti-6A1-4V: TR JJHAL: JZHERAR N /)

XERS: 1004-0609(2022)-02-0445-11

SI3ctgs: R, FXA, MW, B0 RER

FESHEE: TG146; TG404

NaEktrEE: A

R I X O BRI A IR C Hr 0], T EA G

B R, 2022, 32(2): 445-455. DOI: 10.11817/j.ysxb.1004.0609.2021-40063
FENG Qing-xiao, LI Duo-sheng, YE Yin, et al. Finite element analysis of laser volume energy density on selected

laser melting forming[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(2): 445-455. DOL

10.11817/5.ysxb.1004.0609.2021-40063

1% X Bt 41k (Selective laser melting, SLM) &
— PG T2, AR S B RO E
FE, BRI Z M TSR By,
SLM B B RBR 2 — & Pudin k., W H g #r=4E
(AT W] g 2 SECE W A sl fh >, i pF
MIRIE R J1# R 3 E2 O Th & i =,
F A B S R s, o A R B AN L
PRSI LR AN 2, TR TR RE & %5 FE 0T e A
P e 110 52 e S A5 A% A B L A PR AR UL T SLM
FSCT 3k R () R A6 P8 B A N 3 B P 72—
FU %91 S A3 25U i 8 57 BR TR AR s vl R
SPREAT TN, E I S B0 1 AB AU, PR IE A 1

WANG 2551 F 5 BR 70 B S0 o 2R R 3 4tk
HENFRAR I T2, R IR A D2 S A R
BN, WS R A N . Gu 2D
W FEAS AR PE T IS ) A, a5 SRR
FF46 R B — B8 R = A2 N Jj e, il SaG IR
WD G4k 5y 77 AR B R o o sSr O
B, B BOGREE S BRI, 3161 BB HEIhIE
PR, SRAKIFHE, REEEN 65~85
Jmm® SRR AR, B, RO RSB
HREMEREAA BEE L. 2R MG LM
S BEVE AR A 77, DUAS PR AP 7 vk B A AR (R 1
AFAH . XTAO PR SRR T 20k X ot

EEWB: HFEAHRREEESEIH (51562027); {LP64 H SRR RIS Bh5H (20201BBES1001); YLP44 4 AL A RHL A H &=

FiHFIBAI H (2018 1BCB24007)
WisHER: 2020-12-01; f&ITHEA: 2021-07-22

BEES: =24, @R, Wt #BiG: 18170089973; E-mail: duosheng.li@nchu.edu.cn



446 hEA O RYR

2022 42 A

1k Ti-6Al-4V BIFRAR N Jsemm, 45 RFR I E %
(R REI KT Thfe A (R BE . B4 B A ZE R
IR R s A S R e P S R U B S L ST S
SR 5 ) Ay IO (= B i e e 1l B e N R B
HTJ' I‘Eﬂ [13—14] .

HRT, N AMIT T 23 X O ThaR L F i
PSSR AR Z, HE2HSENEER
JR R BOCRRE R A . XTAO 2\ A1
R E R THORIIR, RYRBOLIRAE
BRI, B, ARSI A, RCEE
RS DI RBE T MBOGARE B % B AT 7L, R
FH 258 B T I 7 AAUIS D) 22 T e 2% EXT SLM
ZIZDIURTE Ti-6A1-4V & 4 BT R S S 775
BHFIT, AT R RS R R T A i K 2 Rk 4% B
JIARAR A, IR F A B (R IR 72 I 15 52 B 2 (]
B0t LA AU 2 SR REAT 20 b, TF AR RN SLM
Y Ti-6A1-4V & & ZE 5 R N i iR 2% .

1 #YIEfER

1.1 BRTRE

AR A IR T A 22 ST )12 A — S5 M A 5 1
A, FERRUERE R, SEEEAT AR RS I 74T
KT ST IR B A 73 A B AT, SEBLIAD
ARG INITERIF R 5 R B (@) AME

2nd

'thickness
i ~

(@
1 ARIeHM

SERA PR T R A& R 23, R R ER 73 RST
960 pm X480 umX 60 pm, JZ/&F 30 um, FEHRE >
P9 1160 pm X 680 pm X 300 pm. A 7 et
FEEE, SEmesirt, WOt B HAEH xRS 7% H
ZNTHAR A, 328 B O B AR 23 SR KR 1) DY T
PR, K PR FE AR I VR0 20 SR FH 40 14 1 Y T A 1Y)
I DU S HERf I AT PuA 30 FE DB A% R 7 1) % A
T, HIG AT SE N 68630 F 181463 45K
W& R S B4 = ARA M 90° A% 77 =X,
B 1(c)fTor .

1.2 AOHELRER

i DO B A A — > PR o AR PR A 0 Y
HIFE, MBI B AR, R
KA KRR, Zd R & A E A AL T . Ti-6A1-4V
BE MRS HINE 2 R BCPETRRRE T
I S A = e SR, ()R

or of(,oTy of(,oeTr) of(,oT
Kb p WMRVEE: ¢ NEEIE: T N
FEs ¢ Fft it Ta]; k N SIAREG O ISR
e X WO OE R IPG L HOGE, Bk

1.064 pm, HFEOLEEERF & =AW E 1(b) s,
35 FHIF R TS 7 100 S 4 B Uk 1 v 0 A 7 1),

Fig. 1 Finite element model: (a) Mesh division; (b) Gaussian heat source model; (¢) Scanning strategy
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Fig. 2 Thermal properties of Ti-6A-4V alloy: (a) Thermal

conductivity; (b) Specific heat capacity
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Table 1 Mechanical properties of Ti-6A-4V alloym
Temperature/ Thermal expansion/ Elastic modulus/ Yield strength/ Poisson’s
C 1o0°c™ GPa MPa ratio
20 8.9 107 1100 0.330
120 9.7 1.3 980 0.328
220 10.8 99.5 844 0.334
320 11.4 93.7 663 0.339
520 11.6 74.7 527 0.351
820 11.6 352 60 0.369
1200 - 6.6 21 0.392
1600 - 0.9 5 0.415
x2 LE3H
Table 2 Process parameters
Laser energy density/(J-mm ) Spot radius/um Layer thickness/um  Hatch spacing/um Scanning strategy
S type: N layer, 0°;
37.04, 55.56, 69.44, 74.07 25 30 60

N+1 layer, 90°
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Fig. 3 Temperature distribution of E2 energy density:

(a) Temperature distribution of first layer 7=3.96 ms;
(b) Temperature distribution of second layer =13.05 ms
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Fig. 4 Temperature distribution curves of node P under different laser energy densities: (a) Temperature distribution;

(b) Temperature gradient
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Fig.5 Comparison of simulation and experimental molten pool width: (a) Simulation; (b) Experiment
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Finite element analysis of laser volume energy density on
selected laser melting forming

FENG Qing-xiao', LI Duo-sheng', YE Yin', XIONG Xiao-jing’, WANG Guo-bo', WANG Kai'

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China;
2. Jihua Laboratory, Foshan 528000, China)

Abstract: The three-dimensional finite element model of Ti-6Al-4V alloy was established to study the effect of
different laser energy densities on the thermal behavior and thermal stress evolution of the selective laser melting
multi-layer deposition process at low power density. In this simulation, the thermal-structural indirect coupling
method was used to calculate the stress field, and the Sqarse/PCG automatic solver was used to increase its
convergence. The study results show that, as the energy density of the laser body increases from 37.04 J/mm’ to
74.07 JJmm’ at low power density, the temperature distributions have a similar changing trend. The depth and
width of the molten pool first increase and then become stable. The experimental molten pool width and simulation
results are basically the same. As the energy density of the laser body increases, the overall residual stress shows a
decreasing trend, and the decrement is 6.30%. The surface stress is periodically distributed in a “Stripe” shape, the
stress is concentrated in the overlap area of the scanning track, and the stress at the edge of the substrate layer is
relatively large. Comparing the results of simulated with the experimental interlayer residual stress, it can be seen
that as the volume energy density increases, both of them have the same changing trend, and the maximum
deviation is 6.28%. Within the energy density range of 37.04—74.07 J/mm®, the simulated/experimental interlayer
residual stresses are inversely proportional to the hardness values after fitting.

Key words: laser volume energy density; SLM; Ti-6Al-4V; thermal stress evolution; interlayer residual stress
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