20244 $8HAET3E

BETEEZERINE BRI HIER -

s A ﬁ '- ‘i
IS Founorw [T =

7

ST HEUERAR

AT
T

& i, KxRE, TR, KilH

(IFNKEFNHSBESTRFRARREFHATFT, T4 M1 510006 )

TEEEN:

& (1991-) , BB, #HIm,
B, TEMRRHFEOAE
BIEMHIET TR EEENL
E-mail: caoliu@gzhu.edu.
cn

FhEDZES: TG391.99;
TG249.9

NEtFRRAS: A

W ESHS : 1001-4977 (2024)

08-1065-08

3 =R

N S S -3 b A I TR
(k) A& & BINE
(SL2022A03J00959 ) ;
IS S g bl I~ R i
E5mmABEMHARINA
('SL2022A04J01376 )
WS HER:

2023-11-03 WEIXHS,
2023-12-22 WEHEITHS .

BE: SERBMHIEESIME DR TIRAEBALORAZ —. M, EISRAERN
PRSIRAIZERZ . R, AUBRME N ESORNARESEBRMHIERENEEMMNZ
—. ANEHFRSNERHEFSEImer, FRTEFELZFERINNEBIEMHIER-
BETHEERIHAR . H, ELFRFIZEIERE S8 T ESEE LRSI 2 ThY
BUEINSEUSZI, NAOBRMATNZEE A EEREERERENR/NIESIUE
W HIECBEERMASERMAREXN S BIBEMEIER-DBST ARG, KMMEERC
BEEMA R ENERIVEEZRRS, SIHRISZINE, HIHRIRRN KR
HrRSS; BELTROCREE A, ERIEES 2 BIEHHIER- DB EIT IR E KX,
XigE: A-0RBG1TH; EBMHIE; KRN, T, MO, HERU

TREMHIEFAISHEFUERIIERA, BRHFEVFREREISRA
HIERAR, BRSIABEIRTURARS G OEARZ—, A7, BFSEEMH
EEAESRERE. MIINTXE. FFESHREEW. BESRNFHER, &
HENKAVERNDSIRNER . FR. FURBRIEE T RESRARNAZEEERE
ghE R RNEERIE Y,

RIFRRENTR, REEMEIERRNAT D AEWARLS (>1 mm) |
SRIBFERE (0.01~1 mm ) FRAFERES (<0.01 mm) ¥, Heq, RIFERE
NRSIREMZLERARNEZRE . Z81, TWRESZARRDEESBIEM IS
RARNADEFRTAERKMAR . B, E2EPRAX (§FE BEBEF) 5
IR (FRFATETE. XEEATEIE. BERES) N5 ESY, RRTHED
FAEKE. SERE. SERE. Bk, ERMEENSD . PR B
EEERRNSEBIEMTISERM DM, FHRETEHRERAN. BEITZ
S RIS . KECHN R R RE DTSR DEEERE" . £
IREERB AR/ N ELE S S BBV HNSIRRN DTS EERRERFHINAEZER,
BRTR=BIUEEEEN, L ERRAMEL, EEEBERCIENAEE
FHE—EES.

HERUMENSIERTNEEMSTUULTFR, J5LRAR—EMAS
MAREBEBMHIEZRNDIERTE. SR BIEMTIERRNDERIMAREE
DAZKZE, ETRETNY ., FERU AR ZERETN ), Heh, #@if
BRETUUAFE ISR M2 BB SIER RN NNEZRE, HSHEATIHER
FEARB KRBT . ZERUARE RN ENREARTR, (TEIER
ERBTTERIRGBEMBIINITELEL, BIRAFMBAIERRIEWE . F RN
RAMBICEETEOERENIE BEREEUARR-DBEITEY, B
EER-DBEITEAKENE, BERABBRME. BEBXIEIEL™ . GPUiN
RIS NIRERS . BERETRNATE RN AEBRARRTR, HMEMESE




F

Vol.73 No.8 2024

sH [y ——
{EE Founory TGRS

AWM, —RENEXRETERRENRIZEMIZD
Bl —pekE o, BESHRMETSE, RIRBAR
IBAIBRENZEMIE Z%TZ‘Z}E%J: ISR IE
PSR SRIAMIRZEURE, BE RN BT M
IBRINEITE, Eﬂxﬁﬁﬁ)ﬁaﬁ’]ﬁ RS IR,

LR RBEMHIEARNDRUFARS, B
RETUN Regis B RBAK RN, BRERRRK
Z, FERERTEMENH AR I ZIER TR RL
IR . BEZFETUNRBE RSB ZRNEMIE,
HISEBERRIFINEARERN S BRER-DEETT
. B, JpZEEZFENAARNTEARERTE
MEIME, SpEERERNEZN BT ER TS
=, BEMUXABEEDEMNE, FEEITENERE
RRIEELSLURIE, #MBTRISHHBIRRIESR
NA5%, XEEFEEFRN S B EREUT AR
FE2FEE. A, SREENARETEFTEANES
BN DA IREE, EMEFISTRTZES ST
BRrdE), REZEE, MEANRENKEZEER
B EERERAS .

FHiE, AEEEEIN T BIEH FIEFE RN DAY
ATJ&LIE/ML}I, LX&@%AjJLﬁTiEEEH/F}_rXTL %—ég
KIS, AXEHFFRSYEIHHEFEEImer™
FREETEE E,,\\BD%H%E’JEJ:iﬁ‘f‘Mﬁ%JJit?ﬂ-jJ%%é
ITAMERIUAR; RfE, DITECREERASER
TR EXS £ BB SIE AN DR EFAIZ M, FF
SRt ij‘tlﬁ $SZEE)J$H&JETENJ£)=P‘M

@t

HISH- NIRRT, HTTHBES RN SIS R
t&ﬁ%ﬁ&ﬂ%¢w
1 #HERE

FBR LR BRSNS, I R BE 4l

HWIBHITANDE, MABENSPIETHNLERS
B, EFAERSHMABRTIRK . EETRITH
MANETRX, WzBTEE5R-DBEHE, &
W58, AREEEBEVHER-DBEHE
WE, AXMETITEHSRIZ: OREINBIEH
B, ﬁﬁE}xHﬁ%HfF%}Jﬂumf RENKSIEE, LUAZ
B RINARRIR; @B ASREEMRE, H
PFARNRERL S

11 EEET %Uiié:f’éiﬂ’fﬁﬁ'z

BFRIEMI R, XENE BB HIEER
BRI AR ARIIRMESIRHI 2.
pcpg—t:V' (kVT) (1)

L pABE, kg/m®; ¢ ALERE, ) (kg-K); TH

BE, K; tAeE, s; KRS, W/(kg K)o
PN RE R TR SER R, HR, X
MIEARIARZM R (2) , REERENBREKMER

W (3) . NEHESTEANITE, BEK (3) %
MR ERRE (4) .
aT, . oT
—kﬁ_—k(ax +a—yn+ Ln)=n(r-1,) (2)
aT ar,  oT, dT, 4T
S —k(a—xn +a—yn+az ) =on (T*-T%) (3)
42T, T,  oT
_kﬁ_ k(axn ay " aznZ) (4)

~on(T3 +T T2 +T2 T +T3 ) (T-T_ )

bef ext™ bef ext” bef ext ext

N nARERYNEDRNEE; n,, n, nIfE=1
AFRES A D E; hRTRIEREE, W (m?-K);
T. . RINERE, K; oStefan-Boltzmann&E £,
W/ (m?-K*); n AERBEESE; T..0LE—HZE
E, K.

1.2 EREBEVHIEHFEE
A FTR ARG 5 R N -

gj-vf =f (5)
ezg[w;(w’) m (6)
T=2ue+ NV + dI-B (T-T,) 1 (7)
Hr:
et (9)

b dAMBEE, m; cAMIKE, Pa; fHAR
A, NIM’; & NMEKE; u, IDBAE—. BE-H
IR, Pa; FREREMKE; ARRWIKRE, UK; T,
HBEEE, K, ENHEES, Pa; K.

1.3 EEMIIER - TSRS HERE

RXENFTREYIEHHEFSEImer™HREERE
IBHFIER-DIBET AT . FLINREIZFIN 5%
FBEITE, EEEEEImerpTiZ2{tAIHeat Equation
FOLinear elasticityf®1k, FFi5EHeat Equationt&EIRAYL 5
iR 2, FLinear elasticity@RAIMIERIZ 91, HE
MELFERINTEET, FEENBody forceIge,
mE T Temperaturelt & 51U 7 Displacementit & 780
WAV SRS -

Temperature Passive=Variable “time, Coordinate”

Real MATC “if (tx (3) > (0.005+tx (0)

*0.0003) ) 1.0; else-1.0”



20244 $8HAET3E

Displacement Passive=Variable “time, Coordinate”
Real MATC “if (tx (3) > (0.005+tx (0)
*0.0003) ) 1.0; else-1.0”
IREHIRIBPTSEIIAVIRER . ERSE 95 mm,
PHZBXIEELA0.3 mm/sHUIERZSRZ0) IR, RAETHERRX

PRI 5>

. FyH
IRIE AR FDUNDI"’H-’

RBETAHRME, RBLTHERKNSETTES ST
8. BUARTELZFRENMIRBINSBESIER-1
BEMmEME. FERBIE, T3 AERFGEHE
Yo mig, LUARIDaliR EMMSHSEERITAE
RERAIERY .

SR

A

Bl RRE
Heat Equation 88838 . Linear elasticity
HURBOE. AR EE

S

EAUR AR
BB R SRR, RAHRE

i

VSR E
ERMESY. FHDES %

RRSHLE
WA, PR, FEMERE

T SRS SE

s

RBEHR AR T R SR R A MR, WRAH. MHRBALR. W

Pih & SA T R E

SHMIAR

Bl EFESFRFNEENEEISHIER- RS hERE
Fig. 1 Simulation flow of MAM thermal-mechanical coupling based on the continuous layer-by-layer addition strategy
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Numerical Simulation of Thermal-Mechanical Coupling Behavior of Metal
Additive Manufacturing Based on Continuous Layer-By-Layer Addition

CAO Liu, ZHU Min-fu, LI Jun-rong, ZHANG Qin-dan
(Institute for Systems Rheology, School of Mechanical and Electrical Engineering, Guangzhou University, Guangzhou 510006, Guangdong,
China)

Abstract:

Metal additive manufacturing (MAM) is one of the core technologies leading the third industrial technology
revolution. However, the problems of deformation, cracking, and degradation of corrosion resistance caused
by excessive residual stress are still one of the major bottlenecks hindering the MAM development. In
this paper, a numerical simulation study on the MAM thermal-mechanical coupling behavior based on the
continuous layer-by-layer addition was carried out with the help of the open-source multiphysics simulation
platform Elmer. Among them, the continuous layer-by-layer addition was realized by controlling the activation
state of the elements in real time based on the information of time and elements’ positions, and the prediction
of stress release was realized by artificially setting the Young's modulus of the substrate to a very small value.
With regard to the effects of laser energy input and substrate preheating temperature on the MAM thermal-
mechanical coupling behavior, it was found that with the gradual decrease of laser energy input or the gradual
increase of substrate preheating temperature, the displacement of the component decreased gradually, and
the residual stress level of the component was gradually weakened; compared with the laser energy input, the
substrate preheating temperature had a greater effect on the MAM thermal-mechanical coupling behavior.

Key words:
thermal-mechanical coupling behavior; metal additive manufacturing; residual stress; displacement; stress
release; numerical simulation
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