1A ] Founore KA S L

Vol.74 No.11 2025

ETZRBIRTHE TAIS KRG LPBF

EZH:/F_ jj '5 ﬁﬁiﬂ)\&l‘tﬂél F
5 F 8128 BRI B OF, B’ O

gkﬂz*ﬁ1, EE_:E’ 'ﬁ'
(1. db=mRE K=

SRELFI SEEEHIEER TIETD TRERARHRE, bR 100083;

2. PMMEBENBRHBRAE), S=INSEE 550005; 3. FMENIAHRR, =MNE=HE 550005 )

EEREN:
SKkBRAT (2001-) , %, R
T4, FTE2HRRHFEAE
MEhERE SR IIE.
FBi&: 13082787886, E-mail:
1134614069@qq.com
LET’E%

¥, B, #t, R
EEiE: 0851-88152190, Emall.
ranxingavic@163.com
®fE, B, L, BIFR
&, FiE: 010-62332598-

6832, E-mail: weixu@
ustb.edu.cn
FESDZES: TG146.21

NEftRAE: A
NERS - 1001-4977 (2025)
11-1464-12

BEamB:
FRENCFES (ZQT
202506) ; EREARFE
% (52301029, 52571028 ) ;
FERERARMEETEAS
FEAE T A2 ( 2023QNRCO01L ) .
WS HHE:

2025-03-31 RIS,
2025-05-08 W EIEITHS .

WE: NLUTALKE RO RIRIER (LPBF ) RIZIIETRIN D SZAGHITH, =2
FretREHTIERE, RET —METR-NEEEGHIMHEZRERTRE, ANTZ
S PEREE . XEERFSPEERT T RERUSIT SR, 5REE, BART
BRERRE, FHRIEELEE SN DHIT BT 756%~83%, &I RIREIEHITE5%LA
A ERTIZEERER, FRERRILETREESNDZIENBE. W, TERTESETR
RIERNDHERABZENTUESHIEDRAZE . FRERALPBFHZLEGEERE
RO jj/yﬁ/lﬂ}ﬁl]mb—\gﬁﬂ SRR TSR,

KR TALSSAER,; BUCHRIKGER (LPBF) ; BRBIRITE; KRN, T

T

12R4)iE ( Additive Manufacturing, AM ) {ER—FEHEIERAR, IREFREZ
THSRHSTZRIRE . B, B0 ARRERER ( Laser Powder Bed Fusion, LPBF) %
RNEEETMEEH—ARID SRR E, BlANBEATZHAMBERZ —,
FEBTZMRNGE. MEZNAVES, KeaEHTERENSGEHF M
MRGHEBEM, RTINS EY, AW, ELPBFAIIET, BT E%
ERSXIENESERINAFILE, STEFERERSIREZERIARN N, XN DTES]
1¢/%‘£DFAL1.—_|§:%€|>FWJREU%%, F—ERE LRSS EFHNEMmTEERF
2, NmEEENAARREY .. R, RAARLPBFELIIZ iR N SIHIF
Eﬁzmﬁ&,ﬁ\ﬂ}** , SFREARESIGNGEESHRFEREEFEERE X,

EE%ZLPBFEm%EE'JEJZH/JI&, ELUBS I SR RS MR LAY
BEHE. AT7TBEBRNINESESHNSHRA, HEFHIEELPBF T ZHaREET
12, BERIUSEESRTIZNA. #la0, VastolaF \MZH T —FhAIRTIEEIk S
A TCAEHEM ST FEFRVIR RN 087, FIFOTLABIS SRS BRSO CR R KL
MR SIEFY . ChenE ANETFTBIRTTHETN T TCAESHIKRRN BT, &I
BB Z BRI E U ERRN R RE RESIN® . LI AFFA T LPBFEZK
FIHRFE SRR, RR T 28 SAERME = TRERRYRT Irosm® . B
FIRAIRFEZEXRAZES . ZENZRNERTRE, ,\EPJ_£%DJZ):'$E§£§:\%JZ7‘
B SR E BB EACN DM . MEEEEBDEZ MM EARIEN—1E
MEHDHEANNIGRINR, BIIE—NNRIEIIE, EE TR *r*r.TSEEU
2, EREELHEENRMRIE TELE, B2BaRARDAFESENT
28 AMRIETISTES RN FHERESARN DR, HEBLEERE
B SNSRI ERIEEHH—F0IIE .

RIGEST TETH-HBENSMLPBRERERTTER . FHEZERNGREIHF]
NG RBERNT ZSH . FIERENE fiffﬁ:/\ﬁf“ 5% S MEEEEHT
LY, MESE T IZIB B SRS EFELINE . REHITTRANDIIEFEEN




20255 E1H/ET74E

3G IEIE, AP TIZAREESERRG A RE RV S
HEREA LN LN ERATTEEM . ARART
LPBFA G S ERTHRIN H/ZBEMS R ET
ERITRME TIICHKIE .

1 HieMHEREE

11 BREIRTTE RS
ASUTALSHE S I REME, FHBEESHE

BRI FHITALSHORIDIES M DSIERE S5

LB IRIE BB R R . TERTEISTE

o, (UG o 5 B IR, BTMTRINIREAT

L\ZBEAI, ISR AESS . EHAYRE B

AT

%Ké@g@ FOUNDRY

B SREhnH ., EFANSYS APDLIESZEZ
T—MEMR-DEEBESITNERREGRTE
RIS BFRLPBFE LI IE TR EH SN HIHRY
T, HbhANDEEBE ST KA 3IKEREDMN
MAOBN D ERER L, BRTEEBESITHEX
MBEHEEEE, Be TRENKEED . BNEE
WERNDBERSFKE, JLIRZINERRERD S
N AOBYEN, BB TSRS RENHREER
. FRBE A RIS R BN E LR, BEIRS
HREIR K/ NITR/NR, FIE N RIAI RS
HITEFNZREEIL, &ESEIPTFEHIET.
AARERLDREZERREF, BRREE NS

A

El ZEREEREREE
Fig. 1 Forming block by block model
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Tab. 1 Chemical composition and content of spherical TA15 powder W5 /%
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Fig. 3 the SEM image and the particle size distribution of TA15 powder
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TR EREEEZE™ ( Volumetric Energy
Density, VED) . HFBEEREHIIIZE ( Power,
P) . HAEEE (Velocity, V) . 3f#EEIE (Hatch
spacing, H) F0$#E#ZE=E ( Layer thickness, T) BT Z
SHOHE, HHREFTES. Bk ZEBRETAET
ZEHMNEBEREREE . RREFR T ZSEY,
HbS498E

F2 REHEMPERNIZSH
Tab. 2 Process parameters used in temperature field
simulation

ZHE PW VW (mm-s') Hmm  T/mm VED/(J-mm?)

P1 150 800 0.12  0.035 44.64
p2 200 1000 0.1 0.03 66.66
P3 300 1200 0.08  0.035 89.29
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Fig. 4 Temperature cloud charts of the three models under different energy densities
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Fig. 5 The residual stress cloud diagram of the three models at room temperature under different energy densities
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Tab. 3 Comparison of temperature field and stress field solution efficiency for different models under process parameter P1
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Fig. 6 Schematics of different scanning strategies
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Tab. 4 Comparison of temperature field and stress field solution efficiency of different models under scanning strategy S1
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Tab. 5 The supporting structure used in the simulation of
temperature field
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Fig. 9 Temperature cloud diagrams of a certain processing moment under two models and three supporting structures
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Fig. 10 Equivalent residual stress contour maps at room temperature under two models and three supporting structures
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Tab. 6 Comparison of temperature field and stress field solution efficiency of different models under support structure H1
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Fig. 13 Comparison between deformation predicted by the block-by-block model and experimental results
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Simulation and Experimental Study on Stress and Deformation During
LPBF of TA15 Titanium Alloy Using a Block-Wise Finite Element Method
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Abstract:

To achieve precise control over stress and deformation during the Laser powder bed fusion (LPBF) process
of TA15 titanium alloy and to enhance the manufacturing quality of high-performance components, this
study proposes an improved block-wise finite element model based on indirect thermal-mechanical coupling.
Systematic simulation analysis and experimental validation were conducted from multiple perspectives,
including process parameters, scanning strategies, and support structures. The results showed that the block-
wise model reduced the computation time for temperature and stress fields by 56%-83% with simulation
errors controlled within 5% compared with the traditional point-by-point model. In addition, compared to the
layer-by-layer model, the block-wise model maintained the simulation accuracy of temperature and stress
fields. Furthermore, under different sets of process parameters, the predicted values of maximum residual
stress and maximum deformation were also closely aligned with experimental results. The findings provided a
theoretical basis for the stress/deformation control and high-quality manufacturing design of complex titanium
alloy parts produced by LPBF.

Key words:
TA15 titanium alloy; laser powder bed fusion (LPBF); block-wise finite element method; residual stress;
deformation
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