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Study for Evaluation of Temperature Field during Welding
using Particle Method
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Considering the effect of the complex phenomena during the welding, for example thermal deformation, phase
transformation, residual stress, etc, is important when the welding process is used. All of the effects are caused
by heat input and conduction during the welding. Therefore, evaluating the heat input and conduction properties
during the welding is so important in order to understand and control the phenomena. However, the weld pool
has a fluid flow with thermal conduction, a free surface, and an interface between liquid metal and solid metal.
The dropped metal also supplies a free surface. These kinds of analysis are difficult to simulate using the grid
method. In this study, Moving Particle Simulation (MPS), which represents the fluid flow as moving particles
and can more easily evaluate the fluid flow and thermal conduction with a free surface than grid methods, is
used the analysis. As a result, the thermal conduction analysis during the welding considering the thermal

conduction and the fluid flow with a free surface in the weld pool, is performed.

Keywords: Particle method, MPS, thermal conduction analysis, hybrid method, GPU

1. [XCHIC

BRI TBE G 2 2L - BB L, TIUC K Vi kA
L s —IMEESE AT a A THY, MTHEOBZ L -
T, BRG], RSO EOZ b7
L, WEFMREO DI EE H. 2 Dk~ O YEH
BPELD V. 20T, EHEEOBEARHIIE, i TRFOE
(TR D% B2 0T BIET 5 2 LR b
TEY, b ZEHIE - FHET 5 5 2 TR OAZ -
BLEGRFE ORI EE CTh S,

WS, FEROBBEARNTIC K DVABE R ORI OIRE
BB DS TOIL TN D28, TAEAZRIGR
T HWBREIROT X TEERE LT 2175 2 &1
BEL <, —fRIC, WG A BB T 0 BRI,
Flix DIE AR 2 2 & CUrABEBI S % et L3
VEREIC & LIATe Z L3 BRIC, TERLD A P ol
TICPE S W aRiR L, B R, BERAEEES
B, BumSHROEMMHAEERTH Y, BUEffT -
OREES DG, B F DRI T T2 o
DEBURTHS. LoL, i LROIRES; - RO

2 - FHm AT T > TS 9 2T, AlFEm, BERR
HALE D B, BMRESRROEME A ER %, Tk
FRIEOWRBES & &b ITH BN 5 2 L1345 % E
TEFTEELRSTLDHEEZLND.

Z 2T, MPS (Moving Particle Simulation) 72 <> SPH

(Smoothed Particle Hydrodynamics) % {2tz S 5k:
T, BHEE-CREOREIL 2L O fiti s LR
GNIRITS 5 2 & B ATRER T FIETH Y, Zo ko7
AR T 28 e FETHL LB BND. £
TAKIZETIY, RiFiE% I m R o Eks FER T

AT 72 AR & LT, IOk E TIIM s INEE T &
STZIREY A Y Ofifi Pt -« & — NERGEED H R

&tk O Bitt, PmsHS s, EHHEFEROMRES L
& BITHE—HITHRT L 7=

2. BWFE

21 BE
MPS BIA+ETIE, LAUFIS R B BRE VOl FH
PREE o U TR AAER OFE AT 24TV, ST A



FET NV THEI L ZAT .

72720 r, o ROBAR

T, AMETIZRLED O b, WHHLRES TH
0 KSR ORFRETIETH D MPS BfEED % A
Wz G, ARRFTTCIE, LRI IEEREETA D
SE R L VR ORI AFET 5 CREFHE S
1TV, BHER ORI ~D NEN, BYEHORFR O 2175 .

pBK=MVW—VT+f @)
Dt

72720 p: B, v HE, u: kMR, P TS,
fi4h

S5, WHHLE S T D MPS BfiEORHE 240>
+<, GPU (CUDA5.0) @ ZHAWCiEsbE1T-TH
0, PERAL KBRS E~OBAMEZ R L T\ D. &
2T, MPS Bt CIIEN 2RO DB N TORTHB)
Z, At E LTA@) ZHWTEY, H#E ¢ O
E~ o 02 IR L5 L9 1IcED DY,

P =cz&(ni—n0) 3)

TIEU ng - AR EEEEE, d 5 ook

T2, EEEROREREINT, FRKF-OREE IR
HEMRLVUTOXG) L vRDHN, K () DIIAE
WCE 265, F£72, FERIFG6)T =097 iiT-
FRT- L5

fi=oKon Q)

n; < pn, ©)

72721, o: REEIMRE, «: FEOHE,
S8: TFIVEE, N REOERT v

22 REBHTFE
TRERENTICIE, TR DI Ik kit 2 %5
BUTE, LURIORT 2 SORE VTR 217 5.

D—h=kV2T 0
Dt
h= f cdT ®)
72720, ¢ BB ko BMSESR TR,
h:xT ALY

FEFTICER L i, (DAL ZLL FIZRT MPS D7 7'
VT ETIVCHRNCEEIE AT 5 — 5T, K@)k
DN Th iR RN EUHT2 28T, BLAT >
T BNV ERREA~E AL, FRAIERED
2.

2d oL
<V2¢>i = no_)L “ [(¢] - ¢1)W(|r] - z|)] ©
ZZT,
3|7 w7
A= (10
2wl
7o, R ONEL- ELEFRIC I8 T 5 -ty (mushy

zone) MRAFENZG 2 DB OWTIE, AEIFLLT
Tt RN EFAOTRIT | OASROMEE v (IR LE
BT 2 v & LTSRS EE L T o,

<!

(1D

I
<
<l



1 (h, <h)
y=1 (h—hg)/(h,-hg) (hysh<h,)
0 (h<hy)
(12)
ZIZT, hIGEEERRRFOT VY, b 1 35EAR
i Ea N R e

3. BPRERETHOREMOEZ
R & LI-RERT

Fig. 1 ITRT X 91T, VA AT 2% AT OV TRE
RN 24TV, T T S A5 TRl B B s O IR Sy
(252 iR A FHR U7z, 25RO WIHRREL T 300K Th
Y, Fig. 1 ® A TRTRFITIL 15 Vmm® OBGE)ME5E
Hz6NTEY, Z0LxOEEIFH2700K THD.

21

42

(unit : mm)

Fig.1 Analysis domain.

Table1 Analysis condition.

Number of particles 2688

. min (0.2 Iy/Vinax , 0.5¢0/m
Time step [s] 2

0.45rcly’/l)

Particle spacing [m] 0.50x 10
Gravity [m/s’] 9.8
Initial temperature [K] | 300
Melting point [K] 1773
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Fig.2 Analytical result.
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Fig.4 Integration method.
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(b) After welding
Fig.6 Continued.

/IIL

B, Dropping

-

Fig. 7 Dropping process during welding.
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Fig.8 Penetration shape.
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