%43 B 6 W
2007 % 6 H

IR S B
CHINESE JOURNAL OF MECHANICAL ENGINEERING ~ Jun.

T& Vol.43 No.6
2007

$5HR RSN LA 15 45 ith 355 B A0 [0 R T

B R
(AR BRI 5578

R E

250061)

E: WO EIUR(GTAW) I B AT 32 1 70, IR IE ) J) AR, 3R I i B (0 2 P o A
PP AR SO F IR R W I 3 B (1 2 N D I8 . KVINRTE 70 ERALRG, - JF A A SR IO A AN
RN AR AR AN AR N AE AN RIS R R (0 S i A Ve o R 4 R B U — 20, B0k T Pt oAy iy

SEF P .
KR AN BE B Bl SRR
FE SRS TG444

0 FAls

CA IR SR 2], S R4 I T
SEBRBRFEIMEEAR, dimEd R, 58
PR, HOAR SR A4 R A, 4
KPR AR S I M g sy, Wil gy
SEMIEE T ESH0E R, BT B 6] 40 i 35
B ARAREREAT 70 i slAIr, Wi AT ReSs A e
Mo S8E, s X SR AT S bR
X PRUA SRR R R vT g ol T B b, TAF
BedE s, SRR R ICI AR S T . AT L, FEEE
SLAF RIS RR B I TR I, 0 it b b 5 15
BEAT ER R TI0I 5 4 Wy, B B B SO L
FESE A

T X B N (Gas tungsten arc welding,
GTAW)MS BT 432 ) 73 b, S B R i)
D)5, IBEE Eah th it e B 5 15 1) ) 2 s
THSLIF I8 AE FH AR 06 s DX ) A5G T B0 J) F S £
715 T GTAW AN RIRA TR S AR I ) 5 i
TAZHGH]; i T 250 k50 Uk B LAY )
IEAf PR A FEPE

1 A

11 BEEGZhOH

Bl 1 )& GTAW MiE it sz )y s B AE e
M DX 0 it S A s R ) E A
3~ ZRIK S T AR TR AR I S 3 ) FE )
B,

*OHOE MR BRI R B H (104109). 20060822 WLEIHIFH
20070123 W 15 ke

Bl 1 ik it o b

111 Hh

i IE R H) GTAW, 238 5 TAF 2 )4y
TE— @ MR, SR ) 234 6 T AN &
LXTRR, TR PRETT N TR e E . SO R
SR JJRREIA A Ao, HHCERE R .

M (e—upt)=0 I

2 2 2

Hol 3(x—u,t) 3y
x,y)=C——exp| —————— |exp| ——
P.(x,)) 57 p( 5 Pl=3

M (x—uot) <0 I
1,1 3(x —uyt)’ 3y?
prlo) = o] K o 2

] 2

Reft o —— B
I —— g
o —— MK
oL
a, by, by T E SR KNP B S
C——HINENEEFY, SHbii. i
K B RS (R AR
AT
T, AERIAESA R AT
F, =], pa(x.)dxdy @

FA )y 2T R RS X3k

A @




2007 4 6 H B WA AR I A A B 1 ) ) T 69

1.1.2 sk )
X s B o 7 A L R W 1) 2 R THT 9K ) 1R T
griE. b AR S TE A 50N
F, = j/l o, sinadl, (3a)

F, = Lz o, sin Adl, (3b)

At o, oW L. NERIIK S
o, f— b FRMEK 5K
Ly, hb— b R A K
113 [ A B o) 8 i 1) S 4%
WS R e, UG e T ) b ]
A T B A S 4, )

N. = pg[, hdd. = pgV, )
Ref
g —— IS

[ hdd, ——hite R T A 1SR

M L REZE B BRI S8 A
TP A L R A AR R (XA R AR A
Fr o i 440
1.14 =)
A S s i e, 5 EEE R,
CIES2V)

G = pgV = [[], pgdxdydz 5)
N
115 85010

BYY) )2 B T4 B AR AR, AR
T LRI, WA AT, s AL
Pa® T LRMAS T RARAN, I8y ) 4k
Gy AT /AN . SO 2 BY 1) R i 3 B PR SR

TS UL F T RV D) S Fs it i N
se R N AR B RSN T, R R B R AT B
FEREM o
1.2 h=EHE

HRE AT R 0B, AT HE R AN B ) ) 2 1
A

F01+F02+NZZ G+F, (6a)
Al AR RN
j/l o, sinadl, + Lz o, sin Bdl, + pngz hdd_ >

JIf, pgdxdydz+ ﬂg pa(x.y)dxdy  (6b)

OV AL AT R T b AR AT A, BN
#91; R(OHUR AR TR FUE AL, X
iR AES R, AR MR By
BRSO WA @ i S AN TR
By, it ARUEAAAE s S, MtdRkE, T

PRRERR 5
2 BUETTIA

FIH Visual Fortran Zwfs, K H 25406 115 vl
M, PR TR i REgm.
TP R KB 5ty HAR R, WS
K. AJERI . ARBR RAR R AR RIS FEih AR
WY Wy, RIARE . SRR R
A AR T F2 A R e B At 2 3 CR
call 1H), A IS ECRH use W ).

PRI AR B TR TP 2 G, 16
TS JG TR PAT « iSRS ) R TR R B ),
MIE S aksl; MRS )/NT BT, R
Pk, IFE BB RA IS B AR o IR
by NERTK D) A SRS AR 2
DI TR, R B MEE IR K S % .

(1) 5K J7 245 B R 2 (0 R 40, JEHX
iR A

y(T) =y — A (T=T,) = R,TT,

ln(l + ko, exp [ _1?1;{0 B (7
g

KLy ——Kimk T

ym—2l4x JE AR R (R T K

A, —RIMK I HE

T—

T 51

R, — UM 4

Iy — R R 24

ki —— b A1

os — A &R TG ETC R TR FE

AHy— T8

(2) ANTRIE ZUAS [ A7 B AR 1) sin o Rl sin B AEAN[F]
(1), A P TR R E S BOR KA 1 71, R
N

sina = D, (8a)
JD +[(b+L)/3]
. D,
sin f = > (8b)
D +[(b, +L,)/3]

A Dy Dy— b B TR IR T BRI
by, by—J it Ly TN AR
L, Ly— it b FER A
(3) HI Tt (i e A2 K LT AR, A
1 ASBEAH B 23 1) 7 ORI . R iR
AT AR K, A



70 LM T OB % R 54355 6 W
L)
L:ZDXZhﬁf+UFU+D—FU»x@T (9a) fPet.
i=F 0.018
By
12:ZOXEZde+UBU+4)—BU»der (9b) 0,015 =
i=By Z
KA dyy dy ——x y 7 KRS T B =M, T
Fi, Fy —— R A BE 1 A7 0.009
By, By —— NRIMAMA 1 RS & . | | | |
F(i), B(i) — by FERIA i AR ) Rk 3 4 W@m 6 ’
B3 SRR R (B AR
3 5 i )

X F 45 8 I I T2 2 50(0Cr18Ni9, 3 mm,
110 A,15V, 120 mm/min), &IN5 TAE 3.7 s I 42
Ji% s R IS R, S A FRE#Y K, 7E 6.5
s e AT IR IR B 2 e AR A

WA BIERRASIX — 1 F st o 45 S 4% ) Al
NN, W2 B, i b, NERm
KA N, AR R K D R A = o,
S E S N T 2 N 1T | /A RIS e D
BR, T IS SRR A I R
RN B AR E KT R IR & 1A
o TAFAIEIE G LR LT TR FE AR A K
A IROKIR AR Ak, DRI FRLI g B (] PR AR A AR Ak
P AR E RGN, X SRR T2 R AN
TELLRGE B PR — 300 [ ot i B G s 1) S 4
015 HABDYAS g (1738 A R 3 AR e ——BE G s a2 o
(AR, [ A T B T J it 1 S 4% ) SRk, X
ST R Ay Bt A e 2 PR TR S o, ot o £ i 82
I i i S A BT ks o

0.0181

0.015

Z 0012F

58
= 0.009

0.006~

0.003-

0 | | | 1 |
3 4 5 6 7 8
W £/ s

B2 it it s D Bl L

FEAE i T 52 Js SCEE AU R 38 01 i sh 2224k
Wk 3 Pros. fEkE i W IE BRI T, &
SCEE IR T H T BEAE F I (A R AR AN T T, {HL
BXHENIRERTRTE), ZFEACAFT
FEMLROR, RN 3R] LAZE 70 DRAEIE IZ 45t R AR

BHEE 4 e iE it % 83 R R
E o L . eI R, WA 4a Pros, L
Figk HTEE =T BN 29.2%, FERIHK )
T EH BT LR 41.2%, [ 44 T B it i
TSNS BN 29.6%. 76 NIRRT, WK
4b FioR, RSN 16.0%, JEHE SN 84.0%. 1
K 4, BSZ3ETI N 50.3%, i REITN 49.7%:;
FRERIBUE I AR 2, AT LA B S A
SR IRIE RN T ST .

(o) ZHNE T
Kl 4 HERSAS Nt T 52 25 73 0 11 73 B 2ok

X0 € A ORI, U SRR A e 1 vl
U B WA R VoY AR : T | DS N =2 AR DI I
feit B AR IR TR, RT3 AL T R Y
. BSCETERN, ERRE RE A . R
M7, BB BRI, FT e SRR



2007 # 6 A Fed

W5 R G TR 28 5t 3 o A 0 ) 000 71

MM Q) TSN, Fooc ), $EITE K, 1M
] A< pH T B Tt ) S 43 ) S ks, 3K IS A
RH [ p 2 100 A28 TEAS B 56 4 IR 38 K (R st 1
Wy, I Inla, TARREERE, SRR,
1B AFEAIRE(SS304, 200 mm*50 mmx3
mm) 7E AN [P RE T B il FH P 4 e T B A 7 1 1
Wo X 2 RAHEARNAAE(Q235, 200 mmx50 mmx2
mm) 7E AN [P RE T B i FH P e v D B A 7 1 1
W B S R s 2RI 25 0. aTLLEH,
FS T R0 4 B — 8. FIHA ST LI
325 5t 2E AR e A LU A T Hb S s b 1 8 2
BN, B RIS,
£1 THEMREEERATRN
SR /A
80 90 100 110 120 130 140 150 160

PR

uo/(mm + s7)

15 P P P P P P B B B
2.0 N P P P P P P P B
25 N N P P P P P P P

R 2 RBSRIR AR E R AT

a3l JRIEI T/A

ug/(mm =+ s™") 60 70 80 90 100 110 120 130 140

1.5 N P P P P P B B B
2.0 N N P P P P
2.5 N N N P P P P P B

TE: N—RHE P—HE B—IL%

2501 o Hiks
. W
2000 & s "
<
= n
e 1501 u
_EJ [ ]
% 100 .
Y A
r'
50 =
0 I | I ]
0.0010  0.0015 0.0020 0.0025  0.0030

JEBEHEE u/ (me s
B s ARG 45

4 i

(1) X} GTAW BibgkAT 14102 J 00,
SETHEIE ML) ) AR, JRE T I A )
FAHE—— R RS AN T RNy, g
WU AR EAZAE, 3 WAt 35 b o

(2) M P BT SIF 50 T RS EAFAE
JEE AT A0t S5 MR B A 1 54 0 R B2 Ak
HAHT T I3 RTINS L

(3) I I S LA AN AN TG e M AR A

AN AR R L 1 AR L v LA T T T
WIS RS R TAR — 2, Ui T P R A
A1 BB S

2 %X X W

[11 H&T. TIGMIG BRI S R R BE
HT[D]. M&/RIEE: e IRIE LK, 1993,

[2] FAN H G, TSAI H L, NA S J. Heat transfer and fluid flow
in a partially or fully penetrated weld pool in gas tungsten
arc welding[J]. International Journal of Heat and Mass
Transfer, 2001, 42(2): 417-428.

[3] LINM L, EAGAR T W. Influence of arc pressure on weld
pool geometry[J]. Welding Journal, 1985, 64(6): 163-s-
169-s.

[4] YAMAMOTO T, OHJI T, MIYADAKA F, et al. Simulation
model for MAG arc welding as an engineering tool[EB].
Materials Science Forum, 2003, 426-432: 4 057- 4 062.

[5] VARTEE, %, TROGEL TRRAA M) dbnt: RBE#
HifiAL, 2003.

[6] MCKELLIGENT J, SZEKELY J. Heat transfer and fluid
flow in the welding arc[J]. Metallurgical Transaction A,
1986, 17(7): 1139-1 148.

[71 SAHOO P, DEBROY T, MCNALLAN M J. Surface ten-
sion on binary metal surface active solute systems under
conduction relevant to welding metallurgy[J]. Metallurgi-
cal Transaction B, 1988(6), 19: 483-491.

PREDICTING OF THE COLLAPSING
FOR COMPLETELY PENETRATED GTA
WELD POOL

ZHAO Ming WU Chuansong CHEN Ji
(Institute for Materials Joining,
Shandong University, Jinan 2500061)

Abstract: The forces acting on a gas tungsten arc (GTA) weld
pool are analyzed. A mechanics-model of the completely pene-
trated weld pool is developed and its collapsing criteria are
given out. The transient variations of all the forces, which affect
the weld pool collapsing, are computed and discussed. Under
the condition of different welding velocities, the suitable values
of welding current are predicted for GTA welding stainless steel
and mild steel sheets. The calculated results are in agreement
with the experimental ones, which verifies the practicability of
this model.
Key words: Weld pool Penetration Deformation
Collapsing Mechanics model
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