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Role of heat sink in gas tungsten arc welding with
trailing spot heat sink for titanium alloy

LI Ju', GUAN Qiao’, SHI Yao-wu', GUO De-lun®, DU Yurxiao’, SUN Yong chun®
(1. School of Materials Science and Engineering,
Beijing Polytechnical University, Beijing 100022, China;

2. Beijing Aeronautical M anufacturing T echnology Research Institute, China)

Abstract: The distribution of temperature, stress and strain of titanium alloy Tr6AF4V thin sheet were studied with
numerical simulation and experiment during conventional gas tungsten arc welding and gas tungsten arc welding with trail-
ing spot heat sink behind welding arc, also named dynamically controlled low stress no-distortion gas tungsten arc weld-
ing, the influences of heat sink on temperature, stress and strain fields were investigated, the stress and distortion control-
ling mechanism of dynamically controlled low stress no-distortion technique was discussed. The results show that, during
dynamically controlled low stress no-distortion gas tungsten arc welding, the saddle shape temperature field is formed due
to the intense cool effects of heat sink, there exists the lowest temperature in the heat sink applied region. High tensile ac-
tion of metals is generated by sharp cooling of the heat sink applied region, which decreases the compressive plastic strains
in heating process and increases the tensile plastic strains in cooling process within and near the weld. The incompatible
strains in the joint decrease and the residual stresses reduce. T he simulation results are in good agreement with the experi-
mental results, which proves the effectiveness of DC-LSND technique and the validity of the finite element model.

Key words: titanium alloy; gas tungsten arc welding; heat sink; temperature field; stress field; strain field; finite ele-

ment method
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Table 1 Thermophysical parameters at

room temperature

M aterial parameters Value
Surface emissivity 0.3
Solidus temperature 1604 C

Liquids temperature 1 660 C
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Table 2 Welding conditions

Welding conditions Value
Welding current 200 A
Welding voltage 1.9V

Welding speed 3.3 mm/s
Arc efficiency 67%""
Heat source effective radius 5 mm
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Table 3 Heat sink parameters

Heat sink parameters Value

30 mm

Distance between arc and heat sink

Cooling media flow rate 6.67% 10* mm?/ s
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Fig. 3 Temperature fields for

conventional and DC-LSND welding
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(a) —Residual stress; (b) —Residual plastic strain

FIJE ) 5 4% R N AR AE /N T4 L) e IR B A, IR T
“IIEAE R BV H I R A A g AR P A
M CEME N AR =4, IX — 45 05 SCHR[ 3] H T4
H ) SE B MR 2 SR KA IR TR AR Y ) ) I
KT AR JE IR AR R, 5 4% o 1 B2 Y. 7 W6 — A2
H20.6~ 0.7 0”145 4H—2. DC-LSND /& 0~
3.4 mm HIFRR LN Ty, RGP LIRR KN ) &
K(180 MPa); 3.4~ 11.7 mm 0248 KT 45 X AP
HERARPLN ST, N IIEBCH AR B - TR AR B
I JJUEAE N 356 MPa, AFALTIREEF .0, T R&AL
TREB R0 8 mm 4b . [FEF, BT HUTHIRH,
TR IREEX (y> 12 mm) P 45k 4R BV 7 980/ &
LR IER) 1/ 3, B B B & T I 54 R A8 R )
Ja B = RFSRTE

BT DC-LSND 42 % H YL, BEIK T 5K )
FRARIE AR, AR T 185 iR AR N 7 A2 3 ) 43



* 1306 * o E A 4R R

2004 4 8 H

s, BT Ll LR T 228, B2
AR R AR N AR TE I H 1

H T WUEAR FRIG A B S5 R IR A, SEER &
THI GTAW 51 DC-LSND GTAW 48 TC4 i
XTI R AR N T 43 A5 o A RS SR 4 4 A
5 HUE BRI BT F AR AR R o B B AR 7R
DIZREIRE, KRNI AR A AT I =, 0 & %5
50 mm, VIZREHLDIE], WELRWE 7w,

600
s — Conventional welding
& —DC-LSND welding
400 -
£
& 2001
o
0 -
..zm | L
-80 20 40 100

yimm

B 7SI AS 0 1 B R N A ) 2 A
Fig. 7 Transversal direction distributions of

residual stress measured experimentally
under two welding conditions

KI(7) 5K 6(a) AHEL AT 5, AR GR RN T 7
RS HEAR I R — 8. FM GTAW JEIE 5%
BRI S K 439 MPa, 1% 18 K B
BN N IE, 5 FEA TR 4% .0
N ST UEAE AR BEXT B LR, DC-LSND #5% 47 W 1y
WA AP Y B AE ST 44X (258 M Pa) . DG-LSND 4544 h
A B I 7 S8 SR T RS (R AH AL, 4% N 1
BRI ) KBS A B A% . DC-LSND #7457 48
DHETESRSLRERA—E xR, BT RAE
BN PTUIZEZNIEME, NS 4%, (K
T AN BEI i H AR 4% O X R B AR R AR T

THE 2 RS0 R B, 75 W5 5 0 58 v 4
DU, REWSAEIREEIX FIIT 451X 7= A s P AR AR, BRI
TR IR RN IR R IR AR BB N AR, SRR R N
A I AR TERS, IBEIEHIN 1 5ZTER K .

4 4w
1) £ DC-LSND GTAW #£9, BT HIIAR

TEM, R LR SR B 8, PUTHE AR AL
A% S AR . BT A4S Fa a5 3T

B PR 4o e U R T A, 2 Xl R R Y
K.

2) 7E DC-LSND GTAW &+, Byl fE H 347
G 1 2 WL ot L 4 7 A i 2 ) B A
A5 5% J ST B4 X 4 S Tl I et v 7 A ) s 4 9 1 Y
ARyek/IN, VA EIERE A AR A SR AR B K,
AN AR D, FR AR T A

3) VLM, MUTHRH AR ELE SO
BRAR R N AR o IR A AR g b, IR X R 4 Y
AR o SRR AR AR Y. T B B ) AR Ry R
73, WTHERFRARDLRY. I A, B ) W Af i 7R AL &
B H B GTAW 2 1) % 4 F .0 % & DC-LSND
GTAW JRIT 48X . K H # TR AR AR Y
TI7KPREAG, 45RAR R N ) AIG T I 5 SR A8 8 ) s AN
AR T, Xk & DC-LSND fR1E N ) 38 T
(RIS B ALE

4) LR AR SHERNS R E R, AR
TUREIA RObR 7R T ST BV AR AR ek
RITT, WAMEEAR TG RIAFUR K

REFERENCES

[1] Joseph R D. Metals Handbook| M]. Ohio: Metals Park,
1990. 634 ~ 646.

[2] ®AF, UHEW. ek s e rae
H G 0482k, 1997, 7(4): 97~ 105.
XIAO Jinrsheng, XU Guo-dong. Several ways to im-

JRAE[J].

prove mechanical properties of high temperature Tt based
alloys[ J].
1997, 7(4): 97~ 105.

[31 % M. SRESMEMMARKEERN I E5Z]]. s
A%, 1979(2): 37~ 41.
GUAN Q. Welding stress and distortion in titanium alloy

The Chinese Journal of Nonferrous M etals,

thirwalled structure[ J]. International Aviation, 1979

(2): 37~41.

[4] GUAN Qiao. A survey of development in welding stress
and distortion controlling in aerospace manufacturing en-
gineering in China[ J]. Welding in the World, 1999, 43
(1): 14~ 24.

[5] Michaleris P, Sun X. Finite element analysis of thermal
tensioning techniques mitigating weld buckling distortion
[J]. Welding Journal, 1997, 76( 11): 451 —s~457 ~s.

[6] Michaleris P, Dantzig J, Tortorelli D. Minimization of
welding residual stress and distortion in large structures
[J]. Welding Journal, 1999, 78(11): 361s ~ 366s.

[7] Dong P, Hong J K, Rogers P. Analysis of residual

stresses in AFLi repair welds and mitigation techniques



F 14558

F A, & BRE e W AU RE VR P RUTEN

* 1307 -

[8]

[ 10]

[J]. Welding Journal, 1998, 77(11): 439 ~ 445.
Guan Q, Guo D L, Leggat R H. Low stress norrdistor-
tion( LSND) welding —a new technique for thin materials
[J]. Welding International, 1994, 8(7): 41 ~48.
KON, KEE, FWEM. FHEEHRARN S LEE
PREFHOR[]]. EEEIR, 1994, 15(1): 8~ 15.
GUAN Qiao, ZHANG Chongxian, GUO Delun. A
new welding technique of dynamically controlled low
stress no-distortion| J|] . Transactions of the China Weld-
ing Institution, 1994, 15(1): 8~ 15.
Yang Y P, Dong P, Zhang J, et al. A hotcracking
mitigation technique for welding high-strength alumini-
um alloy[ J]. Welding Journal, 2000, 79(1): 9~s~17

s.
AR, WY, RICL. BEREAIR/NE A £ R
FIEBALT]. E8E, 1998(9): 8~ 11.

GUO Shao-qing, TIAN Xrtang, XU Werrli. Reduc
tion of welding distortion in thin aluminum alloy sheet
Welding

welded joint by trailing intensive cooling[ J].

and Joining, 1998(9): 8§~ 11.

[12]

TS AR TN g R s g LA R T
[M]. dbst: o EARMEH RA:, 1988.

Chinese Aeronautical Materials Handbook Compiling
Committee. Aeronautical Materials Handbook [ M ].
Beijing: Chinese Standards Press, 1988.

MR 2k, EREAE, MULER. BOE A HT A AR N
[M]. bifg: BHEACH R ki, 1985.

CHEN Chu, WANG Jiarrhua, YANG Hong qging. The
Numerical Simulation of Welding Processes] M]. Shang-
hai: Shanghai Jiaotong University Press, 1985.
Massoud K. Principles of Convective Heat Transfer
[M]. New York: Springer, 2001.

KON, BIF, xdkik, F.OEERRIEA RN &
BRI EVE[ D). EE2ER, 1982, 3(1): 10~ 23.
GUAN Qiao, PENG Werrxiu, LIU Jrda, et al. The
calculation method of welding arc efficiency based on the
experimental measurement[ J]. Transaction of the China

Welding Institution, 1982, 3(1): 10 ~23.

(gl ZEa4D)



