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ABSTRACT

A Study on the Welding Deformation Reduction Characteristics of
Stainless Steel in Heat Sink Welding

Yi Ji Hyun

Advisor : Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

The HSW(Heat sink welding) process is a technology that reduces welding
deformation and residual stress of the weld by spraying a heat sink medium along
the welding arc at the same time as welding processes. Furthermore, it is
effective in reducing longitudinal deformation and angular deformation of thin
plate structures with low stiffness and it is possible to control deformation in
real time, thereby shortening the post-processing time for welding deformation.

In this study, 3-D thermal elastic plastic analysis was performed using
HSW on 3mm thick 304L stainless steel, and welding deformation reduction
characteristics were investigated according to heat sink process parameters
such as the distance from the welding heat source to the center of heat sink
area, and the effective heat sink radius. From the result, numerical
simulation model shows that the cooling efficiency is significantly increase
as the standoff distance is shorter and the heat sink radius is smaller.
Moreover, it was confirmed that the longitudinal deformation and angular
deformation were 2.22mm and 0.51mm under the heat sink condition of a
standoff distance of 40mm and a heat sink radius of 7.5mm, which was about

60% and 70% less than the conventional welding.
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Fig. 2.7 Line heating method Fig. 2.8 Spot heating method

Fig. 2.9 Deformation correction method by hydraulic jack and heating
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Fig. 3.3 Thermal boundary condition
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Arc

Q Liquid
| Bead

Ar
;, Boiling
Ar

Bead ‘
Vaporization c
6% A

‘ Bead

(a) Vaporization process (b) Heat of vaporization

Fig. 3.6 Water cooling effect in welding

Fig. 3.6 Ol LtEtH Hi2b 201 EE0t3Jt AUt = d4d&
8 0lge 2X010] ME0 At =22 JIUUXIE

9l g
AHEE o AT [20].

B
rr
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Table.3.12F 20| HAZLN AISE HW HAXTAHES HAHSIARCH, HH W2
BtAS 7.5mm0l DASH = 0/Z=242| 40mm, 50mm, 60mmezE Z2HBLE =0 oA
=2 HSIRCH, Osez s8I 28 =& 22 02 AH2l 50m=2 A st
= W2t BtA S 7.5mm, 10mm, 12.5mmEZ BHE=E = A2 =HoIRUCH

Table. 3.1 Heat sink condition
Heat sink parameter
Flow rate Heat sink radius Standoff distance Efficiency

0.2 (ml/s) 7.5 /10 / 12.5 (mm) 40 / 50 / 60 (mm)

30 (%)
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3.2 Heat sink weldin
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Standoff distance

Heat sink
nozzle

Heat sink
radius

2N BE SEXHL SLoti TIGEES HEGIYU2H Table.3.2
9

0A, B8=% 3.0mm/s, EESE 7092 &

ot AL
Table. 3.2 Welding condition
Welding parameter (GTAW)
Vol tage Current Travel speed Efficiency
11 (V) 90 (A) 3.0 (mm/s) 70 (%)

Heat sink &2 =& =Xloi&dl =LotH M EEZ0o3AA 2 ==

0lZHel 50mmE D&¥e = H=2 Btd 7. 5mm, 10mm, 12.5mm0i| CHolf SEEH+E =
o dEs doldel, U822 W2 ttds 7.5m0l 2Est = 0122
40mm, 50mm, 60mmOil CHoH SHH+E =0 A4S =oAL, A= &2

el 2= AISot AE
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3.2.2 A& OIOIEl =& Yd

ST Xl Z2UC EIYHdE 2SI ®lol SEUE 00 2%
24t HlWot DX SHACH. Fig 3.701 LIEFH Hi?F 20| E8F S otH=20
mmel £2 £ ZXUI(Thermocouple)S &otd Z0olEES =HoIU2H,
Photo 3.11 20| WAZRAS HZGIA %2 JIE SEYAN SHBHEZ
g2 Mgs TAH0 ot AE2 +3otACH

Center line
Numerical analysis 1 Experiment

Measuring point z T 1.0 mm

g8 e =8 ?of UXNE CO0lZ HOIXIE 0l=ot Fig 3.800 LtEt
ot 20| S2gu gdets Met 10mm 24222 S get HPAE SEoHULH

150 mm

-~
h

Path1: 75 mm
Longitudinal defermation

@:— Digital dial-gauge

Fig. 3.8 Welding deformation measuring location of welded specimen
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Welding aye

(a) Conventional welding

Heat sink Zone Heat sink zone

Welding are Welding are

Standoff distance 40mm Heat sink radius 7.5mm

= Heat sink zone
Heat sink zone

Welding are Welding are
Ti— A — \

Standoff distance 50mm Heat sink radius 10mm

Heat sink zone
Heat sink zone

Welding are

e

Welding are
J—

Standoff distance 60mm Heat sink radius 12.5mm
(b) Heat sink welding with (c) Heat sink welding with
various standoff distance various heat sink radius
Unit : Kelvin
| . 2 '
300 o 700 e 1100 T 1720 4 2227

Fig. 4.1 Temperature distribution of welds by heat sink welding condition
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Fig. 4.2 d22td 7.5mm 0& Al SE0IZIt SZLEE S0 ==otAS
el ot3aetel OlAHel 20 et 2222t JIE SHEAS
weh TAOICH Ol H2l 40mmel B2 JIE SELA0 Y
oF 220KQ =2& MZ =t LIEtS M, 01&F 420t 50mme! &
cl 6ommel ZFR < 165K2 2= M2t UULH & 0322 01HAHeIIt

IMEs== Hol 2 4 =0l Sotots XS =26tATH
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!
H

NN B 0N

DIZEd: 25013 % 40 mm XIA] DIZ2% : 238013 % 50 mm XI&]
> 120K
[HSW : 012 A2l 40 mm] [HSW : 01Z Heal 50 mm]
(a) Standoff distance 40mm (b) Standoff distance 50mm

045K
- } - Welding arc Heat sink
[DIZ28 : 24013 % 60 mm XIH] . . . .

> 380 K *________¢
b Standoff distance S0mm

iy
Hal

60 mm

[HSW : 0I1ZHEl 60 mm]

(c) Standoff distance 60mm

Unit : Kelvin

300 380 460 540 620
340 420 500 580

Fig. 4.2 Temperature distribution of welds with and without heat sink

for various standoff distance
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Fig. 4.32 012H2l 50mm D& Al S2&0I3JF 2&FH 20|18 SAXEW <
SOl S Mo WA X2A0 st LE2LQ JIE STYUA 2E2LIE (|
wWak SAIQICH. W2t 7.5mmel AR JIE AN Hlol 2ES TCHUA &
170Kl 2FJF ZA0IRen, H2etE 10mme SR < 145KQ 2% ZAS It
UAUCH. st H28EAH 12 5mnll AR 2 125Ke 2& 2ASWIF U/UASDH H2
BHAQ| 242 2FE BEHO 2% 24 SF =H LHEFGCE.

> 570K
DIESE : 28013 4 50 mm X|E]

[HSW : W2HHEA 7.5 mm)]

(a) Heat sink radius 7.5mm
57T0K

E/’
il N

DIZE2E : 80T £ 50 mm X|E]

— > 445 K

[HSw : WZiHtA 12.5 mm]

Mt

(c) Heat sink radius 12.5mm

i425K

[HSW : WZHHEA 10 mm]

(b) Heat sink radius 10mm

Heat sink radius

é ":.-
Standoff distance : 50 mm

Unit : Kelvin

300 380 460

340 420

540

620
500 580

Fig. 4.3 Temperature distribution of welds with and without heat sink

for various heat
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JIEET (541.6K) 01l HISH < 136
TAHNAM 28201 “E3US [
(525.4K)0ll HIdH < 135.4

2400
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Temperature (K)
ot -t [
b= [ th 0
(=] =] (=] (=]
[=] =] (=] (=]
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(=]
=
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900 |
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- (1) Reduced by 192.4 K
Reduced by 184.9K
- ) Reduced by 180.1 K
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2AAMSS 2 2 UCH 0122l 60mm

(a) Weld metal

(1) Reduced by 179.9K
Reducedby 173.4K
(3 Reduced by 169.9 K

Temperature (K)
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Time (sec)

(b) Heat affected zone

Temperature (K)
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=
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=
=
=
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ZAEA=, Ol JIE SBYA

= Conventional welding
= Standoff distance 40 mm
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=— Standoff distance 60 mm

() Reduced by 140.1K
| Reduced by 136.7K
@) Reduced by 135.4K

Time (sec)

(c) Base metal

Fig. 4.4 Comparison of temperature history of welds with and without

heat sink for various standoff distances

_32_

Collection @ chosun



c
T

= Ol

=

0I=0ICt.

b

CH
7.5mm Z=A0AM 26

[—

12. 5mmOf|
ESgs

10mm,
Zt

30[ Ot

S EH Ol A

7.5mm,
2:

F

[

DEE
LHOHY
S ™

Fig. 4.5 (a)0llA

0lZ2H4elJt 50mmz2
Jb 368.8KLZ2

—

[—

Fig. 4.5

e

i

Il

o
5

ol

X g}
= o

kiJ

F

=
[a—

It

=

7.5mm ZAHOA 25

=)
/]

ot

ZAE A=,

0

py

g} 2
— o

F

2F
=

H

(b)OIAE &

250 379.5ke& =6

ol

IS
100

ol

3
H

=

=gl
[e]3
—/

H

c
T

12.5mm X0l A

(552.9K) 0l H

_‘
10mm EH0A 270

S
=

=
CEJMS M 404.K2=2

=
—

J|
LH2FH} 24
o M

—

[—

0l
LH 2+ U} 2o

[

3 7.5mm ERAH0A 250

10mm Z20AM 28=0l

(525.4K) 0l H

IE]
DO:]

12.5mm Z= 210l Al

[«

LH2FH} o
—

(==

5%
3+
&
o
<

nO

mo

oJ

135.4K

ol

H

1o

o
o
an
H

K
N~

_33_

Collection @ chosun



Temperature (K)

2400 (1) Reduced by 184.9 K
3 Reduced by 166.1 K
2100 | (3 Reduced by 147.5K
o [ 600
2 1800 |
N
%)
5 1500 }
g
w 1200 |
&
[;‘o 9200 -
600 |  TS<g—oo-
300 1 >
0 10 20 30 40
Time (sec)
(a) Weld metal
1000 ¢ 800
() Reduced by 173.4K
200 Reduced by 158.8 K i
so0 | (3 Reduced by 143.0K Q
S
W
700 F ; 600
g
600 } S s00
so00 } E,
e > 400
J o O]
3["] L i L i L i J 3["]
0 10 20 30 40
Time (sec)

(b) Heat affected zone

Fig. 4.5 Comparison of temperature history of welds with and without

= Conventional welding
= Heat sink radius 7.5 mm
Heat sink radius 10 mm

= Heat sink radius 12.5 mm

() Reduced by 136.7K
Reduced by 135.4 K
@ Reduced by 126.2 K

10 20

Time (sec)

(c) Base metal

heat sink for various heat sink radius

_34_

Collection @ chosun



4.1.2 2018 &3

p= )
1o

KJ

iy
KD
o0

Ok
RO
Kir

O,

83
19)

00

]I

&

ol

K-type

Bl W GtRACEH.

ol
AS
K"
il
i0J

00

]I

KJ
ol

Fig 4.6

ol
00

=

=0

=
[a—

(==

=A

CS0A

HSW =& Al Heat sink

=
[a—

X

KD

2230

nit : Kelvin
1723

U

1620

1370

1156

942
Fig. 4.6 Location of thermocouple attached

728

=
=
=
5
o
=
=
=
=
e
=]
I
=]
E
£
<
=
=

Photo 4.1 Thermocouple location in specimen‘

514

)

& CH(Thermocoup e

ol
Kir

p= )
1o

F4 7.5mm

LHDOHY
ui}

o M

HSWS X &8t 01Z24el 40mm,
- 35 -

o

[—

Fig. 4.8

OId,

IT

Z1cH

=]
==

b E0

S
—

Collection @ chosun



[

(]

(=

=
1

— Computed
=== Neasured

0 40 80 120 160 200
Time (sec)

HEA}AD, &
| RS AL,
MM ROl =04
O T T _/ —

Fig. 4.7 Comparison of temperature history in conventional welding

between measurement and numerical analysis

1200

_ =— Computed

M 1000 1027K ===+ Measured

-

@

; 800 952K

st

8

@ 600

="

-

& 400 T
200 ' : ' ' '

0 40 80 120 160 200

Time (sec)

Fig. 4.8 Comparison of temperature history in heat sink welding between

measurement and numerical analysis

_36_

Collection @ chosun



4.2 Heat sink welding E&8 dsd 4
4.2.1 &4 M4 OHA

Fig. 4.9= J|Z= SFYAl LU HOW O[= N2l 2 TS SHBEHY)O B
TOICH Z0f B9 LM [AS DS XAHNA SUGHH BEAM 20|ws ZUXH
o] XR= 1CHA LIEFGOD, OlZH2l0 2 2XSO HIS Hlud = 2
SO WALZ 210| 0|2A0NH2|D}t INSAZ HYIF LABS 6 A QL)

=2 ) 0

5.5

2.5 4.5

Fig. 4.9 Comparison of welding deformation in welds with and without

heat sink for various standoff distance

_37_

{“/Collection @ chosun



ok
i

Ol

00

10
Uk

7
zI

J

00

OICk.

H
il

fulJ

= ZOUM UENEOH, 012200 o

[e]

.

PSS
(=]

X

on
o0

Unit : mm

5.5

3.5

1.5

4.5

25

Fig. 4.10 Comparison of welding deformation in welds with and without

heat sink for various heat sink radius

_38_

{ICollection @ chosun



Fig. 4.112 H=2BtAE0l 7.5mm2 DHE AEHOIA O0l1Z A2l 40mm, 50mm, 60mmOi|
st S8&2 20olgs Hel deiZoltt. JI&E 88 X

150mm 2t 2 Z2401 SLotAH = BHA0t LHEHGD. & 0t 3A=2H 0l
20210t HESF HI O IA UEEEd, JIE SdgA 20 EHLA0t
5.50mm, OlZ&2AcIot 60mm, 50mm, 40mme! Al&Hol =0 HA= 22 5.24mm,
3.78mm, 2.22mm= LIEtRCH HAHRAS HE A
(5.5mm) CHEI OIZH2IOF 40mmQ! heat sink & AISE (2.22m) 0l A ZICH < 60%

T Wt ZAES =HOIoHUL.

got S84 SR

J

Longitudinal deformation (mm)

0 50 100 150 200 250 300
Longitudinal direction (mm)

= Conventional welding Standoff distance S0 mm

m— Standoff distance 40 mm = Standoff distance 60 mm
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Fig. 4.19 Comparison between FE model and conventional welded specimen
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Fig. 4.20 Comparison between FE model and heat sink welded specimen
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