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The Arc brazing by Variable Polarity AC pulse MIG Welding

Machine

Hyun-Sang Kong

Department of Production & Joining Engineering, Graduate School,

Pukvong National University

Lbstract

MIG brazing is used for many parts without melting of base metal because of
high productivity. Pulsed MIG brazing can be used to further reduce heat input
and to improve the process stability. However, a significant amount of =zinc in
galvanized sheet steel is burned off in the area of brazes. Therefore the
brazing method to reduce the heat input is needed. In the brazing for
galvanized sheet steel,variable-polarity AC pulse MIG arc brazing can be
applied to more decrease the heat input by setting EN-ratic adequately.

Variable-polarity AC pulse MIG brazing alternates between DCEP(Direct Current
Electrode Positive) and DCEN(Direct Current Electrode Negative). DCEN is higher
wire melting rate than DCEP, while lower temperature of droplet than DCEP. In
AC pulse MIG brazing, for fixed brazing current, wire melting rate increases as
the EN-ratio increase. For fixed wire feed rate, brazing current decreases as
the EN ratio increases.

In this research, we studied for the variable polarity AC pulse MIG arc brazing
to decrease the heat input by using ERCuSi-A wire.

As the result of increasing EN-ratio, melting ratio of base metal and burning

off of zine were reduced in galvanized sheet steel.

Key word : BGalvanized sheet steel, MIG brazing, Arc brazing, Heat input, EN-ratio,

Waveform control, Variable polarity AC pulse MIG arc brazing., Silicon bronze wire
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Conduit tube

Arc
Deposit metal

Base metal

Fig. 2.1 Arc principle of MIG brazing
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Table 2.1 The classification of transfer of molten metal (ITW)

Transfer of molten metal

Example

1) Free flight transfer
-Globular transfer
— Drop transfer
- Repelled transfer
Spray transfer
- Projected transfer
- Streaming transfer
- Rotating transfer

-Explosive transfer

GMAW (low current)
GMAW (COy)

GMAW (MAG, MIG)
GMAW (MAG, MIG)
GMAW (MAG, MIG)
SMAW

2) Bridging transfer

-Short circuiting transfer GMAW, SMAW
-Bridging without interruption

3) Slag-protected transfer

Flux—-wall-guided transfer SAW




(a) Drop transfer (b) Repelled transfer (c) Projected transfer
(d) Streaming transfer (e) Short circuiting transfer

Fig. 2.2 Various type of metal transfer in GMAW

Fig. 2.3 Arc phenomena and transfer of droplet at projected

transfer
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— Voltage drop
Plasma
Arc voltage drop
voltage v
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voltage drop
v ]
Arc length
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Anode cathode
Fig. 2.4 The characteristic of arc Voltage
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(a) DCEP (b} DCEN

Fig. 2.5 Schematic of DCEN and DCEP
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Wire melting rate (cm/min)

- Tsp .
\
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0
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= TEN ==
Fig 2.6 Schematic of EN ratio
1600
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1000 S
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400
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0 50 100 150 200 250

Welding current (A)

Fig. 2.7 Relationship between EN ratio and Al wire
melting rate’’
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3.2 AdAE

B Agol A AgE sholoj A

A(1.2mm) o]t}

Table 3.1 3}stAl

FH(SPCO=

J B O
A=

AHgERA T,

Table 3.1 Chemical composition of ERCuSi—-A wire (wt. %)
Cu Zn Sn Mn Si Fe Al Ph
Bal. 0.013 | 0.056 0.88 3.08 0.06 0.009 | 0.008
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Fig. 3.1 Drop size by frequency in pulse MIG brazing
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Fig. 3.2 Freguency by Ip in pulse wave
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3.4 Short circuit time ratio by Ip in pulse
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Fig. 3.9 Waveform at Ip 340A, Tp 0.8ms
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Fig. 3.10 Waveform at Ip 340A, Tp 1.bms
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Fig. 3.12 After improvement of waveform in AC pulse MIG brazing

Fig. 3.13 Typical variable polarity MIG waveform in AC pulse
MIG brazing"
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4.2 49 W4

DC BA MIG Adol o5 gtojo] TRol ME HwF7HE 617] Al
A3 Aar Arleldw A %(1 0% AMRE Hyelq &
80cm/min & 9A3A HEL A1, old ~€E doloje HITHE
slolole] $7 &£E= FAdA 58mm/secE FABI &FHT HiolA

A5 Adeth £EFe GRAFY FFAYLR YLFS AU
A3 §YT WA 2 wa sach
z} ololojol & gste Halol Aol HFet @S Table 4.1 vk
BibeR= =
Table 4.1 Current and voltage by kind of wire
Wire Current (A) Voltage (V)
Steel wire 220 24
CuS1 wire 142 18.3
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2 2984 H590e W golo] FFo WE JEFE HE ez
A AEjEZHg= golole Jd;}o] 27 golojo] YAFRT 50% F
= e AL 4 T U

Fig. 4.1, Fig. 4.2 ¢tolo] Wzt @& pyejA A9 AF, A¢EY
g8 93 ot} Fig. 4.19] 49 <¢lojoje] u&o] Fig. 4.29 CuSigel|d
o] oA rrt WIAFT o, B2 FU7F &2 AL E 4 AUtk
weta] 28" ghojoie] ALt CuSigholoinrt BEAFTH E AE ¢ 7

o)
I

Table 4.2 Heat input by kind of wire
(same wire feed speed, SPCC)

Wire Heat input (J/cm)
Steel wire 3960
CuSi wire 1948
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25

o

Fig. 4.1 Waveform by Steel wire
(Wire feed rate: 58mm/sec)

Fig. 4.2 Waveform by Cus! wire
(Wire feed rate: 58mm/sec)
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4.3.2 9}o]o] FT5o mE LYF Td HH

Fig. 4.35 Fig. 4.4= W= Heo] g3} FX|7|o] g Bl F2A B
#o]ld &% 80cm/min, $olo] £F £% H8mm/secd o] AEH o]0
9} CuSi olefof] gk vo] AL HFrh Aol 4" spojojo] -
o= vl Bo|An HA7|o]L HHolF BFoAq &go] T A

gb CuSi goloje] Aol s w= Heol, HAr]|olg BellolF EF

Fug vl AHE B & Atk o)t FU §3Fol uls) 28 sho]o]

22 2o Fd golo] $FEE duje] ghol

o Aolth 29 sholele] 7
= B3} ojdmFFe &40l
4 )}, ole] AoAE AR ahel
Fud w= 9B oddEREel £2F0 23 dololnnt I F&
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Steel wire CuSi wire B

Fig. 4.3 Bead cross-section by kind of
wire (same wire feed speed,SPCC)

Steel wire CuSi wire J

Fig. 4.4 Bead cross-section by kind of wire
in Lap joint
(same wire feed speed, SPCC)

Steel wire CuSi wire

Fig. 4.5 Bead shape by kind of wire in Lap joint

(same wire feed speed, EG)
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A)
=
o AN oheIt g AES 48 7 AT

T2 ZY8tA #A susm HAZHE
] 28 gto]ojo HlF 50AE=R 2HA VERET
o 9@ 2918 g 2d gto]o]E ALEF B

) =
A goto] wASAAY AHATHE= gfolofe] FeelHE B
=]

N

97 e FED g 8 #7194k
3) A7l olAEE THolA 29 olojB AT AL JAEFTF
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O OO

AC pulse
MIG

o] g A
—

Fig. 5.1 Configuration of Temperature monitering

(back side)
CH.1 CH.2 CH.3
10mm 50mm 50mm 10mm

Fig. 5.2 Attach position of thermocouples for

measurement of brazing temperature
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clamp clamp

| 120mm

30mm

200mm

Fig. 5.3 Configuration of specimen for

measurement of brazing deformation

W

Fig. 5.4 Measure of deflection deformation
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5.3.1 ENFAHlo] ;& I vl

Fig. 5.5% Fig. 5.6& ENZAH| ®gle] M2 dAFo Age] ZUEHF
S8 oz A EPFIHH ENFro] Fr|doen wiEH= AC #3E &
7} glem ENFAH 40%7F ENFAH] 20%5.tF ENol a3ah= T3t
HH o] 2T},

Fig.5.77} Fig. 5.8¢ Bd#ol3d &% 80cm/min, ¢olol &7 H&

58mm/secold o] ENZ AR Z7lo] & JgdfFe f1dzs Jepd 72

&

=
A8 ¢ & Atk olAe

A7) o] £ $% SR LEUFA Zop = Aolekn 2w
.

_4‘1_



LJL JL i i M_;

HTaE J\Uf‘ “*”‘1 f” 1 ﬂ Wi

ey

Fig. 5.5 Waveform at EN-ratio 20%
(setting current 60A, AC pulse MIG)

u LJ L,J ] p L_'

g

F‘? |
T

Fig. 5.6 Waveform at EN-ratio 40%
(setting current 60A, AC puise MIG)
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IRMS(A)

130
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1 1 1 1

20 30
EN-ratio (%)

Fig. 5.7 Irns by EN-ratio

40

(same wire feed speed, AC pulse MIG)

2000

1950

1900

1850

Heat input (J/crm)

1750

1700

- |
“
i '
L ) W
— \ \\. \\‘ .
N |
1 1 1 1 1
0 10 20 30 40
EN-ratio (%)

Fig. 5.8 Heat input by EN-ratio
(same wire feed speed, AC pulse MIG)
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5.3.2 ENZAu]o] B2 Hleod 2 98 oy

Fig. 5.9 oldzg7we] FAA7o)& Belo|dozA ENFAAHEE

of W= HEo@ AdS JeEbd Aolth ENZTAH40%7F ENZA B 0%
A

B} fJdFo] Fol ofAEFE £49 Fo] FL& AL ¢ 5 AUtk W
A ol =37 we] ENTAEE FH &8 Hu oldxade &4 Ao
3ste] BEelg S & 4 Adg A olFtn dTHEH.

Fig. 5.10& ENZ/u] "lglo] M m= vgola dde] £4F o
S vebd Aotk ENZAY) 40%7F ENTAH 0%ERT &3¢ 27t
dtol H=Zo] £3 8| E ®o|7 & A& &+ A

Fig. 5.11%} Fig. 5.12% W33 ofd=a el #FA7|ols He
olAE 3 AomA BT FFF BolARE BFF T & i, ENSA
B 40%7F ENSAH 0%RTh fdo] zo} A#@m A9 &Fo] AL HE=

7t YA 5% loF vehwgth
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0%

40%

Fig. 5.9 Bead shape by EN-ratio in
Lap joint (60A, AC pulse MIG, EG)

0%

40%

Fig. 5.10 Shape of bead cross-section by
EN-ratio (AC pulse MIG, SPCC)
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0% 40%

Fig. 5.11 Shape of bead cross-section by EN-ratio
in Lap joint {AC pulse MIG, SPCC)

0% 40%

Fig. 5.12 Shape of bead cross—section by EN-ratio
in Lap joint (AC pulse MIG, EG)
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5.3.3 ENZ4uld] @& L2473

Fig. 5.137 Fig. 5.14% EN=44| #ige 2 &5 U F4&
Held Aoz Heold Foe dge]2 g A3E 3%
Beojgo] FY AF2] do|g g 55U Bao| Ao 3 wix
of YAk CH.37} 7HE £ &5 yehfiola Bao] g e F3hd 9
A% CH.29 2=7F b =A Astste 31& vdehga gl

Table 5.1& EN:L“H]O%P% ENSdu]40%2] Beold A% Hug

=5 WER FolA Fig. 5.15% ALLEE IR vERd Aok
EN=ZAH 40%7 H2 111K Ak ¥ 228 LHE}LH‘: AE &+ 3

o] Z1& EN=44140%7F ENSAR0%H T} Jd o] whr] g Fole}

AR a2

.31
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Fig. 5.14 Temperature curve by EN-ratio 40%
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Table 5.1 Peak temperature by EN-ratio (K)

CH.1 CH.2 CH.3
EN=44]0% 930.4 1042 1099.8
EN=¥5]40% &19.4 990.2 1058.3
1200 - —s ENmatio 0%
?&”ﬁvﬁ“ o ENratio40%
1100 =
<  *
? e ’
E 1cm' ) P . B
B -
W
o 9004
% &D_
700 T T
10rmm 60rmm 110mm
Distant form arc start point

Fig. 5.15 Peak temperature after brazing by EN-ratio
(Wire feed speed: 58mm/sec, SPCC)
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5.3.4 ENS4H| #isglo] mE ¥y 49

Fig. 5.16%} Fig. 5.17< 2#o]Ao] &y A% EFRAZE A A5t
Hald AlgHEe] 913 vEeRd Afzelnt ARzl Fig. 5.179] EN=
48140%7} Fig. 5.162] ENSAB0% Rt} WE3ko] 22 AL & 4=
o} o] AL kA *1@91 Ao et ENSFAN40%9] 24 Hiew
7b 7] wjEel WMol #A veRd Aoletn YA

Table 5.2 = ZUTE FHAs & Hyx AFgHe] ZEa AL Ued
Aolt}, ENZAH40%2] FEWHo] ENFAB0eHT 27%A T ZA4gh
He& & 4 Aok
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Fig. 5.16 Base metal after brazing
by EN-raio 0%

Fig. 5.17 Base metal after brazing
by EN-raio 40%

Table 5.2 Deflection deformation by EN-ratio

EN-ratio(%) 0 40

Deflection({mm) 13 3.5




5.3.5 EN=4H] W3] mE A% A9
Fig. 5.187} Fig. 5.19% ENZ4JH] wglo|
o] 1% AFAF AE YERd Aotk &5 <
Aol kel ERAE Fstad A4S HAE
EN=A2810%% ENSAB40% ZF ZAdl 3

deld s =7t Fosithal fddnh
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Fig. 5.19 Result of tensile test by EN-raio 40%
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HE&q 29 ENSAHY 40%A = 3 v=rt gA59M AYLFo
2 Rle &= ¢t Hau old = F e &l HA vehgt

5) EN=A4R7F 71l met 29 #Aaeme} o] A4 HE A
@ F AN

_55_



L

1Ed

1. A. Joseph, C. Webb : Variable Polarity Improves Weld Brazing
of Galvanized Sheet, Welding Journal, October 2001, 36-40

2. TXAARR L HET -7 0OWE, BESE, KET - 7UEAREE S,
1990, 129-156(in Japanese)

3. T. Ueyama, H. Tong, S. Harada : Improve Sheet Metal Welding
Quality & Productivity with AC Pulsed Welding System, [IW Doc.
XI-1629-00

4. 5. L. Lim : Design Concept and Output Characteristic of AC pulse
Waveform for MIG Welding of Al sheet, Master's Thesis of

Pukyoung National University, 2002.8 (in Korean)

5. T. Mita : New Current Waveform Control for Aluminum Welding,

Light Metals Welding, Vol.37 No.5, 1999 (in Japanese)

6. rgHetsd - SH]-HEgAHY, d2E 3, 1998 (in Korean)
7. dekEA5kg] ¢ £H-HE &o]ALAE, 2001(in Korean)

8. D. White, J. Jones : Process Modeling With Neural Networks for
Pulsed GMAW Braze Welds, The Journal of the Minerals Metals &
Materials Society, Vol.49 No.9, 1997

_56_



9. B. Godec, V. Grdun : Braze Welding of Galvanised Steel Pipes,
Welding in the World, Vol.45, 2001, 49-56

10. Hackl : MIG Brazing of Galvanised Light-Gauge Sheets, Welding in
the World, Vol.45, 2001, 57-64

11. 5. L. Lim, H. S. Kong, S. M. Cho : Design Concept and Output
Characteristic of AC pulse Waveform for MIG Welding of Al sheet,
Proceedings of the 2002 Spring Annual Meeting of Korean Welding
Society , 2002 (in Korean)

12. H. S. Kong, S. L. Lim, S. M. Cho : The Effect of EN Ratio in AC
Pulse Welding Affected Burn Through on MIG Welding for Sheet Al
Metal, Proceedings of the 2001 Annual Autumn Meeting of Korean
Welding Society, Vol.38, 2001, 15-18 (in Korean)

13. B. Altshuller : A Guide to GMA Welding of Aluminum, Welding

Journal, June-1998, 49-55 (in Japanese)

4. F B EH T =7 258 HAAEIT V2 3 7 HEK v
— 27 NEW AL350, W#Hi Gide, Vol. 38, 1998 (in Japanese)

_57_



AR

el
il d

<l

ajn
.

158

T
4r

it

o]
Lt

1} 2ol

€ &

e}
T

N
T A

s
E
w

;Eo

L

——
[y

—_
53

ol
o
o

s
il

oF)

3
]
o
Jlw
Ih

4o

7U
gt
Jo

b
o

]
N
2
ol

1Ho

gl

0

=y
e
"3

‘m,o
ar

!
1_7_'0
ol
IWMO
e
7o

—

NH

il
=)
)

EO] ﬂ‘: —_—
=i o ] ] \j}\ =
Z q EHZ (}] 11 E 7 }- 'I:llq -_}-‘

=
=

SR

=] KR
T =

ol A

A7

Bl

o] AAFA

o

1 of] A

o
)
B
~H

o

© T

g

. Bl
._£

i
—_

BN

_58_



	표지
	목차
	초록
	1. 서론
	1.1 연구 배경 및 필요성
	1.2 연구 목적

	2. 이론적 배경
	2.1MIG 브레이징의 원리와 용적의이행 현상
	2.2 MIG 아크 브레이징 에서의 극성에 대한 특성
	2.3 EN 극성비의 정의

	3. 실리콘브론즈 왕이어의 펄스파형 설정
	3.1 서언
	3.2 실험재료
	3.3 실험방법
	3.4 실험결과 및 고찰
	3.5 결언

	4. DC 펄스의 와이어 종류에 따른 비교
	4.1 서언
	4.2 실험 방법
	4.3 실험 결과 및 고찰
	4.4 결언

	5. 극성가변 AC 펄스의 EN극성비효과
	5.1 서언
	5,2 실험방법
	5.3 실험결과 및 고찰
	5.4 결언

	6. 결 론

