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ARC WELDING CURRENT WAVEFORM CONTROL FOR AUTOMATIC

AND ROBOTIC APPLICATION

Tomoyuki Ueyama, Dr.-Eng.
Daihen Corporation Kobe, Japan
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Shiftand generation of power source
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Features ¢f digital imverter fpe G4 Wrackine

" 1. Arc stabilization in non-pulse GMAW
. Spatter reduction technology

. Pulsed GMNAW process

. AC pulsed GMAW process

2
3
4. Low frequency pulsed GMAW process
5
6. Cold tandem pulsed GMAW

7

. Arc ignition control

Crdd ) oo

Fegtures gf digital imverter fpe G4 Wrmackine

" 1. Arec stabilization in non-pulse GMAW
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Shest metal welding —Low cuwrrent range —

Work pieca ; Mild Steel , 1.6 qums Wire : ERT0S-G, 1 2mm
Welding Cuprams.s, 130 A Arc Voltage : 23 V Welding Speed : 100 cm'min

High frequency of short

circuiting is required for
getting good arc stability
under low current range.

OB Corporaton

Heavy section welding —high cwrrent rangs-

Welling apéed: 50 canlinia

Small current change rate
is required for getting soft
and good arc stability

under high current range.




Electronic reactance control

Welng current

DB Congeraden

Thyristor typi

Digital inverter type

#erd.. (Electronic reactance confrol |

Bicycle frame welding
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Earth moving equipment parts welding

Features of digital imverter fype GMA Wmachine

2. Spatter reduction technology

D=0 Corgaradon
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Spatter generation by re-ignition of arc

-k\-k“\“s
” 3 ” i s I ” ”

Controlled Bridge Transfer (CBT) process

son-pubed GMA welding process under short-circumt
ramfer current ramge, spatter geserates mosth' at the

gmoment of re-arcing right after (e SheTL5HA T

§ Therefore, the spatter geperation at the re-srcing can be
suppresyed by the rapad decreasimg of the welding curremt

rizht beforere-arcimg

:Short circuit Arc !
: =" Arc current & maintained rhe
! optimum valve for emuring

Welding current

DR Conporaten
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Spatter reduction by CPT process

D28-8N Congoramon

CBI-ExpandedProcess
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Comparison of spatter level

Spatter level

— —&— CBT Expanded process
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CBT Expanded process achieves that the spatterlevel is 0.5g/min or less,
only minutes spatter particle is observed.

DO=8N Corporaton

Spatter reduction by CPT process
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Beod and Penetration Projfile of CB T-EXprocess

I

Welding curreni: 230 A, Arc voliage: 185 Y

Ming speed: 100 con/min, Wire feed rate: 7 m/min
Wire diameter: 1.2 mm $ (YGW-12)

Shiclding gas: 108 % C(), , Exienzion: 15 mm

Base metal: SPOC, Joind gap: 1.0 mm
Thickness: Upper 1.6 mm, Lower 3.2 mm

|
A imm o
—_— H

[t = AR

Deep penetration in the thicker
lower plate is obtained with no
burn-throogh on the thinner

upper plate. Good bead
appearance with no nndercot &
also achieved.

Fegrures gf digital imverter npe G4 Wmachine

3. Pulsed GMAW process

[t = AR
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|
Puleed GMAW process —one drop per pulse-

G
Wire: A4043 (1.2 mm), lav: 23 A, Vav: 165V
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Dol B Carparadon,

Shielded gas for pulsed GMAwelding

In general, the mixture gas of argon(Ar) gas and 18-20%
carbon dioxide gas used as the shielded gas in pulsed GMAW
of C-Mn steel.

Japan

C0O; mixture ratio is wanted increased up to 30% for saving gas cost
CO» mixture ratio often fluctuates due to gas mixture in factory
'S4

259 C 0O, +T753%  Ar mixture is a popular as shielded gas for GAMAW

L

—

Itis hard to obtain one droplet per pulse with high
CO, mixture ratios!!

Dl B Carparaddon,
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Pulsed current waveform for C-Mn steel

Comparison of bead appearance

Welding current: 150 A, Arc voltage: 24 V, Welding speed: 100 cmu/min

M;I‘::;N Developed pulse waveform Conventional pulse waveform

80%Arx
=y

20%CO,

T4%Ax
3=

26%CO,

T0%Ax
+

30%CO,

DUl Corporaton
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EBoiler Tube Welding with Overhead Posigon

" Due to excellent puddle control achieved with the optimum
pulse parameters for overhead position welding, the bead
appearance is much like that of flat position.

Welding current : 250 A Arc voltage : 27V
Welding speed : 60 cm/min
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Pulsed welding process for Stainless steel
* Metal transfer is improved, ferrite and duplex stainless steel etc.
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Conventional puked waveformfor alupiinium alloy

A

Pulsed welding process for Stainless steel
* Metal transfer is improved, Small spatter was reduced.

D8N Conparaten

Flare joint, Wire diam. 1.2 mm
Welding current 280A, Welding voitage 21.0V
Welding speed 160 cm/min

/
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Newpulsed currentwaveform proposal

Carrent (A)

DS Corporaton
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Welding application of non-ferrous matsnak

[ Pulsed MIG walding of Ms [Pulsed MIG welding o
alloy] Titanium ]

OuS@N Corperaton

Features of digital imverter Ope GMA Wmachine

4. Low frequency pulsed GMAW process

Dl Conporaton
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g

Low frq usncy moderated pulsed GMAW

Do Conporaton

The pravious genaration low frequancvmodulatad
pulsa emplovs a pulsed curent waveform that
switches ovar into two prasat unit pulseconditions
(pulsa paak current and its duration) altematawith
aconstant wira faedrata.

S
Low frequency modulated pulseprocess

Yokage

Wire feed
nite

=

o

D30 Corporadon
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Bengfity gf low freguen oy modudmed pulved CATAR

1. Improvement of bead appearance.

2. Improvement of gas tolerance and wire misalisnments.
3. Grain refinement of the weld metal.

4. Improvement of solidification susceptibility.

5. Blowhole reduction.

Dl B Carparaddon,

Clear ripple pattern bead appearance

Dieveloped
moedulated pulse

Ease metal: AS0E2, Thickmess: 3 mm, wire: AS356, 1.2 mm,
Welding corrent: 1) A, Arc voliage, 20V, Welding speed : 40 cm'min,
Modulated pube frequency: 3Hz,

Dl B Carparaddon,
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Aluminium motor cycle frame welding

DB Corparadon

Mean graim siee (um)

DRV Corporaton

Grain rgfinement and inh it of hot cracking

® Cross section
® Horlrontal section
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Porostty reduction

Baze metal: Zinc conted steel 9 mm (Zo: 28 mm), Wire: YGW-15, 1.2 mm,
Shielding zas: S080Ar+20%CO;, Modulated puke freqoency: 3 Hz,
Welding current: 200 A, Arc voltage: 25V, Welding speed: 30 cmmin

Cross section

Bead appearance

Wihout
Modubited puke

Witk
nodulated palse

Features of digital inverter ype GMA Wmachine

S. AC pulsed GMAW process

DO-2N Corporaden
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—_— =

-

[-joint (b) Flanged-joint

) Joggled lap joint

e

Wire feed rate

Current

ACpulsed GMA welding process

EN ratio = Sen, / (Sen +5ep)

Dl ) oo

-
[

Molten pool

=Te

Time

EN ratio defines the ratio of the averag
oyt of electrod e mezative polarity i
8 ome cycle of AC pulse.
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ACpulsed GMA welding process

Wire bl b fenimin)
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Wire: ERS356 (ALMGS) Saxc 12 mm

Wire bl mik (vnifnie)
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Alnpinivm alloy win

S-S Conporaden
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Effect of EN ratio on bead formation

Wire feed rate : 700 cn/misn, Welding speed (89 cm/min, Wire : ER70S (G, Ske: 1.2 mm
Shickded gas - S0%Ar + 209%00; , 20 Vmin, Base metal :SPOC (JIS), Thickaess: 3.2 mm

EN: 0%
Current: 210 A
Veltage: 28V

EN: 15%
Current: 205 A
Vollage: 265V

EN: 30%
Curreat: 200 A
Veltage: 26 V

EN: 60%
Curreat: I A
Voltage: 245V

EN: 75%
Currest: 165 A
Vollage: 245V
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Lap joint welding result

Welding current: 80 A, Weldmgspeed: 80 cmv'min
Base metal: AS052, 1.5 mm thickness, Wire: AS356, 1.6 mmdia

EN ratio| Bead appearance Cross section

0%

10 %

20 %

150A,21V,10%EN
Welding speed: 45cm/min
Low frequency: 3.5Hz

T8N Conporaton
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Suspension member welding application

Adapavely controlled arc welding robotsystems
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Lap joint welded with ot and with adapave control

e AARNED
=¥« AN R

| Smnd

DB Congeraden

Features of digital inverter fype GMA Wmachine

6. Cold tandem pulsed GMAW

DOS=0N Corporaton
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Wie foodkr 1

Cold tandem GMA process

Weo fooder 2

Welding direction | '

Base metal Molten pool Weld metal

Imhibiting gffect of the hurped bead formaton

Gerrent= 260 A Voltage= 32 V
Nading speed= 200 cw'min

Cold Tandem CMAW - Pulsed GAIAW

DO-8N Corporaden
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Beneficial effect of Cold Tandem GMAW

P-GMAW
10 mm

Cold Tandem P-I-\“

Welding dicgEtio N

Tire wheel welding application —Resuli-

Bead apparance

18

Cross-section

Welding condition

Welding current- 480A

Arcvoltage- 38V

Welding speed- 1.4m/min

Wire feed rate- 17+ 3Im/min

Wire size- pL4mm

Wire Ext.: 20mm

Shielding zas- 80%Ar+20%CO:
25L/min

S8 Corporatan
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Truck frame application

Bead appearance

D=0\ Congorason

Torque converter application

Welding condition
Welding current= 303, Arc voltage= 29V, Welding speed- 1m/min
Wire feed rate= 10+ 1.7m/min, Wire size- o1.2mm , Wire Ext.: 20mm
Shielding zas- 80%Ar+20%CO, 25L/min

Si=EN Conporadon

(2]
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Femtures gf digital fmverter fpe G4 Wmaciine

7. Arc ignition control

Dol g

Arcigniion control

ES control

Conventional arc ignition

Dl | s

ES control
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Thank you for Kkind attention

Crdl B Corparadon




