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Chapter 5: Multiple hea&erces hybrid welding
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Welding metrorls
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Welding metrorls
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Welding metrorls
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PAW+TIG gy

Welding metrorls

[
preserves the quality characteristics specific to PL compactness
and penetration), a gain in speed of %, the TIG process
ensuring smoothing and quality with a fIawIess@pearance.
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® The association of PLASMA and TIG processes in autOQ@welding

Comparison of welding speeds

THICKNESS PLASMA PLASMA + TIG
mm. Welding speed (cm/min.)
3 50 65
4 35-40 50 - 60
5 25 - 30 40
8 15 - 20 25
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PAW+TIG gy
Welding metrorls

® For the PLASMA + TIG process, a TIG torch as &\éﬁ a cold

wire contribution device are positioned at ar mm
behind the plasma torch.
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Welding metrorls
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Efficient Arc
Welding metirools
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Welding metirools

® Plasma-MIGERHTIMAT E4amkE, SEUSMLEKRIBRLHTHK
BEMAMIGEKX, HINEFHHNEFER TN EZAIAF MRER,
B Plasma-MIGEELTZEB L TFLA:

s BEGEEE, 1.6mmIRRAVELEE K BIREN A LLUXE]500g/min
%X%;EP BEEFES OB T4, WrOAEENEE —REER, KKREE
R

n SRR E A TR AR, SRR WK
s A USEIER KRERE, £FEAMIGIEMEKJLE

2ZEEMIG Plasma-MIG

©Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc , / 14 IE KEY LAR OF WELDING AND JOINING



©Dr. Lin Sa

BRaEnE
Y& Efficient Arc
Welding metrorls

o EETEBEETISMIGHEILFEREERA; & BT
HXTIER T ERE S, mHAN T ﬂmm TR K

o EESHEZL, Plasma-MIGERSET %% HHMIGIEE:
%ﬁ,ﬁﬁﬁﬁ4%ﬁﬁ%ﬁ%,@%% P E ] A B4R

i e/ —EEESH R SHILEE Rk R R
o HeEHzNE ég
O
o>
N\

nbao, http://weld.hit.edu.cn/~arc, /15




BRaEnE
PAW-MIGHI & NRBER R
Welding metrorls
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Welding methods
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Welding metrorls
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Welding metrorls
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Welding metrorls
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Welding metirools
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Super-MIG, by PLT

Efficient Arc

‘ Bhesnz

MIG/MAG into a single welding torch. The plas erates in the
“keyhole” welding mode for deep penetration and the MIG
operates in a “conduction” mode to fill the&d created by the
plasma, thus stabilizing the plasma keyl@.

® Super-MIG® is a patented hybrid process, combig\&lasma and

http://www.plasma-laser.com
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Super-MIG, by PLT
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® The welding approach combines a plasma arc and a GMAMto one
process. These elements detail the process:

m (1) workpiece;

m 2) plasma jet;

m (3) plasma nozzle;

m (4) melting metal;

m (5) plasma arc electrode axis;

m (6) wire axis;

m (7) angle between electrode's ax e
m (8) tungsten electrode; 6
m (9) consumable electrode (G_r}'

= (10) GMAW arc; 6

m (11) plasma;

m (12) wire current (Iw) direction;
= (13) plaﬂgent (Ip) direction;
m (14) magnetic forces (F) applied to plasma arc;

m (15) magnetic forces (F) applied to GMAW arc.
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Super-MIG® Benefits compared to conventional Ml BuREnE
/ SAW Eﬁm.wt Arc

Higher welding speeds (2-3 times faster than MIG / M@{ SAW).
Produces true lap welds.

In many cases can substitute Laser mstallatlo

Improved part quality - significant reductl% residual deformation -
due to reduction of welding heat mput w Heat Affected Zone -
HHAZ")

Reduced wire consumption - le s§ e preparation requirements.
IG / MAG applications.
range of weldable materials

Easily integrated into traditio

® Higher quality welds for
(MIG/TIG/Plasma).

® Significant reduc\g\\n weld spatter.
ular

® Adaptable to p MIG / MAG welders, such as Lincoln, Miller,
Cloos, Pan Q OTC ESAB, etc.
e

® Compatible'with analog MIG welder controls.
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Super-MIG® Benefits compared to conventional MIG Z MAL BaRERE
Eﬁmmtﬁ.m
Welding meHhods

Reduced part distortion due to
a narrower Heat Affected Zone ("HAZ") g

Conventional MIG/GMAW Super-MIG®

Super-MIG® Heat Distribution
N

Thickness,

mm & [ . [oules pe IFM | cmdmin KW

E-D 2362 | ?925 7920 | 3118 515?52995 806 | 3360 | 1323

Bl ;3 .................. ﬁ D ....... 2 gﬂg ....... 35[} ............ a 5[}[} ...... ....... 3345 .......... 12& ....... 4?24 ........... 1 DED ..... ...... 5 3|}|:| ....... ..... ;1 Da,‘r' .....

3 :Erl}: ‘IEI--EQ : 9.29 | 11 ‘IED 4300 | EH}: 35-4—3: 1275 | 8500 | 3.346 |
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® The process includes a plasma electrode within the 6
hybrid GMAW torch. This electrode establishes an t
the leading position of the welding process, and
“keyhole” is created within the base materlagt
plasma arc. GMAW follows and operates % lly in the
conduction welding mode to fill the v0| ted by the
plasma arc.

® The process uses a negative pl s@gc electrode and a |
positive GMAW electrode to éve maximum processing =
speed and to operate in t %*ay transfer mode.

el

® The magnetic force F L&S deflection of the plasma arc
toward the front o eld pool, thus compensating for
the plasma arc’s N%N | tendency to trail behind the
torch axis duri h-speed welding.

® The result @ ect is a substantial increase in the
plasma arc rigidity and stability leading to a substantial

Fig. 2 — Systemn componenis. A — Torck;

Increase of penetration depth and welding speed. B clemin sion C — aerfce
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mHRRERE
Efficient Arc
Welding metirools

® The interaction between the plasma arc flow and the GMAW arc
promotes wire heating and current transfer at the ahode spot (at the
end of the GMAW welding wire) where the molten weld metal
droplets form and subsequently detach. The resultant magnetic force
F, shown in Fig. 3, occurs as a result of the interaction of the electric
currents passing through the two electrodes}

® Integral to the technology is a patenteéd SoftStart™ arc ignition
technology to eliminate the effect of electromagnetic interference
during the establishment of thepilot ‘arc, which also substantially
Increases the nonconsumable_plasma electrode’s lifetime.

® The plasma gas is typicallytargon whereas, depending on the
materials to be welded, the GMAW shielding gas is an argon mix.

® The interface contrels, the hybrid weld process, stores multiple
welding programsy¢monitors the welding gas flow, and allows for the
adjustment of the welding gas mixture. The interface contains the
plasma arcewer source, pump, and reservoir for a recirculatory
cooling systém. Included also is the arc ignition device.
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BRaEnE
Efficient Arc
Welding metrorls

Applications

Joint type: T-joint

Material Spec.: Low Carbon Steel

Position: Flat

Material Thickness: Tu" .

Filler Wire: %ﬁBOA%%EEjJﬁmTH:
Welding Speed: 0.97m/m|n (38ipm)

Wire Feed Speed: 16m/min (630ipm)

Plasma Arc: 200A

Plasma Gas: Argon

MIG Voltage: 31V

Shielding Gas: 75%Argon + 25%C0O2
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Applications

Welding speed: 35 in/min
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Applications IEHD,I!::

\
MIG/MAG P.S.: FRONIUS TRANS-PULSE SYNERGIC 5000
WELD TYPE: BUTT12mm+12mm LCS
GAS MIXTURE: AR=80%/CO2=20%

i
i
: I! I:I | = 3 Srrarm
Frigure 1

= 8 = B =

a P o ¥uE ﬁmi o - o o = EDGE

4 |JEE WE |EUE =L 3 2| £ & | erovo

i .5 EE !gE 3 EE - PREPARATION
Pic. 1-=1 15k00 .4 22 E::?I:E‘.-ﬂ a5 5 L] Pictura 1 Figures 1
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icati BHREa
Applications e
o [.ﬁ""‘“‘

MIG/MAG P.5.: MILLER AUTO AXCESS 675
WELD TYPE: STAINLESS STEEL BUTT 25mm +25mm SAE 321
GAS MIXTURE: AR=98%/C02=2%

¥ fa =
:_.-" £ = _Sfmir

| = amm

Pictura 4 Figura 4
‘ »
. g s w B E W w =< :
e = £ < w E = E € o F 855 | 222 photo EDGE
s |*° % E 25 E 27 z g z 5 PREPARATION
Pic. 4-1| 340 0.4 16.6 | ER347Le1 6mm a3 506 Picturs 4 r—
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Applications

BHMREAE
Efficient Arc
Welding metodls

MIG/MAG P.S.: FRONIUS TRANS-PULSE SYNERGIC 2000
WELD TYPE: STAINLESS STEEL BUTT 25mm +25mm SAE 321
GAS MIXTURE: AR=90% C0O2=3% 02=3%

| N [ o= v mm)
- i E| f = Fmm |
| I f E iz 9.0mm!
| ;
Bicture & FiﬂIJI'E 8
= 8k w S E W w € . - EDGE
5 5% w E EwéE e Ea = a s £ 2| pHoTO PREPARATION
z o & E zaE L. z g z 3 _:
Pic.6-1| 340 0.6 12 ER347Le1 6mm 31 467 T T
Pic. 6-2| 340 0.55 11 ER347Le1_6mm 30 445
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- - BUREni
Applications Efficiont Arc
Welding methorls

L\
MIG/IMAG P.5.: FRONIUS TRANS-PULSE SYNERGIC 5000
WELD TYPE: STAINLESS STEEL BUTT 25mm +25mm SAE 321
GAS MIXTURE: AR=90% COZ2=3% 02=5% (continued)

‘ o) L ‘ { o= Y.amm
| ): : I =4 mm
Y| i = % 5mm
FT

i i
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- | oE w3 E Wow g o e EDGE
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g & 5 %E E%E T Cow E} < 0 PREPARATION
Elc. ¥ - A .55 14 ERA4TLat Bmm 27 AR0

L Piclure 7 Figure 7

Pic. F=2 240 0.65 14 ER347TLa1 . Emm 27 4B6
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Ultrasonin@}isted TIG welding
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BRRERE
Efficient Arc
Welding metiodls
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el A g Wy
Welding metrorls

o RemilMENEERTHMEIN, KEIIBMKF AEE%ED%ELF%
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e e BuasnE
SR SRR XY Y Efficiont Arc
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PO H R BT B

a) TIG

b) U-TIG

Sus304 stainless steel
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