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an AC arc knew that a Squarewave™ output provided the best results. Today,
though, the best results might come from an inverter-based AG/DC TIG welder that
incorporates advanced Squarewave technology. To see if an inverter can improve
weld quality, increase travel speed or reduce costs in your operation, read on.

For the last 20 years, anyone TIG welding aluminum or other alloys requiring
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Q. I've heard that inverters let me adjust
the arc to stay in the electrode negative
mode for up to 90% of the AC cycle. Can
this really improve my travel speed?

A. Absolutely. You can increase travel speed,
get better penetration or both because invert-
ers let you direct about 25% more heat into
the weldment in the same amount of time.
When welding at 100 amps, an inverter

like the Dynasty™ DX essentially gives

you 125 amps of welding power.

Q. Why do inverters have an “adjustable
output frequency” function?

A. Increasing the output frequency (which
conventional machines cannot do) creates

In 1974, Miller

Electric invented

and patented the

Squarewave AC

output and balance

control function found
| on their Syncrowave®
'_’ series of TIG welders.
Squarewave technology
made the transition
through the zero
amperage range faster
than a regular sine
wave, which improved
arc starts and created
a more stable arc. With balance control,
the operator could change the duration of
the AC half cycle, adjusting the electrode
negative (EN) from 45 to 68%.
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a tighter and more
focused arc cone,
directing the heat
into a smaller area.
In fact, you can get

Lower frequency: Wider bead, good
penetration — ideal for buildup work

==

Now Miller introduces
the next generation of
technology with their new
AC TIG inverter, which
features three advanced

Cleaning
re

Wider bead and
cleaning action

better penetration
and reduce the size
of the weld profile. ==
. Higher frequency: Narrower bead for
This may let you filet welds and automated applcations

increase travel
speed, use less filler metal and reduce or
eliminate pre-heating, pre-weld beveling
and post-weld grinding.

Q. I don’t have much room in the shop,
and my incoming power is at capacity.
Would an inverter be a good solution?

A. Yes. For example, the Dynasty DX has a
Jootprint of 17 in. x 12.5 in. x 24 in. and
weighs only 90 Ib. Even better, it draws just
26.3 amps of 230 V three-phase primary
power to create a 250 amp Squarewave
output. A conventional Squarewave machine,
which only accepts single-phase power, draws
92 amps on the primary side.

~Bead

Squarewave capabilities.
First, it produces incredibly
smooth, stable arcs because
the Squarewave is driven
through the zero point
thousands of times faster than a
rectifier-based welder. Miller’s
Dynasty™ DX is so fast that its
built-in high-frequency capabilities
are used for arc starting only.

Cleaning
»

Narrower bead and
cleaning action

Second, inverter-based welders extend
EN balance control. The Dynasty DX lets
operators fine-tune duration times from
50 to 90%. Making the EN portion of the
cycle last longer:

* Achieves greater penetration.
 Narrows the weld bead.
» May increase travel speeds up to 20%.

* May permit using a smaller diameter
tungsten to more precisely direct the
heat or make a narrower weld bead.

* Reduces the size of the etched zone
for improved cosmetics.

Less EN time produces greater clean-
ing action to remove heavier oxidation,
lessens penetration for work on thin
materials and widens the bead profile.

Third, inverter-based welders let oper-
ators adjust the welding output frequency,
from 20 to 250 Hz in the case of the
Dynasty DX. Conventional welders have
a fixed output of 60 Hz. Lowering the
frequency produces a broader arc cone,
which widens the weld bead profile and
better removes impurities from the sur-
face of the metal. Increasing frequency
above 60 Hz produces a tight, focused
arc cone. This drives more heat into the
weldment for better penetration, and
it narrows the weld bead, which helps
when welding in corners, on root passes
and fillet welds.

Note that when AC TIG welding with
an inverter, the operator should treat the
tungsten as if the weld were being made
in the DC mode: select a 2%-type tung-
sten (thorium, cerium, etc.) and grind
the electrode to a point. Electricity
likes to come off a point, which further
improves controlling the weld puddle.
For example, a skilled welder can make
a 1/8 in. fillet weld on 1/8 in. aluminum
plate with a pointed electrode.

For more information on the
Dynasty DX, AC TIG welding,
or a free copy of our White Paper,
“New controls for AC TIG welders,” call
1-800-4-A-MILLER (1-800-426-4553,
ext. 602).
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To advance everyone’s knowledge, this aluminations answers questions
on welding thin material, describes the operation and benefits of
AC balance control and discusses selecting a TIG welder based on

amperage requirements.

TIG welding thin aluminum? Don’t ball your tungsten — sharpen it.
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Q. How do | pick a
TIG welder for thin
gauge aluminum?
A. First, recall that
you need about 1 amp
of heat for every

.001 in. of metal

(e.g., you need a
welder that goes
down to 15 amps AC
Jfor work on .015 in.
aluminum). Next,
consider a machine
with a reputation for
a stable arc and good starts at low amperages,
such as one of Miller Electric’s Syncrowave®
units. Lastly, note that many fabricators use
high-end TIG welders for fine detail work
because of their low amperage capabilities.

_

Mike Sammons
TIG Product Manager
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Q. I keep making holes in thin material.
What can | do?

A. Try a set-up that gives you finer control
over amperage adjustments. If your foot pedal
and front panel amperage control have a
leader/follower relationship, limit output on
the machine (e.g., if you need 20 amps, set the
machine at 40). Now the entire range of foot
pedal motion only controls a fraction of the
welder's output. In other words, 1 in. of travel
might change the heat by 5 amps, not 50.

Q. Should I ball a pure tungsten electrode
for welding thin material?

A. No. Instead use a 3/32 in. tungsten with
2% cerium (2% thorium is second choice),
grind it to a point and put a small land on the
end. Compared to a balled tungsten, a pointed
electrode provides greater arc control and lets
you direct the amperage precisely at the joint,
minimizing distortion.

Using AC to TIG weld aluminum
evolved from the need to remove the
oxide layer that forms on its surface.
The electrode positive (EP) portion of
the AC cycle, in which electricity flows
from the work to the tungsten, “blasts”
off surface oxides. The electrode
negative (EN) portion of the cycle does
the actual welding, directing heat from
the tungsten into the metal.

When Miller engineers invented
the Squarewave AC output, they
also discovered that an unbalanced
AC wave form works best for many
applications. That’s why lighter-duty

Fig. 1
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machines, like the Syncrowave® 180 SD,
feature a fixed balance control set for
more penetration (60% EN) than cleaning
(40% EP), as shown in Fig. 1.

Miller also invented adjustable balance
control. This feature permits tailoring the
EN/EP ratio to match an application. For
example, Miller’s Syncrowave® 250 and
Syncrowave® 350 LX let you adjust EN
values from 45 to 68% (32 to 45% EP).

Greater amounts of EN create a
deeper, narrower weld bead and better
joint penetration. This helps when

Fig. 2
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welding thick material, or it may permit
faster travel speeds. Conversely, greater
EP values remove more oxide and create
a shallower, wider bead (see Fig. 2).0On
materials that have a heavy oxide layer
or cast aluminum, increasing the cleaning
action minimizes the chance of foreign
particles becoming included, promoting
a better weld.

No hard rules exist for setting
balance control. The typical error
involves over-balancing the cycle. Too
much EP creates a large ball on the end
of the tungsten. Consequently, the arc
loses stability and you can’t control arc
direction or the weld puddle; arc starts
also degrade. Too little EP results in
a scummy weld puddle. Add more
cleaning action if the puddle looks like it
has black pepper flakes floating on top.

Amperage Requirements

When choosing a TIG welder, consider
how much amperage you need for a given
thickness. To weld aluminum less than
3/16 in., a 15 to 180 amp machine like
the Syncrowave 180 SD works well. For
thicker metal, or if you want adjustable
balance control, the Syncrowave 250
with its 5 to 310 amp range makes sense.
Consider the Syncrowave 350 LX and its

T 3to400
116 60 - 90 amp output
1/8 125 - 160 for work
3/16 190 - 240 on heavy
o 260 - 340 sections, or
3/8 330 - 400
when you

need a full-featured machine with pulsing
control, Lift-Arc™ and a sequencer option.

For more specifications on Miller’s
Syncrowave family or information on
TIG welding, call 1-800-4-A-MILLER
(800-426-4553, ext. 604).
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When you control the shape of an AC TIG weld bead, you control

Shedding

profitability. The perfect bead takes less time to weld and looks light on

great without grinding or polishing. This aluminations explains aluminum

how balance control and output frequency affect penetration welding
issues

depth, bead width, etched zones — and your bottom line.

q u e S t 1 O n S An AC/DC TIG Frequency and Fillet Welds
1nvledrtte):r f(llne tl;lllles;he Frequency, or Hz, is the number of
AN SWE R s weld bead protiie by times the arc switches between EP and

controlling arc cone
shape and arc force.
Think of an inverter like
adding a nozzle to a fire
~ hose; it lets you change
. l the shape and force of
the “water” (welding
current) from a wide

EN in one second. The Dynasty permits
adjusting output frequency from 20 to
250 Hz. Conventional TIG machines have
a frequency fixed to that of the primary
power (e.g., 60 Hz). Frequencies below
60 Hz transfer more energy into the work
and create a wider bead with decent
penetration — an ideal combination

Q: How can | weld thinner materials or
small parts without burning through?

A. Using an inverter, select a pointed tungsten
and weld with an output frequency of 80 to
120 Hz. This narrows the arc cone so you can
direct the arc right where you want it. You can
establish the weld puddle faster and precisely

. . i
ilacetZzeﬁ ll;r waz;e. This h.e lpb;;; rtevent th_e It Mike Sammons fantoa mor§ focused for build-up work or to catch both edges
UITIRTOUEIE GRGIOT WATPIRg That you Mg TIG Product Manager stream. But instead of of an outside corner while maintaining

experience with a conventional TIG welder turning a nozzle, you

Miller Electric Mfg. Co. travel speed.

and a balled tungsten.

Q: How can | tell if I'm over-welding?

A. Excessive bead width can be one

indication. For example, a fillet weld

has a triangular shape. Assuming good
penetration, the longest “leg” should be no
longer than the thinnest plate. When joining
1/8 in. to 1/4 in. plate, you only need a 1/8 in.
bead. Any wider and you lose travel speed and
waste filler wire and gas, the bead may also
require post-weld grinding.

Q: Experience tells me that | need to over-
weld for good penetration. How can |
ensure penetration with a narrow bead?
A. If you've only used a conventional

AC TIG machine, the need to over-weld

is understandable. You have very limited
control over bead shape.
For precisely tailoring
bead width and
penetration ratios,

use a TIG inverter like

the Dynasty™ 300 DX.

1t permits increasing

output frequency and

extending balance A 200 Hz output
control which, created this narrow,

respectively, narrows yet deep, weld bead.

the bead and directs more heat into
the weldment for deeper penetration.

adjust balance control
and output frequency.

Balance control adjusts the ratio of
electrode positive (EP) to electrode
negative (EN). During EN, the welding
current travels from the tungsten to the
work. Increasing EN duration better
defines arc cone and directs more heat
into the work. This creates deeper
penetration, a
smaller bead
and pulls the
etched zone
closer to the
weld bead.
Compared to
conventional
machines,
inverters let
you add about 25% more heat into
the work in the same amount of time.
This increases penetration per amp of
welding power.

Extending the Dynasty’s
balance control to 90% EN
narrowed the etched zone.

EP does not create a well-defined
arc cone because the electricity wanders
slightly while it searches for the path to
the tungsten. Adding more EP provides
shallower penetration, a wider bead,
more cleaning and a bigger etched zone.

Increasing the frequency (“constricting
the nozzle”) narrows the shape of the arc
cone and increases the arc force. This
stabilizes the arc, reduces arc wandering
and provides excellent directional control
over the arc (in fact, it might remind you
of the DC arc used on steel). On lap and
T-joints, using a higher frequency lets you
establish the weld puddle exactly at the
root. This can ensure good penetration,
control bead width and minimize the
etched zone. With a 60 Hz output on fillet
welds, the wider arc dances from plate to
plate. The puddle
starts at the toes
of the weld and
flows toward the
center; on some
joints, you're
almost compelled
to over-weld

This high-speed photograph

to ensure

trati shows how a 200 Hz output
penetration eliminates arc wandering.
at the root.

For a free technical article on how TIG
inverter technology helps solve welding
challenges, call 1-800-4-A-MILLER
(1-800-426-4553) or visit www.MillerWelds.com
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