
TIG Welding Aluminum for the DIYers -  A Case for Pulsing

I have designed and build electronics prototypes as my profession over the past 40 years for everything 
from the communication and industrial control industry to aircraft system, and one of the important 
method of construction involves the welding of aluminum parts. 

TIG welding is a process which uses a non-consumable tungsten electrode surrounded by and inert gas, 
usually Argon, to maintain an arc to the weld piece. Fill metal is added with an external welding rod. 
TIG generates a high quality weld and is ideal for precision parts and for welding sheet metal.

One of the truly great changes in welding in recent years has been the development of the new 
technology  inverter solid state welders. This has allow the production of units that are light weight, 
potable and loaded with features. All of the major manufactures like Lincoln or Miller are 
manufacturing a broad variety of units ranging in cost for intermittent to continuous usage, with an 
assortment of features depending on what you can afford. 

The main technology that has allowed this change is in the basic design of the welder. Older technology 
was ladened with iron. The technology of conditioning line voltage to allow it's use to weld  required 
the use of transformers, very heavy iron cored components that allowed the line voltage to be 
transformer from 120/240 to the lower welding voltage. The reason these transformers were so large 
and heavy was that they had to work with low frequency 60 cycle line current. This requires a lot of 
iron.

The big change in how welders are constructed came about as a result of using high current solid state 
devices (IGBT's) in design of high current switch mode power supplies. This allowed the 60 Hz line 
AC to be converted to DC, then switch it at a very high frequency before being transformed into the 
required voltage for welding. The higher frequencies, typically 10,000 Hz allowed the conversion to be 
done using much smaller inductor devices than the old transformers, and because it was done 
electronically, it also allowed the addition of features that would not have been possible before, features 
like AC balance, pulsing, digital readout and a host of others. 

The spin off on this has been a wave of small and inexpensive units for the hobby and amateur market.
The main difference between the hobby and the professional units general is that the inexpensive 
machine will not handle as much current and consequently only thinner material can be welded. As 
well, they have been built for lighter limited duty cycle operation, with few features other that the 
capability to plug in a foot pedal. For example, the Miller Dynasty 200 TIG welder is rated at , 60% 
duty cycle, at 150 amps where the Miller Diversion 165 TIG is rated at 20% at 150 amps. The 200 has 
a digital readout with lots of features, where the 165 has only a foot pedal remote plug, foot petal 
optional.  The other major difference of course is the price. The 165 list for about $1600 where the 200 
list for about $4400.

For amateur use, the smaller welders work quite adequately for most applications. When you get into 
lighter gauge aluminum, it is a little different story. When welding aluminum, the most critical thing 
besides cleanliness and sheild gas flow is heat control. Aluminum is one of the top metals for 
conducting heat, that is why it is used for heat sinks in the electronics industry. Steel on the other hand 
does not conduct nearly as well. As a result, the heat stays relatively local with steel. With aluminum 
however, this is not the case. The heat applied to the weld site soon starts to heat the whole body of the 
work piece, resulting in having to constantly back off on the heat until you just have to stop and let the 
work cool off. With thicker plate it is not so critical, but with thin plate, the whole weld site just starts 



to fall to pieces. As previously stated, heat control is paramount. With a basic welder, you will be 
forced to weld in short passes, maybe going to another area to weld while the previous one cools off.

One of the great advantages of the more expensive welders is some of the features which support 
welding in difficult situations. One of the most valuable for TIG aluminum is pulsing. Using pulsing 
requires less heat thus generating less distortion, and increases weld penetration. What pulsing does is 
to give the weld current in pulses rather than continuously. When the pulse is on, the current is on full 
and brings the site to weld temperature. The pulse then goes off. During the off time, the weld site is 
allowed to cool and solidify. In actuality, is does not go completely off but down to some settable 
background current . This on-off cycle allows the amount of temperature in the weld site to be 
controlled so that excess heat does not accumulate and cause the weld site to become unstable. 
Typically, most pulsers allow a number of adjustment to be made to adapter to different applications. 
The frequency at which pulses occur is set by a control. In older unit this was anywhere from 20 or 30 
pulses per second to 3 to 5 second between pulses. Many of the newer pulsers operate up to 500 pulses 
per second. 

Pulse duty cycle varies the ratio of on current time to off current time. For example, 40% pulse would 
mean that 40% of the time the pulse would be on, and 60% of the time it would be at the background 
current. Pulse duty cycle is typically adjustable from 0 to 100%, while background current is variably 
adjustable from 10 or 20% to 90 or 100% of the current that would be supplied during the pulse.

These controls are to a great degree all interdependent, and depending on the type of weld and the 
thickness of material it will requires some experimenting to find a setting that works for the type of 
weld you are making. When they are set correctly, you should be able to make a continuous weld 
without stopping and without the material becoming unstable. Generally, the duty cycle and the 
background are set to allow for a controlled weld, then the frequency can be increased to speed up the 
progress of the weld. When welding, insert the rod in a dabbing motion just at the time of the pulse, 
then quickly withdraw it. It you done do this, the rod will soon take on the appearance of a wet noodle.

So for the amateur or light duty welding jobs, the ticket is to find an inexpensive welder with a pulser 
or find a third party pulser that will work with your welder. There is only one add on pulser on the 
market I have seen so far  that is made by Oakden Engineeiring ( http://oakden.ca ),  but it works only 
with the Miller Diversion 165 and it requires the purchase of a foot pedal, which I much prefer anyway. 
The 165 by the way is a very nice inexpensive TIG welder and well worth considering even without a 
pulser. Other than this, there are some DIY circuits on the Internet that with a little work you can build. 
This would make an interesting project if you are at all inclined to electronic projects.

A note on cleanliness. Clean the weld site with a clean stainless brush. Mark it for aluminum only and 
use it for nothing other than that. I you have a bad start and get blackening on the site, clean it with the 
wire brush. Be careful to not contaminate the tungsten electrode with the welding rod. It you do. Grind 
it off with the electrode held vertical so the grind marks are running parallel with the length of the 
electrode. For aluminum, the tip should be slightly rounded. For aluminum, use AC current because of 
it's cleaning action.    

Becoming capable at aluminum welding can greatly expand the scope of the projects to do, and can 
drastically change the way you build projects. Many construction processes become much easier when 
you can weld parts together rather than having to bolt them.  I hope this article helps someone benefit 
from my experience. Truly, with some practice, you will be making strong good looking weld just like 
the professionals.


