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TIG WELDING

AG 211-B

UNIT OBJECTIVE

After completion of this unit, students will be able to operate a TIG welder safely, understand the basic operations and principles, and demonstrate different TIG welding skills on different types of metal.  This knowledge will be demonstrated by completion of assignment sheets and a unit test with a minimum of 85 percent accuracy.

SPECIFIC OBJECTIVES AND COMPETENCIES

After completion of this unit, the student should be able to:

1.
Pass a safety test and demonstrate proper use of TIG welding equipment.

2. Be familiar with the different applications and uses of a TIG welder.

3. Be familiar with the different welding techniques that apply to different metals

4. Identify different problems with TIG welding, arc length, and amperage settings for different thickness of metal. 

5. Identify properly and improperly formed beads.

6. Understand causes and effects of poor welds and how to correct them.

7. Understand and practice safe use of TIG welding equipment.  

8. Understand the different uses of TIG welding in Industry.
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TIG WELDING EQUIPMENT AND SAFETY

A.  Introduction to TIG Welding

1.  TIG (Tungsten Inert Gas) welding or GTAW (Gas Tungsten Arc Welding) derives it name from the tungsten electrode used to create heat with an arc without melting the electrode and protecting the weld with an inert gas.  

2.  TIG welders work off the similar principles as arc welders, oxy welders and MIG welders.  It is similar to the arc welder for creating an electrical arc with the tungsten electrode but the electrode does not melt.  Tungsten is one of the hardest know metals and has a melting point of 6,900o.  It is similar to oxy welding for the ability to fusion weld and for having to feed filler rod with the opposite hand and holding the torch with the other.  It is also similar to the MIG welder for using an inert gas to protect the weld from oxidation. 

B.  Advantages

1.  The arc is more clearly visible by the operator with the absence of smoke from the flux.

2.  No flux is used in TIG welding, welds do not need to have slag removed.

3.  Welds in all positions.

4.  High quality welds, no spatter.

5.  Low distortion next to the welding area. 

6.  TIG welders can fusion weld almost any type metal.  

C.  Disadvantages 

1.  Limited use outdoors, wind will blow the inert gas away from the arc during the welding process.
D.  Equipment

1.  Ground Clamp

a.  The ground clamp completes the full electrical circuit so that enough heat will be available for the welding job.  Serves the same purpose as in arc and MIG welding.

2.  Welding Torch or TIG Torch

a.  The Torch Body – The main body of the torch provides a handle to hold the torch.  It is holds the collets and tungsten electrode and carries current (amps) to the electrode and directs the inert gases from the cable assembly to the weld.  See page 211B-51
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b.  The Collets – In the torch assembly you will have an electrode collet and a collet holder.  The electrode collet will hold the tungsten electrode in place and the collet holder houses the electrode collet.  The collets come in different sizes for different size electrodes and when a different size electrode is used a different size collets must be used at the same time.

c.  Collet Cap Assembly – The cap assembly covers and protects the tungsten electrode.  Caps come in different lengths, as well as the electrodes.  Sometimes a short electrode and cap are necessary to weld inside of a pipe.  

d.  The Gas Nozzle – The nozzle directs the protective inert gases to the weld keeping oxygen away from the weld.  Nozzles come in different shapes and sizes and they are used accordingly to different metals, metal thickness, and type of weld.  

e.  The TIG torch is controlled by a foot lever that engages and disengages the current flow and the gas flowmeter.  The torch can also be controlled on the torch it self with a thumb control.  

3.  Changing The Tungsten Electrode

a.  Make sure the welding unit is turned off.

b.  Remove the gas nozzle.

c.  Remove electrode cap assembly and O ring.

d. Remove the collet holder and the electrode collet (on some torches the collet holder and the electrode collet is a single unit).

e.  Remove the electrode from the electrode collet.

f.  Select the proper size electrode and collets for your next weld.

g.  Screw collet holder back into the torch body.

h.  Screw the correct size gas nozzle in place.

i.   Place the new electrode and electrode collet into the collet holder.

j.   Adjust the stick out length of the electrode.

k.  Make sure the O ring is in place, screw on and tighten cap assembly.  

4. Welding Cable Assembly

a.  Carries the current to the torch body.  

b.  Connects the gas flowmeter and carries the gases to the welding torch.

c.  The torch is water-cooled and the cable assembly carries water to the torch and back to the drain, some torches are air cooled.  

d.  The cable assembly has a thick plastic cover to protect it from sparks and insulate it from being grounded.  A leather cover is available for extra protection and is also recommended.  

d.  While welding, keep the cable draped over your shoulder to help support the cable assembly.
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5.  Combination Regulator and Flowmeter 

a.  Controls the flow of inert gases to the welding.

b.  Works the same as a regulator on the Oxy & Acetylene bottles.

c.  Reads in Cubic Foot per Hour (cfh).  

1)  Adjust the regulator while the gas is flowing.  Press down on the foot pedal and release to engage gas flow, the gas will flow for about 10 seconds after the pedal is released, more than enough time to make adjustments.  Make sure the TIG torch is not on the welding table during adjustment, this will prevent accidental arcing.  

2)  TIG and MIG gas flow meter are very similar.

E.  Protective clothing must be worn at all times when welding.  The heat created during TIG welding creates ultraviolet and infrared rays that can burn the skin.  Many of the same protective clothing used in arc welding are also used in TIG welding.

1.  Leather Gloves

a.  Gloves protect the hands from burns during welding.

b.  The gloves should be made of thin leather and have long cuffs to protect the wrist and prevent sparks from falling into them.  The thin leather is used because of less spatter and the need for better feel of the filler rod.  

2.  Leather or Cotton Sleeves

a.  A NONFLAMMABLE material should be worn on the arms to protect from burns due to sparks and intense heat.

3.  Body Protection

a.  Either a leather apron or coveralls or workshirt made of a flame-retardant material will protect the body during arc welding.

b.  All protective clothing should fit properly and be free of openings or rips into which a spark might enter or the intense heat might penetrate.

4.  Footwear.

a.  High top leather boots should be worn while TIG welding.

b.  Never wear open-toed shoes while working with hot metal or a welding apparatus.
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F.  Welding Helmets and Shields - The brilliant light given off by the electric arc produces ultraviolet and infrared rays, which can severely burn the eyes and skin. NEVER LOOK AT THE ARC WITH THE NAKED EYE. Helmets and shields are equipped with special filter lenses and some have auto darkening lenses that reduce the intensity of the light and prevent the ultraviolet and infrared rays from reaching the eyes.

1.  The welding helmet is designed specifically for the purpose of arc welding.

a.  The welding helmet fits on the head using a plastic adjustable headband.

b.  The helmet leaves both hands free for working and positioning materials.

2.  The hand shield is used for observing.

a.  It is NOT advisable to use the hand shield when welding since one hand must be used to hold the shield in place.

3.  The protective lenses come in different shades depending on the type of welding to be done. Different types of welding use different amounts of voltage and current which determine the intensity of the light and the amount of ultraviolet and infrared rays produced. Spot welding requires the fewest amperes and thus requires the least amount of shading in the lens. Arc welding machines require from less than 30 to over 400 amperes. Lens shades range from number 5 (which provides the least amount of protection) to shade 14 (which provides the most protection).

a.  Shade 5 is used for light spot welding.

b.  Shades 6 and 7 are suitable for welding with up to 30 amperes.

c.  Shade 8 is for welding with 30-75 amperes.

d.  Shade 10 can be used when welding with 75-200 amperes. (Most Suitable for MIG Welding)

e.  Shade 12 is used when welding with 200-400 amperes.

f.  Shade 14 is required when welding with over 400 amperes.

Note: Many people mistakenly think that the lens shade number corresponds to the amount of protection that is provided to the eyes and hence the higher the number, the higher the protection.  But in reality, all well-constructed welding lenses, such as those manufactured by Lincoln Electric, have a screen that filters out 100% of the harmful ultraviolet (UV) and infrared (IR) wavelengths and provides protection to the eyes.  The number just denotes the amount of darkness provided by that particular lens and should 
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be used by operators as a guide to select the one that is most comfortable and desired for their particular application.

Since the welding lens provides full UV and IR protection at all times – weather fully darkened or not – those who are concerned about being exposed to ultraviolet and infrared rays in those fractions of milliseconds while an auto-darkening helmet is tinting shouldn’t be worried.  Once the helmet is on, the eyes are protected from the ultraviolet frequency emitted by the welding arc.  

Always select a shade that allows you to see the weld puddle clearest and that most aids your welding ability.  (Stabilized, Volume 70, No. 1.)

4.  Cover glasses are clear lenses that are used to stop flying sparks, thus protecting the filter lenses. There are 3 different types of cover glass currently available.

a.  Clear, unbreakable plastic is the cheapest and lasts the longest.

b.  Chemically treated glass is used to reduce pitting but it can be expensive.

c.  Plain glass is the cheapest but it’s very susceptible to breaking, pitting, and splatter sticks and is NOT recommended.

5.  Filter lenses must be changed if a crack or chip occurs in order to prevent ultraviolet and infrared rays from reaching the eyes. The shades of the lenses must also be changed. If the shade is too dark, the worker will be unable to see the work that is being performed. If the shade is too light, proper eye protection is not achieved. Many welding helmets have interchangeable lenses. The lens changing procedure is as follows:

a.  Remove the lift-up mechanism on the helmet or the lens frame lock.

b.  Slide the old filter lens out and insert the new one.

c.  Reinsert the lift-up mechanism or the lens frame lock.

d.  Put the helmet on and search for light leaks. If leaks are present, the lens must be readjusted.

G. Additional Welding Equipment

1.  Safety Glasses - Safety glasses must be worn at all times.  

2.  Pliers - The heat of the arc will heat all of the metal being welded. Always use tongs or heavy pliers to carry or maneuver the metal stock.

3.  Wire Brush – The metal must be free of dirt and other impurities before welding can begin.  Use the wire brush to clean the metal before welding.  Use a clean stainless steel brush on aluminum before you begin welding.  
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SAFETY IN TIG WELDING

When TIG welding, observe the following general safety practices.

1.  Wear gloves and eye and face protection. The welder and all observers must wear welding helmets with a No. 10 or 12 filter lens. A welding cap or helmet with a hard hat is also recommended for head protection. When cleaning a weld with a wire brush be sure your safety glasses are being wore properly.

2.  Avoid electrical shock. Make certain that the TIG torch and all electrical connections and cables are properly insulated. Check to see that the welder is properly grounded. Do not dip the TIG torch in water to cool it because this practice may result in electrical shock.  The TIG torch will be water cooled internally or it may be air cooled.

3.  Protect others. For small and practice welding jobs, work in a partitioned area to protect others from harmful rays. When prepared to start a TIG weld, inform all bystanders to cover their eyes.

4.  Never weld in a damp area. Stand on a dry board or rubber mat if the floor or ground is damp or wet.

5.  Never wear synthetic fiber clothing. Synthetic fibers are highly flammable. Wearing clothing made from wool or cotton is more satisfactory for welding because of their relatively high flash points.

6.  Protect welding cables. Keep the cables from coming in contact with hot metal and sharp edges. Do not drive over cables. 

7.  Secure work. Use a welding table with a positioner to hold welds securely in place. Clamps and vises can be used to hold odd-shaped work or field work. Securing work will also prevent injury from accidental dropping of metal on your feet or body.

8.  Prevent burns. Never adjust the gas cup with your bear hand, even after welding for just a few moments the cup can become very hot.  Remove hot metal from the work area when you are finished welding to prevent burns to others.

9.  Handle hot metal with pliers or tongs. Submerge hot metal completely in water to prevent steam burns.

10. Weld in a well-ventilated area. The fumes from lead, zinc, cadmium, and beryllium are toxic and may cause sickness or death.

11. Do not carry matches or lighters, and do not allow bystanders to smoke. Before welding, make sure the welding area is free of other flammables (gas, grease, etc.).

* Reprinted by permission of Interstate Publishers, Inc., from MODERN 

 AGRICULTURAL MECHANICS, 2nd ed., by Stanley R. Burke and T. J. Wakeman. 

 Copyright 1992 by Interstate Publishers, Inc.
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ACTIVITY:

1.  Practice identifying and handling TIG welding equipment, making sure that all safety procedures are followed and that suitable clothing is being worn.

2.  Burn a piece of cotton cloth and a piece of polyester and cotton blend and compare the difference in the ash.  The cotton will simply turn into ash while the blended material will melt and keep burning.

3.  Quench metal by dipping it in and out of water and demonstrate the steam rising and show how it can cause steam burns.  

4.  Change inert gas bottles and set flowmeter regulator.

TIG WELDING SETUP AND SHUT DOWN

A.  Setup and Preliminary Checks

1.  Look the TIG welder over before starting.

a.  Inspect the welding torch and leads for any damage.  If damaged, make repairs before using the welder.  

1)  Inspect the gas nozzle for excess spatter, damaged caused by overheating, cracks, and any other damage.  Clean or replace parts if necessary.  

2)  Make sure the correct size electrode is being used with the proper size electrode collet and collet holder.  

3)  The orifices are clear and free from obstruction.  

4)  Inspect the welding cable assembly for bear spots and cracks in the insulation; if damaged, repair or replace if necessary.  

2.  Turn the machine on.

3.  Turn on water (if the torch body is water cooled).

4.  Turn on remote switch (this switch gives control to the foot lever).

5.  Turn on the inert gas and adjust accordingly.  Adjust gas flow to a working pressure by engaging the torch with the foot lever and letting the gas come out the torch tip.

6.  Set Polarity.  

5.  Adjust the tungsten electrode to proper stick out length.  

6.  Adjust the amperage or voltage to the prescribed setting.  Know the thickness and the type of metal you are welding on and consult the welding chart for proper amperage settings.  (Minor adjustment may be required after welding begins.)
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B.  TIG Welding Procedure
1.  Equipment adjustment for proper amperage is vital for good welds and proper use of the machine.  

a.  The welding bench should be clean and dry.

b.  The ground clamp should be attached to the welding bench in a secure manner.

2.  Striking an Arc

a.  Select a plate or coupon of mild steel 1/8" thick, 2" to 3" wide, and 4" to 5" long.

b.  Place the welding torch in position, the tungsten electrode about 1/4" above the work surface.  The electrode will not become “hot” until the foot lever is pressed.  Be sure your hand is stabilized by rest your elbow or forearm on the table.  

c.  Striking an arc is as simple as pressing the foot lever.  

1)  Hold the torch with the electrode 1/8" to 1/4" above the base metal or work plate.  

2)  Pressing the foot lever 3/4 the way down, charging the tungsten electrode with a high amperage of electricity and an arc will appear.  After the arc has appeared and is stable and the weld pool is established, back off on the foot lever a to the desired amperage.

3)  Arc length needs to be 1/16" – 1/8".  Any longer will increase the resistance and your amperage will change and not weld properly.  

4)  Practice starting and stopping the arc until this action can be completed quickly and easily.

d.  Practice running fusion beads (without filler rod) and the circular motion, after the skill of starting and maintaining an arc has been mastered.

e. Practice running fusion beads with filler rod and the circular motion, after the skill of running fusion beads has been mastered.

1)  Similar to running beads in Oxy-acety welding you will need to use one hand to hold the torch and the other to feed the filler rod.  Stringer beads are an excellent bead for beginning welders to make. The beads will not be consistent but should improve with practice.
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2)  Welds done with proper amperage, voltage, and travel speed displays 

a)  Good penetration

b)  No undercut or overlap

c)  Smooth appearance

f.  Hold the torch at the end of the puddle for a moment after releasing the foot lever.  The gases will continue to flow for a few seconds after the foot lever is released.  The torch will also provide heat from the tip, this will help the weld cool slower and prevent cracks and the gases will help prevent oxidizing.  

C.  Shutting Down a TIG Welder

1.  After the weld is complete, 

a.  Shut off the inert gas cylinder.

b.  Shut off water.

c.  Engage the foot lever, releasing the gases still in the lines

d.  Turn off the welder

ACTIVITY:

1. Starting and maintain an arc by running beads across a piece of metal.

2. Explain what happens when the correct speed and working distance are being maintained.

3. Run and evaluate stringer bead for correctness and penetration.  

4. Run beads with the gas turned off and volts too high and too low.

5.  Change tungsten electrode and demonstrate the proper way to sharpening.

ELECTRICAL CURRENTS IN TIG WELDING

A. Welding Currents – 

1.  DC – Direct Current, the current will flow in one direction, from the positive to the negative.  In welding there are two different polarities used, reverse polarity (DCRP) and straight polarity (DCSP).  

a. DCSP – Direct Current Straight Polarity is a direct current flow, flowing from the welding torch being welded on to the work piece. 
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1)  DCSP is mostly used to weld; carbon steels (mild steel), stainless steels, copper and copper alloys, nickel steels, brass and bronzes, and titanium. 

2)  Using straight polarity more heat will be directed to the work piece.  Approximately 1/3rd of the heat will be in the electrode and 2/3rds of the heat will be in the work piece.  

3)  With less heat in the electrode, smaller electrodes can be used to weld with DCSP.

4)  DCSP is used for welding mild steel, stainless steel, copper, and titanium.  Produces a narrow bead with deep penetration.

b.  DCRP – Direct Current Reverse Polarity is a direct current flow, flowing from the work piece to the welding torch.  

1) DCRP can weld the same materials as DCSP but with less heat in the work piece, thinner material can be welded.  

2)  Using reverse polarity more heat will be directed to the electrode. Approximately 2/3rds of the heat will be in the electrode and 1/3rd of the heat will be in the work piece.  

3)  With more heat in the electrode, larger electrodes are needed to weld with DCRP.  Produces a wide bead with shallow penetration.

4)  DCRP is usually reserved for preparing tungsten electrode for aluminum welding and heavy oxidized cast aluminum welding.  See page 211B-50 for preparing electrode for aluminum welding.

c.  When using a direct current the tungsten electrode needs to be ground to a sharp point, like a pencil.  

d.  The length of the point will need to be 2 ½ times the diameter of the electrode.  

e.  See sharpening procedures on page 211B-49.  

2.  AC – Alternating Current or ACHF Alternating Current High Frequency, the current of electricity will change directions 120 times a second, flowing back and forth from the positive to the negative.  Sixty changes to the positive and 60 changes to the negative.  ACHF is mostly used in welding aluminum.  

a.  Sense the current travels back and forth, equal heat appears in the electrode and the work piece.  Higher amps are sometimes required when welding with AC.  Produces a medium width bead with medium penetration.  

b.  When using an alternating current the tungsten electrode needs to be rounded or balled at the end.  

c.  A superimposed high frequency (added over the top of the existing current) is added to prevent the current from reaching zero.  See illustration on page 211B-44.  
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d.  The roundness of the balled end will be the same size of the electrode and up to 1 ½ time the diameter of the electrode.

e.  See rounding procedures on page 211B-50.  

f.  Square Wave Current – The square wave current eliminates the build time of a graduated wave current for a better arc stability while welding.  See illustration on page 211-45.  

AWS CLASSIFICATION SYSTEM FOR ELECTRODES AND FILLER ROD

A.  TIG electrodes and how they are selected. 

1.  In TIG welding the electrodes are thin and made primarily of tungsten, a Thorium or Zirconium alloy will be added to raze the melting temperature to a higher degree.  

2.  Generally there are five different types of tungsten electrodes.  Each kind of electrode will be identified by different colors.  Each electrode has a special purpose.  

a.  A pure tungsten electrode will be identified by a green color.  (EWP)

     Designed for welding aluminum and magnesium welding only.

b.  An electrode with 1% Thorium will be identified by a yellow color.  (EWTH1)

     Designed for welding copper and copper alloys. 

c.  An electrode with 2% Thorium will be identified by a red color.  (EWTH2)

     Designed for all carbon steels, stainless steel, nickel alloys, and titanium.

     Note: This electrode will weld aluminum, magnesium, and copper, but it’s cheaper to use pure tungsten and the 1% Thorium.  Pure tungsten will keep a balled end better than 1% or 2% Thorium.  The red colored electrode is the most commonly used electrode in educational programs.  

d.  An electrode with 3% Thorium will be identified by a blue color.  (EWTH3)

     Designed for all the same welds as 2% but more expensive.

e.  An electrode with Zirconium will be identified by a brown color.  (EWP)

     Designed for x-ray quality aluminum and magnesium welds.  Higher amps can be run through the Zirconium electrode than the pure tungsten.  

3.  The different types of electrodes will come in different diameters.  Starting at 0.010" up to 1/4".  See charts on pages 211-47 & 48.

4.  With the different sizes of tungsten electrodes there are different sizes of gas cups to be used.  Cup numbering is determined by size in 16ths of an inch.  For example, cup size #5 is 5/16ths of an inch and #6 is 6/16ths or 3/8ths of an inch.  See charts on pages 211B-47 & 48 for matching electrodes with gas cup size.  
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B.  Selection of TIG Filler Rods

1.  Selection of TIG filler rods are based on the types of base material and the types of beads to be welded.  

2.  TIG filler rod identification is similar to identifying electrodes used in MIG welding.  The American Welding Society (AWS) has developed a the following electrode classification system: 

a.  What does the classification of ER316 L on the label of a box of TIG filler rod mean?  Reading from left to right.

1)  The beginning of the code will begin with an E or ER, the E meaning use as an electrode only and R means it can be used as a rod.  

2)  The 316 is identifying the type of stainless steel alloy in the filler rod.  

3)  The letter L indicates the filler rod is a “low carbon”.

ACTIVITY: 

1.  Use overheads and handouts with students to explain the AWS code for TIG electrodes and filler rod.  

2.  Demonstrate proper start up and shut down procedures.  

3.  Demonstrate stating an arc and welding a bead. 

4.  Demonstrate holding the torch over the weld to allow the inert gases to flow over the weld.  
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BASIC WELDS

A.  Welding a Fusion Bead, Mild Steel

1.  Welding a fusion bead is the first step after striking an arc and towards making other types of welds.

2.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

3.  Use DCSP and sharpen the tungsten electrode to a sharp point.

4.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.  Increasing the arc length during welding will result in a higher resistance and higher heat.  Decreasing the arc length will result in a lower resistance and lower the heat.

5.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(. 

6.  Speed of travel, watch the width of the puddle and keep it constant.

7.  See page 211B-25

B.  Welding a Bead, Mild Steel

1.  Welding a bead with filler rod is the first step after running a fusion bead.  

2.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

3.  Use DCSP and sharpen the tungsten electrode to a sharp point.

4.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.  

5.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(.  Hold the filler rod 15o to 20o above the base plate. 

6.  Speed of travel, watch the width of the puddle and keep it constant.

7.  See page 211B-29

C.  Welding a Bead, Aluminum

1.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

2.  Use AC (ACHF if available) and round the tungsten electrode to a balled end.

3.  Keep the arc length constant, between 1/16" – 1/8", listen to the sound and keep it constant.  

4.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(.  Hold the filler rod 15o to 20o above the base plate.  

5.  Speed of travel, watch the width of the puddle and keep it constant.

211B-15

6.  Note: Aluminum is a good conductor of heat, it might take a few seconds before a puddle forms but once it does back off on the heat (amperage) a little and then weld the bead.  See page 211B-52

7. See page 211B-31

Note: Do not try to weld on 7000 or 2000 series aluminum.  This is a high-grade aluminum but it cannot be welded.  It’s mostly used in the aircraft industry BUT they are riveted together and not welded.  It can be found at surplus auctions at a cheap price but its’ uses are limited.

The most common grade of aluminum used is the 5000 series.  This grade is not crack sensitive and filler metal is readily available.  

D.  Welding a Bead, Stainless Steel

1.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

2.  Use DCSP and sharpen the tungsten electrode to a sharp point.

3.  Keep the arc length constant, between 1/16" – 1/8", listen to the sound and keep it constant.  

4.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(.  Hold the filler rod 15o to 20o above the base plate. 

5.  Speed of travel, watch the width of the puddle and keep it constant.

6.  Note: Stainless steel does not conduct heat very well (directly opposite of aluminum), a puddle will form shortly after the arc is started.  High warpage is common in stainless steel welds. See page 211B-xx

7.  See page 211B-xx

E. Butt Weld, Mild Steel & Stainless Steel

1.  Welding a butt weld is the first step after running a bead.  The butt joint is one of the most frequently used weld joints.

2.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

3.  Use DCSP and sharpen the tungsten electrode to a sharp point.

4.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.

5.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(.  Hold the filler rod 15o to 20o above the base plate. 

6.  Speed of travel, watch the width of the puddle and keep it constant.

7.  Use a closed butt weld, the closed butt weld should be used only if the material to be welded does not exceed 3/16” in thickness.

8.  See page 211B-33
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F. Butt Weld, Aluminum

1.  Welding a butt weld on aluminum is a lot different than welding a butt weld on mild steel.  Due to the fact that aluminum conducts heat faster.    

2.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

3.  Use AC (ACHF if available) and round the tungsten electrode to a balled end.

4.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.

5.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90(.  Hold the filler rod 15o to 20o above the base plate. 

6.  Speed of travel, watch the width of the puddle and keep it constant.

7.  Use a closed butt weld, the closed butt weld should be used only if the material to be welded does not exceed 3/16” in thickness.

8.  See page 211B-35

G.  Fillet Weld, Stainless Steel & Mild Steel

1.  The tee joint is formed by placing one plate at a 90 degree angle to another to form a letter T. A tee joint is a Fillet-type weld.  Welding a fillet weld is the next step after welding a butt weld.

2.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

3.  Use DCSP and sharpen the tungsten electrode to a sharp point.

4.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.  Stick out length can be up to 1/4" on a fillet weld to allow for correct arc length.  

5.  Angle the welding torch tip 15( from vertical away from the direction of travel.  At the same time keep the torch at a 45( from the side plate.  Hold the filler rod 20o above the base plate and 20o from the side plate. 

6.  Speed of travel, watch the width of the puddle and keep it constant.

7.  See page 211B-37

H.  Fillet Weld, Aluminum

1.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

2. Use AC (ACHF if available) and round the tungsten electrode to a balled end.

3.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.  Stick out length can be up to 1/4" on a fillet weld to allow for correct arc length.  
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4.  Angle the welding torch tip 15( from vertical away from the direction of travel.  At the same time keep the torch at a 45( from the side plate.  Hold the filler rod 20o above the base plate and 20o from the side plate. 

5.  Speed of travel, watch the width of the puddle and keep it constant.

6.  See page 211B-39

I. Pad Welding, Aluminum

1.  A pad weld is used to build up metal surfaces after it has been worn down.

2.  Pad welding can be done on flat or round surfaces.

3.  Pad welding consists of depositing several layers of beads.

a.  Welding a bead to cover half of the previous bead.

b.  Welding beads one over the top of another.

4.  Set welding amperage and the gas flow to the desired setting (depending on the electrode size and the thickness of metal used.)

5.  Use AC (ACHF if available) and round the tungsten electrode to a balled end.

6.  Keep the arc length constant, about 1/16" – 1/8", listen to the sound and keep it constant.

7.  Angle the welding torch tip 15( – 20( from vertical away from the direction of travel.  At the same time keep the side to side angle at 90( on the first pass and 10o off 90o on the second, third, etc.  Hold the filler rod 15o to 20o above the base plate. 

8.  Speed of travel, watch the width of the puddle and keep it constant.

9.  See page 211B-41

ACTIVITY:

1. Prepare and weld each of the types of welds.

2. Design and build a project utilizing at least three different types of welds.
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TIG Welding, Mild & Stainless Steel Fusion Bead
1.  Use a 2% Thorium, 1/16" electrode (Red colored end).

2.  Set proper amperage, gas flow, and use proper cup size, consult chart for stainless and mild steel. 

3.  Use 1/8" X 2" X 3" mild steel or stainless steel.

4.  Sharpen electrode to a pencil point, 3/16" stickout length. 

5.  Bead width, 3/16".

6.  Hold torch at a 20o travel angel, 90o work angle.








20o  




Direction of Travel




Inert Gas Pocket













       3/16"














  1/16"
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TIG Welding, Aluminum Fusion Bead

1.  Use a 2% Thorium, 1/16" electrode (Red colored end) or pure tungsten.

2.  Set proper amperage, gas flow, and use proper cup size, consult chart for aluminum. 

3.  Use 3/16" X 2" X 3" aluminum.

4.  Prepare electrode with a balled end, 1/16" – 1/8" stickout length. 

5.  Hold torch at a 20o travel angel, 90o work angle.  

6.  Bead width, 3/16", use back and forth motion. 








20o  




Direction of Travel




Inert Gas Pocket












         1/16" – 1/8"













   1/16"
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GRADE SHEET

TIG Welding, Fusion Bead – Aluminum
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TIG Welding, Mild & Stainless Steel Bead

1.  Use a 2% Thorium, 1/16" electrode (Red colored end).

2.  Set proper amperage, gas flow, use proper cup size, and correct size filler rod.  Consult chart for stainless and mild steel. 

3.  Use 1/8" X 2" X 3" mild steel or stainless steel.

4.  Sharpen electrode to a pencil point, 3/16" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 3/16" & height 1/16".

7.  Hold torch at a 20o travel angel, 90o work angle, hold filler rod 20o above work.  

8.  Keep the end of the filler rod within the protective gas pocket.








20o  




Direction of Travel




Inert Gas Pocket











      













3/16"

       20o  












    1/16"


3/16"







    1/16"
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TIG Welding, Aluminum Bead

1.  Use a pure tungsten or a 2% Thorium, 1/16" electrode.
2.  Set proper amperage, gas flow, and use proper cup size, consult chart for aluminum. 

3.  Use 3/16" X 2" X 3" aluminum.

4.  Prepare electrode with a balled end, 1/16" – 1/8" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 3/16" & height 1/16".

7.  Hold torch at a 20o travel angel, 90o work angle, hold filler rod 20o above work.  

8.  Keep the end of the filler rod within the protective gas pocket.








20o  




Direction of Travel




Inert Gas Pocket













         1/16" – 1/8"













    1/16"


3/16"







    1/16"
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TIG Welding, Mild & Stainless Steel Butt Weld

1.  Use a 2% Thorium, 1/16" electrode (Red colored end).

2.  Set proper amperage, gas flow, use proper cup size, and correct size filler rod.  Consult chart for stainless and mild steel. 

3.  Use 1/8" X 1" X 3" mild steel or stainless steel.

4.  Sharpen electrode to a pencil point, 3/16" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 3/16" & height 1/16".

7.  Hold torch at a 20o travel angel, 90o work angle, hold filler rod 20o above work.  

8.  Keep the end of the filler rod within the protective gas pocket.

9.  Bead width must be equal on both pieces of metal.  









20o 






       20o  





3/16"







    1/16"
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TIG Welding, Aluminum Butt Weld

1.  Use a pure tungsten or a 2% Thorium, 1/16" electrode.

2.  Set proper amperage, gas flow, and use proper cup size, consult chart for aluminum. 

3.  Use 3/16" X 1" X 3" aluminum.

4.  Prepare electrode with a balled end, 1/16" – 1/8" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 3/16" & height 1/16".

7.  Hold torch at a 20o travel angel, 90o work angle, hold filler rod 20o above work.  

8.  Keep the end of the filler rod within the protective gas pocket.

9.  Bead width must be equal on both pieces of metal.








20o  








20o  





3/16"







    1/16"
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TIG Welding, Mild & Stainless Steel Fillet Weld
1.  Use a 2% Thorium, 1/16" electrode (Red colored end).

2.  Set proper amperage, gas flow, and use proper cup size, consult chart for stainless and mild steel. 

3.  Use 1/8" X 1" X 3" stainless or mild steel.

4.  Sharpen electrode to a pencil point, 1/4"-3/8" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 1/4" & legs 3/16".

7.  Hold torch at a 20o travel angel, 45o – 55o work angle, hold filler rod 20o above work and 20o from the side plate.  

8.  Keep the end of the filler rod within the protective gas pocket.

9.  Keep a round puddle, a horseshoe shaped puddle will result in a poor weld.  










20o











45o – 35o  


       20o  








20o 





Horseshoe Shape
Round Shape
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TIG Welding, Aluminum Fillet Weld

1.  Use a 2% Thorium or pure tungsten, 1/16" electrode.

2.  Set proper amperage, gas flow, and use proper cup size, consult chart for aluminum. 

3.  Use 1/8" X 1" X 3" aluminum.

4. Prepare electrode with a balled end, 1/8"-3/8" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 1/4" & legs 3/16".

7.  Hold torch at a 20o travel angel, 45o – 55o work angle, hold filler rod 20o above work and 20o from the side plate.  

8.  Keep the end of the filler rod within the protective gas pocket.

9.  Keep a round puddle, a horseshoe shaped puddle will result in a poor weld.  








20o












45o – 35o  


       20o  








20o 





Horseshoe Shape
Round Shape
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TIG Welding, Aluminum Pad

1.  Use a pure tungsten or a 2% Thorium, 1/16" electrode.
2.  Set proper amperage, gas flow, and use proper cup size, consult chart for aluminum. 

3.  Use 3/16" X 2" X 3" aluminum.

4.  Prepare electrode with a balled end, 1/16" – 1/8" stickout length. 

5.  Use dab motion, arc length 1/16".

6.  Bead width, 3/16" & height 1/16".

7.  Hold torch at a 20o travel angel, 90o work angle on the first bead and 80o on the remaining passes, hold filler rod 20o above work.  

8.  Keep the end of the filler rod within the protective gas pocket.








20o  







20o  






First 
Second +
Pass





Passes





90o  




     80o  
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DAB MOTION




Move Torch Forward

    Move Torch Backward

Move Torch Forward




Move Filler Rod Out


    Move Filler Rod In


    Move Filler Rod Out








Move Puddle Forward

         Touch Filler Rod
 



Move Puddle Forward







       To the front of the puddle
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HIGH FREQUENCY (over 16,000 Hz)





Volts


PRIMARY CURRENT (60 Hz)
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        SQUARE WAVE





Buildup Time





  Instant Buildup 








Graduated Wave






Square Wave
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TIG Welding Polarities & Penetration 



Current


  Flow








  DCRP




   DCSP




 AC



     1/3 Heat in Work  


    2/3 Heat in Work  


      1/2 Heat in Work



 2/3 Heat in Electrode


 1/3 Heat in Electrode

           1/2 Heat in Electrode



(used to prepare tungsten 
   (used on mild and stainless steel)             (used on aluminum)



   for aluminum welding)















      MEDIUM WIDTH 


       SHALLOW WIDE BEAD


  DEEP NARROW BEAD

MEDIUM PENETRATION
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	DATA FOR ALIMINUM WELDS

	Metal Thickness
	Weld

Type
	ACHF Amps
	Tungsten electrode
	Welding speed, ipm
	Filler Rod Diameter
	GAS 

Flow
	Cup 

Size

	1/16


	Butt

Fillet
	60 – 80

70 – 90 
	1/16
	12

10
	1/16
	15 to 20
	4,5,6

	1/8


	Butt

Fillet
	125 – 145

140 – 160 
	3/32
	12

10
	3/32 or 1/8
	17 to 25
	6,7

	3/16


	Butt

Fillet
	190 – 220

210 – 240 
	1/8
	11

9
	1/8
	21 to 30
	7,8 

	1/4


	Butt

Fillet
	260 – 300

280 – 320 
	3/16
	10

8
	1/8 or 3/16
	25 to 35
	8,10

	3/8


	Butt

Fillet
	330 – 380


	3/16, 1/4 
	5


	3/16 or 1/4
	29 to 40
	10

	1/2 


	Butt

Fillet
	400 – 450


	3/16, 1/4 
	3
	3/16 or 1/4
	31 to 40
	10
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	DATA FOR MILD & STAINLESS STEEL WELDS

	Metal Thickness
	Weld 

Type
	DCSP

Amps
	Electrode Size
	Welding speed, ipm
	Filler Rod Diameter
	GAS 

Flow
	Cup 

Size

	1/16


	Butt

Fillet
	80 – 100

90 – 100
	1/16
	12

10
	1/16
	11
	4,5,6

	3/32


	Butt

Fillet
	100 – 120

110 – 130
	1/16
	12

10
	3/32
	11
	4,5,6

	1/8


	Butt

Fillet
	120 – 140

130 – 150
	1/16
	12

10
	3/32
	11
	4,5,6

	3/16


	Butt 

Fillet
	200 – 250

225 – 275
	3/32

1/8
	10

8
	1/8
	13
	6,7

7,8

	1/4


	Butt

Fillet
	275 – 350

300 – 375
	1/8
	5
	3/16
	13
	7,8

	1/2


	Butt

Fillet
	350 – 450

375 – 475
	3/16 
	3
	1/4
	15
	8 – 12
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Tungsten Tip Preparation for Mild & Stainless Steel

Sharpening Tungsten to a Sharp Point














Approximately 2 ½ times














the diameter of the electrode








Procedure: 

1.  Use a fine grinding stone that is designated for TUNGSTEN ONLY, sharpening tungsten on a stone that has been used for mild steel will contaminate the tungsten electrode.  

2.  Use the upper portion of the grinding stone.

4. DO NOT cup the bottom end of the electrode with your hand while grinding, the grinder might drive the electrode into you hand or fingers.  Hold the sides of the electrode with your fingers while sharpening.

5. Sharpen the electrode to a maximum of 2 ½ times the diameter of the electrode.  
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Tungsten Tip Preparation for Aluminum

Balling the end of an Electrode



Current


  Flow









  DCRP








    For High Current Welding

Procedure: 




    For Low Current Welding

1.  Set the current flow to DCRP at approximately 100 amps or higher, depending on electrode size.

2.  Hold electrode tip 1/8 inch above base metal (usually a copper plate, DO NOT USE CARBON).  

3.  Engage current flow (press down on the foot pedal or thumb level) and increase amperage until a ball forms on the end of the electrode.  

4.  The electrode will collect enough heat the tip will melt and ball up.  

5.  Check the balled end for diameter, ball should not exceed 1 ½ times the electrode diameter.  
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PARTS OF THE TIG TORCH
















CAP













ELECTRODE










ELECTRODE 









       COLLET







TORCH BODY





COLLET




HOLDER



CUP or


NOZZLE
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HEAT CONDUCTIVITY






1200OF









1100OF





ALUMINUM


(high conductivity)






1200OF









70OF





STAINLESS


STEEL


(low conductivity)

