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Proper clothing
Welding helmet
Leather gloves (not cloth)
Flame resistant jacket
Long pants
Closed toe shoes
Hair tied back
Eye damage
Must wear welding helmet
If using auto darkening helmet, always check settings before use 
Always wear safety glasses when sharpening tungsten
Skin damage
Will give you a sunburn over prolonged usage
Wear gloves
Wear long sleeves
Wear long pants
Wear closed toe shoes
Burns
Never grab anything with bare hands, test for heat first
Wear leather gloves
Use pliers when picking things up
Fire
Wear flame resistant outer clothing
Always make sure there are no flammables in hot shop!
Clean weld area of paint
Toxic fumes
Position air hood as close as possible to weld area
Clean weld area of paint
Projectiles
Take extra caution when moving gas bottles. Very high potential energy when full!!!
Always have gas bottles firmly attached to table or rack. Never leave unattended!
Other welding
Do not weld for other projects, especially if structural
Liability too high
You are not a professional welder
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I. Welder
A. Check power connections for pinched or exposed wires
B. Always turn welder off after use
1. Purge gas before turning off
II. Welder accessories
A. Torch is very fragile, do not drop or put in dangerous place
B. Care for all cables, do not allow to get pinched
C. Treat pedal and grounding clamp with care
D. Gas regulator fragile, handle with care
III. Welding equipment
A. Helmets are expensive, do not lay on face and scratch. Hang up after use
B. Do not expose gloves to excessive heat or dirt
1. Dirty gloves contaminate weld areas
IV. Gas bottles
A. Always turn gas off when finished
B. Make sure bottles are always firmly attached to something substantial
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I. Torch setup
A. Gas cup should be at least 3x diameter of tungsten for adequate gas shielding
II. Tungsten selection
A. Tungsten with red paint on end: use on steel
B. Tungsten with green paint on end: use on aluminum
III. Tungsten preparation
A. Tungsten extension: sticks out no greater than inside diameter of gas cup – roughly ¼”
B. Ground to a point  with point 2.5x electrode diameter (see below)
[image: ]
IV. Ground clamp
A. Clamp needs to be on good, clean metal for proper grounding
B. Can be attached to leg of table and provide adequate grounding for anything touching table (assuming table surface is without paint)
C. Can also be clamped to spare tube and laid on part to weld
V. Gas and regulator
A. Use only argon gas
B. Check regulator to read 12-17 CFH (cubic feet per hour)
C. Other gauge determines pressure in bottle. Less than 500 psi is low
VI. Pedal
A. Position pedal so it is easy to modulate
B. The better the placement, the easier it will be to control the arc
VII. Material prep
A. The cleaner you can get the material, the better
B. If oil or paint on material, remove with acetone or wire brush
C. Any contamination will affect the quality of the weld
VIII. Settings
A. Dynasty 200: 
1. Select polarity – DC for steel, AC for aluminum. 
Note: Don’t touch other settings unless you know what you’re doing
B. Default settings
1. Process – TIG HF Impluse
2. Output – RMT Std
3. Pulser, Sequence, Adjust, AC Waveshape – All null (don’t have light on)

IX. Amperage control knob
A. Set amperage based on size of material. Use pedal to fine tune, knob sets max amps
B. Use below image as rough estimate (use pedal to fine tune)
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X. Holding pieces stationary
A. Can use magnet to keep pieces stable – Use only to tack in place, magnet will melt
B. Can use small vise to hold pieces stable
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Striking an arc
Position hand such that it will be steady
Get filler close to weld area
Ensure helmet is set
Engage pedal to start arc
Creating and controlling a puddle
Increase pedal to form “puddle” of molten metal
Drag puddle around to get a feel for how it moves
Modulate pedal to vary size of puddle
Creating a bead
Find two pieces of metal and clamp them together
Start the arc and adjust the pedal such that both pieces form a puddle. Take care to not burn away the edge 
Dab the filler rod in between the two puddles until they are one piece
Continuing a bead (pushing the puddle)
With a properly ground tip, where you point the torch is where the heat is going
When installing tungsten back into torch, do not over tighten!!! Only slight force is necessary.
Follow images below
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Continuing a bead (pulling the puddle)
This method is not advised. The heat is going more into the bead than going down and penetrating the metal. 
[bookmark: _GoBack]Can be useful for very thin pieces (heat goes into bead & not blow holes through piece)
Filler placement
Filler needs to stay close to arc and gas shielding
If filler leaves gas shielding area, can begin to oxidize and affect weld quality
Joining similar thickness metals
Set amperage appropriately for the thickness of the metals
This is the ideal condition – follow above procedure
Joining dissimilar thickness metals
Set amperage for thickest metal
Focus heat into thickest metal until puddle forms
Back down amperage and move toward thinner metal until puddle forms
Use filler to start bead, modulate pedal to keep both puddles active
Continue to focus heat on thicker metal – radiating heat will most likely keep puddle on thinner metal
Joining edge to flat surface (lap joint)
Set amperage for thickness of metals
The flat surface will require more heat to form puddle than metal with edge
Follow similar steps to joining dissimilar thickness metals by focusing heat more on flat surface
Bridging large gaps
It is not advised to weld large gaps! Structurally unsound. Best to remake part
If possible, start at the smallest end and work your way around
On the thickest piece of metal, build up material with filler until it is able to reach other piece of metal. Typically have to use low amperage to keep puddle from melting away
Amperage adjustment
If puddle is too small, increase amperage (assuming pedal maxed out)
If puddle is too big, decrease amperage (assuming pedal adjustment too coarse)
Tungsten Care
Try not to touch tungsten to molten metal or filler rod – it will cling to tungsten
If this happens, the heat will not be as focused and will move around
Take tungsten out and clean (see image above)
Ensuring weld quality
Make sure you put filler material in center of both pieces of metal
Weld bead should look “flat” and slightly raised, indicating enough heat was applied to fuse metals together
Heat affected zone should be evident and should be ¼” to ½” away from bead
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Warping
Jig part to prevent 
The thicker the metal, the less likely it is to warp
To help prevent warping, tack on multiple sides of part before fully welding
Fouling up tungsten
Getting too close to weld arc
Sticking tungsten too far out from cup

Poor weld
Steady hand better, rest hand on something steady if possible
Clean weld area better and remove as much contamination as possible
Practice!
Porous weld
Too much or too little gas – use regulator to adjust (~15 CFH ideal)
Kept heat on weld area for too long
Metal/weld has been contaminated with foreign material
Heat wanders/can’t focus heat properly
Tip not properly ground
Tip has filler on tip – needs regrinding
Brown dust/film after weld
Keep torch next to weld longer to allow gas to shield
Metal needs argon to shield from oxidation
Identifying good weld
Notice heat affected zone – helps determine amount of weld penetration
Too much = too much heat, not enough = too little heat
[image: C:\Users\gjg0007\Desktop\Weld test.jpg]
Obtaining excellent weld
Lots and lots of practice
Must consider: 
Weld penetration – Did bead penetrate both metals evenly?
Heat affected zone – Is the heat affected zone too large that it caused warping?
Bead width and thickness – Did you put enough heat into the bead, too little?
Do not hesitate to ask for advice. Learning bad habits are hard to undo
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I. Wirebrushing
A. Helps remove oxidation
B. Helps identify imperfections
II. Allow part to cool
A. Can still warp as it cools – keep jigged (if applicable) until room temp
B. Can burn you
C. Don’t quench, as that affects material properties and increases warping
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I. Tungsten
A. Types of Tungsten Electrodes[image: ]
1) Source: http://www.millerwelds.com/resources/tech_tips/TIG_tips/hints_tips.html
B. Choosing Tungsten Size [image: ]
2) Source: http://www.millerwelds.com/pdf/gtawbook.pdf

C. Typical Current Ranges for Tungsten Electrodes[image: ]
3) Source: http://www.millerwelds.com/resources/tech_tips/TIG_tips/hints_tips.html
II. Aluminum
A. Suggested Starting Parameters[image: ]
4) Source: http://www.millerwelds.com/pdf/gtawbook.pdf
III. Settings
A. AC (Aluminum Welding)
1. AC Balance
a) Inverters can adjust EN (electrode negative) duration from 50 to 90 percent. Adding more EN to the cycle may: increase travel speed by up to 20 percent, narrow the weld bead, achieve greater penetration, permit using a smaller-diameter tungsten (to more precisely direct the heat or to make a narrower weld bead), and reduce the size of the etched zone for improved cosmetics.
2. AC Frequency
a) Operators can adjust the welding output frequency in the range of 20 to 250 hertz. Increasing frequency produces a tight, focused arc cone. This narrows the weld bead, which helps when welding in corners, on root passes, and fillet welds; it also permits faster travel speed on some joints. Decreasing output frequency produces a broader arc cone, which widens the weld bead profile and provides greater cleaning action.
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Types of Tungsten Electrodes

Type of Tungsten | Color
(Alloy) Code. Remarks.

Pure. Green | Provides good arc stabifty for AC welding. Reasonably good.

=== | resistance to contamination. Lowest current carrying capacty. Least

expensive. iaintains a baled end.

Ceriated Gray | Similr performance to thoriated tungsten. Easy arc starting, good arc
ce02 === stabity ong ife. Possible repiacement for horiated.
16% 1022%
Thoriated Red, Yelow | Easier arc starting Higher current capaciy. Greater arc stabify. High
oz ===="| resistance to welt pool contamination. Dificut to maitain balled end on
17%1022% e ac
Lanthanated ‘Gold, Black, | Smiar performance to thoriated tungsten. Easy arc starting, good arc
La203 Blue | stabity, long ife, high current capacty. Possible repiacement for
13%017% = | thorated.
Ziconiated Brown | Excelent for AC wekting due to favorabl retention of balled end, high
zi02 === | resistance to contamination, and good arc startng. Preferred when
0.15% 10 0.40% tungsten contaminaton of weld s ntolrable.
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Electrode Diameter

010 in. (25 mm)
020 in. (50 mm)
040in. (1 mm)

116 in. (1.6 mm)

3032in. (2.4 mm)
in. (32 mm)

5/32in. (4.0 mm)

3/161n (4.8 mm)

din. (6.4 mm)

Amperage Range -

(DCEN) - Argon
Direct Current Electrode Negative
(For Use With Mild Or Stainless Steel)
Upto25
1540
2585
50-160
130-250
250400
400-500
500-750
750-1000

Typical argon shielding gas flow rates are 11 to 35 CFH (cubic feet per hour).

Figures listed are a guide and are a composite of recommendations from American

Gas Type - Polarity

AC - Argon
Balance Control @ 65% Electrode Negative
(For Use With Aluminum)

Upto 20
1535
2080

50-150

135235

225360

300450

400-500

600-800

Velding Society (AWS) and electrode manufacturers.
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Typical Current Ranges for Tungsten Electrodes.

Typical Current Range (Amps)

Direct Current, Alternating Current,
e Ac

= 70% Penetration (50/50) Balanced Wave AC

Gas Cup.
Tungsten | (inside.
Diameter |Dia)

040 #5 @)

060 (1116 [#5 (38 ) [70-150 50100 70150 080 [s0-120
in)

093 (a2 [#8 (1121n) [150-250 100160 | 140235 60120 10010
in)

125 (118 ) [#8 (172 ) [ 250-400 150200 |225325 100180 [160-250

Allvalues are based on the use of Argon as a shelding gas. Other current values may be employed
depending on the shiekding oas, type of equipment, and applicaton.
|DCEN = Direct Current Electrode Negative (Straight Plarty).
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Amperage | Balance | Frequency Base Filler Tungsten | Tungsten | Shielding | Gas Flow
Material | Rod Alloy | Type Diameter | Gas
Thickness | Diameter
Butt 90120 | 6575% | 60-120 Hz gin Ugin. | 5356 | 2% 3532in. | Argon | 1520 CFH
Joint Ceriated
TJoint | 100-125 | 70-75% | 100200 Hz | 6061 | 1/8in Ugin. | 5356 | 2% 3532in. | Argon | 1520 CFH
Ceriated
Lap Joint [90-110 | 70-75% | 100-150 Hz | 6061 | 1/8in Ugin. | 5356 | 2% 3532in. | Argon | 1520 CFH
Ceriated
Comer | 80-90 65-70% |100Hz 6081 | 1/8in Ugin. | 5356 | 2% 3532in. | Argon | 1520 CFH
Joint Ceriated





image1.jpeg
6

WAR EAGLE

MOTORSPORTS




image2.png
2472 Times
Electrode Diameter

g

‘Radial Grinding

Wrong Tungsten

Preparation Ideal Tungsten Preparation - Stable Arc




