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Additional Presentation Points

	Slide # 1: Gas Tungsten Arc Welding

GTAW

(TIG)
	· Gas Tungsten Arc Welding is often known as GTAW   and/or TIG welding.  

· TIG stands for tungsten inert gas.  Tungsten is the non- consumable electrode that is shielded by an external inert  shielding gas.  Heat for this process is derived from an electric arc between the tungsten and the work piece being welded.  The inert gas protects the tungsten and molten metal from oxidation and to provide a conducting path for the arc current.  

· The process was developed in 1941 initially to provide a  means of arc welding aluminum and magnesium superior to SMAW or stick welding.

· The process later was adapted to weld almost all   metals and alloys.

	Slide # 2: What is GTAW?
	· GTAW is the AWS name used by the American Welding   Society for Gas Tungsten Arc Welding.

· TIG is the most commonly used name for GTAW.  It stands for Tungsten Inert Gas.

· TIG is a process, in which a non-consumable     tungsten electrode establishes the arc with an inert shielding gas, which also protects the weld.  The most common inert gas used is Argon, although Helium or additions of Helium to Argon are also sometimes used.  

	Slide # 3: What is GTAW?  

Continued
	· AC polarity is used for TIG welding aluminum and magnesium.

· DC- polarity is used to TIG weld all other base materials.   

· DC+ polarity is rarely, if ever, used in TIG welding.

· GTAW can be done with or without the use of filler rods.
· TIG welding uses a tungsten (non-consumable) electrode to create a molten pool.

· Filler metal may or may not be continuously fed into a molten pool to add to the weld.

· For the vast majority of GTAW applications, DCEN (Direct Current Electrode Negative or Straight Polarity) and AC (Alternating Current) are used. 

	Slide # 4: GTAW - Gas Tungsten Arc Welding
	· This is the American Welding Society (AWS) definition for the Gas Tungsten Arc Welding process.

· GTAW has also been referred to as TIG welding or Helium Arc Welding.

· GTAW is always done with an external inert shielding gas or gas mixture.  It can be done with or without a consumable filler material.

	Slide # 5: GTAW - Advantages
	· There are several advantages to GTAW, the main one  being that high quality welds can be made in a variety of metals and alloys.  This is because the inert shielding gas protects the metal from contamination.

· TIG welding can be done in all welding positions, which eliminates the need for expensive fixturing or manipulation of the part being welded.

· A variety of metals can be welded with this process. In fact, GTAW is the only method available for many of the more exotic types of materials.
· Very thin materials can be TIG welded because the power supplies used in TIG welding can initiate and sustain the arc even at very low amperages.   

	Slide # 6: GTAW - Advantages
	· The addition of filler material is used in thicker sections of base materials, in fillet welds and to prevent concavity of other welds.  Filler material is also used when the addition of alloys is needed, and when deoxidizers are needed to get rid of contaminants.  Filler materials can also add mechanical properties to the weld. 

· TIG welding is unique in the fact that a sound weld can be made with or without the use of a filler rod.  Fusion welding or autogenous welding is the term used to describe TIG welding done without the use of a filler rod.  Fusion welding is great on thin materials, butt edge, corner or lap welds and on clean material. The use of a  filler material in TIG welding makes this process more diverse. The filler materials are specific alloys that match the alloy in the base material. The filler material adds to the weld. Therefore, thicker material can be welded.  

· Since the filler materials have deoxidizers in them, they allow TIG welding to be a little tolerant of surface contaminants.  Concave welds are crack sensitive, and  the filler rod helps to “build” up the weld.

· TIG welding is also very clean, with no spatter or slag, making it is very efficient with very little smoke developing.  
· Efficiency in TIG welding can be defined by    the amount of the filler metal that becomes part of the weld.  TIG welding uses a non-consumable tungsten electrode. There is no slag and no spatter which are losses of efficiency.  All of the filler material, if used, Produces the weldment.

	Slide # 7: GTAW - Limitations
	· There are some limitations to TIG welding.  Since a  shielding gas is needed, TIG welding is less portable than self-contained processes such as SMAW and self-shielded FCAW.  The gas bottles, hoses and regulators may be cumbersome.

· Since shielding gas is susceptible to winds and drafts, TIG welding may not be the best process to do outdoors, especially if the weld zone is not tented or blocked off.

· The base material used in TIG welding must be clean, especially when fusion welding. This is because the tungsten only carries the current to establish the welding arc.  It does not add otherwise to the weld.  There are no deoxidizers in the tungsten so there is nothing in the tungsten to protect the weld from contaminants such as hydrocarbons or oxides. This is one reason to add filler material to the weld.  Filler material has the same AWS classification as MIG wire. Therefore, it contains deoxidizers to remove contaminants from the weld zone and prevents them from causing weld defects.

	Slide # 8: GTAW - Limitations
	· TIG welding requires greater operator skill than the other processes.

· Generally, there is low filler metal deposition rates.  TIG  welding is also generally slower than other arc welding processes.

	Slide # 9: Gas Tungsten Arc Welding

Safety
	· Safety title slide.

	Slide # 10: GTAW - Safety

(Ask, “Why is safety important in welding? 

Get feedback from audience.  

May want to list some of their ideas on an overhead, white board, or chalkboard)

	· There are a number of safety issues to consider when Gas Tungsten Arc Welding.

· Personal safety as well as safety in the welding area  need to be considered. 

· When considering personal safety, all 5 senses need to be protected when welding (sight, touch, hearing, smell  and taste).

· In terms of taste, it goes without saying that nothing concerning welding is put into the mouth.

· As with any career, you must dress the part.  While welding, the heat of the central annulus can reach in excess of 10,000( F,  ultraviolet radiation also is emitted from the welding arc.

· Protective clothing must be worn that provides coverage not only from burns, sparks and spatter; but also from UV arc radiation.  Welding gloves, jackets or bib and optional pants protection is also available.  The clothes should also be free from oil or grease that are very flammable and can be ignited from the arc.

· Welders may in fact want to use sun tanning lotion (SPF 30) on some parts of their body that get exposed to reflective UV rays.

· Caps and welding helmets should also be worn to protect you head and face from the arc.

· Leather boots are also a great idea to protect your feet from sparks.
· Eyes are delicate and can be easily burned by the flash  (ultraviolet and infrared rays) of the welding arc. UV radiation can cause an eye burn called flash or arc burn.  This causes extreme discomfort, and can potentially cause in the worst case scenario, blindness.  Normally, this is a temporary condition.  However, repetitive exposure can cause permanent eye damage. Safety glasses with side shields should be worn to protect the eye form flying particles.  
· Never look directly at the arc without a shaded lens. How to appropriately choose a lens shade will be discussed  during this presentation. Welding shields (also called welding helmets) provide eye and face protection for welders from ultraviolet and infrared radiation. 
· Ear protection is necessary to prevent hearing loss from noise and welding debris. Ear plugs (or ear muffs) should be worn to keep flying sparks or particles from entering your ears and to prevent hearing loss due to the noisy atmosphere in most welding shops or areas.  Not unlike your eyes, damage to the ears can occur from overexposure and is cumulative damage.   

· Leather gauntlet-type welding gloves are designed specifically for welding and must be worn when performing any type of arc welding to protect hands against spattering hot metal and the ultraviolet and infrared arc rays. 

	Slide # 11: GTAW - Safety

Eye and Ear Protection 

(Pass around various types of glasses, goggles and hearing protection)
	· We have only two eyes and two ears.  They need to be protected when welding.

· The Ultraviolet light produced by a welding arc can cause arc burn or arc flash that is similar to a burn caused by the sun.  

· Arc flash initially causes only temporary blindness, but it can cause extreme discomfort and permanent eye damage with repeated exposure.
· Safety glasses and goggles protect the eyes from flying debris.

· Safety glasses have impact-resistant lenses.

· Side shields should be fitted to safety glasses to prevent flying debris from entering from the side.

· Goggles are a very efficient means of protecting the eyes from flying debris when prescription glasses are worn.

· Goggles are often worn over safety glasses to provide extra protection when grinding or performing surface cleaning.

· Ear protection is necessary to prevent hearing loss from noise and welding debris (sparks).

· Ear damage can occur from overexposure to noise over prolonged periods of time; it is cumulative.

· Noise from pneumatic chipping and scaling hammers can cause hearing loss.

· Flying sparks and weld spatter, especially during out-of-position welding where falling sparks and weld spatter may enter the ear canal and cause painful burns.

· Earmuffs are less commonly used than earplugs due to their bulkiness.

	Slide # 12: GTAW - Safety

Welding Helmet

(Have examples of various welding helmets to pass around)


	· Welding shields (also called welding helmets) provide eye and face protection for welders.

· Some shields are equipped with handles, but most are worn on the head.

· Shields either connect to helmet-like headgear or attach to a hardhat.

· Shields can be raised when not needed.

· The welder observes the arc through a window that is either 2 by 4 1/4 inches or 4 x 5 1/4 inches.

· The window contains a glass filter plate and an outer clear glass or plastic safety lens to protect the more costly filter plate from damage by spatter and debris.

· Sometimes an additional clear safety lens is also placed on the inside of the filter plate.

· The window can be fixed or hinged to the shield.

· On hinged types, when the hinged filter plate is raised, a clear safety plate remains to protect the eyes from flying debris during surface cleaning.

	Slide # 13: AWS/ANSI Lens Shade Numbers


	· Filter plates come in varying shades.

· The shade required depends on the maximum amount of amperage to be used.

· The higher the amperage, the darker the filter plate must be to protect the eyes; and the higher number of filter plate that should be used; start with a darker filter plate and go to a lighter filter plate as required.

	Slide # 14: GTAW - Safety 

Welding Gloves and Optional Covering

(Have examples of gloves and other body protection to pass around)
	· When welding, the heat of the central annulus can reach in excess of 10,000( F and ultraviolet radiation is emitted.

· Protective covering provides protection from sparks, spatter and ultraviolet radiation.
· Leathers:  Welders often wear leathers over their work clothing.

· Other protective clothing includes leather aprons, split leg aprons, sleeves and jackets.

· Leathers should always be worn when welding out-of-position or when welding in tight quarters.

· Welding Gloves:  Leather gauntlet-type welding gloves designed specifically for welding are worn.

· They must be worn when performing any type of arc welding to protect against spattering hot metal and the ultraviolet and infrared arc rays.

· Leather welding gloves are not designed to handle hot metal.  Picking up hot metal with leather welding gloves will burn the leather, causing it to shrivel and become hard.  

	Slide # 15: GTAW - Safety 

Proper Attire for GTAW
	· Just as in any profession, you should dress the part.  Some general safe practices with clothing include: Do not wear polyester or other synthetic fibers; sparks or intense heat will melt these materials, causing severe burns.

· Wool or cotton is more resistant to sparks and so should be worn.

· Dark clothing is preferred because it minimizes the reflection of arc rays, which could be deflected under the welding helmet.

· Wear shirts with pocket flaps that can be buttoned to keep out the sparks and to keep collars buttoned.

· Pants should be cuffless and hang straight down the leg with no frayed edges.

· Do not wear low-top shoes while welding because sparks can fall into the shoes, causing severe burns.

· Leather high top boots are recommended because bouncing sparks are less likely to get in and around the ankle.

· Clothing should be free from oil or grease that are highly flammable and can be ignited from the arc.

· A cap can also protect your head from flying sparks and spatter.

	Slide # 16: GTAW - Safety

Continued

(Ask, “Why is safety important in welding? Get feedback from audience.  May want to list some of their ideas on an overhead, white board or chalkboard)


	· There are a number of safety issues to consider when Gas Tungsten Arc Welding.

· Personal safety as well as safety in the welding area  need to be considered. 

· When considering personal safety, all 5 senses need to be protected when welding (sight, touch, hearing, smell  and taste).

· The next area to discuss is safety in the work area.  Before starting the workday and welding, a complete inspection of the work area and equipment should be made.  Check to make sure the area is uncluttered, free of debris and dry. Many items such as rags and papers are extremely flammable and can be ignited by sparks. 
· Water increases the potential and degree of electrical shock.  Therefore, the work area must be dry and the operator must be in a dry area.  The hazard of electrical shock is one of the most serious risks for a welder. 
· This shock can take two forms:  primary voltage shock, which is the most serious and comes from the input voltage.  If you touch a lead inside the welder while the power is on and you are grounded, this type of shock can occur.  This voltage is 115v, 230v, 460v, and so on.  Any time you need to work on something inside the machine, the input power cord must be unplugged or the power must be disconnected.  

· Turning the power switch to the “off” position does not turn the power off inside the welding machine.  

· Secondary voltage shock occurs when you touch a part of the electrode circuit and the work piece simultaneously.  This shock again is more severe and prevalent in damp environments.  Therefore, wear dry, clean protective gloves, keep your welding cables in good condition and do not touch any part of the electrode circuit with your bare hands or with wet clothing.

· Most GTAW welding machines are connected to dangerous alternating current (AC) voltages of 208-460 volts. Contact with these voltages can cause extreme shock and possibly death.

· Gases, dust and fumes caused by Gas Tungsten Arc Welding can be hazardous if the appropriate safety precautions are not observed.  Proper ventilation is essential for welder safety.
· The fume plume contains solid particles from the consumable and base material.  Most side effects from these elements are temporary, and can include burning of the eyes, irritation of the skin and dizziness.  Long-term exposure and even short term exposure to certain elements can lead to severe respiratory and skin problems.  It is recommended to keep exposure to the fume plume as low as possible by keeping one's head out of the plume and in some cases getting a fume extraction system.  

· Some of the more critical elements include manganese found in manganese steels and some hardfacing consumables; chromium and nickel are prevalent in stainless steels and other specialized consumables; and cadmium which is found on coated steels.

· The gases that are used as shielding gases and those that are generated while welding can also be harmful.  Shielding gases are generally non-toxic as they are released.   However, they displace oxygen which can cause dizziness, unconsciousness, and even death.

· Good ventilation is the best way to avoid respiratory hazards.

· Various solutions exist to limiting fume particulate and/or gas hazards.  They range from engineered solutions like Waveform Control Technology (WCT) to fume extraction equipment.

· The first solution to smoke extraction is the low-vacuum  system. This is the most commonly seen version of smoke extraction and is sometimes referred to as “hoods”.  This is a high volume solution where smoke and fumes are sucked into the hood and removed from the welding area.  Note: Overhead hoods capture most of the fumes only after they have passed through the breathing zone of the operator.

· Low vacuum/high volume smoke extraction can also be used as a form of source capture.  With this system, the pickup head does not have to be right on top of the welding arc.  It will exhaust a large area near it. 
· The next solution is the high vacuum/low volume systems.  This is a source capture solution where the fume is removed directly at the source within inches of the arc.  Both means are customer and job specific and are excellent means to reduce the exposure of smoke and fumes to the welder.  

· Compressed gas cylinders should be handled carefully  and should be adequately secured when in use.  Knocks, falls or rough handling may damage cylinders, valves or fuse plugs and cause leakage or cause the cylinder to explode.

· Close attention must be paid to their storage and use.  

· Cylinders must be secured in an upright position with the valve caps in place and away from combustibles and fuels.  Keep them out of high traffic areas and away from sparks.  Never allow an electrically hot part of the welder touch the cylinder.  Crack the valve open to prevent dirt from entering the regulator before securing the regulator to the cylinder.  Only open the cylinder valve when standing on the side opposite of the regulator valve and pressure gauges. 

	Slide # 17: GTAW - Safety

Electrical Hazards
	· Electrical shock is a serious risk for welders.

· Electrical shock can be from primary or secondary voltage.

· Primary voltage shock results from input voltage and can be caused by touching a lead inside the welding power source while the power is on and the operator is grounded.

· To prevent this most serious type of electrical shock, do not work on anything inside the power source unless the welder is unplugged or the power has been. disconnected; simply turning the switch to ”off” does not shut power off inside the power source.

· Secondary voltage shock is caused when the operator touches part of the electrode circuit and the workpiece simultaneously; to help prevent this type of shock do not touch the electrode circuit with bare hands or wet gloves and make sure electrical connections, the work connection and welding cables, are in good repair with no cracks, splits or frayed wires. 

· Most GTAW machines are connected to dangerous alternating current (AC) voltages of 208-460 volts.

· Contact with these voltages can cause extreme shock and possibly death not to mention the associated amperage of these connections.

· The welding machine must always be grounded.

· This is necessary to prevent electrical shock, which can result from contact with a defective welding machine or other electrical device, by providing a path from the equipment to ground for stray electrical current created by a short or other defect.

· Without a ground, the stray electricity would be present in the frame of the equipment and would go to ground through any person that touched the equipment.

· Water increases the potential for electrical shock, both the work area and the welder must be dry.  Never weld   with wet gloves in GTAW.  They can cause shocks from  the high frequency used and needed in GTAW welding.

	Slide # 18: GTAW - Safety

Fumes and Gases
	· Gases, dust and fumes caused by GTAW can be hazardous if the appropriate safety precautions are not observed.

· The GTAW process produces the least amount of welding fumes of any arc welding process.

· The major toxic gas associated with GTAW is ozone.  For example: the ultraviolet light emitted by GTAW arcs act on oxygen in the atmosphere to produce ozone.  As current (amperage) increases, so does the amount of ozone.  Ozone displaces oxygen that can “suffocate” the person welding.  Therefore, respiratory devices should be used especially when welding in restricted or confined areas.

· Metals heated during GTAW may give off toxic fumes and smoke, which are not considered dangerous as long as there is adequate ventilation.

· The fume plume contains solid particles from the consumable and the base metal.

· Exposure to toxic fumes usually causes temporary symptoms such as burning of the eyes, irritation of the skin and dizziness.  

· Exposure to elements such as manganese, chromium and nickel can be hazardous.  Nickel is found in Inconel type products and low-alloy/high-strength materials.  Chromium is found in stainless steels.  It is the element that gives stainless steels their corrosion resistance.  Chromium in small amounts can be toxic.  Finally, manganese is found in manganese steels.  

· Enclosed areas with poor ventilation can be a hazard because the shielding gas may displace environmental air, causing suffocation.

· Do not weld near substances such as cleaning materials that contain chlorinated hydrocarbons.   

· Use the following rules to ensure adequate ventilation:  The welding area should contain at least 10,000 cubic        feet of air for each welder; there should be positive air     circulation and air circulation should not be blocked by   partitions, structural barriers, or equipment.  Welding hoods or high volume smoke extraction equipment help in removing smoke and fumes from the weld area.

· The welding hood system uses a low vacuum/high volume smoke extraction system; it is the most commonly seen version of smoke extraction-smoke and fumes are sucked into the hood and removed from the welding area.

· A disadvantage of the hood system is that fumes have already passed through the breathing zone of the operator before being removed.

· Low vacuum/high volume smoke extraction can also be source capture.  With this system, the pickup head does not have to be right on top of the welding arc.  It will exhaust a large area near it. 
· Another source capture ventilation system is a high vacuum/low volume system.

· With source capture ventilation, the fume is removed directly at its source which is within inches of the arc.

· The best ventilation source to use is both customer supplied and natural ventilation. 

	Slide # 19: GTAW - Safety

Arc Radiation
	· Protect your eyes and face with a properly fitted welding helmet that is equipped with the correct grade of filter plate.

· Protect your body from welding spatter and arc flash with clothing made from durable, flame-resistant material and leather gear.

· Avoid clothing made of synthetic materials, which can melt when exposed to extreme heat or sparks, or cotton unless it is specially treated for fire protection.

· Keep your clothes free of grease and oil, which may ignite.

· Protect others from spatter, flash, and glare with non-flammable protective screens or curtains.

· Be sure to wear safety glasses with shields when in a welding area.
· SPF 30 or greater sunscreen may be worn to protect any exposed body part from potential ultraviolet radiation arc burns.

	Slide # 20: GTAW - Safety

Fire or Explosion
	· Remove fire hazards from the welding area. If this is not possible, cover them to prevent the welding sparks from starting a fire. Remember that welding sparks and hot materials from welding can easily go through small cracks and openings to adjacent areas. Avoid welding near hydraulic lines. Have a fire extinguisher readily available.

· When not welding, make certain no part of the electrode circuit is touching the work or ground. Accidental contact can cause overheating and create a fire hazard.

· Sparks and spatter are thrown from the welding arc. Wear oil free protective garments such as leather gloves, heavy shirt, cuff less trousers, high shoes and a cap over your hair. Wear earplugs when welding out of position or in confined places.

· Connect the work cable to the work as close to the welding area as practical. Work cables connected to the building framework or other locations away from the welding area increase the possibility of the welding current passing through lifting chains, crane cables or other alternative circuits. This can create fire hazards or overheat lifting chains or cables until they fail.

	Slide # 21: GTAW - Safety

General Hazards in the Work Area


	· Keep power source cables, welding materials and tools neatly organized.

· Connect work cable as close as possible to the weld area.

· Use only properly grounded equipment

· Always disconnect power to arc welding equipment before servicing. 

	Slide # 22: GTAW - Safety

Compressed Gas Hazards
	· Gas cylinders are potentially explosive.

· Cylinders contain gases under high pressure; if the cylinder should tip and the valve breaks off, the cylinder would become a “rocket” due to the force of propulsion of the escaping gas.

· Compressed gas cylinders should be handled carefully and should be adequately secured when in use.

· Knocks, falls or rough handling may damage cylinders, valves or fuse plugs and cause leakage or accident.

· Valve protecting caps, when supplied, should be kept in place (hand-tight) until the connecting of gas output apparatus.

· Cylinders must be kept away from combustibles, sparks and high traffic areas; never allow any electrically hot part of the welder to come in contact with the cylinder.

· The following should be observed when setting up and using cylinders of shielding gas:

· Properly secure the cylinder in an upright position.

· Before connecting a regulator to the cylinder valve, the valve should momentarily be slightly opened and closed immediately to clear the valve of dust or dirt that otherwise might enter the regulator.  The valve operator should stand to one side of the regulator gauges, never in front of them.

· After the regulator is attached, the adjusting screw should be released by turning counter-clockwise.  The cylinder valve should then be opened the entire way slowly to prevent a too-rapid surge of high pressure gas into the regulator.

· The source of the gas supply (i.e., the cylinder valve) should be shut off if it is to be left unattended. 

	Slide # 23: GTAW - Safety

Video
	· Safety Video

	Slide # 24: Gas Tungsten Arc Welding

Basic Electricity: Transformer Design
	· GTAW title slide for Basic Electricity: Transformer Design.

	Slide # 25: Basic Transformer Design

(The first 5 bullet points are in introduction to how electricity is produced by power companies.)

(Bullet points 6-11 are an intro into power source design, and the remaining bullet pertain to the illustration.)
	· Power Companies produce electricity by several means:  coal-burning, oil, nuclear, and hydroelectric.  No matter what the source of production, in general, power companies produce Alternating Current (AC).

· AC is produced because it can be transformed very easily from a very high current level all the way down to your household current, and it can be transmitted over long distances without appreciable loss, as would be the case with Direct Current (DC).

· Electricity by power companies is made at approximately 13,500 volts and 60 Hz.  It is then stepped up to as high as 350,000 volts and low amperages for long distance travel.  It is then sent to substations to reduce the voltage to travel to local distribution centers. 

· From the distribution centers, it is sent to a series of transformers again to reduce the voltage to useful voltages, i.e.  575v, 460v, 230v, and 115v and to raise the amperage for usage in shops and homes.

· This electricity is delivered to you at almost the instant it is produced, and travels at nearly the speed of light (186,000 miles per second).

· All arc welding processes require a continuous supply of electrical current with sufficient amperage and voltage to maintain an arc.  This current can be AC or DC but it must be supplied to the welding electrode through a power supply that has precise control.

· Proper settings and controls of the power supply allow desirable arc characteristics and optimize efficiency.

· Current can be supplied to the power supply from power lines, as discussed above, or developed within itself as in the case of engine-driven alternators and generators.  Either way, power sources provide a voltage range for welding from about 13-45 volts, and current from 2 amps to 1500 amps or more.

· The welding process and consumables determine not only the size of the power supply needed but also the type of power supply needed, i.e.  Constant Current (CC) and/or Constant Voltage (CV).

· SMAW and GTAW as well as some Submerged Arc Welding (SAW) and GMAW applications utilize CC power supplies.  GMAW, FCAW, and SAW use CV power supplies.  Both types of power supplies, CV and/or CC, convert the input power to welding power in similar manners.

· We are now going to discuss the internal components of a transformer and transformer/rectifier type power supply that converts input power into welding power.

· This illustration depicts a typical basic transformer power supply, showing the internal components.

· To the far left of the slide, you see the primary windings of the transformer.  In general, there is one winding per input volt.  For example, if your input power supply is 230 volts, there will be 230 turns of fine wire.

· The right side of the photo shows the secondary of the transformer and takes it through to the arc.  The secondary windings of the transformer are heavier wire and fewer turns, having only one turn per each volt of open circuit voltage (OCV).

	Slide # 26: Transformer
	· The transformer in a power supply is a step-down transformer that takes high-voltage, low-amperage AC input supplied from power companies and changes it to low-voltage, high-amperage AC welding current.

· For example, your input power may be 230 volts on a 50-amp branch circuit.  This voltage is much too high and the amperage is much too low for welding applications.  The transformer takes this condition and reverses it to a much lower voltage, in the range of 13-45 volts (most applications 15-35 volts) and increases the amperage to a much higher level appropriate for welding.

	Slide # 27: Reactor
	· From the transformer, the electricity goes to a control that stabilizes and adjusts the welding current.  This is called the reactor.

· The reactor can be a tap reactor that selects amperage ranges to weld with.  A tap reactor “taps” into segments of the secondary of the transformer and provides step control.  This is the least expensive means of controlling welding output.

· Another reactor is a moveable iron reactor.  This is generally done by keeping the windings in the transformer stationary, and moving a piece of iron between the windings to control amperage.  A moveable iron reactor provides continuous step-less control of amperage.

· A saturable reactor or Silicon Controlled Rectifier (SCR) can also be used and also provides a continuous step-less control for more precise control of welding output.  An SCR is an electrical control that uses a low voltage, low amperage, DC circuit to change the effective magnetic characteristics of the reactor core.

· In a power supply that delivers only AC to the arc, these are the internal electrical components of the power supply.  We now need to discuss how we convert AC to DC, which is the current primarily used in arc welding.

	Slide # 28: Bridge Rectifier
	· In power supplies that deliver DC and/or AC current to the arc, there needs to be a device that changes this now low-voltage, high-amperage AC into DC.

· This device is called a rectifier.  A rectifier converts AC to DC.  They are very efficient and very reliable.

· A rectifier is a device that allows current to flow in only one direction.

· If we remember the path that AC takes, it takes one of a sine wave path.  This represents one cycle in which current flows in one direction for ½ of the cycle and stops at the zero line, then reverses it’s direction of flow for the other ½ cycle.  This cycle repeats itself over and over again at a frequency of 60 Hz or 60 times a second in the United States.

· A rectifier does not allow current to reverse itself.  It only allows current to flow in one direction.  In essence, it directs current in the same direction rather that allowing it to change direction.  This is called direct current of DC.  The direction of current flow determines whether the polarity is DC+ or DC-.

	Slide # 29: Inductance Coil
	· We often call the current coming out of a rectifier “choppy” or rippled DC.  In other words, the path of current is not as smooth as it could be and therefore, the arc characteristics are not as smooth as they could be.

· A device is placed inside power supplies to correct this problem.  This device is called an inductance coil, which is sometimes called a choke or stabilizer.  The main function of the choke is to smooth out the rectified rippled DC and therefore, smoothes out the DC arc characteristics.

· RLC circuits share the responsibility for smoothing the arc.  When inductance is added, energy is drawn from the stored energy in the RLC circuit.

	Slide # 30: Basic Transformer - Summary


	· To review the components of a transformer designed power supply, we have the following taking place:

· Power companies supply a high-voltage, low-amperage AC current to our shops and homes.  This is the input power supplied to the welding power source.

· This high-voltage, low-amperage AC enters the transformer where it is converted to a low-voltage, high –amperage AC suitable for welding.

· A reactor is a device that allows control of the welding amperage and comes in many forms such as tap selectors, moveable irons, and SCR type controlled machines.

· If the power supply delivers AC only to the welding arc, this completes the majority of the electrical components.

· However, if the power supply also delivers DC, a rectifier is added to allow current to only flow in one direction, literally changing AC to DC.

· Finally, an inductance coil or choke filters out this rippled DC and a smooth DC is delivered to the welding arc.

	Slide # 31: Basic Electricity

Video
	· Basic Electricity Video

	Slide # 32: Gas Tungsten Arc Welding

Inverter Technology
	· GTAW title slide for Inverter Technology.

	Slide # 33: Inverter Technology

 
	· The state-of-the-art AC and/or DC transformer power source is an inverter.  There are several advantages of inverters over traditional transformer designed power supplies, which will be discussed later.  There are also a few concerns or limitations of inverters that will also be discussed.

· The design of an inverter is more complex than that of a traditional power supply with more components and electrical circuitry. The illustration is a block diagram depicting the 6 main components of an inverter.

	Slide # 34: Rectifier

 
	· The input power coming in to the inverter power supply is again, alternating current or AC as produced by power companies.  It is of high-voltage and low-amperage, and is not suited for welding.  The frequency is 60 Hz in the United States and 50 Hz in many foreign countries.
· In an inverter based power supply, this input power is immediately passed through a rectifier.  Remember that a rectifier is a device that only allows current to flow in one direction, and in essence changes AC to DC.
· This DC is rippled or not smooth and is still high-voltage and low-amperage, which is not suitable for welding.

	Slide # 35: Filter


	· This rippled DC is next passed through a filter to smooth it out.  This has the same effect as the choke or inductance coil in the basic transformer designed machine.
· This power is still of high-voltage and low-amperage and is not suitable for welding as of yet.

	Slide # 36: IGBT
	· The next component of an inverter is a device that identifies and distinguishes an inverter from a basic transformer designed machine.

· This component is a high-speed switching device and can come in many forms that include Field Effect Transistors (FETs),  Insulated Gate Bipolar Transistors (IGBTs), and Darlington switches.

· An IGBT requires an incoming DC signal.  The IGBTs elevate the frequency to levels such as 20,000 Hz as found in all Lincoln Electric inverters.

· They supply pulsed DC current to the main transformer primary windings.  Each switch board feeds current to a separate, oppositely wound primary winding of the main transformer.  The reverse direction of current flow through the main transformer primaries and the offset timing of the IGBT switch boards induce an AC square wave output signal at the secondary of the main transformer.

	Slide # 37: IGBT - Insulated Gate Bipolar Transistor
	· The IGBT or high-speed switch is what makes an inverter what it is and what it does.

· The DC coming out of a IGBT is at 20,000 Hz but is still high-voltage and low-amperage, and not suitable for welding yet.

· You might be asking yourself, “What is the advantage of an elevated frequency?”  This will be discussed later.

	Slide # 38: Iron at 200,000 Cycles
	· As seen on this illustration, transformers operating at higher frequencies are lighter and more efficient.

· Inverters are a fraction of the size of a transformer-based machine, which makes them excellent choices for portable or maintenance welding machine.

· Due to the fact that the transformers are more efficient in an inverter, and heat losses are at a minimum, the size of the transformer is much smaller cooling fans are much smaller, and power consumption is less.

· This concept is not a new one.  As seen on the slide, this theory was discovered back in 1911.

	Slide # 39: Iron at 200,000 Cycles
	· This chart, again, from 1911, shows how efficiency greatly increases in a transformer as the frequency of operation increases.  It also shows how the size of the transformer decreases accordingly.

	Slide # 40: Transformer
	· Going back to the remaining components of an of an inverter, from the IGBTs, the rest of the inverter greatly resembles that of a basic transformer machine.

· From the IGBT, we have AC at 20,000 Hz, at high-voltage, low-amperage.

· This is passed through a step-down transformer to change this AC to low-voltage and high-amperage at 20,000 Hz.
· Due to the efficiency of the process attained through high frequency, transformers are very small and compact when compared to basic machines.

	Slide # 41: Rectifier
	· The next component is a rectifier.  A rectifier only allows current to flow in one direction (changes AC to DC).

· The DC that comes out of the rectifier is rippled or not as smooth as it can be.  It is also of low-voltage and high-amperage.

	Slide # 42: Choke
	· From the rectifier, the rippled DC goes to the choke (or inductance coil) that smoothes out the DC at low-voltage and high-amperage so that it is suitable for welding.

· The DC is extremely smooth and smoother than that of a standard transformer, due to the elevated frequency used in an inverter.

	Slide # 43: Inverter Technology - Summary
	· This completes the internal components of an inverter from input power to extremely smooth DC welding current.

	Slide # 44: Inverter Technology - Benefits


	· The following slide highlights the major advantages of an inverter based power supply.

	Slide # 45: Inverter Technology

Video
	· Inverter Technology Video

	Slide # 46: Gas Tungsten Arc Welding

Chopper Technology
	· GTAW title slide for Chopper Technology.

	Slide # 47: Chopper Technology

 
	· One type of state-of-the-art DC power source is a chopper.  There are several advantages of choppers over traditional transformer designed power supplies, which will be discussed later.  There are also a few concerns or limitations of choppers that will also be discussed.

· Chopper Technology is a trademark of the Lincoln Electric Company.

· The design of a chopper is more complex than that of a traditional power supply with more components and electrical circuitry. The illustration is a block diagram depicting the 6 main components of a chopper machine.

	Slide # 48: Transformer
	· The input power coming in to the chopper power supply is again, AC as produced by power companies.  It is of high-voltage and low-amperage, and is not suited for welding.  The frequency is 60 Hz in the United States and 50 Hz in many foreign countries.
· The transformer transforms the high-voltage and low-amperage into low-voltage and high-amperage which is more suitable for welding.

· Chopper technology is not limited to static machines.  It can also be found in Lincoln Electric's engine drive line.  The AC sent to the rectifier in this case comes from a three-phase alternator.

	Slide # 49: Rectifier

 
	· In a chopper based power supply, this input power is immediately passed through a transformer and then sent to a rectifier.  Remember that a rectifier is a device that only allows current to flow in one direction, and in essence changes AC to DC.
· This DC is rippled or not smooth and is not suitable for welding.

	Slide # 50: Filter


	· This rippled DC is next passed through a filter (capacitor) to smooth it out.  This has the same effect as the choke or inductance coil in the basic transformer designed machine.

	Slide # 51: IGBT
	· The next component of a chopper is a device that identifies and distinguishes a chopper from a basic transformer designed machine.

· This component is a high-speed switching device and can come in many forms that include, IGBTs, and Darlington switches.

· An IGBT requires an incoming DC signal.  The IGBTs elevate the frequency to levels such as 20,000 Hz as found in all Lincoln Electric choppers.  The difference between an inverter power source and a chopper power source is that in an inverter, the IGBTs are placed before the primaries of the main transformer while in a chopper they are placed after the secondaries of the main transformer. 

	Slide # 52: IGBT - Insulated Gate Bipolar Transistor
	· The IGBT or high-speed switch is what makes an inverter what it is and what it does.

· The DC coming out of an IGBT is at 20,000 Hz. It differs from an Inverter because the DC coming out of the IGBT is now low-voltage and high-amperage.

· You might be asking yourself, “What is the advantage of an elevated frequency?”  This will be discussed later.

	Slide # 53: Inductor and Diode
	· From the IGBT, the rippled DC goes to the inductor and diode assembly where current is shared between these units and the IGBT.  It acts to smooth out the DC at low-voltage and high-amperage so that it is suitable for welding.

· The DC is extremely smooth and smoother than that of a standard transformer, due to the elevated frequency used in a chopper.

	Slide # 54: Arc Control
	· The arc control is a shunt which regulates current flow to the arc by shutting the IGBTs on and off.  

· When the IGBT is off, no current flows from the IGBT to the arc.  When this occurs, the energy stored in the Inductor and Diode circuit allows current to flow to the arc.  

· When the IGBT is on, current flows to the arc and charges the inductor.

	Slide # 55: Chopper Technology - Summary
	· This completes the internal components of a chopper power source from input power to extremely smooth DC welding current.

	Slide # 56: Chopper Technology - Benefits
	· The following slide highlights the major advantages of a chopper based power supply.
· Lower cost than inverter technology power sources, but higher in cost than standard transformer-rectifier type machines.
· Machines have enhanced arc performance and expanded capabilities such as GMAW-Pulsing and touch-start GTAW.

	Slide # 57: Gas Tungsten Arc Welding - Principles of the GTAW Process
	· GTAW title slide for Process Principles.

	Slide # 58:  Principles of the GTAW Process
	· The Gas Tungsten Arc Welding process is one in which an arc is established between a non-consumable tungsten electrode and the part to be welded.  

· The arc zone is filled with an external inert shielding gas to protect the tungsten and molten metal from contaminants (oxygen, nitrogen and hydrogen), and to provide a conductive path for the arc current.

· GTAW can be done with or without a filler material.  Without a filler material, is often called fusion welding or autogenous welding.  If a filler rod is used, it is generally added in the leading edge of the weld puddle and should NEVER touch the tungsten to prevent tungsten contamination.

· Generally, a “push” technique is used to ensure good gas coverage and excellent penetration.

· The weld bead should be flat, shiny, and rippled.    

· The result is a visually pleasant rippled weld bead with no slag and no spatter.  The weld should resemble a roll of dimes that has been slightly spread out.

	Slide # 59: GTAW - Electrode Polarity 

DCEN (Straight) Polarity 


	· In TIG welding, the welding polarity is chosen based upon the application and the base material.  DC- and AC are the commonly used polarities for TIG welding.  DC+ is rarely if ever used.

· DC- polarity in TIG welding can be easily defined in terms of the direction that ions flow as well as where the heat of the arc is directed.  Ions flow from the workpiece up the tungsten and electrons are easily emitted from the tungsten down to the workpiece.

· In this condition, 70% of the heat is at the work piece and 30% is at the tungsten electrode.  

· Since the majority of the heat is directed at the work piece, DC- polarity produces a weld with a deep narrow penetration profile. 

· Since only 30% of the heat is directed at the electrode, the electrode has excellent current carrying capacity.  For example, a 1/8” electrode can carry 400 Amps without deteriorating.  

· DC- polarity is used for all base materials in TIG welding  except for aluminum and magnesium.

	Slide # 60: GTAW - Electrode Polarity 

DCEP (Reverse) Polarity
	· DC+ polarity in TIG welding also can be easily defined in terms of the direction the electrons and ions flow where the heat of the arc is directed.

· DC+ is just the opposite of DC-.  Ions are emitted from the electrode and electrons are emitted from the work piece.  In this condition, 70% of the heat is at the electrode and 30% is at the work piece.  

· Since the majority of the heat is at the electrode, DC+ polarity is not desirable due to the poor current carrying capacity of the electrode in TIG welding and the result is shallow penetration.

· DC+ polarity is rarely if ever used in TIG welding.  Also,   since little heat is directed at the work piece, penetration is shallow because the majority of the heat is directed at the tungsten.  This deteriorates the tungsten.
· For example, an 1/8” tungsten electrode can only carry 120 amps and then it will begin to deteriorate.

	Slide # 61: GTAW - Electrode Polarity 

Alternating Current
	· Alternating current or AC polarity is a 50/50 mixture of DC+ and DC- polarities.  The desirable features of both other polarities are obtained.  50% of the time, ions are emitted from the tungsten electrode and 50% of the time, ions are emitted from the work piece. 

· Think of AC as being electrode positive for 50% of the time or for one half of the cycle, and electrode negative for the other half of a cycle.  The results are as follows:  when on the positive half cycle, the majority of the heat is at the electrode, but the ions that are emitted from the tungsten “blast” the workpiece to clean off the oxides found on the base materials commonly welded using AC polarity:  aluminum and magnesium.  This is called cleaning action.  Aluminum and magnesium form an oxide coating at room temperature.  This oxide melts at a temperature that is higher than the melting point of the base materials.  Therefore, there needs to be a cleaning action to remove the oxide.  This happens during the positive half cycle.  During the positive half cycle, rectification occurs and less current flows.  This condition exists because the aluminum surface does not emit electrons as readily as the hot tungsten electrode.  When on the negative half cycle, an opposite effect occurs:  the majority of the heat is at the workpiece, and electrons are emitted easily from the tungsten to penetrate the workpiece.  This is called the penetration half cycle, and more heat is focused at the base material and therefore, penetration occurs.  Also, since significantly less current is focused at the electrode on the negative half cycle, tungsten cooling occurs.

· During AC welding, the tungsten electrode has good current carrying capacity.  For example, an 1/8” electrode can carry 225 amps.

	Slide # 62: AC Sine Wave Technology
	· The drawing shown is that of an AC sine wave.  This is the path that current takes in alternating current, and the drawing shows 1 cycle.  

· In the United States, we operate on a 60 Hz cycle, which means that current takes this path 60 times a second. Many other countries operate on a 50 Hz cycle. This is also called the frequency.  

· The sine wave is composed of a positive half cycle, which is the cleaning half cycle and the negative half cycle, which is the penetration half cycle. 

· Current starts at the zero line and slowly rises to the optimal positive point, then slowly falls and crosses the zero line where current stops flowing and then reverses direction of flow in the negative half cycle. When current stops, it re-ignites as it crosses through the zero point and then reverses direction.

· On the negative half cycle, there is a slow rise to the optimal penetration point, and then a slow fall back to zero.  This cycle repeats itself over and over again while welding. 

· When welding using AC, there are three areas of concern.  They include crossing through the zero point where the arc extinguishes and there is slow re-ignition of the arc;  there is very little time spent at the optimal cleaning point; and  there is very little time spent at the optimal penetration point.

· Sophisticated power supplies for TIG welding resolve  these problems found in AC welding.   This feature will be discussed as the training progresses.

	Slide # 63: AC Square Wave Technology
	· The concerns of arc starting and arc re-ignition during AC TIG welding have been addressed on the previous screen.  A third concern of conventional sine wave technology is that minimal time is spent at the optimal cleaning and optimal penetration points.

· In square wave technology, the sine wave is “squared off” due to electronics that are placed inside the machine.  Instead of the sine wave appearing rounded, it is blocked off or squared off.  The positive half cycle represents a square, as does the negative half cycle.

· Square wave technology allows the transition between the positive and negative half cycles of AC welding to be instantaneous.  This is much faster than conventional AC sine wave technology because the path from positive to negative is now a vertical one, instead of a sloping path.  This allows arc re-ignition to be enhanced, preventing potential weld defects.  Square wave technology also allows more time to be spent at the optimal positive and optimal negative values, enhancing the AC arc characteristics of cleaning, penetration and improved welds.

	Slide # 64: AC Square Wave Technology
	· An optimum amount of time is spent cleaning and penetrating. This prevents the tungsten from overheating and aids in the longevity of the tungsten. It also aids in producing a better, more even penetration profile.  

· Due to the “squaring” off of the waveform, the “peaks” on the positive and negative half cycles are removed.  At these points, overheating of the tungsten can occur on the positive half cycle and over-penetration can occur on the negative half cycle.

	Slide # 65: AC Square Wave Technology
	· Another advantage of square wave technology is the ability for the welder from the power supply to alter the length of time the machine spends in the positive or negative portions of the AC cycle.  This is called AC wave balance. 

· This illustration highlights Square Wave Technology. 

· The result is an asymmetrical AC wave shape with more time either spent on the positive half cycle (the cleaning half cycle), or more time spent on the negative half cycle (the penetration half cycle). 

· On the slide, the three drawings represent a balance square wave with equal amounts of time spent on the positive and negative half cycle, as well as two unbalanced square waves. One shows more time spent on the positive or cleaning half cycle, and one shows more time spent at the negative or penetration half cycle.

· The benefits of this feature are twofold:  If the unbalanced square wave favors the negative half cycle, maximum penetration can be achieved.  In this case, current flows from the electrode to the work and more heat develops in the work. Consequently, deeper penetration is achieved.  If the unbalanced square wave spends more time at the positive half cycle, maximum cleaning is achieved.  Power supplies put a lower limit on the maximum cleaning half cycle than on maximum penetration.  This is because increasing the positive half cycle increases the time spent with the current flowing from the work to the tungsten and produces more heat at the tungsten.  If the limit is too high, melting and degradation of the tungsten can occur.

· There are also benefits to a balanced AC waveform.  In this condition, 50% of the time is spent at the positive  half cycle, and 50% of the time is spent at the negative half cycle, resulting in 50% of the time cleaning, and 50% of the time penetrating.  Excellent cleaning is available as well as adequate penetration time. A balanced square wave is used for normal welding conditions.

	Slide # 66: AC Inverter Technology
	· Inverter Technology has unlocked many of the doors to AC welding.  

· One of these controls is frequency.  

· Frequency allows the operator to select ranges other than the standard 60Hz square wave output found on most transformer-rectifier TIG machines on the market today.

· Adjusting the frequency allows the operator to tailor the arc for the specific application.  Increasing frequency narrows the arc and focuses it to where you want it to go.

· Most inverters run well between 100-130 Hz.

· The increased frequencies also allow for the use of 2% Thoriated tungsten, which is sharpened to point like when welding DC-.

· This allows one to decrease the size of the weld, which can help to limit distortion and increase travel speeds.

· Being able to use one tungsten reduces change over time from DC to AC welding.

	Slide # 67: AC Inverter Technology
	· Another feature important to welders is the ability to precisely set the balance control.

· With digital read outs and computer controlled output, an operator can select the precise amount of DC-/DC+ desired for each individual welding application.

· This allows for the welding of thicker materials faster and thinner materials more easily.

· Additionally, one can control the size of the cleaning zone to get the desired looked for an application.

	Slide # 68: AC Inverter Technology
	· Lastly, because these machine run on software, the operator has the ability to adjust output.  

· Conventional machines come with a square wave type output.

· Inverters can have a selection of different outputs.

· Some operators believe that a traditional sinusoidal wave produces better welds on anodized aluminum.

· While other operators believe that they can weld thinner materials better with a triangular output because it has lower energy levels than either square or sine wave.

· This allows operators to select the precise output needed for the job to weld thin or thick.

· One last advantage to welding shops is the fact that inverters do not use high frequency continuously when welding in AC.  These machines only have high frequency starts because they have truer output than conventional machines, which allows them not to have to run continuous high frequnecy.

	Slide # 69: GTAW - High Frequency
	· Constant current TIG power supplies are equipped with an additional feature to aid in TIG welding that is called high frequency.  

· High frequency is an elevated frequency that is superimposed over the welding current that aids in arc starting  for AC and DC TIG welding, and in arc re-ignition as current crosses through zero during AC TIG welding.

· High frequency along with the inert shielding gas provides an ionized path that allows welding current to “jump” an air gap of about 1/8” from the end of the electrode to the work piece to start the welding arc.  

· High frequency allows arc starting in TIG welding without touching the electrode to the work piece.  If the tungsten touches the work piece, contaminations on the tungsten will be generated. These contaminants will eventually end up in the weld puddle as a defect and deteriorate the tungsten electrode.  

· High frequency should always be used for arc starting in TIG welding when possible.  

· Another advantage of high frequency is used during AC welding.  In AC welding, current elevates and reaches the optimal cleaning point during the positive half cycle. It then declines, crosses the zero line where the arc extinguishes and then re-ignites, and reverses direction  on the negative half cycle.  Once in the negative half  cycle, it elevates and reaches it optimal penetration  point.  It crosses the zero point again, where the arc extinguishes and then re-ignites.  This cycle repeats  itself at a frequency of 60 Hz or 60 times/second in the  United States.  When the arc extinguishes, it is not a desirable condition and weld defects can occur.  High-frequency helps this condition.

· High frequency keeps the arc established as current crosses through zero during AC. 

· Some power sources have a switch to determine when high frequency should be used.  The three positions are as follows:  Start only for DC- welding, Continuous for AC, and Off for SMAW or scratch start TIG welding.

· Scratch start TIG welding should only be used when absolutely necessary because contamination of the tungsten and the weld bead can occur. Scratch starting is a technique in which the tungsten strikes the work piece in a manner similar to striking a match.  This completes the electrical circuit that allows current to flow through the tungsten to the work piece and creates an arc.  Any time the tungsten comes into contact with something else, (i.e., the work piece, filler material) it can and will pick up contaminations that get transferred to the weld puddle.

· On other power supplies, high frequency is automatically detected according to how the polarity switch is set.  When in the TIG welding mode, if the polarity switch is set on DC-, high frequency is activated for starting only.  When using AC continuously and when in the stick mode, high frequency is OFF.

	Slide # 70: GTAW - High Frequency Protection
	· There are some areas of concern when welding using high frequency.  One of these concerns is high frequency interference.  High frequency is a radio frequency and will interfere with other radio frequencies unless extra consideration is taken to diffuse this problem. The spark gap oscillator in the high frequency generator is similar to a radio transmitter.  It can be blamed for many radio, TV, and electronic equipment interference problems.   

· High frequency will take the path of least resistance to ground.  Therefore, proper grounding techniques need to be done in order for this path to be directed to ground and not through other equipment or components of the welding shop.  

· This radiated interference can develop in the following ways:
· Direct interference radiated from the welder.
· Direct interference radiated from the welding leads.
· Direct interference radiated from feedback into the power lines, and interference “picked up” from metallic objects.

	Slide # 71: GTAW - High Frequency Interference 
	· There are specific precautions that must be taken in installing and operating TIG equipment that can reduce high frequency interference.

· The best way to minimize high frequency interference is to earth ground each TIG machine to its own separate earth ground.  

· A recommended procedure for earth grounding the TIG machine is as follows:  The work terminal must be connected to a ground within 10’ of the welder, using one of the following methods:

· A metal underground water pipe in direct contact with the earth for ten feet or more, or more commonly

· Use a ¾” galvanized pipe or a 5/8” solid galvanized iron, steel or copper rod driven at least eight feet into the ground.   

· The ground should be secure and the cable as short as possible using cable the same size as the work cable or larger.  DO NOT GROUND TO THE FRAME OF THE BUILDING.   This will only intensify the high frequency interference and act as antennae for high frequency. This information is usually supplied with the purchase of a TIG welding machine in the Instruction Manual.  Be sure to check on the location of underground utility lines before driving the grounding rod.

· Other ways to reduce this interference are to disconnect all stick leads or other leads than the TIG leads, and keep all leads as short as possible and in good repair.  Long, poorly maintained leads will only emit high frequency and are a potential danger.  

· Use natural rubber jacketed cables instead of synthetic rubber cables.  Lincoln Stable-Arc( cable is one such cable and better resists high frequency leakage than neoprene and other synthetic rubber insulated cables.

· All connections should be tight not only to reduce high frequency, but also to eliminate voltage drops and address safety concerns at these connections. Loose   connections provide a point for high frequency to leak. 

	Slide # 72:  Equipment Components of GTAW

(If possible, have a GTAW setup in the room to demonstrate key components and allow students to touch and feel)
	· TIG welding is done utilizing a constant current (CC) power supply.

· The CC power source is one in which current or amperage remains constant even for changes in  welding voltage.  These changes occur as changes in arc length occur.  Arc length is the distance from the end of the electrode to the workpiece.

· Arc length is directly proportional to voltage.  As arc length changes, so does welding voltage.  However, the constant current power supply keeps current (amperage) close to its preset value even for these changes.

· Welding current is set on a CC power source, voltage NEVER is.  Voltage is determined by arc length. In conjunction with a CC power supply, a TIG torch is needed to TIG weld.

· The TIG torch performs several functions:

· It holds the tungsten electrode 

· It provides an electrical connection to the electrode 

· It provides an inert gas coverage of the electrode tip, the arc, and weld zone and 

· It insulates the electrode and electrical connections from the operator or mounting bracket. 

· The GTAW process requires a gas or water cooled torch to hold the electrode and is connected to the power supply’s electrode connection.  

· When lower currents are used (less than 200 amps), generally, an air-cooled torch is used. There are two types of air-cooled torches.  Some are one piece torches.  In these torches, the power cable is inside the gas hose, which also provides insulation for the conductor.  There are also two-piece air-cooled torches that have the power cable and gas hose separated.  

· Water-cooled torches generally have three cables.  One cable is for the water supply, one for the water return and power and one for the gas supply. If a water-cooled torch is used, there needs to be a water supply to flow through the torch to aid in cooling.  In most instances, a water cooler is used to provide this function.  A water cooler is shown mounted horizontally in the photo on the illustration. 

· The TIG torch consists of several consumable parts and pieces, each having specific functions.  The torch consists of a collet, a collet holder/collet body, and a       tightening cap or back cap, and the shield cup.  The   collet’s main function is to hold the tungsten in place andis sized according to the diameter of the electrode.  The collet holder holds the collet in place and provides a passage way for shielding gas to diffuse gas over the weld bead.  The back cap holds the tungsten in the torch and comes in several lengths each one appropriate for different joint designs and/or operator comfort.  

· GTAW welding can be done with or without a filler rod. Without a filler rod is called fusion welding or sometimes called autogenous welding.  Fusion welding is generally done on very thin materials, materials that are very clean that do not need the deoxidizers found in the filler material, and for butt welds or lap welds.  As plate thickness increases, on base material with some mild contaminants, and for other welding joint designs, it is necessary to use a filler material.  Filler materials carry the same AWS classification as GMAW wires and come in a variety of alloys and diameters depending upon the base material being welded.  

· Filler material is added in the leading edge of the weld puddle at about a 15-20 degree angle from the plate. The filler material is then pulled back out of the pool slightly but not out of the inert shielding gas. The process is repeated at the weld progresses.  

· Filler material can be added either manually, which is most common, or through a wire feeder used in automated GTAW welding.  Shielding gas is directed   around the electrode end and the weld zone via the     shield cup.

· In GTAW welding, an inert gas is used. The two most commonly used gases are argon and to a much lesser degree, helium.  The shielding gas protects the weld puddle from contaminants in the atmosphere and provides a conductive path for current to flow.  Shielding gases are supplied in bulk as liquids or as gases in pressurized cylinders of various sizes. 

· A flow meter is required when setting up with shielding gas to meter the shielding gas to the TIG torch at the proper flow rate.  A typical flow meter consists of a preset pressure regulator with cylinder pressure gauge and cylinder valve,  a flow metering needle valve and a flow rate gauge.  The metering valve is used to adjust the gas flow to the TIG torch.  The flow gauge shows the gas flow rate in cubic feet per hour or in liters per second.  Multi-gas gauges have different scales for gases of different densities.  

· A gas hose is required from the regulator/flow meter to the gas solenoid in the TIG power supply.  

· An arc starting mechanism or remote control such as a foot or hand amptrol, is also needed to energize the output of the machine to create the arc without needing to touch the tungsten to the workpiece.  In the photo, a foot amptrol (foot pedal) is shown.

	Slide # 73: Gas Tungsten Arc Welding

Power Sources
	· Title slide for Gas Tungsten Arc Welding power sources.

	Slide # 74: Lincoln Equipment - CC 
	· The illustration shows 3 machines that have specific similarities.  They are all transformer based power supplies, they all come as complete packages that include the work cable and clamp, the electrode holder and cable, a sample package of electrodes and a Basic Welding Guide for Beginner Welders, and finally, they all come with an input power cord and plug ready to plug into a 230 volt single phase receptacle.  Generally used for SMAW, they can be adapted for GTAW.

· The AC 225 is a similar machine to the AC 225 C with slightly higher output ratings.  It is rated at 225 amps, 20% duty cycle, at 25 volts.  This machine has a slightly higher open circuit voltage than the AC 225C with 79 O.C.V.  The welding output of the machine is only alternating current with a current range of 40-225 amps.  This machine, however, has a “tap” selector output control rather than continuous.  A tap selector taps or moves to segmented overlapping amperage ranges.  The amperage listed at each tap is the maximum amperage that can be achieved at that setting.  Specific amperages are not set on this machine; only ranges. Therefore, less precise control is achieved on this machine.  A “tap” selector has a manufacturing advantage in that it is the least expensive welding output selector that can be placed on a welding power supply.  As a rule, the tap selector should NEVER be changed during welding, otherwise, a high amperage will be present on the soldered taps, and the taps will burn out.

· The AC 225C is rated at 170 amps, 20% duty cycle at 25 volts.  The welding output of the machine is only alternating current with a current range of 40-225 amps.  The machine has a lower than normal open circuit voltage (ocv) of  58 open circuit volts, specifically designed that way for safety purposes.  Open circuit voltage is a no-load voltage.  This means that if the power to the machine is turned on, even though not welding, there is a potential across the output studs.  Open circuit voltage aids in arc starting, and the higher the ocv., the easier it is to strike the arc.  However, NEMA (National Electrical Manufacturers Association) sets limits on how high the ocv can be for safety purposes.  Their limits are 100 ocv for a DC machine, and 80 ocv for an AC machine.  Also, from a manufacturers’ standpoint, the higher the ocv, the more expensive the power supply.  Therefore, many small non-industrial power supplies have lower ocv outputs for safety and cost reasons.  The amperage output control is a continuous one, which is what the “C” stands for in the name of the machine.  The continuous control is a knob on the right hand side of the machine that adjusts welding amperage from the low end, through each ampere, to the high end of the range.  This allows for precise control of the welding output.  On the front of the machine is an easy reference chart that lists: various AC shielded metal arc welding electrodes, the diameters that the machine can weld, and the welding amperage needed to do so.  Voltage is not set or controlled at the constant current power supply, but is determined by the arc length of the electrode.

· The AC/DC 225/125 is also very similar to the AC 225S.  It is, however, a multi-polarity machine, having AC, DC+ and DC- welding capabilities.  On the AC side, it is rated the same as the AC 225, at 225 amps, 20% duty cycle, at 25 volts.  It is rated at 125 amps, 25 volts, with a 20% duty cycle on DC, due to the amperage limitations of the rectifier.  A rectifier is the device in the power supply that allows current to flow in only one direction, or in essence, changes AC to DC.  The AC amperage range is 40-225 amps and the DC amperage range is 30-125 amps.  AC has an open circuit voltage of 70, and DC has an ocv of 73.  Welding polarity is determined by the position of the polarity tap selector.  The welding amperage is also determined by a tap selector that taps or moves to segmented overlapping amperage ranges.  The amperage listed at each tap is the maximum amperage that can be achieved at that setting.  There are two amperage values listed at each tap, one for AC (the top one) and one for DC (the bottom one).  

· This  machine has the most versatility in the group because the majority of SMAW electrodes operate on DC polarity.

· All of the machines on this slide are non-industrial machines that are designed for the hobbyist, home user, farmer, etc.

	Slide # 75: Lincoln Equipment - CC


	· All of these machines are also transformer based power supplies. However, they are designed for industrial applications rather than hobby, home user machines as is the case with the AC-225C, AC-225, and AC/DC 225/125.   

· Again, these are generally used as SMAW machines but they are used for some GTAW applications.

· The IDEALARC 250 is a single phase, multiple input voltage machine that comes in two models.  One machine has the input voltage requirement of 208/230/460 volts and the other 230/460/575 volts.  There are also models with power factor capacitors that conserve energy consumption.

· The IDEALARC 250 is an AC/DC constant current machine that is rated on AC at 300 amps, 32 volts, with a 20% duty cycle.  The AC amperage range is 35-300 amps.  It is rated on DC at 250amps, 30 volts, with a 30% duty cycle, and has a DC amperage range of 40-250 amps.  The amperage output is controlled by a movable dial that is turned on at the front of the machine. This dial is called a movable iron control.  Turning the dial moves the big “chunk” of iron in the transformer to either increase or decrease welding amperage.  As the dial is turned, an amperage indicator moves down an amperage range to display the welding amperage.  There are two ranges, one for AC and one for DC.  This is a continuous type control for very precise welding amperage control.

· The two R3R machines are similar machines in nature.  They are similar in that the machines are 3 phase industrial machines with only DC welding output rated at a 60% duty cycle at their nameplate amperage rating.  For example, the R3R-400 is rated at 400 amps, 60% duty cycle at 36 volts.  The R3R-500 is rated at 500 amps, 60% duty cycle at 40 volts.  

· The R3R-400 is a multiple input voltage machine with 230/460 volts input power requirements.  There are two models of the R3R-400, one that comes only with a continuous amperage output control and arc force control with no meters and no polarity switch, and one with all the mentioned features.  The DC amperage range of this machine is 60-500 amps.

· The R3R-500 is a multiple input voltage machine with 230/460 volts input power requirements.  There are three models of the R3R-500, one that comes only with a continuous amperage output control and arc force control with no meters and no polarity switch, one with all the mentioned features, and a third one with all of the mentioned features and pocket amptrol hardware.  A pocket amptrol is a cordless remote control.  The machine is placed on Remote Output Control, and the pocket amptrol is first placed in the electrode holder (stinger) and touched to the workpiece to establish the starting amperage.  Then it is taken remotely away from the power supply and amperage can be adjusted from the dial on the pocket amptrol.  The dial on the pocket amptrol covers the entire amperage range of the power supply.  The DC amperage range of this machine is 75-625 amps.
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	· Gas Tungsten Arc Welding machines are also constant current.  Therefore, they can also be used for SMAW welding.  Usually, there is an output dial on the face of the power source to choose between GTAW and SMAW.  Lincoln Electric manufactures a family of Gas Tungsten Arc Welding machines called Square Waves.  This family includes the SQUARE WAVE 175 Pro, Precision TIG 275, and the Precision TIG 375.

· All of the Gas Tungsten Arc Welding machines are single phase input power and utilize true Square Wave Technology which greatly improves the quality of the AC arc.  They have AC and DC welding outputs, and carry      the three year Lincoln Electric warranty.  

· The SQUARE WAVE 175 Pro has an output range of 8-175 Amps DC, 10-175 Amps AC and is rated at 150 Amps/25% duty cycle.  This machine can operate on input powers of 208/230V.  The SQUARE WAVE 175  Pro will also operate off of 460/575V input power.  The SQUARE WAVE 175 Pro is unique to the other machines in this category from the standpoint that it comes as a complete welding package and has Auto Balance built in.  

· It comes with an input power cord, a foot amptrol, an air-cooled TIG torch, work cable and clamp, stick electrode cable and holder, spare parts for the TIG torch, a sample of stick electrodes, a regulator and hose and a “How To Use the SQUARE WAVE 175” video. The SQUARE WAVE 175 Pro is a great machine for home use, hobbyists, sheet metal applications, and for light industrial use.

· Auto Balance automatically adjusts the DC+ and DC- portions of the AC sine wave depending on the amperage you are running at as compared to fixed wave machines that do not change.  This makes the welding thin materials easier and the welding of thick materials faster than other competitive units.

· An optional pulsing pendant is also available.

· The Precision TIG 275 has an output range of 2-340 Amps DC, 5-340 AC and is rated at 275 Amps/40% duty cycle.  It is also a multiple input voltage machine and will operate off of 208/230/460/575 volts.  When purchased, the machine either comes with no accessories or as a Ready-to-Weld package.  

· Micro Start Technology allows for excellent starting of the tungsten especially on the low end.

· AC arc control allows for optimal control of the arc whether or not using auto balance and when cratering out prevents the re-establishing of the high frequency to have better crater features on aluminum and to limit tungsten "frosting".

· The accessories, such as the torch, amptrol, etc. are ordered specific to applications and customer comfort.  Several options are also available for the Precision TIG 275 for pulsing capabilities and for air/water-cooled torches.  This machine is designed for industrial use.

· The Precision TIG 375 has an output range of 2-420 Amps DC, 5-420 AC and is rated at 375 Amps/40% duty cycle.  It is also a multiple input voltage machine and will operate off of 208/230/460/575 volts.  When purchased, the machine either comes with no accessories or as a Ready-to-Weld package.  

· Micro Start Technology allows for excellent starting of the tungsten especially on the low end.

· AC arc control allows for optimal control of the arc whether or not using auto balance and when cratering out prevents the re-establishing of the high frequency to have better crater features on aluminum and to limit tungsten "frosting".
· All pulsing controls come as standard on this machine.
· The accessories, such as the torch, amptrol, etc. are ordered specific to applications and customer comfort.  Several options are also available for the Precision TIG 375 for air/water-cooled torches.  This machine is designed for industrial use.
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	· The DC-400, DC-600 and DC-655 are transformer based multi-process power sources; they have the capability of welding with many different processes such as Shielded Metal Arc Welding (stick), Gas Tungsten Arc Welding (TIG) and wire feed welding (GMAW and FCAW).

· They are Constant Current/Constant Voltage (CC/CV) machines that deliver Direct Current (DC) output only.

· These power sources are 3-phase and are named according to their amperage output at 100% Duty Cycle (For example, the DC-400 is a 3-phase CC/CV power source delivering only direct current output, and is rated at 400 Amps with 100% Duty Cycle).
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	· Lincoln produces a full line of Inverters specifically designed for GTAW and SMAW welding.

· The V-160S, V-160T and the V-205T AC/DC come with the full Lincoln 3-Year warranty and are 115V/230V compatible.

· The V-160S is the simplest of the two at 21.5 lbs.

· It comes Ready-to-Weld for SMAW but can quickly be converted to GTAW.  

· It has "Touch Start" technology for starting the arc.

· It is a DC only machine.

· The V-160T comes as a full feature GTAW machine meaning that it has pulsing capabilities as well as some other options specifically suited for TIG in a 22 lb. package.

· It has "Touch Start" technology for starting the arc as well as high frequency arc starting depending upon the situation.

· It is a DC only machine.

· Lastly, the V-205T AC/DC is the best in portable GTAW machines weighing 33 lbs.

· It is an AC and DC machine designed for GTAW but can also be used for SMAW.

· The machine is full featured with pulsing controls for both AC and DC welding.  

· The operator when welding on AC has the ability to adjust the amount of DCEN (DC-) from 35-85% and the frequency on the square wave setting from 20-150 Hz.

· The operator can choose different outputs (sinusoidal, triangular or square) depending upon the welding need.

· 2% Thoriated tungsten is used at all times and it is prepared the same for AC as one would for DC.  This gives a very focussed arc, which does not wander and gives the operator a great deal of control.

	Slide # 79: Lincoln Equipment - Inverter 
	· Lincoln has a full line of inverter based power sources ideal for GTAW welding called Invertecs.

· Inverters offer several advantages over transformer machines that include higher efficiency, smaller size, and smoother DC welding output.

· The INVERTEC V-275S is a 275 amp 40% duty cycle.  It is a pure DC machine, which is commonly used for SMAW and GTAW applications.
· It is also a three or single-phase multiple input voltage power source, that does not become de-rated when on single-phase power.

· Inverters also allow the manufacturer to manipulate the welding output.  When the output is manipulated, the machine becomes optimized for various base metals and for different modes of metal transfer.

· Lincoln calls this ability Waveform Control Technology.

· These families are the V-350 Pro and PowerWave families.  

· The V-350 Pro comes in three models:

· There is one model used in the construction industry primarily for SMAW, GTAW and FCAW. 

· There is a model used in the factory environment that is used for all welding processes.  

· There is also an advanced model used for pulse welding applications as well as for all other welding processes. 

· This is a lightweight inverter weighing only 77 pounds.  

· This power source has a current range from 5 to 425 amps.

· The V-350Pro puts out 350 amps of power at a 60% duty cycle on all input voltages from 208 to 575 as well as operating on either single or three-phase power.
· The PowerWave 355M is a 350Amp 100% Duty Cycle, DC power source with constant current, constant voltage and pulse spray welding capabilities; it is a three or single-phase multiple input voltage power source that utilizes Waveform Control Technology.
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	· The Power Wave 455M has some of the highest technology of the inverter family.  This is a 5 to 570 amp    power source. It will shielded metal arc weld.  If a few of the optional panels are added, the shielded metal arc welding arc can be controlled with a “soft” or “crisp” control.  The machine is driven by Waveform Control Technology 

· The Power Wave 455M/STT has some of the highest technology of the inverter family.  This is a 5 to 570 amp    power source. It will shielded metal arc weld.  If a few of the optional panels are added, the shielded metal arc welding arc can be controlled with a “soft” or “crisp” control.  The machine is driven by Waveform Control Technology.
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	· Lincoln Electric's newest chopper technology is the Power MIG 350MP.  

· The Power MIG 350MP is a single phase, multi-process, synergic wire feeder welding package for the professional welder.

· It operates off of 208 volts thru 575 volts of incoming power on either 50Hz or 60Hz input.

· The machine is a 300 Amp, 60% duty cycle machine.

· The Power MIG 350MP is multi-process and has true MIG pulsing capabilities as well as the new and exciting Pulse-on-Pulse feature for welding aluminum.

· The machine comes as a ready-to-weld package with a Magnum 300 Amp gun, work cable/clamp, regulator/hose, and drive rolls.

· A special feature of this machine is that it also operates as a push pull machine with the use of a Cobramatic pull-gun.

· An optional spool gun is also available.

	Slide # 82: Lincoln Equipment - Engine Drives
	· Lincoln Electric manufactures a full line of engine driven equipment that are often used for GTAW welding, including both alternators and generators.  Alternators produce alternating current or AC power, and generators produce direct current or DC power.  Lincoln Electric is the only welding manufacturer in the United States that makes generators.  All other manufacturers only make alternators.

· The POWER ARC 4000 is a combination AC generator and AC welding power source.  It has a variety of outdoor uses.  The Power Arc 4000 has the ability to deliver 4000.  This allows for continuous power for tools, lights, appliances, and emergency needs.  

· The WELDANPOWER 125 is a DC welding power source as well as an AC generator.  The WELDANPOWER is 125 has 4,500 watts of AC power for tools, lights, electric pumps, etc.  This power source will allow the welder to weld with DC+ reverse polarity (DCEP) or DC- straight polarity (DCRP).  This allow for deep penetration welds on mild steel.  Stainless steel and cast iron can be also be welded and hardfacing can be done with this power source.  The compact size and tubular roll gage make this machine very portable whether it is used for welding needs or as an AC generator.

	Slide # 83: Lincoln Equipment - Engine Drives 
	· Lincoln Electric manufactures a full line of engine driven equipment that are often used for SMAW welding, including both alternators and generators.  Alternators produce alternating current or AC power, and generators produce direct current or DC power.  Lincoln Electric is the only welding manufacturer in the United States that makes generators.  All other manufacturers only make alternators.

· Lincoln’s alternators can be further classified into three categories: the “original” Rangers, the Rangers utilizing “Chopper Technology”, and the Vantage welders that also utilize “Chopper Technology”.

· The first group of engine drives are the “original” Rangers.  This family includes the RANGER 10,000, RANGER 3-Phase, and the RANGER GXT.  These engine drives deliver both AC/DC constant current and DC constant voltage capabilities, as well as AC auxiliary power to run external equipment such as lights, power tools or other small welding and cutting power supplies.  The engine drives in conjunction with a wire feeder make an excellent choice for field or portable SMAW welding.

· The RANGER 10,000 is rated at 225 Amps on AC and 210 Amps on DC, both with a 100% duty cycle for constant current welding and 200 amps DC, with a 100% duty cycle for constant voltage welding.  It has 10,000 watts of auxiliary power.  The RANGER 10,000 can be ordered with a Honda or Kholer gasoline engine, 

· It has 1 constant voltage tap, with a voltage range of 15-25 volts, and 3 constant current taps with overlapping current ranges.  The fine tuner on these machines adjusts to a precise voltage or precise amperage within a range. In order to have full auxiliary power, the fine tuner must be at the maximum setting.  Therefore, on constant current, it is important to choose the best tap for your application to achieve this maximum setting if full auxiliary power is necessary.

· This unit is ideal for a variety of constant current welding.  However, when using constant voltage, there is only one tap and a limited voltage range.  For precise constant voltage welding or for wires that require a lower and/or higher voltage than obtainable from these machines, there are other machines within the Ranger family that are more suitable.   Also, these engine drives do NOT have an internal contactor as a standard feature. The wire feeder must have a contactor in order to have an electrically cold wire until the gun trigger is pulled.  Otherwise, the wire will be electrically hot and could potentially cause arc flash or potential hazards.

· The RANGER GXT is a slightly larger machine found within this family.  It is rated at 250 Amps at 100% duty cycle for both AC and DC for constant current welding, as well as for DC constant voltage welding.  It has 11,000 watts of auxiliary power.  The engine is a 20 HP Kohler engine.  It has overlapping current ranges and overlapping voltage taps with a voltage range of 12-35 volts.  The fine tuner adjusts to specific amperages or voltages within a tap.  It also provides the ability to run at lower procedures for smaller wire diameters and thinner materials, and larger wire diameters and thicker materials.  This engine drive is more suited for a broader range of constant voltage applications. 

· The fine tuner must be at the maximum setting in order to achieve full auxiliary power.  

· Across the arc welding processes there is an option for wire feed welding with a voltage-sensing wire feeder for all of the engine drives.   The Ranger GXT also comes standard with a 14-pin amphenol for connection of a multitude of wire feeders, and 6-pin amphenol for remote control capabilities. 

· The RANGER 3-Phase is similar to the Ranger 10,000. However, it generates 11,500 watts of 3-phase power and 10,500 watts of single phase power.

· The other exception is that it is only available with the Kohler engine

	Slide # 84: Lincoln Equipment - Engine Drives (Chopper)
	· The RANGER 250 / RANGER 250 LPG and RANGER 305G / RANGER 305D begin a new family of engine drives found in the alternator category of machines.  It is an alternator that utilizes patented technology called Chopper Technology.  

· Chopper technology begins with a 3-phase alternator engine drive. Inside this engine drive, a DC source is turned on and off, or “chopped up” at a high speed of 20,000 Hz.  It is then smoothed out through an inductor to control the arc.  The biggest advantage to Chopper Technology is the high-speed control of the arc, similar to inverters.  

· The DC output from these machines is extremely smooth, “mocking” the output of a generator, for superior arc characteristics.  Machines that utilize Chopper Technology only deliver DC output.  There are no alternating current (AC) welding capabilities.  

· The RANGER 250 is rated at 250 amps at a 100% duty cycle for DC constant current and constant voltage welding.  The auxiliary power is 8,000 watts.  Full auxiliary power is achieved independent of where the output control knob is set.  The RANGER 250 uses either a 20 HP Onan engine or a 20 HP Kohler overhead valve designed engine that has a fuel tank capacity of 12 gallons.  This machine has one output control dial to set amperage or voltage depending upon the type of welding being done (CC or CV).  The current range is 40-250 amps for SMAW welding and 20-250 for touch start TIG welding. The voltage range is 14-28 volts for CV welding.  There is also a pipe welding mode on the Ranger 250 that is ideal for downhill SMAW welding on pipe that acts as a slope control as well as a current control.  This machine comes standard with a 14 pin and 6-pin amphenol for wire feeder connection and remote control capabilities, respectively.  This machine has a completely enclosed case to maximize performance and to protect the engine.  This also minimizes the noise levels of the machine while it is running.

· The RANGER 305 is a 300 amp 100% duty cycle power source. The “G” in the RANGER 305 G stands for gasoline driven engine. It delivers 9000 watts of AC power with a 22 horsepower air-cooled gasoline engine.   The power source is totally enclosed which makes it a quiet running machine.  It has all of the features of the Ranger 250.  One of the features that makes this machine very attractive to contractors and maintenance people is the single, full-range output control dial.  This eliminates the confusion caused by tap type controls.
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	· This family of welding machines are “True” generators.

· Generators are engine driven equipment that produce pure DC (direct current) welding power. This is unlike alternators that produce AC (alternating current) which is rectified to DC.  Pure DC is much smoother than rectified DC. Therefore, the arc characteristics of a generator are significantly smoother than that of an alternator. They are very attractive to pipe welders and contractors. 

· The SAE 400 / SAE 400 Severe Duty is powered by a heavy duty Perkins 4-cylinder, water-cooled industrial diesel engine.  It has a current range of 80 to 575 amps and is powered by a 71 horse power engine.  This power source is large enough to thaw frozen water lines.  It is important to read bulletin E-695.1 dated June 1989 or later before attempting to thaw frozen lines.  Standard gauges on this machine are the engine hour meter, oil pressure temperature meter and battery charging amps meter.  All day welding with a 22.5-gallon fuel tank is not a problem.

· The SAE 400 Weld and Air is very similar to the SAE 400, but it has a built-in air compressor.  It was designed especially for pipe welders, field welders, and for use in general maintenance on demanding jobs.  The compressor will deliver 35 cfm at 100 psi.  The air supply outlet is conveniently located for easy access.  It has an 11-gallon receiver tank with a water drain valve.  All compressor controls are located on the front control panel for easy access.  Finally, base plates beneath the compressor protect the air tanks from puncture.  Air compressors are used for carbon arc gouging and/or for the operation of air-powered tools.
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	· The Pipeliner 200G / Pipeliner 200D is a pure DC generator with superior output.  It has been known for over 60 years for its long-life, reliability in operation, and great resale value.  Features included are oil pressure, light, and engine hour meter.  The Pipeliner generator with copper windings creates the “classic arc” for pipe welding and other critical applications.  The Pipeliner generator has DC auxiliary, which is different than the normal AC auxiliary power from most engine drives.  The DC auxiliary is 1750 watts.  In addition, there is an engine rpm controller on the inside of the machine that allows for easy control of the OCV for pipe welding applications.

· The Classic 300G / Classic 300D is a pure DC generator with superior output. It has been known for over 60 years for its long-life, reliability in operation, and great resale value.  Features included are oil pressure, light, and engine hour meter.  The Pipeliner generator with copper windings creates the “classic arc” for pipe welding and other critical applications.  The machine has 3000 Watts of AC auxillary power.  The Pipeliner generator has AC auxiliary power and 3000 watts.  In addition, there is an engine rpm controller on the inside of the machine that allows for easy control of OCV for pipe welding applications.
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	· The next family of alternator engine drives to be discussed is the Vantage engine drives.   They include Vantage 500 and Air Vantage 500.  

· These engine drives also employ “Chopper Technology” as mentioned concerning the Ranger 250 and Ranger 305G.  The Vantages are 3 phase, asynchronous alternators.  This is unlike the other alternators that are single phase.

· The Vantage 500 / Air Vantage 500 is rated at 500 Amps with a 100% duty cycle, and has a current range of 40-575 amps, and a voltage range of 12-48 volts.  It has five overlapping current ranges and a fine tuner to adjust to a specific amperage within the range.  It has 12,000 watts of auxiliary power.

· Choices of engines are the air-cooled Deutz or water-cooled Cummins. (Air Vantage 500 only available in Cummins package.



	Slide # 88: GTAW - TIG Module
	· The TIG module is another piece of peripheral equipment that is adaptable to many CC welding machines.
· The TIG Module is a portable high frequency generator that can turn a variety of CC power sources into a TIG machine.  It is rated at 200 amps/100% duty cycle and allows current control, after-flow and high frequency to be controlled from this unit.  It is adaptable to many Lincoln Electric Constant Current power supplies, due to  the many control cables and options available for it.  

· When purchased, this unit comes alone.  Options such as a contactor for cold tungsten on power sources that do not have an output contactor, TIG torches, etc. are also available.  

· This device is excellent for both field use on an engine driven piece of equipment as well as shop use on static machines.

	Slide # 89: GTAW - Constant Current
	· This is the volt-amp curve from a CC power supply

· It is commonly referred to as a drooper curve.  

· Voltage is proportional to arc length, the distance from the end of the electrode to the workpiece.  

· As this distance changes, voltage changes.  However, there is little to no change in the preset welding current.
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	· Sophisticated TIG power supplies have additional features to optimize arc characteristics and the weld itself.

· Starting controls are one such feature.  Starting controls allow the operator to do one of three things:  Have the arc start be a “hot start” when the starting current is higher than welding current, “cold start” when the starting current is lower than the welding current, or OFF to have the arc starting amperage the same as the preset welding amperage.  There are two dials. One dial allows you to preset starting amperage, and the other dial allows you to preset a starting amperage time.  When the time expires, the machine will have adjusted from the starting amperage to the preset welding amperage.

· The advantage of “hot starts” is to ensure good penetration at the beginning of the weld, and/or to preheat the base material on base materials that dissipate heat readily.

· Cold starts are excellent on very thin materials and on open roots or poor fit-up.  

· The overall advantage of having a starting control is improved starting and weld quality.  

	Slide # 91: GTAW - Pulse Controls
	· Another sophisticated feature on advanced power supplies allowing pulsing of the current with essentially square pulses. 

· The pulse waveform is the amount and duration of two different current levels of the power supply, the peak or pulse current and the background current.  Pulsed GTAW switches back and forth between this high, peak current and a much lower background current.   

· GTAW pulse rates are much lower than those used in GMAW welding and are in the 2-10 pulses per second range.  The peak or pulse current is much higher than normal TIG welding current levels, and the background is much lower than normal TIG welding current.  

· The peak welding current determines penetration levels.  But before the base material becomes overheated, the amperage is reduced to the background level where the weld puddle and base material cool down.  This background current also maintains the welding arc.

· Pulses per second is the frequency or the number of times per second that the peak current is on.  The percentage on time represents the duration of the pulse current as a percentage of the total arc on time.  It determines how long the peak current is on before it goes back to the background current level.  All of these features are adjustable on sophisticated pulsing TIG machines.

· An advantage of pulsed TIG welding includes excellent penetration at lower heat levels than what would occur at a constant amperage level.  This feature allows TIG welding to be excellent on very thin materials without the concern of distortion and for open roots or poor fit-up applications.  

· Pulse GTAW welding is also a great way to maintain good puddle control for out of position welding.  The pulsed arc greatly reduces the need for adjusting the heat input as the weld progresses.  All of these advantages occur with the same weld quality as the standard arc.  

· Pulsing controls can be set directly at the power supply or from a remote pendant for control directly at the work piece. 
· Pulsing capabilities are standard on some machines. On others, it can be added as an option.

	Slide # 92: GTAW - End Controls
	· Another feature found on some GTAW power supplies is a crater control, otherwise known as crater fill.  This feature optimizes the end of the weld bead.  When GTAW welding, a crater or unfilled portion of the weld bead forms at the termination of the weld bead.  Craters are not only visually unpleasant, they offer a potential for cracking.  To prevent this condition, some type of crater fill needs to take place.

· One method is to slowly ease up on the foot or hand amptrol to slowly reduce the welding current down to zero while adding filler material.  This requires skill when trying to maneuver both hands and your foot at the same time.  

· Sophisticated TIG machines have a feature downslope and finish current.  The downslope feature gives the operator the ability to preset a downslope time and a finish current level. 

· When the downslope option is activated, the downslope fade out begins when the arc start mechanism (arc start switch or amptrol) is released while in the 2-step mode or if pressed and released a second time while in the 4-step mode.  This control regulates the rate of current decline.  Typical times of current decline from welding current to finish current range from about ½ second to 20 seconds.  During the decline time, filler material is added to the crater to fill it and prevent it from cracking. 

	Slide # 93: GTAW - Duty Cycle
	· The duty cycle of a power source is the percentage of a ten-minute period that it operates at its rated output current setting.

· If a power source is rated at 300 amps at a 60% duty cycle, it means that the machine can be operated safely at 300 amps welding current for 6 out of every 10 minutes.  If this duty cycle is reduced in actual operation, the maximum permissible current is increased.  Thus, at a 35% duty cycle, this same 300 amp power source could be operated at 375 amps.

	Slide # 94: GTAW - Duty Cycle
	· The following is an example of a machine's duty cycle:

· The typical duty cycle for this machine at 250 amps would be 30%.  This means that the power source can operated safely at 250 amps for 3 out of every 10 minutes.

· At 200 amps, it has a 50% duty cycle; or can be operated safely at 200 amps for 5 out of every 10 minutes.

· At 140 amps, it has a 100% duty cycle and can be safely operated at 140 amps for 10 minutes out of every 10 minutes.

	Slide # 95: GTAW - TIG Torches  

(Have examples of different types of torches to pass around)
	Lincoln Electric manufactures a variety of GTAW torches that include an air-cooled line for TIG welding below 200 amps, and a water-cooled line for welding in excess of 200 amps.

All air-cooled torches are called Pro Torches Air-Cooled (PTA) torches and they are rated at a specific amperage with a 60% duty cycle.  The air-cooled line consists of an PTA-9, PTA-17, PTA-17V, and PTA-26 and PTA-26V torch.  The “V” designator indicates that it is a valve in hand torch design to regulate shielding gas flow.  This type of torch would be used if TIG welding with a CC power supply without a gas solenoid in it that would normally regulate gas flow.  The valve on the torch would control gas flow so that gas is not flowing continuously which is wasteful and costly.  

· The water-cooled torches are called Pro Torches Water-Cooled (PTW) and are rated at a specific amperage with a 100% duty cycle.  The water-cooled line consists of a PTW-18 and PTW-20 torch.  The lengths of all TIG torches are 12.5’ and 25’.  

	Slide # 96: GTAW - Work Clamps
	· 

	Slide # 97: GTAW - Preparing the Tungsten
	· Electrodes used in TIG welding differ tremendously from those used in other processes in which the electrode is consumed and becomes part of the weld itself.  Tungsten is not intended to be consumed or melted, but can be when the wrong type, wrong size, wrong procedures, wrong preparation or wrong techniques are used.  Proper time and care must be taken when selecting the tungsten. 

· After choosing the correct tungsten to use for the application, the tungsten needs to be prepared prior to welding.  On DC polarity, the tungsten needs to be ground to a point as shown in the illustration.  The tungsten should be ground to a conical angle that is 2-3 times the diameter of the electrode.  Grinding should always be done parallel to the tungsten to provide a clean path for electrons to flow down the tungsten to the workpiece.  If grind marks are not parallel to the tungsten, electrons will be emitted off the sides of the tungsten.  This will produce an erratic arc and tungsten degradation.   

· There are several ways to grind tungsten.  The best way is to use a Tungsten Grinder.  These grinders have been manufactured specifically to grind tungsten.  The tungsten fits inside a fixture with a fixed portion exposed to the grinder, and the taper angle of the grind is set.  The machine then accurately grinds the tungsten. 

· A conventional grinder or grinding wheel can also be used, but remember, grinding should be parallel to the tungsten.  Also, if using a coarse stone, some grind marks can be concentric with the electrode.  These small ridges can melt off and float into the weld puddle.  The grinders should be dedicated ONLY to grinding tungsten to prevent the addition of contaminants.  Grind marks should always be parallel to the tungsten.  If they are not parallel, electrons will be emitted off of the side of the tungsten instead of at the tip.  This can produce an erratic arc and excessive tungsten degradation.

· A final method to prepare tungsten is to use a chemical grinding compound.  After heating the tungsten by creating an arc, the tungsten is then dipped into this compound forming a chemical reaction.  The chemical reaction causes a conical erosion of the tungsten, forming a precise tip.  This means of preparing tungsten is great for portable TIG welding.

· The most common type of tungsten used for DC- GTAW welding is 2% thoriated.  However, there are several others as well.
· When preparing the tungsten, the end without the color band should be ground.  The color band is the only identification marking on the tungsten and once removed, it will become difficult to identify.

	Slide # 98: GTAW - Preparing the Tungsten
	· Grinding the tungsten video.

	Slide # 99: GTAW - Preparing the Tungsten
	· For AC TIG welding, the proper polarity for aluminum and magnesium, the tungsten needs to be prepared differently.  

· For AC welding, the desired electrode tip shape is a “balled” or hemisphere shaped end.  This ball should be 1-1 ½ times the diameter of the electrode.  This is beneficial because on AC, current switches from DC+ to DC- polarity or from receiving electrons to emitting electrons.  Tungsten emits electrons very readily but needs help receiving them.  The “balled” tungsten aids in this function.

· Tungsten electrodes that are designed primarily for AC welding will form a ball readily on AC or if the polarity is MOMENTARILY switched to DC+ polarity.  If using the latter technique, be sure to switch the polarity back to AC before welding, otherwise, the tungsten will see excessive current, become contaminated and melt away.

· If the ball is too big in nature, the arc will wander and be out of control, and eventually, it can drop off into the weld and contaminate it.

· The ball should also be bright and shiny.  If discoloration or “frosting” of the tungsten occurs, there is either insufficient gas flow or the tungsten has excessive current passing through it.  The surrounding atmosphere has now oxidized and contaminated the electrode, which will eventually contaminate the weld itself.  This portion of the tungsten needs to be chipped off and/or a new ball needs to be formed.

	Slide # 100: GTAW - Preparing the Tungsten
	· Balling the tungsten video.

	Slide # 101: GTAW - Torch Parts
	· This is a typical TIG torch accessory kit. The kit includes nozzles, collets and collet bodies, back caps and a few pieces of tungsten, usually 2% thoriated.

· There are several components of TIG torches that make them complete.  Each component comes in various shapes and sizes that are chosen dependant upon the diameter of the tungsten and the application at hand.

· Gas nozzles or “cups” are one component.  These nozzles are either screwed on to the end of the torch or snap in place.  Gas Nozzles are usually made of a hard heat-resistant ceramic.  Other nozzles made of metal, high temperature glass like vicor, or jacketed ceramic are also available.  Ceramic nozzles break fairly easily especially when you are not careful of storage or placement of the TIG torch after use.  Broken nozzles must be replaced to ensure proper gas coverage of the weld.

· Gas nozzles provide shielding gas coverage over the weld pool to protect it from contaminants in the atmosphere. Different sizes are available to provide more or less gas coverage.  

· Some gas nozzles also have tapered edges to better direct gas flow or for small or constricted welds.  

· There are also nozzles that are fitted with an insert washer made up of several layers of fine wire screen.  These nozzles are often called gas lenses.  Gas lenses produce a diffused gas flow rather than a turbulent flow of inert gas to increase the efficiency of shielding.  Critical applications and sensitive base materials such as titanium, etc. require the use of gas lens nozzles.

· Gas lenses utilize the same concept of the screen mesh found under the spigot of a water faucet where the water flow is directed in a straight path rather than in a diffused manner.

· The collet and collet body are other TIG torch parts.

· The collet’s main function is to hold the tungsten in place, and the collet body holds the collet.  

· The collet body also disperses gas flow around the tungsten to protect the tungsten from contamination and to ensure proper gas coverage of the weld pool.

· The collet and collet body are sized according to the tungsten diameter.

· The back cap holds all of the parts and pieces together and acts as a handle or rest for the torch to rest on the operator’s hand.

· Usually a few pieces of tungsten are included in different diameters in this kit and are generally 2% thoriated.

	Slide # 102: GTAW - Water Coolers
	· Water coolers are optional pieces of equipment for TIG machines.  They are used in conjunction with water-cooled torches and provide a means of circulating water to and from the TIG torch to keep it cool.  

· A pump inside the cooler circulates water and/or water-antifreeze mixtures to and from the torches to keep them cool during welding.  Typically, water-cooled systems are used when welding at amperage levels above 200 amps.

· Lincoln Electric manufactures two water coolers, named Magnum Cooler 10 and Magnum Cooler 20.  Each cooler has a reservoir of 2 gallons, and operates off of 115VAC.  They draw only 2 amps.  Most TIG machines have this auxiliary power to run the coolers.  The coolers can be mounted either vertically or horizontally on top of the power supply and can be held in place by a cooler mounting bracket as shown in the illustration.  

· The Magnum Cooler 10 is for light duty and normal applications. The Cooler 10 is rated at 400 amps with a 100% duty cycle.

· The Magnum Cooler 20 is for heavy duty or robotic applications. The Cooler 20 is rated at 600+ amps with a 100% duty cycle.  

· The coolers weigh 30 lbs and 34 lbs  respectively.

	Slide # 103: GTAW - Remote Control
	· There are several ways to start the GTAW arc.  The arc may be started by scratching the work piece with the tungsten electrode (called a scratch start) or by using an arc starting device or remote control device in conjunction with the superimposed high frequency.

· Scratch start TIG welding should only be used when absolutely necessary and is not recommended at all for critical TIG welding.  This is because any time the tungsten touches the work piece; there is a strong possibility of tungsten contamination.

· The arc start switch is used to start and stop the arc.   

· The output control is set on local on the power supply and the amperage is fixed throughout the weld cycle.

· It can be used on 2-step or 4-step output control.

· An arc start switch only initiates the arc at the preset amperage.  Welding is done at this preset amperage.  There is no means of adjusting this amperage while Welding.

· An arc start switch or button is a device that is usually attached by tape, Velcro, etc. alongside the TIG torch acts as an on/off switch.  It is attached on the other end to the remote control amphenol on the power supply.  Depressing the button activates the high frequency generator, causing the high frequency to jump the arc gap between the end of the tungsten to the work piece initiating the arc.  A preset current continues flowing at a constant level until the arc start switch is released, breaking the arc.  This is 2-step operation of the arc start switch.  

	Slide # 104: GTAW - Remote Current Controls
	· There are also two devices that not only allow arc initiation to take place, but also allow remote variable control of the current while welding.  These devices are called the hand amptrol and the foot amptrol (also known as the foot pedal).  These items address the need for adjusting the current while welding on long welds or on materials that absorb heat readily such as aluminum so that overheating and/or burnthrough do not occur.  Once the foot pedal and/or hand amptrol is depressed or activated, the arc starts.  If the foot pedal is depressed completely, and/or if the hand amptrol is at it’s highest position, the current will be at the preset welding current.  As you ease up on either device, current ramps down until you release the amptrols.  At this point, the arc is extinguished.  These devices act similar to an accelerator in a car.  The further you push the accelerator down (or the amptrols down), the higher the speed of the car (or the higher the amperage.)  The highest current level is where you have preset the machine, or full range of the machine if the machine is set at maximum output.  The other end of the foot or hand amptrol is plugged into the power supply’s remote control amphenol.

· The arc start switch, hand amptrol and foot amptrol also activate the internal contactor of the power supply if there is one, as well as gas and water solenoids if applicable. 

	Slide # 105: GTAW - Cables
	· The welding cable is an integral part of the GTAW system.  

· The welding cable carries current from the power source to the electrode and from the work piece back to the power source.  These conductors are very important to the efficiency of welding as well as the arc characteristics. 

· Cables must also be the proper size to deliver the appropriate amount of current to the welding arc.  Sizing of the cable is also dependant upon the length of cable being used.  

· The conductors in the welding cable are made up of strands of copper.  The cables are wrapped in a paper wrapping.  Next, rubber insulates and covers the jacket wrapping.  The paper wrapping is for cable flexibility.

· The chart shows the recommended cable sizes for specific welding current levels as well as for specific lengths.  The length of the cable is a total length of the work cable plus the electrode cable.  For example, if you have 25’ of ground or work cable and 25’ of electrode cable, the total length is 50’ and this is the value used in determining cable size.  

· Using the example of 50’ of cable, if you are welding at 300 amps, according to the chart, the recommended cable size is a #1/0 cable.

	Slide # 106: GTAW - Tungsten Electrodes
	· As in any arc welding process, the electrode is defined by The American Welding Society as the current carrying device.  The diameter and alloy of the electrode determine the amount of current that it is capable of carrying.  This also holds true for the tungsten in Gas Tungsten Arc Welding.

· A common range of tungsten diameters include .020” that carries minimal current levels for welding extremely thin materials to ¾” diameter that carries much higher current levels for welding thicker materials.

· As mentioned in the previous slides, there are different varieties of tungsten electrodes as well.  When alloys are added to pure tungsten, for example, thoria, it effects the amount of current it can carry as well. 

· The following chart is broken down by tungsten diameter, type of tungsten:  pure, zirconiated, and thoriated, welding polarity, and the current range in which it operates.  

· Please note that on DC+ or DCRP polarity, the current range is very low comparatively.  This is because on this polarity, 70% of the heat of the arc is at the electrode and only 30% is at the base material.  This is why DC+ polarity is rarely, if ever, used in TIG welding.

	Slide # 107: GTAW - Harris Calorific Equipment
	· Harris Calorific, a division of Lincoln Electric, manufactures a variety of flow meters and regulators specific to the welding or cutting application.
· It is important to choose the correct regulator or flow meter for the job and gas being used.
· Shielding gas kits consist of: 1) a preset pressure regulator with cylinder pressure gauge and cylinder valve stem, 2) a flow metering needle valve, 3) a flow rate gauge and 4) connecting hoses.

· The metering valve is used to adjust the gas flow to the TIG torch.

· The flow gauge shows the gas flow rate in cubic feet per hour or liters per second.
· The gas flow rate for most gas tungsten arc welding is in the range of 20-30 cfh.

	Slide # 108:Gas Tungsten Arc Welding

Minor Maintenance and Repair 
	· Title slide for Gas Tungsten Arc Welding minor maintenance and repair.

	Slide # 109:GTAW - Minor Maintenance and Repair

TIG Torch Assembly
	· A very important component of a GTAW welding system is the torch.  There are several water-cooled torches depending upon the amperage used.  Standard TIG torch lengths are 12.5’ and 25’.  Torches also come in different sizes and with different parts and pieces.  The proper torch is very dependant upon user preference and the part being welded.  

· The slide shows the breakdown of the parts and pieces necessary to complete the torch.  The parts breakdown shows a water-cooled torch.  The three cables are gas, power and water return, and water from the water cooler or water source.

· There are similarities in the air-cooled and water-cooled TIG torches, and their parts are the same.  The water-cooled torches have a 3-piece cable connection where as the air-cooled torches have a 2-piece cable connection.  The three cables are the gas hose, the water to the TIG torch and the third cable is water return to the cooler and the current conductor in one.

· Water-cooled TIG torches are rated at 100% duty cycle as compared to the 60% duty cycle rating of the air-cooled TIG torch.

·  The tungsten is held in place by the collet, which is made of copper.  This is for good electrical contact between the collet and tungsten for good current transfer.  The collet is sized according to the electrode diameter and will wear over time.  As it expands, the tungsten can become loose inside and electrical contact or conductivity is diminished.

· The collet body is also made of copper and is designed to hold the collet as well as direct the inert shielding gas around the inside of the nozzle and to the weld puddle.  The collet body is designed with copper for good electrical conductivity as well as having the ability to expand and contract as it heats up.  Be sure to check the gas passage holes for obstructions or blockages that would prevent good gas flow and shielding.  

· Gas nozzles or gas cups are usually made of a heat-resistant ceramic.  They come in a variety of shapes and sizes (orifice diameters and lengths) and usually are threaded onto the torch.  The nozzle needs to be big enough to ensure good shielding gas coverage to the weld.  If the nozzle is too small, it can prevent sufficient gas from passing through it causing porosity in the weld and/or the tungsten to become discolored and contaminated.  The tungsten will turn a blueish-purple if there is not enough shielding gas.  Also, in some cases with too large gas nozzles, the gas flow becomes turbulent and disrupts the arc.  Small nozzles may be necessary for small weld joints or restricted areas.

· Gas nozzles are made of a ceramic and will crack or break over time.  If this is the case, the nozzle must be replaced to ensure no gas leakage and good gas coverage.

· Another option for nozzles is the gas lens nozzle.  A gas lens nozzle accompanies a gas lens.  A gas lens is a special collet body with alternating stainless steel screens, half of which are coarse and half are fine screens.  These screens produce an extended stable stream of gas coverage for hard to reach areas up to ¾”- 1” away from the cup and/or for critical base materials such as titanium.  Finally, it is used for critical welds where the gas coverage must not fail.  The gas lens nozzle is specially made to fit over the gas lens collet body.

· Back caps of TIG torches fit on the back end of the torch body.  These items hold all of the parts and pieces together and support the back end of the tungsten.  They come in a variety of lengths: short, medium and long depending upon the length of the tungsten and the joint design.  For example, cramped spaces and/or restrained joints may not fit a full-length torch.  Therefore, a short back cap would solve this problem.  Long back caps allow the use of a full piece of tungsten without breaking it into smaller sizes.

· For some welding machines, a power cable adapter may  be necessary to attach the TIG torch to the machine.  There are a few designs of adapters depending upon whether or not an air-cooled or water-cooled torch is Used.  This is a brass casting that bolts onto lugged output studs on the welding machine.  It may be necessary depending upon the power supply and torch You are using.  

· On a water-cooled torch, it accepts a power cable with left-hand thread connection, and accepts a standard 5/8” -18 left-hand thread water fitting on the hose from a Magnum water cooler.

· For air-cooled torches, it accepts a one-piece torch cable fitting, and accepts a standard 5/8” – 18 right-hand thread gas fitting on the gas hose from the gas solenoid or from the regulator.

· One area of concern occurs in using water-cooled TIG torches when the water supply is city water or tap water.  City water or tap water can become too cooled, since there is no supply to “warm” the water.  If the water supply is too cold, condensation can occur inside the torch.  If condensation occurs, it can appear in the weld bead as hydrogen porosity.  Condensation can also cause torch degradation.  Therefore, the city water supply should be kept warm, or a water cooler should be used.  A water cooler cannot cool the water to a temperature any colder than room temperature. Therefore, condensation inside the torch is much less of a concern.  This also greatly reduces the occurrence of hydrogen porosity in the weld.

	Slide # 110: GTAW - Minor Maintenance and Repair
	· Another very important component of an GTAW system is the work clamp.  There are two types of work clamps that Lincoln Electric manufactures that are chose dependant upon welding amperage. 

· The components of a work clamp are the jaws, the conductor cable, the spring, and the nut and bolt.

· The work clamp is no more than a clamping device for grasping and making good electrical contact with the work piece.  The cable is attached to the work clamp by a nut and bolt arrangement.

· Work clamps are rated according to their current capacities and are usually in the range of 300-500 amps.  

· Lincoln Electric manufactures two work clamps.  They are called the GC 300 and GC 500, and are rated at 300 amps and 500 amps, respectively.

· Work clamps may have cable missing or become poorly taped at the bolted connection.  These conditions could create an electrical hazard.

· Work cables and clamps wear over time due to use and heat from the welding amperage.  As cables fray, they should be disconnected, cut down to remove the damaged area, and stripped back to be reattached to the work clamp.  Otherwise, there are potential electrical hazards, and voltage drop across the cable.  Be careful not to allow any copper of the stripped cable to become exposed. This section of the cable should be completely taped with electrical tape.

	Slide # 111: GTAW - Minor Maintenance and Repair

Electrical Connections and Cables
	· All electrical connections should be tight.

· Cables should be in good repair (in other words, free of cracks that should be repaired or frayed cables) and of the proper size for amount of current and the distance it must be carried.

· Cables generally are made of fine strands of copper, which have higher current carrying capacity than one big solid copper wire. 

· Although some cables may have a natural rubber coating, most of the cables manufactured today have synthetic coatings.

· There are two types of attachments for cables.

· One is with the conventional lug – many machines have an output stud, and a lug that is one-half inch applied to the end of the cable so you can make a secure fitting or connection.  Lugged connections are typically on higher amperage power sources because there is a tighter electrical connection than with a Twist-Mate.

· Lugged connections must be routed under the strain relief loop.

· The other type is the quick-disconnect type (Twist-Mates) that is appropriate when setting up and disassembling frequently and are usually used on lower amperage power sources (usually 300 amp and below).

· On a Twist-Mate connection, the rubber boot serves as an insulator and cable protector. Rubber boots cover the copper electrical connector found on the cable side (male side) of the Twist-Mate connector.
· The quick-disconnect is becoming more and more popular.

· If strain-relief loops or cable guards are available, they should be used to harness cables.  Strain relief loops prevent wear and tear on cables and on electrical connections.  As illustrated, if the cable were pulled or tugged as when moving the machine, the machine frame would prevent the pull from interfering with or ruining electrical connections.  This also serves as a safety feature. 

· If the cables are cut, frayed or in poor repair, this is an area of voltage drop that would show up in the welding arc.  To compensate for this voltage drop, the welder would have to be turned up. This practice could cause other inherent problems such as having the welding procedures be out of the pre-written code or guidelines. As the welders are turned up to compensate for the voltage drop, overheating of the cables can occur, creating a potentially hazardous condition.
· Cables that are frayed or exposed outside the rubber jacket could be dangerous if touched and could cause electrical shock.  

· If a cable is improperly sized, other problems can occur.  If the cable is too small, it will heat up excessively, and deteriorate.  It could eventually catch on fire due to the    current overload.  Large cable sizes are very expensive, heavy and inflexible.

	Slide # 112: GTAW - Minor Maintenance and Repair

Compressed Gas Connections and Hoses
	· A GTAW system is required to provide constant  shielding gas pressure and flow rate during welding.

· The regulator reduces the high source gas pressure to a lower constant working pressure, regardless of variations at the source.

· Regulators may be single or dual-stage and may have a built-in flowmeter.  Dual-stage regulators provide a more constant delivery pressure than single-stage models.

· Regulators reduce line pressure to working pressure and should be replaced if pressure readings are inaccurate.

· Choosing the proper flowmeter for the welding job is very important.  Regulators and flowmeters can build up frost and freeze up, eventually breaking the device.  This can occur when the cylinder gas being used is a compressed gas in liquid form and the regulator is designed to regulate a compressed gas in a gaseous form.
· Many regulators are designed for use with different shielding gases that may have different densities.  The proper scale needs to be read and set to ensure proper shielding gas coverage.

· Once the gas pressure has been reduced to some prescribed level (often 20 psi), the flow meter controls the volume of gas flow at that pressure.

· The amount of gas flow is normally measured in terms of cubic feet per hour (cfh).

· The flowmeter normally consists of some means of regulating the amount of flow plus a device which indicates that flow rate.

· This indicating device is usually a clear glass or plastic graduated cylinder with a steel ball inside.  The height of the steel ball in the clear cylinder during gas flow indicates the volume of gas flowing through the device and to the weld zone.  

· There should be some notation in the IM manual indicating what portion of the ball (top, center or bottom) will be used for this measurement.

· Flow meters should be replaced if cracked

· A gas hose is required from the regulator/flow meter to the power source.

· Gas hoses should be repaired or replaced if leaks or holes appear.  Leaks can adversely affect the weld and are a waste of money.  

· To purge the TIG torch, initiate gas flow, and adjust the gas flowmeter to achieve the specified flow rate.

· Flow rates of 20-30 cfh are generally used in GTAW welding.  If the gas flow is too low, porosity can occur in the weld.  If the gas flow is too high, turbulence in the arc can occur, disrupting the arc, and the weld bead.
· The valve on the gas cylinder should be opened fully when in use and closed tightly when not in use.

· The gas cylinder must be secured tightly so the it cannot fall; when moving gas cylinders, be sure the valve is covered by a valve cap.

	Slide # 113: Gas Tungsten Arc Welding

Lincoln Equipment Setup
	· Title slide for Gas Tungsten Arc Welding Lincoln equipment setup.

	Slide # 114: GTAW - Lincoln Equipment Setup

Square Wave TIG 275
	· The photo shown is a Square Wave 275, completely set up and ready to weld.

· The components needed for a complete TIG setup include:  

· A constant current power supply (preferably with high frequency). 

· A TIG torch (either air-cooled or water-cooled depending upon the application and the amperage used).  Air-cooled torched are generally used for welding amperages under 200 amps and water-cooled torches are used at higher amperages or for automated applications.  

· Depending upon the power supply, you may need a hook-up kit that includes a power cable adapter that is bolted to the electrode output stud to hook up the torch.  

· If a water cooled torch is being used, there needs to be a water supply, preferably a cooler of some sort to supply cooling water and/or water-antifreeze mixtures to and from the torch.  In the illustration, there is a horizontally mounted water cooler.  

· An arc starting mechanism such as an arc start switch or some type of remote control such as a foot amptrol (pedal) or hand amptrol is needed to start the arc without the need of scratch starting. Remote control devices also provide a means of altering amperage while welding from a remote location, not at the machine.  

· The proper tungsten size and type need to be chosen according to application and amperage used. A TIG torch parts kit is needed that includes, a collet, collet body, ceramic nozzle and back cap.  These items are specific to the torch, tungsten diameter and application.

· Next, a supply of shielding gas with a regulator and hose is attached.  

· Other options such as pulsing pendants or additional options can be added if not already a standard feature of the machine.  

· After the work cable and clamp are attached to the workpiece, you are ready to weld.  

· After setting up everything necessary, the next step would be to determine the appropriate polarity to use.  For TIG welding, this would either be AC or DC-.  AC is for aluminum and magnesium welding and DC- is for all other base materials.

· In the photo, there is a complete set up of a Square Wave 275.  We will now discuss the features of the Square Wave 275.  These features are common features found on other TIG machines.

· On the faceplate of the machine, there is a digital ammeter and voltmeter.  The ammeter reads preset amperage as well as the actual amperage while welding.  

· The amperage is set from the output current control knob, and the range of amperage is 5-315 amps.  The voltmeter will only read the welding voltage.  In constant current welding, voltage is never set.  Voltage is determined by the operator’s arc length.

· There is also a toggle switch asking for 2-step TIG control, 4-step TIG control or stick welding.  

· The 2-step control is mainly used in conjunction with a remote control device such as a foot or hand amptrol.  This device works in the following manner.  Step #1 is to establish the arc.  Amperage can be modified from these devices either more or less according to depression of the foot pedal or by sliding the hand amptrol.  The second step is releasing the foot pedal or hand amptrol to extinguish the arc.  

· The 4-step feature is mainly used with an arc start switch.  The 1st step is depressing the arc start switch, starting the arc and welding at consistent preset amperage.  The 2nd step is releasing the arc start switch and current still flows at the preset amperage.  The 3rd step is depressing the arc start switch again, and activating any crater fill feature.  The 4th step is releasing the arc start switch and breaking the arc.  Using an arc start switch only permits welding at constant pre-set amperage.  There is no ability to adjust amperage while welding using this arc-starting device.

· Some features from the power supply that can aid in arc characteristics are AC wave balance, gas postflow, and downslope control.

· AC wave balance can only be used when using alternating current (aluminum and magnesium).  It is used to change the balanced square wave condition (half of the cycle spent on + or cleaning and half spent on – or penetration) to an unbalanced condition for either more cleaning or more penetration.

· Postflow is a timer that allows gas to flow even after current has stopped flowing after welding.  This is to ensure good gas coverage of the crater while it cools and it aids in cooling and shielding the torch and tungsten.  

· Downslope is another term used to mean crater fill.  This is also a timer that starts at the preset amperage and ramps down to zero amps either fast or slow depending upon where the dial is set (min. or max.).  This has the same effect as slowly releasing the foot amptrol or hand amptrol.  

· If pulsing is desirable or necessary, the Square Wave 275 has an optional pulsing pendant that allows control of peak and background current levels, pulse frequency and pulse duration control.  Pulsing features are often standard on GTAW industrial equipment, as is the case for Lincoln Electric’s Square Wave 355.

(    Welding begins and activation of all of the features 

      occurs when the foot amptrol, hand amptrol or arc start 

      switch is activated. 

	Slide # 115: GATW - Lincoln Equipment 

Square Wave TIG 275


	· Setup of a constant current power source for GTAW welding requires several components along with several steps before beginning to weld.
· Most industrial power supplies have the flexibility of running off of several input voltages.  For example, a Lincoln Electric Square Wave 275 is rated as a 208/230/460 volt input machine, which means that any of the listed voltages is suitable to run the power supply.

· Most industrial machines come from the manufacturer set up for the highest input voltage connection.  In the above-mentioned example, the Square Wave 275 power supply will come factory set for 460 volts of input power.  A few power supplies have an auto reconnect feature that detects input voltage connections.  However, the vast majority requires some type of changeover from any voltage other than the highest input rated voltage.  It also doesn’t hurt to double check the input voltage connection before plugging it in to ensure that everything is correct.  These changes are made by either rearranging copper links, flipping a voltage range switch and/or moving a pin to the correct input voltage configuration.  There is also usually an access “door” to make these changes.
· Input voltage settings must be set according to input voltage and tightened securely. 
· Shown on the slide, a Square Wave 275 has a back access door that opens easily to reveal such copper links.  Pasted on the door are the instructions for input voltages and correct configuration of the links for various input voltages.  This procedure takes about 10 minutes.

· After the links have been rearranged, a power cord and plug with strain relief loop can be added to match the application and outlet.

· The power cord should be sized according to the input power, required length, etc.

· The strain relief prevents “pulling” on the electrical connections.

· An optional undercarriage or running gear can be assembled on the machine. 

· A cylinder of gas is next installed onto the undercarriage or cart and is chained for safety concerns.  The gas is chosen specific to the base material and application.  A regulator or flow meter is attached to the cylinder and a hose is connected to the regulator and then to the  power source.  A gas flow rate of 20-30 cfh is generally desirable for TIG welding.

· Gas cylinders must be fastened with a security chain.
· After input power is supplied, the cylinder is opened, the proper tungsten needs to be chosen and prepared according to the application.

	Slide # 116: GTAW - Lincoln Equipment Setup

Magnum PTA-9 TIG Torch Assembly                                           
	· After determining the application and the amperage to use, the next step would be to choose the proper tungsten diameter and alloy.

· After determining the application and the amperage to use, the next step would be to choose the proper alloy and tungsten diameter.  There are charts that show the recommended diameter of each alloy depending upon the amperage being used.  

· The tungsten needs to be prepared appropriately for the application. It needs to be ground to a point for DC- welding and a ball needs to be formed for AC welding.  Be sure to prepare the end of the tungsten opposite the identifying color band. The color band is what identifies each type of tungsten.  If the band is gone, there is no easy way to determine the type of tungsten.

· The collet holds the tungsten in place.  When placing the tungsten in the collet, the side without the color band should be inserted first so that it doesn’t “disappear” when the tungsten is prepared for welding. 

· The collet slides into the collet body next.  The collet body holds the collet and distributes gas flow over the tungsten and directs it through the shield cup over top of the weld.  The collet body then screws into the torch body.

· The back cap is then chosen using the proper size for the application.  Long back caps provide an easy to hold handle and balance point for the torch. Shorter back caps are used to make the torch less cumbersome and smaller to be able to fit into tight places or restricted weld joints.  The back cap screws into the back end of the TIG torch, provides a means of holding and balancing the torch, and holds all of the other parts and pieces in place.  

· The tungsten should be slightly exposed outside the shield cup for easy arc starts (about 1/8”).  This distance can be adjusted by loosening the back cap and moving the tungsten in either direction in or out of the shield cup.  

· TIG torches come in various lengths.  The two standard lengths are 12.5’ and 25’.  The TIG torch should be as short as possible for the application.  This helps to decrease the risk of high frequency interference and to prevent coiling or cluttering of the workspace with cumbersome cables.

· When purchasing a TIG torch, a parts kit needs to be ordered to assemble the torch for welding.  

· Parts kits are specific to a torch or to several torches.  For example, torches of the same size (not necessarily the same amperage rating) will use the same parts kit.

· In the parts kit, there are collets and collet bodies for different diameters of tungsten.  There are also ceramic shield cups or nozzles, a couple of different length back caps and a few pieces of different diameter tungsten of  2% thoriated alloy.  

· The torch is now ready for welding.

· After input power is supplied, the cylinder is opened, and procedures are set for the application, you are ready to weld.

	Slide # 117: GTAW - Lincoln Equipment Setup

Magnum PTW-20 TIG Torch Assembly
	· The first criteria when deciding upon the proper TIG torch to use should be the amperage or amperages being run.  If the amperages are generally higher than about 200-250 amps, a water-cooled torch is probably the better choice due to the additional cooling of the torch from the water or water/anti-freeze mixture.

· After determining the application and the amperage to use, the next step would be to choose the proper tungsten diameter and alloy.  There are charts that show the recommended diameter of each alloy depending upon the amperage being used.  

· The tungsten needs to be prepared appropriately for the application. It needs to be ground to a point for DC- welding and a ball needs to be formed for AC welding.  Be sure to prepare the end of the tungsten opposite the identifying color band. The color band is what identifies each type of tungsten.  If the band is gone, there is no easy way to determine the type of tungsten.

· The tungsten slides into the collet that holds the tungsten in place.  When placing the tungsten in the collet, the side without the color band should be inserted first so that it doesn’t “disappear” when the tungsten is prepared for welding. 

· The collet slides into the collet body next.  The collet body holds the collet and distributes gas flow over the tungsten and directs it through the shield cup over top of the weld.  The collet body then screws into the torch body.

· The back cap is then chosen using the proper size for the application.  Long back caps provide an easy to hold handle and balance point for the torch. Shorter back caps are used to make the torch less cumbersome and smaller to be able to fit into tight places or restricted weld joints.  The back cap screws into the back end of the TIG torch, provides a means of holding and balancing the torch, and holds all of the other parts and pieces in place.  

· The tungsten should be slightly exposed outside the shield cup for easy arc starts (about 1/8”).  This distance can be adjusted by loosening the back cap and moving the tungsten in either direction in or out of the shield cup.  

· TIG torches come in various lengths.  The two standard lengths are 12.5’ and 25’.  The TIG torch should be as short as possible for the application.  This helps to decrease the risk of high frequency interference and to prevent coiling or cluttering of the workspace with cumbersome cables.

· When purchasing a TIG torch, a parts kit needs to be ordered to assemble the torch for welding.  

· Parts kits are specific to a torch or to several torches.  For example, torches of the same size (not necessarily the same amperage rating) will use the same parts kit.

· In the parts kit, there are collets and collet bodies for different diameters of tungsten.  There are also ceramic shield cups or nozzles, a couple of different length back caps and a few pieces of different diameter tungsten of 2% thoriated alloy.

· If the application merits using a water-cooled torch, there needs to be a continuously supplied water supply.  Water-cooled torches are designed to rely on this continuous supply of water to cool the torch.  If the water reservoir is empty, if the water cooler is not turned on or malfunctioning, or if there are damaged or obstructed water lines, water cooled torches can and will burn up after welding for only a few seconds.

· The torch is now ready for welding.

· After input power is supplied, the cylinder is opened, and procedures are set for the application, you are ready to weld.

	Slide # 118: GTAW - Lincoln Equipment Setup

Magnum 300 Amp Work Clamp
	· The work cable lug must be securely connected to the work clamp.

· The first criteria to use when deciding upon the proper SMAW work clamp should be the amperage being run as they are also rated according to welding amperage.  The work cable is lugged and attached to the work piece.

· The cable should be as short as possible for the application.  This helps to prevent coiling or cluttering of the workspace with cumbersome cables.

· The photo shown is a GC 300 work clamp.  However, all work clamps are similar in nature.


	· The amount of gas flow is normally measured in terms of cubic feet per hour (cfh). 
	

	Slide # 120: GTAW - Lincoln Equipment Setup

Air Cooled Setup 
	· This slide shows a common GTAW Air Cooled welding setup.

· The slide shows a “fixed air cooled setup”.  Optional setup configurations have the power source mounted on an undercarriage so that it is portable and can be moved around the shop.

· The undercarriage features a bottle rack in the back to hold the gas supply in a secured, upright position.

· General setup procedures include:

· Verify that the welding machine is a constant current power supply.

· Check to be sure that the welding machine is properly grounded through the primary current receptacle.

· Verify the location of the primary current disconnect.

· Locate the GTAW air-cooled torch and cable assembly.

· Set up the welding machine for DCEN (Direct Current Electrode Negative) for all base materials other than aluminum and magnesium.  The machine would only be set for AC polarity when welding aluminum and magnesium.

· Locate the appropriate shielding gas, secure it against falling over, and then install the gas regulator/flowmeter and gas hose to the power source.

· Next, fully open the shielding gas cylinder, and to purge the TIG torch, initiate the gas flow.  Adjust the gas flowmeter to achieve the specified flow rate. Gas pressures used in GTAW require approximately 20-30 cfh.  

	Slide # 121: GTAW - Lincoln Equipment Setup

Water Cooled 
	· This slide shows a common GTAW water-cooled welding setup.

· The slide shows a “fixed water cooled setup”.  Optional setup configurations have the power source mounted on an undercarriage so that it is portable and can be moved around the shop.

· The undercarriage that the power source is on features a bottle rack in the back to hold the gas supply in a secured, upright position.

· A regulator, flow meter, torch and connecting cables complete the setup.

· General setup procedures include:

· Verify that the welding machine is a constant current power supply.

· Check to be sure that the welding machine is properly grounded through the primary current receptacle.

· Verify the location of the primary current disconnect.

· Locate a GTAW water-cooled torch and cable assembly.

· Set up the welding machine for DCEN (Direct Current Electrode Negative) for all base materials other than aluminum and magnesium.  The machine would only be set for AC polarity when welding aluminum and magnesium.

· Locate the appropriate shielding gas, secure it against falling over and then install the gas regulator/flowmeter and gas hose to the power source.

· Fully open the shielding gas cylinder.  Then, to purge the torch, initiate gas flow, and adjust the gas flowmeter to achieve the specified flow rate. Gas pressure used in the GTAW welding process requires approximately 20-30 cfh.  

· Ensure the water valve is turned on to cool the torch or the water cooler has sufficient water/coolant to meet the needs for the water-cooled torch. Turn on the water cooler and periodically check for appropriate flow rate.

	Slide # 122: Gas Tungsten Arc Welding

Tungsten Electrodes
	· Title slide for Gas Tungsten Arc Welding tungsten electrodes.

	Slide # 123: GTAW - AWS Classification
	· (   As with all arc welding processes, the American Welding Society (AWS) sets specifications for TIG electrodes or tungsten that manufacturers must comply with in order to use their AWS classification identification.

· These guidelines specify the type of tungsten and its applications. 

· Here is an example of the AWS classification for tungsten, EWX.

· Each letter stands for something specific to define the tungsten. 

· The “E” stands for electrode.  AWS defines an electrode as the current carrying device, not necessarily the consumable as is the case in GTAW welding.

· The “W” is the atomic symbol for tungsten as defined on the periodic table of elements.

· The “X” can be a variety of letters indicating whether the tungsten is pure in nature or if alloys have been added for different applications.

· Electrodes made of tungsten are secured in the TIG torch to carry the current to the welding arc.  Tungsten is used because it can carry very high currents and can sustain very high temperatures.  Tungsten actually has the highest melting point of all metals, melting at 6170( F.

	Slide # 124: GTAW - Tungsten Electrodes
	· Tungstens are blunt cut pieces of wire and come in a variety of sizes and lengths.  Common lengths are 7” (the most popular), 12” or 18”, and common diameters run from .010”-1/4”.  The diameter used is dependant upon the thickness of the base material being welded and the desired size of the weld bead.  Tungsten electrodes are usually boxed with 10 pieces per box.  They are identified by a color band that appears somewhere on the tungsten as well as by a different AWS classification.  This color band appears either on one end, both ends, or in the middle of the tungsten.  

· Tungstens, when bought are packaged as either “cleaned” or “ground” tungsten.  Cleaned tungstens are those that have a finish that has been chemically cleaned and etched.  Ground tungstens have a centerless ground finish to provide maximum smoothness and consistency.  Centerless ground tungsten electrodes are used where minimum resistance loss at the collet-electrode contact point is desired.

(    The illustration shows a “dressed” sharpened tungsten.  

      Sharpening is necessary prior to TIG welding.  

      Procedures and techniques for sharpening tungsten will 

      be discussed later.

	Slide # 125: GTAW - Tungsten Electrodes
	· The illustration shows a chart with tungsten electrodes, their AWS classification, the color band that identifies each tungsten, and the recommended welding polarity.

· The two most common tungstens are pure tungsten, which has a green color band and the 2% thoriated tungsten with a red color band.  However, there is a full product line of tungstens for  welding applications.

· EWP is the AWS name for pure tungsten.  It has a green color band, and is used for TIG welding applications that utilize AC polarity such as aluminum and magnesium.  It is one of the most popular tungstens used.

· 1% thoriated tungsten has a yellow color band and is used for DC- welding or all TIG welding applications except for aluminum and magnesium.  It has the alloy of thoria oxide added to pure tungsten in a percentage range of .8%-1.2%.  Thoria is a radioactive element and may cause a concern for some users.  However, it is added in very small amounts to tungsten and is still used in many TIG welding applications.

· 2% thoriated tungsten is also one of the two most popular tungstens.  It has thoria oxide added in the percentage range of 1.7%-2.2%.  It is identified by a red color band and is used for DC- TIG welding.   It has better arc starts than 1% thoriated, higher current carrying capacity and better arc stability. Thoria is a radioactive element and may cause a concern for some users.  However, it is added in very small amounts to tungsten (less than 2.2%) and is still used in many TIG welding applications.

· Zirconiated tungsten has a brown color band and is used for AC TIG welding or TIG welding of aluminum and magnesium.  It is excellent for AC welding because it holds its balled end extremely well, and provides good arc starting.  It is used when tungsten contamination of the weld is intolerable.  It has .15%-.40% zirconia oxide added to it.

· Ceriated tungsten has an orange color band and it multi-functional, which means it can be used for AC and DC- TIG welding.  It has a percentage range of 1.8%-2.2% ceria oxide, and performs similarly to thoriated tungsten, but can carry more current and is not limited to only DC- applications.  It is not radioactive as is the case for thoriated tungsten.

· There are 3 lanthanated tungstens, 1, 1.5, and 2% that have black, gold and blue color bands respectively.  They are also all multi-functional and have a broad range of applications.  They also perform similarly to thoriated and ceriated tungstens, but have higher current carrying capacities, better arc starts and a longer life.  Lanthia oxide is also non-radioactive.  

· Finally, there are rare earth tungstens, with the AWS classification of EWG, a general classification.  They are identified with a gray color band and are multi-functional.  These tungstens contain other rare earth oxides or a combination of oxides.

	Slide # 126: GTAW - Tungsten Electrodes
	· This slide shows applications for each of the tungstens. 

· Pure tungsten has an AWS classification of EWP, has a green color band and runs on AC polarity.  It is used for welding aluminum and magnesium.  

· If you remember pure and 2% thoriated tungsten, you know the majority of the applications in existence.

· Some of the higher current carrying tungstens or multi- functional tungstens are used for high-performance, extremely high-quality specialized applications such as the aerospace industry, etc.

· 2% thoriated tungsten has a red color band and is used to weld all base materials except aluminum and magnesium.

	Slide # 127: Gas Tungsten Arc Welding

Cut Length Consumables
	· Title slide for Gas Tungsten Arc Welding cut length consumables.

	Slide # 128: GTAW - AWS Classification 

(Have examples of various types of wire to pass around)
	· The American Welding Society or AWS sets guidelines for GTAW filler material that manufacturers have to comply with in order to receive their stamp of approval. 

· Here is an example of the AWS classification for GTAW wire, ER70S-X. This is the AWS classification for mild steel and low alloy TIG filler rods.

· Each letter and digit stands for something very specific.

· The E stands for electrode.  AWS defines an electrode as the current carrying device, not necessarily the consumable that becomes the weldment.  

· R stands for rod, or filler rod.  GMAW wire can also be used as the filler rod in TIG welding.  It is the same chemistry and follows the same guidelines set forth by AWS.

· The 70 stands for minimum tensile strength in 10,000 psi.  The weld made by this wire must consistently meet a minimum tensile strength of 70,000 psi.  

· The S stands for solid.  TIG wire is solid as opposed to tubular in nature.

· The X can be a 2, 3, 4, 6, or 7.  This number indicates the amount of deoxidizers in the wire, and in most cases, this is the amount of silicon and manganese.  This in turn will determine the base material that is best suited for each wire.  

· Many people refer to TIG wires solely by S and the digit that follows the S.  For example, S-2, S-3, S-4 etc.

· Selection of the appropriate filler wire may be affected by chemical composition and mechanical properties of the base metal, weld joint design, service or specification requirements, type of shielding gas used, and composition of the filler wire. 

	Slide # 129: GTAW - Cut Length Consumables

Mild Steel
	· In Lincoln Electric’s product line, there is a family of mild steel TIG cut lengths.  They include an ER70S-2, and  ER70S-6.  There is also an ER70S-3 cut length available from other manufacturers of this consumable.

· An ER70S-2 filler rod is used whenever you are after x-ray quality welds and want the most deoxidizing electrode as well as the highest quality work.  

· An ER70S-2 filler rod/wire is used for specialty applications.  It is a triple deoxidized wire containing not only silicon and manganese, but also aluminum, zirconium and titanium as deoxidizers.  This wire is even more forgiving of some rust, mill scale, dirt and surface contaminants on the base material.  The weld puddle is less fluid and is great for out of position welding and in particular on small diameter pipe.  This wire also exhibits excellent mechanical properties.

· An ER70S-3 wire is used when high levels of silicon and manganese are not needed for deoxidizing purposes.  

· These filler wires contain the least amount of silicon and manganese, the deoxidiers, comparatively.  They are used for general fabrication on clean steel.  

	Slide # 130: GTAW - Cut Length Consumables

Mild Steel
	· The last of the mild steel TIG cut length consumable is ER70S-6.

· ER70S-6, mild steel filler rods contain very high levels of silicon and manganese.  They are more forgiving on “dirtier” base materials.  These wires tend to have slightly higher mechanical properties as well.  If you have tried using an ER70S-3 and the weld puddle experienced porosity, a higher deoxidizing wire such as ER70S-6 may solve the problem.  If this condition continues, an ER70S-2 filler rod should be tried next.

	Slide # 131: GTAW - Cut Length Consumables

Stainless Steel
	· Lincoln also manufactures stainless steel cut length consumables.  The cut lengths for stainless fall under two AWS classification, one for the alloy of the wire and the dual classification of being a low carbon wire.  There is an overlap of the two AWS classifications and this is where these electrodes fit. 

· An “L” classification indicates that it passes an extra low carbon classification, which has a maximum carbon content of .04%.  Extra low carbon grades help eliminate carbide precipitation that can occur during welding.  Carbide precipitation can occur when stainless steels are heated to a temperature range of 800-1500( F, and the carbon in the filler rod combines with the chromium in the base material to form chromium carbides.  These carbides have no corrosion resistance.  The stainless steel in this case is said to be sensitized.  All Lincoln Electric stainless steel cut lengths pass both AWS classifications because there is an overlap of the groups. 

· ER308/ER308L is designed to join common austenitic grades referred to as “18-8” stainless steels.  “18-8” indicates that the wire is alloyed with 18% chrome and 8% nickel.  These are the most common grades of all austenitic stainlesses.  

· “18-8” stainless are used for their beauty, corrosion resistance, and mechanical properties, when service temperatures do not exceed 800( F.

· Typical base materials are listed.

· ER316/ER316L has in its undiluted weld metal a considerable amount of ferrite for high crack resistance in 316L joining and cladding.  316 grades contain a large amount of molybdenum, which increases the localized corrosion resistance to many chemicals.  

· Typical base materials for this alloy are listed.

	Slide # 132: GTAW - Cut Length Consumables

Stainless Steel
	· ER309/ER309L is designed to join higher alloyed austenitic stainless steels due to the higher levels of chrome and nickel in the electrode.  They can also be used on “18-8” grades since they overmatch the corrosion resistance.  
· Typical base materials for 309 stainlesses are listed.

	Slide # 133: GTAW - Cut Length Consumables

Aluminum
	· Lincoln Electric manufactures two aluminum cut length consumables, an ER4043 and an ER5356.  They are the most popular aluminum filler alloys.  

· The American Welding Society sets guidelines for the classification of aluminum cut lengths.  These guidelines must also be met in order to receive their seal of approval.

· The guidelines also cover chemistry and mechanical properties.  

· An example of an AWS classification is 4043 or a 4000 series electrode.

· In this classification, the first digit, i.e., “4” indicates the principle alloying element.  The next digit, i.e., “0” indicates modification to original alloy, and the last two digits, indicate the specific alloy.

· The two most common alloys used as filler materials for MIG welding are 4043 and 5356.

· The 4000 series of electrodes or 4043 are alloyed with less than 12% silicon and are non-heat treatable.  Silicon is added to reduce melting point and improve puddle fluidity.

· ER4043 is an aluminum alloyed with silicon.  It is designed to weld heat-treatable aluminum alloys in the “6000” series and is not suitable to weld aluminum-magnesium.

· The 5000 series or 5356 are alloyed with less than 6% magnesium and are non-heat treatable.  

· ER5356 is an aluminum alloyed with magnesium.  It is the most commonly used aluminum filler rod due to its good strength and compatibility with many aluminum alloys.  It is great for a variety of applications, but is not suitable for applications where the service temperature exceeds 150(F.

	Slide # 134: GTAW - Cut Length Consumables

Silicon Bronze
	· Silicon Bronze is another cut length consumable manufactured by The Lincoln Electric Company. 

· The AWS classification is ERCuSi-A, and it is used for welding copper, brass and bronze.      

	Slide # 135: GTAW - Base Metal                                                                        
	· This chart is an excellent cross-reference that shows base material, proper welding polarity, proper tungsten electrode selection and the proper shielding gas.  As you can see, for aluminum and magnesium, the proper polarity is the first polarity listed, AC or alternating current.  Remember that on AC, we get proper cleaning from the positive half-cycle and proper penetration from the negative half-cycle during the entire weld cycle.  The next polarity listed is DC electrode negative for Aluminum.  This polarity is rarely used on welding this base material due to the fact that there is no cleaning action.  Therefore, the oxide coating remains and can produce contaminants in the weld and/or make welding of aluminum extremely difficult.  However, if very good pre-weld cleaning is done, DC- polarity can be used to weld aluminum, especially on thicker materials as listed.  This is because on DC- polarity, we get deeper penetration due to the fact that 70% of the heat of the arc is concentrated on the base material.  The last polarity listed for both aluminum and magnesium is DC electrode positive or DC+ polarity. When using DC+ polarity, we get excellent cleaning action, but very shallow penetration due to the heat distribution.  The majority of the heat is concentrated at the electrode and little at the work piece, therefore, this polarity is only used on very thin materials where deep penetration is not necessary. The other precaution when using this polarity is that the tungsten can become superheated due to the heat concentration.  Therefore, larger tungsten electrodes are necessary and therefore, larger TIG torches, perhaps making it uncomfortable for the welder.

· For all of the other base materials, DC electrode negative or DC- is the only listed polarity except for copper in which in rare cases, AC can be used to clean any oxides that may form on the base material.  DC- is always the recommended choice for all base materials other than aluminum and magnesium in which AC polarity is the best choice.

· We have already discussed the tungsten electrodes and their applications.  Pure tungsten is generally the first choice for welding on AC polarity for aluminum and magnesium although there are other choices as well.  On DC polarity, the first choice is generally 2% thoriated tungsten again, there are other choices available based upon customer preference and application.

· You will see choices of shielding gas.  100% Argon is an excellent first choice of shielding gas for all GTAW applications.  It can be used to TIG weld all base materials and does an excellent job.  However, there are applications that merit using other shielding gases and Gas mixtures that include helium, etc.  Shielding gases Will be discussed next. 

	Slide # 136: Gas Tungsten Arc Welding

Shielding Gases
	· Title slide for Gas Tungsten Arc Welding shielding gases.

	Slide # 137: GTAW - Shielding Gases
	· All arc-welding processes require some means of shielding the weld puddle.  
· In TIG welding, an inert or inactive shielding gas is used to protect the weld bead, and also to cool the tungsten electrode.
· An inert shielding gas is used due to the high ionization potential and its ability to remain inactive and not form chemical reactions in the heat of the arc.  
· By far, the most common shielding gas used for TIG welding is 100% Argon.  
· Helium and Argon/Helium mixtures are the second most common gases.  There are also a few occasions where Argon/Hydrogen and Argon/Nitrogen mixtures are used.
· There are distinct advantages and limitations of each shielding gas or gas mixture.
· The best bet in TIG welding is to start with 100% argon. If other, more desirable benefits are needed, then change to an appropriate gas mixture.

	Slide # 138: GTAW - Shielding Gases

Argon
	· There needs to be a means of protecting the weld pool from contaminants  such as Oxygen, Nitrogen and Hydrogen.  In TIG welding, we use an inert shielding Gas.

· Primarily two shielding gases are used for shielding the GTAW weld pool, Argon and Helium, with Argon being The most popular.  These gases need to be extremely Pure (99.995%) for welding purposes.  Even though the Primary function of the gas is to protect the weld, the Type of gas used will change the arc characteristics and The resultant weld bead.  

· Argon has distinct advantages over Helium, but there are applications that merit the addition of Helium to the shielding gas.  Argon is more abundant than Helium, the cost tends to be less and it is easier to obtain.  It is heavier than air by 1 ½ times and 10 times heavier than helium.  Therefore, it tends to form a blanket over the weld where helium tends to rise rapidly from the weld area. To ensure proper shielding when using helium, higher flow rates are necessary.  Argon has low thermal conductivity so is not a good conductor of heat.  This makes the arc more compact and narrow.  Argon also provides greater cleaning action on AC and excellent arc stability even at low amperages.

· The majority of all TIG welding is done using Argon as the shielding gas, regardless of the base material.  Using argon is the best choice when considering a shielding gas.  If necessary, other gases or gas mixes are available. 

	Slide # 139: GTAW - Shielding Gases

Helium
	· There are advantages to Helium or additions of Helium to Argon.

· Since the high heat of a Helium arc is more concentrated than an Argon arc, the heat-affected zone tends to be smaller.

· Helium has high thermal conductivity and the Helium arc is wider.  The heat at the center of the arc (where it is the hottest) can move more readily towards the work piece producing deeper penetration.  Helium is also 1.7X hotter than an Argon arc. Therefore, faster travel speeds can be obtained using Helium. 

· Helium is quite a bit more expensive than Argon and is much lighter than air.  Therefore, much higher flow rates need to be used when using Helium as a shielding gas to ensure sufficient gas  shielding.

	Slide # 140: GTAW - Shielding Gases

Hydrogen
	· Hydrogen/Argon mixtures are rare, but do have some applications for TIG welding.  

· Argon/Hydrogen further constricts the arc and produces a cleaner weld with a greater depth to width ratio.

· This mix is generally used to weld austenitic stainless steels and some nickel alloys. 

· Argon/Hydrogen mixtures also allow for faster travel speeds.  There is a risk when using Argon/Hydrogen mixtures of introducing the risk of hydrogen cracking and porosity especially in multi-pass welds.   

	Slide # 141: GTAW - Shielding Gases

Nitrogen
	· Nitrogen/Argon mixtures are also rare gas mixtures used in TIG welding but do have limited applications. 

· Nitrogen/Argon mixes produce more energy to the work than with Argon alone.  

· This is great and very beneficial when welding materials of high conductivity such as copper.  

· Nitrogen cannot be used in the shielding gas when welding on ferrous materials.  This is due to the fact that Nitrogen can be picked up in the weld pool causing Porosity and greatly reducing the strength of the weld.

	Slide # 142: Gas Tungsten Arc Welding

Summary
	· Title slide for Gas Tungsten Arc Welding summary.

	Slide # 143: GTAW - Summary
	· TIG welding has grown tremendously in popularity due to all of its advantages.

· It is possible to weld on both non-ferrous and ferrous  materials with the gas tungsten arc welding process.

· Depending upon the amperage used, a variety of plate thicknesses can be welded; you can weld anything from thick material down to very thin material and produce high quality welds.

· All welds are low hydrogen in deposit and with TIG it is possible to produce x-ray quality welds.
· This process uses a non-consumable tungsten electrode and an external shielding gas.
· TIG welding is done with or without a filler rod.  
· Most TIG welding is done with either DC- or AC polarity.

· It is a clean process because there is no slag to clean up and no spatter.

	Slide # 144: The GTAW Process - Basics
	· Gas tungsten arc welding is a process in which the electric arc is transferred to the work piece through a torch with a non-consumable tungsten electrode.  

· The arc is shielded by an external shielding gas, which is also delivered through the TIG torch.

· The power source used is constant current.

· Generally, a push angle is recommended for welding to ensure good shielding gas coverage. 

· DC- polarity is used for all base materials except aluminum and magnesium, in which AC polarity is used.”  DC+ is rarely if ever used.

	Slide # 145: GTAW - Electrode Stickout
	· Amperage, torch height and travel speed are the primary variables involved in GTAW.  

· Amperage determines penetration.
· Voltage is determined by arc length and determines weld bead shape.  

· Travel speed determines weld bead size.  

· An equally important but less considered variable is tungsten stick out.  

· Tungsten stick out is the distance from the end of the nozzle to the end of the tungsten electrode.  

· As tungsten stick out increases, the welding current is more available to melt the weld pool and the filler metal. 

· If stickout is too short, there is too broad of an arc length and difficulty in establishing and maintaining an arc.

· If stickout is too long, there is the increased potential of touching the tungsten to the work and contaminating it.  It also overheats the tungsten, causing degradation, and there is also the potential of losing shielding gas.

· Typical tungsten stickout distance is 1/8”-3/8”.

	Slide # 146: GTAW - Torch/Rod Angle
	· Torch angle can also affect the weld bead profile. 

· The travel angle should be about 15-20º.  Angles greater than 20º produce unstable arcs and greater weld spatter.

· The two possible techniques are welding with a push angle or perpendicular.

· “Pushing” the TIG torch ensures good gas coverage over the weld while welding.  This technique also provides excellent penetration with a good bead profile.  It also allows the operator to see the arc.

	Slide # 147: GTAW - Torch Applications
	· TIG welding can be done with or without the use of a filler rod.  Without a filler rod, it is sometimes called fusion or autogenous welding. Fusion welding can be done on thin materials, edge welds, and when deoxidizers are not necessary.

· There are a number of situations where addition of a filler rod is needed. A filler rod is necessary as the base material gets thicker to prevent getting a concave weld; in fillet welds for the same reason; to add alloys or strength to the weld; and when deoxidizers are needed to remove contaminants on the base material or in the atmosphere.

· In either case, proper technique must be used to ensure proper weld bead placement and appearance.

· After the tungsten has been dressed or prepared (either sharpened or balled), it needs to be placed inside the TIG torch properly.  The tungsten should extend slightly outside the shield cup (about 1/8”) to ensure good arc starting.  If it extends too far, it greatly increases the risk of tungsten contamination by the tungsten electrode coming in contact with the base material or filler rod.  If the tungsten is recessed inside the shield cup, it becomes difficult to transfer the arc from the electrode to the workpiece and arc starting becomes difficult.

· Ideally, the TIG torch should be positioned perpendicular to the piece being welded to ensure good arc transfer and gas coverage.  However, this makes it virtually impossible to see and control the arc. Therefore, a slight push angle of about 20( off of the perpendicular is desirable.  

· Before depressing the foot amptrol, activating the hand amptrol or depressing the arc start switch, the TIG torch should be above the workpiece about 1/16” to 1/8”.  This is called the arc length.  Arc length is directly proportional to voltage and affects the weld bead shape.

· TIG welding is done using a push technique.  As the arc is started, a puddle begins to form.  If a filler rod is added, it should be added in the leading edge of the weld puddle.  As the puddle completely forms, the operator should proceed down the workpiece. The shielding gas also protects the filler rod from contaminants. When the filler rod is removed from the weld puddle, it should not be removed out of the shielding gas zone.

·  It is important to note that TIG welding is a much slower welding process than the others.  The operator needs to be patient while welding and not rush the weld.  Rushing can cause discontinuities or weld defects.

	Slide # 148: GTAW - Bead Initiation
	· In TIG welding as in all arc welding, the most difficult task is starting the arc, or bead initiation.  

· In TIG welding, there are several ways to start the arc.  There is scratch starting in which the tungsten strikes or scratches the work piece.  The down side of doing this is the fact that the tungsten must touch the work and thus there is a chance of tungsten contamination and then contaminants entering the weld.  

· The best choice is to utilize high frequency starting.  Once the arc-starting device is activated, high frequency jumps the arc gap and the arc is initiated without touching the tungsten to the work piece.

· Once the arc is started, a circular motion with the TIG torch allows preheating of the base material and allows a weld puddle to form.  Once a full circle of molten weld puddle forms, then it is time to slowly proceed down the joint.  Once another full circle forms, again, you can slowly proceed down the joint.

· If filler rod is added, once the full circle is formed, the filler rod should be added in the leading edge of the circle and should NEVER touch the tungsten to prevent tungsten contamination. It should never leave the zone of the shielding gas.

	Slide # 149: GTAW - Bead Formation
	· Most of the applications encountered will use stringer beads.

· Stringer beads involve moving the electrode along in a straight line as opposed to the weave motion that is shown in the bottom part of the picture.  

· Occasionally, it will be necessary to use a weave motion when welding.  This technique is useful in vertical up welding to increase penetration, when trying to bridge a gap and when increasing heat input into the base metal.  This is often called walking the cup.
· Using a weave motion is sometimes desirable to make the weld appearance more pleasing.  It makes the weld appear like smooth ripples, similar to what it looks like when you take a roll of dimes and spread them out slightly.

	Slide # 150: GTAW - Bead Termination
	· Welding termination involves more than simply letting go of the remote switch or foot pedal and stopping the weld

· If the bead is not terminated properly, a crater will possibly form at the end of the weld.

· That crater because of its geometry being concave, is subject to cracks called “crater cracks”.  It also has just a poor-finished look.  

· Reduced amperage and addition of filler metal to fill the crater is the recommended practice to produce a convex crater.  Convex craters are more resistant to crater cracks.  This has the same effect as the crater fill or downslope option found on many industrial GTAW machines.
· To prevent crater cracks, a common practice is to do something similar to a back-step (e.g., moving back over a weld to end the crater on top of a previously welded section and prevent crater crack).

· This fills up before terminating the weld. Crater cracks are most prevalent when TIG welding aluminum, but can occur in all base materials.
· By holding the torch at the crater following the release of the remote switch or foot pedal, the afterflow of shielding gas will shield the weld.

· Afterflow allows the shielding gas to keep flowing for a preset time after the arc has been terminated.

	Slide # 151: Cross Section of a Fillet Weld 
	· A fillet weld should have the following visual appearance: 

· It should have a flat face - If the proper size weld is put in the fillet there should be an equal amount of metal on the vertical plate and the horizontal plate.  If the face is concave, the welder ran the bead too fast or too hot.  If the face is convex, the welder ran the bead too slow or too cold.

· The weld should show good wash-in. The fillet weld has two toes.  Wash-in is the way the weld metal flows into the base metal at the toes.  If the weld metal cuts into the base plate, the welder ran the bead too fast or too hot.  If the bead rolls into the toes, the welder ran the bead too slow or too cold.

· The weld bead should be fairly uniform in appearance. A uniform bead is a bead that is the same size for the full length of the weld.  To have a uniform bead, the welder must maintain a very consistent travel speed.

· The weld should have proper placement in the joint.  Placement means that the welder has an equal amount of metal on both plates.  The legs of the weld are equal.  The welder must maintain the right electrode angle to place an equal amount of metal on each plate.

	Slide # 152: Cross Section of a Groove Weld
	· The groove weld should show the following characteristics:  

· The weld bead should show penetration into the side walls. The welder must maintain the correct electrode angle to the work and have sufficient heat to penetrate the original surface (side walls) of a groove weld.

· There should be penetration into the back-up strip. The theoretical throat of a groove weld would be equal to the thickness of the plate.  The actual throat of a groove weld allows for more metal on the cap pass and more metal in the root (example: pipe welding).  

· The cap pass should be a little higher than base  plates.  This acts as a reinforcement for the weld.  There should be fairly good wash-in at the toes.  The cover pass should be uniform in appearance. AWS welder qualification standards specify that visual examination of the face of a weld shall be at least flush, free of cracks, craters filled, and no undercut exceeding 1/64” (pipe).

	Slide # 153: Gas Tungsten Arc Welding

Definitions
	· Title slide for Gas Tungsten Arc Welding definitions.

	Slide # 154: Alternating Current
	· Most GTAW welding of Aluminum and Magnesium is done using AC polarity. 

· Input power supplied to the power source in most cases is alternating current or AC. 

· Alternating current is a current that reverses regularly in recurring intervals of time 1/120th of a second.

· It is the type of power found in the United States and has alternating positive and negative values.  In other words, it’s switching from DC+ to DC-, and it switches back and forth very rapidly.

· The picture shown is an AC sine wave and the frequency of current flow through one sine wave is 60 Hz or 60 times a second in the U.S.

· Alternative forms to the traditional AC sine wave depicted in this picture exist especially in more advanced GTAW welding units like Inverters.

	Slide # 155: Direct Current Electrode Negative
	· In order to change the AC input power to produce DC welding output, a device must be present in the power supply.  

· This device is called a rectifier.  A rectifier allows current to flow in one direction only.

· The direction of the current flow determines the DC polarity.

· The choices are DC+ or DC-.  

· DC- or direct current electrode negative is the arrangement of direct current arc welding cables/leads in which the electrode is the negative pole and the workpiece is the positive pole of the welding arc.

· DC- is used primarily for GTAW welding everything with the exception to Aluminum and Magnesium, which is traditionally done using AC.

	Slide # 156: Direct Current Electrode Positive
	· DC+ or direct current electrode positive is the opposite.  In this case, the electrode is the positive pole and the workpiece is the negative pole.  
· DCEP is the polarity used with a few self-shielded flux cored welding wires and all gas shielded flux cored welding wires.
· DC+ is rarely is rarely used in GTAW welding because of the overheating of the tungsten electrode.

	Slide # 157: Constant Current Power Source 
	· This is the volt-amp curve from a CC power supply

· It is commonly referred to as a drooper curve.  

· Voltage again is proportional to arc length, the distance from the end of the wire to the workpiece.  

· As this distance changes, there is little to no change in the preset welding current.

	Slide # 158: Constant Voltage Power Source
	· This is the volt-amp curve from a CV power supply.

· Voltage again is proportional to arc length, the distance from the end of the wire to the workpiece.  

· As this distance changes, there is a dramatic change in the preset welding current. 
· Constant Voltage power supplies are used for wire feed welding applications.
· Not recommended for GTAW.

	Slide # 159: Customer Assistance Policy
	· The business of The Lincoln Electric Company is manufacturing and selling high quality welding equipment and consumables, and cutting equipment.

· Our challenge is to meet the needs of our customers and to exceed their expectations.

· On occasion, purchasers may ask Lincoln Electric for advice or information about their use of our products. We respond to our customers based on the best information in our possession at that time. Lincoln Electric is not in a position to warrant or guarantee such advice, and assumes no liability, with respect to such information or advice.  

· We expressly disclaim any warranty of any kind, including any warranty of fitness for any customer’s particular purpose, with respect to such information or advice.  

· As a matter of practical consideration, we also cannot assume any responsibility for updating or correcting any such information or advice once it has been given, nor does the provision of information or advice create, expand or alter any warranty with respect to the sale of our products.
· Lincoln Electric is a responsive manufacturer, but the selection and use of specific products sold by Lincoln Electric is solely within the control of, and remains the sole responsibility of, the customer.


Summary






Additional Summary Points

	1. Summary of Gas Tungsten Arc Welding
	(    TIG welding has grown tremendously in popularity due 

      to all of its advantages

(    It is a clean process because there is no slag to clean up  

      and there is no spatter. 

(    It is possible to weld on both non-ferrous and ferrous 

      materials with the gas tungsten arc process

(    A variety of plate thicknesses can be welded; you can  

      weld anything from thick material down to very thin 

      material.

(    GTAW is an excellent process for welding a variety of 

      metal.  There is little equipment changeover when TIG 

      welding from one base material to the next.


Application/Practice Suggestions



Additional application points

	1. Laboratory Application
	· Students should be given hands-on time to practice all of the TIG applications discussed

	2. Laboratory Application
	· Students should be given hands-on time to “experience” each of the power sources, torches, etc. discussed


Assessment/Evaluation




Additional Assessment/Evaluation Points

	1. Written Quiz
	· Quizzes should address safety, setup, maintenance and repair and process as well as specific types of Lincoln equipment discussed

	2. Laboratory
	· Minimum performance criteria should be established to determine mastery of equipment operation, setup, and maintenance
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