GAS METAL ARC WELDING LESSON PLAN

COURSE: Arc Welding Processes and Related Knowledge

UNIT: Gas Metal Arc Welding







TIME REQUIRED:  4 Hours or ½ Day through 2.5 days

LEARNING/PERFORMANCE OBJECTIVE(S): 

DESIRED BEHAVIOR:  The trainee:
1. Will perform safety inspections of protective clothing and equipment, hand tools, gas metal arc welding equipment and accessories, shielding gas equipment and accessories, as well as of the work area.

2. Will make minor external repairs to gas metal arc welding equipment and accessories, and shielding gas equipment and accessories.

3. Will understand how to set up and prepare to perform gas metal arc welding operations on plain carbon steel.

4. Will perform short circuit and spray transfer gas metal arc welding operations.

PERFORMANCE CONDITIONS:  Provided with a period of verbal or written instructions and demonstrations on:
1. Safety inspection guidelines, protective clothing and equipment, hand tools, gas metal arc welding equipment and accessories, a single or mixed shielding gas supply with equipment and accessories, 

2. Repair materials, equipment or tools,

3. 0.035 or 0.045 E70S-X electrodes for carbon steel, stainless steel or aluminum, and the appropriate base metal, and

4. A welding assignment, in an appropriate work area.

EVALUATION CRITERIA: In accordance with the requirements of AWS EG2.0-95: 

1. The trainee will have protective clothing and equipment, hand tools, gas metal arc welding equipment and accessories, shielding gas equipment and accessories, and a work area, which meets the safety requirements from related sections of ANSI Z49.1 Safety in Welding, Cutting and Allied Processes.

2. The trainee will understand how to make repairs to gas metal arc welding equipment and accessories, and shielding gas equipment and accessories in accordance with the manufacturer’s recommendations and the industry’s repair policy.
3a. The trainee will select the proper hand tools, equipment, base metal, shielding gas, and filler metals.  

3b. The trainee will understand how to set up and adjust to the proper voltage, wire feed speed, and polarity for gas metal arc welding equipment.  

3c. The trainee will understand how to set up and adjust to the proper flow rate for shielding gas equipment.  

4. The trainee will complete a GMAW weld using appropriate principles of operation, common process variables, filler 

metal, and shielding gas as required by the welding assignment.

LEARNING CENTER: Lincoln Electric In-House Training Programs or at Selected Field Sites
INSTRUCTIONAL STRATEGIES & METHODS FOR CLASSROOM AND/OR LABORATORY (Check Appropriate Boxes):

	
	Lecture
	X
	Resource Person(s)
	X
	Audiovisual Presentation

	X
	Lecture/Discussion
	
	Supervised Study
	
	Computer Presentation

	X
	Demonstration
	
	Individual Research

	X
	Small Group Activities

	
	Cooperative Learning
	
	Homework
	
	Case Studies


ACADEMIC COMPETENCIES:

· Communication Skills:

· Math/Science Skills: 

· Computer Applications: 

(    Safety Issues/Concerns: Electricity and Compressed Gases
EQUIPMENT, MATERIALS AND OTHER RESOURCES NEEDED:

· Constant Voltage, Chopper, or Inverter Power Source

· Constant Speed Wire Feeder

· GMAW Electrode Wire

· GMAW Gun and Cables

· GMAW Work Clamp and Cable

· Shielding Gas Kit and Cylinder (as necessary)

· Tools: Pliers, Vice Grips, Wire Cutters

· Consumables:  Base Metal
EVALUATION/PERFORMANCE ASSESSMENT:

	
	Written Test(s)
	X
	Instructor Observation(s)
	X
	Performance Quiz(s)
	
	Other:

	X
	Written Quiz(s)
	X
	Peer Evaluation(s)
	X
	Completed Project(s)
	
	

	X
	Oral Quiz(s)
	
	Performance Test(s)
	
	Written Report(s)
	
	


INSTRUCTION/TEACHING OUTLINE:

Special Notes: 
	1. Examples of personal protective equipment needed to pass around 
	· Eye protection, ear protection, gloves helmets, leathers,  etc.

	2. Examples of different types of weldments showing modes of metal transfer 
	· 

	3. Examples of wire electrode to pass around
	· 

	4. Video on transfer processes
	· 


Introduction: 

(Place questions and student responses on the chalkboard)

“Today we are going to learn/experience some important things about Gas Metal Arc Welding.”

Q1.  How important is it to understand the process system before one comes to a well thought 

out decision?



(Possible student responses)



a.  I don’t need to understand the system only be able to burn metal.



b.  I want to be able to decide if this is the best process for the situation.

c. I want to be able to make good choices about a GMAW procedure.

d. I never thought about the process before, I just turned on the machine and welded. Is it a wonder that I wasn’t very good?

Q2.  What problems have you had when you tried to use a GMAW power source?

         

(Possible student responses)



a.  I was never able to make the system work.



b.  I have never been able to get complete fusion with GMAW.



c.  I never know what to adjust first with the GMAW system.



d.  I always do what feels right but I don’t understand the process.

Q3.  What do we need to know to identify a problem with the GMAW process, equipment, or its operation? We must weigh the possible alternatives and come to a well thought out decision ? 


(Possible student responses)



a.  Know if there are any special equipment issues, that one might not be aware.



b.  Know how to identify the possible major yet related minor problems.



c.  Know where to go to find out information about solving GMAW problems.



d.  How do you decide which thing to do?

“ To give us some experience with Gas Metal Arc Welding, we’re going to take a look at several arc transfer modes used in the GMAW process.”  

Presentation Outline





Additional Presentation Points

	Slide # 1: Gas Metal Arc Welding

GMAW

(MIG/MAG)
	· Gas Metal Arc Welding (GMAW) is often known as Metal Inert Gas (MIG) or Metal Active Gas (MAG) depending upon the type of gas used for shielding.

· GMAW is an arc welding process that uses a continuous  solid wire electrode for the filler metal and a shielding gas  to protect the weld zone.
· The GMAW process was developed and made commercially available in 1948, although the basic concept was actually introduced in the 1920's.  
· In its early commercial applications, the process was used to weld aluminum with an inert shielding gas, giving rise to the term MIG, which is still commonly used to describe the process. 

· As time went on, variations were added to the process,  such as the use of active shielding gases, particularly carbon dioxide, for welding certain ferrous metals.  This eventually led to the formally accepted AWS term of Gas Metal Arc Welding (GMAW) for the process.

	Slide # 2: What is GMAW?
	· GMAW is the name used by the American Welding Society for Gas Metal Arc Welding.

· MIG is the most commonly associated name for GMAW.  It  stands for Metal Inert Gas.

· GMAW was initially developed to overcome the low deposition rate experienced in Gas Tungsten Arc Welding (GTAW) when welding thick sections of aluminum and the limited electrode length experienced in Shielded Metal Arc Welding (SMAW).

· In GMAW welding, an inert gas (Argon or Helium) was initially used to shield the arc established between the solid wire and the base metal.

· As the variety of base metals to be welded were increased, inert gases were not appropriate in all cases.

· An active gas (CO2) was used in conjunction with other gases to shield the arc and the name MAG (Metal  Active Gas) came into use.

· Although the inert gases (Argon and/or Helium) and the active gases (CO2 and/or Oxygen) are the most commonly used gases in GMAW.  They are not the only ones used.

· GMAW uses a solid electrode consumable filler metal that is continuously fed into a molten pool.

· The molten puddle is shielded by an external shielding gas.

· For the vast majority of GMAW applications, Direct Current Electrode Positive (DCEP or Reverse Polarity) is used.   

	Slide # 3: GMAW - Gas Metal Arc Welding
	· This is the AWS definition for the gas metal arc welding process. 

· GMAW has also been referred to as wire welding, short arc welding, micro-wire welding, dip transfer and fine wire welding.

· GMAW is always done with a shielding gas or combination of shielding gases.  

	Slide # 4: GMAW - Advantages
	· There are several advantages to GMAW, the main one  being that quality welds with high deposition can be made in a variety of metals and alloys.  This is due to the fact that the shielding gas protects the metal from contamination.

· A  variety of material types can be welded.  For instance, stainless steel, aluminum, steel and many other types of alloys to name a few.

· A variety of thickness can be GMAW welded due to the fact that a broad range of amperages and voltages can be used.  Amperage and voltage range(s) are dependent upon the mode of metal transfer.

· GMAW usually produces a high level of efficiency and thus is a common process used for robotic applications and similar high quality and high production jobs.

· GMAW usually has a high radiated heat associated with it due to the increased use of shielding gases containing high percentages of argon or from high energy applications.  This allows for the welding of thick sections of material (e.g. Aluminum).

	Slide # 5: GMAW - Advantages

Continued
	· GMAW can be done in all welding positions depending upon the mode of metal transfer, which can eliminate the need of expensive fixturing and manipulation of the part being welded.

· Welding position is dependent upon the mode of metal transfer, which will later be discussed in detail.
· GMAW filler metals are specific alloys that match the alloy in the base metal. Since the filler metals have deoxidizers in them, they allow GMAW welding to be a tolerant of some surface contaminants.

· GMAW is also clean, with little to no slag and spatter.  Therefore, efficiency levels are high (93-98%), depending upon the mode of metal transfer.  The light slag that appears on the top of the weld is called silicon slag or silicon islands.  They come from silicon in the welding wire that was not used for deoxidizing purposes, which rises to the top of the weld.

· All weld deposits are low hydrogen in nature.  Typically, hydrogen levels are in the range of four milliliters of hydrogen per one hundred grams of weld metal (4mL/100g).  High hydrogen levels can cause cracks called hydrogen induced cracks or delayed cracking beside the weld deposit.

	Slide # 6: GMAW - Limitations
	· There are some limitations to GMAW as well.  Due to the fact that a shielding gas is needed, GMAW welding is less portable than those self-contained processes such as SMAW and Flux Cored Arc Welding (FCAW).  The gas bottles, hoses and regulators may be cumbersome.  

· This also can increase costs when compared to other processes available because you have more things that you have to purchase when compared to SMAW.

· The shielding gas is also susceptible to winds and drafts, GMAW may not be the best process to do outdoors, especially if the weld zone is not tented, screened or blocked off. 

· The base metal must be relatively clean, especially for high speed and/or high quality welds.

	Slide # 7: GMAW - Limitations

Continued
	· As the base metal increases in thickness, fusion problems can occur. Base metal greater than a 3/16-inch thickness should not be welded with the short arc process. This condition is known as cold lap, cold casting or lack of fusion that results in the welded connection having little to no strength. 

· Another limitation is the possibility for undercut. Undercut is a small cavity that is melted into the base metal adjacent to the toe of the weld that is not filled with weld metal. Undercut is a visual defect. It may impair weld strength especially when the weld is subject to fatigue. Undercut can be minimized by reducing voltage, reducing travel speeds, by using the proper electrode angles and by using the proper mode of metal transfer.

· GMAW welding requires some operator skill so that quality welds are made without lack of fusion, undercut, etc.

· Due to the high content of argon used for some of the modes of metal transfer, there is high radiated heat off of the arc. This can cause some discomfort to the operator which can lead to downtimes due to breaks, etc. This high reflective heat can also deteriorate gun and cable assemblies, cables and equipment.

	Slide # 8: Gas Metal Arc Welding

Safety
	· Safety title slide.

	Slide # 9: GMAW - 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 Metal 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 # 10: GMAW - 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 # 11: GMAW - 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 # 12: GMAW - Safety 

AWS/ANSI Lens Shade Number


	· 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 # 13: GMAW - Safety 

Welding Gloves and Optional Clothing

(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 # 14: GMAW - Safety 

Proper Attire
	· 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 # 15: GMAW - 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 Metal 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 GMAW 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 Metal 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 # 16: GMAW - 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 GMAW 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 GMAW. 

	Slide # 17: GMAW - Safety 

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

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

· The major toxic gases associated with GMAW are ozone, carbon monoxide and nitrogen dioxide.  For example: the ultraviolet light emitted by GMAW 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.

· Nitrogen dioxide in high concentrations can be found within 6” of the GMAW arc.  This is generally not a concern under normal welding conditions and is reduced to a safe level by natural ventilation.  However, in restricted areas, proper ventilation devices should be used.

· Metals heated during GMAW 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 # 18: GMAW - 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 # 19: GMAW - 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 # 20: GMAW - 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 # 21: GMAW - 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 # 22: GMAW - Safety
	· Safety Video

	Slide # 23: Gas Metal Arc Welding

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

	Slide # 24: 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 # 25: 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 # 26: 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 # 27: 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 # 28: 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 # 29: 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 # 30: Basic Electricity

Video
	· Basic Electricity Video

	Slide # 31: Gas Metal Arc Welding

Inverter Technology
	· GMAW title slide for Inverter Technology.

	Slide # 32: 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 # 33: 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 # 34: 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 # 35: 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 # 36: 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 # 37: 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 # 38: 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 # 39: 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 # 40: 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 # 41: 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 # 42: Inverter Technology - Summary
	· This completes the internal components of an inverter from input power to extremely smooth DC welding current.

	Slide # 43: Inverter Technology - Benefits


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

	Slide # 44: Inverter Technology

Video
	· Inverter Technology Video

	Slide # 45: Gas Metal Arc Welding

Chopper Technology
	· GMAW title slide for Chopper Technology.

	Slide # 46: 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 # 47: 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 # 48: 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 # 49: 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 # 50: 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 # 51: 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 # 52: 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 # 53: 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 # 54: Chopper Technology - Summary
	· This completes the internal components of a chopper power source from input power to extremely smooth DC welding current.

	Slide # 55: 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 # 56: Gas Metal Arc Welding

Diamond Core Technology
	· GMAW title slide for Diamond Core Technology.

	Slide # 57: What is Diamond Core?
	· Diamond Core is a Lincoln Electric trademark by which a modification is made to the center of the laminations of the choke assembly to produce a diamond shape.  This diamond shape serves as a built in inductance control whether welding steel, stainless or aluminum.

	Slide # 58: Advantages
	· There are several advantages to Diamond Core Technology Machines over their industry counterparts.

· Arc starting is improved across the entire range of wire feed speeds.

· The "sweet spot" or range in which the arc is extremely smooth and stable is much larger in these machines.  This provides for better welding at the low and high ends of the wire feed speed range.

· Having a more stable means that less spatter and smoke are generated, which is a feature that is desirable by most welders.

· By controlling inductance for a given filler wire, the ability to control the puddle in all welding positions is greatly improved.  Thus, making it easier to weld out of position.

· Because of the modified choke design, fewer internal parts are needed in order to get the same results thus making it a more durable design and less costly to maintain.

· The overall machine and technology performance means superior welding characteristics especially on Aluminum and Stainless Steel.

	Slide # 59:Gas Metal Arc Welding

Principles of the GMAW Process
	· Principles of the GMAW Process title slide.

	Slide #60:  Principles of the GMAW Process
	· The Gas Metal Arc Welding process is one in which an arc is established when a continuously fed solid wire consumable electrode makes contact with the work piece.

· The molten puddle is shielded by an external shielding gas.

· An operator may “push” or “pull” the welding gun depending on the mode of metal transfer and whether the desired result is increased penetration or a smoother weld appearance.

· Little to no slag is deposited on the weld.

	Slide # 61:GMAW - Equipment Components 

(If possible, have a GMAW setup in the room to demonstrate key components and allow students to touch and feel)
	· A CV and/or CC power source is, used in conjunction with a constant speed wire feeder.

· A CV system compensates for variations in the contact tip-to-workpiece distance, which readily occur during welding by automatically supplying increased and decreased welding current to maintain the desired arc length.

· The desired arc length is set by voltage on the power source and is also dependent upon electrical stickout.

· A CC system (i.e. Pulse) compensates for variations in the contact tip-to-work distance, which readily occur during welding by automatically (adaptive control) supplying increased and decreased amperages to maintain the desired arc length.

· The desired arc length is set by controlling amperage with a term called Trim and is independent of electrical stickout due to the adaptive control of these types of machines.

· Wire feeders feed the electrode wire from a spool and push it through the gun cable and the gun.  Constant speed wire feeders obtain their voltage to run from a control or interconnecting cable to the power source.

· The wire feeder consists of a wire spool holder with a drag brake, an electric motor that drives either one or two sets of opposing drive rolls and various controls.

· The wire feeder usually contains the shielding gas connections and gas control solenoid, and the cooling water flow control solenoid if a water-cooled gun is being used.

· The wire feeder uses motor driven opposing drive rolls to grip and advance the wire.

· The welding gun is used to introduce the electrode and shielding gas to the weld zone and to transmit electrical power to the electrode.

· Different types of welding guns have been designed to provide maximum efficiency regardless of the application.

· These range from heavy-duty guns for high current, high production work to lightweight guns for low current or out of position welding.

· GMAW guns support and guide the wire electrode and provide the electrical contact between it and the welding machine electrode lead.

· Guns also contain the trigger to start and stop the wire feed, welding current from the power source and the shielding gas flow.

· The contact tip guides the wire electrode through the center of the nozzle and makes electrical connection with the electrode cable.

· Contact tip must be matched to the wire size and must be replaced when it wears out from wire friction and electrical erosion.

· Shielding gas protects the electrode and weld from contamination.

· Shielding gas is directed around the electrode end and the weld zone by the nozzle of the gun.

· Shielding gases are supplied in bulk as liquids or as gases in pressurized cylinders of various sizes.

· A flow meter is required to control the flow of shielding gas to the gun at a preset flow rate.

· A typical flow meter consists of a preset pressure regulator with cylinder pressure gauge and cylinder valve stem, metering needle valve and flow rate gauge.

· The metering valve is used to adjust the gas flow to the gun nozzle.

· The flow gauge shows the gas flow rate in cubic feet per hour or 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 on the wire feeder.

· One of the benefits of this welding process is that the filler metal is supplied in continuous lengths of wire wound on spools of various sizes.
· Spools can be as small as 4 inches OD and weighing as little as 1 pound. Spools weighing up to 44 pounds, coils weighing up to 60 pounds and bulk packages that are 300 lb-1000 lb on reels and drums are available.  Bulk packaging is ideal for anyone using a lot of wire and can be sold as a cost reduction based upon less changeover time.
· The type of consumable wire electrode selected depends upon the base metal.

	Slide # 62: Gas Metal Arc Welding

Power Sources
	· Power Sources title slide.

	Slide # 63: Lincoln Equipment - CV
Wire Feeder Welders
	· GMAW welding can also be successfully done with small, self-contained wire feeders/welders.  These units house both the power supply and the constant speed wire feeder.

· These units run off of a variety of input voltages and welding outputs accordingly, and are an economical means of light duty intermittent GMAW welding.

· Lincoln Electric manufactures a family of these machines called “SP” standing for single phase followed by a number that indicates the welding output in amperage.  

· For example, the SP-135T is a single phase, 135 Amp wire feed welder.  The “T” stands for tap selector that is the type of control found for setting voltage ranges.  A tap selector should never be switched under welding load.

· The SP-135T is rated at 88 Amps with a 20% duty cycle, but the amperage range is from 25-135 Amps.  This machine can weld using GMAW wires up to 0.030” diameter. It requires 115 volt input power and weighs less than 50 lbs.  

· The SP-135+ is rated at 90 Amps with a 20% duty cycle, but the amperage range is from 25-125 Amps.  This power source can weld using GMAW wires up to 0.030” diameter.  The “+” indicates that the wire feed speed and voltage controls are both continuous controls.  This provides a better means of precise voltage control over the tap selector.  It requires 115 volt input power and weighs 54 lbs. 

· The SP-175T is rated at 130 Amps with a 30% duty cycle, but the amperage range is from 30-170 Amps.  It can weld using GMAW wires up to 0.035” diameter.  This power source also has a tap selector switch for selecting voltage ranges as indicated in its name with a “T”.  It requires either 208 or 230 volts of input power and weighs only 57 lbs. 

· The SP-175+ is rated at 130 Amps with a 30% duty cycle, but the amperage range is from 25-175 Amps.  It can weld using GMAW wires up to 0.035” diameter. The “+” indicates that both wire feed speed and voltage control knobs are both continuous controls.  It requires either 208 or 230 volts of input power and weighs only 60 lbs.

· All of the self-contained wire feeder/welder machines mentioned come out of the box set for DC+ polarity.  This is the polarity used for all GMAW wires. 

· They come as a Ready-to-Weld package meaning that it has gun, work clamp & cables, regulator and hose, and spool of wire.

	Slide # 64: Lincoln Equipment - CV

Wire Feeder Welders
	· The Power MIG 215 is rated at 200 Amps with a 30% duty cycle and has an amperage range of 30-200 Amps.  

· This machine can weld GMAW wires up to 0.045” and is more of a light industrial machine rather than an intermittent or hobbyist machine.  The patented design of this machine’s choke allows it to be excellent at its low end, middle range and high end on a variety of base metals including steel, stainless and aluminum.  This revolutionary design is called Diamond Core Technology.  

· This technology varies inductance with different wire feed speeds instead of a constant fixed inductance that other machines within its’ class have.  

· This allows for the best inductance across the entire welding range that results in superior arc starts, a soft stable arc, low spatter, a wide “sweet spot” and greatly enhanced aluminum and stainless welding.  

· The drive roll design, controls, and built-in toolbox make this machine ideal for a variety of applications.  This power source comes as a 208 or 230 volts of input power. 

· The Power MIG 255 is rated at 250 Amps with a 40% duty cycle and has an amperage range of 30-300 Amps.  

· This machine can weld GMAW wires up to 0.045” and is more of a light industrial machine rather than an intermittent or hobbyist machine.  The patented design of this machine’s choke allows it to be excellent at its low end, middle range and high end on a variety of base metals including steel, stainless and aluminum.  This revolutionary design is called Diamond Core Choke Technology.  

· This technology varies inductance with different wire feed speeds instead of a constant fixed inductance that other machines within its’ class have.  

· This allows for the best inductance across the entire welding range that results in superior arc starts, a soft stable arc, low spatter, a wide “sweet spot” and greatly enhanced aluminum and stainless welding.  

· The drive roll design, controls, and built-in toolbox make this machine ideal for a variety of applications.  This power source comes in two versions; one that requires 208 or 230 volts of input power and one that requires 208/230 or 460 volts. 

· All of the self-contained wire feeder/welder machines mentioned come out of the box set for DC+ polarity.  

· This is the polarity used for all GMAW wires, but only a few FCAW-SS wires.  When welding with the majority of FCAW-SS wires, DC- polarity is used.  For use with FCAW-SS, the welding polarity needs to be changed on the power supply.  This is achieved by opening the side door on the power supply where the wire drive system is located.  The electrode and work leads need to be reversed.  There are two lugs: one marked “+” and one marked “-“.  Once the leads are reversed, the machine is now set for DC- polarity.

· They come as a Ready-to-Weld package meaning that it has gun, work clamp & cables, regulator and hose, and spool of wire.

	Slide # 65: Lincoln Equipment - CV
	· Here are a number of constant voltage power sources.

· The CV family includes the 305, 400 and 655 series power sources that were designed specifically for the GMAW process.

· CV power sources only deliver a constant voltage output.

· The welding output of CV power sources is direct current only.

· They are all 3-phase machines.

· Each power source is named according to their amperage output at 100% Duty Cycle (for example, a CV-305 is a 3-phase 300 amp constant voltage power source with a 100% Duty Cycle).

· All of these power sources are transformer based.

	Slide # 66: Lincoln Equipment - CC/CV 
	· 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).

	Slide # 67: Lincoln Equipment - Inverter 
	· Lincoln has a full line of inverter based power sources ideal for GMAW welding called Invertecs.

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

· 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, STT and PowerWave families.  The STT is used solely to optimize short circuit GMAW, and is not used for FCAW.  The V-350 Pro and PowerWave are used for CC, CV and pulse GMAW welding.

· The V-350 Pro comes in three models:

· There is one model used in the construction industry primarily for SMAW and FCAW.  For FCAW, it is used with the LN-25 feeder.

· 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 STT-II machine is a modified short circuit DC welding power source; it is rated at 225 Amps at a 60% Duty Cycle and utilizes Waveform Control Technology

· The STT-II is a modified short arc power source; it is designed to overcome the limitations of short arc GMAW welding.

· The Waveform Control Technology allows the STT-II to provide more voltage, more amperage or less voltage, less amperage at any given moment to maintain a very refined arc; this ability helps eliminate 90% of the spatter normally associated with the short arc GMAW welding process.  Smoke levels are also reduced 50% over the conventional short circuit welding process.

· 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 3 phase multiple input voltage power source that utilizes Waveform Control Technology.

	Slide # 68: Lincoln Equipment - Inverter
	· The PowerWave 455M and PowerWave 455M/STT are 450Amp 100% Duty Cycle, DC power sources with constant current, constant voltage and pulse spray welding capabilities; it is a 3 phase multiple input voltage power source that utilizes Waveform Control Technology. 

· The PowerWave 455M and PowerWave 455M/STT are computer-based machines that through high speed switching and technology allow the waveform to be adjusted for a variety of base metals.  

· This output is adjusted to optimize the output for different base metals, different modes of metal transfer and different wire diameters.

	Slide # 69: Lincoln Equipment - Chopper (CC/CV)
	· The multi-weld system offers an entirely new and better way to build larger structures like ships, water towers, buildings, and oilrig platforms.  New technology provides the best possible arc for shielded metal arc welding DC+, GMAW or FCAW.  The multi-weld goes with the operator for local control.  This optimizes procedures and eliminates the need for costly and bulky control cables.

· A constant voltage DC+ power supply with a minimum of 80 open circuit volts is needed to power the multi-welds.  The multi-source is one such power supply. The multi-source supplies the primary source of power.  It eliminates many of the cable problems found at other job sites by providing a single weld cable that distributes the power.  The multi-source may be centrally located to feed as many as 20 MULTI-WELD 350’s.  One low voltage cable, 80 volts DC, is brought from the multi-source to one or more “distribution boxes” where the welding is done.  The MULTI-WELD 350’s are simply “plugged in” to the distribution box.

	Slide # 70: Lincoln Equipment - Chopper (CC/CV)
	· 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 # 71: 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 # 72: 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.

	Slide # 73: Lincoln Equipment - Engine Drives
	· 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.

	Slide # 74: Lincoln Equipment - Engine Drives
	· 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.



	Slide # 75: Lincoln Equipment - Engine Drives (Chopper)
	· 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 # 76: Power Source Output - Constant Voltage
	· 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.

	Slide # 77: Power Source Output - Constant Current
	· 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 # 78: 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 # 79: 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 # 80: GMAW - Inductance Control
	· Inductance has its most significant effect on short arc GMAW welding.  

· When the load changes on a power source, the current takes a certain amount of time to attain its new level.  The circuit characteristic primarily responsible for this time lag is referred to as inductance.  This power source variable is usually measured in henrys.  Inductance is a fine tuner that is either fixed or is a variable parameter on the power source.  

· The pinch effect occurs when the current passing through the wire electrode heats and then melts the wire.

· The molten wire appears to be pinched off as it forms a droplet of molten metal.

· Low inductance produces high pinch effect, and high inductance produces low pinch effect.

· With low circuit inductance, the current rise is very fast, and the high pinch effect can cause the wire droplet to explode or spatter.

· With high circuit inductance, the current rises more slowly and forms the droplet more gently, resulting in a more fluid puddle, a smoother weld and less spatter.
· Most sophisticated GMAW power sources have inductance control that controls arc characteristics.

· Inductance may be referred to as pinch or arc control.

	Slide # 81: Max. Inductance vs. Min. Inductance
	· Maximum inductance (minimum pinch) gives the hottest “puddle” and allows deeper penetration.

· At maximum inductance, the puddle will be more fluid, will allow for faster travel speeds, will allow the bead to wash better with a flatter profile and less spatter.

· Maximum inductance is applied when a hotter puddle is desired such as when welding stainless steel or when welding heavier sections.

· Minimum inductance (maximum pinch) produces a colder puddle, more rounded weld beads and more spatter.

· Minimum inductance allows for more puddle control since the puddle is not as fluid and is applicable when welding open gaps, for fit-ups or when doing out of position welding. 

	Slide # 82: Gas Metal Arc Welding

Wire Feeders
	· Wire Feeders title slide.

	Slide # 83: Lincoln Equipment - Wire Feeders
	· Constant speed wire feeders are used for gas metal arc welding.  They pull the electrode wire from the spool and push it through the gun cable and the gun. 

· Lincoln has two groups of wire feeders:  the older version requires 115v to operate (with the exception of one 42v wire feeder) and the newer version (the “10” series feeders require 42v to operate).

· Older version wire feeders include the LN-7GMA, the LN-742 and the LN-9GMA.

· The LN-7GMA has pre-settable wire feed speed and no voltage provisions; it is available in a 2-roll or 4-roll model depending upon customer needs, this wire feeder is both durable and inexpensive.

· The LF-72 is a 42v/24v version of the LN-7GMA with many optional/built-in features not available for the LN-7GMA.

· The LN-9GMA allows the operator to preset both wire feed speed and voltage.

· The LN-9GMA has a feature called out of range shutdown that will cause the feeder to stop feeding if arc voltage fluctuates more than ( ½ volt for more than 5 seconds; making it useful in code quality work, critical applications and in shops following wps, code(s) or guideline(s).

· The LN-9GMA is the most expensive wire feeder in this group.

	Slide # 84:Lincoln Equipment - Wire Feeders

LN-10 & DH-10 & STT-10
	· The “10” series wire feeders include the LN-10, DH-10, STT-10, Power Feed 10, Power Feed 10 Dual and the Power Feed 11.

· The “10” series are all 4-roll feeders that are drive motor driven; the drive system is tool-less and revolutionary in design which makes bird nesting, and other feeding problems very rare.

· The “10” series feeders are 42 v feeders that are modular in design.  

· The LN-10 and DH-10 are compatible with all Lincoln power sources that have 42v auxiliary power.  If needed, Lincoln has a step down transformer that takes 115v to 42v.

· The LN-10 is a single head wire feeder that and is compatible with a variety of power supplies.  The control box and wire drive are revolutionary in design and are the basis of all other “10” series wire feeders.

· The DH-10 wire feeder is a dual head wire feeder that allows for two different wires and welding guns to be set up on one power supply; both guns cannot be used simultaneously, but it does give you the ability with two guns to have four different welding procedures available.    

· The DH-10 wire feeder is ideal for any customer that is uses two different wires for different applications and does not want the extra set-up time to go from one wire to the other.

· The dual head of the DH-10 also provides for the customer needs two spools of wire to be set-up for multiple procedure work.

· The DH-10 and LN-10 can be used with a wide variety of power sources.

· Inside the machines are what we call dip switches (they’re like little flip switches much like a wall switch to turn on a light), the dip switches can be set according to the particular power source that you’re going to put that feeder with.  So it’s very versatile in terms of the number of power sources it can be used.

· DIP switches also provide benefits such as setting limits, locking in procedures and timers and changing of gear ratios for a broad range of wire feed speeds.

· The STT-10 has many benefits similar to the “10” series wire feeders.

· The STT-10 is only compatible with the STT-II power source. When attached to the STT-II power source, the feeder is also hooked up through the control cable to the remote receptacle on the STT-II, and therefore, becomes the remote control and gains control of all welding parameters.

· From the face plate on the STT-II, minimums and maximums for wire feed speed, peak current and background current can be set.

	Slide # 85: Lincoln Electric - Wire Feeders

Power Feed Series
	· The PowerWave 455M power source is married to a family of wire feeders called the Power Feeds.  The feeder and the power supply form a synergic system and communicate to one another through a special control cable to achieve the ultimate welding conditions.

· The Power Feed family of wire feeders include the PF-10M, PF-10M Dual, and the PF-15.

· They look similar to other 10-series feeders with the exception of the MSP 4 alphanumeric panel.
· The Power Feed 15 is a completely enclosed wire feeder.  It has the same software and capabilities of the other Power Feed wire feeders.

· These wire feeders cannot be used with any other power supply.

	Slide # 86: Lincoln Equipment - Wire Feeders
	· The LN-25 is Lincoln Electric’s voltage sensing wire   feeder.  It is a completely enclosed wire feeder and is sometimes referred to as the “suitcase” feeder.  It is designed to be able to run off a constant voltage machine  or off a constant current machine.  When it   runs off a constant voltage machine, it acts like any other feeder. It becomes a constant speed wire feeder, and gets its power to run from an inner-connecting control cable that runs from the power supply to the feeder.  

· What makes the feeder special is that it can be used to wire feed weld using a constant current power supply.  In this case, the feeder becomes a variable speed wire feeder and tries to compensate for changes in voltage.  

· In this situation, the feeder obtains its power to run from the voltage off the arc.  This is often called across-the-arc welding. A pigtail running out of the rear of the feeder is clamped into a welding stinger attached to the power supply.  The LN-25/constant current power supply combination should only be used for limited applications, no code work, no critical wires, and only for general fabrication.  

· The LN-25 has a wire feed speed range of 50-700 inches per minute.
· The LN-15 is a smaller version of the LN-25 with many new upgrades and is available in an across the arc model as well as a control cable model. The control capable model is capable of pulse welding / STT welding with the appropriate power source.

	Slide # 87: GMAW - Welding Guns  

(Have examples of different types of guns to pass around)
	· Lincoln manufacturers a variety of gas metal arc welding guns.  They serve to guide the wire electrode and provide the electrical contact between the electrode and the welding machine electrode lead.  The gun contains a remote trigger to start and stop the welding current and the shielding gas flow.  The gun tip contains a nozzle to direct the shielding gas around the arc. 

· Determining the appropriate gun depends upon the amperage used since each gun has an amperage rating.

· The air-cooled line consists of a 100L amp gun specific for the SP machines, the small wire feed/welders and a 250 L gun specific to the Power MIG 255.

· Other air-cooled guns are the 200 A, 300 A, 400 A, and 550 A guns.  They can be attached to a variety of Lincoln and competitive wire feeders with the addition of a Magnum connector kit.

· When a GMAW gun is purchased other than a Magnum gun package, it is necessary to purchase a connector kit.

· Connector kits are specific to the type and manufacturer of the wire feeder.  The connector kit attaches to the back of the gun and is specific to the type of wire feeder.

· Connector kits are available for Lincoln’s “old style” wire feeders, Miller type feeders, Hobart type feeders, etc.

· The air-cooled guns are rated at their named output with a 60% duty cycle when using CO2. (For example, a Magnum 200 gun is rated at 200 amps, 60% duty cycle when welding with CO2 ).      
· The guns have to be de-rated when using a blended gas.  

· Magnum gun packages are also available.  These packages consist of the appropriate air-cooled gun, with a Tweco style connector kit and the liner installed.  The Tweco style connector kit has a back end that is compatible with Lincoln’s “10” series feeders.

· Gun packages are the same price as ordering all of the parts and pieces individually and installing them yourself.  

· Lincoln manufactures a Magnum 450 water-cooled gun. This gun is rated at 450 Amps, 100% duty cycle when using CO2.  

· The Magnum 450 has the Fast-Mate back end as a       standard feature.

	Slide # 88: GMAW - Work Clamps
	· Lincoln Electric also manufactures a couple of work clamps, the GC 300 and GC 500.  Work clamps are also rated at a given amperage and duty cycle.  The GC 300 and GC 500 are rated at 300 amps and 500 amps respectively.

· The work clamp completes the electrical circuit from the electrode as it strikes the arc either to or from the power supply.  This depends upon welding polarity.

· A heavy spring tightly clamps the jaws to promote positive electrical contact with the work piece. 

· Work clamps provide for quick connection to the work piece. They have easy operation. Just squeeze, slip the jaws over the work and let go.  The jaws open to a full 2 ½” (63mm).

· For quick connection, the welding cable lug bolts directly to the work clamp.   This job is done in seconds using a wrench.

· Working on the principle of positive pressure, the heavy spring tightly clamps the jaws to the work table

· The GC 300 and GC 500 are similar in nature. However, the GC 500 has a mesh heavy duty conductor attached to the bolt.  It also has a greater number of jaws to grip the work better.

	Slide # 89: GMAW - Cables
	· The welding cable is an integral part of the FCAW system.  

· The ground cable from the power source to the electrode carries current to the electrode and from the arc to the workpiece and back to the power source.  These conductors are very important to the efficiency of welding as well as the arc characteristics or vice-versa depending upon welding polarity. 

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

· The conductors in the welding cable are made up of strands of copper or aluminum.  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 100 amps, according to the chart, the recommended cable size is a #8 cable.

	Slide # 90: GMAW - 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 gun nozzle.

· The flow gauge shows the gas flow rate in cubic feet per hour or liters per second.
· The gas flow rate for most gas metal arc welding is in the range of 15-40cfh.

	Slide # 91: Gas Metal Arc Welding

Minor Maintenance & Repair
	· Minor Maintenance & Repair title slide.

	Slide # 92: GMAW - Minor Maintenance and Repair 

DH-10 Wire Feeder
	· These pictures show the wire drive and control box panel of a ten series feeder.
· On the control box, there is wire feed speed (wfs) and voltage control as well as several timers and trigger  features included as standard items.  On the “old style” wire feeders these timers are options, but they are standard on the “10 series” feeders.   Some of the controls shown are:

· The gas preflow (that allows you to have gas flow before you actually establish an arc thereby guaranteeing a good environment, or shielding from the atmosphere).

· The arc gas post-flow (this controls the gas that continues to flow after you’re done welding, to completely protect the weld pool as that it solidifies).

· The gas purge is a feature that allows the solenoid to activate but you don’t get any welding ability (This gas flow purges the line so that no air is in the line after  changing to a new cylinder or not using the power source for a period of time, and for setting flow rate).

· The wire jog, commonly called the “cold inch”, allows you to advance the wire without any electrical possibility of an arc –This serves as a safety feature.  It is ideal to use when feeding wire through a gun when changing to a new spool.

· The wire burnback control allows welding to continue even though you’ve released the trigger on the gun.  Releasing the trigger stops the gear box from feeding wire, and that continuation of amperage burns off or melts back the wire in accordance with how much the gear box over-feeds at the post.

· The wire feed settings:  most of the newer wire feeders have a digital presettable display of wfs and voltage.

· The trigger connection attaching to the gun attaches to the wire feeder.

· In the back of the wire feeder where the wire reel is, there is an adjusting knob in the center of the spindle that allows you to put some tension on the spindle to prevent the wire from becoming unraveled after you stop welding. 

· The feeder shown is a 4-roll tool-less drive system.  The drive rolls are chosen specific to the wire diameter and wire type.  If the drive rolls are sized improperly, wire “wandering” can occur and/or crushing of the wire and potential bird nesting or feeding problems can occur.  Drive rolls will erode over time and should be changed as a set as they wear to ensure proper feeding of the wire.

· Also shown is the split wire guide that guides the wire from the wire package into the back end of the gun.  Due to the revolutionary design of these “10” series feeders, the wire is never left unguided through the entire path.  Therefore, feeding problems rarely occur.  This split wire guide comes with the drive rolls.

· The gun must be securely seated in the gun receiver bushing.  If it is loose and/or if there is a gap between the split wire guide and gun, bird nesting or tangling of the wire may occur.

	Slide # 93: GMAW - Minor Maintenance and Repair

Drive Rolls
	· This illustration shows a 4-roll drive roll kit with the accompanying split wire guide for Lincoln's "10" series wire feeders. 

· The addition of these drive rolls to the wire feeder is a tool-less operation in which the split wire guide slides on two posts and the drive rolls "snap" on to shafts in the "10" series wire feeders.  Other drive roll set-ups may   include the use of a screw driver, allen wrench or an additional toll to secure them on the wire feeder.  Either way, the drive rolls perform the same function by providing a path and a guide to feed the wire through the gun to the welding arc. 

· Drive rolls are sized according to the wire diameter being used and are chosen according to the wire type, i.e.  solid steel, aluminum, and flux cored wires.

· This photo shows a 4-roll drive roll kit in which all 4 rolls are driven by the drive motor rather than having 2-driven drive rolls and 2-idle rolls.  This is the case in other "4-roll" drive systems.  The drive rolls are marked with the wire diameter on top for easy recognition. 

· The grooves around the perimeter of the drive rolls are sized according to the wire diameter as well as the groove in the split wire guide.  The grooves come in various shapes and include smooth "V" groove, smooth "U" groove, and knurled.  The smooth "V" groove drive roll is the appropriate drive roll configuration for welding solid GMAW electrodes with the exception of aluminum.  The "V" groove allows the wire to be gripped and fed through the gun.  In the case of GMAW welding aluminum, "V" grooves would deform the soft aluminum wire and pose feeding problems.  In the case of GMAW welding Aluminum, smooth "U" groove drive rolls are the best choice.  The "U" groove is slightly larger than the wire and provides a nice path for the wire to be fed without crimping the aluminum and deforming it.  In the  case of Lincoln Electric's "U" groove drive rolls, they are also polished to provide a smoother feeding path.   Knurled drive rolls are used for feeding cored wires.  These drive rolls have cerations or notches in the grooves and "bite" or "grip" into the wire to feed hard, stiff cored wires and large diameter cored wires.  

· When setting up a GMAW machine, check the wire feed rollers to be sure they are the correct size for the wire to be run.

· Use the manufacturer’s instructions to change them if they are the wrong size.

· The drive rolls wear over time and need to be changed as a set.

	Slide # 94 GMAW - Minor Maintenance and Repair 

Gun Assembly
	· The gun assembly includes:

· The body of the gun including the trigger.

· The conductor tube is often called the gun tube. The gun tubes are generally available at 45º angles, or 60º angles, depending on the type of work that you’re going to do with it – you may want a larger or smaller angle.  If the conductor tube gun angle is too extreme, especially when welding soft wires like aluminum, feeding problems can and will occur.  Optional angles are available for different applications.

· The trigger connection is on the back end of the gun that connects to the wire feeder.  Depressing the trigger initiates wire feed, gas flow and activates the power source output.

· The gun features a three-piece cable construction that includes the liner that the wire is fed through, a gas hose and a current carrier.

· The liner is cut to the length of the gun and is selected according to the wire diameter and wire type; after cutting the liner to the appropriate length based on manufacturer’s recommendations, it should be filed on the end so a burr does not occur.  Wire can get caught  on burrs and feed improperly.   Particulates can sometimes build up in the liners.  This may cause improper feeding or burnback of  the wire into the contact tip.  If this occurs, the liner can be blown clean with an air hose, but will eventually need to be replaced.
· The gas diffuser is a device that, as the gas comes down the gun, equally disburses the gas so that it shields the arc evenly.  It must be replaced as spatter builds up on the diffuser. If spatter builds up on the gas diffuser and there is improper gas flow and gas coverage over the weld, porosity or holes in the weld will occur.

· The contact tip is sized to the wire that you’re going to use; this is where the electrical connection is made.   It must be replaced when it wears out from wire friction and electrical erosion.

· Change the contact tip when the orifice enlarges and when spatters buildup occurs. Some results of worn contact tips can include, ropey weld beads, poor arc starting, excessive spatter, and slower weld speeds.  This results when welding with worn contact tips because the electrical contact location changes, and this has the same effect as changing electrical stickout when welding.

· The current supplied by the power source is transferred to the wire at the contact tip.

· Nozzles typically come in a couple different varieties; this photograph shows a slip-on type nozzle (called adjustable nozzles). Slip-on nozzles allow the welder to adjust the nozzle so that the contact tip is exposed slightly, flush, or recessed slightly.  This is dependent upon the mode of metal transfer in GMAW.  If the nozzle is in the improper position, excessive or short arc lengths can occur that have adverse effects on the weld.  Excessive arc length will result in excessive spatter and an erratic arc.  It could also lead to “noodle” welding.  Too short of an arc length can cause burnback of the wire into the tip. A fixed nozzle is an optional nozzle that may be used.

· The nozzle directs the gas to the weld zone and also protects the contact tip from some of the reflected welding heat.

· Be sure to clean the nozzle regularly to remove spatter residue.
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Work Clamp
	· Another very important component of an FCAW 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.
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Electrical Connections
	· All electrical connections should be tight.

· Cables should be in good repair (in other words, no 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 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 a one half-inch output stud, and a lug that is 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 Twist-Mates.

· Lugged connections must be securely tightened under the strain relief loop; always replace frayed cables.

· 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)

· Twist-Mate connections must be securely twisted to make good electrical 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.
· When possible, cables should be routed through strain relief loops.

· 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.  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.
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	· A GMAW 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 if 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.

· 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 50 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 (c.f.h.).

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

· 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 gaseous form.

· This can also occur when the gas flow rate is too high for the size of the regulator.

· The flow 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 gas solenoid on the wire feeder.

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

· Fully open the shielding gas cylinder, purge the gun with the purge control on the welding machine or wire feed unit and adjust the gas flowmeter to achieve the specified flow rate.

· Flow rates of 20-30 cfh are generally used in GMAW welding.

· The valve on the gas cylinder should be opened fully (except when using acetylene) 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.
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Lincoln Equipment Setup
	· Lincoln Equipment Setup title slide.
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CV-400
	· The CV-400 includes an analog voltmeter and ammeter so that you can tell what the voltage is, and also what the amperage is at different wire feed speeds.

· Because the CV-400 is a constant voltage machine, the only control of output on the machine is a voltage control.

· There is an on/off switch, and the on/off switch is accompanied by a pilot light that allows you to know from a distance whether the machine is off or on.

· The CV-400 also has a remote switch.  If activated, the switch allows voltage to be set from another source away from the power supply such as the wire feeder or remote pendant. 

· If the power source is used in conjunction with a wire feeder like an LN-10 (where voltage is controlled from the wire feeder) the local/remote switch is put into the remote position.

· There are 14-pin, 10-pin and 5-pin amphenols for the control cable from the power source to the wire feeder.

· The output studs at the bottom are marked positive and negative or electrode and work, they are one half-inch threaded output studs, and require a conventional lug on the cables.  The power source also has a polarity switch for the meters on the wire feeder.

· One cable runs from the positive terminal to the wire feeder, and the cable from the negative terminal is the work connection and runs to the work. 

· The wire feeder’s main function is to regulate the speed of the drive motor, usually through the use of an electronic governor in the control.

· The wire feed speed is presettable from the wire feeder.  Wire feed speed determines the amperage needed from the power source to melt the electrode.

· Its secondary functions are to control a gas solenoid and energize the power source internal contactor. 
· All of these basic functions are accomplished when the gun trigger is depressed or a start button is activated on an automatic control.
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CV-300
	· Setup of a constant voltage power source/wire feeder package for GMAW welding requires several parts and assemblies to be connected before beginning to weld.
· Gas cylinders must be fastened with a security chain.
· Most industrial power supplies have the flexibility of operating on several input voltages.  For example, a Lincoln Electric CV-300 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 CV-300 power supply will come factory sent ready 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. 
· As illustrated, a CV-300 has a back access door that opens easily to reveal such copper links.  Pasted on the door itself is the instruction panel that has the instructions for input voltages and correct configuration of the links for various input voltages.  This procedure takes about 10 minutes total.

· After the links have been rearranged, a power cord and plug with stress relief 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 added to the machine at this point along with the wire feeder.  Bench mounted wire feeders can be placed directly upon the power source or an optional swivel platform can be added.  A swivel platform allows the wire feeder to move side to side without the concern of falling off of the power source.
· The wire feeder is connected to the power source by means of a control and weld cable.  The control cable supplies the proper auxiliary voltage to run the wire drive, trigger controls, timer controls, and a variety of other functions.  The weld cable is the cable to allow current to run from the power source to the feeder.
· The gun with a connector kit and liner installed is attached to the front of the feeder and provides a means of current flow, gas flow and wire feeding to the weld puddle.  Guns come in a variety of amperages, lengths and sizes.  Guns are either air-cooled or water-cooled and are chosen based on the application and user preference.

· The wire is placed on the wire reel assembly on the back of the wire feeder and is fed into the feeder.  Wire  comes in different diameters and different packages, and again is application and customer specific. Spools of wire come with a 2” opening to readily fit onto the spindle.  However, coils and Readi-Reels require an adapter, which is easily installed.

· 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 metal, application and mode of metal transfer desired.  A regulator or flow meter is attached to the cylinder and a hose is connected to the regulator and then to the back of the feeder.  A gas flow rate of 25-35 cfh is generally desirable for GMAW welding.

· After input power is supplied, the cylinder is opened, and procedures are set for the application, you are ready to weld.
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LN-7 GMA
	· The setup of the LN-7 GMA requires the attachment of the control cable from the power source to the back of the wire feeder.

· When welding with the GMAW process and using a GMAW gun, the end of the gun that mates into the feeder needs the appropriate Magnum connector kit for Lincoln style feeders. 

· Next, the appropriate drive rolls and guide tubes must be inserted into the drive system.  The drive rolls used to GMAW weld are v-grooved in style and have.  Drive rolls and guide tubes are wire diameter specific and should match the diameter of the wire being used.

· Wire is then next mounted on the wire reel assembly that is also installed on the wire feeder. The back end of the wire feeder is universal and readily accepts 25#- 60# fiber spools, plastic spools and Eco-spools.  It accepts coils and readi-reels with the addition of coil adaptors and/or Readi-reel adapters.  This allows for flexibility in wire packaging without having to purchase additional accessories.
· The gas hose is connected from the regulator to the back of the LN-7 GMA.  Additionally, a gas connection is made from the GMAW gun to the front of the LN-7 GMA feeder.  
· From the LN-7 GMA, wire feed speed is the only control and matches the wire chosen and the application.  The feeder is now ready to weld.
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LN-10
	· The setup of the LN-10 requires the attachment of the control cable from the power source to the back of the wire feeder.

· A connector kit should be added to the gun if necessary.  On Lincoln’s “newer” style wire feeders, the gun receiver bushing is a Tweco style.  The options are:

· A Lincoln Magnum gun package that includes the connector kit and gun liner already installed,

· A Lincoln Electric Magnum Gun + K466-10 Tweco style connector kit that needs to be installed,

· A Lincoln Electric Magnum Gun + Magnum connector kit K466-1, and a K1500-1 Magnum Gun Receiver Bushing.

· Then the gas hose from a regulated supply of shielding gas must be connected to the back of the wire feeder.

· Next, the appropriate gun and cable must be inserted into the drive system.

· The LN-10 features as standard items such as gas pre-flow, gas purge, cold inch, and burnback.

· It also has the ability to be presettable both for wire feed speed and for voltage so you can get very precise settings for your welding parameters.

· The LN-10 has other features internally that require the setting of dipswitches to allow the operator to set limits on the ranges of wire feed speed and voltage (minimums and maximums).

· The LN-10 also features a “run-in” control which allows you to have starting parameters such as the slow run in of the wire that initiates a very smooth start, rather than a high wire feed speed into a puddle that has not yet been established.  Once the arc is actually started at a lower parameter, the wire feeder instantly kicks up to the set welding parameters.  

· All the Ten Series Feeders feature the built-in dereeling stand, and in the case of the LN-10, the steel reeling stand features a 2-inch spindle. 

· The wire reel assembly has a bayonet-style locking clamp to hold the reel in place.  The selection of grooves, or how far to put this bayonet-type clamp on, is dictated by the size of the package.

· The back end of the wire feeder readily accepts 25#- 60# fiber spools, plastic spools and Eco-spools.  It accepts coils and readi-reels with the addition of coil adaptors and/or Readi-reel adapters.  This allows for flexibility in wire packaging without having to purchase additional accessories.  
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DH-10
	· After the CV package is put together and before welding, the proper welding procedures need to be set on the power source, wire feeder or both.

· The drive rolls are sized for wire diameter and should be replaced as the groove wears.

· The split wire guide is sized for different wire diameters; it should be cleaned as residue builds up and replaced when the drive rolls are replaced.

· The drive roll gear is sized for desired wire feed speed

· Lincoln Electric’s “10 Series” feeders allow for control of all welding parameters to be made from the feeder.

· The DH-10/LN-10 is sectioned so that the main control of wire feed speed and voltage are done on the right hand side of the feeder and the secondary controls or settings are done on the left hand side.

· Wire feed speed and voltage are set according to the application and desired mode of metal transfer.  A wide variety of procedures can be found in Lincoln Electric’s MIG/MAG welding guide or in Lincoln’s Procedure Handbook of Arc Welding.

· The wire feed speed range of the DH-10/LN-10 is either 35-500 inches per minute or 50-750 inches per minute depending upon which gear you have installed.  The voltage range of the DH-10/LN-10 is 0-60 volts.  Both knobs are continuous control and allow for precise settings of both of these parameters.  The wire diameter range for GMAW welding with this feeder is .023” – 3/32”.

· The left hand side of this feeder has secondary controls and features that are sectioned off.

· The first “block” has 3 features, cold feed forward, cold feed reverse, and gas purge.  The cold feed features allow wire to be fed in each direction without current flowing in the wire.  If cold feeding in reverse, the wire package must be manually rotated to accept the oncoming wire.  The gas purge button is gas flow without wire feed.  This is a great feature to purge or clean the lines when changing over to a new or different bottle of gas, for beginning each day and for checking the cleanliness of the liner and for setting gas flow rate.

· The second “blocked” off region is the dual procedure section.  This can be used at the control unit, with the optional dual procedure switch, with the optional dual procedure remote control or with a dual schedule Magnum gun.  This feature allows the operator to set two independent procedures for perhaps two different applications and/or two different jobs. These procedures are saved in memory.

· The third box down shows the standard trigger mode functions.  These are cold feed, 2-step, 4-step and spot timer.

· In the cold feed mode, the operator can pull the trigger and feed wire without current flow.  This can be done with the full range of wire feed speeds.

· The 2-step function is the most popular weld mode and is the standard.  The two steps are: Step #1 occurs when the trigger is depressed and closure energizes the solenoid valve, then the wire feeder and power supply after preflow occurs are energized.  Welding progresses with the trigger depressed.  Step #2 begins with releasing the trigger.  This turns off the wire feeder and then the power supply after burnback time and postflow.

· The 4-step mode is a trigger interlock mode.  The four steps are as follows: In step #1, the trigger is depressed and closure energizes the solenoid valve.  Then the wire feeder and power supply after preflow occurs are energized.  In Step #2, the trigger is released and wire continues to feed and welding progresses.  In Step #3, reclosing the trigger the trigger continues welding but shuts off the current interlock function.  In step #4, reopening the trigger stops wire feed and initiates burnback time, then gas postflow time.

· The spot weld mode is a timer that starts when current flows.  The timer is set to indicate the amount of time that the operator wants wire to feed and current to flow.  The wire feeder and power source and then the solenoid valve are all turned off when the spot on timer times out even though the trigger is opened or is still closed.

· The last boxes are the display control keys. These functions are preflow, spot, burnback, postflow, and run in.

· Preflow time can be set from 0-2.5 seconds.  This is the time the shielding gas flows before the wire feed and power source is activated.  

· The spot timer must be activated in conjunction with the above-mentioned spot mode.  The range of spot timer settings is 0-199.9 seconds.  

· The third light is the burnback time.  This is the time the arc power is delayed at the stop of the weld, and should be set to the lowest time required to prevent the wire sticking in the crater. This range is from 0-0.25 seconds.

· Postflow is gas flow after the trigger is released to end the weld after the wire feed and power source are deactivated.  This range is 0-10.0 seconds.

· The last control in this section enables the operator to choose run-in procedures for wire feed speed and voltage.  This is set to optimize arc starting.  These parameters can be set above or below the preset welding values.  When the trigger is closed and preflow time has elapsed, the wire feeds at run-in speed and volts until the welding arc strikes.  This causes the feed speed and volts to change to weld settings. 
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GMAW Welding Gun
	· When ordering a GMAW gun (in this case the 400 amp Magnum gun), you order the length that you want which is reflected in the K-number.  Standard gun lengths are 10’ and 15’.

· K-number also reflects the size wire that you expect to use. 

· The gun will come with the liner that is the size you specify, but what it won’t have the back end connection.  It also comes with two contact tips, a gas diffuser and a slip-on nozzle.

· An additional connector kit must be ordered based on the particular feeder on which the gun will be used.

· Lincoln GMAW guns are designed to hook up competitive equipment as well as Lincoln equipment, and the appropriate back end (connector kit) needs to be ordered for whatever wire feeder you’re going to use.

· All guns require the installation of a gas diffuser and a contact tip and are standard with the purchase of a GMAW gun.

· There are several types of nozzle that can be selected.

· “Fixed nozzles” thread right onto the end of the gooseneck.

· Fixed nozzles come in different lengths.

· Different types of fixed nozzles may allow the contact tip to stick out a short distance (used in “short arc”), are designed where the contact tip that will be flush (used in “short arc” or “spray”), or feature a recessed contact tip  (used for “spray-type transfer”).

· Adjustable nozzles are also available.  A plastic insulator must be installed with spring rings on it that hold the nozzle in place.

· Care must be taken in installing this insulator because frequently it is installed upside down. If installed improperly, the nozzle sticks down and covers the openings on the gas nozzle or the gas diffuser, which might cause some problems. The threads on the gas diffuser should be installed on last or towards the front end of the gun where the wire comes out.

· If installed correctly, the nozzle may be slipped over the insulator and held in place.

· The adjustable nozzles allow up or down placement, depending on whether you want the contact tip to be exposed, flush, or recessed.
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GC-300
	· 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). 
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	· Illustrated is a common GMAW welding setup.

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

· An optional swivel platform for the wire feeder may be mounted on top of the power source.  A swivel platform is needed if the feeder is an “old style feeder” such as the LN-7GMA, LN-9GMA, etc.  A swivel platform is not necessary for the “10” series because these feeders have rubber feet that allow the feeder to be mounted directly to the power source.

· There is an optional swivel platform for the “10” series feeders if flexibility is desired.  Swivel platforms are only needed for bench-mounted feeders, not boom mounted.

· The swivel platform allows the “10” series wire feeders to turn in the direction that the GMAW gun is led, so that you don’t have undue kinks in the gun.

· 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, gun and connecting cables complete the setup.

· General setup procedures include:

· Verify that the welding machine is a constant voltage type DC 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.

· If the welding machine does not have a wire feeder, locate a compatible wire feeder.

· Connect the wire feeder power and control cables.

· Obtain a spool of appropriate wire electrode.

· Check the drive rollers to be sure they are the correct size for the wire to be run.  

· Use the manufacturer’s instructions to change them if they are the wrong size.

· Locate a GMAW gun and cable assembly, and check the size of the nozzle contact tip.  Change it if it is not correct for the wire size.  Check the gun liner to make sure it is the correct diameter.  Be sure the connector kit is the appropriate one for the feeder being used

· Connect the gun cable to the wire feeder.

· Set up the welding machine for DCEP (Direct Current Electrode Positive).

· Install the wire spool onto the wire feeder and adjust the spool drag brake and feed the wire through the cable and the gun with the jog control until the proper stick-out is achieved.

· Locate the appropriate shielding gas, secure it against falling over and then install the gas regulator/flowmeter and gas hose (to the wire feeder).

· Fully open the shielding gas cylinder, purge the gun with the purge control on the welding machine or wire feed unit and adjust the gas flowmeter to achieve the specified flow rate.
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Modes of Metal Transfer
	· Modes of Metal Transfer title slide.
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	· One of the reasons for the popularity and growth of the GMAW welding process is the fact that it’s the only process that features distinctive, individual methods of metal transfer.

· Gas metal arc welding is the only arc welding process that can be defined or described through several distinct types of metal transfers.  

· Each metal transfer mode is specific to a set of voltages, amperages and shielding gases, and each has specific applications. 

· By changing one or several of these variables, it is possible to go from one metal transfer mode to another.

· There are three main conventional modes of arc transfer.

· They include short circuit or short arc, globular, and spray arc welding.

· There are also two distinct modified modes of arc transfer; Surface Tension Transfer, or STT, which is a modified short arc, and Pulse Spray, which is a modified spray arc transfer.

· Lincoln uses patented technology called Waveform Control Technology to derive these modified metal transfer modes.

· Each mode of metal transfer has advantages and limitations.  

· The job, joint design, and base material play major parts in determining the appropriate mode to use. 

· The following chart illustrates a general comparison of deposition rates, and deposition efficiencies for each of the three mode for the sake of comparison:

· Deposition rates                      Deposition efficiencies

· Short Arc           2-6 lbs/hr                         92-97%

· Globular            5-12 lbs/hr                       88-90%

· Spray Arc          5-12 lbs/hr                       97-99%
· The first type of arc transfer that we are going to talk about is the short circuit or short arc mode.
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	· The short circuit process is one in which the arc is initiated and a droplet is formed on the end of the wire.

· The wire then touches the work piece and produces a short circuit; very similar to what happens when a stick electrode “sticks” to the work piece.

· As current rises to overcome the short, the metal transfers through a violent explosion creating the weld and spatter.

· The arc is then re-established and the cycle continues.

· At the time of the short circuit as the wire touches the work piece, the voltage drops to zero.  This creates the short.  

· Amperage rises rapidly in response to the short and to re-establish the arc.  As the metal is transferred to the work piece, a violent explosion occurs and causes spatter. This amperage rise causes the wire to separate much like an overloaded fuse, and when the fuse breaks, “fuse separation happens”

· The reason it is impossible to visually see that the GMAW wire is “stuck” to the plate is because this cycle is very fast. 

· Shorting occurs anywhere from 60-200 times a second.
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	· Short circuit welding has several advantages. 

· One such advantage is low heat input.  Since we generally use lower voltages and amperages, the heat input to the base metal is fairly low.

· Short circuit welding is ideal for thin metals such as light gage sheet metals, open roots and for base metals with poor fit-up.

· Another major advantage to this type of metal transfer is the fact that the weld puddle solidifies very readily. The nature of the transfer, meaning that the droplet actually touches the work before it’s released from the end of the electrode, makes it possible along with the low heat input for “all-position-welding”: overhead, vertical up, vertical down.

· It is also a very low-cost process because CO2 is a very economical shielding gas and the power supplies are smaller with fewer available features.  

· There are some limitations to this type of metal transfer as well.  

· The violent nature of this type of metal transfer causes spatter.  Spatter is a cosmetic concern and requires a certain amount of clean-up time. 

· Another limitation is as the base metal increases in thickness, fusion problems can occur. Base metal greater than a 3/16-inch thickness should not be welded with the short arc process.

· This condition is known as cold lap or cold casting that results in the welded connection having little to no strength. For this reason, certain codes and guidelines prohibit short circuit welding.
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	· Short circuit welding can be described according to the welding parameters, wire size and type of shielding gas that is being used.

· In general, low voltages in the range of 16-22 volts are used, and the amperage range is also low, somewhere in the range of 30 – 200 amps. 

· Smaller wire diameters are also generally used.  Typically .045 and smaller diameter wire sizes are used for this process due to the low welding procedures.

· It’s important to remember that you don’t set amperage (you set wire feed speed).

· At any given wire feed speed you’ll get a proportionate amperage (based on the electrode wire diameter and the alloy of the electrode), and typically in the short arc process wire diameters run anywhere from about .023 to .045).
· The most popular gases used for this process are 100% CO2 and 75/25 that is 75% Argon and 25% Carbon Dioxide.  The addition of 75% Argon reduces spatter and smoke and also wets out the bead better to get better tie in at the toes of the weld.

	Slide # 113: GMAW - Globular
	· The next mode of metal transfer to be discussed is globular mode.  

· This mode of metal transfer exhibits distinct arc characteristics and is a low cost means of depositing a lot of weld metal.

· In globular metal transfer mode, a large ball forms on the end of the electrode due to the high currents typically used.  

· As the wire approaches the work piece and before it short circuits, the high amperage and gravity pulls the droplet off the wire.

· This “pulling” off of the droplet is done irregularly.

· The deposit splashes into the weld puddle and sometimes out of the weld pool generating high levels of spatter. 

· The illustration shows how in globular transfer, a large droplet forms on the end of the electrode with a large glob of molten metal falling across the arc to the molten puddle.  

	Slide # 114: GMAW - Globular
	· The process has some advantages that revolve around globular transfer being a low cost means of depositing a lot of weld metal.

· CO2 or large concentrations of CO2 are used as the shielding gas, creating a rough arc.  CO2 is a deep broad penetrating gas.  This gas is relatively inexpensive and creates an arc that has lower radiated heat (towards the operator) than an Argon mixed gas.

· High wire feed speeds (amperages) are used which is directly proportional to high deposition rates.

· The globular type of transfer is a deep penetrating process.  Because of its voltage, high amperages, and high wire feed speeds, this is a high deposition process mode.

· Money can be saved from both a materials standpoint and a labor standpoint.  Reducing labor time saves money.   

· There is generally a bit more spatter generated with this mode of metal transfer, which can be a limitation.

· Due to the high amperages and fluidity of the weld puddle, globular is generally reserved for welds in the flat and horizontal position.  Globular transfer is generally for non-cosmetic welds and has the lowest efficiency of all modes of metal transfer at around 88-90%.

	Slide # 115: GMAW - Globular
	· Globular transfer uses higher voltages, in the range of 25-35 volts, and high amperages in the range of 200-500 amps (dependent on electrode size).

· Wire diameters tend to be larger, .035 through 1/16inch.

· Some of the more typical blends used are 100% CO2  (Lowest Cost) or 75% Argon 25% CO2.

	Slide # 116: GMAW - Spray
	· In the spray mode very high currents are used

· In order to get in to a true spray arc, the current level must be above a transition current. 

· The transition current is the minimum current level needed specific to the wire diameter to go from the short arc or globular mode to spray.

· This transition current can only be defined if a minimum of 80% Argon is present in the shielding gas (the minimum amount of Argon needed to establish a true spray arc).

· A point forms at the end of the electrode and fine droplets of molten metal equal to the size of the electrode diameter or smaller are directed axially in a straight line to the weld puddle. 

· In other words, the arc dynamics are squeezing on the electrode so hard that a droplet doesn’t have a chance to form. The droplets typically are the size of the wire diameter or smaller, and the higher the currents the smaller the droplet becomes.  

· The resulting arc is very stable and smooth and little to no spatter is generated.  

· The weld puddle occurring in spray transfer washes in very well at the toes of the weld.

	Slide # 117: GMAW - Spray
	· Spray arc transfer offers many advantages over the other two conventional methods of GMAW welding.

· The high energy of the weld puddle allows for good wash in and produces a flat shiny weld bead and a very attractive, nice appearing weld.   Plus it’s a deep penetration process so it’s a very good process to use for thick material.

· The smooth transition of metal produces little to no spatter.

· The high wire feed speeds and amperages used result in high deposition rates and penetration levels.

· There are some limitations in spray arc welding.

· The main limitation is because of the high voltages involved, there is the potential for undercut.

· Undercut is a small cavity that is melted into the base metal adjacent to the toe of the weld that is not filled with weld metal.

· Undercut may impair weld strength especially when the weld is subject to fatigue.  

· Undercut can be minimized by reducing voltage, reducing travel speeds, and by using the proper electrode angles.

· The high energy involved and the fluidity of the weld limit spray arc welding to the flat and horizontal positions.

· A minimum of 80% Argon must be used in the shielding gas for this transfer process.  As a result, the gas costs are slightly higher than that of the other two modes of metal transfer.  The higher content of Argon radiates more heat off the arc.  This heat can lead to great discomfort of the operator.

	Slide # 118: GMAW - Spray
	· Spray transfer uses high voltages, in the range of 25-35 volts, and high amperages in the range of 200-500 amps (dependent on electrode size).

· Wire diameters tend to be larger, .035 and larger.

· In spray transfer, a minimum of 80% Argon needs to be present in the shielding gas.

· Some of the more typical blends used are 90% Argon with 10% CO2,  95% Argon with 5% O2, 98% Argon with 2% CO2 and 98% Argon with 2% O2.
· The ranges for both amperage and voltage are very dependent upon the shielding gas being used.  As a rule of thumb, as the argon content increases, so does the concentrated heat at the arc, therefore, the voltage can be decreased accordingly.  

· A broader discussion of shielding gases will be addressed for steel, stainless and aluminum GMAW welding later on in the program.



	Slide # 119: GMAW - Conventional Modes of Metal Transfer
	· Conventional Modes of Metal Transfer Video.

	Slide # 120: GMAW - Waveform Control Technology
	· There are two types of modified modes of metal transfer.

· Pulsed spray is a modified spray arc transfer.

· Surface Tension Transfer (STT) is a modified short arc transfer.   

· Lincoln Electric uses patented technology called Waveform Control Technology in PowerWave and STT.  PowerWave is a power source that is CC, CV and pulse spray welding in one. STT is a modified short arc process.

· Waveform Control Technology is a term used by The Lincoln Electric Company that is used in the STT and PowerWave family of machines to achieve superior weld performance.
· A unique output has been programmed into these power supplies to optimize arc characteristics based on specific criteria.
· The PowerWave power supplies are CC/CV and pulsing machines all in one.  The specific criteria used to create the unique waveforms in this power supply are threefold, and are type of filler metal, diameter of filler metal, and mode of metal transfer desired.  After these three questions are answered by the operator and “told” to the power supply, it delivers the optimal arc for this application.  This makes this power supply ideal for a variety of applications and base metals, with arc characteristics specific and ideal for the above mentioned criteria.

· The STT is more of a niche machine.  It is a modified short arc welding power supply only.  The waveform has been created to overcome the limitations of and to optimize the short arc.  The output allows for spatter reduction of 90% and smoke levels by 50% over conventional short arc welding.

	Slide # 121: GMAW - Pulsed Spray
	· Pulsed spray arc welding uses a wide range of amperages and voltages. 

· It is quite different from the conventional ways of GMAW welding because amperage is no longer dependant upon wire feed speed.

· In pulse spray welding, there are two distinct current levels, a peak current and a background current.  

· The background current is too low to produce any transfer but is on all of the time to keep the arc established.  

· The peak or pulse current is much higher than normal welding current and is superimposed on top of the background at certain intervals of time.  These intervals of time are the frequency and are measured in pulses per second.  

· The combination of these two current levels produces a steady arc and controlled transfer at lower overall heat input than spray.

· The lower heat allows all position welding capabilities, but it has higher heat input than short circuit welding.

	Slide # 122: GMAW - Pulsed Spray 
	· The pulsed spray mode of metal transfer has several advantages and applications.

· The higher heat input levels than those used in short circuit welding make cold lap or fusion problems less of a concern.

· Because there is less heat input than spray arc welding, all position welding is possible.

· In addition, undercut is of little concern and there is little to no distortion even on thin materials due to lower overall heat input.  

· Pulse welding also produces less smoke and less spatter than the traditional means of metal transfer. 

· There are some limitations and concerns involved in pulse welding.

· The base metal needs to be relatively clean, otherwise an erratic or unstable arc can occur (that means the removal of oxides, mill scale rust and so forth). 

· Due to the very high peak or pulse current levels, pulse welding tends to be harder on contact tips, liners, and other gun consumables.

· A good portion of pulse welding applications use water-cooled GMAW guns.

· High argon gases of at least 80% argon are needed to achieve pulse spray and the equipment tends to be a bit more expensive than a conventional CV power supply. 

	Slide # 123: GMAW - Pulsed Spray
	· Pulsed spray transfer uses voltages somewhere between 23 and 33 volts, and amperages between 200 and 500 amps.

· Wire electrode sizes are generally 0.035" and larger.

· High Argon content gases are used in the pulsed spray transfer process.

	Slide # 124: GMAW - STT

Surface Tension Transfer
	· This diagram depicts what is precisely happening during one STT waveform. 

· The graph shows amperage over time and the time is in milliseconds.

· At T0, the electrode approaches the work piece, and the voltage sensing clip reads a decrease in voltage at T1 where the machine drops the amperage before a short circuit occurs (in conventional short circuit welding, amperage would normally rise dramatically at this point).

· When amperage rises, a violent explosion occurs creating spatter.

·  Wire is still being fed therefore, we begin to have fusion of the filler rod with the work piece.

· In order to melt the electrode, amperage must be increased.

· This is done in a controlled manner at T2-T3.  At T-3 the wire begins to “neck” down or melt from the outside in.

· Before the wire completely detaches, amperage is dropped again at T-3.  This is to prevent a violent separation and explosion that would create spatter.

· At T-4 through T-5, amperage is again increased and a controlled even separation takes place and creates the weld bead with no spatter.  

· At T-6 and T-7, there is a “tailout” feature that takes the current from this higher level down to its initial background level.

· The cycle repeats itself.

· The time required for one waveform is around 25-35 milliseconds.

	Slide # 125: GMAW - STT
	· The STT machine is an inverter based power source that utilizes waveform control technology.  

· Waveform Control Technology is technology where unique welding outputs have been developed based on specific criteria.  

· The specific outputs are preprogrammed into the power source and produce the ultimate short arc that reduces spatter by 90% and smoke levels by 50% over conventional short circuit welding (even using CO2).

· This power source is not CC and it is not CV, but is a machine that changes amps and volts based on the needs of the arc.

· A voltage-sensing clip must be attached to the work to sense voltage and send information back to the power source to respond to changes in voltage.

· This information is relayed over the entire weld cycle

· Electrode current is based on the instantaneous needs of the arc.

	Slide # 126: GMAW - STT
	· STT offers many advantages primarily over the short circuit means of metal transfer.

· The two most obvious advantages of surface tension transfer are the dramatic decrease in spatter of 90%, (which eliminates clean-up costs) and smoke levels of 50% over short arc transfer.

· These results can be achieved even when using CO2 (an inexpensive shielding gas).

· All position welding is possible.

· The precise control of amperage throughout the entire weld cycle makes fusion not a concern as it is with short circuit welding. 

· STT handles poor fit up very well and is an excellent way to weld the root pass of pipe due to its cleanliness and precise amperage control.

· There are some limitations involved with Surface Tension Transfer.

· The STT power source is initially more expensive than a CV power source. 

· Deposition rates are lower than globular, spray arc and pulse spray, but are equal to that of short circuit welding.  Deposition rates also can exceed those of TIG welding by 5 times. 

· As in pulsed spray welding, setting the welding parameters for STT quite different than settings normally used.  

	Slide # 127: GMAW - STT
	· Amperage in STT is independent of wire feed speed.

· In STT, the wire feed speed is set to determine deposition rates.  

· Voltage is never set in this process.

· A peak current is set to determine arc length, and a background current is set to determine overall heat input and weld bead shape.  

· Learning how to set the STT and what each variable does can be difficult to teach welders.

· The IM manual contains written procedures for several joint designs and different base metals.

· Wire sizes used in STT are one size larger than would be used in conventional short arc.

· Shielding gases normally used with STT are either CO2, or a 75%/25% mix.   When welding stainless a tri-mix gas (90/7.5/2.5 argon, helium and CO2) is recommended.

	Slide # 128: GMAW - Waveform Control Technology
	· Waveform Control Technology Video.

	Slide # 129: Gas Metal Arc Welding

Electrodes
	· Electrodes title slide.

	Slide # 130: GMAW - Wire Elements
	· There are several elements that can be or added to the wire to provide certain properties.  The following is a list of some of the more common alloying elements found in mild steel and low alloy GMAW electrodes.

· Carbon is generally controlled to a low percentage and not added to GMAW wires.  Carbon provides increased hardness but reduces the ductility of the weld.

· Manganese is a primary alloying agent in GMAW wires.  It acts as a deoxidizer and increases the strength of the weld for increased tensile properties, etc.

· Molybdenum or "Moly" is added to some low alloy wires to increase strength and hardness without decreasing ductility like carbon.

· Nickel is another common element added to low alloy wires to increase strength and ductility, which provides mechanical properties for such things as low temperature operation or notch toughness in addition to corrosion resistance.

· Silicon along with manganese is one of the primary alloying elements in GMAW wires.  It is an excellent deoxidizer and provides puddle fluidity to get good wash in at the toes of the weld for nice flat appearance common to GMAW welding.

	Slide # 131: GMAW - Wire Element Functions
	· As describe above, the elements added to GMAW wires each have their very distinct properties that they offer to the final welded project.

· Some of the elements increase the mechanical properties of the weld joint enabling them to withstand service at reduced/elevated temperature or to withstand the stress and strains of everyday wear.  

· In addition, some of the elements provide better metallurgical properties for refined grain structures and cleanliness of weld, which all aid in better joining and life cylce.

· Lastly, some of the elements serve to act as deoxidizers.  These elements clean the weld pool, which makes them able to weld less than perfectly clean steel.

	Slide # 132: GMAW - AWS Classification 

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

· These guidelines include chemistry and mechanical properties.

· Here is an example of the AWS classification for GMAW wire, ER70S-X.

· 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.  In Gas Metal Arc Welding, the electrode is the consumable that becomes the weldment.   

· R stands for rod, or filler rod.  In the case of GMAW welding, the electrode also is the filler rod or consumable that makes the weld.  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.  GMAW 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 metal that is best suited for each wire.  

· Many people refer to GMAW 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 # 133: GMAW - Carbon Steel Electrodes
	· Both the SuperArc L-50 and the bare wire SuperGlide S3 have the same AWS classification of ER70S-3.

· Therefore, they have the same applications

· It is a matter of personal preference of choosing copper coated wire vs. bare.

· Advantages of using copper coated wires include better electrical conductivity, better arc starts and resistance to rusting.  Concerns when using copper include potential copper flaking that can clog the liner and copper fumes.

· Copper flaking is not a problem because of the way that Lincoln Electric draws their electrode wire and applies copper coating.  

· S-3 wires contain the least amount of silicon and manganese, which are the deoxidiers.

· They are the most popular of the GMAW wire classifications and are used for general fabrication on clean steel.  

· The SuperArc L-56 and SuperGlide S6 also have the same AWS classification.

· In the Lincoln Electric product line, these mild steel electrodes contain the most silicon and manganese.

· Consequently, these wires are more forgiving on “dirtier” base metals.

· They tend to have slightly higher mechanical properties as well, even though according to AWS, they only need to meet a minimum requirement of 70,000-psi tensile strength.

· The silicon and manganese make the puddle more fluid and allow for better wash-in at the toes of the weld.  This produces a flatter, more even weld bead.  Lincoln Electric manufactures two groups of mild steel electrodes, a copper coated group called SuperArc and a bare group called SuperGlide.  

· The name of the mild steel copper coated wires is SuperArc.  

· A SuperArc L-50, which has the AWS classification of ER70S-3 

· A SuperArc L-54, which has the AWS classification of ER70S-4

· A SuperArc L-56, which has the AWS classification of ER70S-6.

· Lincoln also manufactures a line of bare electrodes.

· An ER70S-3 called SuperGlide S3, and an ER70S-6 called SuperGlide S-6

· The shielding gas used with these wires is dependent on the type of arc transfer that you want to achieve.  Some typical gases include CO2, Ar/CO2, and Argon/Oxygen mixtures. 

	Slide # 134: GMAW - Lincoln Electrodes
	· Both the SuperArc L-50 and the bare wire SuperGlide S3 have the same AWS classification of ER70S-3.

· Therefore, they have the same applications

· It is a matter of personal preference of choosing copper coated wire vs. bare.

· Advantages of using copper coated wires include better electrical conductivity, better arc starts and resistance to rusting.  Concerns when using copper include potential copper flaking that can clog the liner and copper fumes.

· Copper flaking is not a problem because of the way that Lincoln Electric draws their electrode wire and applies copper coating.  

· S-3 wires contain the least amount of silicon and manganese, which are the deoxidiers.

· SuperArc L-54 is an ER70S-4 wire.  

· It has intermediate levels of silicon and manganese, somewhere between an S-3 wire and an S-6.  

· The SuperArc L-54 has improved operating characteristics over L-50, and is slightly more tolerable of surface contaminants than L-50.
· The SuperArc L-56 and SuperGlide S6 also have the same AWS classification.

· In the Lincoln Electric product line, these mild steel electrodes contain the most silicon and manganese.

· Consequently, these wires are more forgiving on “dirtier” base metals.

· They tend to have slightly higher mechanical properties as well, even though according to AWS, they only need to meet a minimum requirement of 70,000-psi tensile strength.

· The silicon and manganese make the puddle more fluid and allow for better wash-in at the toes of the weld.  This produces a flatter, more even weld bead.  Lincoln Electric manufactures two groups of mild steel electrodes, a copper coated group called SuperArc and a bare group called SuperGlide.  

	Slide # 135: GMAW - Low Alloy Electrodes
	· Lincoln’s low alloy wires also carry the name SuperArc, and in the low alloy group, there are:

· A SuperArc LA-75, which has the AWS classification of ER80S-Ni1%, 

· A SuperArc LA-90, which has the AWS classification of ER80S-D2 and ER90S-G,  

· A SuperArc LA-100, which has the AWS classification of ER100S-G.  

· When welding with a low alloy wire, gases with higher percentages of Argon are used.  Argon is an inert gas, which does not form chemical reactions in the heat of the welding arc.  Therefore, it does not react with any of the alloys that are added to the wire for strength and mechanical property purposes.  

· Typical gases include Argon/Oxygen blends, and Argon/Carbon Dioxide blends with a high percentage of argon.

	Slide # 136: GMAW - Lincoln Low Alloy Electrodes
	· SuperArc LA-100 falls under three AWS classifications, ER100S-G, ER110S-G, and a military specification of MIL-100S-1.  

· It is a low alloy wire that is used when tensile strengths of 100,000 – 110,000 psi are needed and is designed to meet 82,000 psi minimum yield strength.  

· SuperArc LA-100 contains ½ molybdenum, and 1-2% nickel and is used where high strengths and excellent impact properties are required.

· Some steels that are an excellent match for this wire include HY-80, A514 or T-1 steels, and A517 quench and tempered steels.

	Slide # 137: Metal Core - AWS Classification
	· The American Welding Society or AWS sets guidelines for gas-shielded metal cored wires that manufacturers have to comply with in order to receive their stamp of approval. 

· These guidelines include chemistry and mechanical properties.

· Here is an example of the AWS classification for Metal Cored wires, E7XT-Y.

· 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.  In Flux Cored Arc Welding, the electrode is the consumable that becomes the weldment.   

· 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 C stands for metal cored wire.  Metal core wires are flux cored or tubular as opposed to being solid in nature like their GMAW wire counterparts.

· The “Y” indicates the usability and performance of the wire.  It indicates if the wire is a gas-shielded flux cored wire or a self-shielded flux cored wire. It can indicate the welding position and some mechanical properties.

· Many people refer to metal cored wires solely by “C” and the digit that follows the “C” or the “Y”.  For example, C-6M or C-G 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, and composition of the filler wire.

	Slide # 138: Metal Core - Electrodes
	· Metal core wires differ from other flux cored wires because their core elements consist mainly of iron powder for increased deposition rates over most other processes.

· They are general run with high argon content gas mixtures with balances of CO2.  

· These wires are also manufactured to meet very high strength requirements for steels such as T1 or HY-100.

· Metalshield MC-710 has the AWS classification of E70C-6M.  This wire is normally used in the flat / horizontal positions, but can also be run out of position with short-arc or pulsed arc applications.  MC-710 produces welds with minimal spatter, smoke and virtually no slag.

· Metalshield MC-710XL has the AWS classification of E70C-6M.  Made as an upgrade to MC-710, it has lower fume levels than comparable products in the market..  This wire is normally used in the flat / horizontal positions, but can also be run out of position with short-arc or pulsed arc applications.  MC-710XL produces welds with minimal spatter, reduced smoke and virtually no slag.

· Metalshield MC-900 has the AWS classification of E90C-G.  This wire is normally used in the flat / horizontal positions, but can also be run out of position with short-arc or pulsed arc applications.  MC-900 is used for high-speed welding where exceptional bead stacking is desired.  This wire can be used on HY-80 and ASTM A710 steels as well as other high strength steels.

· Metalshield MC-110 has the AWS classification of E110C-G.  This wire is normally used in the flat / horizontal positions, but can also be run out of position with short-arc or pulsed arc applications.  MC-110 is used for high-speed welding where exceptional bead stacking is desired.  This wire can be used on HY-100 and T1 steels as well as other high strength steels.

	Slide # 139: Gas Metal Arc Welding

Shielding Gases
	· Shielding Gases Title Slide.

	Slide # 140: GMAW - Shielding Gases
	· All arc welding processes require some means of shielding the weld puddle.  
· In GMAW welding, an inert or active shielding gas is used to protect the weld bead.
· 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. 
· Argon and helium are inert gases and are used when GMAW welding aluminum. 
· By far, the most common shielding gas used for GMAW welding is 100% Carbon Dioxide.  It is an active gas.  
· Argon/Carbon Dioxide or Argon/Oxygen mixtures are the second more common shielding gases.  
· Finally, there are few occasions where Argon or Helium/Argon/ Carbon Dioxide and Helium/Argon mixtures are used.
· There are distinct advantages and limitations of each shielding gas or gas mixture.

	Slide # 141: GMAW - Shielding Gases
Short Circuit Arc Transfer
	· One of the criteria needed to achieve a specific type of transfer in the different modes of metal transfer used in GMAW is the shielding gas.

· Shielding gas is used to displace atmosphere from the weld zone to prevent contamination of the weld puddle by oxygen, nitrogen and hydrogen.  Argon, Helium and Carbon Dioxide are the principle shielding gases used in GMAW.  Each shielding gas has distinctive individual performance characteristics.  These gases are often mixed to improve overall welding characteristics.

· For short circuit, globular and STT welding, CO2, and 75/25 are the most common gases used.  

· CO2 is less expensive and produces a weld that has a deeper broader penetration profile.  

· 75/25 has 75% argon and 25% carbon dioxide.  The addition of argon adds specific advantages that include less spatter, lower smoke levels, and a more fluid weld puddle that wets out better.  Thus, producing a flatter shinier weld bead.

	Slide # 142: GMAW - Shielding Gases

Globular Arc Transfer
	· One of the criteria needed to achieve a specific type of transfer in the different modes of metal transfer used in GMAW is the shielding gas.

· Shielding gas is used to displace atmosphere from the weld zone to prevent contamination of the weld puddle by oxygen, nitrogen and hydrogen.  Argon, Helium and Carbon Dioxide are the principle shielding gases used in GMAW.  Each shielding gas has distinctive individual performance characteristics.  These gases are often mixed to improve overall welding characteristics.

· For short circuit, globular and STT welding, CO2, and 75/25 are the most common gases used.  

· CO2 is less expensive and produces a weld that has a deeper broader penetration profile.  

· 75/25 has 75% argon and 25% carbon dioxide.  The addition of argon adds specific advantages that include less spatter, lower smoke levels, and a more fluid weld puddle that wets out better.  Thus, producing a flatter shinier weld bead.

	Slide # 143: GMAW - Shielding Gases

Spray Arc Transfer
	· For spray arc and pulse spray welding, higher contents of argon are needed.

· As a minimum, there needs to be at least 80% argon in the shielding gas to be in a true spray or pulse spray metal transfer. 

· The higher the content of argon, the more fluid the puddle and better wash in.  

· Faster travel speeds can be achieved as the amount of argon is increased.

· A 90 % or better Argon mix is commonly used as illustrated by the second example here of: Argon + 3 to 10% CO2. 
· Argon/oxygen blends are also used to achieve spray arc welding.

· Typically a 98 /2 Argon/oxygen mix is used; or if you want to be a little more conservative cost-wise you may go to a 90/10 Argon/ CO2 mix. 
· The addition of oxygen to argon adds to the heat of the weld and the weld puddle is more fluid.  This allows for better wash in and also increases the travel speeds of the operator.  It produces a shallower but adequate penetration profile to the weld in comparison with an Argon/CO2 mixture.

	Slide # 144: GMAW - Shielding Gases

STT Arc Transfer
	· One of the criteria needed to achieve a specific type of transfer in the different modes of metal transfer used in GMAW is the shielding gas.

· Shielding gas is used to displace atmosphere from the weld zone to prevent contamination of the weld puddle by oxygen, nitrogen and hydrogen.  Argon, Helium and Carbon Dioxide are the principle shielding gases used in GMAW.  Each shielding gas has distinctive individual performance characteristics.  These gases are often mixed to improve overall welding characteristics.

· For short circuit, globular and STT welding, CO2, and 75/25 are the most common gases used.  

· CO2 is less expensive and produces a weld that has a deeper broader penetration profile.  

· 75/25 has 75% argon and 25% carbon dioxide.  The addition of argon adds specific advantages that include less spatter, lower smoke levels, and a more fluid weld puddle that wets out better.  Thus, producing a flatter shinier weld bead.

	Slide # 145: GMAW - Shielding Gases

Pulse Arc Transfer
	· For spray arc and pulse spray welding, higher contents of argon are needed.

· As a minimum, there needs to be at least 80% argon in the shielding gas to be in a true spray or pulse spray metal transfer. 

· The higher the content of argon, the more fluid the puddle and better wash in.  

· Faster travel speeds can be achieved as the amount of argon is increased.

· A 90 % or better Argon mix is commonly used as illustrated by the second example here of: Argon + 3 to 10% CO2. 

	Slide # 146: GMAW - Shielding Gases

Low Alloy Wires
	· When welding using a low alloy wire, higher percentages of argon are used because argon is an inert gas.

· This means that argon does not form chemical reactions in the heat of the arc.  Therefore, it does not interfere or react with the alloys put into the wire that are there to achieve strength and other mechanical properties.  

· To stay in the short circuit mode, 75/25 is used and higher percentages of argon, at least 80% are used for spray arc welding. 

	Slide # 147: Gas Metal Arc Welding

Summary
	· Summary title slide.

	Slide # 148: Gas Metal Arc Welding 
	· GMAW welding has grown tremendously in popularity due to all of its advantages.

· It has become the most popular arc welding process in North America.

· It is easy to train welders.

· It is relatively low-cost. 

· It is a clean process because there is no slag to clean up and there is little to no spatter depending on the type of metal transfer chosen.

· It is possible to weld on both non-ferrous and ferrous metals with the gas metal arc process.

· Depending on the type of metal transfer, a variety of plate thicknesses can be welded; by carefully choosing the mode of transfer, you can weld anything from thick material down to very thin material.

· All welds are low hydrogen in deposit.  

	Slide # 149: The GMAW Process - Basics
	· Gas metal arc welding is a process in which a consumable solid steel electrode is fed continuously from a wire feeder through a gun to produce a welding arc. 

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

· The power source used is constant voltage and the wire feeder is a constant speed wire feeder.  

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

· DC+ polarity is generally always used.

	Slide # 150: GMAW - Spatter Voltage
	· Spatter voltage video.

	Slide # 151: GMAW - Contact Tip Position
	· The placement of the contact tip is also an important consideration when wire feed welding and GMAW welding.

· The contact tip provides a means to transmit welding current to the solid GMAW wire.

· The contact tip is made of copper, which has great electrical conductivity.  

· As the wire touches the contact tip, it picks up welding current.

· Proper placement of the contact tip is highly dependent on the mode of metal transfer.  

· For short circuit welding or STT welding, the contact tip should be flush or slightly extended about 1/8”.

· For spray arc and globular welding, the tip should be recessed inside the nozzle about 1/8” to prevent the wire from burning back or fusing to the contact tip.

· Different nozzles are available to aid in proper contact tip position.  Slip on nozzles allow the nozzle to be adjusted to make the contact tip flush, recessed or extended from the nozzle.  Fixed nozzles are not moveable.  Specific fixed nozzles are available for short arc, STT and globular and spray arc welding.   

	Slide # 152: Electrical Stick-out vs Visible Stick-out
	· Wire feed speed, voltage, and travel speed are the primary variables involved in all wire feed welding.  

· Wire feed speed is directly proportional to amperage in short circuit, globular and spray arc welding.  It determines deposition rate and penetration.  

· Voltage determines weld bead shape.  

· Travel speed determines weld bead size.  

· An equally important but less considered variable is electrical stick out, or e.s.o.  

· Electrical stick out is the distance from the end of the contact tip to the end of the wire or the length of wire that extends beyond the contact tip.  

· Changes of e.s.o. results in a change of electrical characteristics of the wire.

· As electrical stick out increases, the welding current is decreased that is required to melt the electrode.  This serves to increase the deposition rate for a given current level.  It can be useful when bridging gaps or compensating for mismatch.  

· As the electrical stick out is decreased, the welding current is increased.  This serves to decrease the deposition rate for a given current level.  

· It is important to maintain proper e.s.o. according to the type of metal transfer.  

· Electrical stick out for short circuit welding and STT should be around ¼” – ½”, and for globular, pulse spray and spray arc welding, it should be ¾” – 1”.

· Too little eso can cause the wire to weld to the contact tip and develop porosity in the weld.

	Slide # 153: GMAW - Travel Angle
	· Welding gun angle can also affect the weld bead profile. 

· This is a topic of great debate.  The travel angle should be about 25º.  Angles greater than 25º produce unstable arcs and greater weld spatter.

· The three possible techniques are welding with a push angle, a drag angle/backhand or perpendicular.

· Pushing the gun in the direction of travel has several advantages and is the recommended procedure by Lincoln Electric.

· Pushing the gun over top of the weld ensures excellent gas coverage over the entire length of the weld.  It also allows for shallower but adequate penetration.  The bead profile tends to be flatter and there is less chance of undercut because the concentrated heat is directed away from the weld puddle.  

· Dragging the gun produces better penetration.  The arc tends to preheat the base metal in order to achieve this.  A narrower bead with a “hat” is also produced.

· Holding the gun perpendicular, produces the shallowest penetration bead profile with a “hat” cap.  This angle also makes it difficult to see the weld puddle while welding. 

	Slide # 154: GMAW - Bead Initiation
	· In GMAW welding, as in all arc welding, arc starts are a critical part of the weld..  

· In GMAW welding, the way to start the arc is by pulling the trigger on the GMAW gun handle.  

· Once the arc is started, the proper stickout of the filler wire from the GMAW gun allows the heating of the base material and a weld puddle to form.  

· Once a U or V shaped circle of molten weld puddle forms, then it is time to proceed down the joint.  

· As U or V shaped ripple are formed and the weld metal wets in at the toes of the weld, then this travel speed should be maintained.

	Slide # 155: GMAW - 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 that is shown in the bottom part of the picture.  

· Occasionally, it will be necessary to weave a small amount back and forth.  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.

	Slide # 156: GMAW - Bead Termination
	· Welding termination involves more than simply letting go of the trigger on the gun and stopping the weld.

· A crater forms 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.  

· To prevent crater cracks, a common practice is to do something similar to a back-step (e.g., moving back over the last few inches of a weld to end the crater on top of a previously welded section and prevent crater crack).

· This fills up the crater before terminating the weld.

· By holding the gun at the crater following the release of the gun trigger, 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.

· Some wire feeders have a crater fill feature that causes the current to slowly ramp down along with wire feed speed after the gun trigger is released at the end of the weld.  This slowly fills the crater and helps to prevent cavities and crater cracks.

	Slide # 157: 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 # 158: 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 # 159: Gas Metal Arc Welding

Definitions
	· Definitions title slide.

	Slide # 160: Alternating Current
	· All gas metal arc welding is done using DC+ polarity.  

· However, 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.

	Slide # 161: 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.   DCEN is not used for gas metal arc welding but is used in other welding processes. 

	Slide # 162: 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 gas metal arc welding.

	Slide # 163: 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.

	Slide # 164: 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.

Not recommend for Flux Cored Arc Welding.

	Slide # 165: 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 Metal Arc Welding
	· GMAW welding has grown tremendously in popularity due to all of its advantages

· It has become the most popular arc welding process in North America.

· It is easy to train welders,

· It is relatively low-cost,  

· It is a clean process because there is no slag to clean up and there is little to no spatter depending on the type of metal transfer chosen.

· It is possible to weld on both non-ferrous and ferrous metals with the gas metal arc process

· Depending on the type of metal transfer, a variety of plate thicknesses can be welded; by carefully choosing the mode of transfer, you can weld anything from thick material down to very thin material.

· All welds are low hydrogen in deposit.  


Application/Practice Suggestions



Additional application points

	1. Laboratory Application
	· Students should be given hands-on time to practice all of the modes of metal transfer discussed

	2. Laboratory Application
	· Students should be given hands-on time to “experience” each of the power sources, welding guns, 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 and the various metal transfer processes discussed

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