OXYFUEL GAS CUTTING AND OXYFUEL GAS WELDING LESSON PLAN

COURSE: Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering Processes and Related Knowledge
UNIT: Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering







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, oxyfuel gas welding, cutting, brazing, and air fuel soldering equipment and accessories, oxyfuel gas supply systems and accessories, as well as of the work area.

2.
Will make minor external repairs to manual oxyfuel gas welding, cutting, brazing, and air fuel soldering equipment and accessories, and gas equipment and accessories.

3.
Will understand how to set up and prepare to perform oxyfuel gas welding, cutting, brazing, and air fuel soldering operations on plain carbon steel.

4.
Will perform manual oxyfuel gas welding, cutting, brazing, and air fuel soldering 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, manual oxyfuel gas welding, cutting, brazing, and air fuel soldering equipment and accessories, a gas supply with equipment and accessories, 


2. repair materials, equipment or tools,


3. ER70S-X (plain carbon steel), and the appropriate base metal, 


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, manual oxyfuel gas welding, cutting, brazing, and air fuel soldering equipment and accessories, oxyfuel gas supply systems 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 oxyfuel gas welding, cutting, brazing, and air fuel soldering equipment and accessories, and gas equipment and accessories in accordance with the manufacturer’s recommendations and the industry’s repair policy.


3. The trainee will select the proper hand tools, equipment, base metal, gas, and filler metals.  


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

5. The trainee will complete an oxyfuel gas weld, cut, braze, and solder using appropriate principles of operation, common process variables, filler metal (where applicable), and an oxyfuel gas supply as required by the welding assignment.
LEARNING CENTER: Harris Calorific 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: Compressed Gases
EQUIPMENT, MATERIALS AND OTHER RESOURCES NEEDED:

· Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering Equipment
· Cut Consumable Wire
· OFC Torch and Hoses
· Oxyfuel Gas Supply Kit and Cylinders
· Tools:  Wire Cutters, Pliers, Vice Grips
· Consumables:  Base Metal, Filler 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 and cuts showing different base metals 
· 

3. Examples of filler metal to pass around
· 

4. Video on oxyfuel gas welding, cutting, brazing, and air fuel soldering processes
· 

Introduction: 

(Place questions and student responses on the chalkboard)

“Today we are going to learn/experience some important things about Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering.”

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 an oxyfuel gas procedure.

d. I never thought about the process before, I just lit the torch and welded or cut. It is no wonder that I wasn’t very good.

Q2.  What problems have you had when you tried to use Oxyfuel Gas Welding, Cutting, Brazing, or Air Fuel Soldering Equipment?

         

(Possible student responses)



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



b.  I have never been able to get complete fusion with Oxyfuel Gas Welding.



c.  I never know what to adjust first with the Oxyfuel Gas 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 OFW, OFC, OFB, and AFS processes, 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 OFW, OFC, OFB, and AFS 

                           problems.



d.  How do you decide which thing to do?

“ To give us some experience with Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel   

  Soldering, we’re going to take a look at the OFW, OFC, OFB, and AFS processes.”  

Presentation Outline





Additional Presentation Points

Slide # 1: Oxyfuel Gas Welding & Cutting

OFW & OFC
· Oxyfuel is a group of processes that use heat generated as a result of the combustion of a mixture of oxygen and a combustible gas.  

· Oxy-acetylene is the most commonly used oxyfuel process for welding.

· The flexibility and mobility provided by oxy-acetylene welding allow its use in all metalworking industries.

· Oxyfuel welding is primarily used for maintenance, general fabrication, and repair work.

Slide # 2: What is OFW?
· OFW is the AWS name used by the American Welding Society for Oxyfuel Gas Welding.

· The process requires both oxygen and one of several fuel gases.

· The OFW process uses tanks, regulators, hoses and torches. In addition, the operator requires a welding mask with protective shield, a flint lighter to light the torch, a tank wrench to turn gas supplies on & off, and an assortment of tip cleaners to keep equipment in good working condition.

Slide # 3: Oxyfuel Gas Welding 
· This is the American Welding Society (AWS) definition for the Oxyfuel Gas Welding process.

· This process produces a coalescence of workpieces that is achieved by heating them with an oxyfuel gas flame.

· OFW can be done with or without the application of pressure and with or without the addition of filler metal.

Slide # 4: Advantages
· There are several advantages to OFW.

· The relative cost of the equipment is low.

· No electricity is required for this process.

· Can be used for welding in all positions because no electrical cables are required and the operator has precise control of the process. 

· This process is also extremely portable.   

Slide # 5: Advantages
· Can be used on both thick and thin materials, which makes it a very versatile process. 

· Very clean, producing no slag or spatter that must be removed from the weld.

· Produces high quality welds when done properly.

Slide # 6: Limitations
· There are several limitations to OFW.

· The materials that can be welded are limited primarily to ferrous materials.

· Can create a “Hot Zone”, fire hazard, because of the sparks and flame generated in the welding process.

· Requires the handling of high pressure gases. 

Slide # 7: Limitations
· The combination of oxygen with a fuel gas creates the potential for flashbacks and backfires.

· The process can often be slow when compared to other types of welding processes.
· Can only weld with oxy-acetylene or oxy-MAPP.

Slide # 8: What is OFC?
· OFC is the AWS name used by the American Welding Society for Oxyfuel Gas Cutting.

· The process requires both oxygen and one of several fuel gases.

· The OFC process uses tanks, regulators, hoses and torches. In addition, the operator requires a welding mask with protective shield, a flint lighter to light the torch, a tank wrench to turn gas supplies on and off, and an assortment of tip cleaners to keep equipment in good working condition.

Slide # 9: Oxyfuel Gas Cutting
· This is the American Welding Society (AWS) definition for the Oxyfuel Gas Cutting process.

· In this process, heat from an oxyfuel flame brings the base material to kindling temperature and maintains this temperature so that the severing of the material is achieved by the oxygen cutting jet.  

Slide # 10: Advantages
· There are several advantages to OFC.

· No electricity is required for this process.

· Can be used for cutting in all positions.

· Because no electrical cables are required, this process is extremely portable.  

· The relative cost of the equipment is low.. 

Slide # 11: Advantages
· Can be used on both thick and thin materials, which makes it a very versatile process. 

· A process that is easily adaptable for use underwater. 

· Requires moderate level of operator skill.

Slide # 12: Limitations
· There are several limitations to OFC.

· The materials that can be severed are limited primarily to ferrous materials.

· Additional operator protection is necessary due to increased hazards associated with the process like sparks and falling objects.

· Can create a “Hot Zone”, fire hazard, because of the sparks generated by cutting.

Slide # 13: Limitations
· Requires the handling of high pressure gases.

· The combination of oxygen with a fuel gas creates the potential for flashbacks and backfires.

Slide # 14: Oxyfuel Gas Welding Cutting

Safety

(Ask, “Why is safety important in cutting and 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 Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering.

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

Slide # 15: Safety


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

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

· As with any career, you must dress the part.  While using the OFW process, the heat of the flame can reach temperatures in excess of 5,000( F as well as emit ultraviolet/infrared radiation.

· Protective clothing must be worn at all times that provides coverage from burns from sparks/flame, and also from UV/IR 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 spark/flame.

· Leather gauntlet-type welding gloves must be worn when performing any type of oxyfuel gas welding or cutting to protect hands against hot metal and the ultraviolet/infrared rays. 
· Caps and welding helmets should also be worn to protect your head and face.

· Leather boots are also a great idea to protect your feet from hot metal. (Preferably with steel toes.)
· Eyes are delicate and can be easily burned by the ultraviolet/infrared rays. This causes extreme discomfort, and potentially 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 eyes from flying particles.
· Never look directly at the flame without the correct shaded lens.  How to appropriately choose a lens shade will be discussed during this presentation. 

· Welding shields or goggles provide eye and face protection for welders from ultraviolet/infrared radiation. 
· Ear protection is necessary to prevent hearing loss from noise and 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 welding shops or work areas.  Not unlike your eyes, damage to the ears can occur from overexposure and is cumulative damage.

· General arc welding safety will be discussed next.  OFW, OFB, AFS, and OFC will be highlighted, but an overview of safety concerns for all other arc welding processes will be included because this process is often utilized in conjunction with the other arc welding processes.

Slide # 16: Eye & 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, brazing, soldering, or cutting.

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

· Although no arc is created when OFW, OFB, AFS or OFC, many of the same safety principles apply because these processes do emit low levels of UV/IR radiation that can be damaging over time if the incorrect safety precautions are taken.

· 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 and help to diminish arc radiation.

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

· 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 or hot metal).

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

· Flying sparks and weld spatter, especially during out-of-position welding where weld metal may enter the ear canal and cause painful burns. 
· Earmuffs are less commonly used than earplugs due to their bulkiness.

Slide # 17: Headgear

(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 designed to be 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 flame through a window that is either 2 x 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 # 18: AWS/ANSI Lens Shade Numbers


· Filter plates come in varying shades.

· The shade required depends on the maximum amount of amperage to be used and is process specific.

· This illustration is taken from an AWS/ANSI Lens Shade number chart.  ANSI is the American National Standards Institute and sets many safety regulations. 
· 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.
· The recommended shade number for OFC is 4-5.  The recommended shade number for OFW is 5-6. 
· To determine the correct shade to use, start with the darkest shade number. If it is difficult to see the flame, reduce the shade number by one and so on until the appropriate shade is found to provide both shielding and visibility of the oxyfuel flame.
· However, you should not be below the minimum recommend level. If this is the case, you should consult a physician before continuing to work.

Slide # 19: Optional Covering
· 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.

· Fire retardant clothing designed specifically for welding may be used in the place of leathers for some applications.

Slide # 20: Proper Attire 


· Just as in any profession, you should dress the part.  

· Some general safe practices with clothing include: 

· Don’t 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/flame.

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

· In Oxyfuel Gas Welding, Brazing, Soldering, and Cutting there are no sparks and no spatter, but precautions for them are included in safety because they are a concern in all other arc welding processes.

Slide # 21: General Welding Safety Overview 

(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 Oxyfuel Gas Welding, Brazing, Soldering, and Cutting as well as arc welding in general.

· 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. Although this is not a major concern in OFW, OFB, AFS or OFC, it must be considered in arc welding processes.
· The fume plume contains solid particles from the consumable and base material.  Most side effects from these elements are temporary, and 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.  

· 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.  Welding hoods or source capture systems provide high volume extraction of smoke and fumes from the weld area.

· 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.  Overhead hoods capture most of the fumes only after they have passed through the breathing zone of the operator.

· 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 and crack the valve open to prevent dirt from entering the regulator.  Only open the cylinder valve when standing on the side opposite of the valve. 

Slide # 22: Electrical Hazards

Indirect
· Electrical shock is a serious risk for welders although it is not of concern in OFW, OFB, AFS, or OFC.

· Electrical shock can be from primary/secondary voltage.

· 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. 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.

· 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.

· Gases, dust and fumes caused by arc welding can be hazardous if the appropriate safety precautions are not observed.  Proper ventilation is essential for welder safety.

· Contact with these voltages can cause extreme shock and possibly death.

· 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 in the work area and for the welder.  Never weld with wet gloves.  

Slide # 23: Fumes & Gases
· Gases, dust and fumes caused by arc welding can be hazardous if the appropriate safety precautions are not observed.

· Metals heated during OFW, OFB, AFS, and OFC 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.  Source capture systems provide similar smoke extraction capabilities, but extractors are positioned near the fume plume.

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

· The 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 # 24: Radiation – UV, IR, & Visible


· Arc radiation is not produced when OFW, OFB, AFS and OFC, but is a consideration for safety in arc welding processes.  

· 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, such as woolen fabrics, lightweight flame retardant fabrics 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.  

Slide # 25: 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.  

Slide # 26: Compressed Gas Hazards

Cylinder    
· 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. 

· Keep the cylinder out of the direction of the spark zone, and never allow the electrode to strike the cylinder.   

· Compressed gas is extremely explosive.

Slide # 27: General Hazards in Work Area
· Keep power source cables, welding materials and tools neatly organized.  Clutter can cause potential hazards such as fires, etc.

· 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.

· Connect work cable as close as possible to the weld area and use only properly grounded equipment

· Always disconnect power to arc welding equipment before servicing.  Remember, not only to turn off the power source, but also turn off the primary incoming power.

Slide # 28: Safety Video
· General Welding Safety Video

Slide # 29: Oxyfuel Gas Welding & Cutting

Principles of the Processes
· There are a number of principles to consider when Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering.

Slide # 30: Principles of the OFW Process
· Gas welding is defined by the American Welding Society as a group of welding processes wherein coalescence is produced by heating with a gas flame or flames with or without the application of pressure, and with or without the addition of filler metal.  

· Gas welding involves the melting of the base metal and a filler metal (if used) by means of the flame produced at the tip of a welding torch.  The molten metal from the plate edges and the filler metal (if used) intermix in a common molten pool. Upon cooling, they coalesce to form one continuous piece.

· Gas welding is a method of joining steel by heating the surfaces to be joined to the melting point and allowing the two parts to fuse together.  A filler rod may be added where required.  Generally, filler metal is used on all material of 3/16” or greater thickness.  

Slide # 31: Principles of the OFC Process 
· Oxygen flame cutting is a chemical reaction that occurs between the steel and cutting oxygen stream.    

· Almost every known element will burn when heated to its kindling temperature and combined with oxygen.

· The kindling temperature of steel is approximately 1600*F depending upon its alloy content. At this temperature, the oxygen combines with the iron to form iron oxides.  This is the burning process.

· Although 87% oxygen purity is sufficient to cut steel, commercial oxygen is now uniformly available at a purity of 99.9%.  The quality of the oxygen is vital to cutting speeds. If oxygen quality were to slip off standard, cutting speeds would materially decrease.  The iron oxides formed by the combination of the oxygen stream and the preheated metal becomes the slag, which is removed through the kerf.  The chemical reaction generates considerable heat, which is an exothermic reaction.  

· Cutting speeds are dependent on two considerations:  

· The torch can only travel as fast as it is able to maintain the steel under it at ignition temperature.  Traveling too fast can result in “losing the cut.”  However, on thicker plate, the speed limitation is not preheat, but in the ability to remove all the slag from the kerf.  Too rapid movement can result in a “drag” and considerable dross adhering to the underside of the metal.

· Severing metal by the oxyfuel process is possible because of the reaction of the metal to oxidation.

· When carbon steel is exposed to various atmospheric conditions, a reaction known as rusting (oxidation) takes place.  This rusting is simply the result of oxygen in the air uniting with the metal, causing it gradually to break down and wear away.  This action is very slow.

· If the metal is heated and permitted to cool, heavy scales form on the surface.  This shows that iron oxidizes form much faster when subjected to heat.     

· If a piece of steel were to be heated red hot and dropped in a vessel containing oxygen, a burning action would immediately take place.  
· This is how the oxygen cutting torch does its job.

Slide # 32: Which Fuel Gas?
· Oxy-acetylene stands alone as the best gas for welding.

· Its excellent combustion intensity creates a welding “puddle” faster than other gases, and allows the operator to manipulate the molten metal both rapidly and easily. 

· The most important feature is the uncontaminated weld produced by oxy-acetylene.  It takes two parts of oxygen to burn one part of acetylene, but the customer only purchases 1.1 parts oxygen to 1.0 part acetylene.  The additional 0.9 parts oxygen is supplied from the atmosphere.

· Because oxy-acetylene consumes all atmospheric oxygen surrounding the weld area, the weld itself is uncontaminated and of maximum tensile strength.  This is not possible with the other fuel gases, with the only exception being MAPP if specially deoxidized materials are used and combined with slower production rates.

· Acetylene is the most commonly used gas for oxyfuel  welding, brazing and cutting.  However, other types of combustible gases are used for this process.

· Two other gases that may be used in oxyfuel welding, brazing and cutting are MAPP gas and hydrogen.

· Hydrogen is used in oxyfuel welding when a low-temperature flame is desired.

· Hydrogen is often used as the fuel gas when oxyfuel welding thin sections of metal such as aluminum.

· Oxy-hydrogen welding is also used for underwater welding since it can be used at higher temperatures than acetylene. 

· Since the oxy-hydrogen flame is non-luminous, it is often difficult to adjust for a neutral flame without the proper type of equipment.

· Methylacetylene-propadiene stabilized gas (MAPP) has similar physical properties to acetylene, but lacks the shock sensitivity found with acetylene.

· MAPP gas results when the molecular structures of acetylene and propane are rearranged.  The resulting compound creates a stable fuel that still has a flame temperature comparable to that of acetylene.

· To use MAPP gas for welding, the fuel-to-oxygen ratio must be increased in order to raise flame temperature.  

· Deoxidized filler metal must be used when welding with MAPP gas to produce a sound weld.
· A slightly larger welding tip is used when welding with MAPP gas and the neutral flame produced by this gas has a slightly longer inner cone than does oxy-acetylene.

· MAPP gas may be stored in lighter cylinders than acetylene due to its reduced sensitivity to shock.

Slide # 33: Fuel Gas Characteristics
· Fuel gas characteristics for some commonly used gases are discussed in this slide.

· Acetylene has a neutral flame temperature of 5620°, an Oxygen fuel combination ratio of 1.0:1, a BTU per cubic foot rating of 1470, and a burning velocity in Oxygen of 22.7 ft./sec.

· MAPP has a neutral flame temperature of 5270°, an Oxygen fuel combination ratio of 3.0:1, a BTU per cubic foot rating of 2400, and a burning velocity in Oxygen of 15.4 ft./sec.

· Propylene has a neutral flame temperature of 5190°, an oxygen fuel combination ratio of 3.0:1, a BTU per cubic foot rating of 2370, and a burning velocity in Oxygen of 15.0 ft./sec.

· Propane has a neutral flame temperature of 5090°, an Oxygen fuel combination ratio of 4.0:1, a BTU per cubic foot rating of 2563, and a burning velocity in Oxygen of 12.2 ft./sec.

· Natural gas has a neutral flame temperature of 5010°, an Oxygen fuel combination ratio of 2.0:1, a BTU per cubic foot rating of 1000, and a burning velocity in Oxygen of 15.2 ft./sec.

Slide # 34: Fuel Gas Characteristics

Continued
· Other fuel gas characteristics of commonly used fuel gases are discussed in this slide.

· Acetylene has a flammability limit in Oxygen of 3-93%, a flammability limit in air of 25-80%, and a specific gravity of 0.91.   

· MAPP has a flammability limit in Oxygen of 25-60%, a flammability limit in air of 3.4-10.8%, and a specific gravity of 1.48.   

· Propylene has a flammability limit in Oxygen of 25- 60%,a flammability limit in air of 20-11.1%, and a specific gravity of 1.45.   

· Propane has a flammability limit in Oxygen of 24-57%, a flammability limit in air of 23-9.5%, and a specific gravity of 1.56.   

· Natural gas has a flammability limit in Oxygen of 5-59%, a flammability limit in air of 5.3-14%, and a specific gravity of 0.56.   

Slide # 35: Fuel Gas Characteristics

Continued
· Additional fuel gas characteristics of commonly used fuel gases are discussed in this slide.

· Acetylene has 14.60 cu. ft./lb. in its gaseous form.

· MAPP has 4.80 lb./gal. in its liquid form, 8.85 cu.ft./lb. In its gaseous state, and 43.50 cu.ft./gal. in its liquid form.

· Propylene has 4.80 lb./gal. in its liquid form, 9.00 cu.ft./lb. in its gaseous state, and 43.50 cu.ft./gal. in its  liquid form.
· Propane has 4.35 lb./gal. in its liquid form, 8.66 cu.ft./lb. in its gaseous state, and 43.00 cu.ft./gal. in its liquid form.

· Natural gas has 4.28 lb./gal. in its liquid form, 23.60 cu.ft./lb. in its gaseous state, and 37.00 cu.ft./gal. in its  liquid form.

Slide # 36: Oxyfuel Gas Welding & Cutting 

Equipment

(If possible, have an OFC and OFW setup in the room to demonstrate key components and allow students to touch and feel.)
· An OFW or OFC setup consists of a number of components.

· There are two pressure regulators (one for oxygen and one for fuel gas) to monitor the flow of both oxygen and whichever fuel gas is being used.

· Gas hoses connect the cylinders of oxygen and fuel gas from the regulators to the torch body.  Both welding and cutting setups have two lengths of hose (one red for fuel gas and the other green for oxygen). 

· The torch assembly consists of the torch body and the mixer.

· The mixer mixes the oxygen and fuel gas in the torch into the correct ratio.

· Depending upon the desired process (OFW or OFC), either welding or cutting tips will attach to the torch body.

· The welding apparatus consists of a torch with an assortment of different-sized tips, which depend upon the thickness of material to be welded.  

· The cutting apparatus has a torch with a cutting head and various sized cutting tips, which depend upon the thickness of material to be cut.

· Filler metal is an optional component during OFW.

· A striker is a safe way to create a spark to ignite the oxygen fuel mixture. 

· Appropriate goggles/welding masks are important to protect the operator’s eyes from ultraviolet radiation.     
· In addition, there are two cylinders, one containing acetylene (or other fuel gas) and the other oxygen.  Cylinders are typically chained to a two-wheel hand truck to permit moving the equipment to a desired location.  If the cylinders are positioned near the work area, they should be chained to a fixed object.

Slide # 37: Cylinders

Oxygen Cylinder & Acetylene Cylinder


· There are numerous sizes of oxygen and fuel gas cylinders that can be used in OFC and OFW.

· The sizes of cylinders are based on the cubic feet of gas they contain or the weight of fuel in the container.  The three common sizes of oxygen cylinders are 300, 100, and 60 cu. ft.  
· Acetylene cylinders are made to hold 244, 122, and 80 cu.ft.

· While propane and other alternate fuels come in sizes of 7.5, 10, 20, 33 and 100 lb. cylinders.

· Cylinders are equipped with a safety pressure relief valve to permit the gases to drain slowly in the even that heat raises the pressure beyond the safety load of the cylinder.  Since gases expand when heated and contract when cooled, the safety device is a must.

· Cylinders are designed with a high-pressure valve on the top of the cylinder that may be opened by turning the handwheel on the top of the cylinder.  The hand wheel should be opened slowly by hand and turned to the full open position.

· The pressure in a full cylinder of oxygen is about 2200 psi at 70 ( F.  In a full cylinder of acetylene, pressure is about 250 psi at 70 ( F.  Oxygen must be supplied to welding and cutting torches at pressures ranging downward from about 50 psi to 5 psi.  Acetylene is supplied at pressures of 15 psi or less.
· Tested to a water pressure of 3360 psi, oxygen cylinders are fabricated from seamless drawn steel.  A protector cap attaches on the neck ring of the cylinder and should be kept in place when the cylinder is not in use.

· Acetylene cylinders are packed with porous material that has been saturated with acetone.  Acetone has the unique capability of that it can dissolve and absorb large quantities of acetylene at pressures under 15 psi without changing the nature of the gas. 

· Acetylene cylinders have a fusible plug on the bottom that will melt and relieve pressure if the cylinder is subjected to excess pressure or heat.

· The cylinder valve has an installed valve handle that is used to open the cylinder.  
· NOTE: Acetylene cylinder valves should only be opened approximately one to one and a half turns so that they may be closed quickly in emergency situations.

Slide # 38: Oxygen Cylinder Valve

CGA # 540


· The flow of oxygen from the cylinder is controlled by a high-pressure valve, which is opened and closed by turning a hand wheel.  

· The hand wheel must be turned slowly to permit a gradual pressure load on the regulator.  

· The valve hand wheel should always be opened by hand and not with a wrench.  If a valve cannot be opened by hand, use a T-wrench.

· On an oxygen cylinder, the valve hand wheel is turned to the full open position.  Doing this provides a seal to reduce leakage from the valve.

· When using the cylinder to weld or cut, do not allow grease or oil to come in contact with cylinder valves.   Oxygen by itself nonflammable.  However, it quickly enhances combustion if exposed to flammable materials.

· Before moving cylinders, be sure to shut off the cylinder valves.

· Do not attempt to repair or otherwise tamper with cylinder valves.  

· Remember to keep valves closed on empty cylinders and cover the cylinder valves with valve protector caps when the cylinders are not in use.

Slide # 39: Acetylene Cylinder Valves 

CGA # 510 & CGA # 300


· The cylinder valve on some acetylene cylinders is opened with a special wrench and on others with a hand wheel.  

· The valve should be opened not more than three-quarters of a turn to one turn.  This slight opening is more advisable since it permits closing of the valve in a hurry in case of an emergency.

· Always leave the cylinder wrench in position on the valve stem so that the acetylene cylinder can be turned off quickly if the situation requires.

· The cylinder valve is opened with an installed valve handle.  

· Do not allow grease or oil to come in contact with cylinder valves.  

· Shut off cylinder valves completely before moving cylinders.

· Do not tamper with or attempt to repair cylinder valves.  If valves leak or do not function properly, notify the supplier immediately.

· Keep valves closed on empty cylinders

· Do not use a hammer or wrench to open cylinder valves.  If they cannot be opened by hand or with a T-wrench, notify the supplier.

Slide # 40: Acetylene Cylinder Valves - Linde (Presti-lite)
CGA # 510
· Always leave the cylinder wrench in position on the valve stem so that the acetylene cylinder can be turned off quickly if the situation requires.

· The cylinder valve is opened with an installed valve handle.  

· Do not allow grease or oil to come in contact with cylinder valves. Shut off cylinder valves completely before moving cylinders.

· Do not tamper with or attempt to repair cylinder valves.  If valves leak or do not function properly, notify the supplier immediately.

· Keep valves closed on empty cylinders

· Do not use a hammer or wrench to open cylinder valves.  If they cannot be opened by hand or with a T-wrench, notify the supplier.

Slide # 41: Alternate Fuel Cylinder Valves

CGA # 510

Note: Similar tanks/valves used for the other Alternate Fuel gases like propane, MAPP, propylene, etc.


· The cylinder valve is opened with an installed valve handle.  

· Do not allow grease or oil to come in contact with cylinder valves. Shut off cylinder valves completely before moving cylinders.

· Do not tamper with or attempt to repair cylinder valves.  If valves leak or do not function properly, notify the supplier immediately.

· Keep valves closed on empty cylinders

· Do not use a hammer or wrench to open cylinder valves.  If they cannot be opened by hand or with a T-wrench, notify the supplier.

Slide # 42: OFW & OFC Equipment Components
· A welding or cutting equipment setup consists of a torch handle, a cutting attachment, assorted welding and cutting tips, two gas hoses: green hose for oxygen and red hose for fuel gas, two pressure regulators, and two cylinders: one containing oxygen and one containing acetylene (or other combustible gas).

· Cylinders are often chained to a two-wheel hand truck to allow movement of the equipment to a desired location.

·  An OFW (OFB, AFS) or OFC setup consists of a number of components.

· There are regulators to monitor the flow of both oxygen and whichever fuel gas is being used.

· Gas hoses connect the cylinders of oxygen and fuel gas from the regulators to the torch body. 
· The torch assembly consists of the torch body, the mixer that mixes the oxygen and fuel gas in the torch.

· Depending upon the desired process (OFW, OFB, AFS, or OFC), either welding or cutting tips will attach to the torch body.

· Filler metal is an optional component during OFW, and generally used in OFB and AFS.

Slide # 43: Regulators 
· Oxygen and fuel gas regulators are fastened to the cylinders to reduce cylinder pressure to working pressure (suitable for welding or cutting) and to maintain the working pressure at a constant value.

· Regulators also produce a steady flow of gas under varying cylinder pressures.

· Most oxygen and fuel gas regulators have two gauges.  

· They are equipped with a cylinder pressure gauge, indicating actual pressure in the cylinder, and a working pressure gauge, which shows the pressure at the torch.

· An adjusting screw regulates gas flow from a cylinder.  This screw must always be released before a cylinder valve is opened.  Otherwise, when opened, the tremendous pressure of the gas in the cylinder is forced into the regulator.  This may damage the regulator’s working components.  Releasing the adjusting screw also reduces the heat of compression.

· Oxygen cylinder pressure may be as high as 2200 psi, while working pressure ranges from 1 – 50 psi.

· Acetylene cylinder pressure may be as high as 250 psi, with working pressure ranges between 1 –12 psi.

· As the cylinder pressure changes, the regulator must maintain the proper working pressure changes.  If the oxygen in the cylinder is under a pressure of 1800 psi and a pressure of 6 psi is needed at the torch, the regulator must maintain a constant pressure of 6 psi regardless of whether the cylinder pressure drops.

· The oxygen cylinder pressure gauge has a graduated scale that ranges up to up to 4000 psi for most regulators.  

· A second scale on the gauge is calibrated to register the contents of the cylinder in cubic feet.

· The oxygen working-pressure gauge is graduated in divisions from 0 psi to 60 psi for most common uses.

· The working-pressure gauge for acetylene is graduated in divisions from 0 psi to 30 psi and is usually marked with a warning color above 15 psi. 

· The acetylene cylinder pressure gauge is graduated up to either 350 psi or 400 psi depending upon the manufacturer. 

Slide # 44: OFW Equipment 

Combination Torch
· The welding torch mixes fuel gas and oxygen in correct proportions and facilitates the flow of the mixture to the tip.

· The two most used types of torches are the equal (positive) pressure and the injector (low pressure) torch. 

· The equal (positive) pressure torch requires fuel gas pressures of 1-12 psi.  

· Injector torches use fuel gas at very low pressures in the range of 0-2 psi.

· Generally, injector style torches are associated with using alternative types of fuel gas to acetylene.

· The oxygen and fuel gas is fed independently to a mixing chamber in the equal pressure torch. 

· After mixing, the gases flow out through the tip. 

· In an injector torch, oxygen passes through an opening in the injection nozzle and draws the fuel gas into the oxygen stream via a venturri effect.   

· Both types of torches are equipped with two needle valves: one to regulate oxygen flow and the other to regulate fuel gas flow.  The base of the torch has fittings to connect the oxygen (right hand thread) and fuel gas (left hand thread) hoses. 

· OFW enlists the use of a combination welding torch with mixer and welding tip for the desired thickness to be welded.

Slide # 45: OFC Equipment

Combination and Straight Cutting Torches
· A cutting torch (used when cutting or piercing metal) will meter the mix of oxygen and fuel gas required for the preheat flames in the same way as a welding torch.  

· It will also control the stream of oxygen required for the cutting jet.  

· A cutting attachment is a scaled down version of a cutting torch.  It can be directly connected to a welding torch handle instead of using a welding head.

Slide # 46: Torch & Cutting Valves
· The key parts of a welding torch are: valves to control the flow of oxygen and fuel gas (each inlet has a valve); a mixer through which the gases pass; and a mixing chamber into which the gases are allowed to expand and mix after leaving the mixer.

· These gases then leave the torch through the tip.

· The torch/cutting valves allow the operator to control the amount of the oxygen and fuel gas being delivered to the welding/cutting tip independently of each other for precise flame control.

Slide # 47: Mixer Design 

Equal Pressure and Injector Style
· The “E” series of Harris Calorific mixers are equal (positive) pressure mixers.

· This series of mixers rely on positive pressure control of both the oxygen and fuel gas in order to mix the oxygen and the fuel gas thoroughly.

· Both gases enter the mixing chamber at controlled pressures.

· “E” series mixers allow the end-user to have greater control of the oxygen to fuel ratio.

· This feature is advantageous in applications where a very carburizing or oxidizing flame is needed.

· “E” mixers are required for high flow heating operations because of their higher potential flow rates.

· The equal pressure mixer design is primarily used when acetylene is the fuel gas, but it can also be used with alternate fuels when positive pressure control of the fuel gas is desired.

· The “F” series of Harris Calorific mixers are the low pressure injector mixers.

· These mixers require that only the oxygen has a positive pressure control.

· The oxygen exits a specially designed chamber at a very high velocity, causing the fuel gas to be aspirated into the mixing chamber.

· Positive control of the fuel gas is not required because of the aspirating effect on the fuel gas created by the venturri effect induced by the flow of oxygen through the mixer.

· Mixers in the “F” line are designed to operate at fuel gas pressures as low as 4 ounces.

· This line of mixers tends to produce a more homogeneous oxygen to fuel mixture ratio due to the high turbulence in the mixing chamber.  This feature is most important when using the more difficult to mix alternate fuels.

· “F” mixers have a narrower operating range than “E” mixers.  However, because of their superior mixing capabilities, they tend to maximize BTU output within that range.

· “F” mixers are primarily used with low pressure natural gas.  They are also recommended for use with alternate fuels when maximum BTU output is needed and/or positive pressure control of the fuel gas is not available.  

Slide # 48: OFW Mixer Design

Equal (Positive) Pressure and Injector (Low Pressure) Style
· This slide appropriately depicts mixer design for the OFW process.

Slide # 49: OFC Head Mix Design 

Equal (Positive) Pressure Mixer
· This slide depicts a cutaway of an OFC head mix design for an equal (positive) pressure torch.



Slide # 50: OFC Head Mix Design 

Injector (Low Pressure) Mixer
· This slide depicts a cutaway of an OFC head mix design for an injector (positive pressure) torch.



Slide # 51: Oxyfuel Gas Welding & Cutting                                                                   Regulators

· There are a number of regulators to consider when Oxyfuel Gas Welding, Cutting, Brazing, and Air Fuel Soldering.

Slide # 52: Which Regulator?
Single Stage Regulator or Two Stage Regulator
· There are two types of regulators: single-stage and two-stage.

· Single stage regulators are generally less expensive than two-stage regulators.

· Single stage regulators exhibit a slight rise in delivery pressure from full to empty cylinders.

· This is caused by the cylinder pressure falling from use reducing the amount of force being exerted upon the diaphragm and primary spring. Under the reduced pressure, the primary spring expands further allowing more gas to be delivered to the torch.

· Dual stage regulators maintain constant delivery pressure from full to empty cylinders.

· This is due to a secondary lower pressure chamber for delivery side gas regulation.

Slide # 53: Single Stage Regulator

Harris Calorific Regulator
· Oxygen and fuel gas regulators are fastened to the cylinders to reduce cylinder pressure to working pressure (suitable for welding or cutting) and to maintain the working pressure at a constant value.

· Most oxygen and fuel gas regulators have two gauges.  One tells the actual pressure in the cylinder.  The other shows the working pressure used at the torch.

· Gas flow from a cylinder is regulated by an adjusting screw.  This screw must always be released before a cylinder valve is opened.  Otherwise, when opened, the tremendous pressure of the gas in the cylinder is forced into the regulator.  This may damage the regulator’s working components.  Releasing the adjusting screw also reduces the heat of compression.

· In single stage regulators, there is not an intermediate chamber through which gas flows before entering the low-pressure chamber.

· Gas from the cylinder flows into the regulator and is entirely controlled by the adjusting screw.

· In order to maintain correct working pressure, a single-stage regulator requires continual adjustment.

· Before the cylinder valve is opened, the adjusting screw must be turned out (released).  If this procedure is not followed, pressure from the gas in the cylinder quickly flowing onto the working pressure gauge could blow out the screw and damage the regulator. 

· To increase the force of the spring on the flexible diaphragm, the adjusting screw is turned in.  The diaphragm then moves a valve, which allows gas to flow into the regulator.  Increasing gas pressure in the regulator then bends the diaphragm back and the valve closes.

· While welding or cutting, the regulator serves to reduce the gas pressure on the diaphragm, which allows the spring to open the valve and gas to flow.  This change in Internal pressure registers on the working-pressure gauge.  
· The solderless construction allows for fast and easy servicing.

· A sintered metal filter in the inlet stem protects the regulator from dirt.

· This model regulator is U.L. listed.

Slide # 54: Cutaway

Harris Calorific Regulator
· Oxygen and fuel gas regulators are fastened to the cylinders to reduce cylinder pressure to working pressure (suitable for welding or cutting) and to maintain the working pressure at a constant value.

· Most oxygen and fuel gas regulators have two gauges.  One tells the actual pressure in the cylinder.  The other shows the working pressure used at the torch.

· Gas flow from a cylinder is regulated by an adjusting screw.  This screw must always be released before a cylinder valve is opened.  Otherwise, when opened, the tremendous pressure of the gas in the cylinder is forced into the regulator.  This may damage the regulator’s working components.  Releasing the adjusting screw also reduces the heat of compression.

· In single stage regulators, there is not an intermediate chamber through which gas flows before entering the low-pressure chamber.

· Gas from the cylinder flows into the regulator and is entirely controlled by the adjusting screw.

· In order to maintain correct working pressure, a single-stage regulator requires continual adjustment.

· Before the cylinder valve is opened, the adjusting screw must be turned out (released).  If this procedure is not followed, pressure from the gas in the cylinder quickly flowing onto the working pressure gauge could blow out the screw and damage the regulator. 

· To increase the force of the spring on the flexible diaphragm, the adjusting screw is turned in.  The diaphragm then moves a valve, which allows gas to flow into the regulator.  Increasing gas pressure in the regulator then bends the diaphragm back and the valve closes.

· While welding or cutting, the regulator serves to reduce the gas pressure on the diaphragm, which allows the spring to open the valve and gas to flow.  This change in Internal pressure registers on the working-pressure gauge.  

· The solderless construction allows for fast and easy servicing.

· A sintered metal filter in the inlet stem protects the regulator from dirt.

· This model regulator is U.L. listed.

Slide # 55: Flow Charts

Model 25 Flow Charts 
· This graph compares the flow rates of model 25 regulator.

· Flow charts are used to properly size a regulator for the type of application that it is going to be used in.

Slide # 56: Harris Calorific - Single Stage Regulators 

Models 25, 2500, 3500
Model 25

· The forged brass body of the Model 25 insures rugged strength.  

· The sintered metal filter inlet stem protects the regulator from dirt and enhances its reliability.  

· The large 2 ¾ “ diaphragm assures accurate pressure delivery. 

· Large capacity delivers enough oxygen (2000 cu. ft/hr.) to cut steel over 15” thick

· The delivery pressure range is 0 to 180 psi.

· It is for use on heavy-duty industrial units having flow capacity to cut 15” steel plate. 

· Has a rugged forged brass body and a chrome-plated bonnet.

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· This model regulator is U.L. listed.

Model 2500

· Has a stainless steel diaphragm.

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· This model has a tamper proof, self reseating internal HP safety valve.

· Features a brass bonnet and a bronze adjusting screw with 2 ½ “ dual scale gauges. 

Model 3500

· This high flow manifold regulator can operate on high pressure cylinders of up to 5500 PSIG.  

· It has a 2 ¾ “ neoprene diaphragm.

· This model of regulator has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· Has a tamper proof, self reseating internal HP safety valve.

· The regulator also has a brass bonnet and body.  

Slide # 57: Harris Calorific - Single Stage Regulators 

Models 301, 425, 601
Model 301

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· It has 2” dual scale gauges and is U.L. listed.

Model 425

· The Model 425 Single Stage Regulator model has a tamper proof, self reseating internal HP safety valve.

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· There is a bronze adjusting screw that provides for smooth adjustment, and a brass bonnet and body.

· Has 2 ½” dual scale gauges. 

Model 601

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· It has 1.5” dual scale gauges and is U.L. listed.

Slide # 58: Harris Calorific - Single Stage Regulators

Models 3500-High Flow and 8700-High Pressure
Model 3500

· The heavy duty high flow regulator is appropriate for industrial and laboratory service. 

· The delivery pressure range is from 0 to 600 psi.

· This regulator operates on high pressure cylinders of up to 5500 PSIG.

· There is 2 ¾“ neoprene diaphragm that assures accurate delivery pressure.

· Has a tamper proof, self reseating internal HP safety valve.

· Has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.

· This regulator is designed with a brass bonnet and body and features 2 ½” dual scale gauges.

· The solderless construction allows for easy servicing.

· U.L. listed.

Model 8700

· Designed to operate on high pressure cylinders up to 7500 PSIG.

· All inert gas and air models are self-relieving. 

· Typical applications include high pressure testing, charging accumulators, and pressurizing aircraft struts.

· One piece encapsulated valve design with CFTE seats and an internal filter.

· There is an elastomeric diaphragm for longer life.

· This regulator has a ¼” NPT Stainless Steel Swagelok outlet and 2 ½” dual scale gauges (PSI/bar).

Slide # 59: Two Stage Regulator

Harris Calorific Regulator
· In two-stage regulators, reduction of cylinder pressure to working pressure is accomplished in two stages.  Gas flows from the cylinder to a high-pressure chamber in the first stage.  A spring and diaphragm maintain a predetermined gas pressure in the chamber.

· From the high –pressure chamber, gas passes into a reducing chamber where pressure is controlled by an adjusting screw.     

Slide # 60: Cutaway

Harris Calorific Regulator
· In the first stage of a two-stage regulator, the gas flows from the cylinder into a high-pressure chamber. 

· Next, a spring and diaphragm keep a predetermined gas pressure in the chamber.  

· The predetermined pressure for oxygen is usually 200 psi.  For acetylene, it is 50 psi.  

· From the high-pressure chamber, the gas passes into a reducing chamber.  

· An adjusting screw governs control of the pressure in the reducing chamber.

· When acetylene and oxygen are mixed correctly and ignited, the flame can reach temperatures of 5700*F (3150*C) to 6300*F (3482*C.

Slide # 61:  Flow Charts

Model 9296 Flow Charts
· This graph compares the flow rates of the model 9296 regulator at varying inlet pressures.

Slide # 62: Harris Calorific - Two Stage Regulators 

Models 9200, 9235, 9296
Model 9200

· The Model 9200 and Model 9235 two stage regulators are designed for applications where a constant delivery pressure is required over a wide range of inlet pressure.

· The Model 9200 is the standard for general purpose, laboratory, industrial and welding applications.

Model 9235

· The Model 9235 is designed for high flow applications.

· Both regulators feature a 2 ¾” neoprene diaphragm.

· They are constructed with a one-piece encapsulated seat design with an internal filter and PTFE Teflon seats.

· They have a self-seating internal H.P. safety valve.

· Other features include brass body and bonnets.

· They have 2 ½” dual scale gauges.

· Low pressure models use a neoprene seat. 

· Safety features include high pressure and back cap vent holes, intermediate pressure relief valve between stages, low pressure valve, a burst hole in the diaphragm back-up plate and bonnet vent holes.

· They are U.L. listed.

Model 9296

· The Model 9296 Multi-Stage Regulator is designed for applications where a constant delivery pressure is needed over a wide range of inlet pressures.

· This model is a standard for general purpose laboratory, industrial, and welding applications where neoprene diaphragms are acceptable.

· The Model 9296 has a one piece encapsulated seat design with an internal filter and a PTFE Teflon seat.  It is also designed with a self seating internal H.P. safety valve.

· This model regulator is constructed with a brass body and 2” dual scale gauges.  Low pressure models use a neoprene seat.

Slide # 63: Harris Calorific - Pipeline & Station Regulators 

Models 447, 547, 2548
Model 447
· The Model 447 regulator provides high gas flows from gas distribution systems.

· This model is designed with a 2 ¾” neoprene diaphragm and one piece encapsulated seat  with an internal filter and a PTFE Teflon seat.

· It has a forged brass body and bonnet with a 2 ½” dual scale brass gauge.

· Low pressure models use a neoprene seat.

Model 547
· The Model 547 regulator also provides high gas flows from gas distribution systems.

· This model is designed with a 2 ¾” neoprene diaphragm and one piece encapsulated seat with an internal filter and a PTFE Teflon seat.

· It has a forged brass body and bonnet with a 2 ½” dual scale brass gauge.

· Low pressure models use a neoprene seat.

Model 2548
· The Model 2548 regulator is especially suited for general purpose specialty gas applications with high pressure pipeline pressures.

· This model is designed with a 2 ¾” stainless steel diaphragm and one piece encapsulated seat with an internal filter and a PTFE Teflon seat.

· It has a forged brass body and bonnet with a 2 ½” dual scale brass gauge.

· Models are available to operate on inlet pressures of up to 3000 PSIG. 

· There is a tamper-proof self seating internal H.P. safety valve on selected models.

· It can be converted to right hand or left hand operation.

Slide # 64: Oxyfuel Gas Welding

Torch Handles, Mixers, Tubes and Tips
· There are a number of torch handles, mixers, tubes and tips to consider when Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 65: OFW Torch Handles


· The welding torch, or blowpipe, is a tool that mixes   acetylene or other fuel gas and oxygen in the correct proportions.

· The torch then permits the mixture to flow to a tip, where burning actually takes place.  

· Torches may vary in design, but they are all made to provide complete control of the flame during the welding operation.

· There are a number of advantages that Harris torches have over other manufacturers:

· Materials of Construction - high density forgings, stainless steel tubing, and valve stems 

· Quality of Machining – quality surface finishes on the critical areas such as torch head seating surface, valve seats, etc. 

· Outstanding design - Solid forged head to allow preheat gases to be mixed in the torch head.  Head mixing represents the best possible balance of cost of cutting tip, maintenance of the torch, and safety.

· Stainless steel tubing in a triangular arrangement - This material is type 308 stainless steel – ¼ hard.  The material and triangular arrangement offer the best possible strength level available from any commercial torch manufacturer.

· O-Ring Seals – Protected Design - On all Harris cutting attachments, the seal to the mating torch handle is made with silicone rubber “O” rings, protected from external abuse and damage by locking the mixer nut in place over the rings and mixing chamber.  “O” ring seals allow for easy assembly of the cutting attachment to the torch handle.  Hand-tight is sufficient for proper installation.  This eliminates the problem associated with metal-to-metal seals requiring wrench-tight connections.

· The torch is the piece of equipment needed to mix the oxygen and the fuel gas.  This mixture produces the flame best suited to accomplish the work being done.

· The torch is composed of a body and a welding tip.

· The key parts of a welding torch are: valves to control the flow of oxygen and fuel gas (each inlet has a valve); a mixer through which the gases pass; and a mixing chamber into which the gases are allowed to expand and mix after leaving the mixer.  These gases then leave the torch through the tip. 

Slide # 66: Harris Calorific - Torch Handles 

Harris 43-2, Harris 63-2 & Harris 2000
Model 43-2

· The Harris 43-2 can be used for welding, cutting, heating and brazing.  This torch can handle welds up to 1“ and cuts up to 6“.  The 43-2 comes equipped with Flash Guard check valves.  It is a large capacity, combination handle.  The 43-2 is available in an Equal Pressure design for oxy-acetylene and a Universal Pressure design for oxy-fuel gas applications.  The solderless “O” ring construction of the handle provides for easy maintenance and long life. 

· It is U.L. Listed.

Model 63-2

· The Harris 63-2 can be used for welding, cutting, heating and brazing.  This torch can handle welds up to 1“ and cuts up to 6“.  The 63-2 comes equipped with Flash Guard check valves.  It is a large capacity, combination handle.  The 63-2 is available in an Equal Pressure design for oxy-acetylene and a Universal Pressure design for oxy-fuel gas applications.  All attachments assemble with double “O” ring seals for leak-proof hand-tight joints.   
Model 2000
· The Model 2000 Pro Series Torch Handle is an industrial duty torch handle that can be used with acetylene or alternate fuels.

· This model has a one piece stainless steel floating ball valve that provides for precise alignment.

· It comes equipped with Flash Guard check valves.

· This model has a capacity for making 6” cuts and welding up to 1” thick base metal.  

· It is designed with solid brass construction.

Slide # 67: Harris Calorific - Torch Handles 

Harris 18-5 & Harris 50
Model 18-5

· The 18-5 torch handle on/off feature can be used for cutting, welding, heating, and brazing with all fuel gases.  The pilot light feature is only recommended for oxyacetylene welding and brazing.

· This model features an exclusive gas control system to reduce operating costs and to improve safety and convenience.  The thumb operated on/off gas control and adjustable pilot light eliminates relighting and flame adjustment each time the torch is used.

· It can be used for welds up to ½ ” and cuts up to 6”.

· The torch handle is available in both equal pressure design for oxyacetylene and universal pressure design for low cost fuel gases.

· The Model 18-5 comes equipped with Flash Guard check valves.

· These torch handles are U.L. listed.

· All attachments assemble with double “O” ring seals for leak-proof, hand tight joints.

Model 50

· The Model 50 Automatic Torch Handle features an exclusive gas control system to reduce operating costs and to improve safety and convenience.  The thumb operated on/off gas control and adjustable pilot light eliminates relighting and flame adjustment each time the torch is used.

· The on/off feature can be used for cutting, welding, and brazing with all oxyfuel gases.

· The pilot light feature is not recommended when using cutting attachments or heating tips.

· The Model 50-9 should be used for acetylene/MAPP and the Model 50-10 should be used for other fuels.  It can be used for welds up to ½”, and cuts up to 3”.  The automatic welding and brazing handles switch from operating flame to pilot light by releasing the thumb lever.

· The torch handle is available in both equal pressure design for oxyacetylene and universal pressure design for low cost fuel gases.

· The Model 50 comes equipped with Flash Guard check valves.

· These torch handles are U.L. listed.

· All attachments assemble with double “O” ring seals for leak-proof, hand tight joints.

Slide # 68: Harris Calorific - Torch Handles 

Harris 85 & Harris 16
Model 85

· The Harris 85 is used for welding, cutting, heating and brazing for oxyacetylene, but can be adapted to alternate fuels with the addition of the proper accessories. 

· This model has silver brazed twin tube construction and is designed for safety and durability. 

· This torch can handle welds up to ½ “ and cuts up to 5“.  The 85 comes equipped with Flash Guard check valves The combination handle is designed for the popular Equal Pressure oxy-acetylene applications.  All attachments fit handles with double “O” ring seals for hand tight connections. 

· It is U.L. listed. 

Model 16

· The Harris 16 can be used for welding, cutting, heating and brazing.  

· This model features silver brazed twin tube construction.

· This torch can handle welds up to 1/2 “ and cuts up to   4 “.  

· The 16 comes equipped with Flash Guard check valves.  

· The 16 is available in an Equal Pressure design for oxy-acetylene and a Universal Pressure design for the low cost fuel gas applications.   All attachments fit the handles with double “O” ring seals for hand tight connections.

Slide # 69: Harris Calorific - Torch Handles 

Harris 19-6 & Harris 15
Model 19-6

· The Model 19-6 is a combination torch handle that can be used for cutting, welding, brazing, and heating.  

· It can be used with oxyacetylene or other fuel gases.

· The Model 19-6 features a silver brazed twin tube construction.

· The valves are located at the front of the torch handle to allow for more precise control while brazing.

· This model comes equipped with Flash Guard check valves.

· It has the capacity to make cuts up to 2” and welds on materials with a thickness of up to 5/16”.

· It is U/L/ listed. 
Model 15

· The Harris 15 can be used for welding, heating and brazing with all fuel gases.

· It features a Class A 3/8” – 24 hose connection.  

· This torch can handle welds up to 5/16 “ and cuts up to   2 “.  

· It is a lightweight, aircraft style combination handle.  

· The 15 is available in an Equal Pressure design for oxy-acetylene and a Universal Pressure design for oxy-fuel gas applications.  

· Popular features of this torch are good balance, a 7 oz. total weight, and a forward valve design that permits changing flame settings with one hand.  

· All attachments fit the handles with double “O” ring seals for hand tight connections. 

· It is U.L. listed.

Slide # 70: Harris Calorific - Torch Mixers 

Equal Pressure 

Harris Mixers E-43, D-85, H-16-2E, B-15-3
· These torch mixers are “E” equal pressure mixers used with acetylene as the fuel gas.

Slide # 71: Harris Calorific - Torch Mixers

Equal Pressure

Harris Mixers H-2030, W-2030
· These torch mixers are “E” equal pressure mixers used with alternative fuels as the fuel gas.

Slide # 72: Harris Calorific - Torch Mixer 

Injector Style 

Harris Mixers F-43, B-85-N, H-16-S, B-15-3S
· These torch mixers are “F” injector mixers used with acetylene and with alternative fuels as the fuel gas. 

Slide # 73: Harris Calorific - Welding (Brazing) Tips

Harris Welding Tips 23A90, 5090
· Different thicknesses of metal can be welded with the use of different welding tips.  The size of the tip is determined by the diameter of its opening, which is marked on the tip.

· The 23-A-90 welding tip can be used for light to medium welding.

· They have a swaged design for good visibility.

· The seat is protected by a captive nut when not assembled to the mixer.

· This tip has soft flame characteristics.

· They can be positioned for operator convenience.

· They are used in oxy-acetylene welding on a range of base metal thicknesses of 1/64” to 1”.

· Equal pressures of oxygen and acetylene are used in welding with these tips.

Slide # 74: Harris Calorific - Torch Tip Tubes 

Harris Tip Tubes T-43, D-50-C, TH-50-2, 8493, 8593
· These torch tip tubes are designed to accommodate applications from light to medium duty utilizing varioes styles of welding / brazing tips.

Slide # 75: Harris Calorific - Welding (Brazing) Tips

Harris Welding Tips 1390, 8490
· Different thicknesses of metal can be welded with the use of different welding tips.  The size of the tip is determined by the diameter of its opening, which is marked on the tip.

· The 8490 tips are used in oxy-acetylene welding on a range of base metal thicknesses of 32 gauge to 1/4”.

· Equal pressures of oxygen and acetylene are used in welding with these tips.  

Slide # 76: Harris Calorific - Welding (Brazing) Tips 

Harris Brazing Tips 1390-N, 8490-N
· The 1390-N serried of brazing tips range in size from 4N to1390-B.

· Oxygen PSI ranges from 1-10 with 4 oz. Or more fuel gas pressure.

· The 8490-N series of brazing tips range in size from 4N to 12N.

· Oxygen PSI ranges from 1-10 with 4 oz. Or more fuel  gas pressure.

Slide # 77: OFW Welding Tip Information
· This chart helps determine the correct welding tip to use depending upon the thickness of the base metal to be welded. 

· The chart also lists the size of welding rod that will be needed to use as filler for the thickness of base metal being welded.
· The chart also recommends the amounts of oxygen and fuel gas needed for OFW.

Slide # 78: OFB Brazing Tip Information 
· This chart helps determine the correct brazing tip to use depending upon the thickness of the base metal to be brazed. 

· The chart also lists the size of welding rod that will be needed to use as filler for the thickness of base metal being brazed.
· The chart also recommends the amounts of oxygen and  fuel gas needed for OFB.

Slide # 79: Air-Fuel Soldering Tips

16GA w/ Soldering Tip & Seperated
· 

Slide # 80: Air-Fuel Soldering Tip Information
· This chart helps determine the correct tip to use depending upon the thickness of the base metal to be soldered. 

· The chart also lists the size of welding rod that will be needed to use as filler for the thickness of base metal being soldered.
· The chart also recommends the amounts of air and  acetylene that will be consumed while soldering.      

Slide # 81: Oxyfuel Gas Cutting 

Cutting Attachments, Cutting Torches, and Tips
· There are a number of cutting attachments, cutting torches and tips to consider when Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 82: OFC Manual Cutting Torches
· The torch is composed of a body and a cutting tip.

· It is where acetylene or other fuel gas and oxygen are mixed in the correct proportions.

· The torch then permits the mixture to flow to a cutting tip, where burning actually takes place.  

· Torches may vary in design, but they are all made to provide complete control of the flame during the cutting operation.

· There are a number of advantages that Harris torches have over other manufacturers:

· Materials of Construction - high density forgings and stainless steel tubing and valve stems 

· Quality of Machining – quality surface finishes on the critical areas such as torch head seating surface, valve seats, etc. 

· Outstanding design - Solid forged head to allow preheat gases to be mixed in the torch head.  Head mixing represents the best possible balance of cost of cutting tip, maintenance of the torch, and safety.

· Stainless steel tubing in a triangular arrangement - This material is type 308 stainless steel – ¼ hard.  The material and triangular arrangement offer the best possible strength level available from any commercial torch manufacturer.

· O-Ring Seals – Protected Design - On all Harris cutting attachments, the seal to the mating torch handle is made with silicone rubber “O” rings, protected from external abuse and damage by locking the mixer nut in place over the rings and mixing chamber.  “O” ring seals allow for easy assembly of the cutting attachment to the torch handle.  

· The key parts of a cutting torch are: valves to control the flow of oxygen and fuel gas (each inlet has a valve); a mixer through which the gases pass; and a mixing chamber into which the gases are allowed to expand and mix after leaving the mixer.  These gases then leave the torch through the cutting tip.

Slide # 83: Harris Calorific - Cutting Attachments

Equal Pressure

Harris Cutting Attachments 71-3, 72-3, & 73-3
Model 71-3 & 72-3

· The Model 71-3 and 72-3 Classic Cutting Attachments have a solid forged head design that resists abuse and distortion. 

· The triangular tube design is both compact and lightweight and exhibit exceptional strength and rigidity.

· These cutting attachments have brazed connection in order to prevent leaks.

· A protected torch union nut protects seats and o-rings from abuse.

· A solid forged level provides superior strength.

· The Model 71-3 and 72-3 have an ease on cutting oxygen control to provide smoother starts.

· The 71-3 has a cutting capacity up to 4”.

· The 72-3 has a cutting capacity of up to 5”.

· Both models are U.L. listed.  
Model 73-3

· The Model 73-3 Classic Cutting Attachment has a solid forged head design that resists abuse and distortion.

· The triangular tube design is both compact and lightweight and exhibit exceptional strength and rigidity.

· This cutting attachment has brazed connection in order to prevent leaks.

· A protected torch union nut protects seats and o-rings from abuse.

· A solid forged level provides superior strength.

· The Model 73-3 has an ease on cutting oxygen control to provide smoother starts.

· The 73-3 has a cutting capacity up to 6”.

· The Model 73 cutting attachment is Underwriters’ Laboratories listed.

Slide # 84: Harris Calorific - Cutting Attachments

Equal Pressure  

Harris Cutting Attachments 2101, 3101
Model 2101 & 3101

· The Model 2101 and 3101 are part of the Pro Series line of Cutting Attachments.

· Their in-line tube design provides for greater visibility.

· An internal tip nut protects the threads in the torch head. 

· A bayonet type connection facilitates easy, safe process changeover.

· The 2101 and 3101 are designed with a flip-up lever that allows for easy connecting to torch handles, and the ease-on cutting valve makes for easier starting and piercing.

Slide # 85: Harris Calorific - Cutting Attachments

Injector Style 

Harris Cutting Attachments 49-3F, 36-2 or 36-3, 39-3F
Model 36-2

· The 36-2 cutting attachment is Underwriters’ Laboratories listed.

· It has a solid forged head will not distort from heat.  This is a stronger design than hollow heads into which tips are inserted.

· This cutting attachment is designed with a flat seat for maximum life.  Two flat surfaces are superior to multiple conical seats or threaded tips.

· The triangular tube construction between the head and the rear forging is the strongest possible design.

· The cutting oxygen lever can be moved for ease of attaching to torch handle.

Model 49-3F & Model 39-3F

· The Model 49-3F and 39-3F Classic Cutting Attachments are injector style cutting attachments that have a solid forged head design that resists abuse and distortion. 

· The triangular tube design is both compact and lightweight and exhibit exceptional strength and rigidity.

· These cutting attachment have a brazed connection in order to prevent leaks.

· A protected torch union nut protects seats and o-rings from abuse.

· A solid forged level provides superior strength.

· The Model 49-3F and 39-3F have an ease on cutting oxygen control to provide smoother starts.

· The 49-3F has a cutting capacity up to 6”.

· The 39-3F has a cutting capacity of up to 6”. 

· It is U.L. listed. 

Slide # 86: Harris Calorific - Hand Cutting Torches 

Harris Hand Cutting Torches 42-4, 62-4, 880, 136
Model 42-4

· The Model 42-4 has an “E” positive pressure version for use with acetylene and alternate fuels, and an “F” low pressure injector version for maximum performance with alternate fuels. 

· This model has a cutting capacity of up to 6”.
· It is a lightweight hand cutting torch with a solid forged head, triangular tube design, and is fitted with brazed tube connections. 

· The model 42-4 comes equipped with Flash Guard check valves. 

· It is U.L. listed.

Model 62-4

· The Model 62-4 has an “E” positive pressure version for use with acetylene and alternate fuels, and an “F” low pressure injector version for maximum performance with alternate fuels. 

· This model has a cutting capacity of up to 12”.
· It has a solid forged head, triangular tube design, and is fitted with brazed tube connections. 

· The model 62-4 comes equipped with Flash Guard check valves. 

· It is U.L. listed.

Model 880

· The Model 880 has an “E” positive pressure version for use with acetylene, and an “F” low pressure injector version for high performance with alternate fuels. 

· This model has a cutting capacity of up to 8” when acetylene is used as the fuel gas, and up to 6” when used with alternate fuels.
· It has a unique patented head mix system.

· The model 880 has a stainless steel cutting oxygen lever with a locking clip and protected internal tip nut threads.

· This model features an ease on cutting oxygen valve, a solid forged head design, and an in-line tube design. 

· The model 42-4 comes equipped with Flash Guard check valves. 

Model 136

· The Model 136 Foundry Hand Cutting Torch has a stainless steel head and tubes with a triangular tube design.

· The Model 136 is a tip mix torch used with propane or natural gas.

· It has an internal tip nut.

· This model requires a 3/8” hose.

· The Model 136 has a capacity for cuts up to 36”.

Slide # 87: Harris Calorific - Cutting Tips 

Harris Cutting Tips 3690, 3690-P
Model 3690

· The 3690 series cutting tips have flat seats that can be easily resurfaced, if damaged, with fine emery cloth. This results in a long life.

· The tip cost is low.  

· There are no expensive cross drilling in the preheats as in “tip mix” equipment.

· The flat seat permits the best heat conductivity into the torch head for maximum heat dissipation.

· The 3690 cutting tips can cut base metal from thicknesses of ¼” to 3”.

· They are used in oxyacetylene cutting.

· The 3690-P cutting tips can cut base metal from thicknesses of ¼” to 3”.

· They are used in oxypropane and natural gas cutting.

Slide # 88: Harris Calorific - Cutting Tips 

Harris Cutting Tips 6290, 6290-S, 6290-AC
Model 6290

· The 6290 series cutting tip seats are lapped to ensure a perfect seal.  

· Flat seats can be easily resurfaced, if damaged, with fine emery cloth, resulting in long tip life.

· The tip cost is low.  

· There is no expensive cross drilling in preheats as in “tip mix” equipment.  In many cases, the annual savings can justify new equipment.

· The flat seat permits the best heat conductivity into the torch head for maximum heat dissipation.

· The 6290 cutting tip is a general preheat tip.

· The 6290-S is a one piece heavy preheat tip.

· The 6290-AC is a two piece heavy preheat tip.

· All are used for oxyacetylene cutting.  

Slide # 89: Harris Calorific - Cutting Tips 

Alternative Fuel

Harris Cutting Tips 6290-N or 6290-NX, 6290-NFF, 6290-NXM or 6290-NXP
· The 6290 series cutting tip seats are lapped to ensure a perfect seal.  

· Flat seats can be easily resurfaced, if damaged, with fine emery cloth, resulting in long tip life.

· The tip cost is low.  

· There is no expensive cross drilling in preheats as in “tip mix” equipment.  In many cases, the annual savings can justify new equipment.

· The 6290-N is a light preheat tip used is oxy-propane or oxy-natural gas cutting.

· The 6290-NX is a general preheat tip used is oxy-propane or oxy-natural gas cutting.

· The 6290-NFF is a heavy preheat tip used is oxy-propane or oxy-natural gas cutting.

· The 6290-NXM is a one piece cutting tip used is oxy-MAPP gas cutting.  

· The 6290-NXP is a one piece cutting tip used is oxy-propane gas cutting.  

Slide # 90: OFC Cutting Tip Information
· This chart helps determine the correct cutting tip to use depending upon the thickness of the base metal to be cut.

· The chart also recommends the amounts of oxygen and  fuel gas needed for OFC.  

Slide # 91: OFC Torch Specialty Tips

Gouging 

Harris Gouging Tip 6290-G
· The 6290-G specialty tip is used in gouging 1/8” to 1/4” width.

· It is used in the oxyacetylene process.  

Slide # 92: OFC Torch Specialty Tips

Rivet Cutting Tip

Harris Rivet Cutting Tip 6290-R
· The 6290-R specialty tip is used rivet cutting.

· It is used when oxyacetylene rivet cutting is selected.  

Slide # 93: OFC Torch Specialty Tips

Rivet Washing Tip     

Harris Rivet Washing Tip 6290-RW
· The 6290-RW specialty tip is used in rivet washing.

· It is used when oxyacetylene rivet washing is selected.

Slide # 94: OFC Torch Specialty Tips

Thin Sheet Cutting Tip 

Harris Thin Sheet Cutting Tip 6290-2D
· The 6290-D specialty tip is used for thin plate cutting.

· It is used when oxyacetylene is selected to cut thin plate.  

Slide # 95: Oxyfuel Gas Heating - Heating Assemblies, Tubes and Tips
· There are a number of heating assemblies, tubes and tips to consider when Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 96: Harris Calorific - Heating Tip 
· Oxygen / acetylene heating tips.

Slide # 97: Harris Calorific - Heating Tubes & Tips
· Alternate fuel heating tubes & tips.

Slide # 98: Heating Tubes & Tips Information
· This chart describes required oxygen and acetylene pressure, the oxygen and acetylene consumption, the diameter of the required welding rod in inches, and the required tip size when heating metal ranging in thickness from 1/64” to ¾”.

Slide # 99: Oxyfuel Gas Welding & Cutting 

Peripheral Equipment 
· There are a number of peripheral equipment to consider when Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 100: Check Valves

                  
· Harris Flash Guard check valves feature a large capacity.  They are adequate for cutting 15” steel and  can be used on the largest heating torches; the 88-3FG and 88-4CV styles.

· They are U.L. Listed and are manufactured to withstand 50,000 open-close cycles at 100 psi.  This is equivalent to six month’s usage.  They also conform to OSHA regulations.

· Harris check valves are quality manufactured with an internal valve and valve spring made of stainless steel to insure long life.

· These check valves are designed for low open-close pressure; a 4 oz. pressure fully opens valves and a 10 oz. reverse flow pressure positively closes valves.      

· To guarantee cleanliness, they are packaged following inspection, either in a heat-sealed plastic bag and then a tip carton, or directly into a hard, plastic carton.  

· The valve is lapped to a 6 micro-inch finish, and a stainless steel spring is used.  

· The regulator type check valves may be easily mounted on the outlet nipple of any regulator.  The effective service is expected to be longer than the torch mounted type.

· The  88-3FGL and R torch mounted type check valve can be permanently mounted on the torch.

· The 88-3CVTL and R can be mounted on either the torch or the hose.  A swivel nut permits easy removal with the hose attached. 

Slide # 101: Oxygen Check Valves

Open and Closed
· A check valve is a valve that only allows the flow of gas in one direction.  When welding or cutting, pressure in the supply hose is greater then the pressure in the torch.  This causes a valve disk in the check valve to open, allowing the release of gas into the torch.

· If the pressure in the torch becomes greater than that in the supply hose, the valve disk closes.  This shuts off the supply of gas to the torch.

· Check valves must be placed at the torch inlet.  They may also be placed at the regulator outlet.

· If a flashback occurs, the check valve must be replaced.

· The green hose is connected to the check valve mounted on the needle valve fitting marked OX.  

Slide # 102: Acetylene Check Valves 

Open and Closed
· Check valves prevent the reverse flow of gases that would result in a combustible mixture in the welding hose. 

· Check valves are mounted to the welding torch.  Under normal conditions, gases flow toward the welding torch.  Any condition that might cause a reverse flow of gas will close the valve. 

· Check valves should be left in place on the torch when the hose is detached.  

· Connect the hoses to the check valves mounted on the torch.  The red hose is connected to the acetylene check valve mounted on the needle valve fitting marked AC.

Slide # 103: Dirty Check Valves 

Oxygen and Acetylene
· Dirty check valves can not prevent the reverse flow of gases that could result in a combustible mixture in the welding hose. 

· Check valves mounted to the welding torch prevent the gas flow toward the welding torch.  Any condition that might keep the open could cause a reverse flow of gas. 

· Dirty check valves should not be left in place on the torch.  

Slide # 104: Flashback Arrestors 

Oxygen and Acetylene
· A flash arrestor is a safety device.  It prevents an explosion or a backfire in the torch or torch head from reaching the regulator and the acetylene cylinder.  

· There are two types of flash arrestors.  One is torch-mounted and the other is regulator-mounted.

· The torch-mounted flash arrestor is a check valve.  It  prevents a reverse gas flow from reaching the cylinder.

· The regulator-mounted flash arrestor is a combination of a check valve and a flame barrier.

· This barrier metal is a porous flame-retardant material, which allows gas to flow through, but blocks out a flame. Both torch-mounted and regulator-mounted flash arrestors should be used on fuel hoses and oxygen hoses.

· Regulator-mounted flash arrestors prevent backfires and flashbacks from entering the hoses, and potentially the cylinders.

Slide # 105: Normal Flow
· A Flash Arrestor is a safety device to prevent a backfire in the torch or torch head from traveling back to the regulator and cylinder.

Slide # 106: Reverse Flow
· Accidental mixing of gases in the hose or regulator results from unequal pressures in the hoses.

· Reverse flow can occur under a number of conditions: - 
- when the oxygen cylinder empties in use, and before the oxygen needle valve on the torch is closed, acetylene reverse flows into the oxygen hose and regulator.
- when both cylinder valves are closed when the    operator finishes work.  If both torch needle valves are opened to bleed the oxygen and fuel gas, the lower pressure acetylene will evacuate first.  This can cause the oxygen to reverse flow into the acetylene hose and regulator.
- when both torch valves are opened and an attempt is made to light both gases at once.  If more oxygen is flowing than can flow through the tip, the system becomes back pressured and oxygen reverse flows into the acetylene hose and regulator.
- when the torch tip is plugged.  The line with the higher pressure reverse flows into the line with the lower pressure.

Slide # 107: Flashback
· A flashback is a condition in which the flame burns inside the tip, the torch, or the hose.  

· When a flashback occurs, the oxygen and fuel valves must be immediately closed to prevent possible explosion of the cylinders.  

· Flashbacks are usually caused by the malfunctioning of dirty equipment.  

· When a flashback occurs, the equipment should be removed from service and a service technician called to correct the problem or replace the equipment.  

· Hoses should be discarded after a flashback.  

· Following a flashback, the torch tip is reusable.  However, it should be removed from the torch and thoroughly blown out with air to remove any soot or residue.

Slide # 108: Quick Connectors
· Harris Quick Connectors have a long lasting stainless steel pin connection.

· These quick connectors feature an automatic gas cutoff to positively shut off the gas supply when disconnected.

· They have durable brass and stainless steel construction.

· Harris Quick Connectors can fit 9/16” to 18 (“B”) outlets.

Slide # 109: Hoses
· Special non-porous hose is used to move oxygen and fuel gas from the cylinders to the torch.

· To prevent connection to the incorrect gas, oxygen hoses are always green and acetylene hoses are always red.

· Care should be taken to keep the hoses in good working order.  

· Never allow hot metal to touch the hose or a leak may occur.

· Hoses should be kept clean and free of oils or grease.  Oil and grease will deteriorate the rubber cover over a short period of time.  

· The hoses will last longer if they are kept coiled up when not in use.  This will also reduce the danger of tripping over loose hoses.

Slide # 110: Hose Nuts
· A standard connection is used to attach the hose to the regulator and torch.

· The connection uses a nipple that is forced onto the hose, and a nut that connects the nipple to the regulator and the torch.  

· The acetylene nut has a notch running around its center that indicates left hand threads.  

· The oxygen nut has right hand threads.

· A clamp is used to squeeze the hose around the nipple to prevent it from working loose.

· All hose connections must be tight, and should be connected using a close fitting wrench to prevent damage to the nuts.  

Slide # 111: Pressure Drop in Hoses for OFW

                    
· This graph describes possible pressure drops in hoses during oxyfuel welding depending upon the length and diameter of the hose.

Slide # 112: Pressure Drop in Hoses for OFC


· This graph describes possible pressure drops in hoses during oxyfuel cuttng depending upon the length and diameter of the hose.

Slide # 113: Tank Wrenches
· The cylinder valve on some acetylene cylinders is opened with a special wrench called a tank or cylinder wrench.

· Always leave the cylinder wrench in position on the valve stem so that the acetylene cylinder can be turned off quickly if the situation requires.

Slide # 114: Flint Lighter
· A sparklighter (striker) is used to ignite the torch.  

· Never use matches or a lighter to light a torch.

· Always use some type of friction (flint) lighter to light your torch.

· Never light with an open flame.

· Friction (flint) lighters are inexpensive and easy to use.

Slide # 115: Tip Cleaner 

One & Two Piece Wire Tip Cleaner
· The one piece tip cleaner has individual tip cleaners organized by drill (tip) size.  The tip cleaner number and drill size are embossed on the cover.
· The two piece tip cleaner can be used on both acetylene and 2-piece cutting tips.

· Flexible cleaning springs that operate on the collapsible wire principle are easily inserted in tip orifices.

· The wire loops expand to fit the tip opening and ream out accumulated dirt, carbon, and metal spatter without damaging the interior surface. 

· The wires are flexible and bend easily which allows them to follow the contoured oxyacetylene preheat holes in a swaged tip.

· Four sizes are supplied with the cleaner kit to fit all orifices in welding or cutting tips.

· A wire brush is also included for cleaning slots in 2-piece design tips, or for removing spatter from the tip face.

Slide # 116: Oxyfuel Gas Welding & Cutting 

Minor Maintenance & Repair 
· There are a number of minor maintenance and repair issues to consider where Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 117: Minor Maintenance and Repair 

Regulators
· Regulators are sensitive instruments and must be treated delicately. 

· Even a small jolt can render a regulator useless.  

· When removing a regulator from a cylinder, use extreme care.  Never leave a regulator on a bench top or floor for any length of time as damage could occur.  

· When caring for regulators, implement the following guidelines:

· Check the adjusting screw on the regulator before the cylinder valve is turned ON.  Be sure to release it when welding is finished.

· Never use oil on a regulator.  Use only soap or glycerin to lubricate the adjusting screw.

· Do not attempt to interchange the oxygen and acetylene regulators.  A possible explosion could occur.

· If a regulator does not function properly, do not attempt to repair the regulator yourself, shut OFF the gas supply and have a qualified service technician check the regulator.

· Routinely check the regulator regularly for creeping (needle on the gauge moving up or down during operation).  If the regulator creeps (does not remain at set pressure), have it repaired immediately.  

· Creeping can be viewed on the working-pressure gauge after the needle valves on the torch are closed.  A creeping regulator may require replacement of the valve stem or reseating the valve.

· Inspect the regulator mechanisms regularly.  If the gauge pointer fails to go back to the pin when the pressure is released, the mechanism may be sprung.   This condition is caused when by pressure entering the gauge suddenly and the regulator should be repaired.  

· Be sure to maintain a tight connection between the regulator and the cylinder.  

· If the connection leaks after tightening, close the cylinder valve and remove the regulator.  Next, clean both the inside of the cylinder valve seat and the regulator inlet-nipple seat.  

· If the leak persists, the seat and threads are probably marred.   If this occurs, the regulator must be returned to the manufacturer for repair.

Slide # 118: Minor Maintenance and Repair

Compressed Gas Connections & Hoses
· An oxyfuel gas system is required to provide constant gas pressure and flow rate during welding.

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

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

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

· Choosing the proper flowmeter for the welding job is very important.  Regulators and flowmeters can build up frost and freeze up, eventually breaking the device. 

· This can occur when the cylinder gas being used is a compressed gas in liquid form and the regulator is designed to regulate a compressed gas in a gaseous form. 
· Many regulators are designed for use with different shielding gases that may have different densities.  The proper scale needs to be read and set to ensure proper shielding gas coverage.

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

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

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

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

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

· Flow meters should be replaced if cracked.

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

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

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

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

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

Slide # 119: Minor Maintenance and Repair 

Torch Handle with Attachments
· When finished welding, the torch should be secured to prevent if from falling and becoming damaged.  

· Needle valves are especially delicate, and are easily broken the torch drops and strikes a hard object.

· Needle valves may also over time loosen and turn too freely.

· Loose needle valves make it difficult to keep the proper adjustment for the required oxygen: fuel gas mixture.

· To tighten loose needle valves, use a slight turn of a wrench to tighten the packing nuts on the stem of the needle valves.

· Welding tips also require some routine maintenance.
· Welding tips are designed to be installed and removed by hand.  

· Frequent use of the welding torch causes carbon to form in the passage of the tip.  This carbon build up must be removed from the tip regularly to allow for the free flow of gas.

· Use the following procedure when cleaning a welding tip:    

· Use a metal file to file the end of the tip flat.

· Insert a correctly sized tip cleaner into the end of the tip and pull it straight out.  Repeat until the carbon build up has been removed and the tip is clean.

Slide # 120: Oxyfuel Gas Welding & Cutting 

Equipment Setup


· There are a number of equipment setup issues to consider where Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 121: Oxygen Regulator 

Harris Calorific

Model 25 Oxygen Regulator
· To ensure safe operation, it is important to setup the equipment according to a predetermined sequence.  This helps guarantee proper and safe connections.

· Once the oxygen and acetylene cylinders have been secured and the valve stems have been checks for damage, the next step is to connect the regulators.

· First, connect the oxygen regulator and the hose.  

· Next, connect the oxygen regulator to the oxygen cylinder, and the oxygen hose to the oxygen regulator.  

· To avoid stripping threads, use a wrench to tighten the nuts and avoid stripping the threads.  Always use the proper size wrench to tighten the nuts. Consistent use of a loose-fitting wrench will wear the corners of the regulator nuts, which are made of brass (a softer metal).

· Once the regulator has been attached to the cylinder, purge the hoses.  

· Then, check the adjusting screw on each regulator to be sure that it is released.

· Next, open the cylinder valves.  Blow out any dirt that may be lodged in the hoses by opening the regulator adjusting screws.  By opening the adjusting screws slightly, the hoses will be purged of any residual gases.    Once the hoses have been purged, promptly close the regulator adjusting screws.

Slide # 122: Acetylene Regulator

Harris Calorific

Model 25 Acetylene Regulator
· To ensure safe operation, it is important to setup the equipment according to a predetermined sequence.  This helps guarantee proper and safe connections.

· Once the oxygen and acetylene cylinders have been secured and the valve stems have been checks for damage, the next step is to connect the regulators.

· Next, connect the acetylene regulator and hose.  

· Then, connect the acetylene regulator to the cylinder and the acetylene hose to the acetylene regulator.

· To avoid stripping threads, use a wrench to tighten the nuts and avoid stripping the threads.  Always use the proper size wrench to tighten the nuts. Consistent use of a loose-fitting wrench will wear the corners of the regulator nuts which are made of brass (a softer metal).

Slide # 123: Acetylene  

Harris Calorific

Model 25 Acetylene Regulator with CGA 300 Connection        
· Once the regulator has been attached to the cylinder, purge the hoses.

· Then, check the adjusting screw on each regulator to be sure that it is released.

· Next, open the cylinder valves.  Blow out any dirt that may be lodged in the hoses by opening the regulator adjusting screws.  By opening the adjusting screws slightly, the hoses will be purged of any residual gases.    Once the hoses have been purged, promptly close the regulator adjusting screws.

Slide # 124: Torch Handle 

Harris Calorific

43-2 Torch Handle 
· Once the hoses have been connected to the regulator, connect the check valves and hoses to the torch.  

· The check valves are mounted to the welding torch to prevent the reverse flow of gases that could result in a combustible mixture in the welding hose.

· Normally, gases flow toward the welding torch.  If any condition occurred that might cause a reverse flow of gas, the check valve will close.  

· Check valves should be left in place on the torch when the hose is detached.  

· Connect the hoses to the check valves mounted on the torch.  
· Flashback arrestors can be installed onto the check valves, regulators or both. 
· The red hose is connected to the acetylene check valve mounted on the needle valve fitting.  It is marked AC.  The green hose should then be connected to the check valve mounted on the needle valve fitting marked OX.  
· Remember that acetylene hose connections always have left-hand threads, which is indicated by the notched nut. Oxygen hose connections have right-hand threads.

Slide # 125: Welding Mixer & Tip

Harris Calorific

E43 Welding Mixer and 23A90 Tip
· The size of the welding tip selected depends on the thickness of the base metal to be welded.  Thin materials require a tip with a small opening is used, while thicker base metals require a large-sized tip.

· A numbering system is used to identify tip sizes, ranging from 000 to 15. The most commonly used tip sizes fall between 000 and 10.  The higher the number, the larger the tip diameter.

· It is important to select a tip that corresponds with the correct working pressure for the material being welded.  If too small a tip is selected, the heat will not be sufficient to fuse the metal to the proper depth.  If the welding tip selected is too large, the heat is too great and will burn holes in the metal.

Slide # 126: Welding Tips

Harris Calorific 

Single Piece Welding Tip (23A90)

Two Piece Welding Tip & Tube (8593)
· The size of the welding tip selected depends on the thickness of the base metal to be welded.  Thin materials require a tip with a small opening is used, while thicker base metals require a large-sized tip.

· A numbering system is used to identify tip sizes, ranging from 000 to 15. The most commonly used tip sizes fall between 000 and 10.  The higher the number, the larger the tip diameter.

· It is important to select a tip that corresponds with the correct working pressure for the material being welded.  If too small a tip is selected, the heat will not be sufficient to fuse the metal to the proper depth.  If the welding tip selected is too large, the heat is too great and will burn holes in the metal.

Slide # 127: Torch, Mixer & Tip

43-2 Torch Handle with E43 Welding Mixer &23A90 Tip
· Once the hoses have been connected to the regulator, connect the check valves and hoses to the torch.  

· The check valves are mounted to the welding torch to prevent the reverse flow of gases that could result in a combustible mixture in the welding hose.

· Normally, gases flow toward the welding torch.  If any condition occurred that might cause a reverse flow of gas, the check valve will close.  

· Check valves should be left in place on the torch when the hose is detached.  

· Flashback arrestors can be installed onto the check valves, regulators or both.

· Connect the hoses to the check valves mounted on the torch.  
· The red hose is connected to the acetylene check valve mounted on the needle valve fitting.  It is marked AC.  The green hose should then be connected to the check valve mounted on the needle valve fitting marked OX.  
· Remember that acetylene hose connections always have left-hand threads, which is indicated by the notched nut. Oxygen hose connections have right-hand threads.

Slide # 128 Torch, Cutting Attachment & Tip

Harris Calorific
43-2 Torch Handle with 73-3 Cutting Attachment 

62-3 Cutting Torch
· Once the hoses have been connected to the regulator, connect the check valves and hoses to the torch.  

· The check valves are mounted to the welding torch to prevent the reverse flow of gases that could result in a combustible mixture in the welding hose.

· Normally, gases flow toward the welding torch.  If any condition occurred that might cause a reverse flow of gas, the check valve will close.  

· Check valves should be left in place on the torch when the hose is detached.  

· Connect the hoses to the check valves mounted on the torch.  
· Flashback arrestors can be installed onto the check valves, regulators or both.
· The red hose is connected to the acetylene check valve mounted on the needle valve fitting.  It is marked AC.  The green hose should then be connected to the check valve mounted on the needle valve fitting marked OX.  
· Remember that acetylene hose connections always have left-hand threads, which is indicated by the notched nut. Oxygen hose connections have right-hand threads.

Slide # 129: Welding Setup  

Harris Calorific

                     
· This frame shows Harris Calorific equipment and shows a shielding gas kit with a secured gas cylinder.

· The gas cylinder needs to be secured in an upright position whether that’s chained to a wall, or on an undercarriage that will keep it in position.

· Another component of the gas setup is a regulator with a pressure gage so you know how much gas is in the cylinder.

· The regulator reduces the high source gas pressure to a lower constant working pressure, regardless of variations at the source.  Regulators may be single or dual-stage and may have a built-in flowmeter.  Dual-stage regulators provide a more constant delivery pressure than single-stage models.

· The gas kit includes a flow meter, or flow gage with a flow-control valve.

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

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

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

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

Slide # 130: Cutting Set Up

Harris Calorific
· Harris Calorific, a division of Lincoln Electric, manufactures a variety of regulators specific to the welding or cutting application.
· It is important to choose the correct regulator or 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 oxyfuel torch.

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

Slide # 131: Oxyfuel Gas Welding Consumables 
Filler Material & Fluxes 
· There are a number of filler materials and fluxes to consider when Oxyfuel Gas Welding, Brazing, Air Fuel Soldering and Cutting.

Slide # 132: AWS Filler Metal Classification 

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

· Here is an example of the AWS classification for OFW wire, R45. This is the AWS classification for mild steel and low alloy filler rods.

· Each letter and digit stands for something very specific.

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

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

· The 45 stands for minimum tensile strength in 10,000 psi.  The weld made by this wire must consistently meet a minimum tensile strength of 45,000 psi.  

· 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: Cut Length Consumables
· The illustration shows a package of cut length consumables. 

· The cut lengths are cut to 36” in length and are used when filler material is necessary for the OFW & OFB processes. 

· Often times, the filler material is in tubes that can be closed when not in use to protect the rods as well as for neat housekeeping purposes.  

· There are various package sizes available depending upon the manufacturer like: 1#, 2#, 3#, 5#, 10#, 25# and 50#s.

Slide # 134: Brazing Consumables
· Brazing filler metal selection chart.

Slide # 135: Brazing Consumables 
· Brazing filler metal selection chart.

Slide # 136: Brazing Fluxes
· Brazing flux selection chart.

Slide # 137: Soldering Consumables
· Soldering filler metal selection chart.

Slide # 138: Soldering Fluxes
· Soldering flux selection chart.

Slide # 139: Soldering Fluxes
· Soldering flux selection chart.

Slide # 140: Oxyfuel Welding 

Operation &  Applications
· There are a number of operational issues and applications to consider when Oxyfuel Gas Welding.

Slide # 141: Welding Basics
· Oxyfuel welding requires practicing a series of operations. They include initiating and carrying a weld pool, depositing a  weld bead with or without filler metal, and welding various types of joints.  

· When welding, the first step is to learn the proper technique for forming and maintaining a uniform weld bead.  

· A consistent weld bead can be formed and maintained using a torch to create and carry a weld pool.  

· It is important to carry the weld pool along the joint at a consistent width and depth.  How the torch is held, the torch position, and the motion used to carry the weld pool have a direct effect on the final quality of the weld bead.

· In some types of joints, it is possible to weld together two workpieces without adding filler metal.  However, for most welds, filler metal is advisable because it builds up the weld, and adds strength to the joint.    

Slide # 142: Welding Flame Types
· There are three basic flame types used in OFW. 

· The neutral flame is used in most welding, brazing, soldering and cutting because it does not carburize or burn the metal.  A neutral flame has a bright blue outer envelope with a sharp inner cone visible.  It is called a neutral flame because there is an approximate one-to-one mixture of acetylene and oxygen.  This results in a flame that is chemically neutral.  The brilliant white cone should be approximately 1/16” to ¾” long, depending on the welding tip size.  

· Any variation from the one-to-one oxygen-acetylene mixture will alter the flame characteristics.  When excess oxygen is forced into the oxyacetylene mixture, the resulting flame is said to be oxidizing The oxidizing flame has excess oxygen beyond the neutral flame.  It is pale blue in color without the clearly defined inner cone and characterized by a hissing sound.  An oxidizing flame is sometimes used for brazing.  

· The carburizing or reducing flame is caused by excess acetylene and is characterized by a feather flame that contracts towards the welding tip and inner cone.  A   carburizing flame can be identified by observing the existence of three flame zones instead of the usual two found in the neutral flame.  The end of the brilliant white cone is not as well defined and is surrounded by an intermediate white cone, that has a feathery edge in addition to the bluish outer envelope.

Slide # 143: Torch Applications
· Before beginning to weld, it is essential to learn the proper technique for forming and maintaining a uniform weld bead.  

· A consistent weld bead can be formed and maintained using an the welding torch to create and carry a weld pool.  The weld pool must be maintained along the joint at a consistent width and depth.  

· The angle at which the torch is held, the torch position in relation to the joint, and the technique used to carry the weld pool have a direct effect on the quality of the weld bead.

· Hold a torch like you would a hammer, curling the fingers lightly the fingers lightly underneath the torch.  The torch should balance easily in the hand.

Slide # 144: Welding Tip Height

Bead without Filler Metal
· When determining welding tip height, start by holding the torch still, with the inner cone of the flame about 1/16” to 1/8” from the surface of the base metal.

Slide # 145: Welding Torch Angles

Bead without Filler Metal
· The torch tip should be held at a travel angle of approximately 45 degrees and at a work angle of approximately 90 degrees to the line of travel on the base metal. 

Slide # 146: Welding Travel Speed

Bead without Filler Metal
· Move at a speed that allows the flame to maintain the   
· Molten puddle and push it across the base metal.
· Moving at too slow of a travel speed will cause the flame to “burn through” the base metal.
· Moving at too fast of a travel speed will cause the welder to “lose” the molten puddle.

Slide # 147: Welding Bead Initiation

Bead without Filler Metal
· Start by holding the torch still, with the inner cone of the flame about 1/16” to 1/8” from the surface of the base metal.

· Hold the flame until a small pool of molten metal has formed.  Then, start to push the puddle as steadily as possible from right to left (or left to right if you are left-handed).  

· Be careful to stay ahead of the heat in the metal as you move, slowly work forward.  It is important to give the heat a chance to melt the metal.  

· If the flame is moved too quickly, there is not enough heat generated to melt the base metal.  If the flame is moved too slowly, it will burn a hole through the metal.

Slide # 148: Welding Bead Formation

Bead without Filler Metal
· Begin the puddle (normally right to left for the right handed operator) using a forehand technique. 

· Remember to hold the welding tip at a 45o travel angle and a 90o work angle. Maintain the luminous inner cone approximately 1/16 to 1/8 inch above the metal.

· When preparing to form a weld bead, heat the metal until a molten puddle develops (3/16 inch diameter).

· Next, move the puddle across the base metal while  maintaining tip height, tip angles and puddle diameter as discussed previously.

· Maintain a puddle width 2 to 3 times the thickness of the metal.

Slide # 149: Welding Bead Termination

Bead without Filler Metal
· To terminate the bead, hold the filler metal in the molten puddle for a second to allow it to solidify and then lift off the filler metal.

· Allow the metal to cool briefly. 

Slide # 150: Welding Tip Height

Bead with Filler Metal
· When adding filler metal, start by holding the torch still, with the inner cone of the flame about 1/16” to 1/8” from the surface of the base metal.  Hold the filler metal in the opposite hand. 

Slide # 151: Welding Torch Angles

Bead with Filler Metal
· Remember to hold the torch so that the flame points in the direction of travel and at an angle of about 45* to the completed part of the weld.  

· Right-handed welders should start the weld at the right edge of the metal.  Left-handed welders should start welding at the left edge of the metal, traveling in the reverse direction.

· When adding filler metal to a weld, hold the filler metal at approximately the same angle as the torch, but slanted away from the torch.  

· Move the filler metal at a consistent rate and feed speed while feeding it into the weld pool.

Slide # 152: Welding Travel Speed

Bead with Filler Metal
· It is important to keep the forward movement of the torch consistent in order to produce weld beads of uniform width and height.

· Too slow of a welding speed creates a weld pool that is too large and which may burn through the metal.

· Too fast of a welding speed does not allow the filler metal to fuse thoroughly with the base metal and the filler metal just sticks on the surface.  

Slide # 153: Welding Bead Initiation

Bead with Filler Metal
· When adding filler metal to the weld, start by holding the torch still, with the inner cone of the flame about 1/16” to 1/8” from the surface of the base metal.

· Hold the flame until a small pool of molten metal has formed.  Then, start to push the puddle as steadily as possible from right to left (or left to right if you are left-handed). 

· When adding filler metal one hand must manipulate the torch to carry the weld pool across the base metal, the other hand must hold the filler metal and add it to the weld.

· Hold the filler metal at approximately the same angle as the torch.  However, the filler metal should be slanted away from the torch.

Slide # 154: Welding Bead Formation

Bead with Filler Metal
· Next, take a length of filler rod and try to lay a bead.  

· Hold the torch tip at a travel angle of approximately 45 degrees and a work angle of approximately 90 degrees to the line of travel on the base metal.  
· With the torch lit and adjusted to a neutral flame, begin by keeping the end of the rod within the outer envelope of the flame. 
· Keep the rod about a half-inch from the inner cone until you have formed a puddle with the torch tip’s inner cone.  

· Move the filler rod into the leading edge of the puddle to melt the filler metal.  Add the rod slightly as you advance the puddle.
· The filler metal should be moved at a consistent rate and feed speed as it is fed into the weld pool.

Slide # 155: Welding Bead Termination

Bead with Filler Metal
· To terminate a weld bead that has filler metal added, maintain a puddle diameter 3 to 4 times the thickness of the metal.

· Continuously feed the filler rod into the front of the puddle while running the bead across the metal.

· When terminating the bead, raise the torch slowly allowing the puddle to fill and solidify.

Slide # 156: Weld Quality
· This graphic represents some common weld deformities. 

· Typical causes include:

· An uneven weld bead, caused by moving the torch too slowly or too rapidly.

· Holes in the bead caused by holding the flame too long in one spot.

· Holes in the end of the joint, caused by not lifting the torch at the end of the weld has been reached.

Slide # 157: Welding Troubleshooting
·  This chart describes some common problems that can occur when oxyfuel welding.  It discusses probable causes for the welding problems, and suggests remedies for the problems. 

Slide # 158: Summary
· Oxyfuel Gas Welding can be used on both thick and thin materials as well as on a variety of alloys, which makes it a very versatile process.
· OFW can be used for welding in all positions.

· Because no electrical cables are required, this process is extremely portable.  
· The Oxyfuel Gas Welding process is very clean, producing no slag or spatter that must be removed from the weld.

· OFW produces high quality fusion welds.

· OFW welds may or may not have filler metal added to the weld.

Slide # 159: Oxyfuel Brazing

Operation & Applications
· Brazing is very similar to braze welding.  However,  in brazing the joint design depends a great deal on the capillary action of the filler material to make the required brazed joint.

Slide # 160: Brazing Basics
· There are currently a wide range of filler materials containing various amounts of nickel, silver, gold, etc. that are used in brazing.

· In addition, brazing flux cleans the base material, allowing for good capillary action and wetting by the brazing filler material.  

· Brazing is normally thought of in terms of using filler metals which melt at a temperature higher than 800* F.

Slide # 161: Brazing Flame Types
· There are three basic flame types used in oxyfuel processes. 

· The neutral flame is used in most welding, brazing, soldering and cutting because it does not carburize or burn the metal.  A neutral flame has a bright blue outer envelope with a sharp inner cone visible.  It is called a neutral flame because there is an approximate one-to-one mixture of acetylene and oxygen.  This results in a flame that is chemically neutral.  The brilliant white cone should be approximately 1/16” to ¾” long, depending on the welding tip size.  

· Any variation from the one-to-one oxygen-acetylene mixture will alter the flame characteristics.  When excess oxygen is forced into the oxyacetylene mixture, the resulting flame is said to be oxidizing The oxidizing flame has excess oxygen beyond the neutral flame.  It is pale blue in color without the clearly defined inner cone and characterized by a hissing sound.  An oxidizing flame is sometimes used for brazing.

· The carburizing or reducing flame is caused by excess acetylene and is characterized by a feather flame that contracts towards the welding tip and inner cone.  A   carburizing flame can be identified by observing the existence of three flame zones instead of the usual two found in the neutral flame.  The end of the brilliant white cone is not as well defined and is surrounded by an intermediate white cone, that has a feathery edge in addition to the bluish outer envelope.

Slide # 162: Torch Applications
· Before beginning to braze, it is essential to learn the proper technique for forming and maintaining a uniform bead.  A consistent bead can be formed and maintained using an the brazing torch to create and carry a pool.  The braze pool must be maintained along the joint at a consistent width and depth.  

· The angle at which the torch is held, the torch position in relation to the joint, and the technique used to carry the braze pool have a direct effect on the quality of the bead.

· Hold a torch like you would a hammer, curling the fingers   lightly the fingers lightly underneath the torch.  The torch should balance easily in the hand.

Slide # 163: Brazing Tip Height
· When preparing to braze a joint, select the proper size of brazing (welding) tip and flux coated brazing (filler) rod.   This is based upon the thickness of metal being brazed.

· First, light the acetylene gas with the spark lighter and adjust the flame to a neutral to slightly oxidizing flame.

· Correct brazing tip height consists of keeping the luminous inner cone of the flame approximately 1-2 inches from the base material.

Slide # 164: Brazing Torch Angles
· When preparing to braze, first light the acetylene gas with the spark lighter and adjust the flame to a neutral to slightly oxidizing flame.  Brazing is usually done with a slightly oxidizing flame.

· Hold the brazing (welding) tip at a 45o travel angle (direction of travel of the torch) and a 90o work angle (angle of torch in relation to workpiece).

Slide # 165: Brazing Travel Speed
· It is important to keep the forward movement of the torch consistent in order to produce weld beads of uniform width and height.

· Moving the torch too quickly will not allow for penetration of the filler metal to occur through capillary action.  

· Moving the torch too slowly can cause burning of the  base metal or deposition of too much filler material.

Slide # 166: Brazing Bead Initiation
· When initiating a brazing joint, first preheat both base metal pieces to 1600oF (cherry red color) by manipulating the torch over the area to be brazed.

· Next, hold the brazing (welding) tip at a 45o travel angle and a 90o work angle.

· Position the luminous inner cone at approximately 1-2 inches from the base material.

· Use a pre-fluxed brazing rod or as necessary, apply brazing flux to a bare filler rod.

· Next, place the brazing rod against the leading edge of the upper piece of the joint and allow the filler material to flow downward by gravity when the temperature of the base material is correct.

Slide # 167: Brazing Bead Formation
· To complete the braze, place the brazing rod against the leading edge of the upper piece and allow the filler material to flow downward by gravity when the temperature of the base material is correct.

· Follow the leading edge of the upper piece of the base metal to the end of the base material.

· If necessary, apply more flux to the bare brazing rod. 

· Be sure the filler material deposition is approximately ½ inch wide on both the top and bottom pieces of the base material.

Slide # 168: Brazing Bead Termination
· When the end of the brazed joint is reached, first remove the filler rod.

· Then, remove the flame from the base metal slowly to let the base material and filler material cool.

· By capillary attraction, the filler material should have drawn through the under or back side of the joint.

Slide # 169: Summary
· Oxyfuel Gas Brazing can be used on both thick and thin materials as well as on a variety of alloys, which makes it a very versatile process.
· Because no electrical cables are required, this process is extremely portable.  
· The Oxyfuel Gas Brazing process is very clean, producing no spatter and a minimum of slag.

· The OFB process requires the addition of filler metal through a brazing rod.
· OFB produces high quality, high strength brazed joints.

Slide # 170: Air Fuel Soldering Process

Operation & Applications
· Solderng is very similar to braze welding.  However,  in brazing the joint design depends a great deal on the capillary action of the filler material to make the required brazed joint.  

Slide # 171: Air Fuel Soldering Basics
· In soldering, temperatures are generally below 800*F. The filler metals used usually fall into the lead, tin, silver combinations.

· Joint strengths are usually less than those obtainable with either brazing or braze welding.  

· Techniques used in soldering are very similar to those used in brazing and braze welding in that a flux is always used to promote oxide removal and wetting of the soldering filler metal to the finished joint.

· The process of soldering is used largely as a low strength, sealing type of joint configuration where minimum heat input is a requirement to achieve the finished product.  

· All fuel gases, including acetylene, natural gas, propane, etc., can be used in combination with oxygen to perform the soldering operation.  

· Soldering can often be performed by using mixtures of a fuel gas and atmospheric air.  This process is often used in the plumbing and refrigeration trades.

Slide # 172: Soldering Flame Types
· There are three basic flame types used in oxyfuel processes. 

· The neutral flame is used in most welding, brazing, soldering and cutting because it does not carburize or burn the metal.  A neutral flame has a bright blue outer envelope with a sharp inner cone visible.  It is called a neutral flame because there is an approximate one-to-one mixture of acetylene and oxygen.  This results in a flame that is chemically neutral.  The brilliant white cone should be approximately 1/16” to ¾” long, depending on the welding tip size.  

· Any variation from the one-to-one oxygen-acetylene mixture will alter the flame characteristics.  When excess oxygen is forced into the oxyacetylene mixture, the resulting flame is said to be oxidizing The oxidizing flame has excess oxygen beyond the neutral flame.  It is pale blue in color without the clearly defined inner cone and characterized by a hissing sound.  An oxidizing flame is sometimes used for brazing. 

· The carburizing or reducing flame is caused by excess acetylene and is characterized by a feather flame that contracts towards the welding tip and inner cone.  A   carburizing flame can be identified by observing the existence of three flame zones instead of the usual two found in the neutral flame.  The end of the brilliant white cone is not as well defined and is surrounded by an intermediate white cone, that has a feathery edge in addition to the bluish outer envelope.

Slide # 173: Torch Applications
· Before beginning to solder, it is essential to learn the proper technique for forming and maintaining a uniform bead.  A consistent bead can be formed and maintained using the soldering torch to create and carry a pool.  The soldering pool must be maintained along the joint at a consistent width and depth.  

· The angle at which the torch is held, the torch position in relation to the joint, and the technique used to carry the soldering pool have a direct effect on the quality of the bead.

· Hold a torch like you would a hammer, curling the fingers lightly the fingers lightly underneath the torch.  The torch should balance easily in the hand.

Slide # 174: Soldering Tip Height
· Select the proper size air-acetylene soldering tip and lead free solder based upon the material being joined.

· Next, open and adjust AFS equipment based upon the air-acetylene soldering tip size selected.

· Light the acetylene gas with the spark lighter and adjust the air-acetylene flame to an appropriate length.

· Keep the luminous inner cone approximately 1/4 inch from the joint area.

Slide # 175: Soldering Torch Angles
· When preparing to solder a joint, open and adjust the AFS equipment based upon the air-acetylene soldering tip size selected.

· Next, light the acetylene or fuel gas with the spark lighter and adjust the air-acetylene or air-fuel flame to an appropriate length.

· Preheat both pieces of tubing and coupler to the appropriate temperature (to a point just after the flux/paste goes liquid) by manipulating the torch over the area to be soldered.
· Keep the luminous inner cone approximately 1/4 inch from the joint area.

Slide # 176: Soldering Travel Speed
· While soldering the joint, keep the luminous inner cone approximately 1/4 inch from the joint area.

· At the point just after the flux/paste becomes liquid, apply the lead free solder to the joint edge allowing the solder to draw into and around the joint by capillary action until the joint area is completely sealed.

Slide # 177: Soldering Bead Initiation
· When initiating a soldering joint, first preheat both base metal pieces to 250oF by manipulating the torch over the area to be soldered.

· Next, hold the soldering (welding) tip at a 45o travel angle and a 90o work angle.

· Position the luminous inner cone at approximately 1/2 inches from the base material.

· Use soldering as necessary, apply flux to base material.

· Next, place the solder against the leading edge of the upper piece of the joint and allow the filler material to flow downward by gravity when the temperature of the base material is correct.

Slide # 178: Soldering Bead Formation
· To complete the soldering, place the solder against the leading edge of the upper piece and allow the filler material to flow downward by gravity when the temperature of the base material is correct.

· Follow the leading edge of the upper piece of the base metal to the end of the base material.

· As necessary, apply more flux to the base material. 

· Be sure the filler material deposition is approximately 1/4 inch wide on both the top and bottom pieces of the base material.

Slide # 179: Soldering Bead Termination
· Be sure that no more solder is applied to the joint area than is necessary to completely seal the joint.

· Remove any excess or accumulated solder from the joint area. 

· When the soldered coupler joint has been completed, close the acetylene or fuel gas torch valve.

Slide # 180: Summary
· Air Fuel Gas Soldering can be used on both thick and thin materials as well as on a variety of alloys, which makes it a very versatile process.
· Because no electrical cables are required, this process is extremely portable.  
· The AFS process requires the use of flux and filler metal. 

· AFS produces high quality soldered joints.

Slide # 181: Oxy Fuel Cutting Process  

Operation & Applications
· There are a number of operational issues and applications to consider when Oxyfuel Gas Cutting.

Slide # 182: Cutting Basics
· Severing metal by the oxyfuel process is possible because of the reaction of the metal to oxidation.

· The cutting of steel is performed by preheating the metal to ignition temperature at 1600* to 1800*, then introducing high purity oxygen that actually does the cutting. 

· The steel is cut only as fast as the chemical reaction takes place.   Once initiated, it is a self-sustaining process.

· When carbon steel is exposed to various atmospheric conditions, a reaction known as rusting (oxidation) takes place.  This rusting is simply the result of oxygen in the air uniting with the metal, causing it gradually to break down and wear away.  This action is very slow.

· If the metal is heated and permitted to cool, heavy scales form on the surface.  This shows that iron oxidizes much faster when subjected to heat.     

· If a piece of steel were to be heated red hot and dropped in a vessel containing oxygen, a burning action would immediately take place. This is how the oxygen cutting torch does its job.  

Slide # 183: Cutting Flame Types
· There are three basic flame types used in oxyfuel processes. 

· The neutral flame is used in most welding, brazing, soldering and cutting because it does not carburize or burn the metal.  A neutral flame has a bright blue outer envelope with a sharp inner cone visible.  It is called a neutral flame because there is an approximate one-to-one mixture of acetylene and oxygen.  This results in a flame that is chemically neutral.  The brilliant white cone should be approximately 1/16” to ¾” long, depending on the welding tip size.  

· Any variation from the one-to-one oxygen-acetylene mixture will alter the flame characteristics.  When excess oxygen is forced into the oxyacetylene mixture, the resulting flame is said to be oxidizing The oxidizing flame has excess oxygen beyond the neutral flame.  It is pale blue in color without the clearly defined inner cone and characterized by a hissing sound.  An oxidizing flame is sometimes used for brazing. 

· The carburizing or reducing flame is caused by excess acetylene and is characterized by a feather flame that contracts towards the welding tip and inner cone.  A   carburizing flame can be identified by observing the existence of three flame zones instead of the usual two found in the neutral flame.  The end of the brilliant white cone is not as well defined and is surrounded by an intermediate white cone, that has a feathery edge in addition to the bluish outer envelope.

Slide # 184: Cutting Tip Height
· Once you have adjusted the preheat flames to neutral, direct the preheat flames on the edge where the cut is to be started.  

· The preheat flames should clear the surface by 1/16” to 1/8”.

Slide # 185: Cutting Travel Speed
· Before cutting action can start, the steel must be preheated to a bright cherry red.  

· When the red spot appears, depress the cutting oxygen      lever slowly.

· When the cut has started, move the torch in the direction you wish to cut.  Moving too fast will lose the cut.  

· Moving too slowly will make a grooved or double cut.    

Slide # 186: Cutting Torch Angles
· The cutting tip should be held at a travel angle of approximately 45 degrees and at a work angle of approximately 90 degrees to the line of travel on the base metal.  

· When cutting in the flat position, hold the cutting tip at a 90o angle from the base metal for both the travel and work angles.  

· To produce a bevel cut, change the torch work angle to 45o (use an inverted piece of angle iron) while maintaining a  90o travel angle.

· When piercing a hole, preheat the center of the hole to be pierced; as a red or bright red color appears, slowly depress the oxygen cutting lever; and then raise the cutting torch to a height of 1/2 to 3/4 inches.  Once the hole is pierced through, lower the torch to the proper height (i.e., inner cones approximately 1/8" above the base metal) and cut a 1 inch diameter hole.

Slide # 187: Cut Initiation
· The preheat flame performs four functions:

· To preheat the base metal to ignition temperature.

· To maintain a protective shield around the cutting stream.

· To maintain the reaction temperature.

· To penetrate rust, scale, and other foreign properties on the base metal.

· Before cutting action can start, the steel must be preheated to a bright cherry red.  

· When the red spot appears, depress the cutting oxygen lever slowly.

· Move steadily across base metal, keeping the luminous inner cones approximately 1/8 inch above metal.

· While moving across the base meta, if cutting stops, release the cutting lever, preheat again and restart the cut.

· Use a smooth straight edge to steady and guide torch movement, if necessary.

Slide # 188: Cut Progression
· When the cut has started, move the torch in the direction you wish to cut.  Moving too fast will lose the cut.  

· Moving too slowly will make a grooved or double cut.   

· To prevent sparks from blowing towards you, tilt the torch tip slightly to one side so the sparks blow away from you.

· Move steadily across base metal, keeping the luminous inner cones approximately 1/8 inch above metal.

· While moving across the base meta, if cutting stops, release the cutting lever, preheat again and restart the cut. 

Slide # 189: Cut Termination
· Continue moving the torch in the direction of the cut.  

· Lift off and release the preheat oxygen valve.

· For a quality cut, depending on the thickness of the base metal, adjust torch pressure, torch height, torch angle and torch travel speed. 

· After completing the cut(s), close the oxygen torch cutting valve first and the acetylene or fuel gas torch valve second.

Slide # 190: Cut Quality

Good Vs. Poor
· The graphics in this slide describe good and poor cut quality.  

· The quality cut graphic exhibits an excellent top edge with an extremely smooth cut face.  The cut itself is dimensionally accurate.

· The graphic showing a poor quality cut exhibits gouging of the base metal.  This defect is most often caused by either excess speed when cutting or by cutting with too mild of a preheat flame. 

Slide # 191: Dirty Tip 
· This slide shows the kind of cut that may result from a dirty cutting tip.  

· The dirt or scale on the tip deflects the oxygen stream and can cause an irregular cut surface, pitting, or undercutting.

Slide # 192: Speed 
· This slide shows cuts that have been made at a travel speed that is either slightly too fast or slightly too slow.

· When the travel speed for the cut is slightly too fast, the drag lines will incline backwards, although a drop cut is still attained.  This cut has a good top edge, a smooth cut face, and it is slag free.  It has produced a quality of cut that is satisfactory for much production work.

· When the cutting travel speed is slightly too slow, the cut is usually still of high quality, but there is some surface roughness caused by the vertical drag lines.  The top edge of the cut is often beaded.  The cut is generally acceptable, although faster speeds are more desirable. 

Slide # 193: Tip Height 
· This slide depicts cuts that have been made when the cutting tip is too high or too low. 

· If the cutting tip height is too high, the top edge of the cut is beaded or rounded.  The cut face is not smooth and often is only slightly beveled because the preheat effectiveness is partially lost because the tip is held too high.  In this situation, the cutting speed is reduced because of the danger of losing the cut.

· If the cutting tip height is too low, the cut had grooves and deep drag lines caused by an unstable cutting action.  In this case, part of the preheat cone burns inside the kerf where normal gas expansion deflects the oxygen cutting stream.

Slide # 194: Other
· This slide describes cuts that can occur when the gas mixture is not properly adjusted.

· If there is too much cutting oxygen, pressure marks are caused by the oxygen.  When more oxygen is supplied than can be consumed in oxidation, the remainder of the oxygen flows around the slag, creating gouges (pressure marks).  

· Too correct this problem, lower the cutting oxygen pressure, increase the travel speed, or use a smaller cutting tip.

· As the oxygen volume returns to more correct proportions, the pressure marks appear closer to the bottom edge, and finally disappear.    

· If there is too hot of a preheat, the cut will exhibit a rounded top edge.  The excess preheat does not increase cutting speed, but it does waste gas.  

Slide # 195: AWS Cut Quality 
· The graphics in this slide describe various things that can affect cut quality.  

· The quality cut graphic exhibits a regular surface with slightly sloping drag lines.  A slight amount of scale at the top of the cut is caused by the preheat flame and can be easily removed.  The surface of this quality cut can be used for may purposes without requiring machining.

· The graphic showing a cut made at an extremely fast speed shows a rake angle of drag lines.  Not enough time is allowed for the slag to blow out of the kerf, and the cut face is often slightly concave.

· An extremely slow cut shows pressure marks that indicate too much oxygen for ideal cutting conditions.  The top edge is rounded or beaded. 

Slide # 196: Troubleshooting
· This chart describes some common problems that can occur when oxyfuel cutting.  It discusses probable causes for the cutting problems, and suggests remedies for the problems. 

Slide # 197: Summary
· Oxyfuel Gas Cutting can be used on a variety of plate thicknesses, and on a variety of different steels.
· Because no electrical cables are required, this process is extremely portable.  
· The OFC process uses a non-consumable cutting tip. 

· High quality OFC cuts should have no dross or spatter.

Slide # 198: 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 Oxyfuel Gas Welding, Brazing, Soldering and Cutting
(    OFW, OFB, AFS and OFC have grown tremendously in 

      popularity due to all of their advantages.

(    OFW, OFB, AFS and OFC are clean processes because 

      there is little to no slag to clean up and there is no 

      spatter. 

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

      materials with the oxyfuel gas process.

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

      weld anything from thick material down to very thin 

      material.

(    OFW, OFB, AFS and OFC are excellent processes for 

      working with a variety of metals.  There is little 

      equipment changeover when these processes move 

      from one base material to the next.


Application/Practice Suggestions



Additional application points

1. Laboratory Application
· Students should be given hands-on time to practice all of the OFW, OFB, AFS and OFC applications discussed

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

Assessment/Evaluation




Additional Assessment/Evaluation Points

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

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