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INTRODUCTION

THE WORLD DEPENDS ON WELDING
Welding is an art, and it is also a means to achieve an end result. For instance, welding is a process used to build automobiles and airplanes, and it is also a process used to build stronger buildings, highway bridges, hydroelectric power plants, and probably the chair you are sitting in while you read this page.
If you possess a television set and a refrigerator, spot welding was used to make those appliances. If you are reading this page in a bookstore or a library, the bookshelves probably utilize welded brackets and bases to hold the shelves in place. If every weld in the world should give way at once, our world would fall apart. Automobiles would fall into piles of metal in the parking lots, airplanes would fall from the sky in pieces, ships would come apart and sink, and even the bed you sleep in would fall to the floor.
But welding is a satisfying talent that almost anyone can develop. I really enjoy building things out of metal. The welding table that I designed and built for a project in this book is one of the most useful welding projects that I have ever completed. Regardless of your reason for wanting to learn to weld, or to be a better welder, you will surely want to build this table before you try any other projects because this welding table will support many of your future projects. If you plan to build lots of welded projects, then you may want to build a much larger welding table, up to 4' x 8' in size. Learning to weld is similar to learning to play a piano. You can be playing "Chopsticks" with just a few minutes' instruction, but it takes a lot of practice to play Mozart on the piano. Likewise, you can learn to run a weld bead in just a few minutes, but you will have to spend time practicing before you build a real race car, airplane, or an ocean-going aluminum yacht. The projects that I have developed for you in Chapter 16 provide a low-pressure way to practice your welding before you tackle the really important projects.
[image: image]
This is a typical back driveway trailer building project, using a new Lincoln Invertec 205-T AC/DC welder that can do both TIG (Heli-Arc) and stick/arc welding. The project is also supported by a small Harris Gas welding and cutting torch and portable carrier. The trailer is upside down for fitting the wheels and axles.
A WORD ABOUT THE THIRD EDITION
This third edition of Welder’s Handbook comes at an exciting time in the history of welding. Electronic technology has experienced a major change in many areas of our lives, in things like cell phones that fit in your shirt pocket, that can send and receive calls anywhere in the world, and in laptop computers that have more power than the school bus-sized computers that existed when the first edition of this book was written.
And the same is true for arc welding equipment that was the size of a refrigerator when the first edition was written, that now is about the size of a lunch pail and almost as portable. New arc welding machines now can also be plugged into 220 volt and 230 volt shop current and then simply be taken away in the trunk or front seat of your car and plugged in to 110 volt house current and used to weld just as well as they were doing in the shop environment. And all this new welding technology has occurred in the past ten years since the second edition of this book was written. Other new technology has emerged in the form of television programs on the Learning Channel, on The Discovery Channel, and do-it-yourself shows, such as Monster Garage featuring Jessie James; Overhaulin’, featuring Chip Foose (I worked side-by-side with Chip for more than two years at the ASHA Corp. in Goleta, CA, in the mid 1990s); American Chopper: Orange County Choppers, featuring the Tuttle family; how-to shows featuring Boyd Coddington and other good shows that demonstrate how experts weld and form metal.
One important suggestion: If you don’t know much about welding, then read the glossary in the back of this book for explanations of terms normally used in the welding trade, and refer to it anytime you don’t understand a word in the book.
—Richard Finch
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Chapter 1
METAL BASICS AND HEAT CONTROL

[image: image]
Tony Stewart's Nextel Cup race car gets some MIG (wire feed) welding repairs prior to the next race. Notice the cleanliness of the welding shop. Your welding shop should be clean too! Photo Courtesy Lincoln Electric Co.
There are many factors involved in producing good welds in metal: the equipment used, the filler metal used, the preparation of the parts to be welded, and especially, the correct application of heat to the weld. In manual (not automatic) welding, the welder is the artist who knows how much heat to apply to produce good welds. Before you can weld, you must learn how to control heat, and have some fundamental knowledge of the basic types of metals and their properties.
SOLID, LIQUID, GAS
My high school physics teacher, Larry Grundy, taught me that almost all matter on this earth is in three basic forms: (1) Solid (frozen), (2) Liquid (molten), and (3) Gas (vapor). At the time, I don’t think that I believed him, but as I got older and tried things my own way, I began to see that he was right. I learned by experience that temperature, and especially heat control, plays a very important part in how the earth exists. And it really plays a very important part in welding. Note: When I was in high school, the 4th state of matter had not yet been explored to any extent, but the 4th state of matter is a serious thing today. It is called “plasma” and Webster's Dictionary defines it as “a collection of charged particles containing about equal numbers of positive and negative ions and electrons, exhibiting some of the same properties of a gas, but differing from a gas in being a good conductor.” This is important when cutting metal with a plasma cutter as we do in welding today. Please refer to the glossary on page 149 for more information.
Example: Metal can exist in these three forms, just like ice. Steel is solid at or below its 2,700°F melting point. Ice is solid at or below its 32°F melting point. Heat the ice on a kitchen stove to 32°F and it becomes liquid water, then heat it to 212°F and it begins to boil and vaporize.
Heat steel to 2,786°F and it becomes liquid or molten, then continue to heat it to over 5,500°F and it begins to vaporize. In welding, when the liquid/molten weld puddle (see glossary), begins to solidify, we say it is freezing. Certain kinds of arc welding rods are called "fast freeze rods."
While you are learning to weld, keep the example of ice cubes on the kitchen stove in mind. If you get the metal too hot, it will vaporize, just like the ice cubes do. Study the charts in this chapter to get a better idea of the melting and boiling points (temperatures) of the many kinds of metals that are weldable.
COLOR CHANGES OF METALS
As you practice your welding, brazing and soldering skills, you will recognize the color changes in metals as the metal is heated and cooled. Study the charts in this chapter to better understand the temperatures that result in specific colors when you are heating steel.
Aluminum does not exhibit the same kind of color changes that steel does, but it goes from shiny to dull as it is heated, then to shiny again as it begins to melt.
Stainless steel does not go through the number of color changes that mild steel and carbon steel go through in increasing temperatures, but stainless steel does turn red just before it melts.

TEMPERATURES OF SOLDERING, BRAZING & WELDING PROCESSES
Soldering, Lead Solder: 250–800°F (121–427°C)
Brazing, Brass and Bronze: 800–1,200°F (427–649°C)
TIG Welding: 5,000°F (2,760°C), Arc-Temp Variable
Oxyacetylene: 6,300°F (3,482° C) Flame Temp, Adjustable
Oxyacetylene Cutting: 6,300°F (3,482° C), Flame Temp, Adjustable
Arc Welding: 6000–10,000°F (3,316–5,538° C), Arc Temp
Plasma-Arc Cutting: 50,000°F (27,760° C), Arc Temp


Keep these working temperatures in mind. Each process—welding, brazing or soldering—is different. If you overheat the weld bead, you could "vaporize" your project! Master temperature control, and you will become a much better welder.
Similarly, brass and copper do not show the same color changes that steel does. Brass just gets lighter in color, then shiny as it melts; copper just gets red, then dark as it reaches melting temperature.
CONTROLLING HEAT
First, study the chart labeled Temperatures of Soldering, Brazing and Welding Processes. You will see a temperature range for each process. Soldering is the lowest temperature range, 250°F to 800°F. Brazing is the next highest temperature range at 800°F to 1,600°F, and Fusion welding at the melting point of the metal to be welded.
Next, study the chart Weights, Melting Points & Boiling Points of Metals. From this chart, you will begin to understand why you must control the heat in order to produce the results you want, which is good, strong metal joining techniques.
In every welding, brazing and soldering process that I describe and instruct in this book, I tell you to control the heat. Too cold will produce a weak bond or no bond at all, and too much heat will boil or vaporize the bond and even ruin your metal.
TYPES OF METAL
As you read this section, I strongly suggest you refer to the glossary for further definitions of terms you do not fully understand.
Before you can begin welding, you must know what kind of metal you are going to weld. Usually, but not always, you should weld the same kind of metals together. There will be cases where you will want to weld stainless steel to low alloy carbon steel, or solder brass to aluminum. In the applicable chapters, I will show you how to do it. But first, study the following paragraphs and photos to find out how to identify metals.
[image: image]
The welder in this picture is making a MIG (Wire Feed) welding repair to the front frame of this Nextel Cup Monte Carlo race car that is driven by Bobby Labonte. Photo Courtesy Lincoln Electric Co.
Ferrous & Non-Ferrous Metals
Ferrous indicates that a metal has iron content, and that it is attracted to a magnet. Non-ferrous means that the metal doesn’t have any iron content and that it is not magnetic. Cast iron, mild steel and chrome molybdenum steel are ferrous metals. Aluminum, brass, copper, gold, silver, lead and magnesium are non-ferrous metals and they are not magnetic and are not attracted to a magnet. In welding terms, ferrous and non-ferrous metals are considered to be "dissimilar metals" but they can be joined by various welding, brazing or soldering processes.
For instance, I’ll show you a special Cronatron (www.cronatron.com) brand of solder that will join any and all metals if a tensile strength of the bond at 7,000 psi would be acceptable. In this book, I will also show you how to braze copper to cast iron and even how to do repair welds without heat. More on that later.
The non-heat welding process is called JB Weld and you will have to read the appropriate chapter of the book to find out how to do it. Now, let’s become more familiar with the various types of metals.

WEIGHTS, MELTING POINTS & BOILING POINTS OF METALS
	Metal
	Weight lbs/ft3
	Melting Point °F (C)
	Boiling Point °F (C)

	Aluminum
	166
	1,217 (658)
	4442 (2450)

	Bronze
	548
	1,566–1832
	(850–1000)

	Brass
	527
	1,652–1724
	(900–940)

	Carbon
	219
	6,512 (3600)
	 

	Chromium
	431
	3,034 (1,615)
	 

	Copper
	555
	1,981 (1,083)
	4,703 (2595)

	Gold
	1205
	1,946 (1,063)
	5,380 (2971)

	Iron
	490
	2,786 (1,530)
	5,430 (2999)

	Lead
	708
	621 (327)
	3,137 (1725)

	Magnesium
	109
	1,100 (593)
	 

	Manganese
	463
	2,300 (1260)
	 

	Mild Steel
	490
	2,462–2786
	5,450 (3049)

	 
	 
	(1,350–1,530)
	 

	Nickel
	555
	2,645 (1,452)
	4,950 (2732)

	Silver
	655
	1,761 (960)
	4,010 (2210)

	Tin
	455
	449 (231)
	4,120 (2271)

	Titanium
	218
	3,263 (1795)
	 

	Tungsten
	1186
	5,432 (3,000)
	10,706 (5930)

	Zinc
	443
	786 (419)
	1,663 (906)

	4130 Steel
	495
	2,550
	5,500 (3051)





Melting points of metals vary widely. Use this chart to determine how hot you will need to get the metal in order to fusion weld it. If available, I have also included boiling temperatures for each metal, where they are available, a temperature you should surely avoid.
 
Cast Iron—This metal is usually rough-textured because of how it is manufactured. A cast-iron part is formed by pouring molten iron into a sand mold, thus giving it the form and texture of the interior of the mold. Typical cast-iron parts include automotive engine blocks, exhaust manifolds, manual-transmission cases, older lawn mower and garden-tractor engines, and early-style farm equipment.
Where it is cut with a lathe, saw, grinder or whatever, cast iron usually has a gray, grainy appearance. When ground with a high-speed grinding wheel, red sparks are generated.
Cast iron is ferrous, or magnetic. It can be arc-welded with stick-type electrodes or brazed or fusion-welded with an oxyacetylene torch.
Forged Steel—This is a rough metal, but smoother than cast iron. It’s used for most engine connecting rods, some crankshafts, axle shafts and some chassis components. Forging steel is done by hammering a red hot steel billet (see glossary) into the desired shape in a forging press. Machined, cut or ground, forged steel is light gray or silver inside. Grinding forged steel creates yellow or white sparks.
[image: image]
This illustrated thermometer will help you visualize the melting points of various metals. It will also give you an idea of how much heat you will need to weld various metals.
Forged steel is a ferrous metal. It can be welded with gas, arc, TIG, MIG methods. But, because steel forgings are intended for high-load/high-fatigue applications, such parts should be welded using the best methods available—TIG, or DC arc—if welded at all. Usually, damaged forged-steel parts should be replaced rather than welded.
Stainless Steel—Stainless is very smooth and hard. It’s usually found in sheets, but can be cast. As the name implies, it will not stain or corrode easily. Stainless steel is used to make kitchen cutlery, pots and pans, exhaust systems for airplanes or autos. When ground with a high-speed abrasive stone, it does not give off sparks. Instead, stainless steel turns black where ground.
[image: image]
Chrome moly steel is factory-marked for ease of identification. Here you see condition N (normalized), 4130-HR (4130 hot rolled), .095 x 29 (.095" thick x 29" wide) x 72 (72" long), OHT 144610 (heat number 144610 certification).
Stainless steel is an exception to the ferrous rule. It is steel, but it is usually non-magnetic. However, a few of the hundred or so different stainless steel alloys are magnetic. Note that some stainless steels do contain some amounts of ferrous metals such as iron and steel. Stainless steel welds best with TIG, but arc and gas welding can be used as well. It can also be gas-brazed.
Mild Steel—This is the most common of all metals, used in automobile bodies and chassis parts, lawn-mower handles, bicycle fenders, house furniture, filing cabinets—the list is endless. Cut or ground, it looks bright gray to silver. Grinding with a stone wheel generates a shower of yellow sparks.
Mild steel is ferrous. It can be welded by every method described in this book: gas, arc, TIG and MIG, and spot welding. It is very easy to work with.
Chrome Moly Steel—Chrome moly is also called low carbon steel because it contains some carbon for greater strength than mild steel but less than 0.04%. It is ferrous and can be heat treated after welding to 190,000 psi tensile strength. It welds best with TIG or oxyacetylene and should not be brazed because it has grains which can open to molten brass and often cracks as a result of brazing.
Cast Brass—Brass is often rough-textured because it is usually cast in sand molds. Cast brass is used for water-valve housings and, with bronze alloy, for boat propellers. If you cut or machine cast brass or bronze—a brass alloy—it appears smooth and yellow or gold in color, depending on the specific alloy. Brass should not be ground. Soft metals such as brass load up, or clog, abrasive grinding wheels, quickly rendering them useless. Cast brass is non-ferrous and non-magnetic. It can be welded with flux-coated brass rod and an oxyacetylene torch.
[image: image]
Small magnetic screwdriver is a handy way to test for ferrous or non-ferrous metals. In this picture, the magnet will not pick up brass welding rod because brass is non-ferrous, thus non-magnetic.
Cast Aluminum—This metal is usually rough, but because it’s cast at a much lower temperature than cast iron, it can be cast in molds with a smoother finish. Cast aluminum is used for late-style lawn mower engines, motorcycle crankcases, intake manifolds for automobile engines and, more recently, automobile engine blocks and cylinder heads. As with brass, don’t grind aluminum with a stone wheel. It also clogs the abrasive. Cast aluminum is non-ferrous. It can be welded with TIG, and gas, and brazed with aluminum filler. Cast aluminum can also be arc-welded.
Sheet Aluminum—This metal is smooth and shiny. It can even be polished to a mirror finish. Sheet aluminum comes in thicknesses as thin as kitchen foil or as thick as 2" or 3" plates. Sheet aluminum is used for screen-door frames, airplane wings, race car chassis, lawn furniture, siding on buildings, and many other common applications. Sheet aluminum is non-ferrous. Certain alloys can be welded with gas or TIG. You can also arc-weld some sheet aluminum.
Titanium—This metal looks similar to stainless steel, but it’s much shinier when welded or filed. Although relatively light, it is very strong. Titanium-alloy forgings, tubes and sheets are used in aircraft and race car construction. It is very expensive. Titanium doesn’t give off sparks when ground with an abrasive wheel. A ferrous metal, titanium can be TIG-welded, but shielding is critical.
[image: image]
This is a paint marker pen for marking and writing on metal. Buy one and use it to mark scraps of metal for future ease of identification.
Identification Markings
Most metal alloys have identification markings. For example, chrome-moly steel is usually marked "4130 Cond. N," for 4130 steel, normalized condition. The condition of metal indicates how its temper, or hardness, was achieved. For instance, it may be in an as-fabricated condition, work-hardened or heat-treated. The same applies to tubing and sheet chrome-moly steel.
Sheet aluminum is usually marked to indicate the basic alloy and its conditions. Typical examples of aluminum alloys are 2024-T4, 3003-H14 and 6061-0. Refer to the chart of aluminum alloys, Chapter 13 for a more detailed explanation.
Sheet stainless steel is marked "301, 308, 316 or 347," for example, depending on the specific alloy. The markings are similar to those for sheet aluminum except that STAINLESS may also be printed on the sheet.
For an indepth discussion of popular steel and aluminum alloys, read HPBooks’ Metal Fabricator’s Handbook (see Chapter 17 for ordering). Not only are important properties of metals discussed, but the specifics of each of the popular alloys are covered.
Permanent Metal Markers—In my own metal shop, I keep a paint-type metal marker handy to mark cut-off pieces of metal so I can identify them later. I mark the cut-off piece with the same identification that was used on the full sheet, such as 6061-0.-90" or 4130-N-.025" and so forth.

TEMPERATURE OF WELDING FUELS
	Fuel
	Air °F
	w/Oxygen °F

	Acetylene (C2H2)
	4,800°F
	6,300°F

	Hydrogen (H2)
	4,000°F
	5,400°F

	Propane (CaHa)
	3,800°F
	5,300°F

	Butane
	3,900°F
	5,400°F

	Mapp Gas
	2,680°F
	5,300°F

	Natural Gas (CH4+H2)
	3,800°F
	5,025°F






COLOR OF STEEL AT VARIOUS TEMPERATURES
in Fahrenheit (Centigrade)
	Faint Red
	900 (482)

	Blood Red
	1,050 (566)

	Dark Cherry Red
	1,075 (579)

	Medium Cherry Red
	1,250 (677)

	Cherry Red
	1,375 (746)

	Bright Red & Scaling
	1,550 (843)

	Salmon and Scaling
	1,650 (899)

	Orange
	1,725 (941)

	Lemon
	1,825 (996)

	Light Yellow
	1,975 (1079)

	White
	2,200 (1204)

	Dazzling White
	2,350 (1288)



Colors as viewed in medium light, not bright sunlight.



COLORS FOR TEMPERING CARBON STEEL
	Color
	Metal Temp

	Pale Yellow
	428 (220)

	Straw
	446 (230)

	Gold Yellow
	469 (243)

	Brown
	491 (255)

	Brown & Purple
	509 (265)

	Purple
	531 (277)

	Dark Blue
	550 (287)

	Bright Blue
	567 (297)

	Pale Blue
	610 (321)



Carbon steel assumes colors when heated.


Ferrous or Non-Ferrous?—I also keep a small magnetic screwdriver in my shirt pocket for quick identification of metals. Why? Because I cannot always visually identify the metal I’m working with. As already discussed, a magnet attracts ferrous metals—those containing iron. Magnets are not attracted to non-ferrous metals—metals that contain little or no iron, such as aluminum.
So, I touch my magnetic pocket screwdriver to the metal I want to weld. If it sticks, the metal has iron content. If the magnet doesn’t stick, the metal has little or no iron content. But this is only a preliminary test. Some non-magnetic metals, such as stainless steel, cannot be fusion-welded to other non-magnetic metals, such as aluminum or magnesium. Such dissimilar metals must be joined by brazing or soldering.
Mistakes Will Happen
Of course, there’s more to identifying metals than determining if they’re ferrous or non-ferrous.
Even though cast iron and mild steel are both magnetic and ferrous, the two cannot be joined using conventional welding methods. Special care must be taken to choose the proper welding process and welding rod.
Several years ago I was in a big rush to weld several aluminum stove hoods for a local restaurant. My supply of welding rod included short pieces that had been put back in the holder by a previous welder. By mistake, a piece of 316 stainless rod had been put back in the aluminum rod holder.
I did not notice the heavier weight of the stainless rod compared to the aluminum rod, and I proceeded to weld at least 12 inches of .090" aluminum stove hood seam with the stainless rod!
The dissimilar metal weld did not fuse together. Stainless steel will not mix with aluminum. I had to cut the stainless rod out of the seam and make a patch to cover my mistake.
Stainless steel rod is not magnetic and aluminum rod is not magnetic, but the aluminum rod is only one-third the weight of stainless rod. I made a mistake!
WELDING TEMPERATURE
With the frozen state of water in mind, consider the same condition for a piece of steel plate. When the steel is "frozen," below about 2,700°F, its melting point, it is solid. When heated above that temperature, steel changes to a liquid. And if you heat it to a temperature considerably above the melting point, steel can boil and vaporize into the atmosphere. You obviously shouldn’t vaporize a weld bead, so keep the weld-puddle temperature below the boiling point.
[image: image]
This is a heat-measuring Tempil stick. You can see 350°F printed near the tip. Mark the chalk-like stick on metal and the mark will melt at 350°F plus or minus 2°.
Overheat at First
Most beginning welders don’t heat the base metal enough. They fail to get it to the melting point and keep it there. I usually tell the beginner to go ahead and burn up, or overheat a few practice pieces. Doing this gives the beginner a feel for temperature control. Melting temperatures vary considerably from metal to metal. If you can master temperature control, you have a head start on welding successfully.
Temperature Control
If you can learn to correctly control the temperature of the weld puddle—the molten pool that forms the weld bead—you can do a good job of welding. To control the weld puddle, you must learn how to judge and control the temperature of the metal you’re welding.
Getting back to the water example, water will pour and flow at room temperature. However, if you lower its temperature to below its melting point, or 32°F (0°C), it becomes a solid—ice. You can then handle it just like a block of steel; saw it, drill it or sit it on the freezer shelf without the need to contain it.
If you put this block of solid water in a pan and heat it to 212°F (100°C), it begins to boil and vaporize as it changes from a solid, to a liquid, then to a gas. Steam boils off and escapes into the atmosphere. Water, therefore, has a freezing point, a melting point and a boiling point.
Once you’ve mastered temperature control, the next thing to do is to become familiar with which metals can be welded and by which methods. The accompanying charts give the melting points of metals that can be welded, brazed, and soldered.
Make photocopies—you have the author’s and publisher’s permission—of the five charts in this chapter. Post them in your welding shop for quick reference. You’ll be amazed how helpful they’ll be.

WHY CAN’T I WELD WITH PROPANE?
The chart on the previous page shows 3,800°F flame temperature. The small bottle of gas I purchased from the hardware store is labeled 2,500°F (1371°C).
It CAN be used to weld and cut with, but the efficiency is below what you need to actually weld with. Pure oxygen and pure acetylene mixed together in a concentrated flame will give 6,300°F, a welding flame.
Propane and air are not as efficient, because air contains nitrogen, which is non-combustible.




Chapter 2
AN OVERVIEW OF WELDING, BRAZING AND CUTTING

[image: image]
Oxyacetylene fuel is used in a torch handle to gas weld on aluminum bracket. Flux cored filler rod makes this process very easy to do.
Historical records tell us that iron, gold, silver and bronze were commonly used as far back as 6,000 years ago. Biblical records indicate that metal swords existed even in the time of Adam and Eve. However, the significant joining of metal became common practice with the invention of the forge, which superheated fire by blowing air into a bed of red-hot coals.
Oxygen mixed with acetylene gas and burned in a blowpipe was first used for metal fusion welding at the turn of the twentieth century (1900). The invention of oxyacetylene welding did a lot to promote the aircraft industry in World War I.
Arc welding was in its infancy in the early 1900s. My earliest memories as a child were of watching an arc welder at work and getting my eyes burned from the arc. That was in 1938. I was 3 years old then. But the first arc welding rods were merely bare steel rods.
Oxyacetylene really became a well-developed art in building the WWII steel tube fuselage airplanes. The two gases, oxygen and acetylene, did not change but the regulators, hoses, and welding torches improved. My first torch was a 1950 vintage Victor Aircraft torch, and it did a very good job of building go-karts for me from 1958–1962.
TIG (Tungsten Inert Gas) welding was developed during WWII to improve the ability to weld aluminum parts for airplanes. It is also referred to as the trademark name Heli-Arc welding. This type of welding began to improve in the 1970s and 1980s when it utilized inverter technology. Inverter technology allows much smaller and lighter transformers than with straight AC or DC welding equipment.
In 1970, a typical AC-DC Heli-Arc welding machine weighed 400 to 500 pounds. Today a machine with even greater capabilities will weigh less than 50 pounds because of the use of inverters, rectifiers and electronic circuitry.
AN OVERVIEW OF WELDING PROCESSES
In this chapter, I will provide an overview of the 10 most common methods of welding, brazing, and soldering metals together. This book is written to be a handbook for the beginning welder and as a source book for the more experienced welder. Schools and factory welding departments will find that memorizing pages of welding hints and tips is not necessary if you have Welder’s Handbook handy. The processes described in this chapter are: (1) Gas (oxyacetylene) welding and heating, (2) torch (oxyacetylene) cutting, (3) gas brazing and soldering, (4) arc (stick) welding, (5) MIG (wire feed) welding, (6) TIG (Heli-Arc) welding, (7) plasma cutting, (8) spot welding and (9) cold welding with epoxies.
Oxyacetylene Welding and Heating
The heat produced by an oxyacetylene (gas) welding or heating torch is 6,300°F (3,482°C), which is very adequate for most welding projects. The heat control techniques used in gas welding are very similar to the heat-control techniques required in most other kinds of welding, therefore, gas welding is usually taught first in most formal welding schools.
The size of the
	You can’t see the puddle easily because the nozzle of the MIG gun blocks your view. A partial solution to this is to look at the weld puddle from the side rather than from behind the MIG gun.
	The smoke and sparks that are a result of the flux-cored MIG process make seeing the puddle very hard to do. A partial solution to this problem would be to use inert gas and solid wire to reduce the smoke.
	The weld begins when you squeeze the MIG gun trigger and continues until you release the trigger. You are committed to weld, ready or not, so make sure you practice first.








*Thoriated means tungsten includes thorium alloy for making it easier to start the arc. Unfortunately, thorium also can contaminate aluminum and magnesium, so pure tungsten should be used for these applications. Read the sidebar for descriptions of other grades of tungsten.
Reduce trips to the welding supply store by keeping a supply of TIG parts in your toolbox.
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