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About This Project
This project manual is written for members enrolled in the Welding project. A record book is provided
and contains the project regulations and requirements.
The last part of the manual contains suggestions for exercises. You will also find line drawings for some
articles you may wish to make as your project.

Objectives of The Welding Project
1. Members to develop an appreciation of the use of welders.
2. Members to practice safety around the shop and in the operation of welding equipment.
3. Members to develop skill in the use of either one or both of electric and oxyacetylene welders.
4. Members to learn how to care for welding equipment.
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Introduction
Welding is probably the most popular method of joining and repairing metals currently being used in
our modern world. Its application is so wide spread that welded joints can be found in all areas,
ranging from space age satellites and space capsules to children’ toys, from huge construction
machinery to kitchen utensils, from ship yards to oil pipelines. There are very few parts of the world
where welding and welded equipment is not playing an important part in day-to-day activities of the
human race. The cars, the airplanes, the farm machinery, all are constructed and maintained, at least
in part, by the use of welding. One has only to look around to see evidence of its application and
importance.
Welding by its very nature has proven to be one of the fastest, easiest and most economical means of
joining metals in manufacturing these many products, and to repair worn out or damaged equipment.
It has, to a great extent, replaced bolting, riveting and other attaching methods and while doing so has
resulted in stronger, more satisfactory results. In some cases, it has made possible design and
construction of articles in which other methods of metal attachment are unsatisfactory or impossible.
There are two basic types of welding processes - electric and oxyacetylene. They both have a wide
range of application in the welding field and in a great many cases, either electric or oxyacetylene
welding equipment can be used for a specific welding operation.
It is to be expected, however, that each of these processes have certain advantages and disadvantages.
In other words, for some welding jobs electric equipment is better suited than oxyacetylene, and in
other situations the oxyacetylene is more satisfactory.
The electric welding process is satisfactory for a great many kinds of metal and welding jobs. Because
of its wide application there are many different kinds of electric welders on the market: many of them
designed and suited to very specific or special types of welding. There are so many types of electric
welders that they are too numerous to mention. However, the most common and popular are the
power line A.C. welders (alternating current) and the engine or motor driven D.C. welders (direct
current).
The oxyacetylene welding process consists of a supply of oxygen and acetylene contained in tanks
along with suitable pressure regulators and torches. It also has wide application.
At the present time electric welding is the more popular of the two welding processes. There are
several reasons for this wide acceptance.
Electric welding is fast. Welding can be started quickly, the operator need only “strike” the arc and
welding begins immediately, regardless of the size or thickness of metal being welded. This means the
welding can be done quickly, with a minimum delay and at the least possible discomfort to the
operator.
The cost of welding is important. The cost of electric welding equipment varies considerably, but the
smaller electric welders will be approximately the same price as a small oxyacetylene welding unit.
Once the electric welder is purchased, the actual cost of electric welding is very low. The cost of
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electric power is very small for a welding job and the majority of the electric welding rods are very
reasonably priced. The result is a process that is very inexpensive and compares favorably with any
other type of joining or fabricating process.
The major advantages of electric welding are:
(1) A process that is fast, even on large and heavy material.
(2) Low welding cost.
The oxyacetylene process involves the use of a flame. This flame is produced by mixing oxygen and
acetylene in the proper amounts and burning it. The flame is used to heat the metal to be welded to a
point at which it melts, and melting in a filler rod material to fuse the material together. The flame
must be held on the work until such time as it begins to melt, before welding can begin. If the metal to
be welded is thin or light it will heat quickly and welding may begin with a minimum of delay. However,
if the metal is heavy it takes considerable time to heat the metal to a melting temperature so that
much more time is necessary before welding may begin.
The oxyacetylene welding process, generally speaking, is much slower than electric welding and
because of the great amount of heat from the oxyacetylene flame, it is more uncomfortable for the
operator.
The oxygen and acetylene costs are somewhat higher than the cost of electric power and this coupled
with the fact that oxyacetylene welding is slower, means that the cost of oxyacetylene welding is
higher than for comparable electric welding.
The major advantages of oxyacetylene welding over electric welding lie in the suitability of
oxyacetylene equipment for welding thin or light material and for flame cutting of metal.
With selection of small welding torches, oxyacetylene equipment can be used to do a very satisfactory
job on very thin or delicate material. The small flame can be directed in such a way that the heat input
into a material can be closely controlled without danger of burning or melting holes in the material. In
this respect it is more satisfactory than electric welding.
Generally speaking, oxyacetylene equipment is far superior for cutting metal than the electric
machines. While it is possible to do a fair job of cutting with the electric equipment the oxyacetylene
will do a much faster, smoother and more accurate job, which upon completion will require a
minimum of slag removal and “clean up” prior to use.
To summarize:
The electric welding process is superior from the stand point of low cost and speed of welding
particularly on medium and heavy material.
The oxyacetylene process allows good heat control and ease of welding thin or light material and is
very superior for metal cutting.
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Equipment
Arc Welding
Manual arc welding machines are placed in two type groups classified as to the type of current they
produce.
Alternating Current (A.C.) machines are transformers that are connected to 220 or 440 volt, 60 cycle,
A.C. power sources. The high voltage-low amperage input current is changed to low voltage-high
amperage output or welding current -by the transformer. On small limited input A.C. welders, the
welding voltage (closed circuit) is in the 20-40-volt range. When the transformer is energized or
switched on, but no current flowing in the welding circuit (open circuit) the voltage on most of these
welders will be at least 60 volts. If the open circuit voltage is 75 or 80 volts it will be easier to establish
an arc. Many limited input A.C. welders are equipped with a capacitor which improves the arc striking
characteristic of the welder.
The amperage or amount of heat that is provided by the welding current has to be controllable to
provide the heat required for welding on metals of different thickness and different sizes of electrodes.
The minimum amperage (lowest heat) usually will be 10 to 15 amps and the machine output will be
adjustable between this minimum and the maximum output of the machine. For small welds this
maximum usually is 180, 225 or 250 amps.
In A.C. machines the current or amp control may be obtained in several fashions. The most common
method is to employ a series of taps or current take-off points on the secondary or output winding of
the transformer. The more windings that are used -the higher the output current will be. This type of
control gives fixed current increments, e.g. 85-100-115-130 amps. The other systems give infinitely
variable currents within the output range of the machine, e.g. 82-84-86-88-90 amps, etc. This fine type
of control is provided by having the input winding of the transformer movable on the core laminations
with respect to the output winding. The closer the two windings are, the higher the output current will
be. A similar type of control is provided in other machines by having a section of the core movable or
by moving a shunt coil across the transformer.
Direct Current (D.C.) machines are usually D.C. generators driven by a gasoline engine (portable) or an
A.C. electric motor. Another version is obtained by including a rectifier in the output winding of an A.C.
transformer which converts the normal A.C. output to D.C. current.
On D.C. generators control of the welding current is obtained by a rheostat or variable resistance in the
field winding of the generator. This controls the amount of current flowing through the field winding
and therefore the output of the armature or output section of the generator.
The output welding current of a 60 cycle A.C. machine reverses its direction of flow 60 times per
second, therefore, it doesn’t matter whether the ground cable or electrode cable end is plugged into
the ground or electrode outlet on the machine. On D.C. machines the current flows continually in one
direction (from positive to negative) and more heat is concentrated on the positive side of the welding
circuit. This gives what is referred to as a polarity option on the D.C. machine -straight polarity
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(electrode negative) which tends to make the work or parent metal hotter -and reverse polarity
(electrode positive) which concentrates more on the electrode.

Oxyacetylene Welding
Oxyacetylene welding sets vary in refinement, size and ruggedness. The main components of the
system are the regulators. Their function is to reduce the high pressure of the gases contained in the
cylinders to a safe working level. The most common regulator is a single stage type which reduces
cylinder pressure to torch working pressure in one step. The working pressure of the oxygen regulator
will be 0-100 or 200 P. S.I., and the working pressure of the acetylene regulator 0-30 P.S.I., but keeping
in mind that the working pressure for acetylene should never exceed 15 P.S.I.
The preset regulator is a smaller, less versatile type. The working pressures are preset at 30 P.S.I. for
oxygen, 10 P.S.I. for acetylene. This can be a disadvantage when faced with cuts in steel in excess of
one inch thick.
The most adaptable regulator is the two-stage type which reduces cylinder pressure to working
pressure in two stages. The working pressure does not require continual corrections on the regulator
as the cylinder pressure drops, hence this type of regulator is found more frequently in larger shops
where continuous use of the equipment is required.
In the case of the three types of regulators -the remaining volumes in the oxygen and acetylene
cylinders are indicated on “cylinder” pressure gauges or on indicator buttons on the regulator. In the
case of the single-stage regulator and two-stage regulator the working pressure will be indicated by
gauges on the regulators these, of course, are absent on the preset regulator.
The attachment of the regulators to the cylinder differs. The oxygen regulator to cylinder connection is
a metal to metal seal secured with a right hand threaded nut -whereas the acetylene regulator to
cylinder connection is through a fibre gasket and a left hand threaded nut. This system of left hand
threads on acetylene and right hand threads on oxygen connections is carried through on regulators,
hoses and hand piece preventing any mistake on assembly of the components.
The common hand piece is a combination type to which varying sizes of welding tips (depending on
heat requirements), and a cutting torch may be attached.
The cylinders in which the welding gases are contained are drawn seamless steel pressure vessels. The
oxygen cylinder is a hollow container with the oxygen compressed to 2200 PSI when the cylinder is full.
Caution should be exercised, as it is indicated in the safety section, when handling the oxygen
cylinders. The acetylene cylinder contains a porous filler material which gives an 80% cavity. The cavity
is filled to about one-third volume with acetone in which the acetylene is dissolved. Acetone has an
absorptive capacity of 24-25 volumes of acetylene per volume of acetone per atmosphere. In other
words, at 250 PSI cylinder pressure there will be approximately 420 volumes of acetylene per volume
of acetone. Acetylene is stable when handled in this fashion but when in the free state, at pressures in
excess of 25 PSI, it becomes unstable, hence, acetylene working pressures are limited to 15 PSI.
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Acetylene should never be drawn from a cylinder when it is horizontal or acetone will come off. With
the cylinder in normal or vertical position withdrawal in excess of one-seventh of the cylinder volume
per hour should be avoided or again the acetone may be drawn off because the acetylene will not
come out of solution rapidly enough. (e.g. A cylinder containing 280 cubic feet of acetylene should
have a maximum withdrawal rate of 40 cubic feet (hour). If acetone is drawn into the equipment it will
damage the regulator and torch.

Location of Welders
Arc Welders
Portable motor generator type welders can be fitted with hoods to protect them from the weather and
may be stored in any convenient location when not in use. If motive power is provided by a gasoline
engine, provision must be made to lead the exhaust gases out of doors.
Transformer type welders should be protected from the weather. The best location is close to a door in
the farm shop, so that the welding cables will reach the work bench and normal areas where welding
may be accomplished inside the shop. For outdoor welding on large machines the cables will extend
through the doorway to the job. The welder may be placed on any good dry floor but is more
convenient for operation if mounted on a stand that will raise the welder controls· to about thirty to
thirty-six inches above the floor level. Two large hooks or arms extending from the shop wall close to
the welder will provide an easy method of coiling and hanging the welding cables for safe storage
when not in use.
Welding electrodes should be stored in a dry place. Some electrode coatings deteriorate under moist
conditions.
Arc welders should not be installed or used in locations where inflammable materials may be ignited by
sparks. Welding benches should be covered with bricks or metal, and walls near the welding bench
should be protected by fireproof covering such as sheet metal or asbestos wall board.

Acetylene Welders
Acetylene welding tanks and equipment should be mounted on a suitable hand cart so that they will be
fully portable. Portable acetylene welders may be stored in any convenient place in the farm shop as
long as it is not too near a stove, electric welder or any other source of heat which might cause the
tanks to explode. Welding tips and accessories should be stored on wall racks, or in a carrier on the
cart to protect them from damage to the soft metal parts.
A well designed cart will be provided with arms or reels on which the hoses may be coiled for storage.
Hoses should not be coiled or hung on the regulators and gauges which could be easily damaged.
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Safety Precautions
While all types of welders are relatively safe to use, some care must be exercised to prevent accidents.
Personal injury or property damage may result from any of the following five sources:
1.
2.
3.
4.
5.

Electric shock
Burns and radiation
Gas fumes
Fires and explosions
Oxyacetylene equipment

A few common sense precautions that will aid in avoiding accidents or injury may be listed as follows:

Electrical Shock
1. Have all transformer type welders installed and the wiring connected by a licensed electrician.
2. Make sure that both the power supply and the welder are adequately grounded.
3. Do not stand on a wet floor when welding; use a dry board or similar non-conductor.
4. Keep all cables, electrode holders and arc torches in good condition. Repair broken or worn
insulating materials immediately.
5. Do not leave cables on the floor where they may be run over with machinery or walked on
resulting in insulation damage.
6. Always turn the welder off when not in use.

Burns and Radiation
1. Always use a good face shield or welding hood with a dark number 9 or 10 filter lens for
electrical welding. Dark lens goggles in shade number 4 will provide adequate protection to the
eyes when acetylene welding. Special goggles are available that may be worn over glasses.
2. Wear gloves and protective clothing to shield the skin from injurious arc rays.
3. Avoid cuffs on pants, open top shoes or other traps that will catch flying hot slag or sparks.
4. Take all necessary precautions to protect yourself and others from contacting hot metal or
fresh welds.

Gas Fumes
1. Provide good ventilation in the welding area.

10

2. Do not inhale the fumes from zinc coated, galvanized or other coated metals during welding.
Weld these materials out of doors if necessary so that a breeze will blow the fumes away from
the operator.

Fires and Explosions
1. Keep the shop clean and free from all combustible materials that might be ignited by flying
sparks.
2. Protect walls of wood construction in the welding are~ with a covering of sheet metal, asbestos
board or other fire resistant material.
3. Never weld when gasoline cans or other combustible or explosive containers are in the shop.
4. Never attempt to weld barrels, tanks or other containers which have held explosive or highly
combustible materials. These containers must be thoroughly steam cleaned and treated before
welding. Since this cannot be accomplished on the farm these few welding jobs on explosive
containers should be taken to shops that have the special equipment to do the job safely.

Oxyacetylene Equipment
1. Do not expose cylinders to high temperature or open flame.
2. Keep oil and grease away from the gases and hose connections. Do not lubricate any part of the
oxyacetylene equipment.
3. Protect hoses from mechanical injury and never direct torch at hoses or tanks.
4. Close the cylinder valve when welder is not in use.
5. Do not use the valves and regulators as hangers for the hoses.
6. Handle the cylinders as gently as possible. The high pressure oxygen can be particularly
dangerous if damaged or punctured while full.
7. The acetylene cylinder must always be operated in an upright position.
8. Never exceed 15 pounds working pressure on the acetylene regulator.
9. The operator’s clothes must be free of oil and grease.
10. Never set down a lighted torch or leave it unattended -SHUT IT OFF!

Weldability and Metal Identification
The large number of metals encountered makes it essential that a welder be able to recognize the
different metals. The filler material used in a weld must reasonably closely match the parent material
which is being welded. The most common steels encountered are low carbon (mild) and medium
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carbon steel -which have good weldability. Standard mild steel electrodes are suitable for welding mild
steel and in some cases medium carbon steel. Generally speaking, when a medium or high carbon steel
is encountered, low hydrogen electrodes should be used. This is true also of most alloys, high sulfur
steel, manganese steel, molybdenum steel (tools), etc. Stainless steel electrodes may also be used on
these alloys with good success, as well as their normal application on stainless steels.
The carbon content, and indirectly the hardness and tensile strength are fair indicators of weldability.
As the carbon content, hardness and tensile strength increases, weldability usually decreases.
Oxyacetylene application on mild and medium carbon steel could be done with steel fusion rod or
brazing materials. When more refined alloys are encountered, high strength brazing alloys and silver
solders are usually used. Copper and brass can usually silver soldered more satisfactorily with
oxyacetylene. These materials and aluminum can be welded with corresponding electrodes and a D.C.
reverse polarity power supply, but not with a 60 cycle A.C. power supply. Aluminum is fusion welded or
brazed with aluminum filler rod and fluxes and an oxyacetylene heat source.
Special electrodes and techniques are required for arc welding cast iron. This material can also be
brazed or fusion welded with oxyacetylene equipment.

Identification of Metals
Metal
Appearance

Manganese Steel
Dull cast surface

Stainless Steel
Bright, silvery
smooth

Magnetic

Non magnetic

Chisel

Extremely hard to
chisel

Depends on exact
analysis
Continuous chip
Smooth bright color

Fracture

Coarse grained

Flame

Melts fast
Becomes bright red
before melting.

Depends on type
Bright
Melts fast
Becomes bright red
before melting.

Bright white
Fan-shaped burst

1. Nickel-black
shape close to
wheel
2. Moly-short arrow
shape tongue (only)
3. Vanadium-long
spear-point tongue

Spark
*For best results use
at least 5,000 surface
feet per minute on
grinding equipment
(Cir. x R.P.M.
12
= S.F. per min.)

Cast Iron
Dull grey
Evidence of sand
mold
Strongly magnetic

Wrought Iron
Light grey
Smooth

Small chip about
1/8”
Not easy to chip
Brittle
Brittle
Melts slowly
Becomes dull red
before melting.

Continuous chip
Smooth edges
Soft and easily cut
and chipped
Bright grey
Fibrous appearance
Melts fast
Becomes bright red
before melting.

Red carrier lines
(very little carbon
exists)

Long straw color
lines (practically
free of bursts or
sprigs)

Strongly magnetic
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(only)

Identification of Metals
Metal
Appearance
Magnetic
Chisel

Fracture
Flame

Spark*
*For best results use
at least 5,000
surface feet per
minute on grinding
equipment
(Cir. x R.P.M.
12
= S.F. per min.)

Low Carbon Steel
Dark grey
Strongly magnetic
Continuous chip
Smooth edges
Chips easily
Bright grey

Medium Carbon Steel
Dark grey
Strongly magnetic
Continuous chip
Smooth edges
Chips easily
Very light grey

High Carbon Steel
Dark grey
Strongly magnetic
Hard to chip
Can be continuous

Melts fast
Becomes bright
red before
melting.

Melts fast
Becomes bright red
before melting.

Melts fast
Becomes bright red
before melting.

High Sulphur Steel
Dark grey
Strongly magnetic
Continuous chip
Smooth edges
Chips easily
Bright grey
Fine grain
Melts fast
Becomes bright red
before melting.

Yellow lines sprigs
very plain now
(Approx. .20% to .45%
carbon)

Yellow lines bright
burst. Very clear
numerous star
burst
(Approx. .45%
carbon and above)

Swelling carrier
lines cigar shape

Long yellow
carrier lines
(Approx. .20%
carbon or below)

Very light grey

Welding Rods
Oxyacetylene Welding Rods
When welding low carbon (mild steel) with oxyacetylene equipment, a good quality mild steel welding
rod should be selected. These rods can be purchased from any of the welding distributors. They are
uncoated (no flux) steel rods and though they are sold under various trade names, they all conform to
the same quality standards.
In the event that welding operators run out of welding rod or that a rod supply is not immediately
available, ordinary black iron wire (non-galvanized) is a fairly good substitute for the proper welding
rod. While it is somewhat inferior in quality to the standard rod it may be used successfully for some
types of oxyacetylene welding.
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Electric Welding Electrodes
All mild steel and low alloy steel electrodes conform to the minimum standards designated by the
American Welding Society (AWS) and the Canadian Standards Association (CSA), and while the
electrodes may be sold under various company trade names they also carry an AWS classification
number which is common to all companies. This number indicates the rod strength, suitability to A.C.
and D.C. welding machines, and the welding positions to which the rod is suited.

AWS Numbering System for Metal Arc Welding Electrodes
EXAMPLE:

E6013

mild steel electrode

Prefix “E” = electric welding
First two or three digits = tensile strength (stress relieved) in thousands of pounds

E

6013

Last digit = power supply, quality, type of arc penetration
Next to last digit = position of welding

Next to last digit
0
1
2
3
Last digit
0

Power supply
10 DC Reverse only
20 AC or DC Reverse

Position of welding
Not used
All position
Horizontal and flat position
Flat position only
Quality
Arc Type
Penetration
High
Digging
Deep

1

AC or DC Reverse

High

Digging

Deep

2

AC or DC Straight

Moderate

Medium

Moderate

3

AC or DC Either Polarity

Moderate

Soft

Light

4

AC or DC Either Polarity

High

Medium

Moderate

5

DC Reverse

High

Medium

Moderate

6

AC or DC Reverse

High

Medium

Moderate

8

AC or DC Reverse

High

Medium

Moderate
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Arc Welding Electrodes
(Operating Characteristics of Mild Steel and Low Alloy Steel Electrodes)
Classification

Current & Polarity

Welding
Positions

Type of Covering

Penetration Surface Appearance

Slag

EXX10

DC, reverse polarity
(electrode positive)

All

High-cellulose
sodium

Deep

Flat, wavy

Thin

EXX11

AC or DC, reverse
polarity

All

High-cellulose
potassium

Deep

Flat, wavy

Thin

EXX12

AC or DC, straight
polarity
(electrode negative)

All

High-titania
sodium

Medium

Convex, rippled

Heavy

EXX13

AC or DC, straight
polarity

All

High-titania
sodium

Shallow

Flat or concave
Slight ripple

Medium

EXX14

DC, either polarity or
AC

All

Iron powdertitania

Medium

Flat, slightly convex,
Smooth ripple

Easily
removed

EXX15

DC, reverse polarity

All

Low hydrogen
sodium

Medium

Flat, wavy

Medium

EXX16

AC or DC, reverse
polarity

All

Low hydrogen
potassium

Medium

Flat, wavy

Medium

EXX18

AC or DC reverse
polarity

All

Iron powder, low
hydrogen

Shallow

Flat, smooth fine
ribbple

Medium

EXX20

DC, straight polarity or
AC for H-fillets
DC, either polarity or
AC for flat welds

H-fillets
and flat

High iron oxide

Medium

Flat or concave
Smooth

Heavy

EXX24

DC either polarity or
AC

H-fillets
and flat

Iron powder
iron oxide

Shallow

Slightly convex, very
smooth, fine ripple

Heavy

EXX27

DC, straight polarity or
AC for H-fillets
DC either polarity or
AC for flat welds

H-fillets
and flat

Iron powder, low
hydrogen

Medium

Flat to slightly
concave, smooth,
fine ripple

Heavy

EXX28

AC or DC, reverse
polarity

H-fillets
and flat

High iron oxide

Shallow

Flat, smooth fine
ripple

Medium

EXX30

DC either polarity or
AC

Flat only

Shallow

Flat, smooth

Heavy
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Types of Welded Joints, Weld Types and Positions Of Welds
In the succeeding section on joints, welds and weld position, the material applies equally well to both
electric and oxyacetylene welding process. The techniques of welding will naturally vary depending on
which method is used, but the general principles hold true for both processes.

Basic Joints and Weld Types
Welding consists of joining two or more pieces of metal by the application of heat and sometimes
pressure. In arc welding the heat comes from an electric arc and no pressure is employed to fuse the
metal parts. Sometimes the heat from the arc is used to melt and fuse the parts together without
adding extra metal. In most applications of arc welding, however, molten metal is added to the joint
and usually this joint is specially prepared like a mould to receive such metal.
Since welding is a joining process the member should first have a knowledge of the joints themselves,
what they look like, what they are called, how they are prepared and what are their uses and
limitations. Likewise, the various types of welds used to make these joints are equally important.

1. Five Basic Joints
There are only five basic joints, although many variations of these result from the manner of
preparation and assembly. These five, are termed butt joint, corner joint, Tee joint, lap joint, and edge
joint.
Lap Joint

Butt Joint
Edge Joint

Tee Joint
Corner Joint

16

2. Three Basic Welds
There are only three basic welds. They are groove, fillet and plug. These terms are somewhat
descriptive of the joint and the weld. Many variations are possible.
All welds are composed of one or more beads. A bead is a single run or pass of weld metal. A bead or
beads may be used to build up a surface and need not necessarily be used for making a joint. When it is
so used to ‘build up’, ‘layer’ or ‘butter’ a surface, it may be termed a ‘bead weld’ thus making, in a
sense, a fourth type.

Groove Weld
(making butt joints)

Fillet Weld
(making lap joint)

Bead Weld

Plug or Rivet Weld
(making lap joint)

Slot Weld – variant of Plug Weld
(making lap joint)
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3. Positions of Welds
With metallic arc welding it is possible to deposit metal in any position so that an operator may make a
joint that is below them, in front of them, above them, or at any intermediate position between these
three.
A weld is said to be made in the flat position, horizontal position, vertical position or overhead
position, depending on the position of the joint in relation to the floor. Welding techniques for the four
positions of welding vary according to the ease of depositing metal. It is possible to deposit weld layers
of considerable volume in the flat and vertical positions, but stringer beads are normally used for
horizontal and overhead welding. These positions are better illustrated than described, and are shown
for groove welds and fillet welds on a tee joint.
Position of Weld

Groove

Tee-joint Fillet

Flat

Horizontal

Vertical

Overhead
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Basic Technique
Operating Acetylene Equipment
Types of Acetylene Flame
There are three types of acetylene flames. They are readily distinguishable and have specific
applications for welding.
1. Carburizing Flame - This is a flame with an excess of acetylene. The flame has three distinct parts the flame envelope, the feather and the cone. The flame envelope is the outer end of the flame,
furthest from the welding tip and will appear as a very light blue color. The feather is in the central part
of the flame, appearing somewhat darker in color and the cone is the innermost part of the flame,
closest to the welding tip. It will have a very deep blue color.
The carburizing type flame is used for hard surfacing, aluminum welding, nickel welding, silver brazing,
high carbon steel and stainless steel welding.
2. Neutral Flame - The neutral flame is one which has just sufficient oxygen to burn all of the acetylene.
This flame has only two parts -the flame envelope and the cone. The feather of a carburizing flame
decreases in length as more oxygen is supplied until it is just even with the cone and at that point the
feather disappears. The flame is then neutral.
The neutral flame is used for welding mild steel, cast iron, copper, magnesium, and wrought iron. A
neutral flame is also used for brazing.
3. Oxidizing Flame - The oxidizing flame is a flame with an excess of oxygen. When additional oxygen is
fed to a neutral flame the cone color becomes more intense and the cone length decreased. The
oxidizing flame, like the neutral flame, has only two parts, the flame envelope and the cone.
The oxidizing flame is only used when welding brass or bronze.
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Types of Oxyacetylene Flame

Carburing

Cone

Feather

Envelope

Neutral

Envelope

Cone
(cone and feather equal in length)

Oxidizing

Envelope
Cone
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Selecting Tip Size and Setting Regulators
The sizes of welding tips are usually designated by numbers from the smallest size 00 to sizes enlarged
in order of progression 0, 1, 2, 3, 4, 5, 6, etc. The larger tips permit a larger volume of gas flow and
result in more heat release. The tip size is also used as a guide in setting the working pressures of
acetylene and oxygen at the regulators. Equal gas pressures are used for both acetylene and oxygen for
most welding operations and the pressures should be about the same as the number of the tip used,
#3 tip-3 pounds, etc.

Manipulation of the Flame
Before beginning a welding job, the operator must be sure that the welding torch is set correctly so
that he is using the right type of flame. The quality of a weld is dependent to a large degree on the type
of welding flame that is used.
The first step in the welding operation is to tack the pieces of metal securely together so that the metal
will remain in alignment while the bead or beads are being run. The tack welds should be about three
to four inches apart and these tacks should be at least twice as long as the metal is thick.
For steel welding the material at the joint should be heated until it begins to melt and a puddle begins
to form. The end of the welding rod should then be placed in the puddle and melted with the torch.
The torch should be moved back and forth from one side of the joint to the other in order to distribute
the heat and keep both pieces of metal melting evenly, to flow the filler metal out to give an even bead
of sufficient width and to prevent concentration of heat in anyone spot and melting a hole through the
material. A small circular or semi-circular motion of the tip of the torch is quite satisfactory in
accomplishing this.
The torch should be held at an angle of from 45 degrees to 60 degrees to the work, and in such a
manner that the cone of the flame is about 1/8" above the puddle and pointing directly along the
seam. The angle of the torch may be increased or decreased to supply greater or smaller amounts of
heat to the material as circumstances require.
When welding thinner materials, the torch should be positioned so that the cone is pointing in the
direction of travel and toward the unwelded position of the seam. In this way there is less danger of
overheating the metal and melting a hole through. For thicker materials the torch positioning may be
reversed so that the cone points in the direction opposite to the direction of travel and is pointing
towards the bead. This will give better heat concentration and allow deeper penetration of the weld.
The welding red should be dipped into the puddle in such a way that as the torch is moved back and
forth its cone will touch the rod and melt some of it. The rod may be dipped in and out of the puddle at
will or may be held in the puddle constantly, depending on how much metal the operator wishes to
deposit. If the rod is dipped into the molten puddle it will not stick and may be withdrawn at will. For
mild steel welding no flux is required and if the operator maintains a neutral flame a bare mild steel
rod will make a very satisfactory weld.
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Welding Positions
Steel may be successfully acetylene welded in any position from flat to the vertical and overhead
position. Minor changes in technique and a little practice will enable the operator to become
reasonably proficient at acetylene welding in any position.

Flat Welding
Flat welding is the simplest welding position requiring only that the operator form a good puddle and
distribute the heat evenly to both pieces of material in order to keep both sides of the seam in a
molten state and ensure complete fusion.

Horizontal Welding
In this position the seam will run horizontally along pieces of material which are not in the flat position.
The heat should be distributed evenly to both pieces of material in order to get a proper puddle.
Because one piece of material is higher than the other I the operator will find that he has to direct the
heat more toward the lower piece of metal and play the flame for shorter periods of time on the upper
piece. The heat rising from the lower piece of metal helps to bring the upper piece to the melting
point. Only sufficient heat to maintain a good puddle should be used. If excessive heat is applied the
puddle becomes too fluid and may tend to run down the material. Whenever the puddle appears to be
on the verge of running down I the torch should be pulled back somewhat to allow the puddle to cool
slightly, then the torch moved back close to the puddle and the operation continued.

Vertical Welding
In vertical welding the bead is started at the lower part of the material and progresses upward. A good
puddle should be formed but excessive amount of heat avoided. Heat should be distributed evenly to
both pieces and rod applied at a uniform rate to the puddle. If the puddle shows any tendency to run
down, the torch should be drawn back somewhat to allow the puddle to cool a little.

Overhead Welding
In overhead welding the operator should wear a welding helmet and adequate leather clothing to
protect them from any molten material that may drop down on them,
Less heat is required for welding in this position as most of the heat from the torch is trapped against
the material being welded. Only sufficient heat to form again the torch should be drawn back cool and
prevent it from dripping down.
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Electric Arc Welding
How to Weld
Electric welding is not a difficult procedure, but like many other crafts, it can be improved by practice
and experience. The different types of welders will result in slightly different weld characteristics, but
the welding operations are very similar with all types. Direct current welders may be used as straight
polarity (electrode -) or reverse polarity (electrode +). Straight polarity is most commonly used for
farm welding of mild steel and heavy metal parts. Reverse polarity is useful for welding thin sheets or
light metals where less heat or shallow penetration is desirable.
Transformer type welders provide alternating current. Variations in penetration and heat control are
limited to change by the amperage used or the settings of the welder.

Striking an Arc
Be sure the ground cable is making good connection to the work through the ground clamp. Adjust the
welding helmet so that it fits comfortably and the protective lens is at the proper eye level. Place the
electrode (welding rod) in the insulated electrode holder, select a medium heat range adjustment on
the welder, turn on the welder switch and you are ready to weld. Striking the arc is similar to striking a
match. Tap the new electrode on some firm object to break the coating near the tip and then scratch
the electrode on the work until an arc is started. Raise and lower the e1ectrode slightly until the arc
length is about equal to the diameter of the electrode. Short arcs provide better penetration with less
spatter than long arcs.

Five Essentials for Proper Welding Procedures
Quality of Weld
Besides the steady frying and crackling sound that a correct arc produces, the shape of the molten pool
and the movement of the metal at the rear of the pool serve as a guide in checking weld quality. In a
correctly made deposit the ripple produced on the bead will be uniform and the bead will be smooth,
with no overlap or undercut.

1. Correct Electrode Size
The correct choice of electrode size involves consideration of a variety of factors: such as the type,
position, and preparation of the joint, the ability of the electrode to carry high current values without
injury to the weld metal or loss of deposition efficiency, the mass of work metal and its ability to
maintain its original properties after welding, the characteristics of the assembly with reference to
effects of strains set up by heat application, the practicability of heat treatment before and/or after
welding, the specific requirements as to weld quality and the cost of achieving the desired results.
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2. Correct Current
If current on machines is too high or too low, you are certain to be disappointed in your weld. If too
high, the electrode melts too fast and your molten pool is large and irregular. If too low, there is not
enough heat to melt the base metal and your molten pool will be too small, will pile up and look
irregular.

3. Correct Arc Length
If the arc is too long the metal melts off the electrode in large globules which wobble from side to side
as the arc wavers, giving a wide, spattered and irregular bead – with poor fusion between original
metal and deposited metal.
If the arc is too short, there is not enough heat to melt the base metal properly and the electrode quite
often sticks to the work, giving a high, uneven bead, having irregular ripples with poor fusion and slag
and gas holes.

4. Correct Travel Speed
When your speed is too fast your pool does not last long enough and impurities and gas are locked in.
The bead is narrow and ripples pointed. When speed is too slow the metal piles up, the bead is high
and wide, with a rather straight ripple.

5. Correct Electrode Angle
The electrode angle is of particular importance in fillet welding and
deep groove welding. Generally speaking, when making a fillet
weld, the electrode should be held so that it bisects the angle
between the plates (as shown at the right) and is perpendicular to
the line of weld. When undercut occurs in the vertical member,
lower the angle of the arc and direct the arc toward the vertical
member.
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TOO SLOW

TOO FAST

ARC TOO LONG

ARC TOO SHORT

GOOD BEAD

Penetration OK but
bead too high and too
wide

Not enough strength.
Penetration too
shallow

Penetration too
shallow.
Too much spatter.
Slag included in bead.

Penetration too
shallow.
Bead not uniform

Good penetration.
Well-formed bead.
Weld will have proper
strength.
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Examples of Good and Poor Welding

NORMAL BEAD. – A good
bead is slightly higher in the
middle, tapering smoothly to
the edges. It has evenly
spaced ripples. It is about 1 ½
times as wide as the
electrode used.
LONG ARC. – A flat bead with
varying width and a lot of
spatter — this means the arc
is too long. Penetration is
poor.

LOW AMPERAGE. – A big
hump means amperage too
low. Poor penetration and
fusion. Weld metal just piles
up on the surface.
HIGH AMERAGE. – A long
crater, too much spatter, and
undercutting each side of the
bead — these are the signs of
amperage too high.

SLOW MOVEMENT. – A wide,
high bead is what you get
when you move too slowly.
Much of the bead just
overlaps the base metal
without fusing with it.
FAST MOVEMENT. – A thin
bead with long ripples occurs
when you move too fast.
Penetration is poor.
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The Cutting Torch - Oxyacetylene
When operating a cutting torch, the working pressures will no longer be balanced, but rather, the
oxygen pressure will be increased to a rather marked degree. The acetylene is used only for the
preheat cones at the cutting tip and the acetylene pressure will remain rather low. From two pounds
to five pounds of acetylene pressure is all that is necessary for average cutting but the oxygen
pressures will increase, depending on the thickness of material to be cut. Oxygen and acetylene are
mixed to form preheat cones at the cutting tip. These cones heat the steel up to the melting point, at
which time the operator will squeeze the oxygen lever directing a stream of pure oxygen onto the
molten material, and the cutting action commences. This cutting action is an oxidation process
whereby the steel is burned, rather than just melted and if done properly will give a neat narrow cut.
Oxygen acts as a cutting agent and for this reason higher pressures are required.
Various sizes of cutting tips are available for the cutting torch and these are selected according to the
thickness of material to be cut.
The cutting torch is adjusted so that the preheat cones will be completely neutral when the cutting
oxygen lever is pressed.
The cutting torch is positioned over the work so that the preheat cones are about 1/8" above the work,
and the torch should be pointed straight down rather than inclined forward or back. The torch should
be drawn in a straight line; no weaving motion should be necessary.
The torch may be used for cutting, beveling, piercing holes and gouging and channeling steel Special
gouging tips are available for the cutting torches and these may be used for special applications where
gouging is done.

Flame Cutting











Gouges often result from carelessness in restarting the cut.
An unsteady operator produces a wavy cut.
Too much pressure causes loss of control.
Cutting oxygen pressure insufficient so lack of speed causes melting of top edge.
Short preheat flames result in slow cut and groove at bottom edge.
Too long a preheat flame melts the top surface and causes excess slag.
Cut lines curve back and edge is uneven when cutting speed is too high.
An uneven cut results when cutting speed is too slow.
Top view of a good cut. Edges are smooth and parallel.
A correctly made cut has square edges and shallow, vertical cut lines.
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Metal Cutting - Arc Welding
The electric welder, using a mild steel electrode such as the common 6013 type or a 6011, and a high
current setting of 180 amps, will cut steel and cast iron quite well.
Rapid cutting of steel and cast iron may be accomplished with an electric welder or by the use of an
oxyacetylene cutting torch as outlined in the oxyacetylene section of this bulletin. Oxyacetylene cutting
is more suitable for the cutting of steel than cast iron since the steel is oxidized and a rapid cut is
possible. Cast iron does not oxidize as readily as steel and, therefore, the cutting operation is merely a
melting of the metal in the area of the cut. The electric welder is the most suitable cutting method for
use on cast iron.
Small size electrodes such as the 1/8" size are the most suitable for general cutting. Electrodes will
heat very quickly because of the high current flow. If the electrodes are soaked in water for a short
time before using, they will usually stay cool longer and cut better. Standing the electrodes, bare or
holder end down, in a pail of water deep enough to immerse all but the last two or three inches, will
provide the best method of soaking. If the whole electrode is soaked, it will be difficult to strike an arc.
It is, therefore, better to not soak the striking or arc end of the electrodes. Too small an electrode will
become red hot and resist the flow of current while too large an electrode will cause a welding bead to
form rather than cut.
A very short arc should be used and the tip of the electrode may be used as a drag or poker to clear
away molten metal and slag. Shallow cuts may be pierced right through so the molten metal will drop
through the bottom of the cut, but deep cuts may have to be started as a horizontal cut to allow the
molten metal to flow out of the top of the cut. Weaving, circular or saw like motions may be used to
assist in cutting a wider cut or kerf and clearing the slag.
Holes may be pierced through the metal and charged to any desired size by the same method as
cutting. Many metal pieces may be pierced by pushing the electrode straight down into the molten
puddle until it breaks through. Driving a punch into the hole while it is still hot will smooth up the
edges for better fitting of bolts or rivets.

Mild Steel Material
a) for oxyacetylene – Do not exceed 1/8" in thickness as the process becomes slow and costly.
b) for arc – 16 gauge to ¼" in thickness or possibly up to ½" if material is available. Electrode E6013 for arc and mild steel gas welding rod.

Preparation
For welding by either process the metal should be clean. This may be accomplished by filing or
grinding. Edge preparation such as V-ing will be necessary on the thicker pieces of material in order to
insure complete penetration with a minimum of difficulty.
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Exercises
Exercise 1
Practice running beads on the surface of a piece of 1/8" material.
In arc welding, particular attention should be paid to proper arc striking procedure, maintaining short
arc, proper approach angles and uniform rates of travel.
In oxyacetylene, it is preferable to begin by running a bead with the torch only to perfect proper torch
angle, distance from work, rate of travel and uniform torch motion or weave. Then beads may be run
using the mild steel welding rod.
The student should make changes in technique but observe the effect these changes have on the
finished weld.
This change should include:
(a)
For arc:
1.
2.
3.
4.
(b)

Excessive arc length and too short an arc.
Travel speed too slow and too fast and variable travel speed.
Extreme approach angles.
Amperage settings too high and too low.

For oxyacetylene:
1.
2.
3.
4.

The effect of and appearance of carburizing and oxidizing flames in addition to the
normal neutral flame.
Extremes of torch angle.
Extremes of torch distance from work.
Extremes of travel speed.

Exercise 2
Make a single pass flat butt (groove) weld in 1/8" material.
Inspect for penetration, proper fusion and proper degree of surface build-up and uniformity.

Exercise 3
Make a single pass flat fillet weld.
Inspect for uniformity of weld distribution, proper penetration and fusion. Take particular notice of any
evidence of undercutting.
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Exercise 4
Make a single pass flat lap weld. Inspect for proper penetration and fusion, particularly to the lower
piece. Inspect also for sufficient build-up of filler material.

Exercise 5
Make a plug or rivet weld in the flat lap position.
Inspect for soundness of weld, penetration and absence of slag inclusions.

Exercise 6
Using heavier (thicker) material, preferably with electric equipment, repeat each of the previous welds
in a multiple pass form.
Inspect for penetration, proper fusion and absence of slag inclusion.
The member should note that it is extremely important to remove all of the slag between each
successive pass.

Mild Steel Material
-16 gauge to 1/2" in thickness. Try to limit thickness for oxyacetylene work to 1/8" for ease of welding.
Electrode-E6013 (member might also try E6011) for arc, and mild steel gas welding rod.
Exercise 1 - Butt weld in horizontal position

Single pass

Exercise 2 - Fillet weld in horizontal position

Single pass

Exercise 3 - Butt weld in vertical position
Vertical up only in oxyacetylene
Vertical up and vertical down in arc ~

Single pass
Single pass

Exercise 4 - Fillet weld in vertical position
Vertical up only in oxyacetylene
Vertical up and vertical down in arc

Single pass

Exercise 5 - Lap weld in horizontal position

Single pass

Exercise 6 - Lap weld in vertical position

Single pass

Exercise 7 - Repeat the preceding welds in heavier material, employing multiple pass technique.
Exercise 8 - Practice cutting using oxyacetylene and arc equipment.
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Project Ideas
Shoe Scrapers

Made of a single length of pipe and a steel blade. Mount blade high enough above the ground so
scrapings can be cleaned from beneath blade. Set pipe deep in the ground or in concrete if desired.
Side irons of footscraper are heated with the carbon arc torch and pointed so that the scraper can be
driven into the ground
A discarded wheel or disc blade could be used as a base for a portable foot scraper.

31

Portable Tool Stand

A shallow steel box welded to a steel stake to
be driven into the ground affords an
excellent place for tools when working
outside the shop. The box can be of 12 Ga.
steel welded at the corners.

Wall Rack

The Wall Rack is composed of one piece of
flat stock 1 3/8" x 3" x 3', and six pieces of
3/8" round stock 12 inches long. Punch holes with the arc for lag screws at the ends of the flat stock.
With the arc torch, heat the rounds and bend to the desired shape
and weld them to the flat stock at about six inch intervals.

Revolving Welding Stand
The Revolving Welding Stand consists of a circular 3/8" steel plate
with a series of bolt holes as shown, two and one-half feet of 2"
pipe, and a heavy discarded implement wheel. The plate has a lug
welded to it at the center This lug fits into the pipe allowing the disc
to turn. A further refinement is a short piece of the same pipe
welded to the top at an angle (see sketch) providing a slanting table
top. The wheel is welded to the bottom of the upright, serving as a
base.
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Teeter Totter

Waste Can
Handy to have near the house, workshop or milk shed. Can be made of an
old 5-gallon oil drum. Weld an ordinary strap hinge to lid and can. Weld
handle to lid.

Clothesline Posts
Steel pipe saw horses are light
weight, sturdy, and can be used for
many purposes. The height
depends on uses for equipment of
this type.

Adjustable C Clamp
The usefulness of a “C” clamp is greatly increased if it can be
held firmly at an angle. A rod (1/2”) is welded to the clamp. A
pipe to fit the red is punched with the arc and a half-inch nut
welded outside the hole. A half-inch set screw with T handle
welded will hold the red from turning. A short bar welded
opposite the set screw will be clamped in a vise when in use.
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Welding Seat
A discarded implement seat welded to an adjustable pipe
upright makes a very useful Welding Seat. The base may be an
old wheel or a disc from a harrow as shown.

Saddle Rack
A piece of 2" or larger pipe with four 3/4" pipe legs welded to it,
as shown, makes a very useful and substantial Saddle Rack.
Length and height must be determined by the user to fit his/her
requirements.
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Revolving Tool Rack

The Revolving Tool Rack utilizes a discarded implement
wheel with the rim cut off. A short piece of pipe, or
rod, to fit the bore of the wheel is welded to a 2-foot
piece of 1 ½" pipe. This small pipe runs through the
hub and a small plate welded to the end. With the arc,
punch holes for nails or screws through the ends of a 1foot piece of 2' x 1/4" flat stock which is bent to fit an
exposed joist and welded to the upper end of the 1 ½"
pipe.

Farm Anvil
Four-foot railroad iron supported by
welded angle iron channel iron or both as
shown.
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Hand Wire Stretcher

Cut auto rim in half, cut notch and
weld in length of pipe as shown.

Jig for Round Stock
Round stock can be held firmly with a “C” clamp if a
short piece of small angle iron is welded to the lower
jaw. A short rod is welded to back of clamp to be held
in vise.

Portable Tool Stand
A time-saver for farm repair work
requiring many tools. Frame is of
welded angle iron. Upper bin is made of
welded sheet steel. Lower two trays are
made by fitting a flat steel sheet into
the angle iron frame.
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Barn Scraper

Loading Ramp
Weld frame and sides into single unit. Floor is adjustable to low or high angle and is removable so
entire ramp can be moved from place to place.

Easy Tipping Fuel Drum Stand
Easily built by welding 3/4" pipe into a frame
and using two curved strap iron supports for
hangers. Drum can be set on stand in upright
position and then easily tipped over on its side
for drawing fuel.
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