
Welding  

Enrichment & Review 

April 1 – April 9  

Mr. Kush 

jkush@rockwoodschools.org  or  926-4688 x2210 

 

 

Hello Gang, 

As of 3-30-2020 at 8:00 am, teachers have been asked to create review and enrichment materials for our classes for 
April 1 – April 9.  The materials are designed to take approximately 30 minutes per period, per day.  I have created things 
that will help your brain not turn to mush and hopefully keep you on track to review what we have already learned. 

Mrs. Demchak as asked us to contact each student to check in with them.  I will be calling your home and let you know if 
you are missing any assignments from Q3 and to answer any questions that you may have. 

 

 

Here are a few items to consider: 

• Please contact me with any questions via email or leave a message on my school phone and I will promptly get 
back to you. 

• You do not need to print or email me any assignments. (unless it is make-up from Q3) 

• Please type your answers and responses on your Chromebook and save it so you can find it. 

• SAVE, SAVE, SAVE your work! 

• If your Chromebook is not working… no problem!  Just use good ol’ paper and pencil to write your answers. 

• When we return, we will have time in class to print your answers. 

• You will earn credit for the assignments that you complete. 

• IF YOU HAVE Q3 MAKE-UP WORK, PLEASE EMAIL IT TO ME IMMEDIATELY 

 

 

 

 

“Jr./Sr. High School Teachers should prepare 
approximately 30 minutes of review and enrichment 
materials and/or activities per day per period.  Grades 
are on hold from March 12 until we return to school.  
Students are permitted to do makeup work during this 
time and should be coordinated directly with the teacher 
and student.  Students will receive credit and/or extra 
credit for the work completed.”– Mrs. Demchak 
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Welding 

Chapter 1 – Preparing to Weld 

Directions:  Read Chapter 1.   This should take you 60 minutes. Answer the questions 1-50 on pages 29 & 30  this should 
take you 60 minutes.  This information is review material from the videos and our class discussions   In a new document 
on you Chromebook, please type the following heading and your answers: 

 

Your Name 
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Welding 

Chapter1 – Preparing to Weld 

1. 

2. 

3. 

 

50. 

Welding 

Chapter 2 – Striking Arcs and Running Beads 

Directions:  Read Chapter 2.   This should take you 30 minutes. Answer the questions 1-25 on pages 39 & 40  this should 
take you 60 minutes.   This information is review material from the videos and our class discussions   In a new document 
on you Chromebook, please type the following heading and your answers: 

 

Your Name 

Date: 

Welding 

Chapter1 – Preparing to Weld 

1. 

2. 

3. 

 

25. 
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Introduction

Welding is the most common method of joining met
als in today’s industry (Figure 1). When welded, two
pieces of similar metals are fused (melted) together.
When properly completed, the welded joint is as strong
or stronger than the pieces from which the joint is
formed.

While metal crafts have been practiced for centuries,
shielded-metal arc welding is less than 100 years old.
Arc welding first became prominent during World War I
after the invention of new materials, techniques and
equipment. Since that time, this type and other forms of
welding have been used in most manufacturing and
repair processes involving metals.

Don’t be misled, you will not become a professional

weldor in a few easy lessons. With proper instruction,

however, you will be surprised at the speed with which
you master the technique. Before long, after a series of
practice sessions, you will be ‘showing-off” your work
with pride and enjoyment (Figure 2).

Be sure and follow the safety rules! Then, as you
develop skills, you will be able to do your own welding.
You may wish to get a job in industry as a professional
weldor, open a shop or do your own welding (Figure 3).

Instructions for this program are given under the follow
ing headings:

I. Preparing to Weld.

II. Striking Arcs and Running Beads.

Ill. Welding.

IV. Hard Surfacing and Cuffing.

FIGURE 1. Examples of welding.
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I.
Preparing to Weld

Before you start to weld, there are basic skills you
must master. They are described under the following
headings:

A. Understanding the Arc Welding Process.
B. Selecting Welders.
C. Selecting Tools.
D. Selecting Electrodes.
C. Providing for Safety.

A. Understanding the Arc Welding Process

The purpose of this section is to give you an over
view of the welding process. This includes the welding
of ferrous metals such as iron and steel. The shielded-
metal arc welding process is used primarily for this type
of welding. The reason for this is ferrous metals melt at
about the same temperature as the temperature of an
electric arc.

Most arc welding is for joining metals together.
Another use of arc welding, is hard surfacing. Edges
and surfaces of steel equipment such as buckets,
rollers and plows are ‘built up” by arc welding.

Upon completion of this section, you will be able to
explain the arc welding process, how welds are
tested and identify welding equipment. These are
discussed under the following headings:

1. Arc Welding Process.
2. How Welds Are Tested.
3. Identifying Welding Equipment.

1. ARC WELDING PROCESS

The electrode is a metal rod about 14 to 18 inches long
and 1/ to 3/s-inch in diameter. During the welding
process, the electrode melts and becomes a part of the
weld as filler metal (Figure 5).

Shielded-metal arc welding (commonly called ‘arc”
or ‘stick” welding) is a process of fusing metals together
by the heat of an electric arc. The electric arc spans a
gap separating the tip of a coated metal rod called an
“electrode” and the metal plate to be welded (Figure 4).

Electrodes are coated with a flux (Figure 6). The
flux is made of silicone and other chemicals. It melts at
the same temperature as the metal. As it melts, gas is
given off that shields the molten puddle (combination of
the melted base metal and melted electrode) from oxy

FIGURE 4. An electric arc is formed between the end of
the electrode and metal pieces to be welded.
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FIGURE 6. Electrodes are coated with a flux.

gen and nitrogen which would weaken the weld. Therefore, this type of welding is known as shielded-metalarc welding (SMAW)”. Impurities are floated out of themolten puddle to form a slag deposit on top of the weld(Figure 7).

The slag protects the weld, allowing it to cool moreslowly. This reduces cracks and flaws in the weld. Itmakes the finished weld less brittle and prevents impurities and other spatter from being deposited on theweld. After each bead or pass, the slag must be removedby chipping and brushing.

When cooled, a weld seam should be as strong orstronger than the metal being welded.

FIGURE 7. A layer of slag from the melted flux is deposited on each weld.

2. HOW WELDS ARE TESTED

How can you tell if you have a good weld? There areseveral methods for testing welds. They are listed underthe following headings:

a. Non-Destructive Tests.
b. Destructive Tests.

a. Non-Destructive Tests

The type of testing of welds is dependent on thespecifications for he job. For example, some weldssuch as on farm implements require only a visualinspection. A good weld has uniformity, good penetration, cleanliness and is free of (laws (Figure 8). lndus

A Properly Formed Weld Should:

aI
• Have proper penetration ‘, ;t4T
• Be tree from flaws ‘ ., -%,,i •-z*j

• Have good uniformity
• Be clean

Ek!
FIGURE 8. A visual inspection may be all tflat is requiredfor welds on some jobs.

FIGURE 6. The electrode melts as filler and fuses withthe metal to form a weld.

WELD MOLTEN MEl.
-

- PUDDLE
METAL PLATE

C-

FLUX COATING
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trial welds may require non-destructive tests such as
x-ray or ultrasonic tests (Figure 9).

Other types of non-destructive tests include mag
neUc partical, dyes, flourescent penetrants and eddy
currents.

Other weld tests may be made in the educational
laboratory with special equipment. They include: tensile
strength, shear, hardness, structure and chemical
analysis.

In education and training laboratories testing welds
is usually completed by visual and bending methods.

Their purpose is to test your welding process, rather
than to test individual welds. If you do not have labora
tory equipment, you may cut a cross-section of the weld
and examine it visually (Figure 10).

A safe and preferred weld test to use in educational
settings is a guided-bend test. A special press is need
ed to conduct a guided-bend test (Figure 11).

3. IDENTIFYING WELDING
EQUIPMENT

The basic equipment for arc welding includes (Figure
12):

a. Welder.
b. Cables.
c. Electrode Holder.
d. Ground Clamp.

WELDER

FIGURE 12. Arc welding equipment consists of the
following: welder, cables, ground clamp and electrode
holder.

FIGURE 9. Ultrasonic devices are used to examine
welds for unseen flaws such as cracks and voids.

FIGURE 11. Performing a guided-bend test of a weld.

b. Destructive Tests

FIGURE 10. A cross-section of a weld showing quality
and penetration.
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*1
FIGURE 13. A typical shielded-metal arc welder.

a. Welder
c. Electrode Holder

First, you need a power supply unit called a welder
(Figure 13).

b. Cables

Electrodes are held by a device known as an elec
trade holder (Figure 15). It is attached to the electrode
cable. Electrode holders are spring loaded and have
insulated hand grips.

Electric current is carried from the welder to the metal
to be welded by two cables: the electrode cable to the
electrode and the ground cable to the ground (Figure
12).

The cables are made of many strands of finely woven
copper or aluminum wire. They are covered with rub
ber or plastic insulation (Figure 14).

FIGURE 14. Welding cables are made of flexible wire
which is well insulated.

d. Ground Clamp

The metal to be welded is grounded to the welder by
the ground cable and ground clamp (Figure 16). The
ground clamp is attached to the ground cable. The
purpose of the ground clamp is to complete the electric
circuit between the metal to be welded and the welder.
Ground clamps are spring loaded for quick attachment
to the metal.

FIGURE 16. Ground clamps are used for grounding the
metal to be welded.

FIGURE 15. Electrode holders are designed to hold elec
trodes securely, yet allow for quick removal.
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B. Selecting Welders

There are many different types and sizes of welders.
Each one is designed for specific performance quali
ties. Upon completion of this section, you will
be able to describe common types of welders and to
identify their advantages and disadvantages (Table
I). Welders are discussed under the following head-
ings:

1. Types of Welders and How They Work.
2. Polarity for DC Welders,
3. Duty Cycle.

TYPES OF WELDERS

AND HOW THEY WORK

An arc welder provides for high amperage (70-400
amps) and low voltage (18 to 36 volts) while welding.
The high amperage provides for a hot electric arc. The

arc is hot enough to melt the metal. Once the amper
age (current) is selected, it remains fairly constant. A
constant current allows for uniform welds.

Low voltage is advantageous. It allows for a rela
tively consistent arc which reduces spatter of the mol
ten metal.

Welders come in a variety of types based on the kind
01 current they produce. Welders operate on either of
two types of electric current: alternating (AC) or direct
(DC). (On some welders you have a choice of AC or
DC).

Alternating current (AC) is the type of electrical cur
rent you receive at your home. This current is usually
provided by a local electric utility company. The term
‘alternating” means that the current changes direction.
This change is not noticeable because it happens at
the rate of 60 times per second.

Direct current (DC) can be supplied by many sources
including electric motors, internal combustion engines

Versatile
AC or DC
Long Duty Cycle
Polarity Option (DC)
High Efficiency
Quiet
Long Life

AC No Fine Adjustment
AC Single-Phase Only
Low Power Factor

w/oCapacitors
DC Susceptible to Overload

translormer-RectifierDc welders are generally operated on 3-phase power. - - -
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TABLE I. ADVANTAGES AND DISADVANTAGES OF COMMON
TYPES OF SHIELDED-METAL ARC WELDERS

Type Advantages Disadvantages

: Transformer Welder (AC) Low Cost No Fine Adjustment
(Consumer Type) Lightweight Limited Performance

Small (Compact) AC Only
Reduced Arc Blow Single Phase Only

Lower Power Factor
. Limited Use ol Electrodes

(Industrial Type) Fine Adjustment

Generator Welder (DC) Arc Adjustments Relatively High Cost
Flexible DC Only
Smooth Arc High Maintenance
Long Duty Cycle Arc Blow

- Can Use All Types Noisy
. -

- of Electrodes
. Fine Adjustment
.‘ - . .

. . Polarity Option -

n-...-- 1 . Portable
. Sate

t Translormer-Rectitiert: -- -
- I

Welder AC/DC v -



a. Transformer Welder (AC)

and tractor PTO driven generators. The term direct”
means that the current flows in one direction only.

Three common types of welders and how they work
are described as follows:

a. Transformer Welder (AC).

The transformer-type welder is the most popular
welder for farm and home use (Figure 17). This type of
welder operates on the transformer principle to develop
the amperage needed (Figure 18).

Simple transformer type welders are inexpensive and
have low operational and maintenance costs. They
operate quietly and have no moving parts—other than
a small cooling fan and motor. They operate on single-
phase electric power, which makes them easy to install
using home power sources. Transformer welders are
lightweight, small and easy to store.

Transformer type welders usually have upper amper
age capacities of 200 to 400 amps.

AC welders are not as versatile as DC welders. They
are limited in performance and only a few special elec
trodes can be used.

b- Generator Welder (DC)
b. Generator Welder (DC).

c. Transformer-Rectifier Welder (AC/DC). The generator welder is driven by an outside power
source such as:

FIGURE 18. Principle of a transformer4ype welder. Volt
age from the primary winding is decreased and amper
age is increased. Different amperages can be selected

FIGURE 17. A transtormer-type welder.

by plugging the fads into different positions or by turn
Ing a dial on the machine.
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—An electric motor (Figure 19).
— An internal combustion engine (Figure 20).
— A tractor power take-off (Figure 21).

DC generator welders are preferred by most weldors.
Designed for industrial use, they can be used for a
greater variety of jobs. Since they are not operated by
an AC power source, DC generator welders have unlim
ited potential in an industrial setting where there is no,
or limited, electricity available. DC generator welders
provide direct current allowing for a more consistent
electrical current. Also, they can be adjusted for vari
ous electrodes and welding positions. Principles of DC
generator welders are shown in Figure 22.

FIGURE 22. Principle of a generator welder. As the arma
ture turns, DC power is generated and delivered through
the slip rings.

c. Transformer-Rectifier Welder (AC/DC)

The transformer-rectifier welder provides for either
AC or DC electric power (Figure 23). It has a wide
variety of power options depending on the type of rec
tifier system.

The transformer-rectifier welder (AC/DC) has advan
tages over AC and DC welders. As one unit it offers
the choice of either AC or DC power for welding. You
will be able to weld metals of many different thickness
es. Also, the DC output is better for welding thin
metals.

FIGURE 19. A motor-driven generator welder. FIGURE 21. A PTO-driven, generator welder.

FIGURE 20. An engine-driven generator welder.
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FIGURE 23. A transformer-rectifier, AC/DC welder.

A wider variety of electrodes may be used with the
transformer-rectifier than with either the transformer
welder (AC) or generator welder (DC). DC power
allows you to use all kinds of electrodes for a more
refined welding.

Like the transformer welder, this type generally
operates on single-phase power. Industrial-type,
3-phase rectifier welders are also available.

special electrodes call for a change in polarity. Chang
ing polarity is a method of controlling heat and depth
of penetration.

Polarity is controlled by two methods. On some DC
welders, interchangeable cable connections to the
welder determine the polarity (Figure 25). On others,
a switch is provided on the front of the welder (Figure
26.)

The two types of polarities are described as follows:

2. POLARITY FOR DC WELDERS
a. Straight Polarity.
b. Reverse Polarity.

In AC welders, polarity is of no consequence, since
current flows first in one direction and then the other.
DC current flows in one direction only, but you can
change the direction of flow of current in DC welders
(Figure 24).

The flow of current in DC welders is always from
negative (—) to positive (+). Many welding jobs with

a. Straight Polarity

Straight Polarity (SP), is sometimes called “Electrode
Negative” (EN).

In straight polarity welding, a large amount of heat is

AC CURRENT

4

ELECTRODE

—÷

DC STRAIGHT POLARITY

‘I

ELECTRODE

—

DC REVERSE POLARITY

4
4

ELECTRODE

+

FIGURE 25. Provisions on a welder for changing cable
connections to change polarity.

:w.:; ::. i
METAL PLATE METAL PLATE METAL PLATE

FIGURE 24, The direction of the flow of current can be changed on DC welders.
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centered on the work piece. This concentration of heat
is good for joining heavy sections of steel where deep
penetration is needed for strength.

In order for you to have straight polarity, the elec
trode holder must be connected to the negative pole of
your welder. The ground clamp must be connected to
the positive pole.

b. Reverse Polarity

In reverse polarity welding, less heat is concentrated
on the work piece. Reverse polarity welding is cooler
than straight polarity welding. Reverse polarity is good
for welding light gage metals without burning through
when shallow penetration is needed. It is also helpful
with overhead and out-of-position welding because the
molten puddle stays in place better when welding.

For reverse polarity welding, the electrode holder is
attached to the positive pole of your welder. The cable
leading to the ground clamp is attached to the negative
pole.

3. DUTY CYCLE

Duty cycle is the term used to describe the contin
uous running time for which a welder was designed.
For example, if your welder is rated at 50 percent duty
cycle for the amperage that you are using, you should
not operate it more than five minutes without at least
a five minute rest. Overheating of the welder, possibly
causing damage, will result if the duty cycle is not
observed.

Your welder should have at least a 40 percent duty
cycle. Then you could expect to have it in actual opera
tion about 4 minutes during each 10 minutes. Commer
cial welders may have a 100 percent duty cycle.

Reverse Polarity (RP)
trode Positive” (EP).

is sometimes called “Elec

C. Selecting Tools

If you are to do a good job of welding, you must have
the proper tools and equipment. There are certain spe
cialized tools needed such as a chipping hammer and
weldor’s vise-grips and pliers.

Upon completion of this section, you will be able to
select the proper tools for most welding jobs. The
chipping hammer is used for removing slag from the
weld. Some chipping hammers are equipped with a
wire brush for cleaning the weld after chipping (Fig
ure 27).

The weldor’s vise-grip pliers are sometimes used to
hold the metal to be welded (Figure 28).

These and other hand tools for arc welding are listed
as follows and illustrated in Figure 29.

— Ball peen hammer.
— Center punch.
— Chipping hammer.
— Cold chisel.
— Combination square

FIGURE 27. Chipping slag with a special welding chip
ping hammer equipped with a wire brush.

FIGURE 26. A welder with a switch for changing
polarity.
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pieces to be welded.

— Hacksaw.
— Double-cutting file.
— Metal tape.
— C-clamps.
— Soapstone marker.
— Vise-grip pliers.
— Weldors vise-grip pliers.
— Wire brush.
— Adjustable pliers.
— Tongs.
— Tool box (leather,

Tongs

canvas or metal).

FIGURE 28. Weldor’s vise-grip pliers used for holding

Ball Peen Hammer Center Punch Chipping Hammer

4—

Combination Square

Cold Chisel

Double-Cutting File

C-Clamp

Metal Tape

Soapstone Marker Vise-Grip Pliers

Wire Brush Adjustable Pliers

FIGURE 29. Assortment of hand tools for welding.

Tool Box
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D. Selecting Electrodes

Letter
or Example Example

Digit Description (E 6013) Meaning

1*ietter* Use

1st and 2nd Tensile
Strength

3rd Welding
-. Position*:

L
4th Special 3 AC or DC,

Character- moderate
istics** quality, light

- ,-
- penetration

- -

and titania
- : potassium

- coating

• (I) At posd’ons. (2) Fiat and HorizontaL (3) Fiat Only

Seel’abie Hi for explanation ot tourtii digit.

a. Electrode Number Codes
— 1 means the electrode is good for all welding
positions.

Numbers are assigned to different types of electrodes
by The American Welding Society (AWS) and The
American Society for Testing Materials (ASTM). Manu
facturers also have their own number codes that can
be matched to AWS and ASTM code numbers. Number
codes are discussed under the following headings:

(1) Ferrous Metals.
(2) Non-Ferrous Metals.
(3) Hard Surfacing.

(1) FERROUS METALS. Electrodes for iron and steel
are designated as follows:

(a) Low and high carbon steels including mild steels,
low hydrogen and low alloy steels can be welded
with electrodes that have similiar designations. Since
steels are most commonly welded by the electric arc
method, a wide variety of electrodes are available. Code
numbers such as E601 3 identify the electrode as to its
best use. For example (Table ID:

— E stands for electric arc welding.

—60 means the weld will have a tensile strength of
60,000 pounds.

— 3 means AC or DC moderate quality, light penetra
tion and a coating of titania potassium (Table Ill).

(b) Stainless steel is welded with electrodes which
are classified by the American Iron and Steel Institute
(AISI). Code numbers include a letter, three digits, a
dash and two digits. For example, code numbers
E308-15 and E308-16 would be translated to mean:

E — Electric arc welding.

308— Stainless steel alloy

1 — For all positions.

5— DCRP, Lime coated.

6 — AC-DCRP, Titania coating.

(c) Cast iron is welded with electrodes which are usu
ally made of iron and nickel, They are designated as
follows (ENI-FECI):

E — Electric arc.

NI — Nickel.

FE — Iron.

Cl — Cast iron.
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Selecting the proper electrode is one of the most
important tasks in welding.

Upon completion of this section, you will be able to
select the proper electrode for a particular job.

Factors important in the selection of electrodes are
given under the following headings:

1. Identifying the Electrode.
2. Kind of Metal.
3. Thickness of the Metal.
4. Welding Position.
5. Type of Welding Current Available.

TABLE II. EXAMPLE OF ELECTRODE CODE
NUMBER *

1. IDENTIFYING THE ELECTRODE

E EIeclrodefor3
electric
arc welding

60 60,000
pounds of
pulL

All positions

Electrodes are made in several different diameters.
They are made of different metal alloys and the flux
coatings vary to meet specific welding requirements.

An electrode is identified either by number code or
by color code. The codes are explained under the
following headings:

a. Electrode Number Codes.
b. Electrode Color Codes.



- .-.-tr

- Power Supply
Number and Polarlty Penetration Type of Coating - -

0 AC or DCSP Deep Cellulose Sodium

1 AC or DCRP Deep Cellulose Potassium

2 AC or DCSP Medium Titania Sodium
-

a AC or DCSP Light ‘.-, mania Potassium

4 AC or DCSP Medium Iron Powder Titania
-

5 DCRP -- Medium Low Hydrogen Sodium I
• 6 AC or DCRP Medium Low Hydrogen Potassium -

7 AC or DCSP Nediur Iron Powder Iron Oxide

8 AC or DCRP - Deep Iron Powder Low Hydrogeft

5P - Straight Polarity, RP - Reverse Polarity - - :- - -

- -- - — •• - •. rL •

-

‘t’

TABLE IV. EXAMPLES OF HARD
SURFACiNG ELECTRODES --

AWS No. Recommended Use• -

E Fe Mn - A For wear resistance; manganese
steel such as used on cutter head
tractor rollers, hammer mills and
bucket edges. -

E Fe 5 - C Use where hardness is nee
Carbon steels such as steel wheels,

- rollers and couplings.

B Fe Cr Al For abrasion resistance: chroma.
steels such as augers, coulters,

-

-‘ plows, tans, rippers and snow plow
shoes.

- -3t1’
-

-s

(a) Ferrous base alloys, and
(b) Non4errous alloys. The Nationa! Electric Manufacturer’s Association

(NEMA) classifies electrodes by color codes (Figure
Each of these types has several different qualities, 30). Table V gives color designations for some corn-

you should investigate each of these with your supplier. mon electrodes.
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TABLE Ill. MEANING OF FOURTH DIGIT IN ELECTRODE CODE NUMBER

(2) NON-FERROUS METALS. Electrodes for non
ferrous metals (not iron or steel) are designated as
follows:

(a) Aluminum. Certain alloys of aluminum are weldable
with the electric arc (DCRP). Two types are recom
mended for welding aluminum. They carry the AWS
code numbers EIR1 100 and ER4043. The numbers rep
resent the alloy. ER1100 is 99 percent aluminum and
ER4043 is 95 percent aluminum. Other electrodes are
recommended for specific alloys.

(b) Copper. Some copper alloys can be welded with
the electric arc. Use electrodes with code numbers such
as ECUSN. E means electric arc. CU means copper
and SN means tin. Copper-tin alloys are usually called
phosphor bronze. Other copper electrodes have silicon
(SI), nickel (NI), or aluminum (AL).

(c) Brass and Bronze electrodes are usually similar
to copper electrodes.

(3) HARD SURFACING. Hardsurfacing electrodes are
usually designated by a commercial description. They
are based on three characteristics: wear, hardness and
abrasion (Table IV.)

Two types are as follows:
b. Electrode Color Codes



2. KIND OF METAL

There are several ways you can identify metals. They
are discussed as follows:

a. Metal Supplier.
b. Use of the Metal.
c. Appearance of the Metal.
d. Chips,
e. Magnetism.
I. Weight.
g. Sparks.

a. Metal Supplier

The only sure way you have for identifying metals
and alloys of metals is to have the specifications from
the manufacturer or the supplier.

b. Use of the Metal

You must know the kind of metal to be welded before
you can elect an electrode. Once you have identified
the metal, use the electrode recommended by your sup
plier. For example, Table V describes some common
ly used electrodes for mild steel and low alloy steel
electrodes.

AWS Color -____

Code Group End Spot
Number

: E6010 ** rone *None nocobr
E6o11 None None blue

• E6012 None None white
H E6013 None None brown
• E6020 None None green

E6027 None None silver

L E7014 None blabic brown
E7018 *: green ,- black orange

None black

You may get some indication of the kind of metal by
observing how it is used. For example, farm implement
frames are generally made of mild steel (Figure 31).

c. Appearance of the Metal

FIGURE 30. How color codes are shown on electrodes.

Generally, ferrous metals are the most popular met
als to be welded with the shielded metal-arc process.
Non-ferrous metals such as copper and aluminum may
be welded with this process, but they are more adapt
able to other welding processes.

-

_

TABLE V. COLOR CODE FOR MILD STEEL AND
LOW-ALLOY STEEL ELECTRODES

-

Compare the colors and surfaces of metals. For
example:

—Alloy Steel — Smooth, gray.

—White Cast Iron — Mold marks, dull, gray (not
usually welded by SMAW).

— Gray Cast Iron — Mold marks, dull, gray.

FIGURE 31. Farm implement frames are usually made ofmild steel.
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— Wrought Iron — Light gray, smooth (not usually
welded by SMAW).

— Stainless — Smooth, silver.

— High Carbon Steel — Rolling or forging lines.

Mild Steel (Low carbon) — Smooth, dark gray.

— Copper — Copper (red), unpolished, dull.

— Brass and Bronze — Copper (red) to yellow.

— Cast Aluminum — Light gray, casting marks.

— Rolled and Extended Aluminum — Silver,
smooth.

e. Magnetism

Most iron and steel respond to magnets. One excep
tion is manganese steel. Most non-ferrous metals do
not respond to a magnet.

f. Weight

Aluminum is lighter than most other metals. Lead is
heavier.

g. Sparks

d. Chips

Try chipping the metal (Figure 32). The following indi
cations may give you a clue as to the kind of metal.

— Steel — Does not chip easily, smooth edges.

— White Cast Iron — Small fragments, rough groove
(not usually welded by SMAW).

— Malleable Iron — Smooth edges, long chips (not
usually welded by SMAW).

— Wrought Iron — Smooth edges, long chips (not
usually welded by SMAW).

— Copper — Smooth, but saw edges where cut.

— Brass and Bronze — Smooth, but saw edges
where cut. More brittle than copper.

— Aluminum — Smooth, saw edges where cut. Easy
to cut.

TABLE VI. MATCHING ELECTRODE
DIAMETERS TO METAL THICKNESSES

AND WELDER AMPERAGES

Electrode Metal Amperage
Diameter Thickness Range
(inches) (inches)

. 4
1/16 20-40 J

3/32 3/32 40-80

1/8 1181/4 60110

5/32 1/8-1/4 75-140

3/16 1/4-5116 100-210

7/32 $1/4-1/2 120-250

1/4 1/41/2 160330

5/16 5/16-1/2 200-420

Amperage will vary wilh ditlerent types of electrodes and welders. i

4*
Follow manufacturers’ recommendahons

The spark test is commonly used to identify metals.
The best method is to compare sparks from a grinder
with those of known samples. In the absence of known
samples, use the examples in Figure 33.

3. THICKNESS OF THE METAL

The thickness of the metal you are welding will af
fect the diameter of the electrode to use. Table VI sug
gests some diameters to be used with various thick
nesses of metals.
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FIGURE 33. Examples of sparks from different metals and alloys.

If it is possible, however, use a smaller electrode.
Welding will be easier, but twill also be slower. Always
use a small electrode for the first bead in a groove for
penetration.

4. WELDING POSITION

Welding position affects the kind of electrode you
use. Generally, flat-position welding requires a larger
diameter electrode than does vertical or overhead
positions. Most vertical or overhead welding requires
electrodes 3/16-inch or smaller while 5/16-inch or 3/8-
inch electrodes may be useful for flat position welding.

5. TYPE OF WELDING CURRENT
AVAILABLE

The type of welding current (AC or DC) you have
available will determine which electrodes you will use.

Some electrodes are made especially to be used
with DC current, while others are made for AC. Some
can be used with either AC or DC current. Check with
your supplier when making your selection.
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E. Providing for Safety

Electric arc welding can be especially hazardous to
your eyes. Damage can be done by both ultraviolet
light and infrared rays. There is a danger of skin burns
and fire from flying molten metal and slag. To guard
against these and other hazards, follow the safety pro
cedures given here.

Upon completion of this section, you will be able to
state reasons for safety, select the approved per
sonal safety clothing and equipment and perform a
weldor’s safety check.

Procedures are given under the following headings:

1. Accepting Responsibility f or Safety.
2. Selecting Personal Protective Clothing

Equipment.
3. Completing the Weldor’s Safety Check.

1. ACCEPTING RESPONSIBILITY
FOR SAFETY

Your personal safety and the welfare of those around
you depend on you. Carefully consider what you are
doing and the possible consequences of your actions.
Most welding accidents would never happen if consid
eration of others was the weldor’s first priority. Perform
a safety check before welding.

Take precautions against the following hazards:

— Eye injury can occur from ultraviolet rays even
at a distance of 50 feet.

Always be sure everyone is aware that you are start
ing to weld. Persons observing your work should wear
welding helmets. Whenever possible, protect others
from your work with a screen (Figure 34).

FIGURE 35. Exhaust hood for drawIng fumes away from
the face of the weldor.

— Eye injury and skin burns can be caused by in
frared rays.

Prolonged exposure to the rays are harmful to the
eyes and skin. Use protective equipment and
clothing.

— Use care against bodily injury from the hand
ling of materials.

Steel is always hazardous to the worker. Sharp
edges and slivers will cut. Lifting heavy pieces of
steel may cause back injury.

— Watch out for fire from the arc and from hot
molten metal.

— Provide for proper ventilation.

-

All metal alloys and electrode coatings produce
harmful fumes when melted and burned (TABLE
VII).

Ozone and nitrogen oxides are most dangerous.
Most injuries are to the lungs from breathing. Some
alloys contain such poisons as antimony, arsenic,
lead and mercury. Antimony and arsenic will cause
skin irritation.

051-IA requirements are for an exhaust of a mini
mum of 2000 cubic feet per minute per welder. The
exhaust should not be located directly overhead,
but offset so as to draw the fumes away from the
face. A special hood designed for this purpose can
be installed (Figure 35).

and

FIGURE 34. Welding screens help prevent eye injury to
others.
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TABLE VII. HEALTH HAZARDS OF WELDING FUMES AND GASES

Chemical Route of
Agent Source Entry Health Hazard(s)

• Antimony Alloy elenient Exposed skin Inflammation of hair follicles, metallic
Breathing fumes taste, stomach distress

Arsenic Metal painted with arsenic Breathing fumes Inflammation of mucous membranes,compounds Exposed skin skin irritation
Alloying element
Hardeningageht*

Asbestos Electrode coating (some) Breathing fibers Long term exposure causes asbestosis of lungs
Beryllium * Alloying element w/cooper Breathing fumes Acute exposure, chemical pneumonia, long term

- effect accumulative, fatigue and weakness
Cadmium ** Rust preventative on steel Breathing fumes Severe lung irritant, long term exposureAlloying element causes emphysema and kidney damage
Chlorinated Engine degreaser Breathing fumes Heat and ultraviolet radiation from arc form4-lydrocarbon Cleaning compounds highly toxic phosgene gasSolvents
Chromium Alloying element, Breathing fumes Extremely toxic and irritant to skin, eyes,stainless steel - mucous membranes
Fluorides ** Electrode coatings Breathing fumes Irritant and.accumulative effect, bone damageWelding flux and fluid in the lungs
Iron Oxide ** Principle element in steel Breathing fumes Irritant to nasal passages, throat and lungs,

Long term effect not dangerous
Lead ** Alloying element Breathing fumes Metallic taste in mouth, long term effect(Lead Oxide) Painted surfaces and Ingestion lead poisoning
Mercury ** Rust preventative Breathing vapors Kidney damage, respiratory failure, long term

- exposure, tumors, emotional and hearing problems
Nitrogen Atmosphere Breathing fumes Irritant, hard to detect, dangerous concenOxides **

trations ban injure lungs
• Ozone Gas produced by are Breathing fumes Very irritating to mucous membranes—excessaction on air produces fluid on the lungs•

Silicon Electrode coating (some) Breathing free Long term exposure leads to silicosisDioxide Silica
Zinc ** Metal coating Breathing fumes 24 hour metal fume fever

Abàvo plus NIOSI-I approved air-supplied respirator -

• Require mechanical local exhaust ventilation with sufficient airflow to maintain a
Iapture velocity (away from worker) of at least 100 near feet per minute ••-

-. -

-- Y:i&4j1j-

— Guard against electric shock.

You are working with high voltage and amperage.
— Guard against welding containers that hold

flammable or toxic materials.
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FIGURE 36. Proper clothing for welding.

2. SELECTING PERSONAL
PROTECTIVE CLOTHING AND
EQUIPMENT

Before you strike your first arc, you should be prop
erly outfitted for welding (Figure 36). The basic clothing
you wear is of primary importance.

Wear clothing made of flame-resistant materials.
Clothing should be free of oil and grease. Clothing made
from flammable materials may cause painful burns. Syn
thetic fibers are a poor risk and should not be worn in
the welding area. They burn readily and hot melted
patches cling to the skin.

In addition to wearing the proper clothing, there are
certain pieces of protective equipment you must wear
and know how to use.

- Protective clothing and equipment are discussed as
follows:

a. Body Protection.
b. Hand Protection.
c. Head, Face and Eye Protection.
d. Foot Protection.

a. Body Protection

Three approved materials for clothing are cotton,
leather and wool. cotton denims and twill-woven cot
ton fabrics are commonly worn when welding. They are
inexpensive and shed flying sparks fairly well. Cotton

fabric may smolder but there is little danger of flame if it

is kept free of oil and grease.

The best protective material, however, is leather.
But leather is more expensive than cotton and it is hot
and heavy to wear.

Some weldors prefer wool clothing. It isn’t easily
worn out by regular cleaning, and is fairly flame-
resistant.

Never wear pants with culls when welding or cuffing.
Molten metal can easily be caught in the cuffs and start
a fire. The same holds true for open shirt pockets,
rolled-up sleeves and low-cut shoes. Worn, frayed
clothing should also be avoided.

b. Hand Protection

Wear gauntlet-type leather gloves to protect youi
hands and forearms from sparks and ultraviolet rayE
(Figure 37). Never wear fabric gloves when welding
Use tongs or pliers to lift hot metal. Do not use youi
leather gloves. The heat will harden the leather anc
may burn you.

Wear long sleeves. The heat from welding will blistei
your skin if exposed.

c. Head, Face and Eye Protection

During arc welding, a welding helmet equipped wifr
protective lenses must be worn to protect the facE
and eyes from ultraviolet and infrared rays (Figure 38)

discussed unde

CLOSE FITTING
CLOTHING

LEATHER
APRON

WELDOR’S
HELMET

GAUNTLET TYPE
GLOVES

SAFETY SHOES

TROUSERS
WITHOUT
CUFFS

Head, face and eye protection are
the following headings:

FIGURE 37. Wear guantlet-type leather gloves to protec
hands when welding.
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FIGURE 38. The welding helmet is equipped with the
only approved type of eye protection.

(1) Helmets, Hardhats and Beanies.
(2) Lenses and Goggles.

(1) HELMETS, HARDHATS AND BEANIES. Good
quality welding helmets are made of lightweight, heat-
resistant, insulated materials. They have an inner head
band which can be fastened to a hard hat for added
protection. Most arc welding helmets are hinged and
can be raised and lowered easily (Figure 39). For long
exposure, wear a cloth cap or beanie underneath the
helmet to protect against hot flying slag and metal
(Figure 39).

The cap may also help contain long hair. A hard hat
should be fastened to the helmet if there is a low
overhead, a danger of falling materials or similar
hazards.

(2) LENSES AND GOGGLES. Your face and eyes
need constant and careful protection. Your eyes must

TABLE VIII. LENS SHADE SELECTION CHART
FOR ARC WELDING

Diameter of -

Electrode Shade
(inches) Number

1/16, 3/32, 1/8, 5/32 10

3/16,7/32,1/4 12

5/16,3)8 14

always be protected whether you are welding, remov
ing slag, grinding or culling metal. Face and eye protec
tive equipment are discussed as follows:

(a) Shaded or tinted lenses in helmets protect the
eyes. Ultraviolet and infrared rays from arc welding
are harmful to the eyes even at a distance of at least 50
feet. Some shaded lenses are denser than others. You
need to wear the ones recommended for the job (Table
VIII).

The lenses in the helmet are rectangular shatter-
resistant plates fastened to the front of the helmet body
(Figure 40). These plates or lenses consist of one darkly
tinted piece of plastic, resin or polycarbonate between
two clear pieces (Figure 41).

Gold filled lenses provide for eye comfort and protec

tion as well.

(b) Some are equipped with a hinged, tinted lens on
the outside and a stationary protective-clear lens
underneath. With the hinged, tinted lenses in the up
position, the weldor can easily inspect the work, remove

FIGURE 39. Raising and lowering of the helmet is made
easier by an adjustable swivel hinge. Note the cloth cap
worn under the welding helmet to protect hair and scalp
from molten flying slag and metal.

FIGURE 40. Shatter-resistant plates on the helmet face
provide a clear view of the weld area and good eye
protection.

C

F.’, -
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lenses.

DARK FILTER PLATE

41. Filter lens between two protective plastic

FIGURE 44. Wear high-top shoes for foot protection wt
welding.

slag or perform necessary grinding (Figure 42).
(c) Goggles or safety glasses are recommended to
wear under the welding helmet if you do not have the
flip-up lens (Figure 43).

3. COMPLETING HE WELDOR’S
SAFETY CHECK

d. Foot Protection

In some welding shops, steel-toed leather boots are
required. At least, you should wear high-top leather
shoes when welding (Figure 44).

Safe welding procedure takes a little extra time a’
thought, but that time is small compared with the amot
of job time lost due to accidents. Study the list unti
becomes automatic for you to perform a safety che
before every welding operation.

1. Oress properly.

2. Become familiar with the welder and equl
ment.

FIGURE 43. When wearing a helmet without flip-up U
wear goggles or safety glasses for chipping or grind

FIGURE 42. Get a good quality helmet that has a hinged-
type view lens.

.2:44*
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Are you checked out on the particular machine?
If not read the instructions and/or get help.

3. Check welder and equipment for condition
and cleanliness.

Make sure that the welding equipment and area
are dry. Never clean or tamper with a welder or
equipment when the power is on. Moisture makes
electrical shock more likely.

4. Check electrical connections.

They should be tight, clean and dry.

5. Check electrode holder and welding cable.

Check for cracks and exposed wire.

NOTE: Keep electrode holders in brackets
provIded when they are not being used.

6. Keep the work area clean.

Remove flammable material.

7. Check for proper air circulation.

You should have at least 2000 cubic feet/minute
of air circulation per welder. Vent should pull
fumes away from your face.

8. Check fire extinguisher.

Make sure you know how to operate it. Check
expiration date.

9. Identify the metal to be welded.

CAUTION: Never weld a tank or drum that
may have contained flammable material.

10. Select the proper electrode.

11. Select the proper amperage.

12. Watch out for other people.

CHAPTER QUESTIONS

1. Which welding process is used primarily for welding
ferrous metals such as iron and steel?

2. Define “shielded as it relates to the shielded-metal
arc welding process.

3. What types of materials form the flux coating on
an electrode?

4. During the welding process, what type of deposit
is formed on top of the weld?

5. Describe the size of a welding electrode.

6. What type of protection does the slag deposit pro
vide during the welding process?

7. In educational laboratories, testing of welds is
usually completed by what methods?

8. If you do not have laboratory equipment for testing
welds, you should follow what process for testing?

9. With special equipment, what types of weld testing
may be completed in the educational laboratory?

10. List the basic equipment for welding.

11. Cables are made of many strands of what type of
wire?

12. Cables are covered with what type of insulation?

13. What is the purpose of a ground clamp?

14. Which provides for a hot electric arc, high
amperage or high voltage?

15. Why is low voltage advantageous in electric arc
welding?

16. List three common types of electric arc welders.

17. What type of welder is popular for farm and home
use?

18. Transformer welders (AC) usually have upper
amperage capacities in what range?

19. Describe one advantage of a DC welder over an
AC welder.

20. Generator welders may be powered by what type
power sources?

21. What type of welder provides for both AC and DC
current?

22. Is the flow of current in DC welders always from,
positive to negative or negative to positive?

23. Polarity onDC welders can be controlled by what
methods?

24. Why is a change in polarity useful in welding?

25. List the two types of polarity on DC welders.

26. In order to have straight polarity on a DC welder,
the electrode holder must be connected to which
pole—positive or negative?

27. For reverse polarity, the ground clamp must be
connected to which pole—positive or negative?

28. What term is used to describe the continuous run
ning time for which a welder was designed?

29. Your welder should have at least what percent du
ty cycle?

30. How many continuous minutes out of each 10
minute period should a 50 percent duty cycle
welder be operated?

31. Describe the use of weldor’s vise-grip pliers.

32. List four factors important to the selection of
electrodes.

33. List two common methods of identifying electrodes.

34. AWS is the abbreviation for what society?
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35. In the electrode number code E-7014, what does
the number 1 mean?

36. What methods can you use in identifying types of
metal?

37. Farm implement frames are usually made of what
type of steel?

38. In general, which types of metal—ferrous or non
ferrous— responds to magnets?

39. Using Table VI, pg. 22, what size(s) electrode would
you select to weld metal ¼- to 1/2-inch thick?

40. Generally, does flat position welding require a,
larger or smaller, diameter electrode than does ver
tical or overhead?

41. Electric arc welding can be especially hazardous
to what parts of your body?

42. Who is responsible for safety when welding?

43. What type of light rays are especially hazardous
during welding?

44. Why is proper ventilation necessary when welding?

45. Where should a weldor’s safety check list be
posted?

46. Clothing worn during welding should be of what
type of material?

47. Why must clothing with cuffs be avoided during
welding?

48. What type of hand protection is recommended for
welding?

49. What type of equipment must be worn during
welding to protect the face and eyes from ultraviolet
and infrared rays?

50. What type of eye safety protection should be worn
under the welding helmet if the helmet is not equip
ped with flip-up type protective lenses? Be sure
safety protective lenses are in place when welding
even if the helmet is not equipped with a flip-up type
lens.

11
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II.
Striking Arcs and
Running Beads

The first skills you must master in welding are strik
ing the arc and running a bead. Procedures are given
under the following headings:

A. Striking and Maintaining Arcs.
B. Running Beads.

A. Striking and Maintaining Arcs

Striking the arc is always a challenge to the begin
ning weldor. The arc is formed by electric current jump
ing an air gap between the end of the electrode and the
piece to be welded. In order to make this happen, touch
the metal piece with the end of the electrode momen
tarily and quickly move it away to a distance equal
to or slightly less than the diameter of the electrode.

Then, in order to maintain the arc, keep that distance
constant as the electrode melts. The electrode melts
on the end and grows shorter as the arc is maintained.

This means you must constantly move the end of the
electrode toward the metal piece.

If you move the end of the electrode too close to the
metal piece, it will stick. When it sticks, the arc is lost

and the electrode becomes welded to the work piece.

If you move the electrode too far away from the metal
piece, the arc is lost and you must start over.

Upon completion of this section and with practice,
you will be able to strike and maintain arcs without
any trouble. Use the procedures under the following
headings:

1. Striking the Arc.
2. Maintaining the Arc.

1. STRIKING THE ARC

In learning how to strike an arc use the following
procedures:

1. Wear proper clothes and safety equipment.

Put on your goggles or safety glasses, helmet
and gloves. Raise helmet or flip-lenses so you
can see.

2. Select the practice metal.

For striking practice, use a piece of mild steel
plate at least ¼-inch thick and 6-inches square
(Figure 45). Metal that is thinner than1/4-inch will
overheat rapidly, warp badly and tend to burn
through.

NOTE: Metal plate selected for practice may
vary according to metal availability. Metal
plate sizes given for practice sessions are
recommended sizes.

3. Clean the metal.

Use a wire brush and a clean rag to free the
metal of any dirt, rust, scale or oil.
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FIGURE 45. Steel plate (1/4-inch thick) placed In a flat
position on a metal welding table.

4. Place the practice metal in a flat position on a
welding table (Figure 45).

5. Attach the ground clamp firmly to the mild steel
plate. In some cases, the ground clamp may be
attached to the welding table. (Figure 46).

Be sure the clamp makes clean contact with the
metal.

6. Select electrode (E6013, E7014 or E6011).

Use a 1/a-inch diameter electrode for practice.
Refer to Table VI.

These electrodes are of low hydrogen, mild steel
and are recommended for all welding positions.
They are less prone to “stick,” particularly with
AC welders.

The E601 1 will have good penetration and make
a strong weld.

The E7014 will make a smooth weld, but ‘s
poor penetration.

The E6013 is a one-pass sheet metal electro

Each of these electrodes may be used v
either AC or DC welding machines. Both
E601 3 and E701 4 electrodes are widely used
sheet metal repair work and general fabricati
These electrodes make a shallow weld, s
deposit is light and easily removed. The E6(
electrode may be used in all positions and
any of the exercises in this text.

7. Place the uncoated end of the electrode
tween the teeth of the spring loaded holdet
that it is ate 90 degree angle to the jaws (Fig
47).

8. Set the amperage on your welding macti
between 60 and 110 for 1/s-inch electrode.

See Table VI for amperage settings of van’
electrodes.

The best amperage setting for the electrode
metal you are using will probably vary betwf
60 and 110 amps. Amperage selection will’
with different types of electrodes and weld’
Check with your supplier for appropriate
perage settings. You may need to adjust
setting after starting to run a bead.

Make sure no one nearby is exposed, to
welding area.

9. Turn the welder on.

Until you areready to weld, keep the electn
and holder away from the grounded work or ‘

table.

10. Position the electrodes above the work surft

Grip the electrode holder firmly. Lower the e
trade so that the tip is about an inch above

FIGURE 46. Ground clamp should make a good connec
tion.

FIGURE 47. For arc striking practice, the electrodi
held in the holder at a 900 angle to the jaws.

.r -.,
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FIGURE 48. For striking the arc and for most flat posi
tion welding, the electrode is inclined at about a 15-degree
angle from vertical and in the direction of travel.

work surface. Become accustomed to inclining
the electrode at about a 15-degree angle from
vertical (Figure 48).

11. Lower your helmet or flip lenses.

12. Tap, strike or scratch the electrode tip on the
work surface (Figure 49,).

The arc may be started by using the same wrist
action as when striking a match. Repeat
process for practice.

2. MAINTAINING THE ARC

The secret to maintaining the arc is to hold a con
stant distance between the melting electrode and the
work surface. This distance will be approximately equal
to the diameter of the electrode wire. If you are using a
1/o-inch electrode, maintain a ‘/e-inch distance.

To properly maintain the arc, proceed as follows:

1. At the very instant the arc is struck, amidst light
and sparks, draw the tip of the electrode slightly
away from the work surface.

2. Maintain a constant distance between the elec
trode tip and the work surface.

Gradually lower the electrode as it gets shorter
and is melted away.

Hold it steady above the metal at a distance equal
to the diameter of the electrode (Figure 50).

You should be able to strike and hold a steady
arc in one spot for several seconds (a count of
“five”) and then pull the electrode away. You will
know that you are maintaining the correct arc length
by watching the molten puddle, not the arc.

The correct arc will cast very little light, while a long
arc will be very bright. Also, the correct arc pro
duces a sizzling sound like frying bacon. A short
arc makes uneven, popping sounds and will pro
duce a rough weld bead with ragged edges. An arc
which is too long produces a hissing or humming
sound.

FIGURE 50. As the electrode melts, move the tip of the
electrode toward the metal so as to maintain a constant
distance between the metal and the electrode.

3. Release electrode if stuck.

ELECTRODE

‘/ INCH ARC LENGTH

FIGURE 49. Striking an arc. Hold the electrode about an
inch above the work surface ready for striking, then bring
the electrode into contact with the metal where the arc
will be established. Repeat process for practice.

METAL PLATE
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It you hold the electrode tip too close to the base
metal, you will lose the arc. The electrode will
stick to the base metal. When this happens pro
ceed as follows:

(1) Try to free the stuck electrode immediately
by a quick twist of the electrode holder. (Fig
ure 51).

NOTE: A stuck electrode is causing a di
rect short in the welding circuit. It can easily
(1) burn out a fuse, (2) trip a circuit breaker
or (3) burn out a weldor.

As you gain experience, you will be able to
quickly snap stuck electrodes tree by a quick
twisting action.

If this fails, follow step (2).

(2) Turn the switch off and release the electrode
from the spring-loaded electrode holder.

CAUTION; Do not remove your eye pro
tection until the welder has been turned
off, or the electrical circuit has been
broken.

In addition to turning the switch oft the circuit
can be broken by opening the electrode han
dle and releasing the electrode.

(3) Snap the stuck electrode loose by usinc
pair of pliers to bend it back and forth (Fig
52).

CAUTION: Do not grab the hot electro
with your hand. It can burn you desp
the gloves you are wearing.

(4) Repeat striking and maintaining the arc ft
number of times until you eliminate electrc
sticking.

NOTE: Sometimes electrodes are diffic
to restrike because there is too much
too little flux left on the tip of the electro(
If the melted flux has run down over
end of the electrode, (with the welder c
tap it sharply on the base metal to bre
away excess flux. This is frequently neci
sary for low hydrogen electrodes such
E7014. If too much flux has been brok
away from the electrode tip, (with t
welder on) use a practice pad for seve
strikes to correct the problem. A bE
unfluxed wire tip makes restriking the
difficult.

FIGURE 52. Using pliers to loosen stuck electrodes v
prevent burns.

A_j

FIGURE 51. Try freeing a stuck electrode by a quick twist
of the electrode holder
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B. Running Beads

Once you have mastered striking and holding an arc,
you will be ready to move the arc and run a bead.” A
bead is metal build-up caused by the continuous fusion
(melting together) of both the base metal and the melted
electrode. You run a bead across the surface of your
base metal by depositing welding filler metal from the
electrode in a controlled manner (Figure 53).

In this section, you will practice running beads on a
piece of mild steel plate lying on a flat surface. The
skills mastered in this section will also enable you to
learn weaving, padding and tacking techniques.

The running of weld beads will be discussed under
the headings:

1. Running Practice Beads.
2. Common Welding Problems.
3. Weaving.
4. Padding.
5. Tacking.

1. RUNNING PRACTICE BEADS

Procedures for running practice beads include the
following:

1. Follow procedures for striking an arc under pre
vious heading.

2. Strike an arc at the edge of the practice plate.

Strike and maintain a steady arc according to
the method you have already learned. Hold a
long arc when beginning the bead. This allows
the molten puddle to quickly develop.

FIGURE 53. A bead deposited on a mild steel plate.

For better vision, a right-handed weldor should
work from left to right and a left-handed weldor
from right to left. Keep your elbow against your
side and stand close to your work (Figure 54).
Try to maintain the length of the arc equal to the
diameter of the electrode.

3. Run a short bead (approximately two inches).

Hold the electrode at about a 15-degree angle
from vertical in the direction of travel (Figure 55).
Maintain an arc length equal to the diameter of
the electrode used. Try to keep your arc length
uniform. Move across the metal in a straight line
and at a uniform speed.

FIGURE 55. Hold the electrode at about a 15-degree angle
from vertical in the direction of travel while running a
bead.

FIGURE 54. Proper stance for arc welding.
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FIGURE 56. Correct speed will consume about 1-inch of
electrode for each ¾-inch to 1-inch of bead produced.

FIGURE 58. Example of uniform bead.

You can determine the correctness of your elec
trode travel speed by comparing the length of
the bead with the length of the electrode you
have used. Correct speed will consume about
one inch of electrode for each ¾-inch to 1-inch
of bead produced (Figure 56). These figures
apply to straight beads and might vary with other
applications.

4. Stop the arc.

When completing the bead, move the electrode
slightly back over the end of the bead. (Figure
57). This will fill the crater and avoid crater
cracks.

5. Chip and brush slag off of the weld after run-
fling a bead.

Use your chipping hammer and wire brush.
Always chip away from you. Slag removal is eas

ier if you allow
before chipping.

the weld to cool a few seconc

6. Examine your work (Figure 58).

A good bead should be slightly rounded in t[
center. It should slope gradually at the shoulder
Ripples should be uniform and even (Figure SE

7. Adjust amperage if needed (Figure 59).

If the bead is lumpy, high and narrow, yo
amperage is too low. If the bead is flat and wid
the amperage is too high.

8. Practice running short beads.

Restrike and continue with the same bead.

The new arc should be struck about an in
beyond where the weld bead ended. The restru’
arc is then brought back to begin welding whe

Amperage Too Low Amperage Too Hig[

FIGURE 59. Examples of beads run at incorrect ami
ages

C

FIGURE 57. When completing the bead, move the elec
trode slightly back over the end of the bead. This will till
the crater and avoid crater cracks.
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the preceding bead stopped. Restarting and con
tinuing beads smoothly may take a lot of prac
tice but it is a skill essential to making clean,
sound, strong welds.

9. Remove slag from each bead and allow the
plate to cool.

10. Gradually run longer beads until you consume
an entire electrode in a single weld pass.

Leave about two inches waste on each electrode.

CAUTION: Do not touch the hot electrode.
Open the electrode holder and let the end fall
into a can. Be sure the can is free of flam
mable material. Never drop them on the floor,
they may cause someone to slip and fall.

2. COMMON WELDING PROBLEMS

Producing a good weld depends upon the following:

— Using the correct electrode. FIGURE 60. UndercuttIng is a result of amperage being
set too high. Overlapping is a result of amperage being

— Selecting the correct amperage for the electrode. too low.

— Maintaining the correct angle with electrode.
(Sideways motion while welding will cause under- — Correct feeding or lowering of the electrode as it

cutting.) melts.

— Keeping correct arc length. (A long arc may cause Common problems for beginning weldors, their causes

the bead to be narrow and shallow.) and remedies are included in Table IX.

— Maintaining an even, constant electrode travel Examples of undercutting and overlapping are shown
movement, in Figure 60.

TABLE IX. COMMON PROBLEMS IN WELDING
AND HOW TO CORRECT THEM

Problem Cause Remedy

Undercutting Amperage set too high Reduce current

Arc too long Shorten arc

Electrode being held at a 90-degree angle Tilt electrode in direction of travel

Overlapping Amperage set too low Increase amperage

‘ Slag included in bead Athperage set too low Increase amperage

• Arc too short Lengthen arc

Bead is porous Amperage set too high Reduce amperage

Travel too fast Reduce speed, weave electrode to
- allow time for gas to escape . --

- -
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3. WEAVING

Weaving is a welding pattern used when tiller metal
must be deposited over an area wider than the elec
trode diameter. A weave bead requires not only follow
ing a weld line but also moving the electrode from side
to side (Figure 61). The width of a weave pattern
depends upon how much the electrode is moved trom
side to side. This width should not exceed 3 or 4 times
the electrode diameter.

If you are using an E6010 or E6011 electrode, the
weave should be 3 to 4 times the diameter of the
electrode.

It you are using an E7014 or E7018, the weave
should be 2 to 3 times the diameter of the electrode.

To weld a weave pattern, proceed as follows:

1. Clean and position a ¼-inch thick by 6-inch
square steel plate in a flat position about waist
high on the welding table.

With a soapstone marker, draw a straight line
from one side of the metal to the other. This will be
your guideline for welding. Your welding amper
age should be set the same as for running a bead.

2. Hold your electrode tilted at about 15 degrees
in the direction of travel.

3. Strike your arc at the left edge of the guideline it
right-handed or at the right edge if you are left
handed.

4. Practice the weave welding patterns shown in
Figure 61.

Using the soapstone marker guideline, weave the
bead back and forth from one side of the line to
the other. Each pattern illustrated has arrows to
show weld direction and circles to show pausing
points. A pause is necessary at each edge of the
bead to insure good fusion or melting ot the metal.
The center of the weld puddle is crossed and heat
ed twice on each cycle. The pause at each side
is necessary to insure that the metal at this point
is treated and melted at the same rate as the
center. Develop a patter that feels natural to you.

5. Chip and brush away slag and examine the beac
for quality (consistency and uniformity).

4. PADDING

Weaving, as well as straight bead welding, may b’
used by the weldor to build up areas on shafts or plat
surtaces. The process used tor area buildup is calle

padding. Padding is actually the addition ot tiller met

to raise and reinforce a surface. Padding involves rur
ning beads or weaves together, side by side, an
overlapping a tractiOn of an inch (Figure 62). Paddirt
can include more than one layer of beads, dependin

on the amount of build up needed.

Padding is an excellent way to develop your weldin
skills. As you practice, your beads will improve. Pa
ding can be single or multiple layers of welded beath

FIGURE 62-Padding is the build up of metal on a surfac
It can be single or multiple layers of welded beads.

FIGURE 61. Weave-welding patterns. The small circles at
each edge show points of hestitation. The lines and
arrows trace the path at the electrode tip. Many varia
tions of these basic patterns are possible.
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To weld by padding, proceed as follows:

1. Select a piece of mild steel plate ‘/4-inch thick
and 6-inches square.

Select E7014 electrodes. E6010 and E6011 are
not designed for padding.

2. Deposit a straight weld bead along one edge,
chip, and or brush it clean.

3. Repeat beads, slightly overlapping each bead.

Chip and brush clean between each bead.

After running several beads, the metal will heat up
to such an extent that overheating and unwanted
warping will occur unless you reduce your welding
amperage to a minimum or cool the steel in water.

If you have a DC welder, use reverse polarity.
The base metal will be cooler.

4. When you have completely padded your steel
plate, clean it and examine it for holes and slag
pockets.

The padding beads should create a fairly smooth
surface. At times a greater amount of build up is
needed than one layer of beads will provide. A
heavier pad can be built by laying rows of paral
lel beads across the first layer at right angles
(Figure 62).

When you know how to maintain a steady arc and
form a molten puddle on a work surface, you are ready
to practice tack welding two pieces of metal, proceed
as follows:

1. Select two pieces of mild steel plate ¼-inch thick
by 3-inches square.

2. Place the metal plates together.

Clamp the plates together with your weldor’s vise
grips.

3. Strike and hold an arc at a point exactly where the
metal edges meet one-half inch in from one end
(Figure 63). Tack the other end in a similar man
ner. Hold the arc forming a molten puddle for 3
to 5 seconds.

4. Allow the metal to cool.

5. Use your chipping hammer to remove slag and
brush.

6. Check the strength of your weld.

You will see that the tack weld is easily broken
and is not intended for permanent welding.

CHAPTER QUESTIONS

5. TACKING

1. What are the first welding skills which must be
mastered?

2. Describe how you would strike an arc.

3. Describe how you would maintain an arc.
Tack welding is the welding of two pieces of metal

at one or more points (Figure 63). Its purpose is to hold
the pieces together temporarily while welding them.
Tacking will also lessen warping and heat distortion of
the joint being welded.

FIGURE 63. Tack welds are temporary.

4. Why is metal thicker than ¼-inch recommended
for welding practice?

5. What types of material must be cleaned from the
metal surface before welding?

6. Why are the E601 1, E7014, and E6013 electrodes
recommended for striking the arc practice?

7. For striking practice, the electrode should be
placed in the electrode holder at what angle?

8. For striking the arc and most flat position welding,
the electrode should be inclined at what angle from
vertical?

9. Describe the appearance of a correct arc as it
relates to light emitted from the arc.

10. What sound does a correct arc length produce?

11. A stuck electrode causes a direct short in the
welding circuit. This may cause what other
problems?

12. If you cannot immediately remove a stuck electrode
using procedures described, you should follow
what course of action?
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13. Why is restriking a formerly stuck electrode diffi

cult?

14. Why is a long arc held when beginning a bead?

15. Running a bead requires moving the electrode at

the correct speed across the metal. The correct

speed will consume what amount of electrode?

16. Describe the appearance of a good weld bead?

17. Why should electrodes never be dropped on the

floor?

18. Is undercutting a result of amperage being set too
highortoolow?

19. Is overlapping a result of amperage being set too
high or too low? - -. - - -

20. Why is weaving useful in welding?

21. In marking the metal for weaving, you should use - - - - - - .

what type of marker?

22. Define padding as it relates to the welding process. -

-----

23. Why must you allow the metal to cool after running
several beads?

24. Which polarity should be selected when using a DC

welder for padding? Why?

25. What is the purpose of tacking?
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