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Preface

The Code of Federal Regulations, under authority of the Federal Coal Mine Health and Safety Act
of 1969 (Public Law 91-173) states that “all electrical equipment shall be frequently examined,
tested, and properly maintained by a qualified person to insure safe operating conditions.” An
individual may become qualified as a surface coal mine electrician as indicated below:

77.103 Electrical work; qualified person.

(a) Except as provided in paragraph (f) of this section, an individual is a qualified person
within the meaning of Subparts F, G, H, I, and J of this Part 77 to perform electrical
work (other than work on energized surface high-voltage lines) if:

(1) He has been qualified as a coal mine electrician by a State that has a coal mine
electrical qualification program approved by the Secretary; or,

(2) He has at least 1 year experience in performing electrical work underground in a
coal mine, in the surface work areas of an underground coal mine, in a surface
coal mine, in a non-coal mine, in the mine manufacturing industry, or in any
other industry using or manufacturing similar equipment, and has satisfactorily
completed a coal mine electrical training program approved by the Secretary; or,

(3) He as at least 1 year of experience, prior to the date of application required by
paragraph (c) of this section, in performing electrical work underground in a coal
mine, in the surface work areas of an underground coal mine, in a surface coal
mine, in a non-coal mine, in the mine equipment manufacturing industry, or in
any other industry using or manufacturing similar equipment, and he attains a
satisfactory grade on each of the series of five written tests approved by the
Secretary as prescribed in paragraph (b) of this section.

(b) The series of five written tests approved by the Secretary shall include the
following categories:

(1) Direct current theory and application;

(2) Alternating current theory and application;

(3) Electric equipment and circuits;

(4) Permissibility of electric equipment; and,

(5) Requirements of Subparts F through J and S of this Part 77.

(c) In order to take the series of five written tests approved by the Secretary, an individual
shall apply to the District Manager and shall certify the he meets the requirements of
paragraph (a)(3) of this section. The tests will be administered in the Coal Mine Safety
and Health Districts at regular intervals or as demand requires.

(d) A score of at least 80 percent on each of the five written tests will be deemed a
satisfactory grade. Recognition shall be given to practical experience in that 1
percentage point shall be added to an individual’s score in each test for each addition
year of experience beyond the 1 year requirement specified in paragraph (a)(3) of this
section; however, in no case shall an individual be given more than 5 percentage points
for such practical experience.

(e) An individual may, within 30 days from the date on which he received notification from
the Administration of his test scores, repeat those on which he received an unsatisfactory
score. If further retesting is necessary after this initial repetition, a minimum of 30 days
from the date of receipt of notification of the initial retest scores shall elapse prior to
such further retesting.

(f) An individual who has, prior to November 1, 1972, been qualified to perform electrical
work specified in Subparts F, G, H, I, and J of this Part 77 (other than work on energized
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surface high-voltage lines) shall continue to be qualified until June 30, 1973. To remain
qualified after June 30, 1973, such individual shall meet the requirements of either
subparagraph (1), (2), or (3) of paragraph (a) of this section.

(g) An individual qualified in accordance with this section shall, in order to retain
qualification, certify annually to the District Manager wherein he is employed, that he
has satisfactorily completed a coal mine electrical retraining program approved by the
Secretary.

77.104 Repair of energized surface high voltage lines; qualified person.

An individual is a qualified person within the meaning of § 75.704 for the purpose

of repairing energized surface high voltage lines only if he has had at least 2 years experience in
electrical maintenance, and at least 2 years experience in the repair of energized high voltage surface
lines located on poles or structures.

This study guide has been prepared for the Utah Labor Commission specifically to provide
guidance for those individuals who desire to prepare themselves for Federal qualifications as mine
electricians by taking the Utah State Coal Mine Electrician Examination by Bruno Engineering,
Price Utah. The Utah State Coal Mine Electrician qualification program has been approved by
MSHA. This study guide is not intended to serve as the sole source of preparation, but rather as a
tool toward that end.



The study guide is divided into sections for each testing category for surface coal mine electrician
qualification. The specific sections are listed below and a set of typical examination questions are
provided for each section. Also, in each test category an outline is provided which gives topics that
are to be tested on in the category.

Test #1 - DC Theory and Application

Test #2 - AC Theory and Application

Test #3 - Electric Circuits and Equipment
Test #4 - Permissibility if Electric Equipment
Test #5 - Mine Law 30 CFR Part 75 (Surface)
Test #6 - National Electric Code

Practical - Prints and Meters



Electrical Problem Solving Formulas - Symbols

Symbol Description
E Voltage
| Current in amperes (amps)
R Resistance in ohms
P Power in watts
RT Total Resistance in ohms
IFL Full load current
HP Horsepower
Np Transformer primary turns
Ns Transformer secondary turns
Ep Transformer primary voltage
Es Transformer secondary voltage
Ip Transformer primary current
Is Transformer secondary current
KVA Kilovolt Amperes
VA Volt Amperes
Egg Phase to phase voltage
Eg-N Phase to neutral voltage
Ig Phase current
1L Line current
Isc Short circuit current
pf Power factor
X Total reactance in ohms
XL, Inductive reactance
XC Capacitive reactance
V4 Impedance
f Frequency in Hertz
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FORMULAS

DC Theory:

Ohm’s Law

Power Formula

Ohm’s Law and Power Formula Combined

SERIES ONLY:
Rt=Ri + R2 +R3 etc. (Ohms)
Et=E1 + E2 + Es3 etc. (Volts)
I is constant: (Amps)
PARALELL ONLY:
Ri= 1 (Ohms)
1+ 1 + 1 etc
Ri Rz R3

Rt = R if all resistors are equal
N

It = I+ 12+I3 etc. (Amps)

E is constant: (Volts)

Rtotal =R1 + R2 + R3 + ...

Ttotatl =Ir1 = Ir2 = Ir3 = ...

Formulas:

E=1IxR E=VvP xR E= P/1 P = E?*R P =12xR P=1xE
1= P/E I = ER I=JP/R R = E/ R=E?/P R=P/I?

DC Series: DC Paralell:

Etotal = Er1 + Er2 + Er3 + ...

Rewtal = (R1 x R2)/(R1 + R2)
Ttotal =Ir1 + Ir2 + IR3 + ...

Etotat = Er1 = Er2 = Er3 = ...

AC:

E=1xZ I =EZ

EE&ffective = 0.707 X Epeak

X. = 2nfL  Xc=1/(2nfC)

EAverage = 0.637 X Epeak

Z = E/l

Epreak = 1.414 X EcEffective

Z =VR2 + (XL — Xc)?




Electrical Formulas

Np/Ns = Ep/Es = Is/Ip

Transformers:

E®.® = EonN x 1.732 EoN =E®. @/ 1.732

Three Phase Transformers:

DELTA:
IL=1o*1.732 lo= IL EL= Eo
1.732
WYE:
EL = Eo 1.732 Eo = EL L=1o
1.732
To Single Phase Three Phase DC
Find 5
Amps | (KVA x 1000)/E (KVA x 1000) / (E x 1.732) Not applicable
Amps | (HPx 746) / (Ex Effx PF) | (HP x 746) / (E x 1.732 x Eff x PF) (HP x 746) / E
Amps | (KW x 1000/ (E x PF) (KW x 1000) / (E x 1.732 x PF) (KW x 1000) / E
KW | (IxExPF)/ 1000 (I x E x 1.732 x PF) / 1000 (I X E) / 1000
KVA | (IxE)/1000 (IxEx1.732) /1000 Not applicable
HP | (Ix Ex Eff X PF)/ 746 (Ix E x Eff X PF x 1.732) / 746 (I X E x Eff) / 746
\\Y IxE IxEx1.732 IXE

Transformer Short Circuit Current = Rated Full-Load Current

1 hp = 746 watts

Percent Impedance

Power in Three — Phase Systems:

P = ILEL(\3) (PF)
P=IoEo
P = ILEL (\3)

Also:
Pa =3 (Po)
kVA is Pa

(in kiloVoltAmperes)




TEST #1

DC THEORY AND APPLICATION



UTAH MINE ELECTRICIAN CERTIFICATION
EXAMINATION STUDY GUIDE

I.  Test#1 - DC Theory and Application Outline

A. Definitions
1.  Semiconductors
2 Electric Current
3 Direct Current
4 Conventional Current Flow
5. Electronic Current Flow
6. Voltage
7. Electromagnetism
8 Rectifier
9. Diode
B. Ohm’s Laws
1. Applied to Series DC Circuits
a. Total circuit current
b. Total circuit resistance
c. Voltage drop across each series resistor
2. Applied to Parallel DC Circuits
a. Total circuit current
b. Equivalent or total circuit resistance
c. Voltage drop across each parallel resistor
C. Power Formula
1.  Total power consumed by the circuit
a. Series circuits
b. Parallel circuits
2. Power dissipated by individual resistors
a. Series circuits
b. Parallel circuits
D. Battery Connections and Resulting Voltage

1.  Series
2. Parallel
3.  Series-Parallel
E. DC Motors
1. Operating characteristics of various types of DC motors
a. Series
b. Shunt

c. Compound
2. Connections of various types of DC motors
a. Series
b. Shunt
c. Compound



3. Typical symptoms of low voltage applied to DC motors
4.  Methods of changing the rotation of DC motors
F. DC Equipment Grounding Methods (Shuttle Cars)
1. Diode
2. Third wire (separate frame ground conductor)
G. DC Motor HP to KW Conversion
1. 0.746 KW =1HP
2. 746 W=1HP



THE ELECTRON THEORY

Atomic Structure

The modern explanation of electricity is by means of the electron theory, which is based upon the
atomic structure if matter. Practically everything around us occupies space and has weight. We call
these things matter. All matter is composed of tiny particles called molecules. Matter can be further
broken down into fundamental constituents called elements, the tiniest particles of which are called
atoms. An atom is the smallest particle of an element that shows its chemical and physical
properties. A molecule is the smallest combination of atoms that form a compound of various
elements. For a better understanding of the relationship between atoms, molecules, and elements, |
will use the example of the water molecule shown in Figure 1.1.

Figure 1.1 — lllustration of a water (H20) Molecule.

Note that the water molecule is composed of two hydrogen atoms and one oxygen atom. Hence the
chemical formula for water is H20. Hydrogen and oxygen are also elements.

There are 98 known elements, of which 92 occur in nature and six are artificially produced in atom
smashers and nuclear reactors. Since there are 98 elements, there must be 98 different types of
atoms.

The most widely accepted theory on atomic structure is Bohr’s theory. According to Bohr’s theory,
atoms actually have a complex structure, resembling somewhat a miniature solar system. An atom
consists of a central nucleus of positive charge around which tiny, negatively charged particles,
called electrons, revolve in fixed orbits, just as the planets revolve around the sun. In each type of
atom, the negative charge of all the orbital electrons just balances the positive charge of the nucleus,
thus making the combination electrically neutral.

The positively charged nucleus is made up of two fundamental particles known as the proton and
neutron. The proton is a relatively heavy particle (1840 times heavier than the electron) with a
positive (+) charge, while the neutron has about the same mass as the proton, but has no charge at
all.

The positive charge on each proton is equal to the negative charge residing on each electron. Since
atoms are electrically neutral, the number of protons in the nucleus is equal to the number of
electrons revolving around the nucleus. A diagram of the Bohr model of the hydrogen atom is
shown in Figure 1.2.



Figure 1.2 — Bohr model of a hydrogen atom.

TABLE 1

Particle Charge Weight

Electron -1 1/1840
Proton +1 1
Neutron 0 1

All atoms are made up of protons, neutrons, and electrons. The difference between various elements
results from the number and arrangement of the protons, neutrons, and electrons within their atoms.
The elements are arranged according to their atomic number, which is equal to the number of
electrons revolving around the nucleus. Thus an atom of hydrogen has a single electron spinning
around its nucleus, while an atom of uranium has 92 electrons spinning about the nucleus. The
orbits of these electrons are arranged in “shells” about the nucleus, each shell having a definite
maximum capacity of electrons. The capacity of successive shells from the nucleus out is 2,8,18,
and 32 electrons; however, the outermost shell contains never more then eight electrons. It is this
outermost shell which determines the chemical valence of an atom and its principle physical
characteristics. The outermost shell is also the most important for electricity, since it is the only one
from which electrons are relatively easily dislodged to become “free” electrons capable of carrying a
current in a conductor. The electrons in the inner shells cannot be forced out easily from their orbits
and, hence, are said to be

“bound” to the atom.

Free Electrons

Electrons that have become dislodged from the outer shell of an atom are known as free electrons.
These electrons can exist by themselves outside the atom, and it is these free electrons which are
responsible for most electrical and electronic phenomena. Free electrons carry the current in
ordinary conductors, as well as in all types of electron tubes and semiconductors.

Insulators and Conductors

“Conductors” are materials that have free electrons; those having tightly bound electrons are classed
as “insulators”. It seems that the atoms of most metals are loosely hung together, or they have many
free electrons. That is, the attraction between the electrons and the nucleus is weak, and it is easy to
push out electrons. In other words, most metals have low resistances and are called good
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conductors. Most non-metals are just the opposite of this; they have tight atoms which have few free
electrons, they are extremely poor conductors and are called insulators.

We cannot classify all substances as either conductors or insulators. There is no sharp dividing line.
Electricians simply use the best conductors for wires or cables to carry current, and the poorest
conductors for insulators to prevent the passage of current. Below is a table listing some of the
better conductors and insulators (poorest conductors).

Conductors Insulators

Gold Dry air

Silver Glass

Copper Mica

Mercury Plastic

Iron Rubber

Aluminum Asbestos

Brass Paraffin

Zinc Dry wood

Carbon Oil (only certain types)

Electric Current

The free electrons in a conductor are ordinarily in a state of chaotic motion in all possible directions.
But when an electromotive force (emf) or voltage, such as that provided by a battery is connected
across a conductor, the free electrons are guided in an orderly fashion, atom to atom from the
negative terminal of the battery, through the wire, to the positive terminal of the battery. This
orderly drifting motion of free electrons under the application of an electromotive force constitutes
an electric current. Although the electrons drift through the wire at a relatively low speed, the
impulse is transmitted almost at the speed of light. Note that the electron current continues to flow
only as long as the wire remains connected the battery. The wire itself remains electrically neutral,
since electrons are neither gained nor lost by the atoms within the wire. Thus, the free electrons
present within the wire act simply as current carriers, which are continually being replaced, but none
are lost. Refer to Figure 1.3 for an illustration of current flow through a conductor.

LL é CONVENTIONAL CURRENT
BATTERY — é FLOW
- ELECTRON FLOW ———= é

Figure 1.3 - Conduction of electricity through a conductor.

Until recently it was believed that current flows from positive to negative, which is conventional
current flow as it is shown is Figure 1.3. It has since been proven that current flows from negative to
positive, which is also shown in Figure 1.3. Although conventional current has been widely used in
the markings of meters, formulation of electrical rules, and in many textbooks, we shall not use it as
our standard. From now on the term “current” designates electron flow from negative (-) to positive

()
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ELECTRICAL SOURCES

The chief sources of electricity are mechanical, chemical, photoelectric, thermoelectric, and
piezoelectric in nature. Electricity may be produced mechanically in two ways. When certain
materials are rubbed together, electrons are transferred by friction from one to the other, and both
materials become electrically charged. These charges are not in motion, but reside statically on each
substance and hence this type of electricity is known as static electricity or electrostatics. Electricity
may also be generated mechanically by the relative motion of a conductor with respect to a magnetic
field, a process known as induction. The interaction of electric and magnetic fields is studied in a
branch of electricity called electromagnetism. Practically all commercial electricity is produced by
electromagnetic generators.

Electricity can be generated chemically by inserting two dissimilar metals, such as zinc and copper,
into a conducting solution called electrolyte. An electromotive force (emf), or voltage is produced,
which can cause current to flow through an externally connected conducting circuit. Electricity
produced by chemical action is called electrochemistry.

Sunlight or artificial illumination falling upon certain photosensitive materials produces electricity
by knocking out free electrons from the surface of the material. This process is known as
photoelectric emission, or simply photo-electricity.

When the junction of two dissimilar metals, such as iron wire welded to copper wire, is heated, an
electromotive force (emf) appears between the free ends of the metals. Such a junction is called a
thermocouple and the process is termed thermoelectricity.

Electricity, finally, may be generated by the mechanical compression, stretching and twisting of

certain crystals, such as quartz. Materials that permit generating an emf by mechanical pressure are
called piezoelectric and the process is known as piezoelectricity.

12



MAGNETISM
Theory of Magnetism

Modern theory attributes magnetism to the motion of electrons within the atom, for it is known that
moving electron constitutes an electric current and that an electric current produces a magnetic
effect. One may think of a magnetic material as being made up of many very small magnets. When
an un-magnetized magnetic material is place in a magnetic field, these small magnets aligned
themselves in a definite direction as the intensity of the field is increased, and magnetic poles of
increasing strength are produced in the substance. The multitude of tiny magnets is lined up so that
all the north poles face one direction and all of the south poles in the opposite direction. Thus the
billions of millions of individual molecular magnets, because they all face the same direction, aid
one another in creating a strong magnetic field.

Iron and steel can be made to attract other pieces of iron and steel. This attraction is known as
magnetism. The bar magnet shown below has a north and a south end just as the earth has a North
and a South pole, in fact the earth can be considered as just a big magnet.

If two bar magnets are placed with a North end and a South end as shown below, they will attract
each other.

If they are placed with either the North ends or South ends together they will repel each other.

N h
N = p
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These are permanent magnets and are made out of hard steel. Iron and steel can be magnetized.
Other metals that can be magnetized slightly are nickel and cobalt. Temporary magnets are made of
soft iron. Most other materials are non-magnetic and cannot be magnetized. Copper cannot be
magnetized. Electromagnets are made by winding coils of wire around soft iron. When an electric
current flows through the wire the soft iron will become strongly magnetized. When the current
stops flowing, the iron will lose its magnetism.

Maaqgnetic Fields

Magnets exert a pull on each other even though they are not touching. The space around the
magnets in which this magnetic push or pull exists is known as a magnetic field.

Lines of Force

This magnetic field may be represented by lines of force. We assume that these lines of force flow
from the North end of magnet to the South end of a magnet. These lines of force are just an easy
way to show on paper how a magnetic field is formed and where the magnetic field is weaker and
where it is stronger. These lines of force are usually called flux of magnetic flux.

Field Strength

The number of flux lines and how close together they are shows the field strength or flux density of
a magnetic field. Notice that the flux density is much higher in the iron than in the air around the
magnet. This shows though the flux density can be increased if an iron path is used instead of air.
Although the lines of force will go through air, cardboard or any other material, the magnetic field
will be much weaker than when it is in iron.

Magnetic Fields Around Electrical Conductors

Every conductor that has as electrical current flowing through it will produce a circular magnetic
field around the conductor.

How far out the field will extend and how great the flux densities will depend on how much current
or how many amps are flowing in the wire. The greater the amps the greater or more intense the
magnetic field will be.

A straight current carrying conductor has no poles. If the wire is formed in a coil it produces a
magnetic field that looks similar to a magnet.

If a piece of soft iron is put in the center of the coil, or solenoid as it is usually called, the magnetic
lines of force can travel through the iron much easier and a more intense magnetic field is formed.
This is an electromagnet. The strength of the electromagnet is determined by its ampere-turns, that
is the number of turns of wire times the amount if current going through the wire.

The most important application of magnetic fields is in the operation of motors and generators. If
we move a conductor across a magnetic field rapidly and at right angles to the lines of flux, we will
generate a voltage in the conductor. The more lines of flux that are cut per second by the conductor
the greater will be the “induced voltage” in the conductor. This is the basic principle in the
generation of electricity.

14



DIRECT-CURRENT CIRCUIT THEORY

A direct-current (d-c) circuit is the starting place for the analysis of electrical circuits since it is the
most basic and most simple circuit encountered. Let us begin this discussion by considering the
simple d-c circuit shown in Figure 4.1.

F — — R
|

Figure 4.1. — A simple d-c circuit

The circuit consists of a source of electromotive force (voltage) —a battery in this case- that is
designated by E, and a resistance (R) or load connected to the thermals of the voltage source. The
resistance (R) may represent an actual resistor or some electrical device (called a load), such as a
lamp, a toaster, or an electric iron, from which useful work is obtained. We also have connected a
switch (S) into the circuit, to permit opening or closing the circuit.

As long as the switch is in the up or open position (shown dotted), there is no complete path for
current to flow and we have what is known as an open circuit. As soon as the switch is placed in the
down or closed position (shown solid), a complete, unbroken pathway (closed circuit) is formed
through which an electric current (I) may flow. Electron current then flows from the negative (-)
terminal of the battery, through the resistor and switch, and back to the positive (+) terminal of the
battery. The switch, resistor, and connecting wires are known as the external circuit. Current also
flows in an internal circuit, from the positive to the negative terminal inside the battery, thus
completing the electrical path. The current flow will continue as long as the switch remains closed
and as long as the voltage always flows in the same direction. The circuit is known as a direct-
current (d-c) circuit. Direct current flows in only one direction and has constant magnitude.

George Simon Ohm discovered in 1827 that current (I) flowing in such a d-c circuit is directly
proportional to the applied voltage (E) and inversely proportional to the resistance of the circuit.
Putting this statement, known as Ohm’s Law, into mathematical form, we obtain:

Current = EMF (voltage)

Resistance
Or using symbols:

I (amperes) = E (volts)
R (ohms)

15



Whenever an electric current flows through a resistance, electric power is expended in the form of
heat. Electric current in the d-c circuit case is numerically equal to the voltage (volts) times the
current (amperes). This relationship is expressed below using symbols. The symbol for power is P
and the unit of measurement is the watt (w).

Power = Current X Voltage
P (watts) = I (amps) X E (volts)

This equation can also be expressed in the following forms:

P = I’R
P =E’
R

Factors Affecting Resistance

The amount of current an electrical conductor can carry is dependent on its resistance. The
resistance of a wire depends upon the following:

1. Length; as the length increases, the resistance will increase proportionally.

2. Cross section; as the diameter increases, this means an increase in the area of cross
section, the resistance will decrease.
Temperature; as the temperature increases, the resistance also increases.
4. The type of material also affects resistance.

[98)
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DEFINITIONS
CURRENT

The movement of electrons through a conductor is called current. The number of electrons which
passes a given point in one second determines the magnitude of the current. The unit of
measurement of the current is the ampere and it is measured with an ammeter. The symbol for
current is I.

RESISTANCE

Opposition to the flow of current through a conductor is called resistance. The unit of measurement
of resistance is the ohm and it is measured with an ohmmeter. The symbol for resistance is the
Greek letter, Omega ( Q).

ELECTROMOTIVE FORCE (POTENTIAL DIFFERENCE)

The external force which causes (or tends to cause) the current to flow through a conductor is called
electromotive force (emf). The unit of measurement of electromotive force is the volt and it is
measured with a voltmeter. The symbol for electromotive force is E.

OHM’S LAW

The rate of current flow (in amperes) is equal to the electromotive force (in volts) divided by the
resistance in ohms.

I =E R =E E =1IxR

:R I

FORCE

Force is that which tends to produce motion, a change in motion, or a change in the shape of matter.
WORK

When a force overcomes a resistance and causes motion, work is done. Regardless of the force
exerted, if no motion results there is no work done.

POWER

Power is the rate at which work is done. Electric power is numerically equal to the voltage in volts
times the current in amperes.

P=ExI E=P [=P

I E

The unit of measurement of power is the watt. The symbol for power is P and the symbol for watt is
W. One mechanical horse power is equal to 746 watts.

17



SERIES CIRCUIT

A series circuit is one in which the resistances or other electrical devices are connected end to end so
the same current flows in each part of the circuit.

SERIES CIRCUIT LAWS

1. In a series circuit, the total resistance is the sum of the individual resistances.

2. In aseries circuit, the same current flows in each part of the circuit.

3. In a series circuit, the sum of the voltage drops across each individual circuit element is equal
to the applied voltage.

PARALLEL CIRCUIT

A parallel circuit is one in which the current may flow in more than one path.

PARALLEL CIRCUIT LAWS

1. In a parallel circuit the total or equivalent resistance is equal to the applied voltage divided by
the total current.

2. In aparallel circuit, the voltage is the same across each branch of the circuit.

3. In a parallel circuit, the sum of the currents flowing up to a point equals the sum of the
currents flowing away.

SHORT CIRCUIT

A short circuit occurs when two conductors of different potential contact each other.

SERIES - PARALLEL CIRCUIT

Consist of groups of parallel circuit elements in series with other circuit elements.
GROUND
The term ground, which actually means the earth, is used to describe a reference for voltage

measurements and a point of common return from one side of circuit components to that same side
of the power source.

18



OHM’S LAW

1. Definition: Ohm’s law states the current in a circuit is equal to the electromotive force in
that circuit divided by the resistance of the circuit when the temperature is kept constant.

2. Formula:

I=E or E=1IxR or R=E
R |

I = Current in amps
E = Voltage drop in volts
R = Resistance in ohms
3. Basic Relationships
The current increases as the voltage drop increases, the resistance being held constant.

The current decreases as the resistance increases, the voltage drop being held constant.

SERIES CIRCUITS

In series circuits the current (I) has the same value anywhere in the circuit.
I = Il = Iz = I3

In series circuits the equivalent resistance of a group of resistors is equal to the sum of
their individual resistances.

RT:R1+R2+R3+...

PARALLEL CIRCUITS

In parallel circuits the potential drop is the same across all the resistors.
V:V1:V2:V3:...

In parallel circuits the reciprocal of the equivalent circuit resistance is equal the sum of the
reciprocals of the individual resistances; therefore the group resistance of the parallel circuit is less
than the smallest individual resistance in the circuit.

=1 + 1 + 1 +
Rgq R; R R;

19



BATTERY CONNECTIONS

SERIES CONNECTION

1:8 %

1.5V

4.5V

12

LDy W

PARALLEL CONNECTION

20



SERIES - PARALLEL CONNECTION

| |
12 12 W
I |
12y 12V 2y
| |
12 % 12V T
| [ 2 v
12V 12V
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DC MOTORS

SHUNT MOTOR

VWYY Y YY)
SHUNT FIELD
INTERPOLES
F1 == | A1 ARMATURE A2 [= F2
LINE LINE
COMPOUND MOTOR
Y YYYY Y VL
SHUNT FIELD

INTERPOLES
ARMATURE
F1 | a1 A2

SERIES
FIELD
S1 s2|™ F2

LINE LINE

SERIES MOTOR

INTERPOLES

= | AT

SERIES

FIELD
S1 S2 | m

ARMATURE
A2

LINE LINE

All connections are for counterclockwise rotation facing the end
opposite the drive. For clockwise rotation, interchange A1 and A2.
Some manufacturers connect the interpole winding on the A2 side
of the armature.

When the shunt field is separately excited, the same polarities
must be observed for a given rotation.
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OFF-TRACK DC EQUIPMENT GROUNDING

Off-track DC equipment may be grounded by either of the following methods:

1. Use of a 3-conductor cable which includes a separate grounding conductor.
The  grounding conductor shall originate from the grounded side of the
rectifier (grounded feeder) for grounded DC systems.

2. Use of a 3-conductor cable which includes a separate grounding conductor.
The  grounding conductor shall originate from the grounded frame of the
rectifier for ungrounded DC systems.

3. Use of a 2-conductor cable in association with diode grounding of the

equipment frame. Diode grounding is only allowed when one conductor of
the DC system is grounded.
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SAMPLE QUESTIONS FOR
DIRECT THEORY AND APPLICATION

Test #1 - Direct Current Theory and Application

1. Which of the following is an incorrect form of Ohm’s Law?

a. E=IR
b. R=1/E
c. I=ER
d. R=E/

2. The outer shell of electrons in an atom is called the:

a. Covalent shell
b. Valence shell
c. Negative shell
d. Molecular orbit
3. Which of the following is a means of producing electricity?
a. Friction
b. Heat
c. Magnetism
d. All of the above

4. Two 45 Q resistors are connected in parallel. What is there total equivalent resistance?

a. 27Q
b. 32Q
c. 225Q
d 145Q

5. To increase the length of a conductor would:
a. Increase resistance
b. Decrease resistance
c. Resistance remains the same
d. None of the above

6. In a parallel circuit the current is:
a. The same in all branches
b. Equal to the applied voltage
c. Smaller than any branch current
d. Divided among the parallel branches

7. 1In aseries circuit the applied voltage is:
a. Equal to the sum of voltage drops
b. Different across each resistor
c. Dropped across the series resistors
d. All of the above
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8. How much power is dissipated in a circuit containing 45 ohms resistance and drawing 3

amps?
a. 1,200 W
b. 405W
c. 450W
d. 1,020 W

9. In a parallel circuit the total resistance is:
a. Equal to the largest resistor
b. Equal to the smallest resistor
c. Smaller than the smallest resistor
d. Larger than the largest resistor

FIGURE 1

L

10. Total resistance in Figure 1 is:
a. 20.32Q
b. 14.11 Q
c. 37Q
d. 3.93Q

11. Current flow through the 15 resistor in Figure 1 is:
a. 1.03 A
b. 21.3A
c. 246A
d. 11.02A

12. Total power dissipated in Figure 1 is:
a. 123 W
b. 460 W
c. 500 W
d 98 W

25



13.

14.

15.

16.

17.

18.

FIGURE 2

—

&

How many Amps flow through R1 in Figure 2?
a. 1691 A

b. 1.03A
c. 12A
d. 5.67A

What is the Ohm value of R1 in Figure 2?
a. 17Q
b. 2.12Q
c. 400 Q
d. 102Q

A45Q,a72Q,and a 123 Q, resistor are connected in series across 120V battery. How

What is the total power used by Figure 2?
a. 420 W
b. 16.8 W
c. 168 W
d. 42kW
much current will flow?
a. 2A
b. 2A
c. 3.17A

d. None of the above

Fifteen 100 Q resistors are connected in a parallel. What is their total resistance?

a. 3Q

b. 1,500 Q
c. 15Q

d. 6.67Q

The name of the most common meter movement for DC measuring instruments is?

a. Ohmic

b. Moving vane
c. D’Arsonval
d. Samson
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19. A series DC motor should not be operated:
a. Inlow coal.
b. In high humidity
c. Without a load
d. In underground coal mines

20. Which of the following is not a characteristic of a DC shunt motor?
a. High starting torque
b. Constant speed
c. Parallel field and armature windings
d. High starting amperages

21. A megger is used to measure:
a. High voltage
b. High currents
c. Cable insulation resistance
d. Power dissipation

22. DC voltage:
a. Changes direction and magnitude at regular intervals
b. May change in magnitude but never direction
c. Cannot ever change in magnitude or direction
d. Has the characteristics of sine wave

FIGURE 3
®

23. Figure 3 is a diagram depicting a:
a. Compound DC motor
b. Series DC motor
c. Shunt DC motor
d. Three-phase DC motor
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FIGURE 4

L 4 ® VAY
39Q

24. Total resistance for the circuit in Figure 4 is?

a. 24Q
b. 31.25Q
c. 114.7Q
d. 39.5Q
25. If 3 Amps current flow through R1 in Figure 4 what is the source voltage?
a. 118.59V
b. 96.3V
c. 12V
d. 144V

26. An electron has:
a. A positive charge
b. A neutral charge
c. A negative charge
d. No charge

27. Copper is a good electrical conductor because
a. Itis difficult to remove electrons for copper atoms
b. The outer electrons are exited to zero energy very easily
c. The inner electrons are at a very high energy level
d. The free electrons are highly attracted

28. The direction of the flux lines around a current carrying conductor depends upon the:
a. Reluctance of the surrounding medium
b. Permeability of the surrounding medium
c. Direction of the flow of electrons in the conductor
d. Orientation of the conductor in the earth’s magnetic field

29. The amount of force associated with electrical charges depends upon:
a. The number of electrons present
b. The number of protons present
c. The magnitude of the difference between the electrical charges
d. The type of conductor used
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30.

31.

32.

33.

34.

35.

36.

The device used to produce EMF by the heating of a junction of two dissimilar metals is
called a:

a. Heat-generator

b. Thermo-generator

c. Thermo-couple

d. Heat-processor

During the charging of a lead-acid cell, a dangerously high explosive gas is emitted from the
cell. Ttis:

a. Methane
b. Oxygen
c. Hydrogen
d. Nitrogen

The three necessary ingredients for electromagnetic induction are:
Conductor, magnetic field, and motion

Generator, battery, and voltage regulator

Current, flux, and motion

Conductor, magnetic fields, and relative motion

ac o

The coulomb is an electrical term, which represents:
Resistance

Current

A quantity of electrons

Electrons in motion

ac o

The direction of movement of electrons in an electrical circuit is:
a. From a more negative to a less negative
b. From a more positive to a less positive
c. From more positive to more negative
d. From a less negative to more negative

Resistors are usually rated in:
a. Ohms and current
b. Watts and voltage
c. Ohms and watts
d. Current and voltage

Ohm’s Law may be stated in various forms; which of the following is INCORRECT:
a. E=IR

b. R=E/
c. I=E/R
d E=IR
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37.

38.

39.

40.

41.

42.

43.

With a 10 ohm resistance in series with a 2 ohm resistance, the total series resistance equals:
a. 2 ohms
b. 8 ohms
c. 10 ohms
d. 12 ohms
A 36 ohm resistor and an 18 ohm resistor are in parallel with each other; their effective
resistance is:
a. 12 ohms
b. 18 ohms
c. 36 ohms
d. 54 ohms

The equivalent resistance of a parallel circuit is always:
a. Greater than the resistance of the largest parallel branch
b. Less than the resistance of the smallest parallel branch
c. [Equal to the resistance of the largest parallel branch
d. Equal to the resistance of the smallest parallel branch

If the current through a resistor is doubled, the power dissipation of the resistor becomes:
a. One-fourth of the original consumption
b. One-half of the original consumption
c. Two times original consumption
d. Four times original consumption

The difference between power and energy is that:
a. Power is the time rate of doing work, while energy does not involve time
b. Energy is the time rate of doing work, while power does not involve time
c. Energy is voltage times current without regard to time
d. Power can be measured in watt-hours but energy cannot

The resistance of a conductor will vary:
a. Directly with length
b. Inversely with length
c. Directly with diameter
d. Inversely with temperature

A distinctive feature of shunt motor is that the:
a. Field current flows through the armature
b. Field is connected across the armature
c. Field is constructed of relatively large wire
d. Field voltage plus armature voltage equals line voltage
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44. The basic meter movement of most measuring instruments works on the principle of:
a. Motor action
b. Generator action
c. The Thermocouple
d. The Wheatstone bridge

45. In using a voltmeter for trouble-shooting, how may the meter be connected in respect to the
source?
a. Inseries
b. In parallel
c. Inshunt
d. In series, parallel, or shunt
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ANSWER SHEET FOR
DIRECT THEORY AND APPLICATION

SAMPLE QUESTIONS

I. b 23. a
2. b 24, d
3. d 25. a
4. ¢ 26. ¢
5. a 27. b
6. d 28. ¢
7. a 29. ¢
8. b 30. ¢
9. ¢ 31. ¢
10. a 32. d
11. ¢ 33, ¢
12. a 34, a
13. d 35. ¢
14. b 36. a
15. ¢ 37. d
16. b 38. a
17. d 39. b
18. ¢ 40. d
19. ¢ 41. a
20. a 42. a
21. ¢ 43. b
22. b 44. a

45. b
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TEST #2

AC THEORY AND APPLICATION

33



UTAH MINE ELECTRICIAN CERTIFICATION
EXAMINATION STUDY GUIDE

TEST #2 - AC Theory and Application Outline

A. Definitions
Alternating Current
Frequency
Alternating magnetic field around conductor
Transformer
AC Voltage
Electromagnetism
Rectifier
Diode
Inductors

10. Capacitors and Capacitance

11. Resistance

12.  Reactance

a. Inductive
b. Capacitive

13. Impedance

14. Apparent Power

15. True Power
B. Single-Phase Transformers
Theory of operation
Turns ratio
Voltage
Current Ratio
Calculation of voltages and currents using ratios and transformer formulas
Application of taps and calculation of voltage between taps
Calculation of short-circuit current
ree-Phase Transformers
Theory of operation
Turns ratio
Voltage ratio
Current ratio
Calculation of voltages and currents using ratios and transformer formulas
Connections
Line current vs. phase current
Line-to-line voltage vs. line-to-neutral (phase) voltage
Calculation of short-circuit current
D. Zigzag grounding transformer theory of operation, application and connection
E. Grounding resistor requirements, rating criteria, and application
F. Diode symbol, theory of operation, and knowledge of anode and cathode

XA B W=

C. T

0PN NELRNN—,E NN R WD~
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. Ohmmeter response when measuring the following:
1.  Resistor
2. Inductor
3.  Capacitor
4.  Transformer windings
. Ohm’s Law for AC Circuit
1.  Total circuit impedance
2. Total current
AC Power and Energy Formula
1.  Total power and energy consumed by the circuit
a. KVA, KW, KVAR
b. Watt-hours, KW-hours
AC Equipment Groundings Methods
1.  Resistance grounding
2. Equipment grounding conductor size criteria
. Method of changing direction of rotation of AC motors
1.  Single-phase
2. Three-phase
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ALTERNATING - CURRENT CIRCUIT THEORY

Alternating - current electricity is the most widely used type of electricity in the world today. It is
the type of electricity that most people are familiar with because of its use in the home. A-C is used
so widely because of the ease with which it can be transformed into other voltages. Power utility
companies distribute electricity by means of a-c power lines.

The entire field of a-c circuitry owes its existence to the discovery of the principle of induction. The
two laws of induction can be summarized as follows:

1. An electromotive force is induced in a coil of wire whenever the number of lines of force
(magnetic flux) linking the coil is changing; the magnitude of the induce emf is
proportional to the rate at which the number of lines of force through the coil are
changing.

2. An electromotive force is induced in any conductor that is moving across
(cutting) lines of force; the magnitude of emf is proportional to the rate at which the lines
of force are being cut.

We can also extend the second law of induction to describe the direction of the induced emf by
means of Len’s Law: A current set up by an emf induced due to the motion of a (closed-circuit)
conductor will be in such a direction that its magnetic field will oppose the motion causing the emf.

The continuous rotation of the armature coil in the magnetic field of the generator naturally
generates an alternating voltage or current (in closed-circuit) that rises and falls in magnitude as a
sine wave. An explanation of this is given below.

It was discovered thru experimentation that when a wire is passed through a magnetic field, a current
is induced in the wire. This is the principle of an alternator (AC Generator). During the time the
armature coil rotates through 360 degrees or one revolution, the output current goes through a
complete cycle, consisting of a positive alternation (first 180 degrees) and a negative alternation (last
180 degrees). During each alternation the current attains a maximum value, also called the
amplitude or the peak current, which is positive (Im) during the positive alternation and negative (-
Im) during the negative alternation of each cycle. The time required to complete one full cycle is
called the period, and the number of cycles completed per second is called the frequency of the sine
wave. Period (T) and frequency (F) are inversely related to each other; that is, frequency is the
reciprocal of the period (F =1) and vice versa (T =_1).

T F
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The biggest advantage of a-c over d-c is the fact that a-c can be easily transformed into other
voltages by means of an electrical device called a transformer. A transformer consists essentially of
two coils coupled by mutual inductance. See the Figure below.

CORE

Ip ——= I ——w==

Ep PRIMARY T PNp Ns ¢ SECONDARY Es LOAD

a) CONNECTIONS

Ip ——= [s ——=

b) CIRCUIT SYMBOL

Figure 2.1 — Simple Single-Phase Transformer.

The coils are electrically insulated from each other, but are linked by common magnetic flux. One
coil, the primary winding, is connected to the a-c voltage supply, while the other coil, called the
secondary winding, is connected to the load, which may be an electrical device. The transformer
thus transfers electrical energy from the primary circuit to the secondary circuit without a direct
connection and permits at the same time a step-up or step-down of the primary voltage or current.

In our work we will assume all transformers to be ideal transformers; that is, there are no losses due
to leakage flux. For an ideal transformer, the ratio of the primary to the secondary voltage equals the
ratio of the number of turns in the two windings.

Stated in Mathematical form:

Where: Ep - voltage applied to the primary
Np — number of turns in the primary
Es — voltage induce in the secondary
Ns— number of turns in the secondary
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The primary-to-secondary current ratio is equal to the reciprocal of the primary-to-secondary turns
ratio. Stated in mathematical form:

Where: Ip — current flowing in the primary
Is — current flowing in the secondary

The power absorbed by the primary winding of a transformer is equal to the power delivered by the
secondary winding.

In addition to the many applications of transformers in power distribution, radio, and electronics, one
unconventional type of transformer combines the primary and secondary into a single tapped
winding. The arrangement is called an autotransformer. A schematic diagram is shown below in
figure 2.2. Either step-up or step-down may be obtained.

TAP
PRIMARY / ?

SECONDARY OUTPUT TO LOAD

| # 1

INFUT FROM
POWER SOURCE

Figure 2.2 — A Schematic Diagram Of A Step-Down Autotransformer.

Effective (Root Mean — Square) Value of A-C.

The effective value of an alternating current is that a-c value which produces heat at exactly the
same rate as an equal amount of direct current flowing through the same resistance. In other words,
an effective value of 1 ampere a-c will produce the same heat in a given resistor and given time as 1
ampere of d-c. It turns out than the effective or rms value of voltage (Erms) can be expressed as
shown below where Im and Em are the peak current and voltage; respectively, of the a-c sine waves.
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It should be noted that the rated voltages and currents listed for A-C electrical equipment are given
in terms of rms values. The voltage indicated by an A-C voltmeter and the current indicated by an
A-C ammeter are rms values. The common A-C voltages that we talk of such as 120, 480, and 2300
volts are rms values.

Capacitors and Inductors

When talking about A-C circuits, the concepts of capacitance and inductance become quite
important. An inductor (L) is a device such as a coil of wire that will store electrical energy in the
form of a magnetic field. An inductance opposes any change in magnitude of a current flowing
through it. A capacitor (C) is a device such as two plates separated by a dielectric (insulation) that
stores electrical energy in the form of an electric field. The symbols for inductors and capacitors are
shown below in Figure 5.5. Inductance is measured in henries and capacitance is measured in
farads.

a) INDUCTOR b} CAPACITOR

Figure 5.5 — Electrical Symbols For Inductors and Capacitors.

Inductors in Series — The total inductance of a number of inductors connected in series is simply
the sum of the individual inductance.

Lt=L1+L2+L3
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Inductors in Parallel — The total inductance of a number of coils in parallel is equal to the
reciprocal of the sum of the reciprocals of the individual inductances.

For two inductors in parallel: Lt = L x L
L, + L,

Capacitors in Series - The total capacitance of a number of capacitors connected in a series equals
the reciprocal of the sum of the reciprocals of the individual capacitances.

y I
1
Ut= : ,
C1 £ Rl =rlin aly
For two capacitors in series: Cr =_C_x G
C + G

Capacitors in Parallel — The total capacitance of a number of capacitors in parallel is the sum of the
individual capacitance.

= e (o Ct=C1+C2+C3
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Inductive and Capacitive Reactance - Since an alternating current is changing  continuously, an
inductance has a constant opposition to it termed inductive reactance (Xr) which is measured in
ohms (€2). The magnitude of inductive reactance is given

By the formula below:

Xy = 2mwfL = 6.283fL ohms (Q)

Where: X - inductive reactance (QQ)
f — frequency in Hz. (cycles per second)
L - inductance (henries)

A capacitor offers a certain opposition to the flow of alternating current termed capacitive reactance

(X¢) which is measured in ohms (Q).

Xe= 1 = 1
2mfC 6.283fC

Where: X, — capacitive reactance (£2)
f — frequency in Hz (cycles per second)
C - capacitance (farads)
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OHM’S LAW FOR AC

A modified form of Ohm’s Law applies to A-C circuits, with the resistance being replaced by the
impedance. Impedance (Z) is the total opposition to current flow in an A-C circuit, including the

effects of resistance, inductive reactance, and capacitive reactance. Impedance is expressed
mathematically below:

Where: R — resistance (Q)
X — inductive reactance ()
XC — capacitive reactance ()

Ohm’s Law for an A-C circuit is given below:

As an example of Ohm’s Law for an A-C circuit, I will calculate the current in the series of R-L-C-
circuit below.

¥V R=5a
ez v | = ¢ e \
< L=.01 HENRIES
I I
I

C=.0001 FARADS

F=60 Hz T

XL=6.283fL=6.283(60)(.01)=3.77Q

AC=

1 —
6.283fC
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Single — Phase A-C Circuits

The product of voltage and current (volt-amperes) designated VA in a single-phase A-C circuit is
called the apparent power (EI). To obtain the real or true power consumed by the circuit, the
apparent power must be multiplied by the power factor, which equals the cosine of the phase angle
between voltage and current. The true power is the power that would be read on a wattmeter and is
measured in watts. These relationships are listed in mathematical form below.

Apparent Power = W = EI

True Power = P= EI cos.©

Cos.e = power factor

The power factor may be determined by dividing the wattmeter reading by the product of the
voltmeter and ammeter readings.

Power factor =cos.e=_ P
El

Reactive power in a single-phase a-c circuit is the product of apparent power and the sine of the
phase angle. It is measured in vars.

Reactive Power = Q =EI sin.e

Grounding: Single-Phase

In instances where single-phase 110-220 volt circuits are used to feed electrical equipment
underground, the only method of grounding that will be approved is the connection of all metallic
frames, castings, and other enclosures of such equipment to a separate grounding conductor which
establishes a continuous connection to a grounded center tap of the transformer.

Figure 5.5 Properly Grounded Single-Phase Transformer With A Center Tap.
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THREE - PHASE A-C CIRCUITS

Generation, transmission, and heavy-power utilization of A-C electric energy almost invariably
involves a type of system or circuit called a 3-phase system. A 3-phase system will employ voltage
sources which, conventionally, consist of 3 voltages substantially equal in magnitude and displaced
by phase angles of 120°. A 3-phase system possesses definite economic and operating advantages.
The entire discussion here will deal with only balanced three-phase systems.

Three-Phase Transformers

Three-phase transformers are of two basic designs. The first design is that of

3 single-phase transformers connected properly to form a three-phase transformer. The second
design is to wind a complete three-phase transformer on one core. The analysis of both are the same,
the only difference is that the 3 single-phase transformers must first be connected properly.

There are two basic connections that are encountered when working with three-phase transformers.
These connections are called the delta connection and the wye or star connection. The primary and
secondary of a three-phase transformer may be connected either way and may or may not have the
same kind of connection. There are a total of 4 ways in which 3 single-phase transformers can be
connected to form a three-phase transformer. Both the connection diagrams and schematic symbols
are shown on the following pages. In a three-phase transformer, these connections are made
internally and the schematic symbols are exactly the same.
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WYE - WYE TRANSFORMER CONNECTION

FRIMARY

J J

SECONDARY

SCHEMATIC SYMBOLS
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DELTA - DELTA TRANSFORMER CONNECTION

FRIMARY

I
]

—T—o

o

J
1

SECONDARY

SCHEMATIC SYMBOLS
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DELTA - WYE TRANSFORMER CONNECTION

FRIMARY

I
]

| AR ey

SECONDARY

A

SCHEMATIC SYMBOLS
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WYE - DELTA TRANSFORMER CONNECTION

FRIMARY

]

T p—

o
o

l

SECONDARY

SCHEMATIC SYMBOLS
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Direct and Derived Neutral

(a) Direct Neutral — The direct neutral results when the source transformer secondary is wye
connected.

(b) Derived Neutral — The methods used to derive a neutral for systems using delta- connected
transformers:

1. Zigzag Transformers:

The type of grounding transformer most commonly used is a three-phase zigzag transformer with no
secondary winding. The internal connection of this transformer is illustrated in Figure 2. The
impedance of the transformer to three-phase current is high, so that when there is no fault on the
system, only a small magnetizing current flows in the transformer windings. The transformer
impedance to ground current, however, is low, so

That it allows high ground currents to flow. The transformer divides the ground current into three
equal components; these currents are in phase with each other and flow in the three windings of the
grounding transformer.

The method of winding is seen from Figure 2, to be such, that when these three equal currents flow,
the current in one section of the winding of each leg of the core is in a direction opposite to that in
the other section of the winding on that leg. The only magnetic flux, which results from zero-
sequence ground current is the leakage field about each winding section. This accounts for the low
impedance of the transformer to ground current.

LINE LEADS

v

NEUTRAL LEAD

a) WINDING SHOWN DN CORE b) SCHEMATIC DIAGRAM OF CONMECTIONS

Figure 2.3
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The short-time KVA rating of a grounding transformer is equal to rated line-to-neutral voltage times

rated neutral current. A grounding transformer is designed to carry its rated current for limited time

only, such as 10 seconds or 1 minute. Hence, it is normally about one-tenth as large physically as an
ordinary three-phase transformer for the same rated KVA.

2. Three power transformers connected wye-delta to derive a neutral:

The KVA ratings of these transformers is determined by the line to neutral voltage and expected

fault current and would be of sufficient size to carry the fault current continuously. The secondary
winding must be closed and may or may not be used to serve other loads. If other loads are
typical circuit is shown in Figure 2.4.

connected, the size of transformers must have adequate rating to independently carry the load. A

NEUTRAL

Ik

;
A
AN

)
ESS
25888

GROUND WIRE

Figure 2.4
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In instances where utility companies will not permit mine electrical systems used underground to
ground to the utility neutral, a bank of isolation transformers could be used to separate the mine
system and utility system. In this case the secondary of the isolation transformers would now be the
source transformers for the underground system. The secondary of the isolation transformers are
connected wye and a grounding resistor and adequate circuit breaker protection must be provided.
See Figure 2.5 for a typical circuit.

ISOLATION TRANSFORMER

MEUTRAL
RESISTOR

Figure 2.5
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75.801 — 75.802 Grounding Resistors: Theory and Practice

Section 75.802 of the Act requires that either a direct or derived neutral shall be grounded through a
grounding resistor to a low resistance ground field, or the grounding resistor should be connected at
the source transformers. The purpose of the grounding resistor is to limit the phase-to-ground fault
current. By inserting a calculated resistor, the phase-to-ground fault current can be limited to a
predetermined value. This fact makes it desirable for a grounding resistor to have a current rating, as
well as a voltage and resistance rating. A grounding resistor usually has a current rating of 25-
amperes or 50-amperes, depending on the particular system for which the resistor is designed. On
high-voltage systems, if a 25-ampere resistor is in use, the impedance of the ground wire cannot
exceed 4 ohms. This value was chosen because the voltage drop external to the grounding resistor
must not exceed 100 volts. The is proved by Ohm’s Law:

E = x R

=25 x 4

= 100 volts (the maximum voltage drop)

T —

If a 50-ampere resistor is used, the impedance of the ground wire must not exceed 2 ohms. This
also can be proved by Ohm’s Law. As an example, suppose a mine had a delta-wye transformation.
On the secondary side, 4,160 volts is the phase-to-phase voltage. Therefore, 2,400 volts would be
the phase-to-neutral voltage. Again, suppose the ground-fault current is to be limited to 25 amps.
To determine the value of the grounding resistor, use Ohm’s Law, and assume E = 2,400 volts and I
=25 amps.

Therefore:

E/1
2,400/25
= 96 ohms

R
R
R

A resistor of 96 ohms would limit the current to 25 amps. If the resistance of the ground wire was
determined to be 4 ohms the total resistance in the circuit would be 100 ohms. The actual current
would be 24-amperes; therefore, the voltage drop across the ground wire would be 96 volts, which is
less than the maximum of 100 volts. A man’s body is essentially in parallel with the ground wire;
therefore, approximately the same voltage will appear across the ground wire. The ground-fault
current rating of a grounding resistor shall meet the extended time rating set forth in the American
Institute of Electrical Engineers Standard No. 32.
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Three-Phase Transformer Rules

Delta Connection

\ Eph EL

Iph

1. The phase wvoltage, Eph, is equal to the line—to—line voltage, EL
Eph = EL

2. The line current, IL is equal tec the phase current, Iph, multiplied

by ¥3' (1.73).
IL = N3 Iph = 1.732 Iph

Iph = = 0578 1L

I
NS

Wye or Star Connection

j\ IL—
|
Eph

Iph

1. The phase current, Iph, 7= equal to the line current, IL
Iph = IL

2., The line—to—line woltage, EL, is equal to the phase voltoge or
line—to—neutral voltage, Eph, rmultiplied by N3 (1.73).

EL = N3 Eph = 1.732 Eph

Eph = = 0.578 EL

EL
N3
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Recall that each transformer has a turn ratio with it. When working with three-phase transformers, it
is necessary to first use the turn ratio to calculate corresponding phase voltages and currents between
the primary and secondary just as it is done with single-phase transformers. Once the phase current
and phase voltage is found, the proper three-phase transformer rules are applied to find the line-to-

line voltage and line current.

Three-Phase Power

Apparent Power = W(volt—amperes) = ¥ 3'IL EL = 1.732 IL EL
Where: EL = line—to—line voltage
IL = line current
True Power = P{watts) = V3'IL EL cose = 1.732 IL EL cose
Where: cose = power facteor
Reactive Power = Q(vars) = V3 'IL EL sine = 1.732 1L EL sine

Because of high powers involved in three-phase circuits, the terms kilowatt (KW), kilo-volt-ampere
(KVA) and kilovar (KVAR) are used commonly.

1000 watts = 1 kilowatt (KW)

1000 volts-amperes = 1 kilo-volt-ampere (KVA)
1000 vars = 1 kilovar (KVAR)

54



SAMPLE QUESTIONS FOR
ALTERNATING CURRENT THEORY AND APPLICATIONS

Test #2 - Alternating Current Theory and Applications

1. What is the maximum value of a voltage whose effective value is 220 volts?

a. 198 volts
b. 244 volts
c. 311 volts
d. 345 volts

2. At what speed must a 12 pole, 60-cycle generator be driven in order to produce its rated

frequency?
a. 6rpm
b. 60 rpm
c. 600 rpm
d. 6000 rpm

3. When current in a conductor increases, Lenz’s Law says that the self-induced voltage
will:

Tend to increase the amount of voltage

Aid the applied voltage

Produce current opposite to the increasing current

Aid in the increasing current

e o

4. Current changing from 4 to 6 amperes in 1 second induces 40 volts in a coil. Its
inductance equals:
a. 40 milli-Henries

b. 4 Henries
c. 6 Henries
d. 20 Henries

5. With 10 volts applied across an inductive reactance of 100 ohm’s, the current equals:

a. 10ua
b. 10ma
c. 100 ma
d. 10 amp

6. Capacitance is that property of a circuit which opposes any change in:
a. Resistance

b. Current
c. Voltage
d. Reactance
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10.

11.

12.

13.

14.

When dealing with the properties of a capacitor, capacitance increases with:
a. Larger plate area and greater distance between plates.
b. Smaller plate area and less distance between plates
c. Larger plate area and less distance between plates
d. Higher values of applied voltage

The capacitive reactance of a 100-uf capacitor at 60 cps equals:
a. 26.50 ohms
b. 37.58 k ohms
c. 265.0 k ohms
d. 3768 ohms

Impedance is defined as being the total opposition to current in an AC circuit.
Its symbol is:

a. E
b. I
c. R
d Z
The unit of measurement for impedance is:
a. Ohms
b. Volts
c. Amps
d. Watts

The power used in AC circuit to do work is called:
a. True power
b. Apparent power
c. VARS
d. Volt-amps

Power caused by reactive components in a circuit is called:
a. True power
b. Apparent power
c. VARS
d. Power factor

An AC circuit has 40-ohm R, 90-ohm X, and 60-ohm X, all in series. The impedance

equals:
a. 50 ohms
b. 70.7 ohms
c. 110 ohms
d. 190 ohms

In a series LC circuit, at the resonant frequency, the:
a. Current is minimum
b. Voltage across C is minimum
c. Impedance is maximum
d. Current is maximum
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15.

16.

17.

18.

19.

20.

21.

An AC circuit has 100-ohm R, 100-ohm X} and 100-ohm X, all in parallel. The
impedance of the parallel combination equals:
a. 33 1/3 ohms

b. 70.7 ohms
c. 100 ohms
d. 300 ohms

In a parallel LC circuit, at the resonant frequency, the:
a. Line current is maximum
b. Inductive branch current is minimum
c. Total impedance is minimum
d. Total impedance is maximum

In a power transformer, the primary has its greatest inductive reactance when the
secondary has:

a. No current

b. Rated current

c. Short circuit

d. Small current

A step down transformer with a ratio of 4 to 1 has 220 volts on its primary. Its secondary

voltage is:
a. 55volts
b. 110 volts
c. 220 volts
d. 880 volts

Which of the following is required by all AC motors in order to operate properly?
a. A split phase
b. Two or more phases
c. A phase shift capacitor
d. A rotating magnetic field

The moving-vane meter operates on the principle of:
a. Rectification
b. Motor action
c. Magnetic attraction
d. Magnetic repulsion

Repulsion occurs when:
a. The N-pole of one magnet is brought near the S-pole of a second magnet
b. The S-pole of one magnet is brought near the N-pole of a second magnet
c. The N-pole of one magnet is brought near an un-magnetized piece of iron
d. The S-pole of one magnet is brought near the S-pole of a second magnet
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22.

23.

24.

25.

26.

27.

28.

What is the Xy of a 50 mh coil at 60 H.z.?

a. 188 Ohms
b. 18.8 Ohms
c. 1.88 Ohms
d. 37 Ohms

The Xc of a 150 microfarad capacitor at 60 H.z. is:
a. 17.7 Ohms

b. 177 Ohms
c. 1.77 Ohms
d. 90 Ohms
The strength of an electromagnet is determined by:
a. Voltage drop
b. Ampere turns
c. Resistance
d. Coil conductor

What is the frequency of a 6 pole alternator driven at 1,200 RPM?
a. 75

b. 60
c. 80
d. 55

If the peak current is 150 amps, what is the effective current?
a. 180

b. 98
c. 106
d. 212
10,000 watts equals how many kilowatts?
a. 1
b. 10
c. 100
d. 1,000

When current in a conductor changes, Lenz’s Law says that the self-induced voltage will:

a. Aid the increasing current

Produce an Emf whose direction is such that it opposes the change in the current

b.
c. Aid the applied voltage
d. Tend to increase the amount of current
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29.

30.

31.

32.

33.

34.

35.

Capacitance is the property of a circuit which opposes any change in:
a. Resistance

b. Current
c. Reactance
d. Voltage

When dealing with the properties of a capacitor, capacitance increases with:
a. Larger plate area and greater distance between plates
b. Smaller plate area and less distance between plates
c. Larger plate area and less distance between plates
d. High values of applied voltage

Impedance is defined as being the total opposition to current in an AC circuit. It’s symbol is:
a. E

b. 1
c. R
d Z

An AC circuit has 40 ohm’s R and 60 ohm’s X;, connected in series. What is the total

impedance?
a. 80 Ohms
b. 72 Ohms
c. 100 Ohms
d. 20 Ohms

A step-down single-phase transformer has a ratio of 6:1.
If the primary I is 3 amps, what is the secondary 1?

a. 6
b. 9
c. .5
d. 18

The three necessary requirements for electromagnetic induction are:
a. Conductor, magnetic field, and relative motion
b. Generator, battery, and voltage regulator
c. Magnetic field, conductor, and motion
d. Current, flux, and motion

Frequency is defined as the number of:
a. Cycles per second
b. Cycles per minute
c. Alternations per second
d. Alternations per minute
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36. The total power present in an AC circuit is referred to as:
a. Power factor
b. VARS
c. Apparent power
d. True power

37. The value normally measured by AC measuring instruments is:
a. Peak-to-peak
b. Peak value
c. Effective value
d. Average value

38. How do you reverse a split motor winding?
a. Change start and run windings
b. Change start windings
c. Change line leads
d. Itcan’t be reversed

39. If voltmeter indicates 100 volts, what is the peak voltage?

a. 282
b. 141
c. 71
d. 64

40. A certain transformer (assume 100% efficiency) steps up the voltage from 120
1. primary volts to 120,000 secondary volts. The turns ratio of this transformer,
il. primary to secondary, must be:

a. 1:1,000
b. 1:10,000
c. 1,000:1
d. 10,000:1

41. If there are more turns in the primary than in the secondary, the transformer is a:
a. Step-down
b. Step-up
c. One-to-one
d. Bad transformer
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FIGURE 1

|

C

42. How much voltage can be measured between point B and output 3 (Fig. 1)?

a. 63V
b. 300V
c. 12.6V
d. 252V
FIGURE 2
- :
¢
E_ - 00V
nvo 3
INPUT <[ . - OUTPUT
PRIMARY — I~ . ‘
e la
R
— SECONDARY
43. The transformer shown (Fig. 2) takes the place of how many transformers?
a. One
b. Two
c. Three
d. Four
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FIGURE 3
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44. In this circuit (Fig. 3), what is the secondary voltage?
a. 100V
b. 10V
c. 2.5V
d. 25V

45. What is the power factor of a 10 HP, single-phase motor, 220 volts, 48.44 FLA?
a. 95

b. 80

c. 70

d. 78
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TEST #3

ELECTRIC CIRCUITS AND EQUIPMENT
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UTAH MINE ELECTRICIAN CERTIFICATION
EXAMINATION STUDY GUIDE

TEST #3 - Electric Circuits and Equipment Outline

A.

Zgr R T EomH

Recognition of schematic diagrams for
1. Compound, series and shunt DC motors
2. Transformer connections
Shorted diode determination using an Ohmmeter
Basic control circuit operation, recognition, and troubleshooting
1. Push buttons — Start and stop
2. Motor starter — Contacts, coil, overload
3. Fuses
4. Manual-OFF-Automatic selector switches
5. Wire connections
3-Phase Transformer Calculations
1. Turns Ratios
2. Voltage Ratios
3. Winding connections and applicable voltage and current relationships
Grounding resistor ohmic calculations, connections, and legal criteria
Phase-to-ground fault protection and indications
Electrical troubleshooting methods and legal requirements
Phase-to-phase or line-to-line fault protection and capability
Capacitor troubleshooting safety procedures
Ground monitoring requirements and function
Limitations of ohmmeters for testing insulation
Application of starting resistors to large DC motors

. Dual-element fuse description and application

Three-phase, dual-voltage motor description and connections
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ELECTRICAL EQUIPMENT

Direct-Current Motors

A motor that runs from a direct current power supply is called a d-c motor. A d-c motor consists
of a rotating armature and one or more stationary field windings. A commutator and brushes are
required to supply voltage to the armature. There are three basic types of d-c motors. The
connections for each type are shown below.

SERIES MOTOR

INTERPOLES ARMATURE SERIES FIELD
&3 =1

A1 52
LINE
+ !
SHUNT MOTOR
SHUNT FIELD
Iy
e
INTERPOLES ARMATURE
Al AT
F1 FZ
LINE
+ £
COMPOUND MGTOR
SHUNT FIELD
INTERPOLES SRMATURE SERIEE FIELD
Al A2 51 32
F1 FZ
LIME

Figure 6.1 - All connections for counter-clockwise rotation facing commutator end.
For clockwise rotation interchange A1l and A2.

To reverse the rotation of any d-c¢ motor interchange the armature leads, A1 and A2. On the shunt
and compound motors the shunt field leads F1 and F2 can be interchanged to reverse the rotation.
Interchanging the series field leads S1 and S2 on a series motor will also reverse the direction of that
motor.

The horsepower of a d-c motor can be calculated by use of the formula below:

HP = EI (eff)
746
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Where: E - voltage
I - current
eff - efficiency = .88
HP - horsepower
1 Horsepower = 746 watts

The current of a d-c motor can be calculated from the following formula:

I = 746 HP
E (eff)

The efficiency of a d-c motor is around .88.

The approximation of 4 amps per horsepower is often used to calculate the current drawn by 250
volt d-c motors.

I = 4 x HP Amperes
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Three-Phase A-C Motors

Three-phase induction motors are the most commonly used motors for high-power applications.
These are the most economical motors to buy initially and also to operate. A three-phase induction
motor consists of a stationary, three-phase winding called a stator and a rotating member called a
rotor. A three-phase motor is typically a dual-voltage motor. This means that it can be operated
from two different voltages, depending on the way the motor is connected. These motors can either
be connected wye or delta. The terminal markings of these motors have been standardized and are
shown below along with the voltage connections.

Wye or Star Connected
L -
3 . P
3 .r"r - ’/-'\_ @
g 3 B
—7
4
—1
WOLTAGE | LINE 1 LINE 2 LINE 3 TOGETHER
oW 187 288 o289 4&5&6
HIGH 1 2 3 487, DB, 649

Delta Connected

© P
L h - - &
~ &
.)// \\
4 7
VOLTAGE | LINE 1 LINE 2 LINE 3 T TOGETHER

LOW 18687 28488 38:58:9 NONE
HIGH 1 2 % 4&7, 0&8, 6&%Y

Figure 6.2 — Terminal markings and connections for nine lead, three-phase motors.
The rotation of a three-phase motor is reversed by interchanging any two line leads.
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The horsepower of a three-phase motor can be calculated as shown below

HP = N3'IL EL (cose)(eff) = 1.732 1L EL (cose)(eff)
746 746

Where: HP = horsepower

IL = line current

EL = line voltage

cose = power factor=.85
eff = efficiency=.88

There are 746 watts in one horsepower:
1 HP = 746 watts
The line current, I, can be calculated from the following formula:

IL=__ 746 HP
1.732 EL cose (eff)

Three-phase induction motors typically have a power factor of around .85 lagging an efficiency of
near .88.

Single-Phase A-C Motors

Single-phase a-c motors are used in great multitudes for low-power applications. These motors
consist of a rotating part called a rotor and a stationary part called a stator. The stator has two
windings — a running winding and a starting winding. Once the motor reaches approximately 75%
of full running speed, the start switch disconnects the starting winding from the circuit and the motor
continues to run only on the running winding. A schematic diagram of this type of motor is shown
below.

Figure 6.3 — Schematic diagram of a single-phase induction motor.

To reverse the rotation of a single-phase induction motor, interchange the starting winding leads S1
and S2, or the running winding leads R1 and R2.

69



Diodes

A diode is an electronic device that conducts current in only one direction. The schematic symbol

for a diode 1s shown below.

ODE > CAT

AN

Figure 6.4 - Schematic symbol for a diode

A diode will conduct when it is forward biased and will not conduct when it is reverse biased.
Figure 6.5 shows the forward and reverse-biased connections.

- >

"L
=

a) Forward Bias — Current is conducted. Note that conventional current
is assumed when working with diodes.

EL
=

b) Reverse Bias - Current is not conducted.

In power circuit application such as mine equipment, diodes are used for grounding and rectification.
By the use of diodes to ground d-c equipment, a separate ground wire is not required. However, to
use this method of grounding one conductor of the d-c system must be grounded. Rectification is the
conversion of alternating current to direct current. A rectifier changes a-c to d-c. Diodes are rated

for a maximum current and maximum forward and reverse peak voltages.
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If the current rating is exceeded the diode will over-heat and be destroyed. If the voltage ratings are
exceeded, the semiconductor material that the diode is composed of will be broken down and the
diode will be destroyed. The most common ways diodes are destroyed are heat and over voltage. In
addition to grounding off-track d-c equipment, diodes are used to prevent the machine from
operating when the polarity of the trailing cable is reversed. They are called polarizing diodes when
used for this purpose.

Rectification is defined as the conversion of electrical energy from alternating current to direct
current.

This is shown in Figure 6.5 for simplification.

T

MEANS OF e
RECTIFICATION

Figure 6.5 - Rectification

To describe, the power source supplies alternating current to the conversion equipment, which in
turn eliminates or removes the negative or reverse cycle of the alternating current force. When this
is done, although the output is pulsating (as shown), it is not alternating direction. In other words, it
is not allowed to flow in the reverse direction; therefore, it becomes a direct-current output.
Rectification can be accomplished in several different ways. Among these methods are: motor
generator sets; dry-type rectifiers (silicon diode); rotary converters; and ignition rectifiers (mercury
tube). There are various methods by which rectifiers can be connected into a circuit. The simplest
type of rectifier consists of an a-c power supply with a rectifier connected in series with the load as
shown in the following diagram:

This type of configuration is called a single-phase half-wave rectifier and gives an intermittent
pulsating output to the load equal to one-half of the cycle. It is only used for control circuitry
application in the mining industry.
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Formulas:

FOR DELTA CONNECTIONS

[ Line voltage AND phase voltage:
EL = Eo
2, Line current:
L = Io(N3")
Bt Prigse wcurremnt:
IL
I =
¢ NE
Where: EL = line—to—line voltage
B¢ = line—do—reutral e prose weltage
IL = line current
Io = phase current
Formulas:
FOR WYE CONNECTIONS
s Line current AND phase current:
IL = Tlo
Z, Line voltage:
L = Eo(N3 )
%3 Phase voltage:
. EL
= =YE
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Formulas:

FOR DELTA OR WYE CONNECTIONS

T+ Fhase Power, for a single—phase:

Fo = Iobo
2, Apparent Power (3—Fhase):

Pr = ILEL (W3
3 True Power (3—Phase):

P o= ILEL (N3 ') (FF)
4. Reactive Power (3—Phase):

P = IEL (W3 (sine)

Formula:
ALTERNATING MACHINE SPEED
1 Synchronous Speed (SS):
53 60f
Fairs of poles per phase
Where: T = frequency
Switches:

Any switch or contacts designed to start or maintain the circuit must be wired in parallel with the
original start switch. Any switch or contacts designed to stop the circuit must be wired in series with
the part of the circuit they will de-energize.
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ELECTRICAL CIRCUIT AND EQUIPMENT CONCISE

DATA AND INFORMATION OUTLINE

I. Three-Phase AC

A.

O w

mmo

Essentially all large scale AC generators and distribution systems are three-phase
circuits.

In the work place the majority of electric motors are three-phase.

Nearly all underground and surface mining installations and machines use three-
phase AC.

All previously mentioned AC laws and rules apply to three-phase circuits.

The combination of three separate sine waves gives rise to three-phase circuits.
Why use three-phase AC?

1.
2.
3.
4.

Three-phase is more efficient in the use of conductors.
More economical to transmit power.

More powerful and reliable motors.

Produces a smoother DC when rectified.

How is three-phase produced?

1.

Sl

Three sets of poles at 120 deg. spacing.

Generator output is three identical sine waves separated by 120°.

There is always as much current going out to the load as there is coming back.
Total current is shared by three conductors instead of just two for a single-phase
circuit.

I1. Delta Connections

A.

B.

Windings are connected end to end, and the three line leads connect to those common
points.

Voltage and current produced by any phase winding of an alternator or transformer
are called phase voltage (Eg) and phase current (Ip), and would be measured across or
through any single winding.

Line voltage (Er) and line currents (Ir) would be measured across or within the output
lines.

Formulas:
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I11.Wye Connections

A. Sometimes called a star connection, but usually wye since it resembles the letter Y
when drawn.

B. A wye configuration connects one end of each winding to a common point called the
neutral. The other end of each winding is connected to the external line leads.

C. Formulas:

IVV. Three-Phase Power Formulas

A. Formulas for power in three-phase systems must take into account the three separate
windings and the 120° phase shift.

B. Apparent Power (PA) is the power supplied by the three-phase source.
C. True Power (P) is the power consumed by the load resistance.
D. Phase Power (Po) is the apparent power in any single phase winding.
E. These three formulas are the same for delta and wye connections.
F. Formulas:
1. Phase Power for a single phase:
Po = lo Eo VA
2. Apparent Power:
FJ .’JA\\ — I |_ E |_ Ii "\\;‘T ) \\v.r'r_.ﬂ\\
5. True Power:
P = It EL (W3") (PF) watts
4. Reactive Power:
PR = IL EL (\V3") (sine) vars

V. Three-Phase Transformers

A. Three-phase transformers in simplest form are nothing more than a bank
of three single-phase transformers.

B. Voltage can be either stepped up or stepped down.

C. The same rules discussed about transformer input voltage and current vs. output
voltage and current and still apply.

D. Where three-phase transformers differ from single-phase is when line voltages and
currents are considered, since these depend on whether the windings are connected by
delta or wye.

75



E.

F.

G.

H.

L

J.

Four possible connections exist for three-phase transformers
1. Delta-delta

2. Wye-wye
3. Delta-wye
4. Wye-delta

Calculate only Phase Voltage and Phase Current when using the ratio!
Use the appropriate delta or wye formulas to find three-phase values after phase
voltage and phase current are known for both primary and secondary.
Delta Secondary characteristics
1. Winding conductor size smaller than wye secondary
2. Can operate at 58% of original capacity in open delta connection.
3. Eliminates the possibility of phase unbalance due to single phase loads.
4. Disadvantage is that there is no neutral point to ground. A zigzag
transformer is usually used to derive a neutral.
Wye secondary characteristics
1. Direct neutral that facilitates grounding
2. Higher line voltage is available than phase voltage
3. Disadvantage is that phase windings must carry full line current.
4. No option such as “open delta” exists. An open phase results in loss of
three-phase power.
Individual applications determine whether the transformer secondary will be wye or
delta.

V1. Three-Phase Motors

A

B

C.

F.

G

Wherever numerous large electrical motors are used, the three-phase motor plays a
major role. These motors are work horses.
Where single-phase motors might be a maximum of 10 HP, three-phase motors in
excess of 200 HP are common.
Advantages of three-phase motors are:
1. They are self starting.
2. They draw lower amperages than comparable single-phase motors.
3. They are smoother running than single-phase motors and have excellent
torque.
4. They are easily reversed. Just switch any two incoming line leads to change
motor rotation.
The most common three-phase motor is the induction motor.
Synchronous Speed (SS):
SS = 60 f
Pairs of poles per phase
Induction motor types
1. Wound Rotor
2. Squirrel Cage
Synchronous motors
1. Constant load and low starting torque applications.
2. Used where constant speed is critical.
3. Can be capacitive generators.
4. Not suited to rapidly changing loads.
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VII.

Circuit Protection

A.

B.

All electrical equipment shall be protected against circuits and overloads.
Protective devices must be in compliance with the National Electric Code.
Short Circuit

1. Direct fault between two or more line leads; bypassing the normal load.

2. The protection must act instantaneously to provide circuit protection.

3. Protective devices must be set to allow motors to start.

4. Maximum allowable instantaneous trip settings for trailing cables are
specified by CFR.

Overload (Running Overcurrent)

1. 125% of motor full load current allowed by NEC.

2. Overload devices must be slow enough to activate to allow motors to start,
but sensitive to mild overcurrent surges of long duration.

3. The simplest form of circuit protection is the fuse.

A dual element fuse can be used to provide short circuit and overload protection. A
dual element fuse has two elements-one to protect against short circuits, and the other
is to protect against overloads.

A circuit breaker is a switching device which automatically opens the circuit in the
event of short circuit or overload; but is not destroyed in doing so.

1. A circuit breaker can be reset after tripping, and is immediately ready to
continue operation.

2. A circuit breaker can also be operated manually if desired.

3. Critical factors to be considered in the selection of a circuit breaker are:

a) Voltage
b) Amperage that must be interrupted
c) Type of protection being provided
d) Environment
4. MSHA requirement for protection of underground three-phase
AC mining circuits
a) Undervoltage
b) Grounded phase
c) Short circuit
d) Overcurrent
e) Ground monitor
Circuit breaker instantaneous trip units provide short-circuit protection.
Circuit breaker thermal trip units provide overcurrent protection.
7. Under voltage and grounded phase protections are normally provided by
means of an auxiliary device called an Under Voltage Release (UVR).

a) Under voltage protection provided directly by UVR.

b) Grounded Phase protection requires external circuitry, but it trips the
circuit breaker via the UVR. A current transformer (CT) and ground
fault relay (GFR) are used to sense the fault and open the circuit
breaker UVR circuit to cause the circuit breaker to trip.

c) Perhaps the most commonly used system for ground fault protection is
the balanced flux relay system.

d) Types of ground fault protection systems.

i. Balanced flux relay systems
ii. Direct relay systems

SN
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iii. Residual trip delay
iv. Potential relay
8. Ground Monitor
a) Continuously monitors the grounding circuit to assure continuity.
b) 40 V. max on low and medium voltage systems.
c) 96 V. max on high voltage systems.

VIIl. Control Devices

A. Simplest form of control device is the switch.

1. SPST
2. DPST
3. SPDT (Three-way)
4. DPDT
B. Pushbutton Switches
1. Momentary

2. Maintained
Rotary Switches
. Automatic Switches
1. Thermostats
2. Pressure
3. Limit
Electromagnetic relays
Contactors
Line Starters
Solenoid
Timing Relays
Motor-driven timer

o0

- momm

IX. Solid State Theory

A. Semiconductors are those elements with four valence electrons.
B. Rectifier
1. A rectifier changes alternating current to direct current.
2. The heart of the rectifier is a diode. A diode allows current to flow freely in
one direction, but block flow in the other.
C. Diode
1. Blocks current flow in one direction.
2. Diodes are made of either silicon (Si) or germanium (Ge), but because of its
tolerance for high temperatures, the silicon diode is much more common.
3. Pure silicon is a poor conductor. Conductive properties are improved
through doping.
a.N-type material
b. P-type material
4. When N-type and P-type materials are joined together, they form
a diode. The point of juncture is called the PN junction.
Forward bias
Reverse bias
7. Avalanche or “Zener” effect

SN
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H.

8. Zener diodes act as voltage regulators
9. Reverse breakdown voltage is usually referred to as Peak Inverse Rating
(PIV). Diodes have a PIV and forward current rating.
Half-wave rectifier
Full-wave rectifier
1. Ripple
2. Filter capacitor
Three-phase, full wave bridge rectifiers provide the smoothest DC available.
Transistors (3 layers of semiconductors)

1. PNP
2. NPN

Thyristor (4 layers of semiconductors) PNPN
1. SCR

X. Electrical Diagrams

A.

Two separate circuits
1. Power circuit
2. Control circuit

. Power Circuit

1. Heavy gauge wires

2. Carries higher currents

3. Usually higher voltage in three-phase AC machines.

Control Circuit

1. Small gauge wires

2. Carries lower current

3. Control voltage is usually lower than the power circuit and originates from a
control transformer.

Most common types of electrical diagrams.

1. Elementary or schematic diagrams
2. Wiring diagram

Elementary Diagram (schematic diagram)

Sometimes called a line diagram

Circuit is reduced to its simplest, most understandable form.

Designed to help the electrician see how the circuit operates.

Makes no attempt to show exact wiring, routing, or individual connections.

Devices are not shown in correct physical location; in fact, they are

“exploded”, with parts scattered throughout the diagram.

When reading an elementary diagram, one must locate all components

having identical names. All such components are a physical part of one

device.

7. Some contactors or relays have a coil and several sets of contacts. All will
be given the same identifying name, regardless of where they appear on the
print.

8. Names can be a single letter or combination of letters and numbers. In
many cases letters or set of initials are chosen that give a clue to the device’s
purpose in the circuit.

Nk W=

&
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F. Wiring Diagram
1. The wiring diagram shows all devices in the circuit, their approximate
physical location, and their exact wiring.
2. Every coil, contact, motor, switch, fuse, etc, is included, and the lines on the
print represent actual wires.
3. A device which has several components usually is enclosed in dashed lines
to isolate it from other similar devices.
4. The wiring diagram is valuable for locating wires and circuit components
for repair and maintenance.
G. Control Schemes
1. Two-wire
2. Three-wire
H. Switch Connection
1. Any switch or contacts designed to start or maintain the circuit must be
wired in parallel with the original start switch.
2. Any switch or contacts designed to stop the circuit must be wired in series
with the part of the circuit they will de-energize.
I. Motor Reversing and Electrical Interlocks

Xl MSHA Voltage Classifications
A. Low voltage — 0 to 660 volts

B. Medium voltage — 661 to 1,000 volts
C. High voltage — 1,001 volts and up
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SAMPLE QUESTIONS FOR
ELECTRIC CIRCUITS AND EQUIPMENT

TEST #3 - ELECTRIC CIRCUITS AND EQUIPMENT

1.

With two equal resistances in series across a 90 volt battery, the voltage across each
resistance equals:

a. 30 Volts
b. 45 Volts
c. 90 Volts
d. 180 Volts

A parallel d-c circuit consists of a 10 volt battery shunted by three resistors of 3, 5, and 7
ohms. The total current equals:

a. 0.667 amps
b. 1.460 amps
c. 15.000 amps
d. 6.76 amps

An unknown resistor connected across a 100-volt source dissipates 200 watts. Its
resistance is:

a. 50 ohms

b. 100 ohms

c. 200 ohms

d. 500 ohms

A 100-ohm R is in series with 100 ohms of X;. The total impedance equals:
a. 70.7 ohms

b. 100 ohms
c. 141 ohms
d. 200 ohms

A 100-ohm R is in parallel with 100-ohm of X;. The total impedance is:
a. 70.7 ohms

b. 100 ohms
c. 141 ohms
d. 200 ohms

The total power present in an a-c circuit is referred to as:
a. True Power
b. Apparent Power
c. VARS
d. Power Factor
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10.

11.

12.

13.

The relationship between produced power and used power is termed?
a. True power
b. Apparent power
c. VARS
d. Efficiency

The power factor of an a-c circuit is equal to the ratio of:
a. True power to VARS
b. Apparent power to VARS
c. True power to apparent power
d. Apparent power to true power

In a three-phase delta to delta connected transformer with a 3 to 1 step down ratio,
primary line current is:

a. Equal secondary line current

b. One-third secondary line current

c. Three times secondary line current

d. 1.73 times secondary line current

Of the four possible combinations possible with three-phase transformers, which will
give the greatest current handling capacity?

a. Delta to delta

b. Wye to wye

c. Delta to wye

d. Wye to delta

In a three-phase delta connected secondary, if one phase should open, what type power is
available for use?

a. Single-phase at 100% capacity

b. Single phase at 58% capacity

c. Two-phase at 100% capacity

d. Three-phase at 58% capacity

In a three-phase wye connected secondary, if one phase should open, what type power is
available for use?

a. Single-phase at 33% capacity

b. Single-phase at 58% capacity

c. Two-phase at 100% capacity

d. Three-phase at 58% capacity

The type AC motor which is most commonly used is the:
a. Squirrel cage
b. Wound rotor
c. Shaded pole
d. Synchronous
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14.

15.

16.

17.

18.

19.

20.

If two of the phase wires which supply a 3-phase motor are reversed, the motor will:
a. Stop
b. Burnup

c. Run as before

d. Reverse its rotation

In a three-phase wye connected motor, the phase voltage is equal to:
a. One-third line voltage
b. One-half line voltage
c. 1.73 time line voltage
d. .578 times line voltage

In the construction of a PN junction rectifier, silicon, rather than germanium, was chosen
for use in the mines because:

a. Itis less affected by high temperature

b. It is more affected by high temperature

c. Temperature has no affect upon silicon

d. Germanium isn’t used in junction rectifiers

In a silicon diode, when a reverse voltage is applied:
a. No current flows
b. A few miliamperes flow
c. A few microamperes flow
d. The diode will break down

The diode ratings usually given by manufacturers are:
a. Forward and reverse voltage
b. Forward and reverse current
c. Forward current and forward voltage
d. Forward current and reverse voltage

A calibrated conductor which is designed to burn up at a specified current is called a:

a. Fuse

b. Breaker

c. Switch

d. Relay
A switch which is designed to control only one circuit would probably be designated as
which of the following:

a. DPDT

b. DPST

c. SPST

d. SPDT
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21. Draw a properly grounded single-phase transformer with a current tap.

22. In the circuit shown below find the voltage of the secondary.

p ]-.\

\, 1 ‘._ A \ 10 1D

- i V) 10 HF
M

23. Three single-phase transformers with a ratio of 15:1 are connected delta-wye.
If 4160 volts is supplied to the primary side of the transformers, what is the line-to-line
voltage on the secondary side?

- {_/'( ( '(\
| e - ( N
o~ ___.4.‘. -
f\\" ___.-.2 ) £
4160 VOLTS ’ E ) _‘:‘
K
— A E

24. Draw a three-phase delta secondary with zigzag ground transformers.
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25. What is the source voltage below?

A
VW

A

F§

— E=? < P=40 WATTS

AN
W

26. What is the current flow in the circuit below?

[=? AMPS

_—  E=30 VOLTS { :‘) P=90 WATT LAMP

27. Calculate the total current flow in the circuit below.

] |

= g
< <

- .
-~ il

— E=240 VOLTS u-i: R1=10 OHMS <_R2=20 OHMS

'“ 1
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D FUSE
10AMP

115 YOLT PUMP CONTROL CIRCUIT

STOP START HB M oL oL
>—QJ_Q—<>—<> } } 4 9 £ f M/—"
7 y 12
| |
i
i : TR
| Hiy
HWE ¥
g 0-180 SEC.
| L
LWE 10
1 |
BT 11 HB
T
NS

M - Motor Starter Coil

OL - overload Relay

HWE - High Water Electrode
LWE - Low Water Electrode

BT

- Hot Bearing Thermostat

HW - High Water Relay

LW - Low Water Relay

TR - Time Delay-Relay, Time Open
HB - Hot Bearing Relay

Stop - Start on momentary contact

Note Questions No. 28 thru 32 are concerned with the above pump control circuit:

28. Give two methods of starting the pump.

29. Give two reasons to cause the pump to stop.

30. If the pump will start with the pushbutton but will not run without it what is the matter?

31. How would you check for an open in the starter coil?

32. The pump starts on high water but cuts off after 4 minutes. What is wrong?

33. A distinctive feature of a compound motor is that it has:

a. Two series fields
b. Two shunt fields

c. One series and one shunt field

d. Itistoo complicated to determine

34. How can you reverse the rotation of a DC motor?

a. Change the armature polarity
b. Change the armature and field polarity
c. Change the incoming leads

d. Use a different brush
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35.

36.

37.

38.

39.

40.

41.

During the charging of lead-acid cell, a dangerous, highly explosive gas is emitted from
the cell. It is:

a. Nitrogen

b. Methane

c. Oxygen

d. Hydrogen
The source V of a DC motor is 290V. When the motor is running, the voltage at the

motor is 260V and draws 170 amp’s. What is the resistance of the cable?
a. 1.71Q

b. 1.12Q
c. 1.53Q
d. 0.18Q

Which of the following is required by all AC motors in order to operate properly?
a. A rotating magnetic field
b. A phase shift capacitor
c. Two or more phases
d. A split phase

What is the full load secondary current of a single phase .2kV A transformer at 120V?
a. 16 A

b. 1.6 A

C. 3A

d. 24 A

Which 460V, 3-Phase AC motor requires the largest leads?

a. 220V 40 HP

b. 220V 80 HP

c. 550V 40 HP

d. 550V 80 HP

Inductive reactance decreases with:
a. An increase in frequency
b. An increase in inductance
c. Both AandB
d. Neither A or B

Capacitive reactance decreases with:
a. An increase in frequency
b. An increase in capacitance
c. Both Aand B
d. Neither A or B
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42. Name four (4) things that are required to be recorded on the map of a mine electrical

system.
a. (1)
b. (2)
c. (3)
d. (4)

43. Capacitors are used for:
a. Arc reduction
b. Correcting power factors
c. Filtering electrical current
d. All of the above

44. VARS is the measure of:
a. Resistive power
b. Reactive power
c. Apparent power
d. True power

45. A transformer has a primary voltage of 100V with 500 turns and a secondary voltage of
200V with 1,000 turns. What is the turns ratio?

a. 1:5
b. 5:1
c. 1:2
d. 2:1

46. In a three-phase wye-connected transformer primary, the phase voltage is equal to:
a. One-third the line voltage
b. One-half the line voltage
c. 1.73 times line voltage
d. 0.578 line voltage
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Figure 1

lf” MUM POSITIVE VALUE

PEAK-TO-PEAK VALUE
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47. What is the peak-to-peak voltage when the effective voltage is 100 volts (Fig. 1)?
a. 141.4 volts
b. 282.8 volts
c. 110.0 volts

d. 200 volts
48. What is the full load primary current of a 3 phase, 4,160 to 480 volt transformer with a
500k VA rating?
a. 84
b. 169
c. 96
d. 69
49. If this transformer had a 4% impedance, what would the primary short circuit current be?
a. 690
b. 384
c. 1,932
d. 1,725
Figure 2
:\--. --\-/:I 15 - 1
,L-)_‘ I,--Lﬂ[' J .
PRMARY 2§ = o S SECONDARY
LINE VOLTAGE T AL 7 LINE VOLTAGE
7,200V : .
E U

50. What is the secondary line voltage (Fig. 2)?

a. 480V
b. 277V
c. 550V
d. 600V
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51. If the secondary line current is 200 amps, what is the primary line current?

a. 7.7
b. 3,000
c. 133
Figure 3
CIRCUIT BREAKER
P M
L ‘ { | X
Y W
L b I (o
o T W
13 — I}
FUSE oL M — WOTOR STARTER COIL
254 0L — OVERLOAD RELAY
450VAS HWE — HIGH WATER
BASIC PUMP CIRCUIT FLECTRODE
LWE - LOW WATER
115V ELECTRODE
BT -~ HOT BEARING
FUSE THERMOSTAT
104 SToP START T M a oL HW — HIGH WATER RELAY
) — )—«/—H—H—' LW~ LOW WATER RELAY
W TR - TIME DELAY RELAY
3 THE OPEN
T W HB — HOT BEARING RELAY
HB — TR STOP - START ARE
p— | MOMENTARY CONTACT
HIE W 0~180 SEC.
d L
L
p I
8T e I
|

|
{POWER IS APFUED AND SETIING N WATER) l

52. Give one method of starting the pump (Fig. 3).
a. Push the start button
b. The low water relay starts the pump automatically
c. Close the ON contactor
d. Open the LW coil

53. Two things that will stop the pump (Fig. 3) are:

a. ol & HW
b. HB & TR
c. LW&ol
d. TR & HW

54. Of the four possible combinations with three-phase transformers, which will give the
greatest current handling capacity?
a. Wye to delta
b. Delta to wye
c. Wye to wye
d. Delta to delta
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55. Draw a Delta transformer schematic supplying a 3-phase bridge rectifier.

56. Three single-phase transformers with a ratio of 15:1 are connected delta-wye. If 4,160V
is supplied to the primary side of the transformers what is the line- to-line voltage on the

secondary side?

a. 160V
b. 480V
c. 2,405V
d. 7,197V
57. A circuit breaker directly protects:
a. Wire
b. Men
c. Equipment
d. Switches
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ANSWER SHEET FOR
ELECTRIC CIRCUITS AND EQUIPMENT

WX kW=
coao® o e ac

—_ e
il S

—_— = =
O XN
O 0 00 0 O v oo

V)
e

21.

22. 4600 = 230 Volts

20
E = (4160) (1.732)
15
23. E = 480 Volts

24.
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25.

26.

27.

28.

29.

30.
31.

32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.

E = 40 = 5Volts
8
I = 90 = 3amperes
30
I, = 240 = 24amps
10
b, = 240 = 12 amps
20
Ir = I, + L = 24 + 12 = 36amperes
Start Pushbutton
High Water Relay
Stop Pushbutton
Overload
Hot Bearing Relay
Blown Fuse
Low Water Relay

Faulty “M” holding contacts

Remove power, lock out and tag out

Check for continuity between 5 and 6 with an ohmmeter
Hot Bearing

Overload

Blown Fuse

c

O oc oo oo

c

(1)Permanent Cables
(2)Switchgear
(3)Transformers
(4)Permanent Pumps

caacoToat oo
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51. a
52. a
53. ¢
54. a
X
C
55. (Q # 1)
¢ 7 > o4
LA
- ,,.} s l
"g\‘)\/l\)k,kkif' ’ > >4 ‘
'P—[}‘{—II—E‘:{—I
56. b
57. a
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TEST #4

PERMISSIBILITY OF ELECTRICAL EQUIPMENT
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UTAH MINE ELECTRICIAN CERTIFICATION
EXAMINATION STUDY GUIDE

IV. TEST #4 - Permissibility Of Electrical Equipment Outline

Tommoawr

[

oczgrnr -

o

Most questions are related to CFR, Part 18
Trailing cable rating in accordance to IPCEA
Hand tool safety device requirements
Frame-to-ground potential limitations as per CFR, Part 18
Fire protection requirements for unattended, enclosed, equipment
Criteria for plugs for spare lead entrances, including radial clearance
Surface temperature limitations of machine components
Fastening requirements for explosion proof enclosures such as a bolt length, bolt
size, studs,
washers, packing nuts, stuffing boxes, and thread engagement
Electrical and mechanical protection requirements for cables entering splice boxes
and between machine components
Slip switch requirements for conveyor belts and exemptions
Trailing cable installation requirements
Cable reel requirements
Machine headlight requirements
Allowable method of making splices in power cables between machine components
Maximum allowable clearances
1. Step flange
2. Plane flange
3. Motor end-bells
4. Cylindrical switches and joints
Purpose of hose conduit
Permissible machine criteria and maintenance
1. Approval by MSHA

2. Maintained in permissible condition
3. Fire and explosions can result from inadequate maintenance
Definitions

1. Explosion-proof
2. Intrinsically-safe
Requirements for cable and wires that pass through metal walls of electrical
compartments
Requirements for temporary cable splices
1. Low and medium voltage
2. High voltage
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PERMISSIBILITY

There are three main types of joints that are used most commonly on permissible enclosures. These
joints are classified as plane flange joints, step flange joints, and threaded joints.

Plane Flange Joints — Refer to Fiqure 5

A plane flange joint is one which has to adjoining surfaces in parallel planes or a smooth metal to
metal joint. A good example of the plane flange joint can be observed on most shuttle car panel
covers. In order for a plane flange joint to be permissible, it must not have a clearance or tolerance
greater than 0.004 inches after it is securely bolted in place. An inspector will check this clearance
with a 0.005 inch feeler gauge. Plane flange joints cannot be made permissible by the use of
gaskets, permatex, or epoxy. The minimum distance for the flame resistant path is 1 inch. The
cover must be securely fastened with bolts and lock washers. The bolts must be located at intervals
not exceeding 6 inches. If bolts of % inch diameter are use then the threaded bolt stub must be at
least 2 high in length, thus a 5/8 inch bolt would have to have a threaded stub of least 5/8 inches in
length. There must be at least 1/8 inch at the bottom of the bolt hole after the bolt is securely
fastened. The purpose of this is in case a lock washer was left off, the bolt would still tighten. The
minimum distance between the threaded portion of the bolt holes and the inside of the box cannot
be less than 7/16 inch.

When the threads of bolt holes in a permissible enclosure become stripped there are 3 ways they can
be repaired, which are as follows:

1. Use a heli-coil

2. Fill the whole by welding, then re-drill and tap to the original size.

Drill to a larger size and re-tap for larger bolt. Caution must be taken to maintain the
minimum 7/16 inch clearance from the edge of the bolt hole and the inside of the enclosure.

97



TYPICAL PLANE JOINT

1/2" — 13 Cap screw

Lock washer
[ From hole to

X\ r inner edge 7/16”

Maximum cIearanceL %/
J

0.004" =—  Minimum
Engagement 2"

LI

Minimum stock 1/8" — N

% Inside of enclosure

Figure 5
3.

Step Flange Joint — Refer To Figure 6

A step flange joint means a joint comprised of two adjoining surfaces with a change in direction between
its inner and outer edges. (A step flange joint may be composed of a cylindrical portion and a plane
portion or two or more plane portions). The maximum permissible clearance of the step flange joint is
0.006 inch. An inspector will check this clearance with a 0.007 inch feeler gauge. The cylindrical fit of a
step flange joint must extend into its hole a minimum of 1/8 inch. The maximum allowable clearance
between the step and the box is 0.003 inches when the step is greater than 1/8 inch less but than 1/4 inch.
If the length of the step is greater than or equal to % inches, then the maximum allowable clearance
between the step and the box is 0.004 inches. If a /2 inch bolt is used the threads have to extend into the
bolt hole a minimum of 2 inch. Likewise a 5/8 inch bolt has to have a minimum of 5/8 inches of threads.
The flame path of the step flange joint must be at least % inches. Some examples of a step flange joint are
the endbells on most motors, safe-off-reset switches on shuttle cars, and inspection boxes on 