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GENERAL

The purpose of this subcourse is to increase knowledge in the basic principles of electricity, electrical circuits, and safety rules covering the use of electrical equipment.

Eight credit hours are awarded for successful completion of this subcourse

Lesson 1:  BASIC PRINCIPLES OF ELECTRICITY

TASK 1: Describe the composition of matter and define magnetism.

TASK 2: Define and apply Ohm's law.

Lesson 2: ELECTRICAL CIRCUITS

TASK 1: Describe the symbols for, and types of, electrical circuits.

Lesson 3: SAFETY RULES COVERING THE USE OF ELECTRICAL EQUIPMENT

TASK 1:  Describe the safety rules to follow when installing and grounding electrical wires, and when handling electrical equipment.
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LESSON 1
BASIC PRINCIPLES OF ELECTRICITY

TASK 1.  Describe the composition of matter and define magnetism.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within 2 hours

REFERENCES

No supplementary references are needed for this task.

1.
Introduction

Although the mechanic is primarily concerned with the practical application of electricity rather than with theory, some understanding of the fundamentals is necessary.

This task will provide the fundamentals necessary to understand the basic principles of electricity, such as: the composition of matter; the composition of electricity; electron theory of electricity; and magnetism.

2.
Electricity

a.
Composition of Matter.  Matter is defined as anything that occupies space and has weight; that is, the weight and dimensions of all matter can be measured.  Examples of matter are air, water, automobiles, clothing, and even our own bodies.  Thus, we can say that matter may be found in any one of three states: solid, liquid, and gaseous.
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All material substances, solids, liquids, and gases, are made up of tiny particles known as atoms.  Atoms combine in small groups of two or more to form molecules.  Atoms can be further subdivided into smaller particles, some of which have positive electrical charges and others which have negative electrical charges.  The atoms of different material substances are discussed in the following subparagraphs.


(1)
There are over 100 different basic materials in the universe.  These basic materials are called elements.  Iron is one element; copper, aluminum, oxygen, hydrogen, and mercury are other elements.  An element gets its name from the fact that it cannot be broken down easily into simpler (or more elemental) substances.  In other words, these 100 basic elements are the building materials from which the universe is made.  Close study of any one of these elements reveals that it is made up of those same basic particles, having a positive or a negative electrical charge.


(2)
The basic particles that make up all the elements, and thus all the universe, are called protons, electrons, and neutrons.  A proton is a basic particle having a single positive charge; a group of protons produces a positive electrical charge.  An electron is a basic particle having a single negative charge; therefore, a group of electrons produces a negative electrical charge.  A neutron is a basic particle having no charge; a group of neutrons, therefore, would have no charge.

Let's examine the construction of atoms of the various elements, starting with the simplest of all, hydrogen.  The atom of hydrogen consists of one proton, around which is circling one electron (see figure J on the following page).  There is an attraction between the two particles, because negative and positive electrical charges always attract each other.  Opposing the attraction between the two particles, and thus preventing the electron from moving into the proton, is the centrifugal force on the electron caused by its circular path around the proton.  This is the same sort of balance achieved if a ball tied to a string is whirled in a circle in the air.  The centrifugal force exerted tries to move the ball out of its circular path, and is balanced by the string (which can be defined as the attractive force).  If the string should break, the centrifugal force would
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cause the ball to fly away.  This is what happens at times with atoms.  The attractive force between the electron and proton is sometimes not great enough to hold the electron in its circular path, and the electron gets away.

FIGURE 1.  COMPOSITION OF MATTER.
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A slightly more complex atom, shown in figure 1, is the atom of helium.  Notice that there are now two protons in the center and that two electrons are circling around the center.  Because there is an additional proton in the center, or nucleus, of the atom, an electron must be added so as to keep the atom in electrical balance.  Notice also that there are additional particles in the nucleus; these are called neutrons.  Neutrons overcome the tendency of the two protons to move apart from each other.  For, just as unlike electrical charges attract, so do like electrical charges repel.  Electrons repel electrons.  Protons repel protons, except when neutrons are present.  Though neutrons have no electrical charge, they do cancel out repelling forces between protons in an atomic nucleus and thus hold the nucleus together.

A still more complex atom, shown in figure 1, is the atom of lithium, a light, soft metal.  Note that a third proton has been added to the nucleus and that a third electron is now circling around the nucleus.  There are also two additional neutrons in the nucleus; these are needed to hold the three protons together.  The atoms of other elements can be seen in a similar manner.  As the atomic scale
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increases in complexity, protons and neutrons are added one by one to the nucleus and electrons to the outer circles.  After lithium comes beryllium with four protons and five neutrons, boron with five protons and five neutrons, carbon with six and six, nitrogen with seven and seven, oxygen with eight and eight, and so on.  In each of these, there are normally the same number of electrons circling the nucleus as there are protons in the nucleus.

b.
Composition of Electricity.  When there are more than two electrons in an atom, they will move about the nucleus in different size orbits.  These orbits are referred to as shells.  The innermost shells of the atom contain electrons that are not easily freed and are referred to as bound electrons.  The outermost shell will contain what is referred to as free electrons (see figure 2).  These free electrons differ from bound electrons in that they can be moved readily from their orbit.

FIGURE 2.  COMPOSITION OF ELECTRICITY.
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If a point that has an excess of electrons (negative) is connected to a point that has a shortage of electrons (positive), a flow of electrons (electrical current) will flow through the connector (conductor), until an equal electric charge exists between the two points.

c.
Electron Theory of Electricity.  A charge of electricity is formed when numerous electrons break free of their atoms and gather in one area.  When the electrons begin to move in one direction (as along a wire, for example), the effect is a flow of electricity, an electric current.  Actually, electric generators and batteries could be called electron pumps, because they remove electrons from one part of an electric circuit and concentrate them in another part of the circuit.  For example, a generator takes electrons away from the positive terminal and concentrates them at the negative terminal.  Because the electrons repel each other (like electrical charges repel), the electrons push out through the circuit and flow to the positive terminal (unlike electrical charges attract).  Thus, we can see that an electric current is actually a flow of electrons from negative to positive.

This is just the reverse of the old idea of current flow.  Before scientists understood what electric current was, they assumed that the current flowed from positive to negative.  Their studies showed that this was wrong; they learned that current is the electron movement from negative (concentration of electrons) to positive (lack of electrons).

d.
Conductors and Insulators.  Any material that will allow electric current to flow through it is an electrical conductor.  Any material that blocks electric current flow is an electrical insulator.  Conductors are used in automotive equipment to carry electric current to all of the electrical equipment.  Insulators also are necessary to keep the electric current from taking a shorter route instead of going to the intended component.  The electrical properties of a substance depend mainly on the number of electrons in the outermost orbits of its atoms, which cannot, at any time, contain more than eight electrons.


(1)
Conductors.  Whenever there are less than' four electrons in the outer orbits of the atoms of a substance, these electrons will tend to be free.
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This will cause the substance to permit free motion of electrons, making it a conductor (see figure 3).

FIGURE 3.  CONDUCTORS.
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Electrical energy is transferred through conductors by means of the movement of free electrons migrating from atom to atom within the conductor.  Each electron moves a short distance to the neighboring atom, where it replaces one or more electrons by forcing them out of their orbits.  The replaced electrons repeat this process in nearby atoms until the movement is transmitted throughout the entire length of the conductor, creating a current flow.  Copper is an example of a good conductor because it has only one free electron.  This electron is not held very strongly in its orbit and can get away from the nucleus very easily.  Silver is an even better conductor of electricity but it is too expensive to be used in any great quantity.  Because of this, copper is the conductor most widely used in automotive applications.


(2)
Insulators.  Whenever there are more than four electrons in the outer orbits of the atoms of a substance, these electrons will tend to be bound, causing restriction of free movement, making it an
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insulator (see figure 4).  Common insulating substances in automotive applications are rubber, plastic, Bakelite, varnish, and fiberboard.

FIGURE 4.  INSULATORS.
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3.
Magnets

Magnetism is generally defined as that property of a material which enables it to attract pieces of iron.  A material possessing this property is known as a magnet.  Materials that are attracted by a magnet, such as iron, steel, nickel, and cobalt, have the ability to become magnetized.  These are called magnetic materials.  Materials, such as paper, wood, glass, or tin, which are not attracted by magnets, are considered nonmagnetic and are not able to become magnetized.  In the following paragraphs, the properties of a magnet will be described, through magnetic field, electromagnetism, and electromagnetic induction, in order to learn what causes a generator to concentrate electrons at the negative terminal and draw them away from the positive terminal.

a.
Magnetic Field.  The space surrounding a magnet, where magnetic forces act, is known as a magnetic field.  The magnetic forces which make up the magnetic field are explained in the subparagraphs that follow.
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(1)
Magnetic Lines of Force.  If iron filings were sprinkled on a piece of glass on top of a bar magnet, the filings would become arranged in curved lines (see figure 5).

FIGURE 5.  MAGNETIC LINES OF FORCE.
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These curved lines, extending from the two poles of the magnet (north and south), follow the magnetic lines of force surrounding the magnet.  Scientists have formulated the following rules for these lines of force.


(a)
The lines of force (outside the magnet) pass from the north to the south pole of the magnet.


(b)
The lines of force act somewhat as rubberbands do; they try to shorten to a minimum length.


(c)
The lines of force repel each other along their entire length and try to push each other apart.


(d)
The rubberband characteristic opposes the push--apart characteristic.


(e)
The lines of force never cross each other.


(f)
The magnetic lines of force, taken together, are referred to as the magnetic field of the magnet.
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(2)
Bar and Horseshoe Magnets.  The magnetic fields of a bar and of a horseshoe magnet are shown in figure 6.  In each, note how the lines of force curve and pass from the north to the south pole.

FIGURE 6.  BAR AND HORSESHOE MAGNET.
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(3)
Effects Between Magnetic Poles.  When two unlike magnetic poles are brought together, they attract.  But when like magnetic poles are brought together, they repel (see figure 7 on the following page).

These actions can be explained in terms of the rubberband and the push-apart characteristics.  When unlike poles are brought close to each other, the magnetic lines of force pass from the north to the south poles.  They try to shorten (like rubberbands) and, therefore, to pull the two poles together.  On the other hand, if like poles are brought close to each other, lines of force going in the same direction are brought near each other.  Because these lines of force attempt to push apart, a repelling effect results between the like poles.

b.
Electromagnetism.  An electric current (flow of electrons) always produces a magnetic field.  In the wire shown in figure 8, on the following page, current flow causes lines of force to circle the wire.  It is thought that these lines of force result from the movement of the electrons along the 
9
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wire.  As they move, the electrons send out the lines of force.  When many electrons move, there are many lines of force (the magnetic field is strong).  Few electrons in motion means a weak magnetic field or few lines of force.

FIGURE 7.  EFFECTS BETWEEN MAGNETIC POLES.
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Electron movement as the basis of magnetism in bar and horseshoe magnets can be explained by assuming that the atoms of iron are so lined up in the magnets that the electrons are circling in the same direction.  With the electrons moving in the same direction, their individual magnetic lines of force add to produce the magnetic field.

FIGURE 8.  ELECTROMAGNETISM.
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The magnetic field produced by current flowing in a single loop of wire is shown in figure 9.

FIGURE 9.  ELECTROMAGNETISM IN A WIRE LOOP.
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The magnetic lines of force circle the wire, but here they must follow its curve.  If two loops are made in the conductor, the lines of force will circle the two loops.  In the area between the adjacent loops, the magnetic lines are going in opposite directions.  In this case, because they are of the same strength (from the same amount of current traveling in both loops), they cancel each other out.  The lines of force, therefore, circle the two loops almost as though they were a single loop.  However, the magnetic field will be twice as strong, because the lines of force of the two loops combine.

When many loops of wire are formed into a coil, as shown in figure 10, on the following page, the lines of force of all loops combine into a pattern that resembles greatly the magnetic field surrounding a bar magnet.  A coil of this type is known as an electromagnet or a solenoid.  However, electromagnets can be in many shapes.  The field coils of generators and starters, the primary winding in an ignition coil, the coils in electric
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gages, the windings in a starter armature, can all be considered as electromagnets.

FIGURE 10.  ELECTROMAGNETISM IN A WIRE COIL.
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The north pole of an electromagnet can be determined, if the direction of the current flow (from negative to positive) is known, by use of the left-handed rule (see figure 11 on the following page).  The left hand is held around the coil with the fingers pointing in the direction of the current flow.  The thumb will point to the north pole of the electromagnet.  This rule is based on current, or electron, flow from negative to positive.

The left-handed rule can also be used to determine the direction in which lines of force circle a current-carrying wire, if the direction of current is known.  This is done by circling the wire with the left hand, with the thumb pointing in the direction of the current flow (negative to
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FIGURE 11.  LEFT-HANDED RULE.
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positive).  The fingers will then point in the direction that the magnetic field circles the wire.

The strength of an electromagnet can be increased greatly by wrapping the loops of wire around an iron core.  The lines of force pass through the iron core with much greater ease than through air.  This effect of permitting lines of force to pass through easily is called permeability.  Wrought iron is 3,000 times more permeable than air.  In other words, it allows 3,000 times as many lines of force to get through.  With this great increase in the number of lines of force, the magnetic strength of the electromagnet is greatly increased, even though no more current flows through it.  Practically all electromagnets use an iron core of some kind.

c.
Electromagnetic Induction.  Current can be induced to flow in a conductor if it is moved through a magnetic field.  In figure 12, on the following page, the wire is moved downward through the magnetic field between the two magnetic poles.  As it moves downward, it is cutting the lines of force, and current is induced into it.  The reason for this is that the lines of force resist cutting and tend to wrap around the wire as shown.  With lines of force wrapping around the wire current is induced.  The wire movement through the magnetic field produces a magnetic whirl around the wire, pushing the electrons along the wire.

13
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FIGURE 12.  ELECTROMAGNETISM INDUCTION.
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If the wire is held stationary and the magnetic field is moved, the effect is the same; that is, current will be induced in the wire.  All that is required is that there be relative movement between the two, so that lines of force are cut by the wire.  It is this cutting and whirling, or wrapping, of lines of force around the wire that produces current movement in the wire.

The magnetic field can be moved by moving the magnet or, if it is a magnetic field from an electromagnet, it can be moved by starting and stopping the current flow in the electromagnet.  Suppose an electromagnet, such as the one shown in figure 10, on page 12, has a wire held close to it.  When the electromagnet is connected to a battery, current.  will start to flow through it.  This current, as it starts to flow, builds up a magnetic field.  In other words, a magnetic field forms because of the current flow.  This magnetic field might be considered as expanding and moving out from the electromagnet.  As it moves outward, its lines of force will cut through the wire held close to the electromagnet.  This wire will have current induced in it which results from the lines of force cutting across the wire.  If the electromagnet is disconnected from the battery, its magnetic field will collapse and disappear.  As this happens, the lines of force move inward, toward the electromagnet.  Again, the wire held close to the electromagnet will be cut by moving lines of force and will have a current induced in it.  This time, the lines of force are moving in the opposite direction and the wire, therefore, will have current induced in it in the opposite direction.
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Thus, it can be seen that current can be induced in the wire by three methods: the wire can be moved through the stationary magnetic field; the wire can be held stationary and the magnet can be moved so that the field is carried past the wire; or the wire and electromagnet both can be held stationary and the current turned on and off, causing the magnetic field to build up and collapse, so the magnetic field moves one way or the other across the wire.

4.
Conclusion

This concludes the discussion of the basic principles of electricity.  The information found in this task is a brief overview of the fundamentals of electricity.  Electricity is a very complex subject involving many different factors.  Some of these factors will be described in the following tasks which concern Ohm's law, electrical circuits, and electrical equipment.
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LESSON 1

BASIC PRINCIPLES OF ELECTRICITY

TASK 2.  Define and apply Ohm's law.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within 1 hour

REFERENCES

No supplementary references are needed for this task.

1.
Introduction

Every electrical circuit includes voltage, current, and resistance.  Even a simple circuit consisting of a battery, wires, and a lamp has voltage, current, and resistance.  The battery supplies the voltage which forces current through the wires and the lamp.  The wires and lamp offer a certain amount of resistance to the current.  The way in which current, voltage, and resistance affect each other is expressed in Ohm's law.  Ohm's law uses "I" to represent current, "E" to represent voltage, and "R" to represent resistance.

This task will define the voltage, resistance, and current relationship stated by Ohm's law, and provide examples of applying Ohm's law to a basic electrical circuit.

2.
Amperage (Current) and Voltage

a.
Amperes.  Current flow, or electron flow, is measured in amperes (I).  While it is normally considered that.  one ampere is a rather small
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current of electricity (approximately what a 100-watt light bulb would draw), it is actually a tremendous flow of electrons.  More than 6 billion electrons a second are required to make up one ampere.

b.
Voltage.  Electrons are caused to flow by a difference in electron balance in a circuit; that is, when there are more electrons in one part of a circuit than in another, the electrons will move to where they are lacking.  This difference in electron concentration is called potential difference, or voltage (E).  The higher the voltage goes, the greater the electron imbalance becomes.  The greater this electron imbalance, the harder the push on the electrons (more electrons repelling each other) and the greater the current of electrons in the circuit.  When there are many electrons concentrated at the negative terminal of a generator (with a corresponding lack of electrons at the positive terminal), there is a much stronger repelling force on the electrons moving in the wire.  This is exactly the same as saying that the higher the voltage, the more electric current will flow in a circuit, all other things, such as resistance, being equal.

3.
Resistance

Even though a copper wire will conduct electricity with relative ease, it still offers resistance to electron flow.  This resistance (R) is caused by the energy necessary to break the outer shell electrons free, and the collisions between the atoms of the conductor and the free electrons.  It takes force (or voltage) to overcome the resistance encountered by the flowing electrons.  This resistance is expressed in units called ohms.  The resistance of a conductor varies with its length, cross-sectional area, composition, and temperature.

A long wire offers more resistance than a short wire of the same cross-sectional area.  The electrons have farther to travel.

Some elements can lose electrons more readily than other elements.  Copper loses electrons easily, so there are always many free electrons in a copper wire.  Other elements, such as iron, do not lose their electrons quite as easily, so there are fewer free electrons in an iron wire (comparing it to a copper wire of the same size).  Thus, with fewer
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free electrons, fewer electrons can push through an iron wire; that is, the iron wire has more resistance than the copper wire.

A small wire (in thickness or cross-sectional area) offers more resistance than a large wire.  In the small wire, there are fewer free electrons (because fewer atoms), and thus fewer electrons can push through.

Most metals show an increased resistance with an increase in temperature, while most nonmetals show a decrease in resistance with an increase in temperature.  For example, glass (a nonmetal) is an excellent insulator at room temperature but is a very poor insulator when heated to red heat.

In the next section, the previously explained voltage, current, and resistance will be applied to Ohm's law.

4.
Ohm's Law

a.
Defining Ohm's Law.  The general statements about voltage, amperage, and ohms can all be related in a statement known as Ohm's law, named for the scientist George Simon Ohm, who first stated that relationship.  This law says that voltage is equal to amperage times ohms.  Or, it can be stated as the mathematical formula:

E = I x R

where B is voltage in volts, I is current in amperes, and R is resistance in ohms.  For the purpose of solving problems, the Ohms law formula can be expressed three ways:

· To find voltage:  E = I x R

E

· To find amperage:  I = ---
R

E

· To find ohms: R = ---

I

This formula is a valuable one to remember because it makes understandable many of the things that
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happen in an electric circuit.  For instance, if the voltage remains constant, the current flow goes down if the resistance goes up.  An example of this would be a lighting circuit that is going bad in a truck.  Suppose the wiring circuit between the battery and the lights has deteriorated, due to connections becoming poor, strands in the wire breaking, switch contacts becoming dirty, or other similar problems.  All of these conditions reduce the electron path or, in other words, increase resistance.  And, with this increased resistance, less current will flow.  The voltage of the battery stays the same (for example, 12 volts).  If the resistance of the circuit when new (including light bulbs) was 6 ohms, then 2 amperes will flow.  To satisfy the equation, 12 (volts) must equal amperes times ohms resistance (2 x 6).  But if the resistance goes up to 8 ohms, only 1.5 amperes can flow.  The increased resistance cuts down the current flow and, consequently, the amount of light.

b.
Applying Ohm's Law.  By using Ohm's law, you are able to find the resistance of a circuit, knowing only the voltage and the current in the circuit.

In any equation, if all the variables (parameters) are known except one, that unknown can be found.  For example, using Ohm's law, if current (I) and voltage (E) are known, resistance (R), the only parameter not known, can be determined as follows:

E

· Formula:  R = ---
I

Referring to figure 13, where E equals 10 volts and I equals 1 ampere, solve for R, using the above equation:

· Given:   E = 10 volts

I = 1 ampere

E

· Solution:   R = ---
I
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Insert the values of the known quantities:

10 volts

R = --------
1 ampere

R = 10 ohms

Therefore, resistance equals 10 ohms for the circuit shown in figure 13.

FIGURE 13.  DETERMINING RESISTANCE IN A BASIC

CIRCUIT.
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Using the equation below and the circuit shown in figure 14, we will now solve for the unknown E.

· Formula:  E = I x R

· Given: I = 0.5 ampere

R = 45 ohms

· Solution:  E = I x R

E = 0.5 ampere x 45 ohms

E = 22.5 volts

20
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Therefore, voltage equals 22.5 volts for the circuit shown in figure 14.

FIGURE 14.  DETERMINING VOLTAGE IN A BASIC

CIRCUIT.
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The Ohm's law equation and its various forms may be obtained readily, with the aid of figure 16, on the following page.  The circle containing E, I, and R is divided into two parts, with K above the line and with I and R below the line.  To determine an unknown quantity, first cover that quantity with a finger.  The position of the uncovered letters in the circle will indicate the mathematical operation to be performed.  For example, to find I, cover I with a finger.  The uncovered letters indicate that E is to be divided by R, or I = E.  To find the 
R

formula for E, cover E with your finger.  The result indicates that I is to be multiplied by R, or E = IR.  To find the formula for R, cover R.  The result indicates that R is to be divided by I, or R = E.

I
You are cautioned not to rely wholly on the use of this diagram when you transpose the Ohm's law formulas.  The diagram should be used to supplement your knowledge of the algebraic method.  Algebra is a basic tool in the solution of electrical problems.
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FIGURE 15.  OHM'S LAW IN DIAGRAM FORM.

[image: image17.png]



5.
Conclusion

This task defined and applied three units (voltage, ohms, and amperage) that can be found within a electrical circuit.  The next lesson will describe electrical circuits, including symbols.
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PRACTICAL EXERCISE 1

On a plain sheet of paper, write down the answers to the following questions.  When you have answered them, turn the page and check your answers.

1.
What basic particles, when grouped together, produce a negative charge?

2.
How are free electrons different from bound electrons?

3.
How is a charge of electricity formed? 
4.
What are common insulating substances in automotive applications?

5.
How is magnetism generally defined?

6.
The north pole of an electromagnet can be determined, if the direction of the current flow is known, by the use or what rule?

7.
In what unit is current flow of an electrical circuit measured?

8.
When using Ohm's law, if the voltage remains constant and the resistance goes up, what will happen to the current flow?
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LESSON 1.  PRACTICAL EXERCISE - ANSWERS

1.
Electrons.

2.
Free electrons can be moved readily from their orbit.

3.
A charge of electricity is formed when numerous electrons break free of their atoms and gather in one area.

4.
Rubber, plastic, Bakelite, varnish, and fiberboard.

5.
Magnetism is generally defined as that property of a material which enables it to attract pieces of iron.

6.
The left - hand rule.

7.
Amperes.

8.
The current flow will go down.
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LESSON 2

ELECTRICAL CIRCUITS

TASK 1.  Describe the symbols for, and types of, electrical circuits.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within 3 hours

REFERENCES

No supplementary references are needed for this task.

1.
Introduction

An electrical circuit uses two different types of current, direct and alternating.  Direct current (dc) flows in one direction only, whereas alternating current (ac) constantly varies in amplitude and changes direction at regular intervals.

The M1 tank uses a 24 volt direct current electrical system.  When the engine is running, primary power is supplied by an alternator on the powerpack.  The alternator produces between 27.5 and 28.5 volts direct current power.  When the engine is not running, primary power is supplied by six 12 volt batteries located in the right rear of the hull.  These batteries are series/parallel connected to provide 24 volt power.

This task will discuss direct current only, since the M1 tank uses direct current and a DC circuit is the easiest to understand.  The task will begin with a basic circuit and from there work into the
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symbols used in schematic diagrams.  A schematic diagram is always used by the tank mechanic when working with electricity and electronics.  For this reason, it is very important to become familiar with the symbols that are used.

This task will also explain how to determine the total resistance, current, and voltage in a series, parallel, and combination series/parallel circuit, through the use of Ohm's law.

2.
The Basic Electrical Circuit

a.
The flashlight is an example of a basic electric circuit.  It contains a source of electrical energy (the dry cells in the flashlight), a load (the bulb) which changes the electrical energy into a useful form of energy (light), and a switch to control the energy delivered to the load.

Before you study a schematic representation of the flashlight, it is necessary to define certain terms.  The LOAD is any device through which an electrical current flows and which changes this electrical energy into a more useful form.  Some common examples of loads are a lightbulb, which changes electrical energy to light energy; and electric motor, which changes electrical energy into mechanical energy; and the speaker in a radio, which changes electrical energy into sound.  The SOURCE is the device which furnishes the electrical energy used by the load.  It may consist of a simple dry cell (as in a flashlight), a storage battery (as in an automobile), or a power supply (such as a battery charger).  The SWITCH, which permits control of the electrical device, interrupts the current delivered to the load.

b.
Schematic Representation.  The mechanic's main aid in troubleshooting a circuit in a piece of equipment is the schematic diagram.  The schematic diagram is a "picture" of the circuit that uses symbols to represent the various circuit components; physically large or complex circuits can be shown on a relatively small diagram.  Figure 16, on the following page, is provided to identify different symbols that are used within a schematic diagram.
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FIGURE 16.  EXAMPLE OF SYMBOLS USED WITHIN A

SCHEMATIC DIAGRAM.
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Table 1 shows symbols that were riot found in figure 16, but which may be used or referred to throughout the study of electricity and electronics.

TABLE 1.  SYMBOLS COMMONLY USED IN

ELECTRICITY.

[image: image19.png]NAME SYMBOL

Circuit Breakers
Air circuit breaker C
Three-pole power circuit 111
breaker (single throw)(with TTIT
terminals)

Thermal trip air circuit ? ?
breaker

Contacts (Electrical)

Normally closed contact (NC)

Normally open contact (NO)

NO contract with time closing
{TC) feature

=i~ -

NC contact with time opening
{T0) feature

-

NOTE: NO (normally open) and

NC (normally closed) designates the
position of the contacts when the
main device is in the de—-energized
or nonoperated position.

Indicating lights

Indicating lamp with —O—
leads

Indicating lamp with
terminals <:>




28

PRIN. OF ELECT. SYS. ON M1 TANK - OD 0470 - LESSON 2/TASK 1

TABLE 1.  SYMBOLS COMMONLY USED IN

ELECTRICITY (CONTINUED).

[image: image20.png]NAME

Instruments

Ammeter, with terminals.
Voltmeter, with terminals

Wattmeter, with terminals

Resistors

Resistor, fixed, with
leads

Resistior, fixed, with
terminals

Resistor, adjustable tap
or slide wire

Resistor, adjustable
by fixed leads

‘Resistor, adjustable
by fixed terminals

Instrument or relay
shunt

SYMBOL

QOO

on

FARE

9007




The schematic in figure 17, on the following page, represents the flashlight, described above as the basic electrical circuit.  Part A of the figure shows the flashlight in the off or deenergized state.  The switch (SI) is open.  There is no complete path for current (I) through the circuit, and the bulb (DS]) does not light.  In part B of figure 17, switch SL is closed.  Current flows in the direction of the arrows from the negative terminal of the battery (BAT), through the switch (S1), through the lamp (DSI), and back to the positive terminal of the battery.  With the switch closed, the path for current is complete.  Current will continue to flow until the switch (S1) is moved to the open position, or the battery is completely discharged.

29

PRIN. OF ELECT. SYS. ON M1 TANK - OD 0470 - LESSON 2/TASK 1

FIGURE 17.  BASIC FLASHLIGHT SCHEMATIC.

[image: image21.png]DRY CELL | - FLASHLIGHT
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Now that the basic schematic has been defined and illustrated, the series and parallel direct current circuits can be described.

3.
Series Direct Current (DC) Circuits

a.
When two unequal charges are connected by a conductor, a complete pathway for current exists.  An electric circuit is a complete conducting pathway.  It consists not only of the conductor, but also includes the path through the voltage source.  Inside the voltage source current flows from the positive terminal, through the source, emerging at the negative terminal.

b.
Series Circuit Characteristics.  A series circuit is defined as a circuit that contains only one path for current flow.  To compare the basic circuit that has been discussed and a more complex series circuit, figure 18, on the following page, shows two circuits.  The basic circuit has only one lamp, the series circuit has three lamps, connected in series.


(1)
Resistance in a Series Circuit.  Referring to figure 18, the current in a series circuit must flow through each lamp to complete the electrical path in the circuit.  Each additional lamp offers added resistance.  In a series circuit, the total circuit resistance (RT) is equal to the sum of the individual resistances.

As an equation:   RT = R1 + R2 + R3 + ...  Rn
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FIGURE 18.  COMPARISON OF BASIC AND SERIES

CIRCUITS.

[image: image22.png]BASIC CIRCUIT

SERIES CIRCUIT





NOTE

The subscript "n" denotes any number of additional resistances that might be in the equation.


(a)
Example #1: In figure 19, on the following page, a series circuit consisting of three resistors; one of 10 ohms, one of 15 ohms, and one of 30 ohms; is shown.  A voltage source provides 110 volts.  What is the total resistance?

· Given: R1 = 10 ohms

R2 = 15 ohms

R3 = 30 ohms

· Solution:   RT = R1 + R2 + R3

RT = 10 ohms + 15 ohms + 30 ohms

RT = 55 ohms
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FIGURE 19.  SOLVING FOR TOTAL RESISTANCE IN A

SERIES CIRCUIT.

[image: image23.png]



In some circuit applications, the total resistance is known and the value of one of the circuit resistors has to be determined.  The equation RT = R1 + R2 + R3 can be transposed to solve for the value of the unknown resistance.


(b)
Example #2:  In figure 20, on the following page, the total resistance of a circuit containing three resistors is 40 ohms.  Two of the circuit resistors are 10 ohms each.  Calculate the value of the third resistor (R3).

· Given:  RT = 40 ohms

R1 = 10 ohms

R2 = 10 ohms
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FIGURE 20.  CALCULATING THE VALUE OF ONE

RESISTANCE IN A SERIES CIRCUIT.

[image: image24.png]



· Solution:  RT = R1 + R2 + R3

(Subtract R1 + R2 from both sides of the equation)

RT - R1 - R2 = R3

R3 = RT – R1 - R2

R3 = 40 ohms - 10 ohms - 10 ohms

R3 = 20 ohms


(2)
Current in a Series Circuit.  Since there is only one path for current in a series circuit, the same current must flow through each component of the circuit.  To determine the current in a series circuit, only the current through one of the components need be known.

The fact that the same current flows through each component of a series circuit can be verified by inserting meters into the circuit at various points, as shown in figure 21 on the following page.  If this were done, each meter would be found to indicate the same value of current.


(3)
Voltage in a Series Circuit.  The voltage dropped across the resistor, in a circuit consisting of a single resistor and a voltage source, is the total voltage across the circuit and is equal to the applied voltage.  The total voltage across a series circuit that consists of more than one resistor is also equal to the applied voltage, but
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FIGURE 21.  CURRENT IN A SERIES CIRCUIT.

[image: image25.png]



consists of the sum of the individual resistor voltage drops.  In any series circuit, the sum of the resistor voltage drops must equal the source voltage.  This statement can be proven by an examination of the circuit shown in figure 22.

FIGURE 22.  CALCULATING INDIVIDUAL VOLTAGE

DROPS A SERIES CIRCUIT.

[image: image26.png]
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In this circuit, a source potential (ET) of 20 volts is dropped across a series circuit consisting of two 5 ohm resistors.  The total resistance of the circuit (RT) is equal to the sum of the two individual resistances, or 10 ohms.  Using Ohm's law, the circuit current may be calculated as follows:

· Given: ET = 20 volts

RT = 10 ohms

· Solution:
ET
IT = ----

RT
20 volts

IT = --------
10 ohms

IT = 2 amperes

Since the value of the resistors is known to be 5 ohms each, and the current through the resistors is known to be 2 amperes, the voltage drop across the resistors can be calculated.  The voltage (R1) across R1 is therefore:

· Given: I1 = 2 amperes

R1 = 5 ohms

· Solution:   E1 = I1 x R1
E1 = 2 amperes X 5 ohms

E1 = 10 volts

By inspecting the circuit, it can be seen that R1 is the same ohmic value as R2 and carries the same current.  The voltage drop across R2 is therefore also equal to 10 volts.  Adding these two 10 volts drops together gives a total drop of 20 volts, exactly equal to the applied voltage.  For a series circuit then:

ET = E1 + E2 + E3 + ... + En
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(a)
Example #1.  A series circuit consists of three resistors having values of 20 ohms, 30 ohms, and 50 ohms, respectively.  Find the applied voltage if the current through the 30 ohm resistor is 2 amps.  (The abbreviation amp is commonly used for ampere).

To solve the problem, a circuit diagram is first drawn and labeled (see figure 23).

FIGURE 23.  SOLVING FOR APPLIED VOLTAGE

IN A SERIES CIRCUIT.

[image: image27.png]



· Given: R1 = 20 ohms

R2 = 30 ohms

R3 = 50 ohms

I = 2 amps

· Solution:  ET = E1 + E2 + E3
E1 = R1 x I1 (I1 is the current

through R1.)
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E2 = R2 X I2

E3 = R3 x I3

· Substituting:

ET = (R1 x I1) + (R2 X I2) + (R3 X I3)

ET = (20 ohms x 2 amps) + (30 ohms x 2 amps)

+ (50 ohms x 2 amps)

ET = 40 volts + 60 volts + 100 volts

ET = 200 volts

NOTE
When using Ohm's law, the quantities for the equation must be taken from the same part of the circuit.  In the above example, the voltage through R2 was computed using the current through R2 and the resistance of R2.

The value of the voltage dropped by a resistor is determined by the applied voltage and is in proportion to the circuit resistances.  The voltage drops that occur in a series circuit are in direct proportion to the resistances.  This is the result of having the same current flow through each resistor--the larger the ohmic value of the resistor, the larger the voltage drop across it.

4.
Parallel Direct Current (DC) Circuits

a.
The discussion of electrical circuits presented up to this point has been concerned with series circuits, in which there is only one path for current.  There is another basic type of circuit, known as the parallel circuit, with which you must become familiar.  Where the series circuit has only one path for current, the parallel circuit has more than one path for current.

b.
Parallel Circuit Characteristics.  A parallel circuit is defined as one having more than one current path connected to a common voltage source.  Parallel circuits, therefore, must contain two or more resistances which are not connected in series.  An example of a basic parallel circuit is shown in figure 24, on the following page.
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FIGURE 24.  EXAMPLE OF A BASIC PARALLEL CIRCUIT.

[image: image28.png]



Start at the voltage source (Es) and trace counterclockwise around the circuit.  Two complete and separate paths can be identified in which current can flow.  One path is traced from the source, through resistance R1, and back to the source.  The other path is from the source, through resistance R2, and back to the source.


(1)
Voltage in a Parallel Circuit.  You have seen that the source voltage in a series circuit divides proportionally across each resistor in the circuit.  In a parallel circuit, the same voltage is present in each branch.  (A branch is a section of a circuit that has a complete path for current.)  In figure 24 this voltage is equal to the applied voltage (Es).  This can be expressed in equation form as:

ES = ER1 = ER2

Voltage measurements taken across the resistors of a parallel circuit, as illustrated by figure 25, on the following page, verify this equation.  Each meter indicates the same amount of voltage.  Notice that the voltage across the resistor is the same as the applied voltage.


(a)
Example #1.  Assume that the current through a resistor of a parallel circuit is known to be 4.5 milliamperes (4.5 mA) and the value of the resistor is 30,000 ohms (30 kΩ).  Determine the source voltage of the circuit shown in figure 26, on the following page.
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FIGURE 25.  VOLTAGE COMPARISON IN A PARALLEL

CIRCUIT.

[image: image29.png]



FIGURE 26.  EXAMPLE PROBLEM PARALLEL CIRCUIT.

[image: image30.png]
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· Given: R = 30,000 ohms (30 kΩ)

IR2 = 4.5 milliamps (4.5 mA or .0045 amps)

· Solution:  E = IR

ER2 = .0045 amp x 30,000 ohms

ER2 = 135 volts


(b)
Current in a Parallel Circuit.  Ohm's law states that the current in a circuit is inversely proportional to the circuit resistance.  This fact is true in both series and parallel .circuits.

There is a single path for current in a series circuit.  The amount of current is determined by the total resistance of the circuit and the applied voltage.  In a parallel circuit, the source current divides among the available paths.

The behavior of current in parallel circuits will be shown by a series of illustrations using example circuits with different values of resistance for a given value of applied voltage (see figure 27 on the following page).

Part A of figure 27 shows a basic series circuit.  Here, the total current must pass through the single resistor.  The amount of current can be determined.

· Given:   Es = 50 volts

R1 = 10 ohms

· Solution:
E

I = ---

R

Es

IT = ---
R1
50 volts

IT = --------
10 ohms

IT = 5 amps
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Part B of figure 27 shows the same resistor (R1) with a second resistor (R2) of equal value connected in parallel across the voltage source.  When Ohm's law is applied, the current flow through each resistor is found to be the same as the current through the single resistor in part A.

· Given:  ES = 50 volts

R1 = 10 ohms

R2 = 10 ohms

· Solution:
E

I = ---

R

ES = ER1 = ER2
ER1
IR1 = ---
R1
FIGURE 27.  ANALYSIS OF CURRENT IN PARALLEL

CIRCUIT.
[image: image31.png]
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50 volts

IR1 = --------
10 ohms

IR1 = 5 amps

ER2

IR2 = ---

R2
50 volts

IR2 = --------
10 ohms

IR2 = 5 amps

It is apparent that if there is 5 amperes of current through each of the two resistors, there must be a total current of 10 amperes drawn from the source.

The total current of 10 amperes, as illustrated in figure 27, part B (on page 41), leaves the negative terminal of the battery and flows to point a.  Since point a is a connecting point for the two resistors, it is called a junction.  At junction a, the total current divides into two currents of 5 amperes each.  These two currents flow through their respective resistors and rejoin at junction b.  The total current then flows from junction b back to the positive terminal of the source.  The source supplies a total current of 10 amperes and each of the two equal resistors carries one-half the total current.

Each individual current path in the circuit of figure 27, part B, is referred to as a branch.  Each branch carries a current that is a portion of the total current.  Two or more branches form a network.

From the previous explanation, the characteristics of current in a parallel circuit can be expressed in terms of the following general equation:

IT = I1 + I2 + I3 + ...  In
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Compare part A of figure 28 with part B of the circuit in figure 27 on page 41.  Notice that doubling the value of the second branch resistor (R2) has no effect on the current in the first branch (IR1), but does reduce the second branch current (IR2) to one-half its original value.

FIGURE 28.  CURRENT BEHAVIOR IN PARALLEL

CIRCUITS.

[image: image32.png]



The total circuit current drops to a value equal to the sum of the branch currents.  These facts are verified by the following equations:

· Given:  ES = 50 volts

R1 = 10 ohms

R2 = 20 ohms

· Solution:
E

I = ---

R

ES = ER1 = ER2

43

PRIN. OF ELECT. SYS. ON M1 TANK - OD 0470 - LESSON 2/TASK 1

ER1
IR1 = ---

R1
50 volts

IR1 = --------

10 ohms

IR1 = 5 amps

ER2

IR2 = ---
R2

50 volts

IR2 = --------
20 ohms

IR2 = 2.5 amps

IT = IR1 + IR2

IT = 5 amps + 2.5 amps

IT = 7.5 amps

The amount of current flow in the branch circuits and the total current in the circuit shown in figure 28, part B (on page 43) are determined by the following computations.

· Given:
ES = 50 volts

R1 = 10 ohms

R2 = 10 ohms

R3 = 10 ohms

· Solution:
E

I = ---

R

ES = ER1 = ER2 = ER3
ER1
IR1 = ---

R1
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50 volts

IR1 = --------
10 ohms

IR1 = 5 amps

ER2
IR2 = ---

R2

50 volts

IR2 = --------
10 ohms

IR2 = 5 amps

ER3
IR3 = ---

R3

50 volts

IR3 = --------
10 ohms

IR3 = 5 amps

IT = IR1 + IR2 + IR3

IT = 5 amps + 5 amps + 5 amps

IT = 15 amps


(c)
Resistance in a Parallel Circuit.  In the example diagram, figure 29 on the following page, there are two resistors connected in parallel across a 5 volt battery.  Each has a resistance value of 10 ohms.  A complete circuit consisting of two parallel paths is formed and current flows as shown.

Computing the individual currents shows that there is one-half of an ampere of current through each resistance.  The total current flowing from the battery to the junction of the resistors, and returning from the resistors to the battery, is equal to I ampere.

The total resistance of the circuit can be calculated by using the values of total voltage (ET) and total current (IT).
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FIGURE 29.  TWO EQUAL RESISTORS CONNECTED IN

PARALLEL.
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NOTE
From this point on, the abbreviations and symbology for electrical quantities will be used in example problems.

· Given: ET = 5 V

IT = 1 A

· Solution:
E

R = ---

I

ET
RT = ---
I
5 V

RT = --- = 5 Ω
1 A

This computation shows the total resistance to be 5 ohms; one-half the value of either of the resistors.

Since the total resistance of a parallel circuit is smaller than any of the individual resistors, total resistance -of a parallel circuit.  is not the sum of the individual resistor values, as was the case in a series circuit.  The total resistance of resistors in parallel is also referred to as equivalent resistance (Req).  The terms total
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resistance and equivalent resistance are used interchangeably.

There are several methods used to determine the equivalent resistance of parallel circuits.  The best method for a given circuit depends on the number and value of the resistors.  For the circuit described above, where all resistors have the same value, the following simple equation is used:

R

Req = ---

N

Where: Req = equivalent parallel resistance

R = ohmic value of one resistor

N = number of resistors

This equation is valid for any number of parallel resistors of equal value.


(d)
Example #1.  Four 40 ohm resistors are connected in parallel.  What is their equivalent resistance?

· Given: R1 = R2 = R3 = R4

R1 = 40 Ω
· Solution:
R

Req = ---


N

40Ω
Req = ---
4

Req = 10 Ω
Figure 30, on the following page, shows two resistors of unequal value in parallel.  Since the total current is shown, the equivalent resistance can be calculated.

· Given: ES = 30 V

IT = 15 A
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FIGURE 30.  EXAMPLE CIRCUIT WITH UNEQUAL PARALLEL

RESISTORS.

[image: image34.png]



· Solution:
ES
Req = ---

IT
30V

Req = ---
15A

Req = 2Ω
The equivalent resistance of the circuit shown in figure 30 is smaller than either of the two resistors (R1, R2).  An important point to remember is that the equivalent resistance of a parallel circuit is always less than the resistance of any branch.

Equivalent resistance can be found if you know the individual resistance values and the source voltage.  By calculating each branch current, adding the branch currents to calculate total current, the total can be found.  This method, while effective, is somewhat lengthy.  A quicker method of finding equivalent resistance is to use the general.  Formula for resistors in parallel:


1
1
1
1
1

---
=
---
+
---
+
---
+ ...
---


Req
R1
R2
R3
Rn
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If you apply the general formula to the circuit shown in figure 30 (on page 48), you will get the same value for equivalent resistance (2 ) as was obtained in the previous calculation that used source voltage and total current.

· Given:  R1 = 3Ω
R2 = 6Ω
· Solution:
1
1
1

---
=
---
+
---
Req
R1
R2


1
1
1

---
=
---
+
---
Req
3Ω
6Ω
Convert the fractions to a common denominator.


1
2
1

---
=
---
+
---
Req
6Ω
6Ω

1
3

---
=
---
Req
6Ω

1
1

---
=
---
Req
2Ω
Since both sides are reciprocals, (divided into one) disregard the reciprocal function.

Req = 2Ω
5.
Series-Parallel Direct Current (DC) Circuits

a.
In the preceding discussions, series and parallel DC circuits have been considered separately.  The tank mechanic will encounter circuits consisting of both series and parallel elements.  A circuit of this type is referred to as a combination circuit.  Solving for the quantities and elements in a combination circuit is simply a matter of applying the laws and rules discussed up to this point.

b.
Solving Combination-Circuit Problems.  The basic technique used for solving DC combination-circuit problems is the use of equivalent circuits.  To simplify a complex circuit to a simple circuit
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containing only one load, equivalent circuits are substituted (on paper) for the complex circuit they represent.

To demonstrate the method used to solve combination circuit problems, the network shown in figure 31, part A, will be used to calculate various circuit quantities, such as resistance, current, and voltage.

FIGURE 31.  EXAMPLE COMBINATION CIRCUIT.

[image: image35.png]



Examination of the circuit shows that the only quantity that can be computed with the given information is the equivalent resistance of R2 and R3.

· Given:  R2 = 20Ω
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R3 = 30Ω
· Solution:
R2 x R3   (Product over

Req1 = --------   the sum)


R2 + R3

20 x 30

Req1 = --------
20 + 30

600

Req1 = ---
50

Req = 12Ω
Now that the equivalent resistance for R2 and R3 has been calculated, the circuit can be redrawn as shown in figure 31, part B, on page 50.

The equivalent resistance of this circuit (total resistance) can now be calculated.

· Given: R1 = 8Ω
(Resistors in

Req1 = 12Ω.   series)

· Solution:  Req = R1 + Req

Req = 8 + 12

Req = 20Ω
or

RT = 20Ω
The original circuit can be redrawn with a single resistor that represents the equivalent resistance of the entire circuit as shown in figure 31, part C.  Total current and voltage drop across R1, R2, and R3 can now be determined.

To find the total current in the circuit:

· Given: ES = 60 V

RT = 20Ω
· Solution:       ES
IT = ---

RT
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60 V

IT = ---   (Ohm's law)

20Ω
IT   3 A

To find the voltage dropped across R1, R2, and R3 refer to figure 31, part B, on page 50.  Req1 represents the parallel network of R2 and R3.  Since the voltage across each branch of a parallel circuit is equal, the voltage across Req1 (Eeq1) will be equal to the voltage across R2 (ER2) and also equal to the voltage across R3 (ER3).

· Given:  IT = 3 A  (Current through each part

of a series circuit is

R1 = 8Ω  equal to total current.)

Req1 = 12Ω
· Solution:  ER1 = I1 x R1
ER1 = 3 A x 8Ω
ER1 = 24 V

ER2 = ER3 = Eeq1
Eeq1 = IT X Req1
Eeq1 = 3 A x 12Ω
Eeq1 = 36 V

ER2 = 36 V

ER3 = 36 V

6.
Conclusion

This concludes the discussion on electrical circuits.   A brief summary is provided below to outline some of the important points covered in this task.

a.
Basic Electric Circuit.  A basic electric circuit consists of a source of electrical energy connected to a load.  The load uses the energy and changes it to a useful form.
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b.
Schematic Diagram.  A schematic diagram is a "picture" of a circuit, which uses symbols to represent components.  The space required to depict an electrical or electronic circuit is greatly reduced by the use of a schematic.

c.
Voltage.  Voltage (E) is the electrical force or pressure operating a circuit.

d.
Ampere.  An ampere (A) represents the current flow produced by one volt working across one ohm of resistance.

e.
Resistance.  Resistance (R) is the opposition to current.  It is measured in ohms (a).  One ohm of resistance will limit the current produced by one volt to a level of one ampere.

f.
Ohm's Formula.  The Ohm's formula can be transposed to find one of the values in a circuit if the other two values are known.  You can transpose the Ohm's law formula I = E
                                    R

mathematically, or you can use the Ohm's law figure to determine the mathematical relationship between R, E, and I.

g.
Series Circuit.  A series circuit is defined as a circuit that has only one path for current flow.

h.
Parallel Circuit.  A parallel circuit is a circuit having more than one current path connected to a common voltage source.

i.
Combination Circuit.  The solution of a combination circuit is a matter of applying the laws and rules for series and parallel circuits as applicable.
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PRACTICAL EXERCISE 2

1.
Instructions

Read the scenario and respond to the requirements that follow the scenario.

2.
Scenario

You are assigned at Aberdeen Proving Ground as an instructor in the Mobility Department.  On Friday morning, your section chief informs you that Sergeant Jones, who normally teaches the class on electrical circuits, has to go on emergency leave and there is no one but you to teach his class on Monday morning.  This will be the first time you have given a class on electrical circuits because the majority of your classes have been on hydraulics.

Giving a class for the first time requires a lot of rehearsing, but what is more important is having a thorough knowledge of the subject matter.  To prepare for your class, you review the lesson plan and prepare a list of questions that you think will help you better understand the subject matter.

3.
Requirement

Below is a list of questions that you feel will aid in understanding electrical circuits.  Provide an answer sheet for the questions below.

a.
How do you determine total resistance in a series circuit?

b.
A series circuit consisting of three resistors has a current of 3 amps.  R1 = 20 ohms, R2 = 60 ohms, and R3 = 80 ohms.  What is the source voltage of the circuit?

c.
What is the definition of a parallel circuit?

d.
There is a relationship between total current and current through the individual components in a circuit.  What is this relationship in a series circuit and a parallel circuit?
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e.
What.  equation is used to determine equivalent resistance of a parallel circuit when all the resistors have the same value?

f.
How is the solution of a combination circuit defined?
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LESSON 2.  PRACTICAL EXERCISE - ANSWERS

Requirement

a.
Total resistance is equal to the sum of all the individual resistances.

b.
480 volts.

c.
A parallel circuit is a circuit having more than one current path connected to a common voltage source.

d.
Total current in a series circuit flows through every circuit component but in a parallel circuit total current divides among the available paths.

e.          R

Req = ---, where R = ohmic value of one

N   resistor and N = number of

resistors.

f.
The solution of a combination circuit is a matter of applying the laws and rules for series and parallel circuits, as applicable.
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LESSON 3

SAFETY RULES COVERING THE USE OF

ELECTRICAL EQUIPMENT

TASK 1.
Describe the safety rules to follow when installing and grounding electrical wires and when handling electrical equipment.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within 1 hour

REFERENCES

No supplementary references are needed for this task.

1.
Introduction

Safety precautions must always be observed by anyone working around electric circuits and equipment, to avoid injury from electric shock.

This' task will outline the safety rules that must be followed when installing and grounding electrical wires, and when handling electrical equipment.

2.
Safety Practices

a.
Protective Equipment.  Generators and feeders of a military power plant are protected from electrical overloads and faults by fuses and air circuit breakers.  Some extremely small plants have fuse switches.

Circuit breakers are preferred over fuses in power plants because they ensure that all phase conductors are disconnected at once, while only one fuse may blow and allow the other phases to remain
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energized.  Circuit breakers may be operated by tripping relays, tripping reactors, or thermal elements.


(1)
Air Circuit Breakers.  Air circuit breakers usually have thermally operated tripping devices or relays, and alternating current reactor tripping devices.

Generator circuit breakers are adjusted to delay tripping, for light overloads or distant faults, and to trip quickly on heavy overloads and faults near the plant or on the station bus.

Circuit breakers on feeder lines are adjusted to operate quickly on overloads, therefore, the generator breaker does not open.

Military generators usually have high internal impedance which limits the amount of current that can be obtained from the generator itself, under short-circuited conditions, to approximately 2 ½ times the full load amperage rating of the generator.

Therefore, generator circuit breakers should not be set for a higher current than the generator can deliver.

Three-phase, 3-wire generators require only two tripping elements, one put into action by each of two phases, because overcurrent cannot be taken from one phase without affecting one or both of the other phases.

Three-phase, 4-wire generators require three tripping elements for complete protection.  The generator should remain connected to the lines until the operator disconnects it, or until it is automatically disconnected through overload.


(2)
Fuses.  Fuses should be located either at the loads or within the buildings or shelters requiring power.  Within this task, some of the most commonly used fuses will be described, together with the proper replacement of a blown fuse.


(a)
Open Type Fuses.  The link fuse, shown in figure 32, on the following page, is an example of the open-type fuse.  A link fuse must be enclosed
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FIGURE 32.  LINK FUSE.

[image: image36.png]



in an iron or composition box, or be mounted on a switchboard.  This type of fuse consists of a wire or strip of easily melted material that will melt at a definite rated current.

Link fuses are generally rated at 80% of the maximum current that they will carry indefinitely.  This allows for a 25t% overload of the fuse rating before the fuse will melt.

The ends of the fuse wire or strip are usually fastened to copper terminals for convenience in connecting the circuit.

WARNING
Open-link fuses have the disadvantage of exploding when a short circuit occurs, and may burn a person who is near.


(b)
Enclosed Type Fuses.  Enclosed fuses are either plug or cartridge fuses (figure 33 on the following page).  The plug fuse is made with various size fuse links, ranging from 1 to 30 amperes.

The cartridge fuse has ferrule contacts in sizes up to 60 amperes and knife-blade contacts up to 600 amperes.


(c)
Plug Fuse with Time Lag.  Circuits supplying electric motors are subject to momentary high currents, required for starting the motor, which will blow the ordinary fuse.  For this type of circuit, plug fuses with time lag are available, with regular screw bases or tamper-resisting screw bases.
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FIGURE 33.  TYPICAL ENCLOSED-TYPE FUSE.

[image: image37.png]1 - Typical plug fuse 2 - Cartridge fuse with ferrule contacts
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The internal construction of the time lag plug fuse is shown in figure 34.  The heavy fuse link does not open quickly on motor-starting currents.

An overload heats the thermal cutout in the fuse link, causing the solder to soften and release the spring at the end of the fuse link if the overload continues.

FIGURE 34.  PLUG WITH TIME LAG.

[image: image38.png]
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Since the motor-starting currents do not last long enough to melt the solder, the time lag fuse does not open.  In case of a short circuit, however, the fuse link blows, just as an ordinary fuse does.


(d)
Cartridge Fuses.  Both ferrule and knife-blade contact-type cartridge fuses may be obtained with ordinary nonrenewable or renewable fuse links, and with the time lag feature.

Figure 35 illustrates the nonrenewable (1), renewable (2), and time lag--type (3) cartridge fuse.
FIGURE 35.  CROSS SECTION OF TYPICAL CARTRIDGE TYPE

FUSES.
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The following checks should be made of cartridge fuses and fuse blocks:


1
Check the fuse block to make sure the clips are in full contact with the fuse.  Fuses having improper contacts will overheat and may blow at less than rated current.


2
Any prolonged overheating would destroy the fiber case and take spring tension out of the clips.


3
Replace clips that have lost their tension.


4
If the inside of the clip is not bright and clean, clean with emery cloth.


5
If the fuse does not require considerable pressure to insert it into clips, insufficient
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contact pressure is present.  Remove the fuse and draw the clips together.


6
Check fuse blocks and make sure clips are straight and in line.


(e)
Replacing Blown Fuses.  A blown fuse indicates an overload or other trouble.  In replacing a blown fuse, observe the following precautions and procedures:


1
Do not put in a new fuse until the source of trouble has been located and corrected.


2
Do not replace a blown fuse with one of a higher rating before determining the carrying capacity of the circuit.- Using a fuse too large does not give adequate protection.


3
Do not insert fuses into a live circuit; the fuse may arc and cause a burr on the ferrule or terminal, which could prevent good clip contact.

b.
Safety Rules Covering the Use of Electrical Equipment.  Work on electrical circuits or apparatus of any kind is generally considered hazardous due to accidents which have occurred, usually resulting in loss of time, partial or permanent disability, and in some cases death.

Provision for necessary safeguards and care on the part of operating or maintenance personnel can practically eliminate most accidents.

The following paragraphs contain tile more essential but not all the safety rules that should be applied to electrical equipment.


(1)
Electrical Construction and installation.  The subparagraphs below will describe safety rules for electrical construction and installation.


(a)
Generators, motors, control equipment, and conductors must be installed so that exposed line parts are properly guarded or protected.


(b)
Rotating or moving parts of generators or motors must have proper guards, to prevent the possibility of catching onto limbs or clothing.

(c)
Control equipment, such as circuit breakers carrying 110 volts or over, should be installed so
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that there will be enough room to inspect, repair, or replace them.


(d)
Main feeders and branch wiring carrying 400 volts or over should be installed in conduit or lead--covered cable.  Cables with modern coverings, such as neoprene, would be satisfactory in many cases.


(e)
Make sure the line voltage is marked plainly by signs stating the voltage of the circuit.


(f)
If possible, mark lead--covered cables with nonferrous metal tags engraved with identifying numbers.


(g)
When working on circuits, use rubber gloves and cover the rubber gloves with an additional pair of leather-protected gloves, in case the rubber gloves should develop a hole or wear thin.  Ensure that the circuit is deenergized and tagged, so someone does not try to turn it back on.


(2)
Handling of Electrical Circuits.  The following subparagraphs will outline the safety rules for handling electrical circuits.


(a)
Consider all voltages as dangerous, even though the voltage may not be high enough to produce a serious shock.


(b)
When examining or making repairs on light or power circuits of any voltage, the current must be shut off.


(c)
Treat dead circuits the same as live circuits, in case the power is accidentally turned on by another person.


(d)
When locating trouble in series lamp circuits, use extreme care, and before any repairs are made, shut off the power.


(e)
Before working on a line circuit at a point remote from the control switch, which has been tagged, the conductors should be short-circuited to ground at a point on the line between the switch and where the work is to he performed.


(f)
Before power is applied to a circuit for the first time, make a complete check of the circuit.

63

PRIN. OF ELECT. SYS. ON M1 TANK - OD 0470 - LESSON 3/TASK 1

If other personnel are near, instruct them to protect themselves by standing at a safe distance.


(g)
Any remaining charges on large capacitors should be scattered by grounding.


(h)
Before servicing any part of the generator set, or making load connections, make certain that the main circuit breaker is off and that the unit is not connected  to an energized  line.


(i)
Before making any connections for paralleling, stop both generator sets and see that they are not connected to an energized line.


(j)
Before placing the main circuit breaker in the ON position, see that the load is equal to, or under, the rated capacity of the operating unit.


(k)
Do not perform maintenance on the generator set controls, instruments, or wiring when the unit is operating, or when the unit is connected to any external line.


(3)
Grounding.  All electrical equipment such as generators, motors, conduits, switch boxes, transformers, and portable power tools and equipment must be adequately grounded when installed.

The practice of grounding such apparatus is to prevent shock due to improper insulation, insulation failure, or from the current of other line circuits that may make contact with the apparatus.  The subparagraphs below will describe methods  of grounding and the safety  steps that should be followed when grounding equipment.


(a)
Methods of Grounding.  There are three basic methods used in grounding tactical portable power generation equipment.

1
Rod Electrodes.  The standard ground rod used by the military is a 5/8 inch copper rod with three sections of 3 feet each.  The rod electrode must be driven to a depth of at least 8 feet.

If this cannot be done, the electrode may be buried in a horizontal trench.  Caution must be taken to ensure that the electrode is placed below the moisture level.
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2
Pipe Electrode.  A clean metallic pipe of at least 3/4 inch trade size may be used.  The pipe electrode must be driven to a depth of 4 feet.

If this cannot be done, an 8 foot long pipe may be buried in a horizontal trench.  Caution must be taken to ensure that the pipe is placed below the moisture level.


3
Plate Electrodes.  A buried plate electrode may be used.  Plate electrodes shall not be less than 10 inches wide and 10 inches long (100 square inches).

If an iron or steel plate is used it must be at least 1/4 inch thick, and if nonferrous metal at least 0.06 inch thick.  Plates; must be buried below the permanent moisture level.


(b)
Safety Steps.  The following information should be followed when grounding electrical equipment.


1
While working on all wires, cables;, or apparatus, remember that when there is voltage on a circuit, current can flow to the ground; therefore, take precautions to keep yourself properly insulated.


2
Take precautions to prevent shock injury from live circuits while working on damp or wet surfaces.   Under such conditions, use additional insulation to prevent, the current from grounding through you.


3
Grounds can be either useful or undesirable.   The desirable ones are easily maintained because they only require good connect ions.  An unexpected ground, however, is a serious personnel hazard.


4
Do not operate the generator set until the ground terminal has been connected to a suit able ground.


5
Electrical faults in the generator set, load lines, or load equipment can cause death by electrocution when contact is made with an ungrounded system.
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(4)
General Precautions.


(a)
Do not rely entirely on safety devices to prevent accidents.  Make sure that the proper device is being used for the particular work being done.


(b)
When working near electrical equipment, it will sometimes be necessary to rope off space to protect persons close to, but not engaged in, the particular operation.


(c)
If the operator must leave the site for any reason, he must give adequate instructions regarding the equipment to all persons coming on the job.


(d)
Rubber mats, or other suitable insulation material, should be used for protection while working on live circuits, or when operating high tension switches.


(e)
When switches are closed or opened slowly, or blades allowed to touch contacts to determine if power is on the line, arcs may be drawn, resulting in blinding flashes or injury.


(f)
Iron objects, such as tools or oil cans, should be kept clear of field magnets, to prevent their being drawn into moving parts.


(g)
Do not operate the generator set in an enclosed area unless the exhaust gases are piped to the outside.


(h)
When handling fuel, always provide a metal-to-metal contact between the container and the tank.  This will prevent a spark from being generated as fuel flows over the metallic surfaces.


(i)
Keep the immediate operating area dry, or use insulating materials around the unit, to avoid a serious shock hazard.


(j)
Use caution when removing the radiator cap while the engine coolant is hot.  Rotate the cap slowly to reduce the pressure in the cooling system.


(k)
Quick removal of the cap will allow hot engine coolant to escape and possibly cause injury to personnel.
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(l)
Do not smoke or use an open flame in the vicinity when servicing batteries.  Batteries generate hydrogen, a highly explosive gas.


(m)
Batteries are filled with an electrolyte containing sulfuric acid which causes serious skin burns.  If the electrolyte comes in contact with skin or clothing, rinse immediately with clean water.


(n)
When using nickel-cadmium batteries, use distilled water only; do not use a hydrometer or dropper that has been in contact with a lead acid battery to add the distilled water.


(o)
Ear protectors must be worn when operating gas turbine-driven units.


(p)
Keep objects clear of the air intake of gas turbine sets.


(q)
Keep personnel clear of the exhaust gas flow and plane of rotation, when operating gas turbine-driven units.


(r)
When moving a generator, do not use a lifting device with a capacity of less than the weight of the set.  Do not allow the generator set to swing back and forth when it is suspended.

3.
Conclusion

If the safety rules presented in this task are followed, the installation and grounding of electrical equipment will be performed without injury.
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PRACTICAL EXERCISE 3

On a plain sheet of paper, write down the answers to the following questions.  When you have answered them, turn the page and check you answers.

1.
Why are circuit breakers preferred over fuses in power plants?

2.
What type of fuse consists of a wire or strip of easily melted material that will melt at a definite rated current?

3.
What type of fuse should be used for circuits subject to momentary high currents?

4.
What must be done before placing the main circuit breaker in the ON position?

5.
When handling fuel, what must always be provided between the container and the tank?
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LESSON 3.  PRACTICAL EXERCISE - ANSWERS

1.
Circuit breakers are preferred because they insure that all phase conductors are disconnected at once.

2.
A link fuse.

3.
A plug fuse with time lag.

4.
Be sure that the load is equal to or under the rated capacity of the operating unit.

5.
A metal-to-metal contact.
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