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INTRODUCTION

(10 MIN)

1.  GAIN ATTENTION: It is very important for the individual Marine to know how to test and diagnose electrical circuits with speed and skill. You minimize the equipment down time and the cost of diagnosing and testing the equipment, which means that you save money and man-hours. A great deal of money is wasted on the wrong repair parts because the mechanic does not know how to properly diagnose the problem the first time.

2.  PURPOSE: The purpose of this period of instruction is to familiarize the student with the function of the electrical system and the correct procedures to diagnose an electrical system malfunction.

3. INTRODUCE LEARNING OBJECTIVE (S):
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a. TERMINAL LEARNING OBJECTIVE: 

(1) Provided an item of engineer equipment with a malfunctioning electrical system, necessary tools, and the appropriate technical manuals, repair the electrical system so that it functions properly I.A.W. the appropriate technical manual. (1341.03.06)
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b. ENABLING LEARNING OBJECTIVES:

(1) Provided with a schematic of an electrical system, properly identify the symbols on the schematic. (1341.03.06a)

(2) Provided with a multimeter and a conductor, determine if the conductor has continuity. (1341.03.06b)
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(3) Provided with a multimeter and an electrical system, measure system current, voltage, and resistance. (1341.03.06c)

(4) Provided with an electrical schematic, identify and explain the various types of electrical circuits. (1341.03.06d)

(5) Provided with an electrical schematic, an item of engineer equipment, describe the four basic types of electrical failures. (1341.03.06e)
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(6) Provided with an electronic circuit, and using Ohm’s Law, determine resistance in a circuit. (1341.03.06f)

(7) Provided with a circuit breaker or fuse, appropriate test equipment, determine if the circuit breaker or fuse is serviceable. (1341.03.06g)

(8) Provided with a switch or relay, appropriate test equipment, determine if the switch or relay is serviceable. (1341.03.06h)
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(9) Provided with a resistor or capacitor, appropriate test equipment, determine if the resistor or capacitor is serviceable. (1341.03.06i)

(10) Provided with a solenoid or transformer, appropriate test equipment, determine if the solenoid or transformer is serviceable. (1341.03.06j)

(11) Provided with a diode or transistor, appropriate test equipment, determine if the diode or transistor is serviceable. (1341.03.06k)
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(12) Provided with a starter, appropriate test equipment, determine if the starter is serviceable. (1341.03.06l)

(13) Provided with an alternator, appropriate test equipment, determine if the alternator needs adjustment, and adjust the alternator if necessary to specification. (1341.03.06m)
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c. STUDENT READING ASSIGNMENTS: FOS Electrical Systems chapters 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12 and FOS Electronic and Electrical Systems chapters 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12.

4. METHOD/MEDIA: I will do this by the informal lecture method with the aid of a power point presentation and the use of demonstration and practical application. There will be a fifty question written exam and a performance evaluation at the time indicated on the training schedule.

INTRODUCTORY TRANSITION: All equipment has some kind of electrical system. Learning how to properly identify and correct electrical malfunctions will save you time and money.

BODY

(40 MIN)

1. Identifying electrical current

Slide #9

a) What is electricity?



(1) Electricity is the flow of electrons from atom to atom through a conductor.



(2) Atoms have electrons in orbit around a core or protons.



(3) Each atom contains an equal number of electrons and protons.



(4) Atoms, which have less than four electrons in their outer rings, are good conductors of electricity. Copper is a good example.



(5) Protons have a positive charge and electrons have a negative charge.



(6) When the number of protons and electrons are equal, the atom is neutrally charged.



(7) When electrons are attracted away from the atom, the attracting atom can become positively charged with to many protons. When protons are attracted away from the atom, the atom becomes negatively charged with to many electrons.



(8) An external force is needed to dislodge electrons from the outer ring of their atoms. The battery, alternator, or electrical generator is used to do this.

Slide #10

b) What are conductors and insulators?



(1) A conductor is an element whose atoms have less than four electrons in their outer ring; since only four electrons are in the outer rings, electrons are more easily dislodged to create flow of current.



(2) An insulator is an element whose atoms have more than four electrons in their outer ring; electrons are difficult to dislodge therefore no flow (or very little) flow of current.
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c) What is current?



(1) Current is the flow of electrons through a conductor. (wire)



(2) Current is measured in amperes, or electrons per second. One ampere is approximately 6.28 billion billion electrons a given point a given second.



(3) Current in amperes, or rate of flow of electrons, is similar to the flow of water in a pipe, which is measured in gallons per minute. (gpm) 
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d) What is voltage?



(1) Voltage is the force that causes the flow of current in a conductor. Voltage, also referred to as pressure or potential, is measured in volts.



(2) Voltage is the factor that creates an unbalance in the number of electrons and protons. This unbalance may also be referred to as potential. Voltage causes electrons to leave their atoms. An electron on the positive side is attracted to the proton of another atom and leaves its atom. This atom is positively charged because it now has too few electrons. Therefore, it attracts an electron from its neighbor. The neighbor in turn receives an electron from the next atom and so on.



(3) Voltage is produced between two points when a positive charge exists at one point and a negative charge exists at the other point. The greater the lack of electrons at the (+) end of the conductor, the greater the excess of electrons at the other end (-). The greater the charge at each point, the greater the voltage.



(4) Voltage, the force causing electrons to flow, is the same as pressure in a pipe that causes water to flow through the pipe, which is measured in pounds per square inch. (psi)
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e) What is resistance?



(1) The property of a conductor that opposes the passage of an electrical current and changes electrical energy to heat.



(2) All conductors offer some resistance to the flow of current.



(3) Resistance is measured in Ohm’s. One Ohm is the resistance allowing one ampere to flow in a circuit under pressure, or potential, of one volt.



(4) Resistance is caused by:

(a) Each atom resisting the removal of an electron due to the attraction to the core.

(b) Collisions of countless electrons and atoms as the electrons move through the conductor.

(c) These collisions create resistance and cause heat in the conductor.

(5) Resistance in a current is sometimes desirable.
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(6) Resistance in a circuit is sometimes a disadvantage. For example, the conductor leading from the light switch to the light, if to small, inhibits the flow of electrons, therefore reducing the voltage at the lights. The voltage drop (assume two volts) due to the conductor itself reduces the voltage at the light from 12 to 10. This is due to:

(a) The length of the wire. The longer the wire, the greater the resistance. If the length of the wire is doubled, the resistance between the two ends doubles.

(b) The cross-sectional area of the wire. The smaller the wire, the greater the resistance. If the cross-sectional area of a wire is reduced by one-half, the resistance for a given length is doubled.

(c) The temperature of the wire. The hotter the wire, the greater the resistance. If the temperature of the wire increases from 70 degrees F to 170 F, the resistance of a ten-foot length of wire increases by 25 percent.

Show Caterpillar Training Module, Chapter 2, Electrical Relationship

2. Measuring current, voltage, and resistance?
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a) What TMDE is used?

(1) Current is measured with an ammeter.

(2) Voltage is measured with a voltmeter.

(3) Resistance is measured with an Ohmmeter.

b) Generally all three meters are combined and called a multimeter. All three readings can be done with the same TMDE by just moving a selector switch on the meter.

3. Electromagnetism 

a) Magnetism and how it works.



(1) A magnetic field is described as invisible lines of force, which come out of the N (north) pole and enter the S (south) pole.



(2) Every magnet has an N and S pole and has a field of force surrounding it. Unlike poles attract each other and like poles repel each other.

Slide #16

b) What is electromagnetism?



(1) Electricity and magnetism are related because a magnetic field is established around a conductor that is carrying current.



(2) Magnetic lines have direction and change direction when the current flow changes direction in the wire. They do not move or flow around the wire – they merely have direction.



(3) The right hand rule for a straight conductor states that if you grasp the wire with the thumb extended in the direction of conventional current flow (positive to negative), The fingers will then point in the direction in which the lines of force surround the conductor. These lines of force are always at right angles to the conductor.



(4) The number of lines of force, or strength of the magnetism, increases as the current through a single conductor is increased.



(5) Two conductors lying beside one another, carrying equal currents in the same direction, create a magnetic field equivalent to one conductor carrying twice the current.



(6) When a single conductor is wound into a number of loops to form a coil, the resulting magnetic field is the sum of all the single magnetic fields added together. This is the same as several conductors lying side-by-side carrying current in the same direction. When a coil is wound over a core of magnetic material such as iron, the assembly becomes a usable electromagnet.



(7) The strength of the magnetic poles in an electromagnet are directly proportional to the number of turns of wire and the current amperes flowing through the coil.



(8) Ampere-turns are a measure of the magnetic field strength of an electromagnet. One ampere flowing through 1,000 turns of a conductor has a magnetic field strength of 1,000-ampere turns; likewise, 10 amperes flowing through 100 turns has a field strength of 1,000-ampere turns.



(9) The resistance that a magnetic circuit offers to the lines of force, or flux, is called reluctance. The reluctance is comparable to the resistance in an electrical circuit. The field strength is inversely proportional to the reluctance; that is, if the reluctance increases, the field strength decreases.

c) What is electromagnetic induction?
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(1) Electromagnetic induction is when a conductor is moved across a magnetic field, and a voltage is induced in the conductor. (It takes voltage to create voltage)



(2) The magnitude of the induced voltage is determined by:

(a) The strength of the magnetic field.

(b) The speed at which lines of force are cutting across the conductor.

(c) The number of conductors that are cutting across the lines of force.

(3) One method in which voltage can be induced by electromagnetic induction is- Generated Voltage –using a direct-current generator which moves the conductors across a stationary magnetic field to produce voltage and current. This is the method used by generators and alternators.

OPPORTUNITY FOR QUESTIONS

(5 MIN)

QUESTIONS FROM THE CLASS:
 

QUESTIONS TO THE CLASS:

Q. Does an electromagnetic field get stronger as more current flows through its coil?

A. Yes

Q. Do all conductors offer some resistance to the flow of current?

A. Yes

SUMMARY: During this period of instruction I covered electricity and how it works.

BREAK

(10 MIN)

INTRODUCTORY TRANSITION: During this period of instruction I will be covering how to measure electricity.

(50 MIN)

4. Electrical circuits
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a) An electrical circuit is a schematic of electronic components that permits the flow of electrons.
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b) Types of electrical circuits and their characteristics?



(1) Series Circuits – which have several resistors connected so that the current can flow along only one path. Series circuits have high resistance.



(2) Parallel Circuits – they have more than one path for the current to flow. The resistors are side-by-side and provide separate routes for the current. Parallel circuits have low resistance. This type of circuit is used to connect several motors, lights, or other resistances where it is mandatory that all voltage remains the same.



(3) Combination Series/Parallel – they have some resistors connected in series and some in parallel. Series/Parallel circuits have medium resistance. The conductor always provides in the line or series resistance. The amount of resistance is dependant upon the amperes of current and the size of the conductor. An example of this circuit is a resistor connected in series with a vehicle blower motor that is wired in parallel. The resistor permits changing speed of the motor.

Show Caterpillar Training Module, Chapter 2, Circuit Analysis

5. Pulses, waves, frequency and signals and why are they important to electronic circuits?
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a) Pulse



(1) A pulse is a sudden on and off of direct current flow within a circuit.



(2) The width of the pulse is the length of time the switch was on. The height of the pulse is known as the amplitude and is determined by the amount of voltage.



(3) Today pulses are processed, generated and controlled by Logic or Digital electronic circuit devices.

b) Waves



(1) Waves are created by varying a continuous flow of electrons within a circuit. The variation of current is accomplished by different types of devices located within a circuit.



(2) The process that generates the waveform is known as modulation. Waveforms can be created by either direct or alternating current to form signals.

c) Frequency



(1) Controlled pulses and waves require a certain amount of time for one cycle to be completed. Frequency is the number of cycles occurring in one unit of time, generally one second.



(2) The periodic waveforms (frequencies caused by controlled variations of current) can convey information in circuits that display visual information to the operator. 

6. Common Electrical Failure
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a) The four most common types of electrical failures that occur in an electrical system.



(1) “HIGH RESISTANCE”- caused by loose, corroded, dirty or oily terminals or by broken strands within a circuit wire that reduces the capacity of the wire to carry current. High resistance within a circuit can result in slow, dim or complete failure of the component to operate.



(2) “OPEN”- a break or interruption in the circuit such as a wire that has come loose or slipped connection that is not making connection.



(3) “GROUND”- when any part of the wiring circuit is touching the vehicle frame. An example is accidental or unintentional contact between copper wiring and the iron frame. (Copper to iron)

(4) “SHORT”- when wiring insulation between two wires fails and the wires make contact. (Copper to copper)

TRANSITION: Now that we know what the four most common failures are. We need to know how to locate where to look for them on the machine.
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7. Schematics

a) The five electrical schematics and diagrams available to provide information to service and understand the operation of the electrical system of the machine.



(1) System Functional Schematic: An electrical diagram of the complete machine and is made up of several foldouts of circuits divided into subsections.



(2) Subsystem Functional Schematic: A sectional division of the system functional schematic and shows the same letter/number designations of wires and components.



(3) System Wiring Diagram: An illustration of the actual wire harness flattened out (dark lines) with extensions of wires and connections to components.



(4) Component Location Drawing: A pictorial view of a harness showing the location of all the electrical components, connectors, harness main ground locations, and harness band and clamp locations. Each component is identified by the same identification letter/number and description used in the subsystem functional schematic.



(5) Subsystem Diagnostic Schematic: A diagram that combines the subsystem functional schematic with all harness connections and pin locations to aid in diagnosing the subsystems.

8. Identifying components

a) Component Identification Letters that could be found on machine electronic schematics



(1) Component identification letters have been developed by standard organizations to comply with all electrical components. Each component and main harness connection will have an identification letter assigned. A number is added to the letter to separate and indicate the total components and main connections within the letter group.



(2) John Deere identification number and what they represent:

A- ABS control units, radios, and control units

B- Condensers and capacitors

H- any signal device such as alarms, buzzers, or signal lights.

R- Resistors

W- All conductors of an electrical path

Z- Any electrical filter or suppressor device

b) Wire numbers and color codes
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(1) There is no set standard for wire number codes. Most major manufacturers create their own number codes and list the information and show how to use these codes in their technical manuals, but most all manufacturers use standard color abbreviations to identify wires in a circuit.



(2) Some abbreviations used for colors include: RED or R for red, ORG or O for orange, BLU or B for blue and etc.



(3) Some manufacturers like Caterpillar use the color red or a red stripe on a wire to indicate that a wire is a hot wire. 

c) Two common standards used for diagrams and schematic symbols.



(1) International symbols have been established by standards organizations for components use for diagrams and schematics intended for worldwide distribution. 



(2) SAE symbols are symbols designed by the Society of Automotive Engineers. These symbols can easily be identified when reading an electrical schematic.

OPPORTUNITY FOR QUESTIONS

(5 MIN)

1. QUESTIONS FROM THE CLASS:

2. QUESTIONS TO THE CLASS:

   Q. What is a pulse?

   A. A sudden on and off of direct current flow within a circuit.

   Q. How many common failures are there in an electrical system?

   A. Four

   Q. What are the three types of electrical circuits?

   A. Series, Parallel, Series/Parallel

SUMMARY: During this period of instruction I covered circuits, types of circuits, common types of electrical failures, different types of schematics, wire and color codes and symbols on schematics.

BREAK

(10 MIN)

PRACTICAL APPLICATION

(50 min)

NOTE: Use TRAM schematic

Have students identify schematics, the three types of circuits on a schematic. 

INTRODUCTORY TRANSITION: During this period of instruction I will be covering electronic components.

(50 MIN)

9. Electronic Components
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a) Conductors



(1) Silver, copper, gold, chromium, aluminum and tungsten are the best conductors of electricity.



(2) Copper is the most common because of its availability, cost, and excellent resistance ability. Copper tends to withstand more heat and has a lower failure rate than the other metals.

Show Caterpillar Training Module, Chapter 2, Conductors

b) Switches
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(1) A switch is an electronic device, which opens and closes the flow of electrons in a circuit.



(2) The most common types of switches are single-pole single-throw, single-pole double-throw and double-pole double throw.



(3) The three most common ways that switches may be activated are mechanical, pressure and magnetically.

Show Caterpillar Training Module, Chapter 2, Common Electrical Switches

c) Relays
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(1) Relays are electrically controlled switches that allow a small current to control a larger current.



(2) A relay has a coil winding around an iron core, a moveable armature with a contact that is mounted over the core and windings, and another stationary contact that is aligned with the contact on the armature. When the windings are energized the core becomes magnetized causing the armature and contact to move to or away from the stationary contact opening or closing the circuit.



(3) One of the most common types of relays used in machinery is the starter relay. The starter relay provides high current to the engine starter for starting the engine only if the transmission is in neutral. 



(4) Cutout relays are used to open the circuit between the generator and the battery when the generator slows (idle) during operation. The cutout relay closes when engine speed increases and the battery is being charged.



(5) Tell-Tale Relays are relays that operate with an electrical load of a circuit such as taillights and/or turn signals. Generally used on equipment where indicator lights are lighted on an instrument panel for normal operation and then go out when a failure occurs.

d) Resistors
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(1) A resistor reduces voltage output by resisting electron flow or current flow in a circuit.

 

(2) Resistors create heat when current begins to flow and the heat is transferred to the surrounding area. 


(3) Temperature and humidity must be considered when putting a resistor in a circuit.




(a) Types of resistors.





(1) Fixed resistors: Made of wire wound resistance wire, metal film, carbon film, or molded carbon powder. Resistors are marked with there value in ohms. Very small resistors are too small to mark so a color-coding system is used.





(2) Variable resistors: Are devises that control voltage output by changing resistance by means of adjustment. Variable resistors have different names such as potentiometers, rheostats, trimmer resistors thermiresistors and photoresistors.

e) Capacitors
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(1) Capacitor is a device that is used to:

(a) Trap or temporarily store electrical energy that otherwise could damage electrical components.

(b) Smooth out changing voltage to a more constant voltage.

(2) Capacitors are made by separating two metal plates with a thin insulating material such as paper, mica, or air. When the two metal plates are connected to a source voltage, the capacitor exhibits the property of capacitance. It stores up energy.

(3) The unit of measure of capacitance is a farad or microfarad. The greater the area of the plates, and the shorter the distance between them, the greater will be the capacitance. (The amount of voltage stared)



(4) Capacitors are used in electrical system to prevent to smooth out the changing voltages in an electrical charging system. In this application, the capacitor is connected across the changing voltage, and is called a filter capacitor.

f) Solenoids
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(1) Solenoids are devices that use the strength of a magnetic field generated in a coil to move a metal core. The moving core along with linkage can transfer its motion to other mechanical devices.



(2) When the winding of the solenoid is energized by battery voltage through the external circuit, a magnetic field is created around the hollow cylinder causing the plunger to be pulled or drawn inward.



(3) Solenoids are used in the fuel system as shutoff solenoids to stop the engine, fuel injection pump solenoid to allow the engine to start and run. Solenoids are also used in the hydraulic system to control the hydraulic spools on hydraulic valves to direct hydraulic flow to the other hydraulic devices.

g) Diodes
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(1) A diode is an electrical device that will allow current to pass through itself in only one direction.



(2) A diode is formed when two semiconductor materials are joined, one of the “N” material, the other of “P” type material. In diodes, the “N” material is usually phosphorous-doped silicon, while the “P” material is usually boron-doped silicon.



(3) Diodes are commonly used in the charging circuit to prohibit the discharge of the battery when the engine is not running. They prohibit electrons from flowing back through the alternator circuits allowing the system to discharge.



(4) Light emitting diodes or LED’s are used as visual signal devices in instrument panels.

h) Integrated circuits
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(1) An integrated circuit is a device that contains circuits composed of resistors, diodes, transistors, and capacitors or any other electronic component. Sometimes referred to as “chips” because of their small size and the amount of work preformed.



(2) Integrated circuits can contain a few components to form a simple circuit to a complex circuit with up to hundreds of thousands of components.
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(3) Common type of integrated circuits include Analog IC- circuits composed to produce amplify, or respond to variable voltages and Digital IC- composed of circuits that produce voltage signals or pulses that have only two levels that are either on or off.

Example: Alternator gauge has a small analog IC circuit in the back of it. A grader has a digital IC circuit board in the dash console above the steering wheel.
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i) Display devices



(1) Analog gauges: The most familiar display device, operates by a varying signal causes a mechanical change in the position of a needle.



(2) Light Emitting Diode: A solid-state display device. LED’s are self-illuminating, but have relatively high-energy consumption, making them undesirable in some applications.



(3) Liquid Crystal Display: Commonly used on newer equipment instrument panels to show data output from integrated circuits. LCD’s use a special fluid medium to allow segmented displays. When current is applied to the conductive plates below and above the crystal fluid medium, the crystal elements float in random orientation. Since LCD’s do not provide their own light, only the relatively low power required to orient the crystals is consumed by their operation.

j) Magnetic Pickups
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(1) They use the motion of a magnetic field past a coil or the motion of metal past a magnetic field to generate a signal.



(2) They are commonly used in tachometers. A small magnet is embedded in the flywheel, as the flywheel passes a small magnetic stationary point on the flywheel housing, a small electrical pulse is generated and sent to the tachometer and converted to a reading.

k) Fuses and circuit breakers
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(1) Fuses and circuit breakers are protection devices that are used to protect the circuit, conductors and components from current overload.



(2) A fuse is a conductor of electricity; however, when the current passing through a circuit and the fuse connected in series is too high, a thin element made of aluminum and other metals will overheat and melt. The fuse element is designed to take only what current that the circuit can withstand. Fuses must be replaced when blown.



(3) A circuit breaker performs the same function as a fuse except a current overload will cause a circuit breaker to trip. Then, after the cause of overheat has been eliminated, it can be reset manually or automatically.

Show Caterpillar Training Module, Chapter 2, Circuit Protection Devices

OPPORTUNITY FOR QUESTIONS

(5 MIN)

1. QUESTIONS FROM THE CLASS:

2. QUESTIONS TO THE CLASS:

   Q. What is a diode?

   A. An electrical devise that will allow current to pass through itself in only one direction.

   Q. What is a transistor?

   A. An electrical device that is used in circuits to control the flow of current.

   Q. What is a relay?

   A. It is an electrically controlled switch that allows a small current to control a larger current.

SUMMARY: During this period of instruction we covered the components of the electrical system.

BREAK

(10 MIN)

INTRODUCTORY TRANSITION: During the last period of instruction we discussed the components of the electrical system. Now lets put that knowledge to use and correctly identify those components.

PRACTICAL APPLICATION

(50 MIN)

NOTE: Lay components out and have each student identify them individually.

INTRODUCTORY TRANSITION: Now that we know about the components of the electrical system lets turn our attention to the battery and the charging and starting circuits.

(50 MIN)

10. Batteries
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a) The batteries three main function?



(1) Supply initial starting power for the engine.



(2) Supply current when the demand exceeds the output of the starting engine.



(3) Supply stability to the electrical system during operation.

b) Main parts of the battery.
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(1) Cells that contain positive and negative plates.

(2) Electrolyte

(3) The porous element that keeps the plates apart.

(4) The positive and negative post.

(5) The cover

(6) The vent caps.

c) The positive and negative plates in a battery cell.
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(1) A negative plate contains spongy lead (pb) and is gray in color.



(2) A positive plate contains lead peroxide (pb02) and is chocolate brown in color.

d) Two types of battery tops.



(1) A soft-top battery is designed so that the cells are connected in series by welding each cell connector.



(2) A one-piece hardtop battery generally has each cell separated. Connectors and partitions are sealed so that the electrolyte will not transfer between cells. This helps reduce corrosion on the top of the battery.

e) Voltage in a cell.
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(1) Each cell has a potential of 2 volts.

(2) Six-volt batteries have three cells connected in series.

(3) 12-volt batteries have six cells connected in series.

f) How batteries produce current.
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(1) A chemical reaction between the active materials of the unlike plates takes place.



(2) The sulfuric acid of the electrolyte is the medium for current flow between plates.



(3) When the chemical reaction takes place, the battery is discharging.



(4) The solution in a battery is 36% sulfuric acid, 64% water.

g) Battery life.
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(1) Batteries are constructed to last approximately 48 months under normal conditions.



(2) Military batteries on average last six months: this is due to the lack of proper maintenance and incorrectly functioning charging systems. 



(3) Batteries cells and plates also are degraded due to the type of water added to them. Tap water contains to many minerals that damage the internal workings of the cell plates.

Show Caterpillar Training Module, Chapter 2, Voltage Sources

TRANSITION: Now that we understand how the battery works lets turn our attention to the charging circuit.

11. Charging circuits

a) Function of charging circuits.

(1) Recharges the battery.

(2) Generates current during operation.

b) There are two types of charging circuits

(1) DC charging circuits that use generators 

(2) AC charging circuits that use alternators.

c) Stages of operation of charging circuits.

(1) First stage- during starting, the battery supplies all load current.

(2) Second stage- during peak operation, the battery helps the generator or alternator supply curr

(3) Third stage- during normal operation, the generator or alternator supplies all current and recharges the battery.

12. Alternator

(a) Alternators are AC generators. 

(1) One difference is in the way the alternator rectifies its current to DC. The alternator does this electronically using diodes; whereas, the generator rectifies current using brushes and a commuter.



(2) Alternators are more compact and supply higher current at lower engine speed.



(3) Alternators have two different types of housing; Open type that allow for better air circulation and the closed type, the alternator is completely encased and is designed for use in extremely dusty conditions or in areas where a spark might ignite combustible material.

(b) AC regulator.



(1) The control for the alternator. It keeps it from producing too much voltage and boiling the battery. Remember the alternator produces high current at low speeds. The faster the alternator turns, the more current produced.



(2) The regulator places a resistance in the field circuit of the alternator, which reduces the current flow to the alternator rotor.



(3) The resistor allows battery current to excite the alternator field coils. It also controls the charging voltage at safe values during operation.

TRANSITION: Now that we have discussed the battery and charging circuit lets put that knowledge to work and identify if our systems are working correctly.

PRACTICAL APPLICATION

(120 MIN)

NOTE:
(1)  Issue tools and have students pair up.

(2) Measure battery voltage and specific gravity

(3) Measure alternator output voltage on equipment. Adjust if necessary.

TRANSITION: Now that we have discussed the charging circuit lets turn our attention to the starting circuit.

(50 MIN)

13. Starting circuit.

a) Purpose of the starting circuit.

(1) It converts electrical energy from the battery into torque.

(2) The starting motor cranks the engine.

b) Four basic parts of a starting circuit.

(1) Battery- converts a chemical reaction to energy for the circuit.

(2) Starter switch- it closes the circuit.

(3) Motor switch- it engages the motor drive with the engine flywheel.

(4) Starting motor- it drives the flywheel to crank the engine.

c) Sequence of operation for a starting circuit.

(1) Starter switch is activated; low current circuit closes.

(2) Solenoid on the starting motor becomes an electromagnet.

(3) Solenoid plunger moves by magnetic force and engages the starter motor with the engine flywheel.

(4) The plunger closes the main high current circuit between the battery and starting motor.

(5) Starter switch is released after the engine starts and the starter motor gear releases from the engine flywheel.


d) Design features of a starter motor that make it a special type of electrical motor.



(1) It must operate for short intervals under great loads.



(2) It produces very high horsepower for its size.

d) Basic parts of starting motor.

(1) Solenoid

(2) Field frame assembly

(3) Armature

(4) Drive mechanism (bendix gear)

e) Main components of the engine starting circuit.

(1) Low resistance cable connection from storage battery to motor.

(2) A control switch.

(3) Motor

(4) Return connection from the motor to the battery. This is usually the frame, or ground of the vehicle.
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OPPORTUNITY FOR QUESTIONS

(5 MIN)

1. QUESTIONS FROM THE CLASS:

2. QUESTIONS TO THE CLASS:

   Q. Each cell in a battery is capable of producing how much voltage?

   A. Two Volts

   Q. What are the two types of charging circuits?

   A. AC and DC

   Q. How many components are required in a basic starting circuit?

   A. Four, battery, starter switch, motor switch, motor.

BREAK

(10 MIN)

INTRODUCTORY TRANSITION: During this next period, you the students will troubleshoot and identify the electrical system malfunction on the gear provided for you. You will work in teams.

(10 MIN)

14. Troubleshooting


a) Troubleshooting is the one skill that each mechanic must develop.


b) Questions that mechanics need to ask.

(1) Ask questions relevant to the problem

(2) When was the problem first noticed?

(3) Does the problem disappear and come back again later?

(4) Does the problem occur when the weather changes? I.E. when it rains, foggy, extremely dusty

(5) Most importantly, talk to the operator. Let him explain the problem if possible.

c) Use the right schematics.

d) Most importantly, use the proper technical manual.

e) Study the problem, eliminate possible problems and look for cause, you must decide where to start looking for the problem. Remember time cost lives.

PRACTICAL APPLICATION:

(120 MIN)


(1) Issue special tools


(2) Assign student piece of equipment


(3) Observe student troubleshooting.
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