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 (4 Min)

1.  GAIN ATTENTION.  There are four things that knowledge will do for you.  First and foremost, if you as an automotive mechanic have a good knowledge of electrical fundamentals and know how to use electrical test equipment, you will be a big asset in helping your unit perform its mission.  Second, you will be able to perform your job much easier than someone without this specialized knowledge.  Third, it will keep your supervisor happy, and we know how important that is.  Fourth, you will have no problem gaining employment in the automotive field; today, or in the future.
________________________________________________________________________________________________________________________________________________________________________________________________
2.  OVERVIEW.  Good morning, my name is​​ _____________.  The purpose of this period of instruction, is teach you how to repair the electrical system found on our military combat motorcycles.  First we will inspect, repair and test the electrical system.  But, before we cover the main ideas, we must have a review the electrical fundamentals of basic electricity, to include; factors of electricity, types of electrical circuits, application of meters to circuits, defective circuits, charging circuits, charging circuits, and switch-controlled accessory circuits.  This lesson relates to repair of the M1030B1/M1 combat motorcycle.
3.
LEARNING OBJECTIVES.  



a.  TERMINAL LEARNING OBJECTIVE(S): 


(1) Given a Military Motorcycle, references, tools, and equipment, perform maintenance on the electrical system, per the references.  (3521.13.03)


b.  ENABLING LEARNING OBJECTIVES:


(1) Given a Military Motorcycle, inspect components of the electrical system for serviceability, per the references.  (3521.13.03a)


(2) Given a Military Motorcycle, references, tools, and equipment, diagnose a malfunctioning electrical system, per the references.  (3521.13.03b)



(3) Given a Military Motorcycle, references, tools, and equipment, replace components of the electrical system, per the references.  (3521.13.03c)
4.  METHOD/MEDIA.  I will use a lecture and demonstration aided by actual item objects, manuals and tools.  You will then be given an opportunity to practice repairing the electrical system.

5.
EVALUATION.  You will be evaluated through a written test administered at the end of the maintenance portion of the course and a performance test administered concurrently with a practical application exercise during this class.
6.  SAFETY/CEASE TRAINING(CT) BRIEF.  CT may be called when a student or instructor expresses concern for personal safety, relief from pain, serious physical discomfort, or in case of potential damage to equipment.   Following a CT call, the situation shall be examined and additional safety controls shall be put in place to allow safe resumption of training.  Once the primary instructor has fully reviewed the situation and put controls in place, he/she will make the decision to resume training.

TRANSITION:  Are there any questions relating to how this lesson will be conducted or how you’ll be evaluated?  (Pause and receive any questions.)  If not, let’s talk about the factors of electricity.
________________________________________________________________________________________________________________________________

________________________________________________________________​​



BODY                                            (11 HRS 55 MINS)

1.  FACTORS OF ELECTRICITY. 





 (50 min)

The three main factors of automotive electricity are current, voltage, and resistance.


a.  Current.

(1) Current is the movement of electrons from atom to atom in a conductor.


(2) Current is one of the most important factors of electricity because it is the one that does the work for us.


(3) In the early days of electricity, it was called intensity but today it is called amperage, with one unit being an ampere.



(4) We identify amperage with the letter "I," or “A” the unit of measure is the ampere, and it is measured with an ammeter.


b.  Voltage.

(1) Voltage is the force required to cause current to flow.


(2) In the past, voltage was referred to simply as electrical pressure, but today that force is referred to as "voltage" or "electromotive force" (EMF).


(3) We identify voltage with the letter "E" or “V” and the unit of measure is the volt, and it is measured with a voltmeter.


(4) Voltage is like a stretched rubber band or a spring that has been compressed; it represents potential energy or the ability to do work.


(5) When a storage battery is charged, potential energy exists between the negative and positive battery posts, even though no current consuming devices are connected.


(a) Voltage simply "stands by," waiting to expend its potential energy whenever current consuming components are connected to the voltage source.



(b) Thus, voltage can exist in automotive circuits without current, but current cannot exist without voltage, because voltage is the electromotive force that pushes the current along the conductor and through the components.



(6) From this discussion on voltage, there are two important facts to remember.  One, you must have voltage present in an automotive circuit in order to have current flow.  Two, voltage is the electromotive force required to cause current flow through any circuit or components.


c.  Resistance.

(1) Resistance is the opposition to current flow.


(2) We identify resistance by the letter "R,” although frequently we may identify it by the Greek letter "omega" as W.  To honor the achievements of Dr. George Simon Ohm, the unit of measure is ohms, and it is measured with an ohmmeter.


(3) Resistance is one of the most important electrical factors because current flow is in direct proportion to resistance.


(a) If resistance in an electrical circuit increases, current flow will decrease in proportion to the increase in resistance.


(b) If resistance in an electrical circuit decreases, current flow will increase in proportion to the decrease in resistance.


(4) All conductors and components in circuits offer some measure of resistance.  A conductor is any material that electricity will easily flow through, for example, the vehicle wiring.  Components refer to such as the ignition system, lights, wipers, and radio.


(a) The quality of a conductor is determined by its lack of resistance to the flow of current and several factors affect this quality.


(b) The material of a conductor is a factor that determines its resistance to current flow.


1  For example, silver is one of the best conductors, but it is too expensive for use in automotive circuits.


2  Copper is a good conductor and much cheaper than silver, therefore, it is the most common conductor used in automotive circuits.

(c) The size, or cross section, of the conductor is another factor that determines its resistance.


1  Just as a large diameter water hose will carry more water than a small diameter hose, a large diameter conductor will conduct a greater amount of current than a small diameter conductor.


2  A good example of this is the battery-to-starter cable.  This cable is the largest conductor (diameter wise) used in the automotive electrical system because the starter requires a larger amount of current than any other electrical component.


(d) The resistance of wires used as conductors is also dependent upon the length of the wire.


1  If the length of the wire is doubled, the resistance between the wire ends is doubled.


2  In other words, the longer the wire, the greater the resistance and the shorter the wire, the less the resistance.  Of course, we are talking about wires of the same size in this case.


(e) Another important factor affecting the resistance of a wire is temperature.  As temperature increases, resistance of the wire increases.


(f) There are three important facts to remember about wires used for conductors in automotive circuits:


1  The longer the wire, the greater the resistance.


2  The smaller the wire, the greater the resistance.


3  The hotter the wire gets, the greater the resistance.

 
4  In any electrical device, it is the quantity of amperes flowing through the component that produces the results we are after.  This statement holds true regardless of the type of device; whether it is a light, starting motor or any other electrical component.

TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.)  Question: What are the three factors of electricity?  Answer: Voltage, Current and Resistance.  If there are no other questions at this time, let’s talk about the basic rules of electricity after a 10 minute break.

________________________________________________________________________________________________________________________________________________________________________________________________
2.  BASIC RULES OF ELECTRICITY.



 
(50 min)

a.  Keeping in mind the three factors of electricity; voltage, current and resistance, it is important to remember that these factors are closely related in all automotive circuits.  There are a few basic rules to keep in mind that may help in understanding current flow in electrical circuits.


(1) If resistance in the circuit remains the same and voltage is increased, the result will be an increase in current flow.


(2) If resistance in the circuit remains the same and voltage is decreased, the result will be a decrease in current flow.


(3) If voltage in the circuit remains the same and resistance is increased, the result will be a decrease in current flow.


b.  Every automotive electrical circuit that is complete has current, voltage, and resistance.


(1) The battery or alternator supplies the voltage, which forces the current through the circuit.


(2) The circuit consists of wires, straps, lights, switches and other using components, which in turn make up the resistance.


(3) Switches are used to open and close the circuits.


(4) Insulators are materials that will not conduct electricity.



1  Insulators are used in electrical circuits to keep the current flow in its proper path.



2  Insulators to be used on wires are determined by the amount of electrical pressure that is applied to the circuit.



3  Examples of materials that are used as insulators in automotive circuits are, porcelain, rubber, and plastic.

To isolate malfunctions in automotive circuits and components, you must be able to measure the value of each electrical factor.

TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.) Question: If resistance in the circuit remains the same and voltage is increased, the result will be an increase or decrease in current flow?  Answer: Increase.  If there are no other questions at this time, let’s talk about the types of electrical circuits after a 10 minute break.
________________________________________________________________________________________________________________________________________________________________________________________________
3.  TYPES OF ELECTRICAL CIRCUIT. 




(100 Min)

a.  Automotive Electrical Circuits.  There are three types of circuits used in automotive electrical circuits.  They are called series circuits, parallel circuits, and a combination of the two that is called a series-parallel circuit.


b.  M1030B1 Schematic Diagram.  Wiring diagrams located in our technical manuals used in troubleshooting automotive electrical systems are called schematic diagrams.  Various symbols are used on the diagrams to identify electrical components.



(1) Looking at the M1030B1 wiring and lighting diagram, we see the symbol used to identify the battery.


(2) The ground symbol shown is used to indicate the point in which the circuit or component is grounded to the metal parts of the motorcycle.


(3) The simple switches illustrated on the chart are representative of single position on-off toggles.


 (4) The next item shows different types of light bulbs used in automotive circuits.


(5) The next two symbols are used to identify resistors in a circuit.  In some cases, the resistance symbol may be used to identify a using component in a circuit that contains resistance.


(a) The first symbol indicates a fixed resistance that cannot be manually changed.


(b) The second symbol indicates a variable resistor that is capable of being changed or adjusted.


(6) This symbol is used to identify wires that are connected to a common junction in a system or circuit.


(7) The last symbol represents wires that are crossing, but not connected.

INTERIM TRANSITION:   Now that we have covered some of the basic symbols used in automotive circuits, we will cover types and components of circuits.
________________________________________________________________________________________________________________________________________________________________________________________________

c.  Simple Circuit.


(1) The simplest circuit must have wires to conduct the current; a source of voltage, such as a battery or alternator, and a using component, such as a light bulb.


(2) A circuit can be illustrated in three basic ways.


(a) Circuit "A" on the illustration shows a simple, two-wire series circuit.  The battery is the voltage source.  Two wires are used to conduct the current to and from the source, and a light bulb is illustrated as the using component that consists of the resistance.


(b) Circuit "B" on the illustration shows a simple single wire circuit.  This is the type that is used on automotive electrical systems.  The metal parts of the motorcycle take the place of the second wire and provide a common ground to complete the circuit back to the voltage source.

(c) Circuit "C" on the illustration is the same as the single wire system described above.  The only difference is that symbols are used to identify circuit components.

1  The battery symbol indicates a 12-volt battery is being used.



2  The resistance symbol is used to identify the using component.


3  The ground symbol is used to identify the point that the circuit is connected to a common ground.


(3) For any electrical circuit to function and be complete, it must have voltage, current, and resistance.

INTERIM TRANSITION:  Now that we know the basic items required to make up an electrical circuit, we will cover the three types of circuits.
_______________________________________________________________________________________________________________________________________________________________________________________________


d.  Series Circuit.

(1) Looking at circuit "A" of the illustration, we see a two-wire series circuit with a switch to control the circuit by turning it on and off.


(2) Two bulbs are connected to the circuit as using components.


(3) In a series circuit, the current has only one path to flow to and from the source.


(4) The two lamps are connected end to end and are said to be connected in series.


(a) You may recall the Christmas tree lights used on Christmas trees, the type that when one light goes out, they all go out.


(b) They go out because each light is connected end-to-end, or in series, and when one bulb burns out, the circuit becomes open and current cannot flow in an open circuit.


(5) Looking at circuit "B" on the illustration, we see the same circuit displayed, using the single wire system with the metal parts of the motorcycle providing the ground circuit.



(6) Circuit "C" on the illustration is the single wire circuit that is illustrated in Circuit "B."  The only difference is that symbols are being used to identify components and resistance.

INTERIM TRANSITION:  Next, we'll look at the parallel circuit.
________________________________________________________________________________________________________________________________________________________________________________________________

e.  Parallel Circuit.

(1) The two-wire parallel circuit illustrated is different than the series circuit in that:


(a) Several components are connected to the same voltage source.


(b) As illustrated in circuit "A," these components are connected parallel or side-by-side.


(c) The parallel branches provide multiple paths for current flow.  The circuit illustrated shows four separate parallel branches.


(d) When components are connected parallel (side-by-side) in this manner; each branch functions as an individual circuit, and the current flow in each branch will be in direct proportion to the resistance of that branch.


(e) Due to the fact that each parallel branch is connected to the same voltage source, one bulb can burn out without any other branch going out as they do in the series circuit.


(2) The single-wire parallel circuit illustrated is representative of lighting systems used on automotive motorcycles.


(a) A switch is used to turn the lights on and off.  Switches may be installed to turn off all lights in the parallel branches at the same time or installed in individual branches to control each light.


(b) In a series circuit, installing a switch at any point in the circuit will control all lights because the current has only one path to follow.



(c) The current flow in the single-wire system is a little different from the two-wire system in as much as it relies entirely on the metal parts of the motorcycle for a conductor back to the voltage source.


(3) The last circuit "C" shown on the illustration is the same as the single wire circuit just discussed, the difference being that symbols are used to identify components in the circuit.

INTERIM TRANSITION:  The next circuit we will cover is a combination of the series and parallel circuit.

________________________________________________________________________________________________________________________________________________________________________________________________

f.  Series-Parallel Circuit.

(1) The first drawing on the illustration shows a two-wire, series-parallel circuit.




(a) Notice the location of the components; one light is connected in series with the four parallel branches.


(b) In this circuit arrangement, the current must flow through the light that is connected in series and then it is divided between the four parallel branches.


(c) The light connected in series will use part of the voltage and the remaining voltage will be available at the parallel branches.


1  Let's assume that the voltage available to power the circuit is 12 volts and the voltage expended by the light connected in series is 6 volts.


2  In this example, the remaining voltage would be 6 volts and that is the voltage that is applied to each of the parallel branches.


(2) Circuit "B" is representative of single-wire circuits used on automotive motorcycles.


(a) Keep in mind that the distribution of voltage in a series-parallel circuit is a little different than a straight parallel circuit.




(b) In the parallel circuit, the voltage applied to each branch was the same as source voltage.  However, in the series-parallel circuit, the applied voltage will be lower than source voltages because some of the voltage will be used by the components that are in series with the parallel branches.


(3) Circuit "C" on the illustration is the same as the single-wire circuit except symbols are again used to identify circuit components.
INTERIM TRANSITION:  Now that we have covered types of circuits, are there any questions at this time?  If not, let’s take a 10 minute break. 
________________________________________________________________________________________________________________________________________________________________________________________________
(BREAK  -  10 MIN)

INTERIM TRANSITION:  Now that we have covered types of circuits, we will next show you how a combination of circuits may appear on a simple automotive wiring diagram.
________________________________________________________________________________________________________________________________________________________________________________________________

g.  Series, Parallel, and Series-Parallel Circuits.

(1) All major components are in parallel with the battery or alternator, while other components such as switches and relays are in series.


(a) Looking at the starter, we see that the starter motor is parallel across the battery, while the switch that controls the starter is in series with the voltage source.


(b) The next component is the ammeter.  It is connected in series with all components in the electrical system except the starter.


(c) The alternator is connected parallel across the circuit.


(d) The ignition switch is connected in series with the starter.


(2) It is important to remember when troubleshooting the electrical system of automotive motorcycles, that the single-wire system is used exclusively.


(a) Each circuit is grounded to some metal part of the motorcycle.


(b) The frame or other metal parts take the place of the second wire and provides a common ground for the current to return to the source.


h.  Rules that Pertain to Electrical Circuits.

(1) Basic rules.  There are basic rules that apply to everything you do in the military and civilian community.


(a) Rules or regulations are necessary to protect the rights of all people.


(b) There are some fundamental rules that apply to electrical circuits that the automotive mechanic must be familiar with in order to understand the operation of electrical circuits and components and be able to safely test them.


(c) The rules for electrical circuits are a little different for each type of circuit.  I will cover the basic rules that apply to each type circuit, starting with the series circuit.


(2) Rules that pertain to the series circuits.

(a) The first rule pertains to current in a series circuit.


1  The rule states that:  In a series circuit, equal current flows in all parts of the circuit.


2  This simply means if you were to connect an ammeter to the circuit to measure current flow, the reading would be the same in all parts of the circuit.


(b) There are several rules that pertain to voltage in a series circuit.  The first of these states:


1  That voltage drop or loss across each component is in proportion to the resistance of that component.


a  All components of automotive circuits offer a resistance to current flow in the circuit.


b  This means that if a voltmeter was connected across two components in a series circuit having different resistance values the voltage drops would be in direct proportion to the resistance of the individual components.


c  The lower the resistance, the lower the voltage drop and the higher the resistance, the higher the voltage drop across the component.


2  The second rule that applies to voltage in a series circuit states that:  The total of all voltage drops is equal to the applied voltage.



 a  This means that if 24 volts are applied to a circuit having one or more components the total voltage used by the circuit would be the same as the applied voltage.



b  In the example stated, the voltage drop would be 24 volts because voltage or electrical pressure must be expended to push current through the resistance of the circuit and components.


3  The last rule that pertains to voltage in a series circuit is:  To determine the voltage drop across any one component in the circuit, multiply the current flow in the circuit by the resistance of that component.


(c) The last rule pertaining to series circuits relates to resistance contained in the circuit and components.

1  There is only one rule pertaining to resistance.  To find the total resistance in a series circuit add the resistance of each part or component in the circuit together.

2  This means if you were to measure the resistance at various points in a series circuit and add them together they would be equal to the total resistance of the circuit.

INTERIM TRANSITION: So much for the rules that apply to the series circuit.  I will next cover the parallel circuit.

________________________________________________________________________________________________________________________________________________________________________________________________

(3) Rules that pertain to a parallel circuit.

(a) The first rule we will discuss is the rule that applies to voltage.


1  This rule is quite simple and the easiest of all.  It states:  In a parallel circuit, equal voltage is applied to each branch in the circuit.


2  This simply means if the source voltage is 24 volts and you were to measure the voltage at each branch, the voltage would be the same as the source voltage; in this case 24 volts.


(b) Rule number two applies to current flow in a parallel circuit.


1  This rule states:  In a parallel circuit, the total current flow is equal to the sum of the currents in the individual branches.


2  If you measured the current flow in a parallel circuit having two branches and there were 2 amps of current flow in each branch, the total current would be (2x2=4) four amps.


(c) The third rule that pertains to parallel circuits is dealing with resistance.


1  This rule states:  In a parallel circuit, the effective resistance is equal to the applied voltage divided by the total current; it is always less than the lowest resistance in the current.




2  This means, if an ammeter was connected across a circuit having two components containing 4 ohms each, the effective resistance would be half that of one branch.

TRANSITION:  In addition to the three rules that apply to voltage, current, and resistance in a parallel circuit, there are a couple of rules that you should be aware of.
________________________________________________________________________________________________________________________________________________________________________________________________

(d) The rules apply to voltage drop and current flow in the individual branches.


1  The first rule pertains to voltage drop across components of each parallel branch.



a  The voltage drop across each parallel branch is the same as, or equal to, the voltage that is applied to each branch.


b  This means, regardless of the resistance of the components in a parallel branch, if you were to measure the voltage drop across each branch, the voltage indicated should be the same as the applied voltage.


2  The second rule pertains to current flow in components of each individual parallel branch.



a  The current flow in individual parallel branches is in direct proportion to the voltage applied to each branch and the resistance of that branch.





b  We know that the voltage applied to each parallel branch is the same, but the resistance of each branch can be different; therefore, the current flow through each branch will be in direct relationship to the resistance in that branch.

INTERIM TRANSITION: I have covered the rules that apply to the series and parallel circuits.  The final circuit is a combination of the two circuits, as the name implies, series-parallel circuit.

________________________________________________________________________________________________________________________________________________________________________________________________

(4) Rules that apply to the combination series-parallel circuit.

(a) Although the same rules that apply to series and parallel circuits are applied to the series-parallel circuit, there are specific procedures to learn about applying the rules.



(b) The procedure for determining current flow in the series-parallel circuit is a little different from that previously explained.


1  First the total effective resistance of the parallel part of the circuit must be determined.



2  Next, the total resistance in the series part of the circuit must be determined.


3  The resistance in the series part and the resistance in the parallel portion of the circuit are added together to determine the total circuit resistance.


4  Having determined the total effective resistance of the circuit you can then determine the current flow.


(5) If you think about these rules in relationship to troubleshooting an automotive electrical circuit, you can see how they will help you determine why something doesn't work.


(a) For example, if voltage at the battery is adequate to run a particular device, but at the accessory itself voltage is inadequate, the resistance in the circuit between the device and source must be too high.


(b) In other words, the voltage drop is excessive.  You can measure voltage drop over a part of a circuit by connecting a voltmeter across that part of the circuit.  If you know the amperage, you can calculate the resistance.


(c) On the other hand, if you measure resistance and amperage, you can calculate the voltage drop.

INTERIM TRANSITION:  Now that we have covered types of circuits, are there any questions at this time?  If not, let’s take a 10 minute break. 

________________________________________________________________________________________________________________________________________________________________________________________________
(BREAK  -
10 Min)

INTERIM TRANSITION: Before the break, I have covered some basic rules that apply to voltage, current, and resistance in the different types of automotive circuits.  I will next cover how instruments are applied to circuits in order to measure these electrical factors.  As a motorcycle technical specialist, you will spend a lot of time troubleshooting and testing motorcycle electrical systems and individual components.  To do this effectively, you will need to use electrical test equipment.  One item of electrical test equipment you will be using is the multimeter.  It is important that you learn the correct method of applying instruments to circuits, in order to determine serviceability and isolate defects in automotive electrical circuits.
________________________________________________________________________________________________________________________________________________________________________________________________
4.  APPLICATION OF METERS TO CIRCUITS.



 (45 Min)


a.  Multimeter Fundamentals.

(1) You have been provided a multimeter that you will use to perform representative tests later in this lesson.  Refer to your instrument as the controls, LCD, and connectors are explained.


(a) There are several models of multimeters available to Marine Corps mechanics, each a little different in appearance or performance.  Before using any multimeter, read the operating instructions that apply to the instrument.


(b) The multimeter is a multipurpose electrical test instrument that is designed to measure DC voltage, AC voltage, DC current, AC current, and resistance.


(c) The automotive mechanic is most concerned with the multimeter's capability to measure DC voltage and resistance.  For that reason, the instructions provided are limited to those ranges.  If you ever have a need to measure current flow or AC voltage with a multimeter, you will find the necessary instructions in the operator's manual that applies to the instrument.


(d) The power switch is nothing more than an on and off switch.  The switch is located on the top left side of the multimeter.  To prevent discharging the battery in the multimeter when the multimeter is not in use, make sure the switch is in the off position.


(e) Test results are read directly from a liquid crystal display (LCD) on the front of the meter.


(f) Range switches for this instrument are the dark gray push-type switches located on the left side; they are used to select the desired range of operation.


(g) The red and black test leads are used to connect the multimeter to the test points.


(h) The voltage and ohm input connector is located on the lower right side of the instrument.  This is where you connect one end of the red test lead to the multimeter.  The red test lead is the positive test lead.


(i) The common input connector is located on the lower center of the instrument.  One end of the black test lead is connected here.  The black test lead is the negative test lead.

INTERIM TRANSITION: With an understanding of the location and purpose of the controls, LCD display and connectors of the multimeter, I will explain and demonstrate the procedures for performing an operational check.

________________________________________________________________________________________________________________________________________________________________________________________________


(2) An operational check is performed to make sure the multimeter is functioning properly.


(a) Place the power switch to the "ON" position.  The LCD display should be 000.


(b) Next, set the switch to the ohm position.


(c) Connect the ends of the test leads together.  The LCD display should be 0.00.


(d) Separate the test leads and observe the LCD display.  An over range reading of 1 indicates you must select another resistance range.


(e) If the LCD displayed readings were correct, the multimeter is operational.



(f) If the LCD displayed readings were not correct, raise your hand.

INTERIM TRANSITION: Now that you know how to perform an operational check, I will cover the procedures for connecting the test leads.

________________________________________________________________________________________________________________________________________________________________________________________________

(3) When measuring voltage, you must be polarity conscious.  The red test lead is connected to the positive test point and the black test lead is connected to the negative test point.  If the test leads are connected improperly, the LCD will display a negative voltage reading, or the protective fuse may blow.


(a) When measuring voltage, resistance, or continuity, the test leads should be connected parallel to the circuit being tested.  In other words, connect the test leads across the circuit being tested.


(b) When measuring resistance or continuity, voltage must not be present in the circuit.  Always disconnect the ground of an automotive electrical system to prevent damaging the meter.


(c) To measure voltage loss, the test leads should always be connected across (in parallel with) the component being tested.

INTERIM TRANSITION: With an understanding of the importance of connecting the test leads properly, let's continue and discuss the electrical test panel.

________________________________________________________________________________________________________________________________________________________________________________________________

b.  Electrical Tests.  The actual motorcycle has been provided for you to practice measuring voltage and resistance.


(1) Measure battery voltage.


(2) Measure charging voltage.


(3) Measure voltage drops.


(4) Measure resistance.

TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.) QUESTION: What test lead is connected to the common input connector?  ANSWER:  The black or negative test lead.  If there are no other questions at this time, let’s move to the next topic of repairing the rear suspension system after a 10 min break.
________________________________________________________________________________________________________________________________________________________________________________________________
(BREAK -  10 MIN)

5.  DEFECTIVE CIRCUITS.






(15 Min)


a.  Open Circuit.

(1) Many things can cause an open circuit; the wire can break or a connection can become loose and cause the circuit to be open.


(2) An open circuit is sometimes difficult to locate because it may be a loose or defective ground connection, broken wires inside the insulation, or the circuit could be open inside the using components.


(3) It is important to remember one of the facts discussed previously.  Voltage can be present in a conductor without having current flow; however, in order to have current flow, the circuit must be complete to and from the voltage source.


(4) Circuit "A" on the illustration shows an open circuit wherein the circuit is open on the insulated side between the battery and the using components.


(5) Circuit "B" shows the circuit open on the ground side of the using components.


(6) Circuit "C" shows the circuit open in the using component; in this case the filament in the bulb is defective.


(7) In each circuit displayed, if a voltmeter was placed parallel across the circuit on the battery side at the point where the circuit was open, voltage would be present.  However, the light would not burn because current cannot flow in an open circuit.


(8) When troubleshooting defective automotive circuits, it may be helpful to divide the circuit into four sections or divisions.


(a) The source voltage, which consists of the battery or alternator.  A voltage source must be present in all circuits to push the current through the conductor.

(b) The insulated side of the circuit consists of wires, cables, fuses, and switches.

1  These components must be in good condition to permit the proper amount of current flow to the using components in the circuit.




2  Loose wires, frayed cables, corroded fuses, and defective switches will cause excessive resistance in the circuit in turn reducing the current flow.


(c) The main element or using components in the circuit, such as lights, horn, starter, and relays must be in good mechanical and electrical condition because their condition determines the amount of current flow in the circuit.




(d) Last, but not least, is the ground side of the circuit.  The automotive mechanic often overlooks this section because it consists of the motorcycle frame, engine, ground straps, and other metal parts of the motorcycle.


(9) For a conclusive analysis of any defective circuit, you should start at the source and progressively work through each of the four sections until the defect is isolated.

TRANSITION:  The next type of defective circuit that I will cover is the grounded circuit.

________________________________________________________________________________________________________________________________________________________________________________________________


b.  Grounded Circuit.

(1) A grounded circuit condition exists when any part of the wiring circuit inadvertently touches the frame of the motorcycle.


(2) A ground involves accidental or unintentional contact between a conductor and other metal parts of the motorcycle.


(a) A grounded circuit is usually easy to isolate, because the conductor gets very hot, and may burn the insulation off the wires.


(b) When the circuit becomes grounded, current has a different path to return to the source.


(c) Looking at the illustration, we can see the conductor is grounded at the cross member of the frame.


1  Current flows through the insulated side of the circuit to the point where the insulation is defective and the conductor is touching the frame of the motorcycle.


2  At this point, current bypasses the light (using component) and returns through the cross member and frame of the motorcycle, back to the battery.


(d) When a defect of this nature occurs in an electrical circuit, the resistance is reduced and the current flow increases because the resistance contained in the using components is no longer in the circuit.


1  Current flow in an electrical circuit will always take the path of least resistance back to its original source.



2  In the case of the grounded circuit illustrated, that path is through the cross member and back to the battery.

INTERIM TRANSITION:  Now let’s look at a short circuit.

________________________________________________________________________________________________________________________________________________________________________________________________


c.  Short Circuit.

(1) To most people, anything that goes wrong with an electrical circuit is referred to as a short circuit.


(2) Actually a short circuit occurs when wires in a circuit are bypassed or "shorted,” such as when the insulation wears off between two conductors and they touch.


(3) The diagram shows one type of short circuit.


(a) This illustration shows the insulation on two conductors defective and the two copper wires are shorted together.


(b) The current in a short circuit will also take the shorter path of least resistance back to the battery.


(c) In the case of the circuit illustrated, the light bulb would not light, because the path of least resistance is through the ground conductor and motorcycle frame back to the battery.


(4) The ground circuit and short circuit are both similar in nature, because both offer the current a shorter path back to the battery.


(a) In both cases, there is an increase in current flow in the circuit due to lower circuit resistance.


(b) The wires or components will get hot and eventually burn out.


(5) The main difference between a grounded circuit and a short circuit is:


(a) A grounded circuit is when a wire on the insulated side of the circuit makes contact with the metal part of the motorcycle that is part of the common ground.


(b) A short circuit is when two like conductors touch, "copper touching copper."

TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.) Question: In automotive electrical circuits, what takes the place of the second wire and offers a common ground to compete the circuit?  ANSWER: The frame and other metal parts of the motorcycle.  If there are no other questions at this time, let's continue now by discussing some of the motorcycle system circuits, after a 10 min break.

________________________________________________________________________________________________________________________________________________________________________________________________
(BREAK  -   10 MIN)

6.  CRANKING CIRCUITS.






(10 Min)


a.  Purpose of a Starter.

(1) The purpose of the starter motor is to rotate the engine crankshaft so the engine can start and begin to operate under its own power.


(2) The starter draws the necessary current directly from the battery and is a low voltage motor, producing a high torque.

INTERIM TRANSITION: Now that we know the purpose of a starter, let's talk about how the starter is wired in the automotive electrical circuit.

________________________________________________________________________________________________________________________________________________________________________________________________


b.  Starter Motor Electric Circuit.


(1) The starter motor converts electrical energy into mechanical energy.



(2) The starter motor electrical circuit includes, but is not limited to the following components:


(a) Battery.


1  The battery supplies the electrical power to the starter motor circuit.


2  The battery also supplies electrical energy to the motorcycle accessories when the engine is not running.


(b) Battery cables.

1  The battery cables carry the current from the battery to the starter motor circuit.


2  Current requirements are such that both the positive and negative cables must be heavy enough to handle large current flows.


(c) Ignition switch.

1  The starter switch or ignition switch is used to control the operation of the starter motor relay or solenoid.


2  The relay is an electromechanical device that; uses the magnetic strength of a control circuit (small current) to supply a large amount of current to the load circuit (large current).


(d) Starter relay (solenoid).

1  A starter motor relay is used to activate the starter motor.  The ignition switch controls electric current to the relay and/or solenoid (control circuit).


2  The control circuit is responsible for creating a strong magnetic field inside the relay or solenoid.


3  The magnetic field is responsible for completing the electrical contacts inside the relay between the battery and the load circuit (starter motor).  This type of automatic switching is referred to as an electromechanical switch.


(e) Starter motor.

1  The starter motor is a very rugged electrical motor that is operated by a relay-controlled circuit.


2  The ignition switch turns on the relay (control circuit) which completes the electrical circuit from the battery to the starter motor.


3  The starter motor uses a one-way drive gear to engage the engine flywheel and operate the engine.

TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.) Question: What is a relay?  ANSWER: The relay is an electromechanical device that; uses the magnetic strength of a control circuit (small current) to supply a large amount of current to the load circuit (large current).

If there are no other questions at this time, let's continue now by discussing some of the motorcycle system circuits, after a 10 minute break.
________________________________________________________________________________________________________________________________________________________________________________________________
(BREAK  -  10 MIN)

7.  CHARGING CIRCUITS.






(10 Min)

a.  AC and DC Current Flow.

(1) There are two basic forms of electrical current flow: alternating current (AC) and direct current (DC).


(2) Alternating current is what our homes and industries run on.  Current flow changes direction (current flow alternates back and forth) to and from the power supply.


(3) Direct current is what we need to operate our motorcycles, and charge our batteries.  Current flows in one direction only, positive to negative.


(4) An AC generator (commonly referred to as an alternator) produces alternating current and a DC generator produces direct current.


(5) Due to the fact that our military motorcycles use magnetos (alternators) vise generators, we must have a means of changing AC to DC, and that is the job of the rectifier assembly, also commonly referred as the diode assembly.


b.  Purpose of a magneto.


(1) The purpose of a magneto is to provide current for all electrical components while the engine is running.


(2) The magneto is also used to replace the energy depleted by starting the engine and operating electrical equipment while the engine is not running.


INTERIM TRANSITION: Now that we know the purpose of an alternator, let's talk about how the alternator is wired in the automotive electrical circuit.

________________________________________________________________________________________________________________________________________________________________________________________________

c.  Alternator Electrical Circuit.

(1) Alternator.

(a) The alternator uses a rotating magnetic field (rotor) within a stationary magnetic field (stator) to produce electricity.


1  The amount of electricity produced depends upon the strength of the magnetic field.

2  The more voltage that is applied to the rotor, the greater the current flow, the greater the magnetic field.


3  The greater the magnetic field, the greater the output current is produced.




(b) The magnetic field cuts across a wire wound conductor called a stator assembly.


1  The stator windings are stationary and mounted in a frame.


2  The greater the number of windings, the greater the potential output of the alternator.


(2) Voltage regulator.


(a) A voltage regulator is used to regulate output of the alternator.  It does this by turning the rotor on and off to a predetermined value.



(b) Charging output must be limited to match the needs of the electrical system.



(3) Battery.


(a) The battery plays a special role in the charging circuit of any motorcycle.  It is the state of charge of the battery that determines whether or not the alternator should increase or decrease its output.



(b) Should the batteries require more charge, the voltage regulator sense lead will pick it up, and will allow the alternator output to increase.
TRANSITION:  Are there any questions about what we have covered?  (Pause and receive any questions.) Question: In automotive electrical circuits, what takes the place of the second wire and offers a common ground to compete the circuit?  ANSWER:  The frame and other metal parts of the motorcycle.  During the past few hour I explained electrical controls, LCD, and connectors of the multimeter.  I also explained how we use it on actual equipment.  The next period of instruction will be devoted to a practical application type exercise that will give you the opportunity to develop your ability to measure electrical factors with a multimeter.
________________________________________________________________________________________________________________________________________________________________________________________________
8.
PRACTICAL APPLICATION EXERCISE FOR TROUBLESHOOTING MOTORCYCLE ELECTRICAL SYSTEMS.



  (180 Min)

a.  Instructions to Assistant Instructor.

(1)  Make sure required tools, supplies, and reference materials are available for each student team.


(2)  Ensure that required components are available to support the practical application exercise/performance evaluation.


(3)  Instruct the students to contact you if they need assistance or have a question.


(4)  Control student activity to ensure they comply with guidance provided by the primary instructor.


(5)  Complete the performance test grading sheets concurrently with their accomplishment of each task and return completed grading sheets to the primary instructor at the conclusion of the performance test.


b.  Instruction to Students.


(1)  The remainder of the class will be devoted to a practical application exercise and performance evaluation that will give you the opportunity to develop and demonstrate your ability to perform the required maintenance on the rear end assembly.


(2)  Turn to the service manual TM 09580B and the base manual, TM 095808B-30-2, chapter 14 for information on the electrical system. 



(3)  The procedures for performing these tasks are contained in the references provided.



 
(4)  If you have any questions, notify an instructor.

   
c.  Conduct the Practical Application Exercise/Performance Test.

(1)  Measure resistance of the ignition coil.


(2)  Measure resistance of the water temperature-sending unit.


(3)  Measure resistance of the fan relay.


(4)  Measure resistance of the fan switch.


(5)  Measure resistance of the pickup coil.


(6)  Measure resistance of the starter circuit relay.


(7)  Measure resistance of the starter relay.


(8)  Measure resistance of the magneto.


(9)  Measure forward voltage drops of the blocking diodes.


(10) Measure resistance of the CDI unit.


(11) Measure battery voltage.



(12) Measure charging voltage.


d.  Conduct Practical Application Exercise Diesel Motorcycle.



(1)  Glow plug.


(2)  Glow plug circuit.

 
(3)  Injection pump solenoid.
d.  CRITIQUE.  Critique the students’ performance.

ADMINISTRATIVE NOTE: At the completion of the practical application exercise and performance test, instruct the students to secure the tools and equipment and return to their seats.

TRANSITION:  The past three hours were devoted to a practical application type exercise that allowed you to practice measuring voltage and resistance with a multimeter.  Are there any about the Practical Application?  If not, this concludes our period of instructions.
________________________________________________________________________________________________________________________________________________________________________________________________
SUMMARY:                                                 (1 min)

As we all know, we have just completed a performance test on the electrical system of the M1030B1 Military Motorcycle.  We began the lesson by explaining the methods of producing electricity and factors that control current flow.  Next, I covered the three types of automotive electrical circuits and the rules that pertain to each circuit.  Then, you were provided instructions on the multimeter, followed by a practical application exercise that allowed you the opportunity to measure electrical factors with a multimeter.  Following the practical application of multimeter, we covered some of the types of defective circuits you may encounter when troubleshooting automotive electrical circuits.  Next, the final portion of the lesson was devoted to the purpose of automotive battery, cranking and charging, circuits.  With a good knowledge of electrical fundamentals and how to use test instruments, you will be a valuable member of the motorcycle community.  By ensuring we follow all the steps outlined in the technical manual, the lecture and demonstration portion of the class, I am confident that each and every one of you now has the knowledge and capability to perform maintenance on our tactical motorcycles.  Those of you with the Instructional Rating Forms, please fill them out and place them on the table at the back of the classroom.  Everyone else please take a 10-minute break.
(BREAK  -   10 Min)
INSTRUCTOR NOTE


Instruct the students to perform each step of the operational check as it is explained and demonstrated.





INSTRUCTOR NOTE





USE OF REFERENCES.  The use of references is strongly encouraged with all courses.  When using an approved reference (annotated with the valid Program of Instruction (POI) and obtained from the POI Manager) it is not necessary to regenerate the exact information from the reference into the Lesson Plan or Student Outline - Unless students will not be provided access/use of the reference for evaluation/testing.  When using references, the instructor will direct the student to the appropriate reference, section, and page number throughout the class.  Main ideas, in outline format, will be entered into the Lesson Plan and instructors will personalize this material from the reference.  





Instructors will use actual motorcycle on all demonstrations.  The students will perform each task after it has been demonstrated and when advised to do so by the instructor.  Instruct the students to open their manuals and follow along as you explain.





INSTRUCTOR NOTE


We will discuss each type of circuit individually as we proceed, but first we will cover some basic symbols used to identify components and instruments used on automotive circuits.


Point out each symbol as it is discussed.





INSTRUCTOR NOTE


Explain Instructional Rating Forms to the students.





INSTRUCTOR NOTE


Make sure each student has a multimeter.





INSTRUCTOR NOTE


Use the Delco Remy training charts and/or slides as you trace and explain current flow through the circuit.








INSTRUCTOR NOTE


Introduce learning objectives.





INSTRUCTOR NOTE


Use Delco flip chart 5133A and/or slides to describe the circuits.








DEMONSTRATION/PRACTICAL APPLICATION/PERFORMANCE TEST The purpose of this demonstration/practical application is to familiarize the students with how to perform maintenance on the M1030B1/M1 electrical system. The instructor will use actual item objects on all demonstrations.  The students will be assigned to their motorcycle.  The students will follow the demonstration to repair the front end assembly, using the available materials, handouts, and tools necessary to complete the job.





STUDENT ROLE: The students will perform each task after it has been demonstrated and/or when advised to do so by the instructor.





INSTRUCTOR(S) ROLE:  Instruct the students to contact you if they need assistance or have a question.  Control student activity to make sure they comply with guidance provided by the senior instructor.  Instruct the students to open their manuals and follow along as you explain.  Initially I will explain and demonstrate the correct procedures for disassembling the camshafts.  


PRACTICE: After the demonstration, students will remain broken down into groups of two, select tools and materials used to adjust controls and instruments.  This PA is designed to give students the experience on how to perform maintenance on the rear end assembly.  This task will be based on tools and materials selected to remove the necessary components to perform the task at hand.  This practice should take about 3 hours to complete.  Students will work in pairs assigned by the senior instructor.  Two instructors will be on hand at all times. SI: Ratio 6-1





PROVIDE-HELP: Control student activity to make sure they comply with guidance provided by the senior instructor.


1. Safety Brief: Incase of a mishap, stop work and notify the instructor.


2. Supervision and Guidance: Instructors will insure all student safety concerns and instructions are strictly followed.





INSTRUCTOR NOTE


Use charging system wiring diagram on page 14-5 of the service manual as you trace and explain current flow through the system.





INSTRUCTOR NOTE


Use electric starter system wiring diagram on page 14-15 of the Service Manual as you trace and explain current flow through the system.








ASSISTANT INSTRUCTOR’S NOTE


Make sure that required tools, supplies, and reference materials are available for each student team.  Make sure that required components are available to support the performance evaluation exercise.  Instruct the students to contact you if they need assistance or have a question.  Control student activity to make sure they comply with guidance provided by the senior instructor.  Complete performance test grading sheets on students concurrently with their accomplishment of each task.  Return completed grading sheets to the senior instructor at the conclusion of the performance test.
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