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SECTION II.

INTRODUCTION






Method of instruction: CO.

Instructor to student ratio is 1: 32.






Time of instruction: 15 minutes.






Media: None.


Motivator


Should you find yourself in a hostile environment, your ability to test and repair a malfunctioning generator may be the difference between life and death, yours.


Terminal


Note:
Inform students of the following terminal learning 
objective

Learning




requirements.

Objective



                           
At the completion of this lesson you (the student) will:







          

ACTION: 

Perform DS/GS troubleshooting.

CONDITION: In a classroom/shop environment,given



                     instruction, a 60KW DED Generator Set,ETM Reader, TM 5-6115-545-34, variac or external power supply, exciter test set, DC power supply, general mechanics tool kit anda multimeter, 








                STANDARD: IAW TM 5-6115-545-12 and TM 5-6115-545-                            34.


Safety



You must adhere to the following safety precautions when working in

Requirements 

shop area:

1.
All watches, I.D. tags, and jewelry must be removed when you report to school.






2.
Open flames are not allowed in any of the equipment bays.






3.
Horseplay is not allowed in the division area.






4.
Hearing protection will be worn when working in the vicinity of any running Power Generation Equipment.  Both earplugs and earmuffs are recommended.






5.
Equipment will be operated only in designated areas.






6.
Equipment must be grounded before troubleshooting and operation.

7.
 Power Generator generates extreme high temperatures and dangerous voltages.  Be careful of what you touch.






8.
Standard maintenance discipline must be adhered to. Each workstation must be properly policed after use.






9.
Read and follow all cautions and warnings listed in equipment Technical Manuals.

Risk





Assessment 

Low

Level

Environmental

It is the responsibility of all Soldiers and DA civilians to protect 

Considerations
the environment from damage.  There are no environmental






Considerations.

Evaluation


52D10F09, End of annex Job Performance Test.


Instructional

During the up coming lesson you will learn the purpose, component,

Lead-in 


and test procedures for the Excitation System Assembly and the Main Generator.  You will perform testing procedures in the associated practical exercise.


SECTION III.

PRESENTATION
ELO A.





               ACTION:

Identify components of the Main Generator Assembly







CONDITION:
In a classroom environment, given instruction and  








references







STANDARD:
IAW TM 5-6115-545-34.







Learning Step / Activity – The Instructor will lead the students in a discussion on the identifying of components and the function of the main generator assembly.





Method of instruction: CO. 

Instructor to student ratio is 1: 32.






Time of instruction: 30 minutes.






Media: Overhead projector and slides.






References: TM 5-6115-545-34.






Security Classification: Unclassified.

Note:



Have students refer to their student workbook 3, page 18.

a. Function: The function of the main generator assembly is to

 produce a usable alternating current (AC) output. There are three conditions required to produce voltage. There must be a conductor in which the voltage will be produced, a magnetic field in the vicinity of the conductor, and relative motion between the conductor and the field. The conductor must be moved so as to cut the magnetic lines of force, or the field must be moved so that the lines of force are cut by the conductor. Therefore, if all three of these conditions are not met, you will not have an output voltage. 


                          
b.
Components.







(1)  Exciter Stator: The exciter stator when energized with DC voltage will create a magnetic field. This magnetic field is called a stationary field because the exciter stator is a stationary component. A field is always energized with DC, never AC.







(2)  Exciter Rotor: The exciter rotor, wound in three phase wye configuration, will produce a three phase AC voltage. It produces an AC output because it is rotating inside the exciter stator, cutting the lines of magnetic force. 







(3)  Rotating Rectifier: The rotating rectifier is a three phase, full wave rectifier. Its` sole purpose is to rectify AC to DC. It receives AC from the exciter rotor, rectifies it to DC, then it passes to the main rotor. It contains six diodes, (two for each phase) three being standard polarity and three reverse polarity diodes.



(4)  Main Rotor: When the main rotor coils are energized with DC voltage, it will create a magnetic field. This magnetic field is called a revolving magnetic field because the rotor is a rotating component.



(5)  Main Stator: The main stator, wound in a three phase wye configuration, will produce an AC output. Even though the main stator is stationary, it will still cut the magnetic lines of force as the field is revolving. As the field revolves and is forced outward, it is thrown (salient poles) across the coils of the main stator and therefore induces an AC voltage in the main generator stator. 

                                  c.   Operation. 

(1) Referring to workbook figure 1-4, you can see that the main generator stator has a wye configuration. The wye is capable of being configured in either a series or parallel position. In the series position, it will produce an output of 240/416 VAC.






(2) When the stator windings are in series, they are added and current remains the same. When you measure voltage between LO and L1, L2, or L3, you should receive 240 VAC (phase voltage). When you measure the voltages between L1 and L2, L1 and L3, you should read 416 VAC (line voltage).







(3)
When the stator windings are placed in the parallel position, the output will be 120/208 VAC. In parallel, the voltage remains the same and current is added.  Phase voltage gives you 120 VAC while line voltage gives you 208VAC. The reconnection board (TB6) allows you to change the configuration from wye series to wye parallel or vise-versa. 

Note:



Conduct a check on learning, summarize the learning activity.

ELO B.





ACTION:

Describe test procedure for components on the Main Generator Assembly







CONDITION:
In a classroom environment, given instruction and 








references







STANDARD:
IAW TM 5-6115-545-34.







Learning Step / Activity The Instructor will lead the students in a discussion on the testing procedures for components on the main generator assembly.

                                  Method of instruction: CO. Instructor to student ratio is 1: 32.






Time of instruction: 30 minutes.






Media: Overhead slides and projector.



        

References: TM 5-6115-545-34.






Security Classification: Unclassified.

a.
Electrical Malfunction and Isolation Test: This test is designed to actually test the entire main generator assembly. If you were operating a generator set and you faced a low or no output voltage situation, you would perform this test which allow you to determine if the problem was in the main generator assembly or elsewhere.

Note



Have students locate test procedures in TM 5-6115-545-34.
.




b.
Disconnect lead F1 and F2 from TB-16 at terminals 15 and 16.






c.
Connect a variable DC power supply to F1 and F2. Place a digital multimeter in series with either F1 or F2. Using the meter shunt, set the meter to the 200mv scale. Remember that reading your meter must be divided by 10 as you are using the shunt.

d.
Start the generator set.







e.
Operate the generator set at 60 hertz.





f.
Adjust DC voltage by using the Variac. Increase input until 






output voltage reaches 120/208 VAC.






g.
Check multimeter reading.






h.
If you get a final reading of 1.25 to 1.55 Amps, then the problem lies in the excitation system. If you do not get this reading then the problem lies in the main generator assembly. By disconnecting the F1 and F2, you have removed the generators excitation and installed  your own with the variable DC power supply. If the generators main  assembly is good, then you will get the above reading.

Note:



Show Transparency #2 have students trace in Variac hook-up in their workbook.

Note:



Conduct a check on learning and summarize the learning activity.

ELO C.








ACTION:

Test the Main Generator Assembly.







CONDITION:
In a shop environment, given instruction, 

references, and necessary equipment







STANDARD:
IAW TM 5-6115-545-34.


Learning Step / Activity – Students will now perform a practical exercise testing the Main Generator Assembly.

                                  Method of instruction: PE1.

                                  Instructor to student ratio is 1: 6.



        

Time of instruction: 5 hours.






Media: None.






References: TM 5-6115-545-34.






Security Classification: Unclassified.
Note: 



Refer to PE Supplement 1.

ELO D.
 




ACTION:

Explain the theory of operation of the Excitation System Assembly 

CONDITION:
In a classroom environment, given instruction, and references






STANDARD:
IAW applicable references.



Learning Step/Activity - The Instructor will lead the students in a class discussion on the theory of the operation of the Excitation System Assembly.

Method of instruction: CO.  

Instructor to student ratio is 1: 32.






Time of instruction: 2 hours.






Media: Overhead slides.






References: TM 5-6115-545-34.






Security Classification: Unclassified.

Note:



Have students refer to their student workbook 3, chapter 4, and page 12.

a.
Purpose:  The purpose of the Excitation System Assembly is to provide field flash and maintain excitation to control the AC output level of the generator set.  Initial field flash is utilized to produce an initial AC output.  The excitator regulator is responsible for sensing the AC output and will control excitation (Field Flash) during the operation of the generator set.  We will first discuss the operation of the Initial Field Flash and then the Exciter Regulator Assembly.

b.  Theory of Operation: The current flows from the battery to the S9 (Overspeed switch). 
The S9 through its S9-1 set of contacts will allow current to flow. (At an engine speed of 580-620 RPM to K5). Once the K5 is energized, current will pass through the excitation system assembly to TB16.  The current now will flow to the exciter stator through F1 & F2 (pins 15 & 16). Initial Field Flash is now induced creating a magnetic field.  As the engine applies motion, the main generator assembly wil now produce AC voltage output.  At this time the Excitation System Assembly will monitor and control the output of the main generator. 

Note:



Conduct a check on learning and summarize the learning activity.






Q.
The S9 speed switch has how many sets of contacts?







A.
Three (3)






Q.
What is the purpose of the Excitation System Assembly?







A.   To provide initial field flash and maintain excitation.

ELO E.


ACTION:

Identify components of the Excitation System Assembly

CONDITION:
In a classroom environment, given instruction, and references






STANDARD:
IAW applicable references.





Learning Step/Activity: The Instructor will lead the student in a
 discussion on the identity of the component of the Excitation System Assembly.

Method of Instruction: CO. 

Instructor to student ratio 1: 32.






Time of Instruction: 30 minutes.






Media: Overhead slides.






References: TM 5-6115-545-34.






Security Classification: Unclassified.






a.  Batteries: Generator set has 2 x 12 volts (100 amps) batteries connected in series, producing 24 volts, 100 amp DC power This is the primary source of DC current.






b.  Overspeed Switch, (S9): The overspeed switch is driven by the camshaft through the tachometer drive assembly and angle adopter It provides sequence of control to circuits during startup and protection against engine overspeed during operation.  It has three sets of contacts, S9-1, S9-2, and S9-3 that are set to open or close at certain engine speeds.  It is designed to turn at half of the engine speed (bench speed). 






 
(1) S9-1 contacts reverse position at engine speed of 580-620 RPM (290-310 bench speed).  One set of contact will close to energize K5 field flash relay, and the other set of contact opens to de-energize K3 crank relay to stop the starter motor.







(2)
S9-2 contacts are only used on sets with electro-hydraulic governor system.  These contacts are no longer used with the new electric governor system.







(3)
S9-3 contacts reverse position at an engine speed of 2425+ or -25 RPM.  One set of contacts opens to de-energize the fuel solenoid and the stop run relay.  The other set closes to energize the fault indicator panel.






c.
FIELD FLASH RELAY (K5): When energized, will provide an initial field flash (initial excitation) to the exciter stator that will make the generator set produce an initial AC output.






d.
EXCITATION SYSTEM ASSEMBLY: Wil maintain field flash 
to control the AC output level of the generator set in relation to the amount of load being applied to the set.  Because of its complexity and extensive testing procedures, we will discuss the circuits, functions and testing last.

e.
Components.

(1) Current Rectifier (CR201 - CR207): The purpose of the 

current rectifiers is to protect the circuits from reverse polarity and to convert AC voltage to DC voltage. The CR201 to CR206 rectifies AC current coming from current transformers (CT4-CT6) to DC current to be utilized by the exciter field for current boost.  The CR207 protects the field flash circuit from reverse polarity.

(2)
RESISTORS (R219 and R211 - R224): The purpose of the resistors is to smooth out the flow of current.  They are also used 
to restrict the flow of current depending on the requirement of the circuit.  R219 is used by the Initial Field Flash circuit and R219 to R224 are used by CT5, and CT6.







(3)
RADIO FILTER INTERFERENCE (RFI): The RFI converts AC coming from T9 and T12 thru J13 to a proportional DC signal to be utilized by the exciter for excitation.







(4)
SILICON CONTROL RECTIFIER (SCR/Q205): The SCR is the heart of the voltage regulator assembly.  It controls the amount of current going to the exciter field. The longer it is gated or biased, the more current it will allow to flow to the exciter field.  This is dictated by the other circuits of the voltage regulator assembly that senses the output of the generator set.







(5)
VOLTAGE REGULATOR: A voltage regulator maintains the terminal voltage of an alternator or generator at a 
predetermined value.  Voltage is control by regulating the strength of the electromagnetic field produced in the exciter stator.







(6)
ELECTRONIC COMPONENT ASSEMBLY (ECA): The electronic component assembly is a circuit board used to house components needed to aid the Excitation System Assembly in maintaining the exciter field.






f.
There are seven individual circuits in the Excitation System Assembly that controls the output of the main generator.  We will briefly discuss each and their functions.

(1)
INITIAL FIELD FLASH: On this generator set, Initial Field Flash is induced by K5 during the start procedure. When K5 contacts close, current will flow from the negative side of the battery to pin C of J9. It then goes to pin S of the J13 and through the exciter stator pin R of J13.  It then continues through CR207 and R219 out to pin D of J9 and back to the positive side of the battery. Once the process has been completed, voltage will rise and this voltage will be sensed by the sensing circuit. K5 relay contact will pen (de-energize) when start switch is released 







(2)
SENSING CIRCUIT:
 The sensing circuit samples the generator output, then sends a signal to the Comparison and Reference circuits. This voltage comes from T9 and T12.







(3)
REFERENCE AND COMPARISON CIRCUIT: This circuit refers to the load and compares it with a feed from the Sensing circuit. It allows the regulator to decide if there is any difference between the two circuits.
This is 
done at the voltage-dividing network Q201. The A side of Q201 operates in an under voltage condition.  It will establish a REFERENCE voltage that will always be 6 volts DC regardless of the changes in the amount of AC voltage sampled by the Sensing Circuit. The B-side operates in an over voltage condition. It will establish a COMPARISON voltage that will rise and fall with the amount of voltage sampled by the sensing circuit.  Under normal generator set output (120 AC/1 Phase), Comparison circuit voltage will be 4 volts DC.







(4)
LOAD SENSING CIRCUIT: This circuit senses the load being applied to the generator set, through the use of CT4, CT5, and CT6.  These current transformers will give the excitor stator a current boost when the load demand increases on the generator, causing the output voltage to decrease below normal.  CT4, CT5, and CT6 will aid the exciter field only when a load is applied to the generator set.







(5)
 ERROR CIRCUIT: The error circuit will sense if there is a difference between what the generator is producing and load demands, using the voltage difference between Reference and Comparison circuits.  If a difference exists, then the Error circuit corrects the output of the generator by increasing or decreasing the current to the exciter field stator (field flash).  This is done by controlling the conduction of SCR (Q205).







(6)
SCR GATING CIRCUIT: The SCR Gating circuit will control the amount of current going to the excitor field from T12 through pin L of J13.  The more current to the field, the higher the output of the generator set.  The SCR works on time (millisecond).  The longer it conducts, the more current it allows to flow to the field.  In essence the SCR is the heart of the voltage regulator assembly.  The circuits of the voltage regulator assembly works together to control the conduction of the SCR.  This will then control the current supplied to the exciter field, thus controlling the AC voltage output of the generator set.







(7)
ANTI-HUNT CIRCUIT: The Anti-hunt circuit prevents the hunting or fluctuation of the voltage to the exciter field.  The electronic component assembly card prevents this from happening.  If the voltage on the exciter field fluctuates, then the output of the generator set will fluctuate.  This circuit has a physical connection to the field and will feel any changes to the current.  It will compensate for the changes using its capacitors until the SCR has fully established the amount of current necessary to stabilize voltage






g.
EXCITOR STATOR (F1 & F2): When current is induced (field flash), it will create a stationary magnetic field that will enable the main generator stator to produce AC voltage output, while motion is applied.

Note:



Conduct a check on learning and summarize the learning activity.






Q.
During initial excitation what two component of the excitation system assembly does current pass through?







A.
CR207 and R219.

ELO F.







ACTION:

Perform diagnostic procedures on the Excitation 




System Assembly

CONDITION:
In a shop environment, references, a multimeter




necessary tools and equipment






STANDARD:
IAW applicable references.







Learning Step/Activity - The students will perform diagnostic procedures on the Excitation System Assembly and related components.






Method of Instruction: PE1.  

Instructor to student ratio is 1: 6






Time of instruction: 8.5 hours.






Media: None.






References: TM 5-6114-545-34.






Security Classification: Unclassified.

Note:



During the next 8.5 hours, you the students will complete a practical exercise designed to enhance your skills on Diagnostic Procedures of the Excitation System Assembly.


SECTION IV.

SUMMARY






Method of Instruction: CO.






Instructor to student ratio is 1: 32.






Time of instruction: 15 minutes.






Media: None.


Check on


Determine if the students have learned the material presented by-
learning






a.
Soliciting questions and explanations.






b.
Asking questions and getting answer from students.

Q.
What component provides sequence of control to circuits 
during start up and protection against over speed?

A.
S9 speed switch.






Q.
Where is the initial excitation induced to produce an AC output?







A.
Excitor stator.






Q.
A “Field” is always energized with what type of current?







A.
DC current.






Q.
What component controls the AC output of the generator?







A.
Silicon control rectifier (SCR-Q205).







c.
Correcting student misunderstandings.


Review/

Summarize



Lesson
 


Conduct an end-of-presentation summary of major teaching points.

Transition


Your next lesson will be 52D10F09, Job Performance Test.

SECTION V.

STUDENT EVALUATION


Testing



In lesson 52D10F09, you (the student) will be given a Job

 Requirements 

Performance test on the material presented in this lesson.  You must receive a go within two attempts.

Note:
Refer student to the Student Evaluation Plan.


Feedback


a.
Schedule and provide feedback in Context to the

Requirement

material
 presented; correct student misunderstandings.


.





b.
Provide remedial training as needed.


18

