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                  CHARACTERISTICS OF POWER GENERATION


                                                                 SECTION I.	ADMINISTRATIVE DATA





All courses	COURSE NUMBER(S)	COURSE TITLE(S) 


Including This	50B3                Light Wheel Vehicle


Lesson						Mechanic (BNCOC)





TASK(s)		TASK NUMBER		TASK TITLE


Taught or		None                                            


Supported		





Reinforced	TASK NUMBER		TASK TITLE


Task(s)		None


 


Academic		The Academic hours required to teach this


Hours:		lesson are as follows:





							PEACETIME		MOBILIZATION


							HOURS/METHOD   HOURS/METHOD 


							  1.0/ C         1.0/ C 


                                     2.0/ D  	  2.0/ D 


				*TEST		  0.0/           0.0/


				*TEST REVIEW	  0.0/           0.0/       


				 TOTAL HOURS	  3.0            3.0 





Test Lesson							Hours	Lesson No.


Number:                   	  Testing:	None                                 Review of test results:	                       


Prerequisite	None


Lesson(s)





Clearance		This lesson plan is unclassified.  It has


And Access	been reviewed by the product developers in  			          coordination with the US Army Ordnance Center 			     and School foreign disclosure authority.  This 			     product is releasable to military students from 			     all requesting foreign countries without                         restrictions.


 








References	Number		Title		Date	   Page/ Add'l


										   Para No.Info


			FM 20-31 	 Power Generation


			       	 in the Field       10/87   All	None


               TM 5-6115-


               584-12     Tech. Manual        7/77   All    None  


               TM 5-6115-


               545-12     Tech. Manual        6/73   All    None





               TM 9-6115- 5KW TQG Tech.


               641-10     Manual              12/92  All    None





               TM 9-6115- 10KW TQG Tech.


               642-10     Manual              12/92  All    None





               TM 9-6115- 15KW TQG Tech.


               643-24     Manual               9/93  All    None





               TM 9-6115- 30KW TQG Tech.


               643-24     Manual               9/93  All    None





               TM 9-6115- 60KW TQG Tech.


               644-24     Manual               9/93  All    None





Student Study	None


Assignments	                  


  


Instructor	One instructor


Requirements	                            





Additional	None                                           Support		                                     


Personnel


Requirements





Equipment		3 to 60KW GENERATOR SETS                      


Required





Materials		INSTRUCTOR MATERIALS:


Required			Rotor, Stator and Control box


     


			STUDENT MATERIALS:


 				All references above


                                 


Classroom,	One general purpose classroom.              


Training		and bay area.            


Area, and


Range


Requirements   None





Ammunition	None


Requirements


 


Instructional	Issue all references to students to be used in 


Guidance		classroom only.                               


                                                                Proponent		Name				Rank		Position		Date


Lesson


Plan		                                                       Approvals	     writer





			                                                    			Approver





			                                                   			Safety Officer





			                                                   			Annual Reviewer





			                                                   			Annual Reviewer


                                                                  


SECTION II.	INTRODUCTION





			Method of Instruction: CO.  Instructor to student  			ratio:  1:Class.  Time of instruction: 0.2 hours.


			


Motivator		As a maintenance supervisor you will hold a                      variety of positions. From motor Sgt., shop                      Foreman, and Section Sgt. It is important that you                have a basic understanding of power generation in                order for you to properly maintain your equipment                in a full mission capable at all times. 





Terminal       Note: Inform the students of the following  


Learning	           terminal learning objective requirement


Objective


				 At the completion of this lesson you (the    				 student) will:                                                                                                              ACTION:       Define characteristics of selected,                              power generation equipment.             


               CONDITION(s): In a classroom/shop environment,                                 given instruction, references.                                   


               STANDARD(s):  IAW applicable references.


                              


Safety		        


Requirements	Removed all jewelry while in the shop area.





Risk			Low


Assessment


Level





Environmental	None                                             Considerations                 





Evaluation:    In lesson LPXHEF you (the students) will have one                hour to take a job knowledge test on the material                presented in this lesson.. 





Instructional	None                


Lead-in	                        _______________________________________________________________


                                                                 SECTION III.   PRESENTATION





A.			ENABLING LEARNING OBJECTIVE A





			ACTION: 	    Describe safety requirements when                                working on power generators.





			CONDITION(s): In a classroom environment given                                 instructions and references.


					    


			STANDARD(s):  IAW applicable references 


                   


			Learning Step/Activity - The instructor will lead


			discussion on safety precautions.                                


			Method of Instruction: CO; Instructor to student


			ratio: 1:Class. Time of instruction 1.0 hours.


			Media: None  


                                 


Note:          Begin a discussion on safety. Get students                       involved by asking questions. Ask what they know                 about safety when working or operating power                     generation equipment. 





           a. Electrical shock: can be high or low voltage. Low 


           voltage is below 220 VAC and High voltage is above               220 VAC.


              


             (1) Low voltage: will cause the person to stick to             the source. Help a low voltage victim as follows;                first turn power source off if possible, if unable               to turn it off remove victim. Use any nonconductive              material; (rope, wood etc.) if none of the above can             be accomplished, tackle the him making sure that you             are off the ground.   





             (2) High voltage: will throw victim away from the              source. The victim may lose consciousness, and won’t             be able to breathe. First aid will be CPR, you have              only 4 minutes to begin this action before permanent             brain damage occurs.





Note:      Use personal or field experience to make class more              interesting. Ask the students if they had experience             or seen anyone receive an electrical shock.                                                       


             (3) Amperage: It only takes 0.1 of an amp to kill              under the right conditions. The generators used by               the military are capable of producing from 10.4 to               208 amps per phase.


                                                                            b. Noise: Generators produce a very loud noise,                  hearing protection is required when working around               generators in operation.


                                           


           c. Fire safety: when working with generators we                  must consider the possibility of a fire. There are               four type of fires.





             (1) Class A: Ordinary combustibles, paper, cloth,              wood, upholstery, etc.                   


	                                                                         (2) Class B: Flammable liquids, gasoline, oils,                grease, etc.                                                                                                                        (3) Class C: Electrical equipment, wiring, varnish             (used on insulation), etc.                          


             


             (4) Class D: Combustible metals, Magnesium, etc.                                                                   Note:      Three of the above are contained in generators (A,B,C)


           When working with generators an ABC type fire                    extinguisher is required.


                             


           d. Exhaust fumes: are odorless and can’t be seen,                This carbon monoxide can kill you. Symptoms are                  headache, dizziness and tightness of the chest. Make             sure that there is proper ventilation when operating             generators. 


                  


           e. Hot exhaust: keep away from exhaust manifold and              mufflers they get very hot.


                                       


           f. Grounding: before the operator does any work, or              operate a generator, it must be grounded to prevent              an electrical shock in case of a short circuit.                  Grounding provide a least path of resistance for                 current to flow. There are many ways of grounding                generators, but we will cover only three. Grounding              Rod, Plate and Pipe. The ground must be below the                moisture level to be effective, at least 8 feet                  deep. Drive the rods at 30 to 45 degree angle, this              will make it easy to remove with a vehicle.                                         


             (1) Rod: most commonly used, there are three, 3                foot sections of 5/8 inch cooper rod. Drive the                  rods 8 feet deep or below moisture level. If this                can’t be accomplished make a trench at least 2 ½                 feet deep and bury all three pieces and wet the soil.            Wet soil passes electric current better than dry soil            and make your grounding system work better.





             (2) Plate: must be at least nine square feet, ¼                inch thick, with a ground strap secured to the center            of the sheet. Bury the plate at least four feet. Keep            soil moist at all times.


                                           


		   (3) Water pipe: this method can be used in your                shop. In the shops sometimes there is no way to place            a grounding rod in the ground. You can use a water               pipe, steel building frame, metal poles or storage               tanks. Make sure storage tank does not contain                   gasoline, oil, or other flammable liguid. 


                                                                              (4) Ground : Wire size is determined by number. The            As wire size (no.) decreases’ current capacity                   increases. Minimum size ground wire is No.6 AWG, if              no.6 is not available use no.4 AWG. There are four               things to remember about ground wires.


                 


                (a) Keep them short


                (b) Make solid connections


                (c) Keep them clean and tight


                (d) Avoid sharp corners                                                       


Note:      Never ground a generator to a fence, if the generator            is part of a system both must be grounded. Never run a            generator without a ground. 





Note:      Conduct a check on learning and summarize the learning 


           activity.


 


B.         ENABLING LEARNING OBJECTIVE B





		 ACTION: 	    Describe characteristics of power                                generators.





		 CONDITION(s): In a classroom/shop environment                                  given instructions and references.


					    


		 STANDARD(s):  IAW applicable references 


                   


		 Learning Step/Activity - The instructor will lead


		 discussion on characteristics of generators.                                


		 Method of Instruction: D; Instructor to student


           ratio: 1:Class. Time of instruction 1.9 hours.


		 Media: None 


                          


           a. Characteristics of generators: The mobile                     generators used by DOD, are capable of converting                mechanical energy into electrical energy. Three                  elements are needed for a generator to produce                   electricity. Motion, Magnetic field and Conductors.


                                                                              (1) Motion: is supplied  by the engine, there are              gas engine driven (GED) and diesel engine driven (DED)            generators.





Note:      Bring the main generator and rotor to demonstrate to             the students and explain the following;





             (2) Magnetic field: is located in the main                     generator exciter. It will be excited by battery                 voltage. There are two main reasons for losing                   residual magnetism, long term Storage and                        transportation. To restore residual magnetism, flash             the field, to apply DC voltage to the exciter.





             (3) Conductors: These are wires and other devices              used to transport electricity from the main generator            to the load. The main conductors are in the main                 generator, but most of the conductors are located                in the control box.





Note:      Take students to the shop area and explain                       characteristics of families of generators.





           b. Family of generators: The DOD family of                       generators ranges from 3-500KW (refer students to                pg. 2-4 on FM 20-31. There are two types of                      generators, AC and DC. In the Army inventory now we              have three families of generators, GED, DED, and                 TQG. Most parts are interchangeable from one generator            to another, this help to keep a lower PLL stock.                 Example; fuel pump for a 3KW GED can be used on a 5              and 10KW GED. 


                                        


             (1) AC: used to supply power to electronic vans,               motors, lights, and everything that requires AC                  voltage.


                                


             (2) DC: used to charge batteries, run                          communication equipment and provide power to some                missile equipment. DC generators are basic AC                    generators  that use a Rectifier to convert the AC               voltage to DC voltage. 


                


 Note:     Generators are classified as class I (Precise) and               class II (utility), this depend on the type of                   governor used to govern the engine speed.





Note:      Show students the electronic control system on a                 generator and on the training aid.





             (3) Precise: equipped with an electronic governor,             consist of a magnetic pick up, control unit and                  actuator. The magnetic pick up senses the actual                 engine speed and send a voltage signal (3VAC) to                 the control unit. The unit has a pre-set signal it               compares both signals and send a message to the                  actuator to increase or degrease fuel intake to the              injectors. Under load the governor will increase or              decrease engine rpm, operator doesn’t have to make any            adjustments to compensate for the load.  





             (4) Utility: the governor on this type of                      generators is mechanical. The operator must manually             increase or decrease engine speed to compensate for              the load.





           c. 3KW GED; there are two models;





             (1) MEP016A: Used for small loads, lights, coffee


           pots, small motors etc.





             (2) MEP026A: DC used for battery charging, run                 communication equipment and to power some missile                equipment.


                                         


             (3) Ignition system: two types are used,                       electronic and dual points.


                                                                              (4) Engine: Is 6HP, 4 cylinder, air cooled.                                                                                       (5) Governor: mechanical, this governor doesn’t go             bad to often, possible problems are the gear inside,             or leaks.





Note:      The instructor may use field experience and basic                skills to elaborate more on the above information.                             


             (6) Fuel pump: is a mechanical pump driven by                  camshaft. If the diaphragm is defective fuel and                 oil will mix. An indication is the oil level raise               well above normal after operation, or black smoke                coming from the muffler. 





             (7) Control box: used to control generator                     operation. Most conductors are located here. Check for            loose, burned, frayed, or broken wires,                                     


 Note:     The instructor will explain gages, switches and meters            on the control box.


                      


             (8) Load terminals: used to connect the load.                  Depending on the configuration the generator is on               load will be connected on specific terminals. Check              for missing safety clips or missing nuts.





             (9) Field flash: is accomplished by connecting two             1.5 batteries in series, Look for terminals 20 and 21            on the voltage regulator (inside the control box).               Place the positive lead from the batteries on terminal            no.20 and with the neg. lead momentarily touch                   terminal no.21, the field should excite.


                                  


Note:      The instructor will explain more in detail about                 configuration and what terminals to use.





           d. 10KW GED generator: MEP018A, is a 60HZ, AC,


           MEP021A, is a 400HZ, AC. 


 


             (1) Engine: a 20HP, 4 cylinder, air cooled,       


           gasoline engine. only one safety feature, the oil                pressure switch. It must be bypassed to be able to               start the engine with a pull rope. This is done by               placing the emergency run switch in the emergency run            position.   





             (2) Ignition system: a magneto is used to provide


           the spark. This magneto has two grounds, one in                  the case and another in the capacitor. If the                    capacitor is not grounded the engine will not shut               down when placing the start switch to stop                       position. If the case is not grounded the engine                 will start but will not run.  





             (3) Crankcase breather: Used to provide                        ventilation to the crankcase. An indication of                   breather being clogged is oil around front seal or               any other seals. Before determining if seal needs                replacement check breather.





             (4) Control box: has all the controls for the                  engine and the generator. Explain all feature not                on the 3KW GED.





             (5) Batteries: Check for proper electrolyte level              and cleanliness. Check for loose cables and                      connections. Batteries should be check daily and                 must be clean, connections must be secure and a                  light coat of grease on the terminals will prevent               corrosion.   


 


             (6) Field flash: used to restore residual                      magnetism, when there is no reading on the voltage               and frequency meters. Is accomplished by engaging the            manual field flash inside the control box. If there is            not reading on the meters after field flash, push the            reset bottom on top of the switch and try again if               problem is not solved take it to the mechanic.


                                                          


             (7) Load terminals: Show the terminals, the                    configurations of the generator and explain what                 terminals are used on the different configurations.                                                                                 (8) Reconnection switch: Used to change voltage                and phase requirements. Must not be switched under               load, damage to the load and the generator will occur.


 


             (9) AC circuit breaker: allows the load to be                  applied to the generator. This switch is the last                thing to turn on before applying the load and the                first thing to turn off before shutting down the                 engine. 





           e. 10KW DED: MEP003A, is a 60HZ and MEP112A is 400 HZ.                                   


             (1) Engine: a 16HP at 1800 rpm, 4 cylinder, air                cooled diesel engine. Has two safeties switches, low             oil and high temperature.    


                                                                                (a) Oil press. Sw.: normally open closes at 20               +/- 2 psi, opens at 14-16 psi and disconnects K5                 shutting the engine down on low oil condition.                                                                                         (b) Temp. Sw. : normally closed, opens at 222 +/-            3 degrees F and will shut engine down.





             (2) Control box: same as 10KW GED.                     


             (3) Reconnection SW: same as 10KW GED.


              


             (4) K5 fuel shutoff SW: when energized it compresses            a plunger Allowing fuel into the injectors while                 cranking, shuts engine down on low oil and high                  temperature conditions.


                                   


             (5) S7, starter disc. SW: normally closed, opens               at 1000 +/- 100 rpm to disconnect the starter and                allows the operator to flash the field if needed.


                                      


             (6) Battery charging system: consist of a                      permanent magnet revolving around stator windings.               The output is about 35 VAC. A rectifier changes this             voltage to about 28 VDC to keep the batteries charged.            This system has a capacitor that will drain the                  batteries. To prevent this condition the battery                 negative cable must be disconnected if the equipment             is not going to be operated for a week (this should be            done after every operation, batteries can be drained             over night).


                                                                 


             (7) Fuel system: consist of 3 electric pumps, fuel             tank, fuel strainer and filters, injection pump and              injectors. 


                                                


               (a) Electric pump: There are 3 pumps, two are used            as primary, to transfer the fuel from main tank to the            filter and the injector pump. The third pump is used             in auxiliary prime and run, only to transfer fuel from            an external tank to the main the tank. If one of the             primary pumps goes bad during normal operation the               operator can use the auxiliary pump to replace it.               But if running in auxiliary fuel and the auxiliary               pump goes bad the primary can’t be used. All three               pumps must be used on auxiliary. 


  


               (b) Tank: contains a float switch, this switch is            used under auxiliary fuel to activate K4 relay and               allow the auxiliary pump to transfer fuel to the main            tank. An indication of this switch malfunctioning or             being unserviceable is that the main tank will remains            empty during auxiliary fuel operation.


                   


		     (c) Filters: must be drained daily to prevent                condensation.                                                                                                                         (d) Injection pump: is a gear driven cam operated            pump. It delivers fuel to the injectors in a                     pressurized, timely sequence.                                                                                                       (8) Control box: same as 10KW GED.                                                                                                (9) Reconnection SW: same as 10KW GED.                                                                                            (10) AC circuit breaker: same as 10KW GED.                                                                                        (11) Load terminals: demonstrate the various                     configurations and terminals used on each one. 


                                  


             (12) Field flash: on any DED generator is                      accomplished by momentarily moving the start switch              to the start position. DED Generators are equipped               with starter lock out.





           f. 15-60KW DED: There are various models (refer                  students to FM 20-31, pg. 2 to 4). These generators              are classified as precise or utility.


                                                                 Note:      The instructor will cover preventive maintenance on              these generators as much as possible. To include the             following;


 


             (1) Reconnection board: instead of a switch.                     (2) Air indicator: is a light in the control box.


             (3) Water cooled: check antifreeze.


		   (4) Turbocharger:     


             (5) Speed switch: under over speed condition, it               must be reset before engine can be started again.                  (6) Safeties: oil, temp., etc.                                                                                                  g. 5-60KW TQG: This will be in the near future the               only generator in the Army inventory. You must                   become familiar with this equipment. They range from             5KW to 60KW, the 5 and 10KW are utility and the 15KW             and above are precise. 


 


             (1) 5KW TQG; two models


 


               (a) MEP802A; is a 50/60 HZ 


               (b) MEP812A; is a 400 HZ 


               (c) Engine; is a two cylinder, four cycle, water             cooled, diesel. Has two injectors and two injector               pumps that are cam operated. 


 


             (2) 10KW TQG; two models, 





               (a) MEP803A; is a 50/60 HZ 


               (b) MEP813A; is a 400 HZ


               (c) Engine; is a four cylinder, four cycle, water            cooled, diesel. Has four injectors and four injector             pumps that are cam operated. 


                


             (3) 15KW TQG; all of these are precise sets.





               (a) MEP804A; is a 50/60 HZ 


               (b) MEP814A; is a 400 HZ                        


               (c) Engine; is a four cylinder, four cycle,                  liquid cooled, diesel.  





             (4) 30KW TQG; all are precise sets.


 


               (a) MEP805A; is a 50/60 HZ


               (b) MEP815A; is a 400 HZ


               (c) Engine; is a four cylinder, four cycle, liquid            cooled, turbocharged, diesel. 





             (5) 60KW TQG; all are precise sets.





               (a) MEP806A; is a 50/60 HZ


               (b) MEP816A; is a 400 HZ


               (c) Engine; is a six cylinder, four cycle, liquid            cooled, turbocharged, diesel.  


       


Note:      The following features are similar in all the sets.





           h. Fault system; protects the generator set and                  any connected load against the potential faults                  described below. Activation of any of the following              protection devices will cause three events to occur;    


             * The AC circuit interrupter relay will open.


             * The engine will shut down.


             * The fault indicator lamp will show which                     malfunction occurred.





             (1) High temp. SW; Normal operating temp. is 170-              200 degrees F, if coolant temp. exceeds 225 +/- 5                degrees F, it will shut the engine down.





             (2) Low oil Press. SW; Normal operating oil                    pressure is 25 to 60 PSI, if pressure drops below                15 +/- 3 PSI, it will shut engine down.


   


             (3) Low fuel level; with four minutes of fuel left             will activate and shut engine down to prevent fuel               system from running completely out of fuel.  


               


             (4) Overvoltage relay; will activate when coil                 winding has risen to and remained at any value greater            than 153 +/- 3 volts. 


 


             (5) Overspeed relay; if the engine speed exceeds               2200 +/- 40 rpm, this relay will energize.


                                  


             (6) Fuel float switch module; prevents inadvertent             engine shutdown by providing a one second delay after            activation of the low fuel level switch. 





Note:      The electrical protection devices will cause two                 events to occur.


       


             * The Ac circuit interrupter relay will open.


             * The fault indicator will indicate which fault                occurred.


                                 


             (7) Short circuit relay; if the output current in              any phase exceeds 425 percent of the rated value,                this relay will energize.





             (8) Overload relay; if the load current in any                 phase exceeds 110 percent of the rated value, this               relay will energize. 





             (9) Undervoltage relay; will activate                          instantaneously when the 120 volts generator coil                winding has dropped to 48 volts and will trip after              time delay when coil voltage drops below 99 volts.





             (10) Reverse power relay; will operate if power                flow into the generator set exceeds 20 percent of                rated value.





Note:      The overspeed, undervoltage and reverse power relays             are not contained in the 5 and 10WK.





Note:      It is possible for more than one fault to occur at the            same time but, only the first fault to occur will be             displayed on the fault indicator. To reset the fault             indicator, push the push test and rest lamps switch on            the fault indicator.





             (11) Fuel system; includes a primary and an                    auxiliary fuel system. 





             (12) Cooling system; same as any other liquid cooled            generator.  





             (13) Dead crank SW; all are equipped with it, allows            engine to crank without starting.


                                 


             (14) Field flash; when the engine reaches 900 rpm              the magnetic pickup causes a set of contacts in the              crank disconnect switch to close and energize the                field flash relay.  


 


             (15) Governor control; is electronic, consist of a             governor control, actuator, magnetic pickup, and                 load measurement unit. Control the output of the                 fuel injection pump.





             (16) Voltage regulator; senses and controls the                generator output voltage.


                     


             (17) Paralleling connector; used to interconnect the            governor and voltage regulator circuits of two set               under paralleling conditions.  





             (18) J-3 diagnostic plug; used to troubleshoot                 malfunctions without going into the generator.





Note:      Conduct a check on learning and summarize the learning 


           activity.


________________________________________________________________ 


                                                             SECTION IV:   SUMMARY                                                                                                                           Method of instruction: CO. Instructor to student                 ratio: 1:class. Time of instruction: 0.3 Hours.                  There is no media.                                





Review/	    Conduct an end of presentation summary of the 


Summarize     major teaching points.      


Lesson                                                           Check on      Determine if students have learned the material


Learning      presented by;                                          


	         a. Soliciting student questions and explanations.                                                                                 b. Asking questions and getting answers from                        students. 


             


              c. Correcting student misunderstandings.





Transition    The next class will be wiring diagrams and     


To Next       Schematics.


Lesson                                      _


























________________________________________________________________ SECTION V.    STUDENTS EVALUATION


                                                           Testing       None                                            Requirements 


                                                                 Note:         Refer students to the Student Evaluation Plan.                                                                      Feedback      a. Schedule and provide feedback on evaluation    requirement   and any information to help answer students,                     questions about the test.                                                                                                         b. Provide remedial training as needed.                                                                                                                                                                                                                                           
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