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22 March 2007
―  Notes  ―

tc "
Section III Presentation " \l 2SECTION II.
INTRODUCTION

TERMINAL LEARNING OBJECTIVE

	Action:
	Analyze electrical systems malfunctions and prescribe corrective actions.

	Conditions:
	While serving as a Maintenance Test Pilot or Flight Engineer.

	Standards:
	 In accordance with (IAW) TM 55-1520-240-Series manuals.


SECTION III.
PRESENTATION

Atc "Enabling Learning Objective C - Identify the electrical symbols used in CH-47D troubleshooting manual schematics. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Identify the electrical symbols used in CH-47D troubleshooting manual schematics.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-T-1 and 2.

	STANDARDS:
	IAW TM 55-1520-240-Series.


NOTE:  For DC schematics - observe Item 2 of the notes listed on page 9-2.18: “All reference designations begin with 161 unless otherwise specified”.

NOTE:  For AC schematics - observe Item 3 of the notes listed on page 9-54: “All reference designations begin with 241 unless otherwise specified”.

NOTE:  Do not confuse one or more circuit breakers physically connected to each other in a ganged assembly with the term “Gang Bar”. The Gang Bar is the guarded set of circuit breakers located near the base of each PDP.

1. Standardized and universally accepted methods are used to diagram the flow of electricity from one component to the next.  These diagrams are called “schematics”.

a. Each component is drawn on the schematic using a unique symbol.  The part is given a unique identifying (part) number and, in most cases, a label in the form of a word or short phrase.  The unique number aids in physically locating the component.

b. For example:  Two types of commonly used circuit breakers (CBs) are represented in Figure D-1.  The top circuit breaker (outlined in blue) is known as a ganged assembly.  In this case, three circuit breakers are electrically separated, yet physically connected together.  When one circuit breaker trips, all circuit breakers in the assembly will trip.

c. A unique identifying number (161CB2) is associated with the symbol, as is the power rating of each circuit breaker in the assembly (25 Amps).

d. Shown to the left of this circuit breaker is the input power source.  All three phases (A, B, and C) of 115/200 volt AC power is shown routed from the AC Bus through the circuit breaker.

NOTE:  The symbol “Ø” (Theta) denotes phase when used on electrical schematics.
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Figure D-1, Schematic representation of common Circuit Breakers.

2. Wires, Terminal Boards, Diodes, and Ground Points.

a. Wires:  All wires in the helicopter have a unique number assigned to them.  The wire is either permanently ink stamped into the wire or a paper label is attached to the wire.  This allows the wire to be easily traced in the schematic and from one end of the airframe to the other.

b. Terminal Boards:  Allow the joining of one wire or component to another in a convenient manner. Terminal Boards are located throughout the airframe.

c. Diodes:  A diode can be likened to a one-way street. Current is allowed to flow in one direction only. Conventional current flows in the direction of the arrow.  Reverse current is blocked. Typical applications include shunting diodes installed across relay coil terminals to prevent contact “bounce” or chatter, and Zener diodes that clamp or shunt excess voltage to ground.

d. Ground Points:  Ground Points allow the conductive properties of the airframe to be utilized as a return path to complete an electric circuit.  This reduces the total number of wires required in the helicopter.  Ground points are utilized for either AC or DC electricity and are represented in variety of ways.  All forms generally depict three short lines extending from the base of the symbol (Figure D-2).

[image: image3.emf]


Figure D-2, Schematic representation of common Terminal Boards, Diodes, and Ground Points

3.
Switches and Relays.

a. Switches:  Just as faucet controls the flow of water in a kitchen sink, switches turn on or off the flow of electricity in an electrical circuit.  This allows the operator to control whether a circuit is on or off.  Switches can control either DC or AC electricity. See Figure D-3.

b. Relays:

1) Relays are used throughout the airframe to remotely switch on or off those circuits that transfer relatively large amounts of voltage or current.

2) The use of relays allows the designer to place a small switch in the cockpit to control a large relay located elsewhere in the airframe.  Switches have a maximum limit on the amount of voltage and current they can transfer.  The main limiting factor is generally the current level. High current produces significant heat.  As a result, a switch capable of withstanding high current levels must be physically large.  Without relays, the CH-47 cockpit would be twice the size it is now in order to accommodate the area required for numerous massive switches.

3) Relays can also be used to set up logic in a circuit.  A logic circuit determines what events must happen, and in what order, before a circuit can function.  Long before the advent of today’s modern computers containing integrated circuitry, relays were used to determine logic in electrical circuits.
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Figure D-3, Schematic representation of the Battery Switch (161S1) and Battery Relay (161K1).

4.
Other important symbols used in electronic schematics.

a.
Familiarity with the symbols listed in Figures D-4 through D-9 will readily enhance one’s understanding of the devices depicted on schematics.
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Figure D-4, Electrical Schematic Symbols.
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Figure D-5, Electrical Schematic Symbols.
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Figure D-6, Electrical Schematic Symbols.
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Figure D-7, Electrical Schematic Symbols.

[image: image9.emf]


Figure D-8, Electrical Schematic Symbols.
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Figure D-9, Electrical Schematic Symbols.

NOTE:  TM 55-1520-240-T-1, starting on page 1-16.1, contains valuable information in the front section of the manual.  This information will aid in identifying electrical connections to all components installed in the aircraft.

B.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Identify the physical location of components listed on the CH-47D troubleshooting manual schematics.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-T-2.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1.
The method used to locate various electrical components on the schematic and their physical location in the helicopter is fairly simple.  Following the procedures outlined in the example below will aid in finding almost every electrical component in the helicopter.

a. Every component listed on the electrical schematic has an associated number. 

b. Example:

1)
The K1 - Number One Generator Contactor (241K1 relay, outlined in blue) - is shown on the schematic, page 9-55.
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Figure D-10, Schematic representation of # 1 Generator Contactor, 241K1.

2)
Refer to page 9-2.15.  The first item listed is a relay, Type 100.  The physical appearance of the component is shown.  This gives the troubleshooter a basic idea of what the component looks like and it aids in locating the component in the helicopter.

3)
Consult the listing on page 9-2.7.  The first item listed has the reference designation 241K1, is a Type 100 relay, and is located in the Number One Power Distribution Panel (# 1 PDP).

4) Refer to the following photographs to view the physical location (bottom of the # 1 PDP):
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Figure D-11, Interior view of # 1 Power Distribution Panel, upper portion.
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Figure D-12, # 1 Power Distribution Panel, lower portion.

NOTE:  The terms Contactor and Relay relate to the same type of component.  Contactor is generally used to denote high power relays.  A relay is nothing more than a remote controlled switch.  Almost all relay coils are operated by direct current (DC), 24 to 28 volts DC.  The contacts within the relay switch either DC or AC on or off.  This allows a small switch in the cockpit to operate a larger switch (relay) located elsewhere in the aircraft.

Student Practical Exercise:

Describe the listed component’s location and function in the space provided.
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Figure D-13, Pictorial representation of common relays.

Student Practical Exercise:

Describe the listed component’s location and function in the space provided.
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Figure D-14, Pictorial representation of common Relays and Ground Points.

Student Practical Exercise:

Describe the listed component’s location and function in the space provided.
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Figure D-15, Pictorial representation of common Receptacles, Diodes, and Plugs.

Ctc "Enabling Learning Objective D - Chart the flow of current through an electrical schematic. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Chart the flow of current through an electrical schematic.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-T-2.

	STANDARDS:
	 IAW TM 55-1520-240-Series.


NOTE:
Charting flow through an electrical schematic should always start at the source of power.

1.
Electrical schematic flow will always travel from the source of power to "ground".

a. A ground is a point in the circuit where, if a voltage reading were taken, it would be at zero (or ground) potential with reference to the source input (DC circuits).

b.
The electrical system uses common ground points (in many cases, simply the airframe) to eliminate the need for dedicated wiring in the return path of the circuit (AC or DC circuits).

c.
Certain components require a dedicated ground wire due to lack of suitable ground points located in close proximity.  Such items include the fuel boost pumps - which are installed inside the rubberized fuel bladders mounted in fiberglass pods.

2.
Most electrical schematics are drawn with the components, especially the relays, de-energized.

a.
In addition to remotely switching power sources on of off, relays are often used to create a “logic” flow for a system. 

b.
In order to position the relays as they would be in an operating system, one must decide which relays are energized during which modes of operation and mentally note them in that position.

c.
For any manually or automatically operated switch used to control a relay, one must also mentally note the proper switch positions (on or off) for the desired mode of operation.        

d.  Use of a High-Lighter to trace the circuit often aids the beginner in learning the process.

3.
Example:

a. Figure D-16a diagrams a simplified portion of the DC electrical system with the Battery plugged in and the Battery Switch in the “Off” position.  The “flow” of electricity can be followed as coming from the Battery and going to the Battery Bus.  Branching off this circuit, electricity flows to the Battery Relay, through the relay coil, and stops at Terminal 3 of the Battery Switch.  Since the Battery Switch is not in the “On” position, electricity cannot flow through the switch to Ground.

NOTE:  Although current flow from Terminal 3 to Terminal 2 is zero amperes, the voltage across those pins is 24 VDC.  With the Battery in the “On” position, current flow would read above zero, and voltage would then be measured at zero.

b. Figure D-16b shows the Battery Switch placed in the “On” position, allowing the Battery relay to close and feed the DC Essential Bus.
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          Figure D-16a, Battery Switch Off. 



      Figure D-16b, Battery Switch On.

Student Practical Exercise:

Using a Highlighter, chart the flow of electricity in the following schematic when the Searchlight is “On” and “Extending”.  
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Figure D-17, Searchlight Schematic.

Searchlight On and Extending

Description of solution:

Hint:  Highlight the ground connections on each component with a green highlighter. Use a red highlighter for main power, blue or other colors for power control circuits.
Hint:  Follow the steps as outlined in the MTF Checklist as if one was performing the searchlight check during pre-start.

1.
During the pre-start checks, the searchlight control switch on the overhead panel is turned “on”. Using the blue highlighter (control circuit), annotate the power flowing from the bus through the 5 Amp CB, through the searchlight control switch on the overhead panel, and finally up to the four-way conical switch on the pilots thrust grip. Stop highlighting at this point and proceed to the next step (we will come back to this point shortly).

2.
During the MTF checklist searchlight check, step one is to place the searchlight switch on the pilots thrust grip to the “On” position. Highlight, in blue, power flowing from the 5 Amp CB through the searchlight filament control switch on the pilots thrust grip to the searchlight lamp relay.

3.
This will cause the searchlight lamp relay to close and apply 28 VDC to the searchlight lamp bulb.  Using red (main power), highlight power flowing from the bus through the 25 Amp CB, across the relay contacts and finally to the searchlight lamp bulb.  (At this point, the Flight Engineer calls out – “Searchlights on”.

4.
Returning to where we left off in step one above, show the control power crossing the four-way conical switch on the pilots thrust grip by highlighting (blue) across the “extend” terminal and proceed through the limit switch and to the “extend relay”.  This will energize the relay coil inside the extend relay and close the extend relay contacts. 

5.
At the electrical circuit junction near the lamp relay, extend the highlight (red) of the main power line down to the extend relay, across the relay contacts and to the extend/retract motor.  This will permit main power to activate the extend/retract motor and extend the searchlight.  (At this point, the Flight Engineer calls out “Searchlight Extending”.

NOTE:  This method of tracing current flow can be applied to every other electrical system in the helicopter.

NOTE:  A limit switch automatically switches off the power in a circuit when a physical limit has been reached.  This prevents the continued application of power in a circuit - which could lead to component failure (i.e. – burned out relay or actuator).

NOTE:  Can you spot the logic circuit set up by the relays in the searchlight?  It is not possible for the pilot to extend and retract the searchlight at the same time.  The ground to operate the motor is provided by the opposite travel direction relay.  To extend, the searchlight must not be retracting.  To retract, the searchlight must not be extending.  Think of it as “the opposite system provides the ground”.
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Figure D-18, Searchlight Schematic Solution.

tc "Enabling Learning Objective E - List the sources of AC electrical power for the CH-47D. " \l 3D.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the sources of AC electrical power for the CH-47D.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1.
There are three sources of 115/200 volt AC electrical power of the CH-47D.
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	a. External Power.

1)   This is the lowest priority of AC power for the helicopter.

2) If the APU Generator or a # 1 or # 2 Main Generator is operated while External Power is applied to the airframe, the External AC Power will be automatically disconnected from the airframe electrical system. 

3)
The "EXT PWR" caution capsule on the caution panel will illuminate whenever external power is applied to the helicopter electrical system.


                                                                                 Figure D-19, External Power Receptacle,

                                                                      Left Electrical Compartment.

NOTE:  For the application of AC power only, the External Power caution capsule will only be illuminated when external power is the only source of power supplied to the airframe.  If the APU or a Main Generator is turned on, the External Power caution light will extinguish even though External Power is still plugged into the aircraft.

4)
External Power is usually supplied by an Aviation Ground Power Unit (AGPU) or a Ground Power Unit (GPU).

5)
Some hangars provide 115/200 volt, 400 Hz AC through the use of a power supply.

6)
External power is most commonly used as a source of power during post-phase or post-modification work order (MWO) power-on checks.

b.
APU Generator.

1)
This is the second highest priority of AC power.

2)
If the APU generator is supplying power to the airframe, External AC Power is automatically disconnected from the helicopter electrical system.

3) If either the # 1 or # 2 Main Generator is switched on while the APU Generator is powering the airframe, APU Generator power will be automatically disconnected from the electrical system.
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Figure D-20, APU Generator.

4)
APU generator power is used for the following:

A.  Start-up and shut-down of the helicopter.

B.  Ground check-out and troubleshooting of systems.

C.  During an in-flight emergency (dual generator failure).

c.
Main Generators.
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These have the highest priority of AC power.

2)
If External Power or the APU Generator is powering the electrical system and either the # 1 or # 2 Main Generator is switched on, the External or APU Generator power will be automatically disconnected from the helicopter electrical system.


        Figure D-21, Main Generators.

3)
For all practical purposes, the # 1 and the # 2 Main Generators have an equal priority of power.

4)
# 1 and # 2 Main Generator power is used when the helicopter is operating and the RRPM is greater than approximately 86%.

tc "Enabling Learning Objective F - List the main components of the main AC generating system. " \l 3E.
ENABLING LEARNING OBJECTIVE 

	ACTION:
	List the major components of the main AC generating system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-23-7, TM 55-1520-240-23-T-2, TM 1500-204-23-4, TM 55-1520-240-MTF.

	STANDARDS:
	IAW TM 55-1520-240-23-7, TM 55-1520-240-23-T-2, TM 1500-204-23-4, TM 55-1520-240-MTF.


NOTE:  Description and operation of the # 1 and # 2 Main Generators is identical. Therefore, only the # 1 Main Generator will be discussed.  The # 2 generator is controlled by the # 2 Generator Control Unit (GCU) and normally energizes the # 2 AC bus. 












 

 

Figure D-22, Interior view of a Main Generator.

NOTE:  For a discussion on how a generator functions, see Appendix C.

1.
Main Generator.
a.
Made of three sections.

1)
PMG section (Figure D-23).

A.
Supplies 40 volts AC at 100% RRPM to the frequency sensing and voltage regulator section of the GCU.

B.
A pickoff coil sends a speed signal to the rotor tachometer indicator.   

NOTE:  The Speed Signal does not drive the Rotor Tachometer – it simply provides rotor system speed information.  The Tachometers require 28 VDC Essential Bus power to operate.

2)
Exciter section (Figure D-23).

A.
A variable DC voltage is applied to the exciter coils from the voltage regulator section of the GCU.

B.
An AC voltage is generated within the exciter section of the rotor.

C.
The rotating rectifier on the rotor, rectifies the AC voltage to DC, and supplies that DC current to the coil on the rotor to create electromagnets.

D.
The strength of the magnetic field created is controlled by the voltage regulation circuit within the GCU. 

3)
Main Rotor / Stator section.

A.
The magnetic lines of force that are emitted from the rotor coils extend through the coils that are located in the stator.

B.
Spinning the energized coils (constant magnets) on the rotor causes a "cutting" action between the magnetic lines of force and the coils within the stator, creating the 115/200 VAC electricity used by the helicopter.  

b.
Both Main Generators are mounted on the aft transmission.  They are cooled and lubricated by oil from the main lubrication system.

1)
Oil enters the generator through a port at the 3 o'clock position, (as viewed from behind), and travels directly to the tail end where it is bled off to lubricate the tail end bearing and to cool the PMG stator windings, and the splines of the rotor shaft.

2)
Oil then flows forward through the center of the rotor shaft and is thrown out of slots in the main rotor windings to cool the main generator windings, and exciter winding assembly.

3)
Oil that is not thrown out of the slots continues to flow forward to lube the drive end bearing and the splines that mate with the aft transmission drive pad.

4)
Oil is then scavenged from the generator at a port at the six o'clock position, drawn through a screen, and returned to the sump of the aft transmission.       

c.
Each Generator supplies 115/200 volt, 3 Phase, 400 Hertz (Hz) AC power.

1)
Phase to ground potential is regulated to 115 VAC.  

2)
Phase to phase potential is regulated to 200 VAC.

3)
Has a 40 KVA continuous output rating.

A.
Can provide 45 KVA for 5 minutes.

B.
Can provide 60 KVA for 5 seconds.               

NOTE:  See Appendix A for a discussion on Phase and Hertz (frequency).
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Figure D-23, Main Generator and GCU schematic.

2.
Generator Control Unit (GCU).
NOTE:
The # 1 and # 2 Generator Control Units (GCU) are identical in operation.  Only the # 1 GCU is discussed here.  The # 2 GCU, located in the right hand electrical compartment, controls the operation of the # 2 Generator and is part of the # 2 AC electrical system.  



	a.
# 1 GCU.

1)
Mounted in the left electrical compartment.

2)
Receives power to operate from the PMG section of the Main Generator.

3)
A power card within the GCU receives the 40 volts AC from the PMG and rectifies it to 28 volts DC to operate the GCU.

4) 28 VDC Essential Bus power is routed thru the GCU to illuminate the # 1 GEN OFF caution capsules on the caution panel when the Main Generators not functioning.  

        


 Figure D-24, # 1 GCU, Left 

 Electrical Compartment.

b.
Monitors operation of the generators.

1)
Whenever generator output voltage on any phase exceeds 123.5 VAC (over voltage) a timing circuit within the GCU is activated.

A.
Time delay for over voltage of 123.5 volts is 3 seconds.

B.
Time delay for over voltage of 180 volts or greater is 0.115 seconds.

C.
After the time delay, an over voltage condition will automatically disconnect the generator from the bus and cut excitation power from the GCU to the generator.  

2)
Under voltage sensing is taken from the average voltage of all three phases. 

A.
Provides under voltage protection by monitoring and controlling the output voltage generated in each main generator.

B.
Whenever the average voltage of the phases falls below 102 VAC for 5 to 7 seconds, the GCU will disconnect generator power from the bus.     

3)
Monitors the main generator for under frequency conditions.

A.
Whenever generator frequency falls below 330 Hz for 3 to 7 seconds, the generator output will be disconnected from the bus.

B.
Whenever generator frequency falls below 320 Hz (approximately 82% RRPM), generator output will immediately be disconnected from the bus.

C. 
Generator power will be automatically reconnected to the bus when the output frequency rises above 335 Hz (approximately 89% RRPM).

4)
Provides differential current protection (feeder fault) through the use of current transformers.

A.
Three current transformers are located in the aft portion of the main generator near the output terminals.

B.
Three current transformers are located in the bottom of the respective PDPs. 
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Figure D-25, Current Transformers, bottom of # 1 PDP.

C.
Generator output current is sensed at each set of current transformers and compared at the GCU.

D.
Whenever a difference of 30 ± 6 amps is detected between the two sets of current transformers, the GCU disconnects main generator output from the bus and stops excitation within the generator (shuts down).

NOTE:  For a discussion on how transformers function, see Appendix C.

5)
Contains built-in test equipment (BITE).

A.
A magnetically latched indicator normally displays black on black when no fault exists.    

B.
The indicator will display a white on black condition when a fault or failure has occurred in the generator, current transformers, or associated wiring.


3.
Main Generator Contactor.


	a.
Located in its respective PDP.

b.
Allows Generator power to be connected or disconnected from the bus.

c.
Operation is controlled by a 28 VDC signal from the GCU through the Generator Control Switch on the Overhead Panel.

d.
When de-energized, allows for opposite system AC power to cross-tie and feed the disabled Generator’s Bus (providing the other system is energized).


                                                                                                      Figure D-26, # 1 Main Generator Contactor, # 1 PDP.

Ftc "Enabling Learning Objective G - List the components of the APU AC system. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the components of the APU AC system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1.
APU Generator.



Figure D-27, APU Generator.

a.
Located just aft of STA 594.  Mounted on, and driven by, the right angle drive pad on the APU.    

b.
The generator is air cooled by a built-in fan.

c.
Consists of three sections:

1)
The PMG section powers the APU GCU and provides a frequency signal to the under frequency protection circuit of the GCU.

2)
The exciter section provides the main generator section excitement and provides the method of voltage regulation for the GCU.

3)
The main generator section (rotor and stator) supplies 115/200 VAC power at 400 Hz to the APU Generator Contactor in the # 2 PDP.

d.
Has a maximum continuous output rating of 20 KVA.

e.
Can be either a brush type or a brush-less type generator.     

2.
APU Generator Control Unit (GCU).

a.
Located in the left electrical pod.

	1)
Operates on voltage received from the PMG section of the APU Generator.

2)
Requires the use of a conversion plug on the J6 receptacle to configure the GCU for use with a brush type or brush-less type APU generator.

3)
The red conversion plug is installed when the GCU is used with a brush-less type APU generator.

4)
The black conversion plug is installed when the GCU is used with a brush type APU generator. 

5)
Monitors and controls the output voltage of the APU Generator.






                                                                                                     Figure D-28, Right Electrical Compartment.

A.
Regulates the generator output phase to ground potential to 113 to 117 VAC.

B.
Regulates the generator output phase to phase potential to 200 VAC.

NOTE:  When replacing an APU GCU, do not inadvertently turn in the conversion plug with the GCU.  A GCU received through the supply system is not shipped with the conversion plug installed.

b.
Provides under voltage protection.

1)
The output of each phase is fed to the under voltage sense portion of the APU GCU.

2)
Whenever the output voltage drops below 100 VAC, relays within the GCU will shut down the generator and disconnect APU Generator output from the bus.

c.
Provides over voltage protection.

1) The output of each phase is sent to the over voltage protection portion of the APU GCU. 

2)
Whenever the output voltage exceeds 132 VAC for more than 3 seconds, relays within the GCU will shut down the generator and disconnect APU Generator output from the bus.

d.
Provides under frequency protection.

1)
The output of the PMG section within the APU Generator is sent to the under frequency protection portion within the GCU.

2)
Whenever the output frequency drops below 345 Hz, relays within the GCU will shut down the generator and disconnect APU Generator output from the bus.

e.
Provides for differential current protection (feeder fault) through the use of current transformers.

1)
Three “negative” APU Generator (return) current transformers are mounted in the vicinity of the bulkhead at STA 594, just to the left of the APU generator.

2)
The three “positive” APU current transformers are located in the bottom of the # 2 PDP. 

3)
Generator output current is sensed and compared at the GCU.

4)
Whenever a difference of 30 +/-6 amps is detected between the two sets of current transformers, the APU GCU will disconnect APU generator output from the bus and stop excitation within the APU generator (shut it down).

NOTE:  When referring to technical documentation referencing the current transformers, the units are shown as the “positive” and “negative” current transformers.   Operators (Rated and Non-rated crewmembers) and maintainers commonly refer to them as forward and aft current transformers, since positive and negative are not entirely correct terms.

3.
APU Generator Slave Relay.


	a.
Located in the # 2 PDP.


b.
Operates on a 28 VDC signal from the APU GCU.

c.
Is part of the logic circuit that provides the DC control voltage required to complete the AC cross-tie when only the APU Generator or External Power is supplying the airframe. It accomplishes this by routing 28 VDC Essential Bus power to one of two relay coils within the External Power Contactor.

d.
Routes APU GCU power to energize pole 5 of the APU Generator control switch allowing the APU Generator to come on-line.    




  

                                                   




        Figure D-29, # 2 PDP.                                                                                                  

4.
APU Generator Contactor.
 

a.
Located in the # 2 PDP.
b.
Allows APU Generator power to be applied or removed from the helicopter electrical system.

c.
Operates on a 28 VDC signal from the APU GCU, which is controlled by the APU Generator control switch.

d.
Provides cross-tie capability by routing # 2 AC Bus power to the # 1 Generator Contactor.              
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Figure D-30, Number Two Power Distribution Panel, lower portion.

H.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the components of the External AC Power System.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1.
External Power Receptacle.

a.
Located in the left electrical pod.

b.
AC Power is connected to the lower receptacle with six pins. 

NOTE:  The Battery Switch must be on to charge the Battery when using External AC power.

2.
External Power Monitor.


	a.
Located in the left electrical pod.

b.
Monitors external AC power for proper voltage, frequency, and phase sequence.
1)
Voltage must be between 102.5 VAC and 125 VAC for power to be applied to the bus.

2)
Frequency must be between 370 Hz and 425 Hz for power to be applied to the bus.

3)
Phase sequence must be ABC, BCA, or CAB for power to be applied to the bus.

c.
Provides a 28 VDC signal to operate the External Power Contactor and controls the “EXT PWR” capsule on the caution panel (when only External Power is supplying the aircraft power). 




                                                                                                       Figure D-31, External Power Monitor,

                                                                                                    Left Electrical Compartment.
3.
External Power Contactor.



	a.
Located in the # 1 PDP.

b.
Connects External AC Power to the helicopter.

1) When the applied External AC Power is the proper voltage, frequency, and phase sequence, the External Power Monitor will apply a 28 VDC signal to the External Power Contactor and allow External AC Power to feed the helicopter electrical system.

c.
Provides for AC cross-tie from the # 1 AC bus to the # 2 AC bus when only the APU Generator is supplying AC power to the helicopter.

d.
Similarly, it allows # 1 AC Bus power to be routed to the # 2 Generator Contactor and then the # 2 AC Bus to provide power for cross-tie situations during flight in the event the # 2 Generator fails.


          Figure D-32, External Power Contactor,
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Figure D-33, External Power Contactor, lower portion of the # 1 PDP.

I.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Analyze the application of the # 1 Main Generator AC Power to the aircraft electrical system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


NOTE:
Tracing the application of power to the airframe is best done using a colored high-lighter.  Use caution to make sure the correct wires are annotated.

1.
# 1 Main Generator.
a.
The Permanent Magnet Generator contained within the # 1 Main Generator supplies AC voltage to the Generator Control Unit whenever the Rotor System is turning (Figure D-37, light blue line).

b.
This AC signal voltage is rectified and converted to 28 VDC by a power supply inside the GCU.  The control voltage is then delivered to the Main Generator Control Switch located on the Overhead Panel in the Cockpit (Figure D-37, green line).

c.
When the # 1 Main Generator Switch is placed to the “On” position, control voltage is fed to Pin A of the 241K1 Main Generator Contactor.  This energizes the contactor coil and allows 115/200 VAC power to feed the # 1 AC Bus (Figure D-37 and 38, green and red lines, and dark blue squares).

2.
# 1 Transformer-Rectifier (T/R).
a.
With the # 1 AC Bus energized, the # 1 T/R is supplying power to the # 1 DC Bus (Figure 39).

b.
Power applied to the # 1 DC Bus will automatically close the Essential DC Bus Relay (161K2) (Figure D-39).

c. 28 VDC power will flow, via the Essential Bus Feeder Circuit Breaker (162CB1) and Terminal Board (TB) 59 under the cockpit floor to the # 2 PDP (Figure D-39).

d. The “CONT AC” (a.k.a. the “AC CONT”) circuit breaker (241CB1) will receive 28 VDC and supply the “control voltage” to connect # 1 Main Generator AC to the # 2 AC Bus.

1) 28 VDC is fed to Pin J of the 241K1 Contactor (Figure D-40).

2) Since the 241K1 Contactor is already closed, power flows through the contactor to Pin X of the External Power Contactor (241K5) and activates one coil within the relay (Figure D-40).

NOTE:
The # 2 Main Generator Contactor is de-energized until the # 2 Main Generator Switch is placed to the “ON” position.

3) # 1 Main Generator AC power flows through the External Power Contactor to the # 2 AC Bus, via the # 2 Main Generator Contactor (Figure D-41).

NOTE:  These procedures also describe a portion of the operation of the cross-tie feature in the AC electrical system. Should the # 2 Generator come off-line, # 1 Generator electrical power will be delivered to the # 2 AC Bus using the procedures outlined above and block diagramed below.
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Figure D-34, AC Cross-Tie Operation, # 1 to # 2 AC Bus, # 2 AC Generator Off-Line.
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Figure D-35, DC component of AC Cross-Tie Operation, # 1 to # 2 AC Bus.
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Figure D-36, CH-47D AC Schematic, AC system de-energized.
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Figure D-37, # 1 Main Generator and GCU Block Diagram/Schematic.
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Figure D-38, # 1 Main Generator energized.
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Figure D-39, # 1 DC and Essential Buses energized.
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Figure D-40, Application of DC Control Voltage for the External Power Contactor.

[image: image32.emf]


Figure D-41, Application of # 1 Main Generator AC Power to the # 2 AC Bus.

J.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Analyze the application of External AC Power to the aircraft electrical system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-T-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1.
External Power Receptacle.
a.
External Power is connected to the airframe at the External Power Receptacle just forward of the Left Electrical Compartment (Figure D-42).

2.
External Power Monitor.
a.
Frequency, voltage, and phase sequence are sensed by the External Power Monitor (Figure D-42).

3.
APU Generator Contactor (241K3).
a.
If the frequency, voltage, and phase sequence are correct, then:

1)
The External Power Monitor looks for a ground on Pin C of the APU Generator Contactor (241K3).  If the ground is present, it means the 241K3 is de-energized (APU Generator is off-line) (Figure D-43).

2)
If the ground is present, the Line Contactor Relay inside the External Power Monitor (Figure D-34) closes and this sends 28 VDC to Pin U of the # 1 Main Generator Contactor (241K1) (Figures D-42 and 43, green line).

4.
# 1 Main Generator Contactor (241K1).
a.
If the 241K1 is de-energized, 28 VDC passes through the 241K1 and continues to Pin U of the # 2 Main Generator Contactor (241K2) (Figure D-43).

5.
# 2 Main Generator Contactor (241K2).
a. If the 241K2 is de-energized, 28 VDC passes through the 241K2 and to Pin G of the APU Generator Contactor (Figure D-43).

b.
Since the 241K3 is already de-energized, 28 VDC passes through and continues to the External Power Contactor (241K5) relay coil winding (Figure D-43).

6.
External Power Contactor (241K5).
a.
The application of 28 VDC at Pin A of 241K5 activates one coil (there are two coils in the 241K5) within the relay to close one set of contacts (Figure D-43).

7.
Application of External AC Power to the airframe:
a.
With the External Power Contactor (241K5) activated, AC power flows along wires going from the 241K5 under the cockpit floor to the de-energized (# 2 Generator off-line) 241K2 (Figure D-43).

b.
From the 241K2, AC power flows to the # 2 AC Bus and, via the AC Bus Tie Circuit Breaker (Gang Bar) located at the bottom of the # 2 PDP, to the 241K3 relay (from here, the 241K3 is normally de-energized, so AC power will not flow beyond this point – unless…).

NOTE:  The 28 VDC signal supplied by the External Power Monitor does not activate the APU Generator Contactor.

c.
Application of AC power to the # 2 AC Bus powers-up the # 2 Transformer-Rectifier supplying 28 VDC, via the # 2 RCCO, to the # 2 DC Bus (Figure D-45).

1)
28 VDC reaches the # 1 DC Bus via the DC Cross-Tie Relay (161K8).  The Essential Bus Relay (161K2) is automatically powered-up and 28 VDC power is supplied to the Essential Bus Feeder at Terminal Board (TB) 59.  28 VDC then crosses under the floor to power DC Essential Bus components whose power is fed from the # 2 PDP (Figures D-45 and D-46).

8.
Closing of the 241K3.
a.
28 VDC is delivered, via the “CONT AC” (a.k.a. “AC CONT”) circuit breaker (241CB1) to the APU Generator Slave Relay (241K4), which is normally de-energized (Figure D-43).

b.
28 VDC passes through the 241K4 and 241K5 (which was activated earlier via the 28 VDC signal from the External Power Monitor) and activates one of the coils within the 241K3, allowing External AC power to pass through the APU Generator Contactor (Figure D-43).

9.
Feeding the # 1 AC Bus.
a. AC power now flows from the APU Generator Contactor, under the floor and through the de-energized # 1 Main Generator Contactor (# 1 PDP), and feeds the # 1 AC Bus (Figure D-43).

b.
AC is routed past the AC Bus, through the AC Bus Tie Circuit Breaker (Gang Bar), located at the bottom of the # 1 PDP, and continues to the External Power Contactor, where it terminates (Figure D-43). 
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Figure D-42, External Power Schematic.
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Figure D-43, External Power Applied, AC and DC systems energized.
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Figure D-44, External Power AC CONT CB Feed.
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Figure D-45, DC Power System Schematic, # 2 DC Bus to # 1 DC Bus Cross-Tie.
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Figure D-46, DC Essential Bus Feed during External Power application.

tc "Enabling Learning Objective H - List the components of the AC External system. " \l 3K.
ENABLING LEARNING OBJECTIVE 

	ACTION:
	List the sources of DC power for the CH-47D.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-23-Series.


1.
There are three sources of DC electrical power for the CH-47D helicopter – External DC Power, Transformer-Rectifier, and the Battery.



	a.
External Power.

1)
This is the highest priority of DC power.

2)
External DC power is normally supplied by an AGPU.

3)
Some hangars provide 28 VDC power from an appropriate power supply.

5) The "EXT PWR" capsule on the caution panel is illuminated whenever External DC power is supplying the helicopter DC electrical system.  Unlike the AC system, External DC power is not disconnected and the "EXT PWR" capsule does not extinguish when another source of internal power (AC) is switched on.  With External DC power applied, it is not possible to turn on another source of internal DC power.




                                                                                                     Figure D-47, External Power Monitor,

                                                                                                     Left Forward Electrical Compartment.

NOTE:  There are two ways to activate the “EXT PWR” caution capsule. One is activate the 161K9 relay by applying External DC Power.  The other is to activate the 241K5 External Power Contactor by applying External AC Power to the helicopter.

NOTE:  The operation of the # 1 and the # 2 Transformer Rectifier is identical.  Only the operation of the # 1 T/R will be discussed here.  The # 2 T/R is identical except it receives power to operate from the # 2 AC Bus and normally only powers the # 2 DC Bus.

2.
Transformer-Rectifier (T/R) Power.
a.
This is the second highest priority of power and the normal source of DC electrical power when the APU or Main Generators are on-line.  

b.
Normally powers all DC buses except the Battery Bus.

1)
The # 1 T/R powers the # 1 DC, Essential, and Switched Battery Buses.

NOTE:  Whenever the helicopter is operating on External DC power, T/R output cannot be connected to the DC buses.  If only External AC power is connected, the T/Rs will power-up and feed the airframe DC electrical system.

3.
Battery Power.
a. When no other source of DC power is available, the aircraft Battery is capable of providing power to three DC buses:

1)
The Battery Bus

2)
The Switched Battery Bus.

3)
The Essential Bus (with the Battery Switch selected "ON").

NOTE:
 The Battery Bus can only be powered by the Battery, regardless of the power applied to any other Bus.  

Ltc "Enabling Learning Objective J - List the components of the T/R system. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the major components of the Transformer-Rectifier system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


NOTE:  The description and operation of the # 1 and # 2 Transformer-Rectifiers is identical.  Only the # 1 system will be discussed here.  The # 2 T/R is energized by the # 2 AC bus and supplies 28 VDC to the # 2 DC bus. 

1.
Transformer-Rectifier.
a.
Located in the left and right electrical pods.

b.
Transforms 115 VAC to 48.5 VAC by use of a step down transformer.

c.
Rectifies 48.5 VAC to 28 VDC by use of a full wave rectifier.

d.
Capable of supplying up to 200 amps.

e.
DC output is controlled by direct regulation of the AC input voltage.

f.
A low voltage detection circuit within the T/R controls the main contactor coil in the reverse current cutout relay (RCCO), which applies or removes T/R power from the bus.    

g.
A fan incorporated within the T/R operates on the 115 VAC and uses main cabin air to cool the unit.

h. Cooling air is drawn from the cabin through an intake behind the soundproofing at STA 175, across the components within the T/R, and is ejected into the electrical pod. 

i.
Air is returned to the cabin through lightening holes in the side of the fuselage.

NOTE:  If an electrical component located within the electrical pods fails and generates smoke, the smoke will be forced into the cabin along with the returned cooling air from the T/R. 

NOTE:
Ensure items are not placed behind the sound proofing blankets near the T/Rs.  Shop towels, rags, and other items may block the airflow to the point that the T/Rs will overheat and fail.

NOTE:  For a discussion on how Rectifiers and Transformers function, see Appendix C.
2.
Reverse Current Cutout Relay (RCCO).

[image: image38.png]161K8

o
W01 TRANSFORMER e uasy " o
T 2] o, ua
2
m Low H
H it .
Fo2y ot
[ 3-rase ot
neet v T
|l N - i o far
Mg g
H &
= =3

N0 1 REVERSE CURRENT
€0 RELAY K3





Figure D-48, RCCO, De-Energized.

NOTE:  The operation and description of the # 1 and # 2 RCCOs is identical.  Only the # 1 RCCO is discussed here.  The # 2 RCCO, located inside and at the top of the # 2 PDP, receives power from the # 2 T/R and applies it to the # 2 DC Bus.


	a. Located in the # 1 PDP.

b.
If a low voltage condition does not exist, the low voltage detection circuit within the T/R will allow the T/R’s output to be connected to the bus (Figure D-50).

1) If the T/R output is satisfactory, the Low Voltage Detector closes a relay inside the T/R.  This supplies control voltage, via the 161K9 External Power Control Relay, to activate the Main Relay inside the RCCO (Figure D-50, light blue line).

2) With the Main Relay closed, primary T/R DC power will flow through the Reverse Current Coil inside the RCCO and out the “BAT” terminal to feed the # 1 DC Bus (Figure 50, red line).




 Figure D-49, # 1 RCCO, # 1 PDP.

c.
With the Main Relay energized, power is also sent to the 161K5 (T/R Fail Relay).  By activating the 161K5, the ground is removed that goes to the “NO. 1 RECT OFF” caution capsule, extinguishing the light (Figure D-50, orange line). 
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Figure D-50, # 1 T/R and RCCO Energized, normal mode of operation.

d.
Even if the # 1 T/R is producing satisfactory power, should External DC Power be supplied to the airframe, the 161K9 (External Power Control Relay) will automatically activate and open the contacts between Pins B2 and B3.  This will cut control voltage to the Main Relay inside the RCCO.  The Main Relay will open preventing External Power supplied to the # 1 DC Bus from back-feeding through the RCCO and reaching the T/R (Figure D-51, green box).
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Figure D-51, # 1 T/R and RCCO, External Power Applied.

NOTE:
The BIAS, CONT, and DIF relay circuits, the function of the Reverse Current Coil, as well as the associated wiring, are not used in the CH-47 helicopter electrical system.  Although the wiring for the remaining circuits is correct, the wiring for these circuits is incorrect as indicated in the T-Manual.  The RCCO simply acts like another high power contactor to switch on and off the DC electricity from the transformer-rectifier to the appropriate bus.
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Figure D-52, Interior of Reverse Current Cutout Relay.

– Notes –

Mtc "Enabling Learning Objective K - List the components of the battery charging system. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the components of the Battery and Battery Charging system.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series, TM 1500-204-23-4 and TM 11-6140-203-23&P.

	STANDARDS:
	IAW TM 55-1520-240-Series, TM 1500-204-23-4 and TM 11-6140-203-23&P.



	1.
Battery Charger (used with NICAD Battery only).


a.
Located in the left electrical pod.


b.
Monitors and controls the state of charge of the Battery.

c.
Operates on 115 volt, 3 phase AC.

d.
Converts 115 VAC to 28 VDC whenever the # 1 AC Bus is energized and a Battery Charger or Battery fault does not exist. 

e.
Will operate at any frequency between 380 and 440 Hz.












Figure D-53, CH-47D Battery Charger,









Left Forward Electrical Compartment.

f.
Applies a charge current to the Battery Bus through the Battery Relay (161K1) whenever the # 1 AC Bus is energized.

1)  Uses three different charge rates depending on Battery condition:

A.
A charging current of 1.5 Amps is applied to deeply discharged Batteries.

B.
A charging current of 10-11 Amps will be applied to Battery when the Battery charge is less than 80%.

C.
A charging current of 0.04 Amp will be applied to the Battery when the Battery charge is more than 80%.

g.
Operates and controls the Battery Charge Status lights located in the left electrical pod.

1)
If the Battery charge is below 80%, the CHARGING light is illuminated.

2)
If the Battery charge is above 80%, the CHARGE COMPLETE light is illuminated.

h.
The charger will stop charging the Battery and illuminate the “BATT SYS MAL” capsule on the caution panel whenever the following conditions exist:

1)
An over temperature condition exists in the Battery or the Battery Charger.

2) A cell imbalance is detected within the Battery.

3) An open circuit exists in the charging system.

4)
A fault exists in the charger circuits.

NOTE:  On some CH-47D helicopters, the “BATT SYS MAL” capsule will illuminate and remain so until a Main Generator is switched on.  An MWO to correct this condition is being applied and this situation is not cause to reject the aircraft.

i.
A fault indicator is installed on the side of the charger.

1)
When no fault exists within the charger, the fault indicator displays a black on black condition.

2)
When a charger fault exists, the indicator will display white on black.

3)
A reset button is located near the fault indicator to allow resetting the indicator once the charger fault has cleared (i.e. the charger has cooled).

4)
A charger failure will not damage or discharge the Battery.
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Figure D-54, Battery type comparison.

2.
Battery (NICAD).
	a.
Located in the left electrical pod.

b.
It is a Nickel-Cadmium (NICAD) Battery that uses potassium hydroxide (a base – the opposite of an acid) as an electrolyte.

c.
Constructed of a metal case holding 19 cells.

1)
Each NICAD cell is nominally rated at 1.3 volts.











       Figure D-55, NICAD Battery (top view).

2)
Metal links connect the cell terminals in series for a total Battery voltage of 24.7 volts with a 10 amp-hour rating. 

d.
Two electrical connection receptacles are located on the front of the Battery:

1)
The "J2" receptacle is used for Battery monitoring by the Battery Charger.

A.
Pin "A" is used for the positive remote sense.

B.
Pin "J" is used for the negative remote sense.

C.
Pins "D" & "E" are used for the Battery over temp switch.

D.
Pin "F" is used for cell unbalance.

E.
Pin "C" is used for the Battery temperature sensor (Thermistor).   

2).
A Battery quick-disconnect receptacle is used for battery output and/or battery charging.

NOTE:  A Thermistor is an electronic device (sensor) whose resistance varies as a function of temperature.  When combined with an appropriate circuit, the signal derived from the Thermistor can be used to measure temperature.

e.
Servicing and inspections.

1)
Battery Sump Jar.

A.
The Battery Vent System uses a sump jar and vent hose.  The sump jar contains a sponge.  The sponge is wetted with Boric Acid dissolved in water.  The acid solution is used to neutralize the corrosive fumes that are emitted from the Battery during use.  Once neutralized, the fumes are expelled overboard through the vent hose.

B.
The sump jar and sponge are inspected during every Preventative Maintenance Daily (PMD) (once at least every 14 calendar days).

2)
25 Hour/30 Day Inspection.

A.
The Battery is inspected (cover removed) for corrosion, proper voltage, and voltage leakage to the case.

B.
If no faults are noted, the Battery is allowed to remain in service until the next inspection.

3)
100 Flight Hour/120 Day replacement.

A.
Battery is removed from the helicopter and turned-in to the AVIM Battery shop. 

B. Batteries are exchanged on a one-for-one basis. 

3.
Sealed Lead Acid Battery (SLAB).
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Figure D-56, SLAB Battery and related components.

a.
The newest Battery purchased for use in the CH-47 Chinook series of helicopter.  The fleet is currently undergoing modification to the SLAB as a replacement for the older NICAD line of Batteries.

b.
Located in the left electrical pod.

c.
It is a sealed Battery that uses sulfuric acid diluted with distilled water as an electrolyte.

d.
Constructed of a plastic case holding 12 cells.

1)
A cell is composed of two lead plates surrounded by electrolyte.

2)
Each cell is nominally rated at 2.1 volts. This figure varies as a function of temperature.

3)
Links connect the cell terminals in series for a total Battery voltage of approximately 24 volts with a 10 amp-hour rating.

e.
A single, two-wire connection receptacle is located on the front of the Battery.

1)
Battery quick-disconnect receptacle is used for Battery output and/or Battery charging.

f.
Installation, Servicing and Inspections.

1)
Installation.

A.
Using a permanent marker, enter the month and year of initial installation on the Battery label for the “Date Battery Placed in Service.”

2)
Servicing.

A.
No routine servicing of the SLAB is required.

3)
Inspection.

A.
IAW TM 11-6140-203-23&P, every 90 days, as per the data listed in Figure D-57. 

B.
All Batteries that are in storage (tech supply, etc.) must be charged every 90 days.

NOTE:  In some cases, but not all, the Battery Charger used with the NICAD battery is removed with the application of the SLAB MWO 1-1520-240-50-82.  The charger is replaced with relays 161K12 and 161K13.

NOTE:  Use of a NICAD Battery on an aircraft that has been fully modified (Battery Charger removed) for the SLAB may result in a battery over-temperature condition and possible fire hazard.

NOTE:  In future applications, the Battery Charger will be removed and no longer utilized with the SLAB.  This should eliminate the “BAT SYS MAL” caution light experienced during pre-start checks prior to a main generator becoming energized, which is common with a combination SLAB and NICAD Battery Charger installed.
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Figure D-57, 90 SLAB inspection requirements.

Ntc "Enabling Learning Objective L - List the components of the external DC system. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	List the main components of the DC External Power System.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


1. 28 Volt Direct Current (VDC) External Power is supplied to the helicopter through the External Power Receptacle located on the forward side of the left electrical pod (top connector inside External Power Receptacle door). 

2.
The DC External Power System uses four relays in the DC electrical system to establish a logic flow, giving DC External Power the highest priority over the internal helicopter power supplies (T/Rs).

a.
161K7 - The External Power Contactor (# 1 PDP) is energized closed whenever External DC Power is supplied to the External Power Receptacle.

b.
161K9 - The External Power Control Relay (# 1 PDP) is energized closed whenever External DC  Power is supplied to the External Power Receptacle.  161K9 is used to provide the priority of power when External DC Power is applied to the receptacle.

1)
Activation of the 161K9 relay provides one of the two possible ground connections used to illuminate the “EXT PWR” caution capsule.

NOTE:  There are two ways to activate the “EXT PWR” caution capsule. One is activate the 161K9 relay by applying External DC Power.  The other is to activate the 241K5 External Power Contactor by applying External AC Power to the helicopter.

c.
Reverse Current Cutout Relays (RCCO), 161K3 and 161K4, are de-energized.  The main contactors within the # 1 and # 2 RCCO relays are deactivated when External DC Power is applied.  When the 161K9 relay is energized, contact is broken between pins B2 and B3.  This removes control voltage from the main relay, opens the main contacts and disconnects the T/Rs from the DC system.  This also prevents External DC Power from reaching the T/Rs (reverse current protection).

1)
When the main contactors within the RCCO relays are disconnected, power is removed from the “IND” terminal of the RCCO relay.  This deactivates the 161K5 and 161K6 (#1 and # 2 T/R Fail Relays).  Deactivation of the Fail Relays provides the ground used in illuminating the # 1 or # 2 rectifier off caution lights.

3.
161CR1 - Reverse DC Polarity Protection (Blocking) Diode.

a. Prevents the application of power with reversed polarity to the helicopter DC system.    

b.
The diode (Figure D-58, green box) prevents both the External Power Relay (161K7) and the External Power Control Relay (161K9) from operating when External DC voltage polarity is reversed.  A diode allows current to flow in only one direction.  If the applied voltage is the reverse of the designed voltage, the diode will not switch on.  This prevents the application of the incorrect voltage to the airframe – which would do serious harm to any component receiving electricity.

[image: image45.png]



Figure D-58, Reverse DC Polarity Protection (Blocking) Diode.

NOTE:  Application of External DC Power also energizes the 161K8 DC Cross-Tie Relay, located in the # 2 PDP, via 161CB5 and pins A1 and A2 of the 161K9 relay (Figure D-59, green box).  This allows the # 2 DC Bus to power-up utilizing External Power.
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Figure D-59, Closing of the DC Cross-tie relay upon application of External DC Power.

Student Practical Exercise:

Identify the DC related components in the drawings below.





Figure D-60, # 1 PDP





       Figure D-61, # 2 PDP
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Figure D-62, 161K9 – External Power Control Relay, bottom of # 1 PDP.
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Figure D-63, Relays in the top of the # 2 PDP.

Otc "Enabling Learning Objective M - Identify the functions of the DC electrical system relays. " \l 3.
ENABLING LEARNING OBJECTIVE

	ACTION:
	Identify the functions of the DC electrical system relays.

	CONDITIONS:
	Given a student handout and TM 55-1520-240-Series.

	STANDARDS:
	IAW TM 55-1520-240-Series.


NOTE:
There are a total of 12 relays, (161K1 through 161K13, less K11), in the DC electrical system.  Some of these relays are used to create a system of logic to control the priority of DC power and others warn the crew of DC electrical system malfunctions.  The DC electrical system is designed so that if DC power is lost in one system, it is automatically cross-tied to the opposite system (if the opposite system has power).


Relay Name



Relay Number

Location


Battery Relay 



(161K1)

L/H Electrical Pod


Essential Bus Relay


(161K2)

No.1 PDP


# 1 RCCO Relay


(161K3)

No.1 PDP


# 2 RCCO Relay


(161K4)

No.2 PDP


# 1 TR Fail Relay


(161K5)

No.1 PDP


# 2 TR Fail Relay


(161K6)

No.2 PDP


External Power Relay


(161K7)

No.1 PDP


Cross-Tie Relay



(161K8)

No.2 PDP


External Power Control Relay

(161K9)

No.1 PDP


Switched Battery Bus Relay

(161K10)
No.1 PDP
 

             Reserved                                                 (161K11)
             Battery System Malfunction                     (161K12)           L/H electrical Pod
             # 3 RCCO Relay                                      (161K13)           L/H Electrical Pod

 1.
Battery Relay (161K1).
a.
Located in the left hand electrical compartment (See Figure D-64).

b.
Connects Battery power to, and allows for charging of, the Battery in the following ways:

1)
Connects Battery power to the Essential Bus when the Battery Switch is in the ON position and the # 1 DC Bus is NOT energized.

2)
Connects Battery Charger power (Non-SLAB modified aircraft) to the Battery Bus to charge the Battery and power the Battery Bus when the Battery Switch is in the “ON” position and the # 1 AC Bus IS energized.

3)
Normally operated by Battery power only.
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Figure D-64, Battery Relay, Left Hand Electrical Compartment.
NOTE:  Because the Battery Relay (161K1) is operated by Battery power only, it is NOT possible to charge a totally dead Battery by removing it and temporarily installing it in another aircraft that is already running.  Flying an aircraft with a dead Battery installed may lead to total electrical system failure when a Main Generator Switch is cycled.

NOTE:  It is possible to manually close the Battery Relay by activating the Reset Switch (241S4).  This “momentary on” switch, located in the left hand electrical compartment, will allow the application of DC Essential Bus power to the Battery.  If held in the Reset position long enough, it may be possible to charge the Battery to the point where sufficient power is available to close the Battery Relay.  The Battery Switch (241S1) must also be in the “On” position.

2.
Essential Bus Relay (161K2).
a.
Located in the #1 PDP (See Figure D-11).

b.
Determines the method in which the Essential Bus will be energized.

1)
Connects Battery power to the Essential Bus if the # 1 DC Bus is NOT energized.

2)
Connects # 1 DC Bus power to the Essential Bus if the # 1 DC Bus is energized.

3.
# 1 DC Reverse Current Cutout (RCCO) Relay (161K3).

a.
Located in the # 1 PDP (See Figure D-11).

b.
Connects or disconnects # 1 T/R power to the # 1 DC Bus if the following conditions are met:

1)
Connects # 1 T/R power to the # 1 DC Bus when the # 1 AC Bus is energized and a low voltage condition does not exist for the # 1 T/R (T/R output normal).

2)
Disconnects # 1 T/R power from the # 1 DC Bus when the voltage at the BAT terminal exceeds the voltage at the GEN terminal of the RCCO.

3)
Disconnects # 1 T/R power from the # 1 DC Bus when External Power (28 Volts DC) has been applied to the helicopter from an external power source.

c.
Controls the operation of the # 1 T/R Fail Relay (161K5) (see below).

4.
# 2 Reverse Current Cutout (RCCO) Relay (161K4).
a.
Located in the # 2 PDP (See Figure D-63).

b.
Operation is identical to that of the # 1 RCCO (161K3), except it is used in the # 2 DC system to connect or disconnect # 2 T/R power to the # 2 DC Bus.

c.
Controls the # 2 T/R Fail Relay (161K6) in the same manner as the 161K5 (see below).

5.
# 1 Transformer-Rectifier (T/R) Fail Relay (161K5).
a.
Located in the # 1 PDP (See Figure D-11).

b.
Illuminates the “NO. 1 RECT OFF” caution capsule on the Caution Panel.

1)
When # 1 T/R power is NOT connected to the # 1 DC Bus, the # 1 T/R Fail Relay (161K5) is de-energized and the “NO. 1 RECT OFF” caution capsule is illuminated.

2)
When # 1 T/R power is connected to the # 1 DC Bus, the # 1 T/R Fail Relay (161K5) is energized and the “NO. 1 RECT OFF” caution capsule is extinguished.

c.
Controls the operation of the DC Cross-Tie Relay (161K8) (see below).

6.
# 2 Transformer-Rectifier (T/R) Fail Relay (161K6).
a.
Located in the # 2 PDP (See Figure D-63).

b.
Operation is identical to that of the # 1 T/R Fail Relay (161K5), except it is used in the # 2 DC system to illuminate the “NO. 2 RECT OFF” caution segment.

c.
Controls the operation of the DC Cross-Tie Relay (161K8) (see below).

7.
DC External Power Relay (161K7).
a.
Located in the # 1 PDP (See Figure D-11).

b.
Connects External DC Power to the # 1 DC Bus when External DC Power is applied to the External Power Receptacle.

NOTE:
 The External Power Receptacle cannot be energized (back-fed) by # 1 or # 2 T/R power.  This is accomplished by requiring the 161K7 and 161K9 relays to be energized by the External Power Source, rather than airframe power.  Back-feeding electrical energy into a separate system is extremely dangerous and can cause injury or death to maintenance personnel as well as damage to equipment.

8.
DC Cross-Tie Relay (161K8).
a.
Located in the # 2 PDP (See Figure D-63).

b.
Connects power from an energized DC Bus (# 1 or # 2) to a de-energized DC Bus (# 1 or # 2).

c.
Energized when the # 1 T/R Fail Relay (161K5) or the # 2 T/R Fail Relay (161K6) are de-energized (i.e. a T/R fails) OR the External Power Relay (161K9) is energized.

d.
In the example below, the # 1 DC Bus is Cross-Tied to the # 2 DC Bus.  The energized 161K5 relay provides the ground required to close the DC Cross-Tie Relay.  This allows power from the # 1 DC Bus to feed the # 2 DC Bus.
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Figure D-65, DC Cross-Tie, # 1 T/R energized, # 2 T/R de-energized.

9.
External Power Control Relay (161K9).

a.
Located in the # 1 PDP (See Figure D-62).

b.
Disconnects # 1 and/or # 2 T/R power from the # 1 and/or # 2 DC Buses when External DC Power is applied to the External Power Receptacle.

c.
When External DC Power is applied to the External Power Receptacle, the External Power Control Relay (161K9) is energized which de-energizes the main contactors in both RCCO relays.

1)
De-energizing the main contactors disconnects # 1 and # 2 T/R power from the # 1 and # 2 DC Buses.

d.
Illuminates the “EXT PWR” caution capsule on the Caution Panel when External DC Power is applied to the External Power Receptacle.

e.
Energizes the Cross-Tie Relay (161K8) when External DC Power is applied to the External Power Receptacle.

10.
Switched Battery Bus Relay (161K10).
a. Located in the # 1 PDP (See Figure D-11).

b.
Determines whether the Battery or the Essential DC Bus will power the Switched Battery Bus.

c.
When the # 1 DC Bus is NOT energized, the Switched Battery Bus Relay (161K10) is de-energized.  The Battery then powers the Switched Battery Bus.

d.
When the # 1 DC Bus is energized, the Switched Battery Bus Relay (161K10) is energized. The Essential DC Bus then powers the Switched Battery Bus.

e.
Items on the Switched Battery Bus include Control Centering, Refuel Station Power, and the Cabin & Ramp, Oil Level Check, and Emergency Exit Lighting circuits.    

NOTE:  See TM 55-1520-240-T-2, page 9-2.19, for more information on the Switched Battery Bus.

11.
Reserved (161K11).
12.
Battery System Malfunction Relay (161K12) (only with SLAB Battery MWO applied).
a. Located in the left hand electrical compartment (See Figure D-56).

b.
When this relay is de-energized it provides the ground required to complete the circuit for the illumination of the “BAT SYS MAL” caution light.

13.
# 3 RCCO (161K13) (only with SLAB Battery MWO applied).
a. Located in the left hand electrical compartment (See Figure D-56).

b.
Supplies 28 VDC from the # 1 DC Bus to the SLAB via 161K1 when the # 1 DC Bus is energized and the Battery is turned on.
APPENDIX A

tc "Enabling Learning Objective A - Identify the basic properties of electricity. " \l 3Background information for those curious about electricity.
1. By controlling the flow of electrons, which are tiny invisible charges of electricity, we can produce heat and light, and we can transmit voices and pictures all over the world at the speed of light.  Electricity makes possible unbelievably complex data-handling and number crunching computers.  By controlling this powerful, invisible flow, we have built aircraft that allow us to go anywhere in the world in a matter of hours.

2. Because electricity is so vital to sustained flight, everyone involved in aviation maintenance must have a thorough understanding of electricity and the laws that govern it.

3. For years, we did not understand the true nature of electricity.  Mankind knew only that it could be used to do work.  Within the past six decades, however, we have learned much more about electricity, and the more we learn about it, the more practical uses we find for it.

4. Centuries ago, it was discovered that when a piece of hardened tree rosin, called amber, was rubbed with sheep’s wool, the amber attracted tiny pieces of straw.  However, when the straw touched the amber, an invisible force pushed the straw away.  Sometimes a spark would jump between the straw and the amber.

5. Because of these strange happenings, an idea was formulated that there was some kind of invisible fluid on the wool and the amber.  The fluid was called “electric” after the Greek word for amber.  There were thought to be two conditions:  A lack of fluid and an excess of fluid.  When an object having excess fluid was touched by another object having a lack of it, the electric left one object and went to the other - often causing a spark as it went.  When both objects had an excess of fluid, or when both had a lack of fluid, they would repel, or push away, from each other.  Lightning, the huge spark that jumps between clouds or from a cloud to the ground seemed to prove this theory.  Certain terms were developed to explain what was happening.

6. An object having an excess of fluid was said to be “positive” and a plus sign (+) was used to show this condition.  The object having a lack of fluid was called “negative” and this was indicated by a minus sign (-).  When the fluid passed from one object to the other, it was said that “current” flowed between them.  This idea and its explanation worked quite well even though people did not know exactly what it was that flowed or what caused the flow.  Today we know that this flow is made up of invisible particles of matter called electrons, and that we can control this flow, making it perform work.

7. The study of physics teaches that all matter is made up of just slightly more than one hundred different chemical elements whose smallest particles are called atoms.

8. The nucleus, or center, of an atom is generally made up of two sub-atomic particles, protons and neutrons.  Protons have positive electrical charges.  Neutrons, which have the same amount of mass as a proton, have no electrical charge.  Spinning around the nucleus in rings, or shells, are negatively charged particles called electrons.  Although smaller, the electron’s negative electrical charge is exactly as strong as the positively charged proton.

9. The outer shell of an atom is called the “valence” shell, and its electrons are called valence electrons.  These valence electrons are of interest to us in the study of electricity, as they are the particles that give an atom its electrical characteristics.  Chemical elements are classified by these characteristics into three categories:  conductors, insulators, and semiconductors.

10. Most atoms are balanced, meaning they have the same number of electrons as protons.  However, it is possible for an atom to either gain an electron or lose one.  When that happens, the atom is no longer balanced - it has become charged.  These charged atoms are called ions.  For example, if an atom gains an electron, it has more negative charges than positive charges, and it becomes a negative ion.  If a balanced atom loses an electron, it has lost some of its negative charge, and it becomes a positive ion.  The nucleus of the atom does not change, but when an atom becomes an ion, its characteristics change and it behaves differently from a balanced atom.  For example:  two positive ions will repel, or push away from each other, as will two negative ions.  However, a positive and a negative ion will attract each other and will join, becoming neutral in electrical charge.

11. Electrons can be made to flow and do useful work any time materials having different electrical charges are joined by a conductor.

12. When a copper wire is connected across a Battery, electrons leave its negative end, flow throughout the load, and return to the positive end.  This movement of electrons is called electron current, or just simply current.

13. When one electron leaves the Battery, it knocks a valence electron out of a copper atom and replaces that valence electron.  The electron that has been knocked out now knocks an electron out of another adjacent atom and replaces that atom.  This action continues through the wire until one electron is knocked out of the copper and goes into the positive terminal of the Battery.

14. Every time one electron enters the end of the wire at the negative terminal, another electron leaves the wire at the positive end.  For all practical (earthly) purposes, it does not matter how long the length of the wire is in the circuit.  The rate of travel for the electron movement is commonly known as the speed of light (C) — about 300,000,000 meters per second (186,000 miles per second).

15. When we want to use the electrical forces associated with the negative and positive charges in all matter, work must be done to separate the electrons and protons.  Changing the balance of forces produces evidence of electricity.  For instance, a Battery can perform electrical work because its chemical energy separates electric charges.  Atoms with an excess of electrons accumulate at the negative terminal while those depleted of electrons migrate toward the positive terminal.  With opposite charges at the two terminals, electric energy can be supplied to a circuit connected to the Battery.

16. Electrons that can move freely from one atom to the next are often called free electrons.  This freedom accounts for the ability of copper to conduct electricity very easily.  It is the movement of free electrons that provides electric current in a metal conductor.  Note however, that in the absence of an externally applied voltage or wire movement in a magnetic field, the wire itself has no charge. This is due to the intrinsically random motion of the free electrons.  When voltage is applied, it forces all the free (valence) electrons to move in the same direction to produce electron flow (electric current).

17. The term “volt” is an expression used to measure the amount of work needed to move an electric charge.  For example, if 0.7376 foot-pounds of force is required to move 6.25 x 1018 electrons between two points in an electric circuit, the potential difference required to accomplish that work is 1 V (Volt).  Consider the 24 volt aircraft Battery.  24 volts is the amount of potential difference between the two terminals.  In an electric circuit a Battery, Generator, or Transformer-Rectifier is a voltage source.  Voltage is the push behind the electron that makes it flow.

18. When the voltage (potential difference) between two charges (electrons) forces a third charge to move, the charge in motion is an electric current.  To produce current, a charge must be moved by voltage.  Current is a continuous flow of electrons.  Only the electrons move, not the potential difference.

19. Since current is the movement of charge, the unit for stating the amount of current is defined as the “rate of flow of charge”.  When 6.25 x 1018 electrons flow past a given point in one second, the value of the current is said to be one “Ampere” (A).  This is technically known as “one coulomb of charge per second”.

20. The moving charges that provide current in metal conductors, such as in a copper wire, are the free (valence) electrons of the copper atoms.  In this case, the moving charges have negative polarity.  Therefore, the direction of motion between two terminals for this electron current is toward the more positive end.  It is important to note, however, that there are examples of positive charges in motion.  Common applications include current in liquids, gases, and semiconductors.  For the case of current resulting from the motion of positive charges, its direction is opposite from the direction of electron flow.

21. Certain devices, known as semiconductors, conduct electricity under certain conditions.  That is to say, when the applied voltage is of one polarity, the semiconductor will switch on and allow current to flow.  When the polarity is reversed, the semiconductor will not allow the current to flow.  Diodes and Transistors are two common types of semiconductors.  Both are generally constructed using silicon or germanium as the base material to which impurities are added to modify their behavior.  They are classed as either N-type or P-type.  N-type semiconductors have impurities that provide and excess of electrons.  P-type semiconductors have impurities that cause a deficiency of electrons.  Depending on the design application, semiconductors will be selected based on whether a circuit must allow current to flow or not.  Diodes and transistors can be constructed in large arrays and in very small packages.  When constructed this way they are known as integrated circuits (ICs).  ICs are found in widespread use throughout the aviation industry.  

22. When any current flows, it has an associated magnetic field.  The magnetic field is in a plane perpendicular to the current.  Both magnetic and electric fields can do the physical work of attraction or repulsion.  The magnetic field of any current is the basis for many electromagnetic applications, including magnets, relays, loudspeakers, transformers, and coils in general.  Winding the conductor in the form of a coil concentrates the magnetic field, as in the application of current transformers in the generator electrical system.  By measuring the strength of the magnetic field in the current transformer, the amount of current flowing through the circuit can be deduced.

23. The practical unit of resistance is the ohm.  A resistance that develops a 0.24 calorie of heat when one ampere of current flows through it for one second has one ohm of opposition.  A good conductor like copper wire can have a resistance of 0.01 ohm for a 1-ft. length.  Resistors are used in electrical circuits to limit the amount of current flow or to lower the voltage.

24. The unit of measurement for a cyclical electrical event occurring once per second is the hertz (Hz).  Therefore, something happening 60 cycles per second has a frequency of 60 Hz.  Alternating Current (AC) electricity used in the home or office to power lights, refrigerators, etc., has a frequency of 60 HZ.  400 Hz power is used in military aircraft, primary due to the small size and weight requirements of various motorized components (gyros, fans, etc.).  Certain components in military aircraft utilize 3 Phase AC Electricity.  A cooling fan utilizing three phase electrical energy will spin faster and generate more torque, therefore move more air per unit of time than a single phase fan.

25.
A circuit can be defined as a path for current flow.  Current flows from the voltage source through the components in the circuit and back to the voltage source. The term “open circuit” is used to denote a circuit in which no current will flow.  In this case, a component or connection has failed preventing the circuit from being complete.  If the resistance of the circuit was measured with an Ohms meter, the resistance would read infinitely high.  Voltage may or may not be present, depending on where in the circuit the voltage was measured.  The term “short circuit” is used to denote a circuit in which there is a high current flow in excessive of design limits.  In this case, the resistance is practically zero.  For example, a short across the conducting wires for a light bulb produces too much current in the wires but no current through the bulb. The bulb is not damaged, but will not function since the shorted out area is consuming all the power.  A circuit breaker will usually pop to prevent the circuit from burning up. 

26.
Just as a voltage source has polarity, the current has a direction.  This reference is with respect to the positive and negative terminals of the voltage source.  What the direction is for the current depends on whether we consider the actual flow of negative electrons or the notion of positive charges moving in the opposite direction.

27.
The direction of electron flow for the current is out from the negative side of the voltage source. The current flows through the external circuit and returns to the positive side of voltage source.  This can be confusing when troubleshooting aircraft electrical systems due to early historical misunderstandings of the true nature of electricity.

28.
Benjamin Franklin, and others who experimented with electricity early on, thought that the “fluid” traveled from a high level, which they called positive, or plus, to a lower level, called negative, or minus.  This flow was called current, and the assumption made about the direction of its flow was logical.  Many textbooks on electricity have been written that define current as the flow of electricity that travels from the positive terminal of a source of electrical energy to its negative terminal.

29.
As more was learned about atoms, it was discovered that it is actually the electrons moving in an electrical circuit, not a fluid.  Further studies demonstrated electrons actually flow toward the positive terminal, not away from it — just opposite of what was originally thought.

30.
This new information increased our knowledge of electricity, but has caused some confusion.  Many of the symbols used in electrical circuits have arrows pointing in the wrong way.  The electrons actually travel opposite to the direction the arrows point.

31.
For the most part, it really makes no difference at all which direction we think of when we consider electron flow in a circuit.  However, we must be sure to think of it as going in the same direction all the time.  We can follow the electron flow, which is from negative to positive; or, if we like to follow the direction of the arrows used in a circuit diagram, we can think of the flow as “conventional current”, from positive to negative.  Although there is no actual flow in this direction, conventional current is often used by technicians when analyzing or troubleshooting electrical circuits.

NOTE:  For the purposes of this class, conventional current will be used in all diagrams and teaching points to stop any confusion with electron and current flow.

	Prefix
	Symbol
	Relation to basic unit
	Examples

	Mega

Kilo

Milli

Micro
	M

k

m

μ


	1,000,000

1000

0.01

0.000001
	5M( megaohms=5,000,000 ohms

18 kV (kilo volts)= 18,000 volts

48 mA (milliamperes)=0.048 ampere

15 μV microvolts=0.000015 volt


Figure A-1, Conversion Units common to electrical measurements.

APPENDIX B

tc "Enabling Learning Objective A - Identify the basic properties of electricity. " \l 3How electricity is created and utilized in the CH-47 Chinook helicopter.

NOTE:  There are six ways electricity is generated.

NOTE:  Voltage is produced whenever a charge exists between two objects. 

1.
Friction.
b. Electrons can be traded between certain materials that are rubbed together.

(2) When electrons are removed from one material and added to another by rubbing, an electrical charge (static) exists between the two materials.

(3) Very high voltages can be produced from friction but are of little practical use (rotor blades moving through air).   

2.
Magnetism.
a.
Whenever there is relative movement between a magnetic field and a conductor a voltage is produced.

b.
Generators operate on the principal of electromagnetic-induction and are the most common means used to produce voltage.

3.
Chemical action.
a.
Whenever two dissimilar metals are immersed in a solution, the solution will produce a greater chemical action on one metal than the other, resulting in a differential charge between the two metals.

b.
Voltage produced by chemical action is most commonly used in the form of Batteries.       

4.
Heat.
a.
By utilizing metals with different properties, voltage can be produced when both are exposed to a source of heat.

b.
In certain metals electrons flow away from a source of heat.

c.
In other metals electrons flow towards a source of heat.

d.
When connected together with a source of heat, electron flow (voltage) is generated.

e.
Thermocouples (engines) are used to give a temperature reference and operate on the principal that heat is used to produce voltage.     

5.
Pressure.
a.
Whenever pressure is applied to ionic crystals (such as quartz) charges of opposite polarity will appear on two opposite faces of the crystal.

b.
If the force is reversed and the crystal is stretched, charges will appear again, but will be the opposite polarity of the charges that were created by the squeezing.

c.
Accelerometers (AFCS computers, Track and Balance equipment) use the properties of these crystals to covert a force into an electric signal. 

6.
Light.
a.
By using light to dislodge electrons from their orbits in surface atoms of metallic materials, a difference in charge can be created (voltage).

b.
The difference in charge exists in much the same way as a Battery, except the voltage is supplied from a photoelectric cell (Track and Balance Cameras).

APPENDIX C

tc "Enabling Learning Objective A - Identify the basic properties of electricity. " \l 3Discussion of specific CH-47 Chinook helicopter electrical circuits.

1.
The Wheatstone Bridge.
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Figure C-1, Strain Gauge Circuit.
	  The Wheatstone bridge circuit contains four resistors arranged in a diamond. Voltage Vs is supplied across the vertical diagonal of the diamond. The voltage Vout appears across the pair of terminals connected along the horizontal diagonal.

Vout = VA - VB = i2 R3 - i1 R4
and,

i1 = Vs / ( R1 + R4 ) and i2 = Vs / ( R3 + R2 )
therefore,

Vout / Vs = R3 / ( R3 + R2 ) - R4 / ( R1 + R4 )



  V stands for Volts.  R stands for Resistance.  I stands for Current.  The mathematical formulas outlined above offer solutions to maintain the balance of the circuit.

  In the balanced state, a Wheatstone Bridge has equal resistance in both halves of the circuit.  That is:

R2 + R3 = R1 + R4
  As shown in Figure C-1, when the left and right portions of the circuit are out of balance the difference is measured at Vout. 

  A common use for this type of circuit is the operation of a remote sensor whose resistance varies with the quantity being measured.  A comparator circuit connected across the Vout point can process the electrical signal and send the derived information to a gauge in the cockpit.

  A good example here is the strain gage - a length of wire whose resistance varies as it is stretched. Strain gages can be used to measure minute strains. In combination with a structure with a known stress/strain relationship they can also be used to measure stresses.

  The Strain Gauge bonded to the exterior of the Aft Swashplate Fixed Link measures very small changes in its length.  Consider R1 in Figure C-1 as the Strain Gauge.  The corresponding change in resistance as the aerodynamic loading on the helicopter varies is conditioned (processed) into a usable signal and relayed to the cockpit.  The Cruise Guide Indicator (CGI) presents the pilot with an indication of approximately how much stress the rotor system is experiencing.
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Figure C-2, Engine N2 Control.
	  The Wheatstone Bridge circuit is also utilized to control the N2 speed of the engines and ultimately the rotor speed (NR).

  One half of the bridge circuit is located in the N2 Control Box, while the other half of the circuit is located inside the engine mounted N2 actuator.

  Each half of the bridge contains at least one variable resistor, known as a potentiometer.

  The potentiometer, or pot, in the control box is mechanically connected to a small 28 VDC reversible motor, which is electrically connected to the engine beep trim switch mounted on the pilots thrust lever.


  When the pilot increases or decreases the engine beep trim switch (L712 engines and prior), the “wiper motor” inside the N2 Control Box is repositioned.  When the wiper motor is moved (see figure C-2 and 3), the resistance of that half of the circuit is changed.  A Control Logic Circuit (connected at Vout) constantly compares the difference in the resistance of the Control Box half of the circuit to the N2 actuator half.  The control logic circuit will cause the N2 actuator (Figure C-4) to either increase of decrease until the resistance of the entire circuit is again in balance (resistance is equal in both halves of the Wheatstone Bridge).

[image: image53.emf]


Figure C-3, L712 Engine N2 Control Box, Wiper Motor and SCR.
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Figure C-4, L712 Engine N2 Actuator Feedback Potentiometer.
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Figure C-5, N2 Control Box schematic.

NOTE:  The Silicon Controlled Rectifer (SCR) in the N2 Control box is the device that drives the N2 Actuator.  It functions in a manner similar to a standard diode (electricity flows in one direction only).  The difference is that the electricity that flows through the diode is electrically switched on or off as necessary by the logic circuit. 

2.
Transformers.

a.
Transformers are electromagnetic devices that transfer electrical energy from one circuit to another by mutual induction.  Mutual induction is the coupling of inductances by their mutual magnetic fields.  In a single-phase transformer there are two coils, a primary and a secondary coil.  The circuit shown in Figure C-6 illustrates mutual induction.  The AC generator provides electrical power to the primary coil.  The magnetic field produced by the primary induces a voltage into the secondary coil, which supplies power to a load.  One will note there is no physical connection between the primary and secondary coils, so the two sides of the circuit are electrically isolated from each other.
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Figure C-6, mutual induction between two coils in a transformer.

NOTE:  Transformers can only operate on AC electricity.

b.
Transformers are used to step a voltage up to a higher level, or down to a lower level.  Transformers are used extensively in power distribution systems, allowing power companies to transfer electrical energy many miles.  Power generators typically generate high voltages.  This voltage varies, depending on the generator, but a typical voltage might be 15 KV.  The voltage is stepped up through a transformer to higher levels for transmission to substations.  Typical voltages range from 115 KV to 765 KV.  The electrical power is received at substation transformers many miles away where it is stepped down.  Typical voltage might be 34 KV or 69 KV.  From here, electrical power is fed to a distribution substation.  It can also be fed directly to factory locations.  If the power is fed to a factory, transformers at the factory site reduce the voltage to usable levels.  The power fed to a distribution substation is reduced by transformers at the substation for factory and home use.

1)
A step-up transformer is used when it is desirable to step voltage up in value.  The circuit in Figure C-7 illustrates a step-up transformer.  The primary coil has fewer turns than the secondary coil.  The number of turns in a transformer is given as a ratio.  When the primary has fewer turns than the secondary, voltage and impedance are stepped up.  In the circuit illustrated, voltage is stepped up from 120 VAC to 240 VAC.   Because impedance is also stepped up, current is stepped down from 10 amps to 5 amps.
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Figure C-7, Step-up transformer.

2)
A step-down transformer is used when it is desirable to step voltage down in value.  The circuit in Figure C-8 illustrates a step-down transformer.  The primary coil has more turns than the secondary coil.  The step-down ratio is 2:1.  Voltage and impedance are stepped down, current is stepped up.
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Figure C-8, Step-down transformer.

3.
Generators.
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Figure C-9, Basic Generator Construction.
	a.  A basic generator consists of a magnetic field, an armature, slip rings, brushes and a resistive load.  The magnetic field is usually an electromagnet.   An armature is any number of conductive wires wound in loops which rotates through the magnetic field.  For simplicity, one loop is shown. When a conductor is moved through a magnetic field, a voltage is induced in the conductor.  As the armature rotates through the magnetic field, a voltage is generated in the armature, which causes current to flow.  Slip rings are attached to the armature and rotate with it.  Carbon brushes ride against the slip rings to conduct current from the armature to a resistive load.


b.
An armature rotates through the magnetic field.  At an initial position of zero degrees, the armature conductors are moving parallel to the magnetic field and not cutting through any magnetic lines of flux.  No voltage is induced.  This is zero phase.
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Figure C-10, Basic generator operation, zero degrees of armature rotation.

c.
The armature rotates from zero to 90 degrees.  The conductors cut through more and more lines of flux, building up to a maximum induced voltage in the positive direction.  This is 90 degrees of phase.
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Figure C-11, Basic generator operation, 90 degrees of armature rotation.

d.
The armature continues to rotate from 90 to 180 degrees, cutting less lines of flux.  The induced voltage decreases from a maximum positive value to zero.  This is 180 degrees of phase.
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Figure C-12, Basic generator operation, 180 degrees of armature rotation.

e.
The armature continues to rotate from 180 degrees to 270 degrees.  The conductors cut more and more lines of flux, but in the opposite direction.  Voltage is induced in the negative direction building up to a maximum at 270 degrees.  This is 270 degrees of phase.
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Figure C-13, Basic generator operation, 270 degrees of armature rotation.

f.
The armature continues to rotate from 270 to 360 degrees.  Induced voltage decreases from a maximum negative value to zero.  This completes one cycle.  The armature will continue to rotate at a constant speed.  The cycle will continuously repeat as long as the armature rotates. 
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Figure C-14, Basic generator operation, 360 degrees of armature rotation.

g.
An armature rotates in a circle.  A cycle is completed when the armature rotates one full circle.  A circle contains 360 degrees. One cycle includes 360 degrees of phase rotation, as represented in the graph, figure C-15.    A cycle begins at the zero voltage point before the voltage increases towards the maximum positive point.  The cycle will end 360 degrees later at the zero voltage point as the voltage rises from the maximum negative point.
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Figure C-15, Generic Sine Wave Representation.

h.
Three phase power is a result of three separate windings in the generator whose start points are separated by 120 degrees of rotation, as depicted in the figure C-16.
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Figure C-16, Graphical representation of 3 Phase AC electricity.

NOTE:
Power is the measurement of work accomplished, or energy consumed, in an electrical circuit.  For a purely resistive load (heater, light bulb, etc.), the unit is the watt (W).  One watt equals 1 V x 1 A.  This would be a measurement of true power.  For inductive loads, such as a transformer or a generator, the unit of measurement is Kilo-Volt-Amp (KVA).  This would be a measurement of apparent power.  The main generators are capable of producing 40 KVA, or 40 thousand volt-amps.  The difference between true and apparent power is beyond the scope of this text.

4.  Rectifiers.
a. Regardless of whether a transformer steps up or steps down voltage levels, the output is the same type of electricity as the input – Alternating Current (AC).  Not all electrical devices can use AC so a method was invented to convert AC to DC – the Diode.

b. A diode is a one-way street for electricity.  Current will flow in only one direction.  When an AC signal is applied to a diode, ½ of the AC signal will be cut-off.  In the example below, only the positive component of the AC signal remains, the negative component has been removed.
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Figure C-17, Graphical representation of half-wave rectification of AC electricity.

c.
 As shown in Figure C-17, ½ of the AC component was removed.  However, a significant amount of the energy (current) contained in the signal was lost.  An extension of the ½ wave rectifier was developed, called the Full Wave Bridge Rectifier, to utilize more of the energy in the signal.
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Figure C-18, Graphical representation of full-wave rectification of AC electricity.

d.
For both positive and negative swings of the AC signal across the transformer (or an AC generator for that matter), there is a forward path through the diode bridge.  Figure C-18 shows the path taken during the positive swing of the AC signal.  Figure C-19 shows the path taken during the negative swing of the AC signal.  Both conduction paths cause current to flow in the same direction through the load, here represented by a resistor, thus accomplishing full-wave rectification.  Compared to the ½ wave circuit, this method delivers approximately twice the amount of energy.
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Figure C-19, Graphical representation of full-wave rectification of AC electricity.

e.
A filtering circuit will then be added to the rippled DC signal to smooth it to a pure DC signal to be used by sensitive electronic pieces of equipment.
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Figure C-20, Graphical representation of full-wave rectification and filtering of AC electricity.

NOTE:  For ease of demonstration, 1 ½ cycles was represented in graphics.
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