
CHAPTER 5 

AIRCRAFT POWER PLANT ELECTRICAL SYSTEMS 

Every type of aircraft has unique propulsion requirements and each has a specific 
power plant system to meet that need. The performance of every power plant and 
propulsion system is dependent upon multiple electrical components and systems to 
include ignition, fire warning, fire extinguishing, anti-icing, fuel control, and indicating 
systems.  It is the responsibility of the Aviation Electrician’s Mate (AE) to ensure these 
systems operate at optimum performance for maximum engine efficiency. 

LEARNING OBJECTIVES 

When you have completed this chapter, you will be able to do the following: 
1. Identify the types of starting equipment used to start aircraft engines. 
2. Recognize operating parameters and characteristics of aircraft engine ignition 

systems. 
3. Describe operating conditions and characteristics of aircraft engine temperature 

control systems. 
4. Recognize operating parameters and characteristics of aircraft engine starting 

systems. 
5. Explain the operating principles and characteristics of aircraft power plant anti-

icing and deicing systems. 
6. Recognize operating conditions and characteristics of aircraft engine fire warning 

and extinguishing systems. 
7. State the operating parameters and characteristics of aircraft fuel transfer 

systems. 
8. Explain the operating principles and characteristics of aircraft engine oil 

temperature control systems. 
9. State the operating conditions and features of aircraft engine variable exhaust 

nozzle control systems. 
10. Explain the operating principles and features of propeller synchrophasing 

systems. 
11. Explain the operating principles and features of aircraft propeller control systems. 
12. State the operating parameters and features of aircraft approach power 

compensator systems. 
13. Recognize operating principles and characteristics of helicopter bladefold 

systems. 
14. Explain the operating principles and characteristics of aircraft engine inlet bleed 

air systems. 
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Figure 5-1 — Airframe Mounted Accessory Drive AMAD. 

STARTING EQUIPMENT 

Jet engine starters provide high starting torque initially to overcome the engine rotor 
weight and high speed to increase rotor revolution per minute (RPM) until the engine is 
self-sustaining. The following paragraphs describe the various starting systems used on 
turbojet, turboprop, and turbofan engines. 

Airframe Mounted Accessory Drive (AMAD) 

The starting system on the F/A-18 aircraft is the two AMAD interchangeable gearboxes 
(Figure 5-1), each mechanically connected to the engines, and pneumatically connected 
to the Auxiliary Power Unit (APU). The AMAD transmits power from the Air Turbine 
Starter (ATS) to the engine for starting or motoring. It has three separate modes of 
operation: 

1. Main Engine Start (MES) Mode. 
2. Crossbleed Engine Start. 
3. Ground Maintenance Mode (GMM).  

 
 
In GMM mode, the engine is decoupled from the AMAD by a decoupling mechanism 
mounted to the bottom of the AMAD and accessed by the operator through a panel on 
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the lower section of the aircraft, forward of the engines. The ATS converts pneumatic 
power from the APU to mechanical power which operates the AMAD and drives the 
AMAD accessories such as the generators, hydraulic pumps, ATS, and Motive Flow 
Boost Pumps (MFBP). Only one engine can be operated in GMM as the de-couple 
switches prevent both to operate simultaneously.    

Air for the starting operation of the aircraft is received from the other engine or from an 
external air source. 

The AMAD consists of two identical AMAD units and connects to each engine through a 
mechanical Power Turbine Shaft (PTS). The high speed, highly stressed, and 
dynamically balanced PTS shaft mounts to the Main Engine Gearbox coupling which is 
mounted directly to the engine.   

Main Engine Start (MES) Mode 

In the MES mode of operation, an external air source or operating APU provides airflow 
to the system. With battery power applied, when the ENG CRANK Switch is set to right 
R position, signals to the Frequency Sensing Relay (FSR) energize the right ENG 
CRANK Switch holding coil for approximately 8 to 12 seconds. The right Air Turbine 
Starter Control Valve (ATSCV), mounted to the right Air Turbine Starter (ATS) opens at 
a controlled rate limiting the pressure rise to 15 psi per second up to a regulated 
pressure of 45 to 51 psi at the right ATS. The right ATS converts the pneumatic power 
to mechanical power and transmits through a clutch in the right ATS and directs air from 
the air isolation valve to rotate the right AMAD, right PTS and right engine. A Monopole 
Speed Sensor in the right ATS transmits equivalent rpm signals to the FSR to continue 
output power for the right crank switch holding coil. A rotational signal must be 
transmitted to the FSR within the 8 to 12 seconds or the FSR releases the right ENG 
CRANK Switch holding coil and the crank operation completely shuts down. When the 
right AMAD accelerates and the right generator achieves online speed, the right 
Generator Power Contactor and right Generator ON Relay energize causing right crank 
operation to stop and the APU, ready for left engine start, returns to standby power. 
After left engine completes cranking operation and the left Generator Line Contactor or 
left Generator ON Relay fails to terminate the left crank operation, then the FSR 
releases the left ENG CRANK switch holding coil between 61.5 and 63.5 percent rpm 
compressor speed (     and operation terminates. Once the left and right engines are 
both started and both generators are online for 60 seconds, the APU will automatically 
shut down. For ATS protection, if the left or right ATS fails to disengage from the left or 
right engine during crank operation and turning speed exceeds 14.2 percent rpm the left 
or right ENG CRANK Switch returns to OFF, and L ATS or R ATS caution will display on 
the Digital Display Indicator (DDI). If L or R ATSCV fails in open position, a L or R 
ATSCV caution is displayed and maintenance code 818 (left) or 819 (right) sets in the 
Nose Wheelwell Digital Display Indicator (NWWDDI) after 25 seconds.  
Left and right AMAD oil temperature is monitored by the respective AMAD Oil 
Temperature Sensor. If AMAD oil temperatures exceed 190 °F (88 °C), R OIL HOT or L 
OIL HOT cautions will appear on LDDI. The caution will remain until oil temperature 
drops below 175 °F (79 °C). Both AMAD oil pressures are monitored by the AMAD Oil 
Pressure Switches. If either AMAD oil pressure drops, the oil pressure switch opens by 
110 psi and sets maintenance code 816 (left) or 817 (right) in NWWDDI, and a L AMAD 
PR or R AMAD PR caution appears on the LDDI. 
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Engine Drive Mode 

With aircraft engines running, the PTS transmits power from each engine to its 
respective AMAD. Power is transmitted to each AMAD accessory by way of the 
respective gear train in each AMAD. This provides the aircraft with electrical power from 
the generator, hydraulic power from the hydraulic pump, and engine fuel flow from the 
MFBP.  

Crossbleed Engine Start  

The APU compressed air is the primary engine crank air source. With a single engine 
on line, a second engine can be started by utilizing the compressed air from the 
previously started engine. The operating engine should be advanced to a minimum of 
80 percent    rpm to make sure bleed air output is sufficient to crank the opposite 
engine. With the APU switch OFF, for a crossbleed start, the operator sets the L or R 
engine crank switch to the non-operating engine crank position where 28vdc energize 
the desired ATSCV and opens the air isolation valve, allowing compressor bleed air 
pressure to turn the non-operating ATS, AMAD and engine. Once a rise in    engine 
rpm occurs, at a minimum of 10 percent   , the throttle is advanced to IDLE for the non-
operating engine and light-off begins to make faster engine rotation. Once the non-
operating engine is started, the operator returns the previous operating engine back to 
IDLE position. 

Ground Maintenance Mode (GMM) 

In GMM, with the APU running, the engine is decoupled from the respective AMAD by a 
decoupling (pull down and turn) mechanism. The ATS converts pneumatic power from 
the APU to mechanical power which operates the AMAD and drives AMAD accessories. 
Either L or R AMAD can be operated in GMM. GMM can also be powered by an 
external air source. Operating the Decouple Handle enables GMM, which uses 
compressed air to drive the decoupled AMAD through the respective ATSCV and ATS. 
The AMAD Couple Switch opens when the AMAD is decoupled. This prevents the use 
of cross bleed air for GMM.  
Setting the ENG CRANK Switch to L or R positions opens the selected ATSCV allowing 
compressed air to drive the ATS. During GMM, the FSR controls Pneumatic Control 
Unit (PCU) torque motor power, PCU torque motor controls the ATSCV opening by 
venting pressure from the open side of the actuator piston, and PCU Pneumatic Valve 
operation regulates the ATSCV airflow, which maintains the ATS speed at 56.6 to 58.6 
percent rpm. Operating R AMAD in GMM recharges the APU accumulator by providing 
Hydraulic System 2B pressure. Approximately 30 seconds after starting GMM 
operation, the operator will see a L ATS or R ATS caution displayed on LDDI, which is a 
normal indication. When ATS speed exceeds 14.2 percent rpm, a caution is displayed. 
This again is a normal condition because during GMM the engine is decoupled from 
AMAD and engine rpm remain at zero. If the AMAD oil overheats when in GMM, the 
Signal Data Computer (SDC) automatically shuts down the system. 

Air Turbine Starter (ATS) 

The ATS is a lightweight unit designed to start turbojet, turboprop, and turbofan engines 
when supplied with compressed air. The unit consists primarily of a scroll assembly, 
rotating assembly, reduction gear system, overrunning clutch assembly, and output 
shaft. An overspeed switch mechanism limits maximum rotational speed. As you read 
this section, refer to Figures 5-2 and 5-3. Compressed air, supplied to the scroll inlet, 
goes to the turbine wheel through the nozzle in the scroll assembly. The reduction gear 
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Figure 5-2 — Air turbine starter. 

system transforms the high speed and low torque of the turbine wheel to low speed and 
high torque at the output shaft. When at the desired starter rotational speed, the 
flyweights in the governor assembly throw out and open the limit switch. This switch 
sends a signal that shuts off the supply air. At a higher, predetermined rotational speed, 
the overrunning clutch assembly releases the output shaft from the rotating assembly. 
A source of compressed air flows to the shutoff valve inlet duct to drive the starter. The 
starter is a turbine air motor equipped with a radial inward-flow turbine wheel assembly, 
reduction gearing, splined output shaft, and a quick-detaching coupling assembly. The 
complete assembly mounts within one scroll assembly and gear housing (Figure 5-2).  

The ATS converts energy from compressed air to shaft power. This power goes to a 
splined output shaft at speed and torque values for starting aircraft engines. 
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Figure 5-3 — Air turbine starting system diagram. 

Initial control of the air shutoff valve (Figure 5-3) is by a normally open, momentarily 
closed, start switch and a relay box. After pressing the start switch, the sequence of 
operation of the valve and starter is automatic. A normally closed, momentarily open, 
stop switch provides a means of manually stopping the starter when motoring an engine 
without fuel or in emergencies. 

When the external start switch momentarily closes, a double-pole, single-throw, holding 
relay in the relay box actuates. This action completes electrical circuits to the air shutoff 
Valve and the starter. When the external start switch opens, the holding relay receives a 
positive potential through the normally closed external stop switch. The relay also 
receives a negative potential through the closed overspeed control provided within the 
starter. The relay continues to hold until the external stop switch removes the positive 
potential or until the closed overspeed control removes the negative potential. 
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NOTE 

If engine shaft speed fails to exceed starter driving 
mechanism speed before the starter reaches cutoff speed, 
the cutout switch actuates, shutting down the starter. 

 CAUTION  
During operation of the starter, you should stand clear of 
the plane of rotation of the high-speed rotating turbine 
wheel. Only qualified ADs should install and service the unit 
and its pressure regulating valve. 

When high-pressure air is at the closed regulating valve inlet and the start switch 
energizes the holding relay, the regulating valve opens, admitting compressed air to the 
starter. The control mechanism regulates the compressed air to specified conditions. 
The mechanism senses upstream and downstream conditions, and it positions the valve 
butterfly to supply the desired flow. 
The compressed air enters the inlet port of the starter and expands as it flows radially 
inward through the nozzle vanes. The air flows against the blades of the turbine wheel 
to rotate them. The reduction gear system (Figure 5-2), which transmits power to the 
drive shaft, converts the high-speed, low-torque output of the turbine wheel to low-
speed, high-torque output. 
As compressed air enters the starter inlet port through the pressure regulating valve, the 
turbine wheel rotates, transmitting torque to the drive jaw through reduction gearing. 
This torque transmits to the drive shaft through the splined drive shaft. When aircraft 
engine speed exceeds the starter drive shaft speed, the speed of the starter output 
shaft (directly connected to the engine drive) also exceeds the drive jaw speed, and the 
pawls begin to ratchet. When the output shaft (driven by the aircraft engine) attains 
enough speed, centrifugal force releases the pawls completely from the drive jaw. This 
action releases the starter from the aircraft engine. When the starter reaches cutoff 
speed, the internal overspeed control actuates, breaking the electrical circuit to the 
holding relay. Then, the pressure regulating valve butterfly closes and prevents 
compressed air from entering the starter. 
 

 

 

 

 

 
A starting operation begins by momentarily closing the start switch to energize the 
pressure regulating valve circuit. Sequencing of the regulating valve and start operation 
becomes automatic. The start continues until engine light-off occurs, and the engine 
overspeeds the starter driving mechanism or until output shaft speed reaches the 
calibrated cutoff point. In either condition, disengagement of the starter from the engine 
or interruption of the supply air to the starter is automatic. Starter operation also stops 
when the stop switch momentarily opens, which closes the pressure regulating valve 
and interrupts the supply air to the starter. 
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Figure 5-4 — Cross-sectional view of a jet 

igniter plug. 

 WARNING  
Due to the high voltage and amperage of ignition systems, 
you should use extreme caution around the equipment. 

IGNITION SYSTEMS 

Three things are necessary to cause a fire: a combustible material (such as aircraft 
fuel), oxygen, and heat. A fire will not start without all three, and removing any one of 
the three puts the fire out. All internal combustion engines use fire to produce 
mechanical energy, and the piston engine uses the higher degree of fire—an explosion. 
The gas turbine (jet) engine also produces its energy through the use of fire. However, 
its operation is considerably different from the piston engine. Rather than a series of 
independent explosions, a jet engine produces a continuous burning fire. Ignition is 
necessary only during the start cycle to ignite the fire. 
Electronic ignition systems provide internal combustion for turboprop, turbofan, and 
turbojet engines. Unlike reciprocating engine systems, timing is not a factor in turbine-
power ignition systems. All that is needed is a series of sparks with enough intensity to 
cause combustion. 
The exciter develops voltage of sufficient amplitude to produce a spark. The exciter unit 
contains a capacitor or capacitors to develop the voltage and current necessary to 
supply a spark plug (called an igniter). The resultant spark is of high heat intensity, 
capable not only of igniting abnormal fuel mixtures but also of burning away any foreign 
deposits on the plug electrodes. The exciter is a dual unit and produces sparks at each 
of two igniter plugs. 
The igniter plugs are, in general, 
similar to the spark plugs on 
reciprocating engines. The main 
differences are features 
necessary to operate at higher 
energies, voltages, and 
temperatures of jet engines. In 
general, the igniter plug is 
larger, more open in 
construction, and the gap is 
much wider than spark plugs of 
familiar design. Figure 5-4 
shows a typical jet igniter plug. 
Jet ignition is controlled through 
relays or switches that operate 
automatically during the engine 
start cycle. Fuel or oil pressure 
switches or centrifugal speed 
switches energize a relay to 
begin ignition. Ignition stops by 
actuation of a centrifugal switch 
at a speed between 45 percent 
and 65 percent of rated engine 
speed. 
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Figure 5-5 — Jet engine electronic ignition system. 

Electronic Ignition System 

The development of more powerful jet engines demands a reliable, maintenance-free 
ignition system. This chapter does not cover all ignition systems; rather, the system 
described represents most modern systems. An electronic ignition system has an 
advantage over the capacitor discharge system; it has no moving parts and breaker 
points or contacts that can become pitted or burned. 
The engine ignition system (Figure 5-5) provides the necessary electrical energy and 
control to begin engine combustion during aircraft armament firing and starting, and for 
automatic re-ignition in case of engine flameout. 

 

Engine Ignition Exciter 

The engine ignition exciter is a dual-circuit, dual-output unit that supplies a high-voltage, 
high-energy electrical current for ignition. The exciter consists of a radio frequency 
interference filter and two power, rectifier, storage, and output elements. The exciter 
mounts on the forward part of the compressor section of the engine. 
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Engine Control Amplifier 

The engine control amplifier is the electronic control center of the engine. It controls the 
function of the ignition system as well as other engine operational functions. The 
amplifier mounts on the compressor section aft of the engine front frame. 

Engine Ignition Leads and Igniter Plugs 

The ignition leads are high-tension cables, which transmit electrical current from the 
exciter to the igniter plugs. The igniter plugs mount in the combustion chamber housing. 

Engine Alternator Stator 

The engine alternator stator is an engine-driven, single-phase, alternating current (ac) 
electrical-output unit mounted on the engine accessory gearbox. It supplies electrical 
power to the engine, independent of the aircraft electrical system. It contains three sets 
of windings. Two windings supply electrical power to the ignition exciter, and the third 
supplies electrical power to the control amplifier. 

Ignition Operation 

As you read this section, refer to Figure 5-5. With the ignition switch ON, the engine 
cranking for starting, and throttle advanced to 10-degree Power Lever Angle (PLA) 
position, current flows from the alternator stator to power the control amplifier. At the 
same time, the PLA ignition switch in the fuel control closes. The gas generator 
(    speed logic circuit closes the ignition relay to provide ignition when     is within the 
10 to 48 percent    range. With the relay closed, it completes a circuit from the 
alternator stator ignition windings, through the ignition exciter, to the igniter plugs. 
Current flows from the alternator, through the control amplifier, to the ignition exciter. At 
the ignition exciter, current is intensified and discharged as a high-voltage output, and 
conducts through the igniter cables to the igniters. Current crossing the gaps in the 
igniters produces a continuous high-intensity spark to ignite the fuel mixture in the 
combustion chamber. When engine speed reaches 8,500 RPM,    and Inter-Turbine 
Temperature (ITT) reaches operating range, a signal from the T5 temperature detectors 
flows through the T5 circuit to the control amplifier ignition logic circuit. The control 
amplifier ignition relay opens and ignition ends. Combustion then continues as a self-
sustaining process. 
Ignition automatically reactivates when either a flameout occurs or when aircraft 
armament fires. When T5 temperature drops more than 800°F (427°C) from T5 selected 
by PLA, the T5 detectors signal control amplifier T5 flameout logic to close the amplifier 
ignition relay. This activates ignition system operation. Ignition continues until engine 
operating temperature is again normal and the 800°F temperature error signal cancels, 
causing the control amplifier to end ignition operation. 
An armament-firing protection circuit prevents flameout from armament gas ingested by 
the engine during armament firing. When firing aircraft armament, a signal from the 
armament trigger switch activates the armament-firing logic circuit in the control 
amplifier. The amplifier logic circuit causes ignition operation to activate. Ignition 
operation ends after a 1 second time delay in the amplifier logic circuit following release 
of the armament firing trigger. 
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ENGINE TEMPERATURE CONTROL SYSTEMS 

On most reciprocating engines, the engine cowl flaps control cylinder head temperature 
(CHT). In turbine-powered engines, turbine temperature is controlled differently. Engine 
temperature is a measure of power, and temperature is a product of fuel consumption. 
In most turbine-powered aircraft, then, the pilot selects desired power through a 
mechanical linkage to the fuel control. As the power increases, so does the 
temperature; in turbojet aircraft, this also causes an increase in engine speed. The only 
electrical circuits required are those to show temperature and speed except in newer 
aircraft such as the F/A-18E/F/G which use an electrical throttle quadrant control. 
The engine temperature control system on turboprop engines lets the operator control 
turbine inlet temperature and torque through the use of power and condition levers. 
These levers connect to each engine coordinator through pushrods, sectors, cables, 
and pulleys. When the engine is operating in the flight range, engine speed is constant. 
Engine power is controlled by increasing or decreasing fuel flow, which results in a 
corresponding change in turbine inlet temperature. The main components of the engine 
temperature control system are: 

 Power levers 

 Condition levers 

 Engine coordinators 

 Temperature datum controls 

 Turbine inlet thermocouples, and temperature datum switches. 
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Figure 5-6 — Engine temperature control (turboprop) system block diagram. 

Figure 5-6 shows the block diagram of an engine temperature control system. You 
should refer to it while you study this section. 
 

 

Power Levers 

The power levers (one for each engine) can move separately or together to control 
engine power. The range of power lever settings is from REVERSE (reverse thrust) to 
MAX POWER (takeoff). Power lever switches within the cockpit pedestal supply 
electrical power to other systems. A detent at the FLT IDLE position prevents 
inadvertent movement of the power levers below FLT IDLE while airborne. To move the 
power levers to the taxi range, the levers must be raised from the detent. During a 
catapult-assisted takeoff, a retractable catapult grip helps the pilot maintain the power 
levers at MAX POWER. 

Condition Levers 

The condition levers are located next to the power levers on the cockpit pedestal. They 
have four positions—FEATH, GRD STOP, RUN, and AIRSTART. Switches at each 
condition lever position complete electrical circuits for other systems. The pilot must 
raise the detent release handle of each condition lever to move the levers to different 
positions. A detent holds the lever at FEATH, GRD STOP, or RUN. When the condition 
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lever is in the AIRSTART position, the propeller unfeathers and the engine starting cycle 
begins. The lever is held in the AIR START position until the engine speed reaches 100 
percent RPM. Then, the lever is released, springs back to RUN and remains there for 
normal operation. When set to RUN, the condition lever positions the mechanical 
linkage to open the fuel shutoff valve. A mechanical stop in the pedestal prevents both 
condition levers from being set to FEATH at the same time. When set to FEATH, the 
condition lever electrically and mechanically closes the corresponding fuel shutoff valve 
and feathers the propeller. At GRD STOP, the condition lever electrically closes the fuel 
shutoff valve to shut down the engine. 

Engine Coordinators 

The coordinators are mechanical devices that coordinate the power and condition 
levers, propeller, fuel control, and electronic fuel trimming circuit. One engine 
coordinator mounts on each fuel control. The main components of a coordinator are a 
variable potentiometer, a discriminating device, and a cam-operated switch. A scale 
calibrated from 0 to 90 degrees attaches to the outside case, and a pointer secures to 
the main coordinator shaft. Pushrods, connected from the coordinator to a cable sector, 
transmit power and condition lever movement to the coordinator. Power lever 
movement through the coordinator changes resistance of the Variable Potentiometer 
and changes the temperature datum control temperature reference signal. The Cam-
Operated Switch changes the temperature datum control from temperature limiting to 
temperature controlling with power lever above 66-degree coordinator and engine 
speed above 94 percent RPM. Power lever movement transmits to the coordinator, 
propeller, and fuel control through a series of rods and levers. With the condition lever in 
FEATH, the Discriminating Device mechanically positions propeller linkage toward 
feather and closes the fuel shutoff valve, regardless of the power lever setting. 
The temperature datum control consists of electronic units that automatically 
compensate for changes in fuel density, manufacturing tolerances in fuel controls, and 
variations in engine fuel requirements between engines. With the power lever above 66-
degree coordinator (temperature controlling range) and the TEMP DATUM switch in 
AUTO, the temperature datum control compares the actual turbine inlet temperature 
signal and desired temperature reference signal. If there is a difference greater than 1.9 
°C (4.5 °F), the control electrically signals the temperature datum valve to reduce or 
increase fuel flow to the engine. This action brings the turbine inlet temperature to the 
desired value. A damping voltage goes back to the control from a generator within the 
temperature valve motor, preventing overcorrection and stabilizing the system. When 
engine speed is above 94 percent RPM and the power lever is below 66-degree 
coordinator (temperature limiting range), the normal limiting temperature automatically 
becomes 978 °C (1,792 °F). However, when engine speed is below 94 percent RPM, 
regardless of power lever position, the limiting temperature is 830 °C (1,524 °F). This 
prevents high turbine inlet temperature during starting and acceleration when the 
compressor bleed valves are open. 
Dual-unit thermocouples are mounted radially in the turbine inlet case of each engine. 
The junction portion of the thermocouples protrudes through the case to sense the gas 
temperature before the gas enters the turbine section. Four leads, two of Chromel and 
two of Alumel, connect to each thermocouple to form two independent parallel circuits. 
One circuit connects to the cockpit turbine inlet temperature indicator. The second 
circuit supplies the temperature datum control with temperature signals for the 
electronic fuel trimming circuit. As the gases heat the thermocouples, they generate an 
electromotive force that goes to the cockpit indicator and the temperature datum control. 
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Because the thermocouple connections are in parallel, the signal they send is the 
average temperature of the thermocouples. If one parallel circuit fails, the other circuit 
continues to operate normally. 

Temperature Datum Switches 

The left and right engine temperature datum (TEMP DATUM) switches are on the 
engine control panel in the cockpit. Each switch has AUTO and NULL positions. When 
the switch is in AUTO, the engine RPM is above 94 percent and the engine coordinator 
is above 66 degrees, the temperature datum control compares the turbine inlet 
temperature to a reference temperature. If the temperatures differ, the temperature 
datum control electrically signals the temperature datum valve to bypass more or less 
fuel from the engine to bring turbine inlet temperature to the selected value. 
If the electronic fuel trimming circuit malfunctions, position the TEMP DATUM switch to 
NULL. The circuit de-energizes and the fuel control, through movement of the power 
lever, controls turbine inlet temperature. Over temperature protection is not available. 
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Figure 5-7 — Engine start control system. 

ENGINE START CONTROL SYSTEM 

In this section, you will learn about engine starting, engine ignition, and engine fuel 
temperature starting systems, in order to understand how they interrelate. The engine 
start control system covered in this section is found in the P-3C aircraft. 

Major Components 

Major components of the engine start control system include the air turbine starter, the 
speed-sensitive control, the ignition exciter, the engine fuel pump and filter, the fuel 
control, the fuel nozzles, the fuel control relay, the starting fuel enrichment valve, the 
temperature datum valve, the drain valves, and the compressor bleed air valves. You 
should refer to Figure 5-7 and Table 5-1 as you read about these components. 
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Table 5-1 — Engine Starting Sequence 
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Air Turbine Starter 

You have learned that the ATS is pneumatically driven and mechanically connected to 
the engine through a gearbox. The air turbine starter operates on compressed air from 
an external Gas Turbine Compressor (GTC), internal APU, or bleed air from an 
operating engine. The compressed air goes through a manifold, an engine isolation 
bleed air valve, and a starter control valve into the starter’s turbine. The engine start 
switch, located in the cockpit, controls the opening of the starter control valve, which 
allows compressed air to enter the ATS. The speed sensitive control, through a holding 
solenoid, holds the engine start switch on until engine speed reaches 65 percent RPM. 

Speed-Sensitive Control 

The speed-sensitive control, located on the engine, contains internal switches that 
activate at three predetermined intervals. These intervals are relative to the engine’s 
normal speed—16 percent, 65 percent, and 94 percent of engine RPM. Activation of 
these switches controls many operations in the engine start cycle. 

Ignition Exciter 

The ignition exciter (discussed earlier) is a dual electronic ignition unit that uses 28-volt 
dc from the ignition relay. The exciter steps up the voltage to a proper level for firing the 
igniter plugs. The exciter unit contains two identical circuits, each one independently 
capable of firing its own igniter plug. The speed-sensitive control energizes the ignition 
relay so the exciter is in operation between 16 and 65 percent of engine RPM. 

Engine Fuel Pump and Filter 

The fuel pump and high-pressure filter assembly mount on the rear of the accessories 
case. This assembly consists of a centrifugal boost pump, two gear-type pressure 
elements, and a high-pressure filter. 
Fuel, entering the pump assembly, passes through the centrifugal boost pump, which 
will raise the pressure to a minimum value and pass fuel through the low-pressure filters 
before going to the secondary element. There is a differential pressure switch 
connected across the inlet and outlet of the filters. If the pressure differential exceeds 
7.5 PSI, the switch closes and completes a circuit to a filter light at the flight deck. Fuel 
then flows to the primary element and through the high-pressure filter assembly before 
entering the fuel control. Both the low and high pressure filters have bypass valves that 
open if the filters become clogged. 
The capacity of the pump’s primary element is 10 percent greater than that of the 
secondary element. If the primary element were to fail, the secondary element would 
provide enough flow to operate the engine. 
During engine starting, the elements operate in parallel to provide enough fuel flow at 
low RPM; above 65 percent, they operate in series. Parallel operation occurs during 
starting when engine speed is between 16 percent and 65 percent RPM. If both 
elements are operating properly, the paralleling light will be on between 16 percent and 
65 percent RPM only. If the secondary element fails, the light never comes on; if the 
primary element fails, the light is on above 65 percent RPM. 
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Fuel Control 

The fuel control is on the accessories drive housing and mechanically links to the 
coordinator. The fuel control provides a starting fuel flow schedule that, in conjunction 
with the temperature datum valve, prevents over temperature and compressor surge. 
The fuel control schedule is 20 percent richer than the nominal engine requirements to 
accommodate the temperature datum valve. The valve bypasses 20 percent of the 
control output when in the null position. This excess flow gives the temperature datum 
valve the capacity to add as well as subtract fuel. The valve is then able to maintain the 
temperature scheduled by the coordinator and the temperature datum control. 
The fuel control includes a cutoff valve for stopping fuel flow to the engine. It actuates 
either manually or electrically. During engine starts, the cutoff valve remains closed until 
the engine reaches 16 percent RPM. The speed-sensitive control then opens the cutoff 
valve, permitting fuel to flow to the engine. 

Fuel Nozzles 

The fuel output from the temperature datum valve flows through the fuel manifold to the 
six fuel nozzles. Fuel flows through both the primary and secondary nozzle orifices 
during normal operation. At low fuel flow rates, fuel flows through the primary orifice 
only. 

Fuel Control Relay 

The fuel control relay is a fail-safe-type relay that energizes when the FUEL and 
IGNITION switch is off, or when the propeller is feathered. With this arrangement, the 
engine can still operate with an electrical power failure during flight. The pilot shuts the 
engine down by placing the FUEL and IGNITION switch in the OFF position, or by 
feathering the propeller. Power then goes to the fuel control shutoff valve, which closes 
and stops all fuel to the engine. 

Starting Fuel Enrichment Valve 

The primer switch (with two positions, ON and spring-loaded OFF) operates the fuel 
enrichment valve, providing increased fuel flow during engine starting. The primer 
switch must be in the ON position and held there before the engine reaches 16 percent 
RPM. Further, it must remain on until the fuel control shutoff valve opens at 16 percent 
RPM or enrichment will not occur. The enrichment (primer) valve closes when fuel 
pressure in the fuel manifold reaches 50 PSI. Fuel enrichment is needed only in very 
cold climates. 

Temperature Datum Valve 

The temperature datum valve is located between the fuel control and the fuel nozzles. It 
is a motor-operated bypass valve that responds to signals from the temperature datum 
control. If the power lever positions are between 0 degrees and 66 degrees, the valve 
remains in null and the engine operates on the fuel flow scheduled by the fuel control. 
The valve remains in null unless the temperature datum control signals it to limit turbine 
inlet temperature. The valve then reduces the fuel flow (up to 50 percent during starting, 
20 percent above 94 percent RPM) by returning the excess to the fuel pump. When 
turbine inlet temperature is at the desired level, the temperature datum control signals 
the valve to return to the null position. 
In power lever positions between 66 degrees and 90 degrees, the temperature datum 
valve acts to control turbine inlet temperature to a preselected schedule corresponding 
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to power lever position. This is the temperature controlling range. In this range the 
temperature datum control may signal the valve to allow more (higher temperature 
desired) or allow less (lower temperature desired) fuel to flow. 

Drain Valves 

A spring-loaded, solenoid-operated manifold drain valve is located at the bottom of the 
fuel manifold. It drains the fuel manifold when fuel pressure drops below 8 to 10 PSI. 
This action minimizes the amount of fuel dropping into the combustion liners while the 
engine unit is being stopped. 

Compressor Bleed Air Valves 

The fifth and tenth bleed air valves release air from the compressor to reduce the 
compressor load during engine starts. During starting, the bleed valves are open up to 
94 percent RPM. At 94 percent RPM, the speed-sensitive valve ports compressor-
discharge air to close the bleed valves. 

Engine Start Cycle Operation 

The following sequence of events is typical of a normal engine start cycle. While reading 
this section, you should assume that external compressed air and electrical power are 
being applied to the aircraft. Also, assume that all other system switches are in the 
proper position for an engine start. Refer to Figure 5-7 and Table 5-1 throughout this 
discussion. 
The operator places the ENGINE START SELECTOR switch to the engine number 1 
position. Position FUEL and IGNITION switch, Engine 1, to the ON position, de-
energizing the fuel control relay. This allows power to pass through the contacts of the 
fuel control relay, the 16 percent speed-sensitive control switch, and the fuel manifold 
pressure switch to energize the temperature datum relay. 
When the operator depresses the ENGINE START switch, current flows through the 
engine start switch, engine start selector switch, starter control valve, and speed-
sensitive control 65 percent switch to ground. Current also flows through the engine 
start switch holding coil to ground through the same 65 percent switch in the speed-
sensitive control. 
With power applied to the starter control valve, the valve opens. This allows 
compressed air to flow to the air turbine starter. It also closes the contacts of the air 
valve position switch. The yellow starter valve lights illuminate to show the operator the 
starter control valve is open. The air turbine starter now causes engine rotation. 
If fuel enrichment is needed, the operator depresses the PRIMER switch holding it in 
the ON position until the engine reaches 16 percent. Power then goes through the 
primer relay contacts and the temperature datum relay contacts, energizing the primer 
valve solenoid. 
When the engine reaches 16 percent RPM, the speed-sensitive control mechanically 
actuates the 16 percent switch from 16 percent to 65 percent. Power then goes through 
the 16 percent switch contacts, energizing the ignition relay. Power then flows through 
the ignition relay contacts, energizing the fuel pump paralleling solenoid, the drip valve 
solenoid, and the ignition exciter. Power also goes to the fuel control shutoff valve, 
allowing fuel to enter the engine fuel manifold. Extra fuel for fuel enrichment (if used) 
flows to the temperature datum valve. The temperature datum relay remains energized 

5-19



by a holding circuit consisting of the lower temperature datum relay contacts and the 
fuel manifold pressure switch. 
As engine speed increases, the fuel pressure increases. When fuel manifold pressure 
reaches 50 psig, the fuel manifold pressure switch opens, de-energizing the 
temperature datum relay, stopping fuel enrichment. When the secondary fuel-pump 
pressure exceeds 150 psig, a paralleling light illuminates showing parallel operation of 
the fuel pumps to the operator. 
At 65 percent RPM, the speed-sensitive control 65 percent switches open to de-
energize the ignition relay. The ignition relay removes power from the ignition exciter, 
the fuel pump paralleling solenoid, and the drip valve solenoid. The fuel pumps now 
operate in series, and fuel pressure now holds the drip valves closed. The starter 
control valve and the engine start switch lose their common ground, and current flow 
ceases through those circuits. The starter control valve closes, stopping airflow to the 
air turbine starter, and the engine start switch opens. The air valve position switch 
opens, causing the starter control valve light to go out. This completes the engine start 
cycle. 
When engine speed increases above 94 percent, contacts in the speed-sensitive control 
(circuit not shown) de-energize the temperature datum valve take solenoid. This 
reduces the fuel take capability from 50 percent to 20 percent. The fifth and tenth stage 
bleed air valves also close now. When the power lever advances above 66 degrees of 
coordinator travel, temperature datum system switches from temperature limiting range 
to temperature controlling range. 

POWER PLANT ANTI-ICING AND DEICING SYSTEMS 

Naval aircraft deicing lets planes fly in any type of weather by protecting the power plant 
from ice buildup in freezing conditions. There are two electrical systems that do this—
the anti-icing and deicing systems. Anti-icing systems prevent ice from forming and 
deicing systems remove ice that has already accumulated. 
Many types of anti-icing systems are used today. All systems use heated air from the 
engine to perform the anti-icing function. The use of heated air causes engine power 
loss, so use anti-icing only when necessary. In some aircraft, a reversible electric motor 
opens and closes an air valve to supply the needed air. In other aircraft, an electrical 
solenoid positions a pneumatic valve to allow regulated heated air into the engine anti-
ice system. 
When missions dictate that aircraft fly routinely in adverse weather conditions, a fail-
safe anti-ice system is used. Fail safe means the solenoid-actuated air valve electrically 
actuates closed. If the switch is turned on, or if electrical power fails, the valve is spring 
loaded to the open position. Some systems anti-ice the complete inlet duct; in other 
systems, only the guide vanes are anti-iced. 

Guide Vane Anti-Icing System 

There are a variety of engine anti-icing systems in use today. The system covered in 
this RTM is representative of several systems designed for Navy aircraft. Look at Figure 
5-8. Here, you see that the electrical portion of the circuit serves only to turn the system 
on or off. 
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Figure 5-8 — Inlet guide vane anti-icing system. 
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The guide vanes of a turbine-powered engine direct the flow of inlet air into the 
compressor section. At this point, the air is coldest and most subject to icing. The 
biggest problem caused by ice forming here is blockage of inlet air, causing air 
starvation and thus engine failure. Also, there is a possibility that chunks of ice can be 
inducted into the engine. Therefore, turn on the anti-icing system at the first indication of 
any icing condition or before entering an icing condition. Normally, icing does not occur 
in supersonic flight because friction of the aircraft passing through the air creates 
enough heat to prevent ice formation. 
The anti-icing valve is a solenoid-operated bleed valve. With no electrical input to the 
solenoid, the bleed valve closes, and there is no anti-icing airflow through the valve. 
When the engine is operating with the valve solenoid de-energized, the main poppet will 
remain in the closed position. When the solenoid energizes, the solenoid valve unseats 
and permits air pressure within the main poppet to escape through the overboard vent. 
With pressure decreasing in the poppet valve body, inlet pressure on the main poppet 
valve face overcomes spring tension and raises the valve from its seat. This permits 
high-pressure air to discharge through the outlet of the valve to the anti-icing manifold 
on the engine. The regulating piston and spring valve assembly control discharge air 
from the anti-icing valve to a preset pressure. 

Propeller Deicing Systems 

One method of preventing excessive accumulation of ice on the propeller blades of 
turboprop or reciprocating engines is using electric heaters. Figure 5-9 is a simplified 
schematic diagram of a system for a two-engine aircraft. 
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Figure 5-9 — Electrical deicing for a propeller system. 
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The propeller deicing system consists of a three-position, two-speed selector switch 
(propeller deicer switch) and an indicator light, a two-speed timer, and two propeller 
deicer relays (one for each propeller). Also, included (for each propeller) are the brush 
pad bracket assembly, slip-ring assembly, the aft portion of the propeller assembly, and 
a neoprene rubber heating element and connector for each blade. Abrasion strips 
protect the blade heaters. The deicing system operates at either a slow cycle of 40-75 
seconds on, 120-225 seconds off; or a fast cycle of 17-22 seconds on, 51-66 seconds 
off. The icing conditions during flight determine the switch position. 
Setting the selector switch to SLOW or FAST permits dc power from the essential bus 
to energize the deicer timer motor and turn on the indicator light. Resistances in the 
timer determine the speed of the timer motor. The motor, through reduction gears, 
causes the camshaft to rotate. This rotation positions the cam switches alternately 
between the right and left contacts. Current flows through these contacts to cycle their 
respective propeller deicer relays. With the relays being energized alternately, current 
from the three-phase generator ac buses flows through propeller deicer circuit breakers 
to the propeller brush pad bracket assemblies. Carbon brushes contact the copper slip 
rings, transmitting ac power through the slip rings to the blade heating elements. 
Placing the selector switch in the OFF position stops the propeller deicing operation, 
and the indicator light goes out. 
The propeller deice timer is a two-speed, automatically controlled timer. It regulates, in 
cycles, the time duration and sequence of electrical impulses to the propeller blade 
heating elements. The unit is located in a moisture proof, airtight case, which isolates 
the unit from temperature extremes and vibration. The deice timer consists of a 
fractional horsepower, constant-speed dc motor, including reduction gear, camshaft with 
three cams, three cam switches, two fixed resistors, and variable resistor. The unit also 
includes a filter to minimize radio interference. 
With the propeller deice switch set to FAST, direct current flows from the left dc bus, 
through the propeller deicer circuit breaker and switch, to the timer. This current follows 
two paths in the timer. One path, from pins E and F that connect in the timer, directs the 
current flow to the control cam switch. The other path, from pin G, directs the flow 
through the variable resistor and one fixed resistor to the timer motor, the filter, and to 
ground. The adjustment of the variable resistor determines the speed of the motor. The 
motor, through the 3,000 to 1 reduction gear, rotates the camshaft and cams. Two 
single-lobed shift cams and a single two-lobed control cam are on the camshaft. 
Positioning on the camshaft is so the two single-lobed shift cams are on either side of 
the two-lobed control cam. As the control cam rotates, it alternately makes and breaks 
its right and left cam switch contacts. This permits the flow of current to the shift cam 
switches. As the current flows to the other cam switch, rotation of the single-lobed cam 
makes and breaks the shift cam switch contacts. This action cycles first the right and 
then the left propeller deicer relays. 
With the propeller deicer switch set to SLOW, the operation is the same as the fast 
cycle with the one exception. Direct current enters the timer through a different pin (pin 
H) in the plug and flows through the two fixed resistors and the variable resistor to the 
motor. (Dc power to the control cam switch is through the same pins as for the fast 
cycle.) Because of the increase in resistance, the motor operates at a slower speed. 
Thus, with motor speed reduction, rotation of the camshaft, through the reduction gear, 
is slower, and the timer now functions at the slower cycle. 
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Figure 5-10 — Propeller heating elements. 

Several aircraft have anti-icing 
and deicing system that 
prevents the formation of ice 
(anti-icing) on the forward 
portion of the propeller spinner. 
The system removes any ice 
formation (deicing) from the 
blades and cuffs, aft portion of 
the spinner, and spinner islands. 
This system operates similarly 
to the system described 
previously, except that the anti-
icing elements are on 
continuously and the deicing 
elements cycle. Figure 5-10 
shows the location of the 
heating elements. The system 
usually contains a safety feature 
for testing the propellers on the 
ground. This feature provides a 
low voltage to the heating 
elements, which prevents 
damage to the prop from 
overheating. 
 

FIRE WARNING AND EXTINGUISHING SYSTEMS 

Some turbine engines operate at temperatures of more than 1,000 °C. Fuel and oil lines 
run within a few inches of these extreme temperatures. For this reason, you must 
closely monitor the engine, and immediately take corrective action when an abnormal 
condition occurs. Performance of precision work is necessary when maintaining fire 
warning systems to ensure their reliability. An undetected fire may cost the lives of the 
aircrew and possibly millions of dollars in aircraft and equipment. 

In multi‐engine aircraft, a fire warning usually dictates that the engine should be shut 
down and the fire extinguished. The least that can happen if there is an erroneous fire 
warning is the aircraft will abort its assigned mission. 

Warning System 

The engine fire detector system is an electrical system for detecting the presence of fire 
or dangerously high temperatures in the engine(s) areas. The system for each engine 
consists of a control unit, test relay, signal lamp, test switch, and several sensing 
elements. The system uses a continuous strip of temperature-sensing elements to 
cover the paths of airflow in the engine compartment. The same engine fire warning 
systems are in multiengine aircraft, one for each engine. Look at Figure 5-11. It shows 
the electrical schematic for a fire warning system that is representative of systems found 
in modern Navy aircraft. The system is of the continuous-element, resetting type. The 
sensing element consists of two conductors separated by a semiconductor. The outer 
conductor is at ground potential, and the center conductor connects to an amplifier input 
in the fire detector control unit. The semiconductor portion of the element has an inverse 
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Figure 5-11 — Typical engine fire warning circuit schematic. 

temperature coefficient; as the temperature increases, the resistance of the sensing 
element decreases. 
 

 
The fire detector control unit continuously monitors the electrical resistance of the fire 
detector system’s sensing element. The control unit activates a fire warning light (in 
some units an audible warning is also given) when one of the following conditions 
exists: 

1. The sensing element resistance decreases to the predetermined level 
(established by the fire alarm setting) due to an increase in temperature. 

2. The sensing element resistance decreases at a predetermined rate due to the 
rate of temperature increase in the sensing element. 
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NOTE 

In the past, flights have aborted and crewmen actually 
ejected because of a fire warning light illumination caused 
by a short circuit in the system. 
Modern aircraft fire warning systems have a short 
discriminator circuit that differentiates between an overtemp 
(fire) and a short circuit. If there is a short in this system, 
the fire warning light will NOT illuminate. 

 
 
 
 
 
 
 
 
The rest of this section contains a description of a dual jet engine aircraft fire warning 
system. Both systems operate identically and are similar in operation to fire warning 
systems found on other Navy aircraft. The left side is discussed in this section. 
Refer to Figure 5-11 as you read this section. Electrical power from the L FIRE DET 
circuit breaker supplies the left fire detector and sensing element circuit through pin A of 
the detector control unit. The left fire-sensing element loop connects to pins L and C of 
the detector control unit. This completes the sensing circuit through normally closed 
contacts of the de-energized relay K1. At normal temperatures, the sensing element 
resistance is high, reverse biasing diode CR1. This allows current through resistor R2 to 
turn transistor Q1 on. With Q1 on, the base current at Q2 is shut off, turning Q2 off. With 
Q2 off, the current flows into the base of Q3. This turns Q3 on and Q4 off. Transistors 
Q3 and Q4 are relay-driving. With Q3 on, relay coil K2-A energizes, opening K2 
contacts, de-energizing the warning circuit and turning out the L FIRE warning indicator 
lights. Normal temperature conditions energize relay coil K2-A. 
When the temperature rises, the sensing element resistance decreases, shunting the 
current from resistor R2 through diode CR1, turning transistor Q1 off. This switches 
transistor Q2 on, transistor Q3 off, and transistor Q4 on. With transistor Q4 on, relay coil 
K2-B energizes, and relay coil K2-A de-energizes. This transfers (switches) contacts of 
relay K2, energizing the warning circuit. Then, 28 volts dc powers the warning circuit 
through pin K of the detector, turning on the L FIRE warning indicator lights. If the 
temperature drops, the warning circuit de-energizes, causing the fire warning indicator 
lights to go out. 
Transistors, Q5 and Q6 make up the short discriminator circuit. The circuit measures 
the rate of change of sensor resistance. In a fire, the resistance rate of change is slow. 
In an electrical short condition, the resistance rate drops abruptly. There are two timing 
circuits—one is made up of resistors R5 and R6 and capacitor C2, and the other of 
resistors R15 and R16 and capacitor C5. These circuits are preset. This allows a slow 
change of sensor resistance to let transistor Q1 switch transistor Q2 before transistor 
Q5 switches transistor Q6. A fast change of sensor resistance allows transistor Q5 to 
switch transistor Q6 before transistor Q1 can switch transistor Q2. If transistor Q6 
switches first, transistor Q2 is unable to switch. This action holds the rest of the circuits 
in the de-energized (no alarm) condition. If transistor Q2 switches first, the contacts of 
relay K2-B remove transistor Q6 from the discriminator circuit. 
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Figure 5-12 — Container and dual valve 

assembly. 

 WARNING  
The cartridge mentioned in the above paragraph is an 
explosive device. Use extreme caution when working on or 
near this device. 
Refer to Cartridge Actuated Devices (CADS) and Propellant 
Actuated Devices (PADS) Manual, NAVAIR 11-100-1.1. 
You need to have an Ammunition and Explosives Handling 
Qualification and Certification before working on this 
system. 

Extinguishing System 

The fire-extinguishing system on many aircraft provides control for fires within the 
engines and nacelles. The extinguishing system is an electrically controlled, High Rate 
Discharge (HRD) system. Normally, you, the AE, will troubleshoot the HRD system 
electrical circuits only. 
The extinguishing agent container is a welded steel sphere, 9 inches in diameter and 
cadmium plated for corrosion prevention (Figure 5-12). Each container has a charge of 
Halon and is pressurized with nitrogen. Halon is nontoxic and classed as a 
nonpoisonous; however, it readily vaporizes, is odorless, and can be harmful. You 
should handle it carefully. Do not let it come in contact with your skin; frostbite or low 
temperature burns may result. 
As it leaves the system, 
vaporization changes the liquid 
to a gas, displacing the oxygen 
within the compartment. The 
lack of oxygen in the 
compartment will not support 
combustion or life. Do not enter 
an area where Halon has been 
discharged until it is safe to do 
so. 
Each container has two valve 
assemblies for discharging the 
agent. Each valve assembly 
contains an explosive, 
electrically controlled cartridge. 
When a fire-extinguishing 
discharge switch actuates, it 
completes a circuit (Figure 5-
13). The cartridge electrically 
fires, allowing the slug to rupture 
the frangible disk in the neck of 
the container. When the frangible 
disk is ruptured, nitrogen 
pressure expels the extinguishing 
agent. 
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Figure 5-13 — Engine fire-extinguishing circuit schematic. 

 

FUEL TRANSFER SYSTEMS 

The F/A-18 aircraft fuel transfer system is described in this section. The F/A-18 carries 
fuel internally in four interconnecting fuselage (bladder) tanks and two internal wing 
(wet) tanks. External fuel is carried in three 315 or 330 gallon tanks. All tanks may be 
refueled on the ground through a single-point refueling receptacle. Airborne, they can 
be refueled through the in-flight refueling probe. The internal wing tanks—tank 1 and 
tank 4—are transfer tanks. The tanks are arranged so internal fuel gravity transfers (at a 
reduced rate) even if the transfer jet ejectors fail. Regulated engine bleed air pressure is 
used to transfer fuel from the external tanks and also provides a positive pressure on all 
internal fuel tanks. Float-type fuel level control valves control fuel level during refueling 
of all tanks. Fuel level control shutoff valves in tanks 1, 2, 3, and 4 control fuel levels 
during external fuel transfer. During internal wing transfer, fuel level control shutoff 
valves control fuel levels in tanks 1 and 4. 
Fuel level sensors control the fuel level in tanks 2 and 3 (engine feed tanks) during fuel 
transfer from tanks 1 and 4. All internal and external fuel (except engine feed tanks) can 
dump overboard through flame arrester protected outlets in each vertical fin. All internal 
fuel tanks vent through outlets in the vertical fins. The external tanks vent overboard 
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through pressure relief valves in the individual external tanks. A fuel quantity indicating 
system provides fuel quantity indications in pounds. 

Feed Tanks 

The internal transfer system design keeps fuel in the feed tanks (tanks 2 and 3) at all 
engine power settings. Fuel being transferred from tanks 1 and 4 flows to the feed 
tanks, where the fuel level is maintained by fuel level sensors. 

Wing Tanks 

Wing tanks transfer fuel to tanks 1 and 4. They are an integral part of the wing structure. 
Wing tanks are sealed by filling channels with sealant injected through fittings on the 
outside of the wings. 

Transfer Motive Flow 

The internal fuel transfer system is powered by motive flow pressure, generated by two 
AMAD motive flow/boost pumps contained in a closed loop circuit. 
Flow pressure passing through the left and right engine motive flow check valves 
combines to create transfer motive flow pressure. Transfer motive flow pressure 
operates the wing transfer ejectors and tanks 1 and 4 transfer jet ejectors. Transfer 
motive flow pressure also closes the refuel/defuel shutoff valve and defuel valve. 

Wing Transfer 

Wing transfer starts when the fuel level drops below the high level pilot valves in tanks 1 
and/or 4. This opens the fuel level control shutoff valve, allowing the wing transfer jet 
ejectors to transfer fuel through the refuel/transfer manifold. As the fuel level in the 
wings drops below the transfer motive flow pilot valves, the wing transfer motive flow 
shutoff valves close, stopping transfer from the wings. Refuel/transfer check valves in 
tanks 1 and 4 keep fuel from entering the refuel line and the feed tanks. 
As fuel from the hot fuel recirculation system increases wing fuel, the wing motive flow 
pilot valve and motive flow shutoff valve open, allowing wing transfer. A flapper check 
valve at each wing ejector inlet prevents transfer from one wing to the other. 
Transfer motive flow pressure to each wing ejector is controlled by the normally open 
wing damage shutoff valve in tank 4. If wing damage occurs, the pilot sets the INTR 
WING switch to INHIBIT on the cockpit EXT LT control panel. This closes the wing 
damage shutoff valve, preventing loss of fuel through a wing transfer motive flow line 
and stopping wing transfer. 
If normal wing transfer does not occur, all wing fuel can be gravity transferred to tank 4 
with 5 degrees of roll. A check valve in each gravity transfer line prevents reverse flow. 

Fuselage Transfer 

Fuselage transfer (transfer from tanks 1 and 4 to tanks 2 and 3) starts when the fuel 
level sensors open the transfer shutoff valves in tanks 2 and 3. 
Fuel flow (transfer) from tanks 1 and 4 transfer jet ejectors enters a fuselage transfer 
manifold that supplies fuel to a transfer shutoff valve in feed tanks 2 and 3 and to the 
dump valve. Transfer from the tank 1 or 4 ejector alone is enough to keep both the feed 
tanks full at maximum engine demand. 
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When a transfer tank is empty, the transfer pilot valve and transfer shutoff valve close, 
preventing transfer motive flow pressure from entering the transfer line. Fuel transfer 
between fuselage transfer tanks is prevented by check valves in the inlets of each 
transfer jet ejector. Fuel levels in the feed tanks are maintained by a fuel level sensor 
and transfer shutoff valve within each feed tank. 
If transfer from tanks 1 and 4 to the feed tanks fails, fuel gravity transfers through an 
always open interconnecting line in the bottom of tank 4 and through an orifice in the 
interconnect valve in tank 1. If motive flow pressure to either engine fuel boost jet 
ejector or engine fuel turbine boost pump is interrupted, tanks 2 and 3 fuel gravity feed 
through the ejector to the engine. 
If the left engine shuts down and/or left motive flow boost pressure is lost, the tank 1 
and tank 2 pressure-operated interconnect valves open. This allows fuel to gravity feed 
from tanks 1 and 2 to tank 3. Reverse flow from tank 3 is prevented by a flapper check 
valve on tank 3 interconnect valve. 
If the right engine is shut down and/or right motive flow boost pressure is lost, the tank 3 
pressure-operated interconnect valve opens. Tank 4 interconnect line is always open. 
Fuel gravity feeds from tanks 3 and 4 to tank 2. Reverse flow is prevented by the flapper 
check valve on tank 2 interconnect valve and tank 3 flapper check valve. 
On some series aircraft, motive flow pressure to the tank 1 fuel low-level shutoff and 
pressure operated interconnect valve controls gravity feed to tank 2. The fuel low-level 
shutoff valve energizes closed when fuel in tank 2 is below 700 to 900 pounds. The 
closed fuel low-level shutoff valve stops motive flow fuel to the pressure operated 
interconnect valve, allowing the flapper to swing open. Once the flapper is open, fuel in 
tank 1 can gravity feed to tank 2. The positions of the tank 2 and tank 3 pressure-
operated interconnect valves are tested using the fuel check panel. 

Center of Gravity (CG) Control System 

The fuel quantity gauging intermediate device continuously compares the ratio of fuel 
between tanks 1 and 4. When tank 1 transfers fuel at a faster rate than tank 4, the 
transfer control valve in tank 1 is energized closed, stopping transfer from tank 1. Tank 
1 will not resume transfer until tank 4 transfers (depletes) fuel to within the parameters 
defined by the intermediate devices. If fuel distribution in tanks 1 and 4 has caused the 
aircraft CG to be further aft than desired, a CG caution will display on the left digital 
display indicator. 
Once tank 1 depletes below 150 pounds of fuel, the intermediate device will stop 
monitoring tanks 1 and 4 fuel ratios. Tank 1 will then transfer fuel until the transfer pilot 
valve closes the shutoff valve. 

OIL TEMPERATURE CONTROL SYSTEM 

The cooling capacity of the oil cooler system (Figure 5-14) in an aircraft depends on the 
airflow that passes through the cooler. Airflow is controlled by an oil cooler door 
actuator, which varies the oil cooler air exit duct. 
The door actuator is a split-field, reversible dc motor. It includes a magnetic brake for 
stopping it quickly when it reaches the limits of travel. The control switch has four 
positions— OPEN, CLOSE, AUTOMATIC, and OFF. In the OPEN or CLOSE position, 
electrical power goes to the actuator, which opens or closes the oil cooler door. When 
the switch is in AUTOMATIC, a thermostat controls the actuator. 
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Figure 5-14 — Oil temperature control 

circuit. 

The thermostatic control unit is 
in the oil return line. The unit 
contains two floating contact 
arms and a central contact arm 
that actuates by a bimetallic coil 
immersed in the oil return line. 
One of the floating contacts is in 
the door open circuit and the 
other is in the door closed 
circuit. The two arms rest on a 
cam, which a small motor 
constantly rotates. Thus, the 
floating contacts are constantly 
vibrating toward the central 
contact. 
When oil temperature rises 
above normal, the thermostatic 
element causes the central 
contact to move toward the door 
open contact. As the contact 
vibrates, it intermittently closes 
the door open circuit. As the 
actuator intermittently energizes, 
the door slowly opens. When the 
oil temperature returns to normal, the central contact moves back to a neutral position. 
When oil temperature falls below normal, the central contacts move in the opposite 
direction, closing the door. To prevent excessive hunting of the system, a tolerance is 
maintained by an adjustment of the cam on the floating contact. 
When the oil temperature raises high above the normal value, the central contact lifts 
the floating contact clear of the cam, completing a continuous circuit. The door then 
moves to the full open position where a limit switch in the actuator breaks the circuit. 
Figure 5-15 shows another type of engine oil temperature regulator. This regulator has 
a mercury-filled thermostat, and relays automatically control the position of the engine 
oil cooler doors. When the engine temperature is low requiring more heat, the two 
relays energize, allowing the oil cooler door to close. As the temperature increases, the 
thermostat completes a path to ground, bypassing the relay coils and de-energizing 
them. Power then goes through the contact of one of the relays, opening the actuator 
coil and causing the oil cooler door to open and reduce engine temperature. 
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Figure 5-15 — Automatic oil temperature control circuit. 

 

VARIABLE EXHAUST NOZZLE CONTROL SYSTEM 

As you read this section, refer to the simplified schematic diagram of a typical variable 
exhaust nozzle (VEN) control system (Figure 5-16). This is the control system for the 
F/A-18 Legacy Hornet aircraft, and it is a converging-diverging nozzle system. When 
operating, this system varies the exhaust escape area size to obtain desired thrust, 
while maintaining safe operating conditions throughout the engine. The VEN control 
system consists of electrical, hydraulic, and mechanical components that position the 
VEN while maintaining exhaust gas temperature (EGT). 
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Figure 5-16 — Variable exhaust nozzle system schematic. 
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Major Components 

The VEN control system has nine major components. Locate each component in Figure 
5-16 as you read about it in the text. 

1. VEN power unit - The VEN power unit provides hydraulic power to actuators for 
positioning the VEN area. 

2. Main Fuel Control (MFC) - The MFC provides a regulated flow of fuel to the fuel 
nozzles. 

3. Electrical Control Assembly (ECA) - The ECA computes, schedules, and controls 
engine operation. 

4. Fan speed transmitters - The transmitters are eddy-current sensors mounted in 
line with the second stage fan blades. A permanent magnet, rotating at the RPM 
of the fan blades, induces a voltage into a coil indicative of the fan speed. 

5. Afterburner Control (ABC) - The ABC schedules fuel to the afterburner pilot and 
main spray bars. 

6. Afterburner (AB) flame sensor - This sensor provides an electrical signal to the 
ECA. This signal must coincide with the AB no-light/light condition to start the 
afterburner. 

7. Thermocouple harness - This device senses the Exhaust Gas Temperature 
(EGT). 

8. VEN position transmitter - The transmitter provides feedback to the ECA to 
ensure the VEN is in the correct position. It also gives feedback to the Engine 
Monitor Indicator (EMI) to indicate percent of nozzle position. 

9. VEN actuators - These actuators hydraulically operate to position the VEN. 

Operating Principles 

The VEN schedule is in response to movement of the throttle. Throttle setting 
repositions the Power Lever Angle (PLA) cam in the MFC, providing a Linear Variable 
Differential Transformer (LVDT) signal to the ECA. The ECA biases the VEN area 
schedule according to inputs from the following sources: 

 Fan inlet temperature transmitter 

 Air Data Computer (ADC) ambient pressure 

 Fan/low-pressure turbine speed 

 Compressor/high-pressure turbine speed 

 Main fuel control metering valve 

 LVDT 

 Afterburner control metering valve 

 Afterburner flame sensor 

 Afterburner permission signal 

 Thermocouples 

 VEN area position transmitter 

 AB permission switch 
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The VEN area closes when the engine shuts down and the throttle is in the off position. 
As the throttle is moved to the idle position, the VEN area rapidly moves to an almost 
full open position. This aids engine starting and lowers engine thrust, allowing higher 
idle speeds and reducing engine acceleration time. As the throttle advances past the 
idle position, the VEN area schedule closes the VEN area, increasing thrust. As the 
VEN area decreases, EGT increases. 
The ECA adjusts the VEN area for varying atmospheric conditions. When the ECA 
receives an ambient pressure signal from the air data computer, it means the aircraft is 
at a pressure altitude of 9,000 feet or greater. The ECA now increases low-pressure 
turbine discharge temperature and fan/low-pressure turbine speed limits, providing 
more thrust. 
Below 4,000 feet pressure altitude, the schedules trim back to reduce fuel consumption 
and to increase hot section life. This trim signal varies in size between 4,000 and 9,000 
feet. To ensure correct positioning of the VEN area, the VEN position transmitter LVDT 
provides feedback to the ECA. Any error between the actual VEN area position and its 
required position goes to the bias signal to readjust the VEN area to its correct position. 
As the throttle advances into military (MIL) power (100 percent) and afterburner (AB) 
ranges, the VEN area maintains the low-pressure turbine discharge temperature within 
established limits. Throttle position establishes this limit. This limit is adjustable for 
ambient pressure for fan inlet temperature and for actual low-pressure turbine discharge 
temperature values from the thermocouple harness. 
As the throttle enters AB range, the VEN area reopens slightly above the normal throttle 
setting, and low-pressure turbine discharge temperature resets to a lower value. These 
conditions are held until the flame sensor signals the ECA of an AB light-off. The ECA 
then releases its hold on the VEN area and re-establishes actual low-pressure turbine 
discharge temperature values. The VEN area will adjust to maintain actual low-pressure 
turbine discharge temperature limits. 
The VEN power unit supplies hydraulic power for positioning the VEN. The power unit 
activates on an electrical signal from the ECA to the power unit torque motor. The 
torque motor drives a servo, which supplies high oil pressure to the synchronized 
actuators to open or close the VEN. 

PROPELLER SYNCHROPHASING SYSTEM 

The propeller synchrophaser system discussed here is common to the P-3 and C-130 
aircraft and is similar to the E-2 aircraft. In this section, you will learn about the electrical 
operation of controlling and synchrophasing the hydromatic propellers of multiengine 
aircraft. 

Propeller Governor 

A propeller governor is a control device that controls engine speed by varying the pitch 
of the propeller. Increasing the propeller pitch adds load on the engine and increases 
propeller thrust. This load reduces engine speed. Conversely, decreasing the propeller 
pitch reduces engine load, which increases engine speed. Therefore, engine speed is a 
function of propeller pitch. Furthermore, if the propeller governor setting remains 
unchanged, any variation of power produced by the engine translates into a 
corresponding variation of propeller thrust. The system does this by varying the 
propeller pitch while engine speed remains constant. The best engine efficiency is when 
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engine speed is constant; therefore, because it controls engine speed, the propeller 
governor achieves engine efficiency. 
The pitch of hydromatic propeller blades changes by porting hydraulic fluid onto the 
propeller piston in the propeller dome. The action on the piston transmits through a 
geared cam mechanism that rotates the propeller blades to the pitch desired. 
The governor is the constant speed control device used with the hydromatic propeller. 
The output oil of the pump goes to either the inboard or the outboard side of the 
propeller piston. 
There are two separate ranges of propeller operation, the flight range and the ground 
operating range. The flight range includes the takeoff roll after the power levers advance 
forward for takeoff. For the ground operating range, power levers return aft of the flight-
idle detent. In the ground operating range (taxi range), power lever position determines 
propeller blade angle. A hydro-mechanical system, with linkage to the power lever, 
meters oil pressure to either the increase or decrease side of the propeller dome. As the 
power lever moves forward toward FLIGHT IDLE, a simultaneous increase in blade 
angle and fuel flow occurs, providing increased power, As the power lever moves aft 
from FLIGHT IDLE, blade angle decreases and fuel flow decreases, reducing power. 
Fuel flow begins to increase when the blade angle decreases to the point that the 
propeller is delivering negative thrust. Reverse power continues to increase until the 
power levers reach the full aft position. During operation in the ground operating range, 
there is no electronic governing. 
In the flight range of operation, the power lever is forward of the flight-idle detent. In this 
range, a flyweight governor, driven by propeller rotation, mechanically controls propeller 
speed. In normal operation, the pitch-change oil goes through the feather valve to either 
the increase or decrease pitch portion of the propeller. 

Synchrophasing 

The synchrophaser has different functions, depending upon the mode of governing 
selected by the flight crew. The synchrophaser does not function in the mechanical 
governing mode, but the mechanical governor controls the blade pitch and so propeller 
RPM. In a normal governing mode, the synchrophaser helps the mechanical governor 
by limiting engine transient speed changes, or to changes in flight conditions affecting 
propeller speed. 
In a synchrophasing governing mode, the synchrophaser helps the mechanical 
governor by maintaining all propellers at the same RPM. It does this by maintaining a 
preset phase relationship between the master propeller number 1 blade and the number 
1 blades of the slave propellers. This serves to reduce noise and vibration in the aircraft. 
In the synchrophasing governing mode, the synchrophaser also provides the limiting of 
transient speed changes as it does in normal governing mode. 
The synchrophaser consists of four main components, a pulse generator, a phase and 
trim control, a speed-bias servo assembly, and the synchrophaser. 

1. Pulse generator - The pulse generator provides the information needed by the 
synchrophaser system to produce speed and phase control of the aircraft 
propellers.  

Each propeller has a pulse generator that consists of a permanent magnet on the 
propeller spinner and a stationary coil installation in the governor control. Each time the 
permanent magnet passes by the coil it generates a pulse. Each revolution of the 
propeller generates one pulse. 
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2. Phase and trim control - The phase and trim control functions as a means of 
setting phase relationships between master and slave propellers. It also trims the 
master engine. 

The phase and trim control consists of seven potentiometers that receive a fixed dc 
voltage from the synchrophaser. The wiper of the master trim potentiometer supplies a 
voltage through the master select switch to the synchrophaser to trim master engine 
speed. The other six wipers connect to relay contacts that separate the wipers into two 
groups of three per group. One group corresponds to engines 1, 3, and 4 when engine 
2 is master. The other group corresponds to engines 1, 2, and 4 when engine 3 is 
master. These wipers supply bias voltages to the phase correction circuits of the 
synchrophaser to set propeller phase angles of other than 0 degree. 

3. Speed-bias servo assembly - The speed-bias servo assembly functions as a 
means of translating synchrophaser electrical signals into a mechanical bias on 
the mechanical governor speeder spring. 

The synchrophaser supplies the servomotor with a reference voltage that is 90 degrees 
out of phase with the aircraft 400-Hz source. The synchrophaser also supplies a control 
voltage that is either in phase or 180 degrees out of phase with the aircraft 400-Hz 
source. Therefore, the in-phase control voltage lags the reference voltage by 90 
degrees. This lag results in counterclockwise motor rotation when viewed from the 
output gear of the electric brake. The 180-degree out-of-phase control voltage leads the 
reference voltage and causes clockwise rotation. The amplitude of the control voltage 
determines motor speed and torque output. 
The motor drives a reduction gear train, which, in turn, drives a potentiometer wiper and 
the electric brake. The potentiometer receives a fixed dc supply from the synchrophaser 
across its resistive element. When the motor rotates, the wiper transmits a 
corresponding feedback voltage to signal winding number 2 of the magnetic modulator. 
The electric brake has clutch-controlled input and output shafts. The output shaft drives 
a lever, which biases the speeder spring in the propeller governor. Energizing the clutch 
decouples the two shafts, locking the output shaft and leaving the input shaft free to 
turn. 

4. Synchrophaser - The synchrophaser has four channels, which correspond to the 
aircraft’s four engines. Figure 5-17 is a schematic of the synchrophaser. For 
explanation purposes, only two channels (one slave channel and one master 
channel) are shown. Each channel has a push-pull power amplifier feeding the 
control winding of its corresponding servomotor in the speed-bias servo 
assembly. Magnetic modulators using dc control current furnish a phase and 
amplitude controlled ac signal to the push-pull amplifier input. The synchrophaser 
changes all signal inputs to dc voltages proportional to the error before they are 
applied to the modulator. The modulators are the signal summing devices for the 
two operational modes of the synchrophaser. 
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Figure 5-17 — Synchrophaser control schematic diagram. 
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The magnetic modulators function on a core saturation basis. Each modulator consists 
of a dc bias winding, a 400-Hz excitation winding, and two control windings (signal 
winding number 1 and signal winding number 2). With no signals applied elsewhere, the 
400-Hz excitation voltage appears as a 400-Hz output of negligible amplitude due to the 
bias winding current. Any current in either or both signal windings will change the 
output. 
The size of the signal windings current controls the amplitude of the output; the current 
direction controls the phase of the output. Thus, current from pin 10 to 9 in winding 
number 2 and current from pin 8 to 7 in winding number 1 of any modulator produces a 
voltage 180 degrees out of phase from the excitation voltage. Current in the opposite 
direction in the signal windings produces an in-phase voltage. Simultaneous currents 
flowing in opposite directions in the two signal windings produce a signal that is the 
algebraic sum of the two signals. Then, the modulator produces a 400-Hz signal, which 
is either in phase or 180 degrees out of phase with the excitation voltage. This signal is 
amplified and fed to the servomotor control winding. The 400-Hz voltage in the 
reference winding of the servomotor goes through a series capacitor, giving the voltage 
a 90-degree phase shift from the aircraft power source. Appropriate signals to the 
modulators cause clockwise or counterclockwise rotation of the motor because of phase 
difference in the speed bias motor windings. The use of the two signal windings in the 
modulators, along with appropriate relay switching, permits the two modes of 
synchrophaser operation. 

Operational Modes 

The normal governing mode provides improved engine response to transient RPM 
changes. In this mode, the synchrophaser receives signals from the power lever 
anticipation potentiometers and the engine tachometer generators. Signals from these 
result in a temporary resetting of the mechanical propeller governor. This resetting 
adjusts for power lever changes and engine speed changes, thus limiting engine 
overspeeds or underspeeds. 
The synchrophasing governing mode synchronizes engine speeds, regulates propeller 
phase angles, and maintains the limiting features of the normal governing mode. In the 
synchrophasing governing mode, one engine (2 or 3) is the master. The master engine 
operates in normal governing mode, while the other three engines (slaves) follow 
changes in speed or phase of the master within preset limits. 

Normal Governing Mode 

In normal governing mode, the propeller governor switch is in the NORMAL position and 
the power lever switch closes, providing reference voltages to the servomotors. The 
synchrophaser master switch is OFF and the PROP RESYNCH switch is in NORMAL. 
All relays are de-energized, resulting in the speed and phase error circuits being 
grounded. Each phase- and speed-error signal side of every magnetic modulator signal 
winding number 2 (pin 10) ends on a dummy load (Figure 5-18) within the 
synchrophaser. The other side (pin 9) connects to the feedback circuit in the speed-bias 
servo assembly. The controlling signals go to signal winding number 1 (pin 8) of each 
modulator. All channels function identically while in the normal governing mode. 
THROTTLE LEVER ANTICIPATION — Any power lever movement (Figure 5-18) 
causes a change in dc voltage at the anticipation potentiometer wiper, which serves as 
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Figure 5-18 — Power lever anticipation and speed derivative circuits in normal 
governing mode. 

a voltage divider for the RC circuit. The charging voltage for the capacitor is directly 
proportional to the position of the power lever.  

 
The change in charge on the capacitor is directly proportional to the rate at which the 
power lever moves. If the power lever movement is to decrease engine power, the 
capacitor charges up to a more positive voltage value. This results in a current from pin 
7 to pin 8 in signal winding number 1 of the magnetic modulator. A lagging voltage 
surge appears in the servomotor control winding, causing counterclockwise rotation. 
This rotation resets the mechanical governor towards decrease pitch to compensate for 
the reduced power setting. As the servomotor rotates, the feedback potentiometer 
begins canceling the error signal by causing a current in signal winding number 2. The 
magnetic field of this current is in opposition to the magnetic field of the signal current in 
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winding number 1. This stops the servomotor. As the anticipator capacitor continues to 
charge to its new peak value, the current in signal winding number 1 decays to zero. 
The feedback potentiometer is still applying voltage to signal winding number 2. This 
results in a leading voltage to the servomotor control winding that returns the motor to 
its original position. This position corresponds to a zero-volt feedback potentiometer 
position. In retarding the throttle lever very rapidly, the peak voltage will overcome the 
reverse bias on diode CR620. This will limit the signal value to prevent 
overcompensation toward a flat blade pitch. For an increase in engine power, the 
capacitor discharges. This causes a current in the opposite direction in signal winding 
number 1, which results in a temporary resetting toward increased pitch. The amount of 
reset in either case depends on the rate at which the lever moves. Mechanical stops in 
the speed-bias servo assembly limit speed resets to plus 10 and minus 10 percent, 
regardless of the applied signal. Furthermore, stops in the propeller control valve 
housing linkage reduce the limits to plus 6 and minus 4 percent. 
LIMITING ENGINE TRANSIENT SPEED CHANGES —The speed-derivative circuit in 
the synchrophaser (Figure 5-18) senses changes in engine RPM and produces output 
signals, which dampen the engine RPM changes. The speed-derivative circuit does this 
by translating the frequency changes received from one phase of the tachometer 
generator into signal voltages. The magnitudes of the signal voltages vary at the rate 
the tachometer generator frequency changes. The signal voltage goes to signal winding 
number 1 of the magnetic modulator, where it is summed and sent to the push-pull 
amplifier. After amplification, the signal goes to the servomotor control winding. The 
servomotor adjusts the speeder spring tension, which begins a change in propeller 
pitch, thus dampening the change in engine RPM. 
The action of the speed-derivative circuit is further described as follows: The voltage 
produced on the collector of transistor Q603 is proportional to the output frequency of 
the tachometer generator. When engine RPM is constant, the voltage on the collector is 
constant and capacitor C621 charges through resistor R634 and signal winding number 
1 of the magnetic modulator. Current in signal winding number 1 decays to zero as the 
charge on capacitor C621 reaches the potential on the collector of transistor Q603. 
When engine RPMs change, a change in the collector voltage of transistor Q603, 
proportional to the change in tachometer generator frequency, occurs. This causes 
capacitor C621 to change its charge at the rate in which the tachometer generator 
frequency is changing. This produces a current in signal winding number one. The 
current size varies at the rate at which the engine is varying off-speed. The amplified 
signal in the servo-bias assembly control winding drives the servomotor in a direction to 
dampen the drift in engine RPM. Speed-error signals in signal winding number 1 from 
the speed-derivative circuit cancel in the same manner as anticipation signals from the 
anticipation circuit cancel. 
The speed-derivative and power lever anticipation circuits are much more sensitive to 
engine RPM changes than the mechanical governor flyweight speeder spring. The 
governing action of the flyweight and speeder spring improves the mechanical 
governor’s response to changes in power lever settings and engine RPM. 

Synchrophaser Mode 

In adding synchrophasing to normal governing mode, the master switch selects either 
engine 2 or 3 as the master engine (Figure 5-17). With master engine selection, relays 
energize, removing dummy loads from signal winding number 2 of all magnetic 
modulators, except the master channel modulator. Also, the outputs of the speed-error 
and phase-error circuits of each synchrophaser channel (except the master) are taken 
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NOTE 

Since the propellers are four-bladed, the relative blade 
position between the master and slave propellers is exactly 
the same when the slave propellers differ from the master 
by one-half revolution. Therefore, consider a 180-degree 
phase difference as an on-phase condition in pulse 
comparisons. 

from ground and connected to signal winding number 2 of their respective modulators. 
While the slave engines are in synchrophasing mode, the master engine remains in 
normal governing mode. Essentially, pulses from the master engine form into saw-tooth 
waves and are compared to pulses from each of the slave engines in the slave channel 
sampling circuits. If slave pulses are not in phase with the master pulse (saw-tooth), 
error detection occurs in the respective synchrophaser channel. The errors then go to 
signal winding number 2 of the channel magnetic modulator. Here, they are summed 
with any error signals that exist in signal winding number 1. The result of the error 
signals is amplified and fed to the control winding of the respective speed-bias 
servomotor. This alters the tension of the slave governor speeder spring, correcting for 
engine speed differences and propeller blade angle errors. Figure 5-19 shows one 
channel of the synchrophasing circuit. 
The following paragraphs describe phase and speed error sensing. 
SAW-TOOTH FORMER—The pulse from the master pulse generator is transformer-
coupled to the saw-tooth former. The slave pulse generators are transformer-coupled to 
the channel sampler circuits. Figure 5-20, views A and B, shows the master pulse and 
the resultant saw-tooth formed in the saw-tooth former. 
SAMPLING CIRCUITS—Pulses from the three slave engines couple to the grids of the 
sampling circuit tubes, while the saw-tooth voltage goes to the plate of one tube and the 
cathode of the other tube in all sampling circuits. The positive-going portion of the slave 
pulse places the tubes in a conductive state. Sampling is the same in all channels. 
Refer to Figure 5-19. If the saw-tooth is at zero potential when the slave pulse occurs, 
neither tube conducts, so the phase difference and speed error circuits receive no 
signal. With the saw-tooth in the positive region, tube V205 conducts. The 
corresponding voltage changes go to the grid of phase difference tube V206A. 
You can see the nature of the sampling action by referring to Figure 5-20. The time 
interval between master pulses is the time interval for 360 degrees of propeller rotation 
(Figure 5-20, view A). The time interval of the saw-tooth, which the master pulse 
generates, is 360 degrees. The half-time interval, or 180-degree position, is the saw-
tooth zero potential point (Figure 5-20, view C). When the slave pulse occurs at the zero 
point, the propellers are on phase with a 180-degree phase difference between them. 
All references to slave pulses are with respect to the 360-degree interval. The point of 
occurrence of the slave pulse determines the signal size in the sampler circuit (Figure 5-
20, view D). This signal represents the phase difference between propellers. 
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Figure 5-19 — Synchrophaser schematic diagram, synchrophaser mode (slave channel). 
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Figure 5-20 — Master and slave pulse comparisons. 
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Figure 5-21 — Off-speed pulse comparison: (A) slave underspeed; (B) slave 
overspeed. 

PHASE DIFFERENCE CIRCUITS —Look at Figure 5-19. The phase difference circuits 
receive the voltages the sampling circuits generate at the grids of the respective tubes. 
With a 180-degree phase difference signal at the grid of V206A, the voltage at the wiper 
of potentiometer RP251 adjusts to null or zero volts. This voltage changes proportionally 
with the grid signal from the sampling circuit, and hence represents the phase difference 
between propellers. The following paragraphs discuss the effect of this voltage on 
synchrophaser output. 
OFF-SPEED CIRCUITS —When the propeller goes off-speed, the sampling circuit 
senses the condition as a sharp voltage change. When the slave propeller is on-speed, 
the slave pulses occur at the same time interval in each successive saw-tooth cycle. 
When an underspeed or overspeed condition develops, the slave pulse occurs at a 
different position for each saw-tooth cycle. At one point, the slave pulse falls up or down 
the saw-tooth (Figure 5-21). Think of this as a phase error that occurs too rapidly for the 
phase-error circuit to compensate. During an underspeed condition, the voltage going to 
the phase difference tube suddenly changes from positive to negative (Figure 5-21). 
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For an overspeed condition, the voltage suddenly changes from a negative to a positive.  
As you read this paragraph, refer to Figure 5-19. The action of the off-speed circuit is as 
follows. The underspeed voltage change, registered in the plate circuit of the phase 
difference tube, couples to the off-speed circuit through capacitors C253 and C254. The 
voltage change in the plate circuit is positive and the reverse bias on diode CR251 is 
reinforced. However, the reverse bias on diode CR252 is momentarily overcome, 
allowing capacitor C255 to charge positively. Capacitor C255 discharges slowly through 
its parallel resistive network and maintains a grid bias on the off-speed tube V206B. For 
an overspeed, diode CR251 conducts and charges capacitor C255 negatively. 
Successive sharp voltage changes add to the charge on capacitor C255 until correction 
of the off-speed condition occurs. Like the phase difference circuit, the off-speed circuit 
has a zero-volt adjustment potentiometer in the cathode circuit. The pulsating voltage 
generated at the wiper by the changing grid bias on the tube is the speed-error voltage. 
The effect of this voltage is discussed later. 
SIGNAL SUMMING — As you can see by looking at Figures 5-19 and 5-22, the phase-
difference and speed-error voltages couple to the signal summing point. Also connected 
to this point are the limiting circuit, the phase-control potentiometer, and magnetic 
modulator signal winding number 2. Any difference in potential between the signal 
summing point and the feedback potentiometer causes a current in the modulator 
winding. This results in motor movement, which, in turn, causes the feedback 
potentiometer to null whatever potential is at the summing point. 
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Figure 5-22 — Simplified schematic of signal summing. 

 
PHASE-ERROR CORRECTION —When the slave propellers are not on-phase, phase-
difference voltage acts through the averaging circuit to the summing point causing 
speed-bias servomotor rotation to correct the off-phase condition. This action occurs 
provided the phase control potentiometer (Figure 5-22) is set for zero volts. In this case, 
the phase difference voltage actually represents phase error. However, it is desirable to 
have a slave propeller maintain a specific angle of lead or lag to the master propeller. 
The phase control potentiometer then adjusts to cancel the phase-difference voltage at 
the summing point. For example, to maintain a slave lead of 10 degrees from the 180-
degree position of the master pulse, the phase control potentiometer adjusts to cancel 
the phase-difference voltage. The phase-difference voltage is generated when the slave 
propeller leads the master propeller by 10 degrees. Thus, when the slave propeller 
leads by 10 degrees, net potential at the summing point is zero, and the speed-bias 
servomotor does not move. When the slave propeller changes from the 10-degree lead 
condition, the phase-difference voltage changes. The net potential at the summing point 
is the difference between the phase control potentiometer setting and the phase-
difference voltage. This is how phase-error voltage and its size depend on the slave 
propeller’s degree of lead or lag from the 10-degree lead condition. The manual phase 
control is adjustable to allow a slave lead or lag of 45 degrees. 
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SPEED-ERROR CORRECTION —During the phase-error correction, Zener diodes 
VR405 and VR408 isolate the speed-error potentiometer from the signal summing point. 
When an off-speed occurs, these diodes conduct and connect the speed-error circuit to 
the summing point. For large speed errors, the speed-error signal is a pulsating dc of 
very low frequency. At the same time, the phase-error signal is a rapid dc step voltage 
consisting of sharp potential changes, which trigger the speed-error circuit. The dc step 
voltage changes developed in the cathode circuit of V206A (Figure 5-19) are averaged 
and effectively blocked by resistor R268 and capacitor C251. The sharp potential 
changes passing resistor R268 and capacitor C251 leak to ground by resistor R272 and 
capacitor C256, leaving the speed-error signal in control. When the engine reaches on-
speed condition, but is still out of phase, the speed-error signal drops off until a point 
where the Zener diodes stops conducting and the phase-error signal assumes control. 
TWO-PERCENT LIMITING —The potential at the summing point has a limit of plus or 
minus 5 volts. The limiting circuit R442, R443, R444, R445, CR409, and CR410 as 
shown in Figure 5-22 accomplishes this by clipping any signal outside of the range limit. 
In the off-speed circuit, this limited signal provides only enough output to drive the 
speed-bias servomotor to correct a two-percent speed change. This occurs because the 
motor movement results in a feedback voltage that cancels the speed-error signal. The 
slave propeller cannot follow large speed changes of the master engine. This prevents a 
slave from following an overspeeding or underspeeding master. 

Resynchrophasing 

The need for re-synchrophasing arises from the nature in which phase angle correction 
circuits operate. As phase errors occur, the servomotor rotates to correct the error. At 
the same time, the feedback potentiometer moves and cancels a portion of the error 
signal. As the phase-error correction occurs, the phase-error signal decreases until it 
matches the feedback signal. When this occurs, the potential at the summing point is 
zero and the motor stops moving, leaving a portion of the error uncorrected. This is 
insignificant for errors that occur about a set point, leading and lagging errors. However, 
for errors that continually occur in one direction, the error accumulates, and can become 
large enough to reduce system efficiency. To overcome this, a procedure provides a 
lock on the mechanical governor bias, while the servomotor re-centers at a zero-volt 
feedback position; this is re-synchrophasing. 

As you read this paragraph, refer to Figure 5-18. While in synchrophasing mode, the 
prop re-synchrophase switch is placed in the RESYNCH position. This energizes the 
electric clutch-brakes on the slave engine speed-bias servo assemblies. The brakes 
lock the output shafts and the clutches decouple the input and output shafts. This action 
leaves the input shafts free to turn. Locking the output shaft retains whatever 
mechanical bias is present on the mechanical governor. At the same time, relay K503 
energizes. This opens the signal winding number 1 circuits on the magnetic modulators. 
The master channel remains in normal governing mode through a parallel ground 
provided by the master relay to signal winding number 1 of the master channel 
modulator. After a time delay sufficient to assure brake and clutch actuation before 
allowing the recentering action, relays de-energize, removing the phase- and speed-
error circuits from the slave channel magnetic modulators and connecting the dummy 
loads. The only input to the slave channel magnetic modulators is now the feedback 
potentiometer acting into the dummy load through signal winding number 2. The 
generated signal then drives the motors until the feedback voltage is zero. Upon 
releasing the prop resynchrophase switch, all circuits return to the synchrophasing 
mode. Correction of the accumulated phase error can now occur. 
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PROPELLER CONTROL SYSTEM 

The propeller control system is similar to systems already discussed in this chapter. It is 
an integral part of the propeller synchrophaser system and the propeller governing 
system. The following discussion concerns propeller pitchlock, the negative torque 
system, feathering, unfeathering, and autofeathering operations. You should refer to 
Figure 5-23 throughout this discussion of the components in and operation of the 
propeller control system. 
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Figure 5-23 — Propeller control circuit. 
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Propeller 

The four-bladed propeller converts engine shaft horsepower to thrust. The propeller 
consists of two principal sections, the rotating section and the nonrotating section. The 
rotating section consists of the blades, hub, spinner, and the dome that houses the pitch 
changing mechanism. The non-rotating section contains the pressure and scavenge oil 
pumps, the governor control mechanism, and the spinner after body. It is a constant-
speed, full-feathering, reversing propeller, having the added features of pitchlock and a 
combination synchronizing and synchrophasing system. 

Low-Pitch Stop Assembly 

A mechanical stop assembly in the propeller dome limits low pitch blade angle to 
maintain a minimum blade angle. When the power levers position is below 28 degrees, 
a cam-operated backup valve in the propeller housing collapses the low-pitch stop 
levers. The blades move toward the reverse position as directed by the power lever 
beta schedule. 

Beta Follow-up System 

The beta follow-up system provides a variable hydraulic low-pitch stop. At the FLIGHT 
IDLE power lever position, the beta follow-up stop is 10-degree blade angle; the 
mechanical low-pitch stop is 13 degrees. The purpose of the beta follow-up stop is to 
provide a secondary low-pitch stop. As the power lever moves toward the TAKEOFF 
position and the blade angle increases, the mechanical low-pitch stop remains at 13 
degrees. The beta follow-up control programs the hydraulic stop in relation to power 
lever position to a maximum of 22.5 degrees of blade angle. If a sudden engine failure 
occurs and the negative-torque system fails to operate, beta follow-up prevents 
excessive reduction in blade angle and associated violent yawing. 

Negative Torque System (NTS) 

The NTS protects the aircraft from excessive drag by limiting the negative torque from 
the propeller to a predetermined value range of -150 to -500 shaft horsepower. During a 
negative torque condition, NTS provides a mechanical signal that overrides the 
propeller governing action to increase blade angle. When the propeller reaches a 
position where it is no longer developing negative torque, the propeller governor regains 
control of the propeller. If the negative torque condition persists, a cycling action 
continues from the mechanical signal to the propeller governor, and vice-versa, until 
some corrective action is taken. 
The NTS INOP warning light illuminates when the 45-degree air start blade angle circuit 
energizes. The air start blade angle system limits negative horsepower during in-flight 
restart operations if NTS fails. The blades, upon reaching 45 degrees, energize the air 
start blade limit circuit, which drives the feather valve to the feather position. The blades 
moving toward the feather position open the circuit, de-energizing the feather solenoid 
valve. The result of this action is a cycling of the blades around the air start blade angle 
switch. For ground unfeather operation, bypass the air start blade limit switch by 
actuating the feather pump pressure cutout override switch while unfeathering the 
propeller. 
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Pitchlock 

A hydraulic, speed-sensitive pitchlock mechanism is in the propeller assembly to 
prevent overspeeding. It is completely automatic and prevents further decrease in blade 
angle when engaged. Automatic engagement occurs in two ways: by loss of control oil 
pressure and when RPM exceeds 103.5 percent. The pitchlock governor, sensing the 
overspeed, allows the pitchlock teeth to engage, which prevents further decrease in 
blade angle. Due to teeth design, the blade angle can increase if the normal governing 
control is restored. 
BLOCKOUT RANGES —There are two blade angle ranges where pitchlock does not 
operate. One range is from plus 17 degrees to minus 14 degrees. This allows for RPM 
surges as blade angles reduce during approach and landing. The second is blade 
angles between 57 degrees and 86 degrees (full feather). This is necessary to decrease 
blade angle for air starting. Blade angles will be less than 57 degrees at 405 knots or 
limit Mach speed. 
PITCHLOCK RESET —A reset system will reset pitchlock up to 109 percent RPM at 
blade angles above 10 degrees with the power lever below 28-degree coordinator 
position. This 109 percent RPM setting of the pitchlock is momentary. It is necessary 
when the power lever moves very rapidly into the beta range and blade angle reduction 
is not quick enough. Pitchlock reset comes into use during an aborted takeoff or 
landing. In this condition the increase in fuel scheduled will cause engine speed to 
increase above 103 percent RPM. 
FUEL GOVERNOR AND PROPELLER PITCHLOCK TEST SWITCH —Four two-
position (TEST-NORMAL) switches, one for each propeller, are on the engine check 
panel. Upon placing a switch to TEST, the propeller speed-bias servomotor receives a 
continuous overriding signal. The signal drives the mechanism full travel toward 
decrease pitch. This resets the propeller governor to a speed of 106 percent RPM, 
permitting a ground check of the pitchlock and fuel governor functions. 

Propeller Feathering 

Feathering aligns the propeller to the airstream to minimize drag during engine 
shutdown conditions. Feathering is started by pulling the engine emergency shutdown 
handle, autofeathering, or depressing the feather switch button. The feather valve ports 
hydraulic fluid to increase pitch on the propeller blades. This action bypasses all other 
control functions. 
NORMAL FEATHERING —To accomplish normal feathering, pull the engine 
emergency shutdown handle. Pulling the handle mechanically positions the feather 
valve and electrically energizes the feather button solenoid. Also, current goes to the 
auxiliary pump and to the feather valve solenoid, which hydraulically positions the 
feather valve to feather the propeller. When the propeller fully feathers, oil pressure 
buildup operates a pressure cutout switch, causing the auxiliary pump and feathering 
solenoid to de-energize. The feathering button light then goes out. 
Feather Pump Pressure Cutout Override Switch —There is a push-button switch 
next to each feather button. Actuating the override switch bypasses the feather pump 
pressure cutout switch. This permits continued operation of the feather pump if the 
feather pump operation finishes before the propeller reach the full feather. 
Feathering Switches (Buttons) —Four guarded feather switches (buttons), one for 
each engine, provide an alternate method for feathering the propellers. Pressing a 
button to FEATHER cuts off fuel electrically, and energizes the feather solenoid and the 

5-53



feather pump motor to feather the propeller. The propeller unfeathers when the button 
goes to the unfeather position. The center position is for normal propeller operation. A 
light in the feather button illuminates when the circuit to the feather pump is energized. 
AUTOMATIC FEATHERING —The automatic feathering system performs its function 
by energizing the feathering button holding coil (pulling in the feathering button). This 
occurs when the autofeather arming switch is in the ARMED position and the engine 
loses power, which results in a large decrease in propeller thrust. This system is for use 
during takeoff only, and it functions above 60°±2° coordinator setting. Only one propeller 
will feather automatically. 
Autofeather Arming Switch —There is an autofeather ARMED-OFF switch on the 
autofeather and RPM control panel. It provides the control for the autofeather system. 
During normal operations and when the switch is in the ARMED position, all power 
plants have autofeather protection. With the switch in the ARMED position and electrical 
power to the power lever quadrant, autofeather arming switches close and the 
autofeather armed lights illuminate. Both the arming switch and power lever quadrant 
switch (activated at 60 degrees) must close before the thrust-sensitive signal device can 
cause propeller autofeathering. 
Autofeather System Indicators —Four green indicator lamps, one for each propeller, 
illuminate to show the arming of each individual propeller autofeathering circuit. The 
lights are on the pilot’s overhead control panel. Also, should a propeller autofeather, its 
light will remain on and the others will go out. 
UNFEATHERING ON THE GROUND — The propeller is unfeathered by holding the 
feathering button in the unfeather position. The air start switch (in the propeller) limits 
the blade angle decrease to 45 degrees. For further blade angle decrease, the pressure 
cutout override button is held in. 

Propeller Control Operation 

In this section, you will read about a typical propeller control operation under the 
following conditions: 

 The engines are running, and 

 The engines are operating in the taxi range (power levers between 0 degree and 
34 degrees on the coordinator). 

Each power lever controls the propeller blade pitch and engine fuel flow through hydro-
mechanical linkages. If a power lever is below 28 degrees and the blade pitch angle is 
above 10 degrees, the pitchlock reset valve solenoid (Figure 5-23) activates, resetting 
pitchlock up to 109 percent RPM. 
As the power levers advance above 34 degrees into the flight-idle range, the flyweight 
propeller governor assumes propeller pitch control. This governor increases or 
decreases blade pitch to maintain 100 percent RPM by directing fluid through the 
feather valve. The temperature datum system controls proper engine temperature 
operation. 
When ready for takeoff, the pilot places the AUTOFEATHER switch in the ARMED 
position. As the power levers advance beyond 60 degrees, the number 3 power lever 
switches close to the HIGH POWER position. If a propeller’s thrust drops below 500 
pounds, the thrust sensitive switch closes. This energizes the auto feather relay. Power 
goes through the auto feather relay contacts to energize the feather switch pull-in and 
hold-in solenoid. The auto feather relay loses its power from the feather switch, but the 
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feather switch remains energized through a holding circuit. Power runs from the 
energized feather switch through the contacts of the feather cutout relay to the feather 
pump power relay to the feather pump motor. Power also goes to the feather valve 
solenoid through the feather cutout relay. The feather valve solenoid moves the feather 
valve, which ports oil to increase pitch, causing the propeller to feather. The fail-safe-
type fuel control relay activates by power from the feather switch, causing the engine 
fuel shutoff valve to close. 
As the propeller feathers, the beta cam switch closes when the blade angle goes past 
74 degrees. The feather motor cutout switch closes when the propeller reaches full 
feather and the oil pressure increases. This completes a circuit that causes the feather 
cutout relay to energize, de-energizing the feather valve solenoid. Besides cutting out 
the feather pump power relay, the energized feather cutout relay maintains its own 
holding circuit. This completes the auto feathering cycle. 
When shutting down the engine with the EMERGENCY ENGINE SHUTDOWN handle, 
power from the emergency engine shutdown relays is directed to the feather switch pull-
in and hold-in solenoid. Each emergency shutdown handle has two switches and two 
relays to make sure the electrical systems energize. The engine is shut down and 
feathered as described above. Also, pressing in the feather switch causes the feather 
cycle operation to take place. 
When the flight crew restarts an engine during flight, the feather switch is pulled out to 
the UNFEATHER position and held there. The feather cutout relay is de-energized, and 
power goes to the feather pump power relay. The feather pump motor pressure builds 
up and oil flows to the decrease pitch side of the propeller dome, causing the propeller 
to start unfeathering. During restarts the feather valve solenoid energizes during NTS 
inoperative conditions only. 
When blade angle decreases to less than 45 degrees, the beta cam air start switch 
closes, completing the path for current through the air start control relay. The air start 
control relay energizes the feather valve solenoid. This causes the propeller blades to 
increase toward the feather position. The beta cam air start switch opens at 48-degree 
blade angle, causing the air start control relay and feather solenoid valve to de-
energize. This causes cycling of blade angle around the air start beta cam switch (45 
degrees) and causes the NTS INOP warning light to flash. The light blinks because of 
the blade angle cycling action. At this indication, the flight crew pulls the emergency 
shutdown handle to abort the restart. 

APPROACH POWER COMPENSATOR SYSTEM 

The Approach Power Compensator (APC) system (Figure 5-24) automatically controls 
engine power to maintain the best angle of attack during landing approaches. This 
permits the pilot to focus on flying the approach. During an APC approach in light to 
moderate turbulence, the set can maintain airspeed within a range of ±4 knots. 
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Figure 5-24 — Approach power compensator simplified schematic. 

 

The major components of the system are a control panel, accelerometer, computer, 
control amplifier, a potentiometer to detect changes in elevator position, and a rotary 
actuator, which moves the throttle linkage. The aircraft angle-of attack transducer 
supplies angle-of-attack signals to the computer. A compression switch on the landing 
gear breaks the APC circuit upon touchdown. 
With the landing gear down and weight off the gear, the APC is energized by placing the 
engage switch to ON. The switch is magnetically held on until the aircraft touches down, 
the throttle overrides the system, or the pilot places the engage switch to OFF. The APC 
will also release automatically if either the override switch or the compression switch 
fails. 
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With the set engaged, the accelerometer, angle-of-attack transducer, and the ambient 
temperature selector switch supply information to the computer. The APC computer 
also receives elevator position signals from a potentiometer mounted in the control 
valve linkage of the elevator actuator. When normal acceleration is 1 g and the angle of 
attack is optimum for a landing approach, the computer sends no corrective signal and 
the throttle position does not change. The computer interprets deviations from these 
values as either offsetting each other or as requiring a change of power setting. When a 
power change is necessary, the computer sends an electrical signal to the rotary 
actuator through the control amplifier. The rotary actuator motor then drives the engine 
control linkage to accomplish the required power change. The system is capable of 
driving the throttle linkage at speeds up to 25 degrees per second. The APC can vary 
the engine RPM from full throttle to 67 percent RPM at temperatures above 0 °F, or to 
58 percent RPM at temperatures below 0 °F. 
Since engine performance varies with ambient air temperature, the APC includes a 
three-position temperature switch to compensate for this effect. At low ambient air 
temperatures, the thrust change per degree of throttle movement is greater than at high 
ambient air temperatures. When the APC temperature switch is in COLD, the APC 
operates with a 15 percent reduction in gains from those with the switch in standard 
(STD). Conversely, with the temperature switch in HOT, the APC operates with an 
approximate 11 percent increase in gains from STD. This results in APC performance 
that is essentially the same regardless of ambient air temperature, with the following 
temperature settings: COLD below 4 °C (40 °F), STD from 4 °C to 27 °C (80 °F), and 
HOT above 27 °C. 

BLADEFOLD SYSTEM 

Blade fold on the H-60 helicopter is performed by an electromechanical system. The 
bladefold index drive unit positions the main rotor head before folding. There are four 
bladefold actuators, one for each blade. A tail rotor blade positioner actuator positions 
the tail rotor for pylon and stabilator folding. The blade deice distributor assembly on the 
main rotor contains sequencing electronics and power switching circuits for bladefold 
and pitchlock actuators. 
Power goes to the main rotor distributor through the main rotor slip ring. The bladefold 
control panel contains system operating controls and status/cue light capsules. 
You can manually fold the pylon by using a folding pole. A lockpin switch on the pylon 
indicates when the pylon is locked in flight position. The tail cone-pylon fold point has a 
crack open switch. This switch indicates pylon disconnection from the tail cone. Two 
stabilator lockpin switches indicate when stabilator lockpins are locking the stabilator 
panels in flight position. 
In addition, switches on each rotor hub indicate fold or spread status, and pitchlock 
engage or disengaged status. The switch signals go to the bladefold control panel and 
distributor. 

Master Power Distribution 

DC power for the system is from the No. 2 dc primary bus. This power goes through the 
weight-on-wheels and low oil pressure relays. The bladefold system cannot operate 
unless the helicopter is on the ground and the rotor head not moving. 
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The transmission pressure switch energizes the transmission low oil pressure relay. 
With both weight-on-wheels and rotor head stopped, the 28 Vdc master power goes to 
the blade deice junction box. 
The 28 Vdc at the blade deice junction box goes to two hydraulic system interlock 
relays. These relays actuate by pressure switches in the No. 1 and No. 2 hydraulic 
systems. 
To protect the flight controls, pressure can go to only one stage of the main rotor servos 
during fold operation. One hydraulic system must be shut off by the SERVO switch on 
either collective stick grip. Pressure switches operate relays to ensure that only one 
hydraulic system is on. Relay operation permits master power to the blade fold control 
panel only when one hydraulic system is on. 
The 28 Vdc rotor brake pressure switch senses rotor brake condition. The pressure 
switch actuates a relay, which applies a signal to the bladefold control panel. This signal 
is for the bladefold control panel indexing logic. The ROTOR BRAKE-APPLY-RELEASE 
indicators on the bladefold control panel advises pilots when to apply or release the 
rotor brake. 

Fold Sequence 

The first step in folding the main rotor blades is to index the rotor head to a known 
position. The bladefold index drive unit accomplishes this task. A de-operated linear 
actuator in the unit engages the indexing motor output gear to the rotor brake disc gear. 
An index command from the bladefold index drive unit drives rotor head to indexed 
position. A 2.5-degree maximum cutaway segment of an index slip ring in the slip ring 
assembly senses this position. 
With the BLADEFOLD switch in the FOLD position, and the rotor brake disengaged, the 
rotor can drive in either the clockwise or counterclockwise direction. The rotor will drive 
in the direction of the shortest distance to the index position. To do this, index drive slip 
ring construction is in two segments separated at the index position, 180 degrees from 
index position, and by providing a reversing relay in the index drive unit. 
The index motor rotates at 0.5 RPM. As the rotor head reaches the 1.0-degree index 
position, index drive motor power switches off and the drive motor brake de-energizes, 
applying the brake. Power removal and brake application prevent the rotor head from 
overshooting the index position. 
When the rotor head position is on the insulated area between index drive slip ring 
segments 180 degrees from the index position, head rotation will be counterclockwise 
toward the index position. 
The index unit can also act as a backup system to the rotor brake. You can use the 
index unit to engage the brake disk and to hold the rotor head stationary when 
performing maintenance on the rotor brake. To do this, use the GUST LOCKLKD- 
UNLKD switch on the miscellaneous switch panel. The switch enables the index unit to 
extend and engage the rotor brake disk, without applying power to the index motor. A 
brake and gear train inside the motor prevents motor output shaft rotation with no power 
to the motor. The index unit effectively acts as a lock to hold the rotor head in place. 
Power goes to the GUST LOCK switch from No. 2 dc primary bus interlocked through 
weight-on-wheels and transmission low oil pressure relays, so the GUST LOCK can 
only engage on the ground. When the index unit actuator retracts fully, a limit switch 
within the actuator activates a second relay inside the panel. This relay turns on a 
GUST LOCK caution light on the caution advisory panel. 
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DC power extends or retracts the index unit. Three-phase ac power operates the index 
motor. 
When the rotor head is indexed, logic circuits in the bladefold control panel turn on an 
INDEXED status light. The logic also senses the condition of the main rotor blades, tail 
pylon, stabilator, and rotor brake. If main rotor blades are spread and indexed, pylon 
and stabilator are in flight position. With the rotor brake on, a pitch blades command 
goes to the DAFCS computer. 
The computer flashes the BAR ALT pushbutton legend on the AFCS CONTROL panel. 
When the operator presses this push-button for 2 seconds, the TRIM push-button 
legend goes on. This causes the computer to send flight control positioning signals to 
the pilot-assist servos. The pilot-assist servos move the flight controls to a computer 
memorized position. 
With controls positioned, the computer sends an enable signal to the pitchlock logic in 
the bladefold control panel indicated by the flashing TRIM push-button legend. The 
control panel delivers a pitchlock command through the slip ring to the bladefold deice 
distributor. This power goes to the distributor for pitchlock actuators and bladefold 
actuators. This 115-Vac power also goes to the pitchlock actuator on each rotor blade 
hub. Each actuator advances a Iockpin that locks each blade pitch control horn. 
When all control horns lock, a signal goes through the slip ring to the bladefold control 
panel. This turns on a PITCH LOCKED status light. 
As each blade’s pitch lockpin engages its respective pitch control horn, the bladefold 
actuator operates. Each actuator, through gearing, unlocks its respective blade by 
pulling out two blade lockpins. 
Once the blade lockpins pull out, worm gearing drives a segment gear, which folds back 
each blade. Switches on each blade sense when the blade lockpins pull out and each 
blade reaches a folded position. When all four blades actuate the bladefold switches, a 
signal is sent to logic circuits in the distributor. This signal flows through the slip ring to 
the bladefold control panel, turning on a FOLDED status light. 
Each blade has individual logic circuits in a bladefold module. Should any individual 
logic circuit fail, the associated blade will not fold. This does not affect the other blades 
in the system, and they will fold normally. A spread blade can fold manually. 
If a loss of command signals or power occurs, this will prevent all blades from folding. A 
cycle caution logic circuit incorporated in the distributor monitors failures that are 
common to all blades. The cycle caution output goes to test points in the bladefold 
module for troubleshooting and fault isolation of the system. 

Spread Sequence 

You accomplish main rotor blade spreading by setting the BLADEFOLD switch to 
SPREAD. The switch routes a spread command through the slip ring to the blade deice 
distributor. The spread command also goes to the junction box and energizes a relay. 
This causes the power to the distributor circuits to reverse phase, allowing the bladefold 
actuators to run in the spread direction, spreading each rotor blade. As each blade 
reaches the full spread position; two blade lockpins drive into the blade hinge lugs. 
Two switches sense lockpin positions. When both switches actuate, a relay in the 
distributor energizes and reverses the phase of power to the actuators. The actuators 
run in the fold condition again for a brief period. This relieves stresses built up on the 
segment gear in each bladefold actuator. 
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 CAUTION  
Damage may occur to the fuselage if the stabilator is in the 
fold position. 

Running the actuators in the fold direction causes the blade lockpins to back slightly out 
of the hinge lugs. One of the blade lockpin switches actuates before the other. This 
switch remains actuated even though the lockpins are backing out of the hinge lugs. 
The other switch de-actuates when the lockpins back out. When one lockpin switch 
actuates and the other is de-actuated, distributor logic determines achievement of the 
full spread condition. This de-energizes the bladefold motor actuator on each blade. 
Because the lockpins pull out only a short distance, they still safely lock the blades in 
flight position. Logic circuits in the distributor sense the fully spread conditions, spread 
command, and pitch lockpin IN condition for each blade. At this point, a relay actuates 
that pulls out the pitch lockpin in each blade pitch control horn. Simultaneously, a signal 
goes to a control panel spread complete logic circuit. This circuit actuates a 2-second 
time-delay relay. The relay shuts off hydraulic pressure to the pilot-assist servos and 
provides a logic signal to the DAFCS computer. 
The logic signal to the DAFCS computer tells the computer to update flight control 
position information from the transducers for 2 seconds. This is accomplished when one 
stage of hydraulic pressure is off, preventing preloading of the flight controls. Any 
preloading of the controls would cause an error in position information to the computer. 
After the 2-second delay, the computer blinks the RDR ALT push-button legend on the 
AFCS CONTROL panel. This informs the operator that the computer has accepted the 
flight control position update. The computer will place the flight controls in the new 
memorized position during the next fold cycle. 

Pylon and Stabilator Fold 

The first step in manually folding the pylon is to complete bladefold operation. By doing 
this, you prevent rotor blade and pylon damage. 
The crack open switch receives 28 Vdc, which comes through contacts of the weight-
on-wheels relay. When the pylon opens about 5 degrees, the crack open switch applies 
power to the tail rotor blade positioner actuator. The actuator extends, indexes, and gust 
locks the tail rotor. It extends until the internal extend limit switch disconnects power. At 
the same time, another internal switch applies an actuator extended signal to the 
bladefold control panel logic circuits. 
If main bladefolding is operating at the same time as pylon folding, the actuator 
extended signal stops main fold. This prevents the main blades from striking the pylon. 
Two stabilator lock pin switches close when the stabilator locks in the flight (spread) 
position. This applies 28 Vdc to the automatic engagement circuit in the stabilator 
amplifier. 
With the stabilator lock pin switches in non-flight position, power is removed from the 
No. 1 and No. 2 stabilator amplifier auto engage circuitry. The auto engage circuitry 
engages when the stabilator AUTO CONTROL PUSH TO RESET pushbutton is 
depressed. 
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At the same time, the bladefold control panel logic circuits receive a ground signal. 
With the main rotor blades properly folded, the bladefold control panel logic circuitry 
causes the SPREAD INCOMPLETE caution capsule to light under the following 
conditions: 

 Power goes to the fold or spread relays without being commanded by the 
bladefold control panel. 

 Pylon or stabilator panel spread but not locked. 

 Tail rotor blade positioner actuator extends with the pylon in the flight condition. 

ENGINE INLET BLEED AIR SYSTEM 

The engine inlet bleed air system of the F/A-18C/D Hornet provides the best inlet airflow 
for subsonic and supersonic flight. The inlet bleed air doors control inlet airflow by 
opening at 1.33 Mach to bleed boundary layer air off the compression ramp and close at 
1.23 Mach. This ensures the doors will not oscillate when the aircraft travels at 1.33 
Mach. A bleed air channel controls the fuselage boundary layer airflow near the wing 
roots. 
The bleed air doors open when three-phase, 115-V power is applied, and the controlling 
FLIGHT CONTROL COMPUTER (FCC) has a loss of power. After normal engine 
shutdown, the bleed air doors normally close. In some models of the F/A-18 aircraft 
when external power is on or the APU is operating in the ground maintenance mode 
and FCCs off, the bleed air doors will open. When FCCs are turned on, the bleed air 
doors will close. The FLT CONTR GND PWR RELAYS No. 11 and No. 12 prevent the 
cycling of the bleed air doors during ground operations. 
The Air Data Sensor, DT-600/ASW-44, computes the free air Mach number and sends 
the signal to FCCA and FCCB. When the Mach number is below 1.23, the FCCs supply 
a ground, energizing the retract circuits. Each actuator torque motor energizes, and the 
actuator brakes release. The torque motors retract the bleed air doors (if the doors are 
not retracted) until the actuator retract limit switches close. The retract limit switches de-
energize the retract circuits, and the actuator brakes are applied by spring pressure. 
When the Mach number is above 1.33, the FCCs remove the ground, de-energizing the 
control relays and energizing the extend circuits. Each actuator’s torque motor 
energizes and the actuator brakes release. The torque motors extend the bleed air 
doors (if doors are not extended) until the actuators extend limit switches close. The 
extend limit switches de-energize the extend circuits, and the actuator brakes are 
applied by spring pressure. 
The extend limit and retract limit switches in each bleed air door actuator makes a 
ground to signal the signal data converter when the inlet bleed door fully extends or 
retracts. When ground is removed, the Signal Data Converter measures the time in 
transient until the other limit switch closes. If the time in transient exceeds 8 seconds, 
the Signal Data Converter signals the digital computer. The digital computer commands 
the cockpit DDI to display a caution. 
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End of Chapter 5 

AIRCRAFT POWER PLANT ELECTRICAL SYSTEMS 

Review Questions 
5-1. In the air turbine starter, what unit limits rotational speed? 
 

A. Scroll assembly 
B. Reduction gear 
C. Overspeed switch mechanism 
D. Output shaft 

 
5-2. The air turbine starter converts energy from what type of air to shaft power? 
 

A. Compressed air 
B. Ram air 
C. Fuel air 
D. Inlet air 

 
5-3. The external stop switch de-energizes the air turbine start control holding relay 

by ________. 
 

A. holding the relay 
B. removing the positive potential 
C. momentarily closing 
D. actuating the relay box 

 
5-4. Why is timing not a factor in jet engine ignition systems? 
 

A. Engine only needs igniting when abnormal fuel is used 
B. Engines need ignition 45 percent of the time 
C. Fuel and oil pressure changes 
D. Jet engines run on a continuous burning fire 

 
5-5. At what engine RPM does ignition normally stop? 
 

A. Between 40 percent and 60 percent of the engine rated speed 
B. Between 45 percent and 65 percent of the engine rated speed 
C. At 75 percent of the engine rated speed 
D. At 100 percent of the engine rated speed 

 
5-6. Engine ignite automatically reactivates when either of what two conditions 

occurs? 
 

A. Centrifugal speed switches are energized or closed. 
B. Voltage is on the relays or switches are on.  
C. A flameout occurs or during aircraft weapons fire. 
D. Engine is operating below 5 percent or a flameout occurs. 
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5-7. What unit in an ignition system develops enough voltage to produce a spark? 
 

A. Coil plugs 
B. The ignition exciter 
C. Spark plugs 
D. Ignition relay switches 

 
5-8. What are the four positions of the E-2 aircraft condition lever? 
 

A. Feather, ground stop, run, and air start. 
B. Ground, run, ram air and vent 
C. Run, air, trim, and slat 
D. Star, air, run and feather 

 
5-9. When is the temperature datum control in the temperature controlling range? 
 

A. Power lever is above 60°F and temp switch is in NORM 
B. Power lever is above 66°F coordinator and the temp datum switch is in 

AUTO. 
C. Power is at AUTO and temp datum switch is at AUTO  
D. Temperature is below 66°F 

 
5-10. List the main components of an engine coordinator. 

 
A. Pushrods, sectors and cables. 
B. Cable sector, coordinator shaft, and a temperature control switch,  
C. Variable potentiometer, discriminating device, and a cam-operated switch. 
D. Fuel control, fuel shutoff valve and condition lever. 

 
5-11.  At what RPM is the engine limiting temperature 830°C? 

 
A. Above 95 percent 
B. Above 98 percent 
C. Below 94 percent 
D. At 99 percent 

 
5-12. What are the thermocouple leads made of? 

 
A. Steel and iron 
B. Brass and Chromel 
C. Brass and Alumel 
D. Chromel and Alumel 

 
5-13. What are the three switches in the speed sensitive control? 

 
A. 12, 16, and 65 percent 
B. 16, 65, and 94 percent 
C. 65, 75, and 95 percent 
D. 75, 95, and 98 percent 
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5-14. How much greater is the capacity of the fuel pump primary element than the 
secondary element? 

 
A. 5 percent 
B. 8 percent  
C. 10 percent 
D. 15 percent 

 
5-15. Why is the fuel control schedule 20 percent richer than nominal engine 

requirements? 
 

A. To maintain higher temperature. 
B. To accommodate the temperature datum valve. 
C. To maintain engine temperature at 16 percent RPM.  
D. To accommodate the accessory drive housing. 

 
5-16. What unit minimizes the amount of fuel dropping into the combustion liners 

during engine shutdown? 
 

A. Drain valves 
B. Check valves 
C. Flow liners 
D. Fuel lines 

 
5-17. During a P-3 engine start, at what percent RPM does the start control switch de-

energize? 
 

A. 65  
B. 75 
C. 85 
D. 95 

 
5-18. What are the two types of anti-icing/deicing systems used on aircraft? 

 
A. Manual and automatic 
B. Hot bleed air and electrical. 
C. Sensor and manual  
D. Electrical and manual 

 
5-19. What is the difference between propeller deicing and anti-icing? 

 
A. Deicing removes ice already built up whereas anti-icing removes moisture 

in the air on the component.   
B. Deicing removes ice buildup properties and anti-icing is physically 

removing the ice.  
C. Deicing removes ice already built up whereas anti-icing prevents ice 

buildup. 
D. Deicing prevents ice buildup whereas anti-icing removes ice already built 

up. 
 
  

5-64



5-20. What point in the engine is the coldest and most likely to ice? 
 

A. At the solenoid operated bleed valve. 
B. At the valve face. 
C. Air at the inlet guide vanes. 
D. At the regulating piston. 

 
5-21. In supersonic flight, icing does not occur for what reason? 

 
A. There is limited time for moisture to freeze. 
B. Air over the aircraft at the altitude to obtain speed is dry air. 
C. Speed breaks the ice when it is formed. 
D. Friction of the air over the aircraft creates enough heat to prevent icing. 

 
5-22. The fire warning element has an inverse temperature coefficient. What does this 

statement mean? 
 

A. As the temperature decreases, the resistance of the sensing element 
decreases. 

B. As the temperature increases, the resistance of the sensing element 
decreases. 

C. As the temperature increases, the resistance of the sensing element 
increases. 

D. As the temperature decreases, the resistance of the sensing element 
increases. 

 
5-23. What is the circuit that differentiates between an overtemp (fire) and a short 

circuit in a fire warning system? 
 

A. Sensing  
B. Relay warning 
C. Fire warning 
D. Short discriminator 

 
5-24. What chemical is used in the engine extinguishing system HRD bottles? 

 
A. CO2 
B. AFFF 
C. PKP 
D. Halon 

 
5-25. What fuel tanks feed the engines in the F/A-18 fuel transfer system? 

 
A. 1 and 3 
B. 1 and 4 
C. 2 and 3 
D. 2 and 4 
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5-26. When does fuel transfer from the wing start? 
 

A. After the fuel level drops below the low pilot valves in tanks 1 and 4. 
B. When fuel level drops below the high level pilot valves in tanks 1 and/or 4. 
C. Before the fuel level drops below 45 percent in tanks 1 and/or 4. 
D. Fuel transfers continuously at all times. 

 
5-27. When does the fuel transfer center of gravity control system energize? 

 
A. When fuel tank 1 transfers at a faster rate than fuel tank 3. 
B. When fuel tank 1 transfers at a faster rate than fuel tank 4. 
C. After fuel tank 2 transfers with fuel tank 3. 
D. After fuel tank 3 transfers with fuel tank 4. 

 
5-28. When the engine is shut down and the throttle is in the off position, the variable 

exhaust nozzle is in what position? 
 

A. Open 
B. Standby 
C. Halfway open 
D. Closed 

 
5-29. What unit in the variable exhaust nozzle adjusts the VEN for atmospheric 

conditions? 
 

A. Afterburner Flame Sensor 
B. Afterburner Control 
C. Electrical Control Assembly 
D. Main Fuel Control 

 
5-30. What are the two ranges of propeller operation? 

 
A. Flight and ground 
B. Low speed and high speed 
C. Takeoff and roll 
D. Normal and reverse 

 
5-31. What mode of operation is the synchrophaser in when maintaining all propellers 

at the same RPM? 
 

A. Pulse generator 
B. Speed-bias  
C. Phase control 
D. Governing 

 
5-32. What unit provides a means of setting phase relationships between the master 

and slave propellers in the synchrophase system? 
 

A. Phase and trim control unit 
B. Pulse generator 
C. Speed-bias 
D. Wipers  
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5-33. The synchrophaser speed derivative circuit is used to dampen changes in engine 
________. 

 
A. temperature 
B. fuel flow 
C. RPM 
D. torque 

 
5-34. The slave propellers are prevented from following an overspeed or underspeed 

master propeller by what synchrophaser circuit? 
 

A. Phase-error 
B. Off-speed  
C. Magnetic modulator 
D. Limiting (two percent) 

 
5-35. The propeller is used to convert engine shaft horsepower to ________. 

 
A. force 
B. thrust 
C. pressure 
D. torque 

 
5-36. What mechanical unit maintains a minimum blade angle? 

 
A. Low pitch stop 
B. Propeller housing 
C. Propeller dome  
D. Flight power lever 

 
5-37. What does the beta follow-up system provide? 

 
A. Engine power for takeoff 
B. Programming for the hydraulics stop 
C. Variable hydraulic low pitch stop 
D. Negative torque 

 
5-38. What system resets pitchlock RPM from 103.5 percent to 109 percent during an 

aborted takeoff? 
 

A. Block out range  
B. Feathering 
C. Override reset 
D. Pitch lock reset 

 
5-39. What valve bypasses all other control functions to feather the propeller? 

 
A. Auto pitch  
B. Feather 
C. Override 
D. Overspeed 
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5-40. What propeller system is used only during takeoff? 
 

A. Automatic feathering 
B. Thrust sensitive 
C. Pitchlock 
D. Cutout override 

 
5-41. During ground propeller unfeathering, how do you decrease blade angle below 

45 degrees? 
 

A. Energize air start system 
B. Actuate propeller governor 
C. Actuate the pressure cutout override switch 
D. Energize negative torque 

 
5-42. To maintain the best angle-of-attack during landing approaches, the approach 

power compensator automatically controls ________. 
 

A. ambient temperature selector switch 
B. compression switch 
C. engine temperature 
D. engine power 

 
5-43. The approach power compensator circuit de-energizes when the pilot turns it off, 

the aircraft touches down, and ________. 
 

A. the throttles override the system 
B. the switch is magnetically held on 
C. the landing gear is down 
D. the compression switch fails 

 
5-44. What does the approach power compensator use to compensate for differences 

in ambient temperatures? 
 

A. A 11 percent increase in gain switch 
B. A 15 percent reduction switch 
C. A three-position temperature switch 
D. A cold and hot switch 

 
5-45. In the H-60 bladefold system, the transmission low oil pressure relay is energized 

by a ________. 
 

A. hydraulic interlock relay 
B. transmission pressure switch 
C. blade junction box 
D. control panel  
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5-46. When the rotor head is on the insulated area between index drive slip ring 
segments 180 degrees from the index position, in what direction will the rotor 
head travel towards index? 

 
A. Remains stationary 
B. Up and down 
C. Clockwise 
D. Counterclockwise 

 
5-47. During bladefold operations, if one blade fails to fold, will the other blades fold? 

 
A. No 
B. Yes 
C. Only the next blade can fold manually 
D. Two blades will not fold normally 

 
5-48. During blade spread operations, the actuators run in the fold condition after 

lockpin position switches activate to ________. 
 

A. ensure each blade reaches the full spread position 
B. relieve stress built up on the segment gear 
C. run the actuators 
D. actuate a relay 

 
5-49. During pylon and stabilator fold, at what point does the crack open switch power 

the tail rotor blade position actuator? 
 

A. Pylon completes bladefold operation 
B. Tail rotor is locked 
C. Pylon opens about 5 degrees 
D. Main blades stop folding  

 
5-50. The ratio of the speed of an object to the speed of sound in the same medium 

and at the same temperature is known as ________. 
 

A. subsonic  
B. supersonic 
C. speed 
D. mach number 

 
5-51. The F/A-18 engine bleed air system duct doors are controlled by what 

subsystem? 
 

A. Flight control computers 
B. Flight control ground 
C. Air data control 
D. Bleed air channel 
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