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	Terminal Learning Objective
	

	
	Action:
	Describe and identify the components and functions of T55-GA-714A engine, diagnose malfunctions and prescribe corrective actions.

	
	Condition:
	As a Maintenance Test Pilot.

	
	Standard:
	In accordance with (IAW) TM 1-1520-240-23 series, TM 1-2840-265-23, TM 1-1520-240-MTF, and TM 1-1520-240-10


General Description
a. T55-GA-714A Engine General Description.
(1) Two Allied Signal Model T55-GA-714A gas turbine engines power the aircraft
(a) ECP D 218 derivative of T55-L-712.

(b) Improved version of the T55-GA-714A used on the MH-47E.

(2) The engine is configured with a combination seven-stage axial and one stage centrifugal compressor driven by a two-stage gas producer (GP) (N1 section) turbine.  Gas flow is directed through a reverse flow annular atomizing combustor, through the two-stage GP turbine and two-stage free power turbine (PT) (N2 section).  The PT shaft is positioned co-axially within the gas producer shaft and directly drives the power output shaft located at the engine compressor inlet.  Power output shaft speed is equal to power turbine speed. The engines are attached to either side of the aft fuselage section by a three-point mount system.  Engine electrical, fuel, water wash, hydraulic, and drain system components are connected to the airframe at a quick-disconnect (QD) shelf below each engine. Compared to its predecessors, the improved T55-GA-714A provides additional power and reduced frequency of required engine maintenance. The power gains, as well as the maintainability enhancements, are a result of improvements to several areas of the engine as listed below:
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(a) Replacement of the Hydro-Mechanical fuel control system with a Full Authority Digital Electronic Control (FADEC) system.

(b) Engine lubrication system improvements (oil flow programming valve).

(c) The configuration, alteration, and material composition, of the engine compressor, combustion, and turbine assemblies.

(d) Removal of the exit guide vane.

(e) Improved Magnostrictive Torquemeter system.
(f) Installed engine water wash system.

(g) Installation of an improved, deflective, tailcone assembly.
	Dimensions



	Overall Length
	46.53 Inches

	Overall Length (Tailpipe inst.)
	77.53 Inches

	Nominal Diameter
	24.25 Inches

	Weight(Less Eng. Transmission and Exhaust Cone)
	832 Pounds

	Performance



	Combustion chamber
	External annular

	Compression ratio (max)
	9.32 to 1

	Horsepower
	(max rated) 4,867 (10 minutes)

Emergency 5,069 (2 minutes)

	Maximum altitude
	25,000 feet

	Power level
	N1 100% = 18,720 RPM

	Power level
	N2 100% = 15,333 RPM
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Installation
a. Powerplant Installation.
(1) Maintenance, removal, and installation of either engine is facilitated by the location of the nacelles, the design of the engine mounts, and the use of quick-disconnect couplings on lines which lead to the aircraft structure.  Three mounts secure each engine:  two forward and one aft.  Access for maintenance is gained through hinged access doors and cowlings on the engine and aircraft structure.  The engine total installation weight (including engine transmission, and exhaust cone) is 1,411 pounds.

(2) T55-GA-714A Engine Installation and Removal Task:

(3) The tailcone is clamped and bolted (6 bolts) to the engine turbine assembly.

(4) FADEC primary, reversionary, and accessory harnesses.

(5) The P3 pressure line to the Digital Electronic Control Unit (DECU).

(6) The water-wash system pneumatic and fluid lines.
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(7) The engine mounts provide a three-point structural support, two forward and one aft, for each engine.  The mounts are accessible through the hinged engine cowlings.

(a) The aft engine mount is an adjustable link that has replaceable bearings.  Each link is adjusted to ensure the proper alignment of the engine drive shaft and combining transmission input adapter.  Once the alignment is completed, a rig plate is installed on the fuselage of the aircraft just below the aft end of the engine.  This fixture is used to check the aft engine link prior to installation.  Each engine installation has a unique rig plate. 
(b) The drag strut for each engine is a forged strut about 20 inches in length.  The drag strut is designed with a 2-degree bend.
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Engine Major Sections
a. Air Inlet Section.
(1) The air inlet section is located at the front of the engine.  A one-piece casting, the inlet housing is divided into two principal areas.  The outer housing, supported by four hollow support struts, forms the outer wall of the air inlet area.  The inner housing forms the inner wall of the air inlet area.  The engine oil supply tank is contained within the cavity formed by the inner housing.  This configuration creates the air inlet path to the engine compressor section; located in the inner section is the engine oil tank.  This arrangement aids in cooling of the engine oil, as air flows over this section it reduces the temperature of the oil returning to the tank.  The inlet housing encloses the output shaft support housing, torquemeter head, power turbine overspeed governor drive, all accessory drive gearing, No. 1 and 3 bearings and supports, and No. 6 and 7 bearings.  The inlet housing provides mounting for the torquemeter junction box, starter drive, oil tank filler, and accessory drive gearbox.  The starter drive system originates at a pad on the top of the inlet housing and extends into the inner housing where it is connected to the compressor rotor by a shaft and gearing.  Four engine mount pads are on the inlet housing external surface.
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b. Compressor Housing Components.
(1) The compressor section of the engine consists of the following components:
(a) Upper and lower compressor housing assemblies.

(b) Compressor rotor assembly.

(c) No. 1 and 2 bearing packages.

(d) Compressor bleed system.

(e) Attaching locations for externally mounted engine components.
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c. Compressor Section.
(1) The housing assemblies are constructed of a stainless steel alloy that has four times the strength of the housings utilized on the 712 engines.  Additionally, the stainless steel alloy provides the added advantage of the corrosion resistance.  The stainless steel housings also provide enhanced tip clearance control due to its improved thermal compatibility with the compressor rotating components.  Erosion resistant stainless steel inserts in the compressor housings provide a turning clearance area for each axial compressor rotor disk.  The seven two-piece steel stator assemblies of the axial compressor are bolted to the upper and lower housings.  The inner portions of the stators (except the second stage stator) are lined with lead labyrinth seals.  The inner portion of the No. 2, 3, 4 stator assemblies are lined with  rubber abradable seals, which when properly fitted, forms an airtight seal of the stator assembly to the gas producer shaft.  The housings are split axially to permit access to the compressor rotor for inspection, repair, or rework.  The engine bleed band covers air passages in the compressor assembly housings.

d. Compressor Rotor Assembly.
(1) The compressor rotor assembly is supported at the air inlet housing assembly by the No. 1 main bearing and at the air diffuser assembly by the No. 2 main bearing.  The compressor rotor assembly consists of seven steel axial compressor blade assemblies and a titanium two-piece centrifugal impeller tightly fitted onto a common shaft.
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e. Diffuser Section.
(1) Constructed of stainless steel, the diffuser assembly is mounted between the compressor housing assembly and the combustor section.  The diffuser provides support for the combustor assembly and non-rotating components of the turbine assembly.  It also provides a mounting surface for the No. 2 bearing package.  Vanes on the backside of the diffuser assembly direct and reduce the swirl effect of the airflow as it flows into the combustion section.  Oil inlet and scavenge ports and internal oil supply tubes provide lubrication to the No. 2 bearing package.  P3 compressor discharge pressure (CDP) ports provide pressure for bleed band operation and a source of P3 air for the Hydro-Mechanical Metering Assembly (HMA) and Digital Electronic Control Unit (DECU).
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f. Combustor Assembly.

(1) Bolted to the perimeter of the diffuser section the combustor housing consists of a ceramic coated combustor chamber and vane assembly.  The combustion chamber is a reverse flow external annular type combustor.  This folded design permits maximum utilization of space and reduces gas producer and power turbine shaft lengths.  The combustion chamber shrouds the gas producer and power turbine assemblies.
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g. Gas Producer Turbine Section (N1).
(1) The first, and second stage Gas Producer (GP) nozzle assemblies, and GP turbines make up a two-stage axial flow, air-cooled turbine system (N1).  The two turbines are coupled together and mounted on the rear of the gas producer shaft to form a single rotating assembly.  The No. 1 main bearing supports the forward end of the GP shaft and the No. 2 main bearing supports the aft end of the GP shaft.
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h. The first stage incorporates the integral nozzle assembly.  The segmented nozzle has improved cooling airflow, reduced stress areas, and independently replaceable segments.  The first stage of the GP rotor incorporates the ALF-502 turbine disk assembly.  The disk has improved bore-cooling airflow, and stressed aerodynamically improved blades.  An air-cooled 1st stage cylinder provides better tip clearance control, increasing engine life.  The 2nd stage segmented cylinder over the second GP turbine disk is air-cooled through small holes in each blade.  The 2nd GP nozzle area has also been improved.  The seal between the 2nd GP nozzle and the 2nd GP turbine incorporates a honeycomb seal.  The GP spacer inner diameter has been redesigned to eliminate high stress areas previously found in the 712 model engine.
i. Power Turbine Section (N2).
(1) The Power Turbine (PT) is a two-stage, axial flow, free power turbine, coupled together and supported at the rear by the NO. 4 and 5 bearing packages, the NO. 3 bearing supports the forward end.  The 714A hot section components, as compared to those used in the 712, are produced from superior alloys providing higher tolerance across the engine temperature ranges.  Engine shaft horsepower is increased as the engine is allowed to operate at higher temperatures.
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(2) To provide an increased temperature margin, the exit guide vane has been removed from the 714A engine.  The primary function of the exit guide vane was to restrict the exhaust gas flow, increasing shaft horsepower and lowering engine thrust.  A secondary function was to provide blade containment in the event of turbine wheel disintegration.
j. Tailcone Assembly.

(1) The canted 9˚ tailcone with inner cone assembly and a stressed blade containment area replaces the previously installed tailcone.  The improved inner cone reduces the swirling effects of the exhaust gas-flow, aiding in the removal of the engines exhaust gases.  The stressed blade containment area provides limited protection against disintegrating turbine wheels.  Four improved support rods and associated hardware improvements maintain the positioning of the inner cone.
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(2) Clamped and bolted to the rear of the engine, the tailcone can to be installed on either left or right engine by properly aligning the left or right index mark (on the tailcone) and aligning the six bolt holes.
k. Accessory Gearbox Assembly.

(1) Mounted on the inlet housing, driven by inputs from the gas producer and power turbine shafts.  The accessory gearbox contains the drive gears and provides mounting pads for:

(a) Engine Driven Fuel Boost Pump.

(b) Oil Pump.

(c) PT Speed Pickup Drive Assembly.

(d) Hydro-Mechanical Metering Assembly (HMA).
(e) Oil Filter Housing.

(f) Scavenge Pump Housing.
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(2) The accessory gearbox has a self-sealing fuzz burn-off/chip detector installed.  The fuzz burn-off feature of the chip detector is designed to electronically burn-off the minute particle(s) which bridge the contacts of the chip detector.  Should the fuzz burn-off system fail to eliminate the chip(s) the chip detector provides a signal to the cockpit and aircraft maintenance panel indicating the presence of an engine chip.
Lubrication System
a. General
(1) The engine lubrication system is a self-contained system designed to satisfactorily operate throughout the operational envelope, utilizing either MIL-L-23699 or MIL-L-7808 engine oil.  The system has been designed to ensure adequate operation in ambient temperatures ranging from -65ºF to 130ºF. 

b. Lubrication components 
(1) Oil level indicator is a visual indicator mounted at the 9 O’clock position on the inlet housing.  The indicator also has a low level warning micro-switch for illumination of the No.1 or No.2 ENG OIL LOW caution panel light.  The light will signal when there are 2 quarts of useable oil remaining in the respective oil tank.  The essential bus through the CAUTION PNL circuit breaker on the No. 1 power distribution panel provides 28 VDC.
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(2) The oil pump is mounted on the accessory gearbox.

(a) The oil pump contains three separate pump elements. Pressure pump, main scavenge pump, scavenge pump for the No. 4 & 5 bearing cavities.

(b) The pressure pump (120 to 160 PSI) with increased oil flow capability (2000 to 2500 LB/hr) provides oil flow to the engine bearings, starter drive, and accessory gearbox.

(c) An integral, adjustable pressure relief valve regulates pump output pressure between 50 and 90 PSI., Protecting the lubrication system from over-pressurization.

(d) A pump bypass valve will begin to open at 120 PSI, and will be full open at 150 to 170 PSI.
(e) A check valve in combination with the flow-programming valve will provide reduced oil flow at low engine speeds, and trap oil in the engine and oil lines during the coast-down operation.

(3) Mounted on the rear and driven by the oil pump is the Gas Producer (GP) magnetic speed sensor.
(a) The speed sensor provides a gas producer (N1) speed signal to the cockpit N1 indicator.

(b) The sensor does not interface with the FADEC system.
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(4) Oil filter.
(a) A seven-micron oil filter is utilized to ensure oil system cleanliness.

(b) The filter is located within the accessory gearbox assembly, at the pressure port of the oil pump.
(c) The larger capacity oil filter will increase the oil filter replacement-interval.

(d) The filter assembly is equipped with a bypass valve and impending bypass condition indicator.

(e) The bypass valve will open at 14 to 16 PSID., and is full open at 19 to 21 PSID.
(f) The bypass valve is configured to ensure that the debris retained by the filter element is not introduced into the engine lubrication system.
(g) A mechanical filter bypass indicator button will extend if filter bypass pressure reaches 9 to 12 PSID indicating (button extended) an impending filter clogged condition.

(h) Filter clogged indications are not activated with engine oil temperatures below 150ºF.
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(5) An oil temperature transmitter is installed in the right side of the accessory gear assembly.

(a) The oil temperature transmitter will change circuit resistance when the oil temperature changes.

(b) This resistance change is turned into an analog signal for cockpit gage indication.

(c) The oil temperature is taken after the filter and prior to the oil cooler assembly.
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(6) Fuel/oil heat exchanger is mounted at the 3-o’clock position on the compressor housing.

(a) The exchanger receives and cools oil prior to the oil reaching lubrication points.

(b) As hot oil passes over the outside of small internal fuel tubes, the oil becomes cooled and the fuel is pre-heated.

(c) During cold engine starts when oil cooling is not required, a differential pressure actuated valve is provided to allow oil to bypass the annular cooling paths.

(d) A wax-filled bulb on the differential pressure valve will cause the bypass to close when the oil temperature reaches normal operating temperatures (80-100 degrees F, 26.6-37.7 C).

(e) The differential pressure actuated valve will also bypass if there is a pressure difference of 30 to 40 PSID.

(f) After oil leaves the heat exchanger it is then distributed through a T-fitting and external lines to lubrication points at the forward and aft sections of the engine.
(7) The oil pressure transmitter is a differential pressure synchro transmitter mounted on the engine deck below the combustion section.

(a) It receives a direct pressure reading from the No. 2 Bearing F-fitting through a flexible line into a pressure port.

(b) The pressure port is separated from a vent port by an internal diaphragm.

(c) Movement of the diaphragm causes an internal rotor to turn changing the stator voltage to the cockpit pressure indicator.

(d) The indicator is a synchro receiver that receives the stator voltage and turns a rotor, moving the pointer needle.

(e) [image: image111.png]


A transmitter mounted snubber reduces the effects of pressure surges on the system.  A zero adjustment is included on the transmitter.

(f) Power to operate the engine oil pressure circuits is supplied by the respective 26 VAC instruments bus through the respective ENGINE OIL PRESS circuit breakers in the power distribution panels.

(8) Oil Flow Programming Valve.
(a) The oil flow programming valve installed downstream of the oil cooler will prevent oil from choking the bearing cavities at low power settings.
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(b) At lower engine power settings, the oil pump will provide more oil flow than required by the engine lubrication system.

(c) The programming valve will control the oil flow based on engine demand, and bypass excess oil flow back to the engine oil tank.
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(d) The oil pressure for the 714A will vary with gas producer speed due the installation of the oil flow programming valve.
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(9) Engine Chip Detector

(a) The engine chip detector is installed in the engine accessory gearbox sump.

(b) The system consists of an electrical circuit with the ability to eliminate nuisance chips caused by minute (0.002) metallic particles that collect on the chip detector.

(c) The response time of the fuzz burn-off circuit is faster than that of the Caution/Advisory system, and a successful burn-off of the particle(s) will preclude the engine CHIP caution from being displayed.
(d) Failure of the fuzz burn-off circuit to eliminate the particle(s) will be indicated by the ENG 1 (2) CHIPS caution being displayed on the caution/advisory panel, and the chip indication displayed on the maintenance panel. 
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Fuel System Modifications
a. The 714A Powerplant fuel system includes:
(1) HMA (Hydro-mechanical Assembly).

(2) Overspeed solenoid valve.

(3) Fuel pressurizing valve.
b. Powerplant fuel system component diagrams:
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(1) The engine fuel system includes an engine driven fuel pump, barrier fuel filter, hydro-mechanical fuel control, start fuel solenoid valve, start fuel nozzles, oil cooler assembly, in-line fuel filter, flow divider, main fuel manifold assemblies, and atomizing fuel nozzles.

(2) Two combustion chamber drain valves are included to support the system.

(3) Fuel that is delivered to the engines from the airframe fuel tank system is routed between components by flexible and rigid lines.

c. Engine Fuel Boost Pump.
(1) The fuel boost pump is an engine driven fuel boost pump and is mounted on the accessory gearcase outboard of the oil pump at the 4-o’clock position.

(2) It is driven by the N1 accessory gears up to 4200 rpm under normal operations.  The pump contains a single centrifugal impellor that provides a fuel pressure rise of 10 to 20 psi as dependent upon speed and flow conditions.

(3) It is also designed to operate satisfactorily with contaminated fuel.

(4) The pump delivers fuel from the airframe fuel supply system through the barrier fuel filter to the HMA, and increases fuel line pressure to 35 PSI, ensuring positive fuel pressure at the HMA fuel inlet.
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d. Barrier Fuel Filter.
(1) Filters fuel prior to the HMA and provides a visual indication when the filter is approaching a bypass condition due to the filter element becoming clogged.
(2) The barrier fuel filter mounts on the top left side of the compressor housing.

(3) The filter removes 96 % of all particles larger than 5 microns in the system prior to entry to the engine fuel control.

(4) A filter bypass valve is activated if 5.5 plus or minus .25 PSID occurs, resulting in an 1800 PPH flow and a pressure drop of less than 6.5 PSI.

(5) An impending bypass indicator will signal an impending bypass condition with a pop out button at 3.6 plus or minus .36 PSID.
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e. Hydro-Mechanical Assembly (HMA).
(1) Houses the primary and reversionary fuel control components, controlling fuel flow to the engine fuel manifold based on signals from the DECU.
(2) Discussed in greater detail later in the lesson.
f. Start Fuel Solenoid Valve.
(1) [image: image112.jpg]


Controls engine fuel flow to the start nozzles during the engine start phase. 
(2) The engine start switch on the FADEC control panel (overhead switch panel) will initiate the start sequence by energizing the start relay.

(3) The start fuel solenoid is controlled by the DECU which will energize the solenoid valve, initiating start fuel at the proper time interval after certain engine start conditions have been met (Engine Condition Lever (ECL) in the GND position and at least an N1 speed of 10%).
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g. Fuel/Oil Heat Exchanger (liquid to liquid cooler).
(1) The Heat Exchanger provides for the cooling of the engine oil and heating of the engine fuel supply.
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h. Inline Fuel filter.
(1) The in-line fuel filter is the last chance filter for the fuel system. 
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i. Pressurizing Valve.
(1) Maintains fuel in a liquid state rather than allowing the manifold fuel to vaporize after engine shutdown.

(2) Added to the engine fuel system to prevent post-shutdown engine fires.
(a) The valve installed prior to the fuel flow divider will raise the vapor pressure of the fuel that has passed through the fuel/oil heat exchanger.
(b) The fuel will be maintained in a liquid state rather than evaporating and expanding through the fuel nozzle system after engine shutdown.
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j. Fuel Flow Divider.

(1) Located at the 6-o’clock position on the forward end of the combustor.

(2) The flow divider meters fuel to the engine according to a predetermined schedule primary (pilot) flow and secondary (air blast) flow.
(a) During start, fuel from the HMA is directed through the flow divider assembly into the larger of two pilot metering orifices (primary pilot orifice) at approximately 8-13 % N1, delivering fuel to primary pilot channels in each half of the fuel manifolds and to pilot orifices in each of the 28 fuel nozzles.

(b) The primary fuel is atomized by combustor air blast from the pilot swirl chamber outer housing into a fine fuel spray.
(3) Acceleration to ground:

(a) As engine speed and fuel pressure increase, the flow divider piston overrides the spring tension and the primary (triangular) pilot orifice begins to partially close and the secondary pilot orifice begins to open at approximately 28-32% N1for a maximum pilot fuel flow.

(b) The secondary air blast orifice also opens channels in the injector nozzles provide further fuel atomization and an air swirl around the flame pattern.

(4) Ground to flight:

(a) With further acceleration of the engine, the fuel pressure continues to increase partially closing the primary pilot orifice and fully opening the secondary pilot and air blast orifices.

(b) This provides further atomization of the fuel to a thin film providing a high-density fuel flow with low fuel pressure.

(5) A check valve is on a drain port of the flow divider to allow any remaining fuel to drain back to the inlet of the engine driven fuel boost pump after shutdown.
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k. Overspeed Solenoid Valve.
(1) Engine overspeed protection is provided through the incorporation of an independent, FADEC controlled, overspeed solenoid valve.

(a) A dual coil/duel pick-up magnetic speed sensor is mounted on the accessory gearbox.

(b) The unit senses the speed of the power turbine, providing the FADEC system with redundant power turbine speed signals, from the N2 A and N2 B signal.

(c) With both a N2 A and N2 B signals indicating an engine overspeed, and the other engine currently NOT experiencing an overspeed, the FADEC system will energize the overspeed solenoid valve reducing engine fuel flow, and eliminating the overspeed condition.

NOTE:  The solenoid reduces fuel flow to approximately 300 pounds per hour when overspeed sensed (114.8 RRPM).
(d) The overspeed valve will remain energized as long as the overspeed conditionis present.

(e) Once the overspeed condition is below the engine overspeed value, the overspeed valve will return to a full fuel flow condition.

(f) An overspeed system test is conducted with the FADEC system overspeed test switch at predetermined time intervals or after engine fuel system maintenance has been performed.
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l. Fuel manifolds and nozzles.

(1) Two manifolds with primary and secondary fuel channels are positioned on the rear surface of the combustion chamber assembly.

(2) Each assembly incorporates 14 dual orifice air blast type fuel nozzles surrounded by swirl cups in the combustion chamber.
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m. Combustion chamber drain-valve assemblies.

(1) Pressure closed valves are mounted at the forward and aft ends of the combustion chamber at the 6 O’clock position to drain unburned fuel during shutdown.

(2) During engine operation, air pressure keeps the valve assemblies closed.
n. Fuel flow indicating system.
(1) Provides a visual indication of the fuel flow rate in pounds per hour (PPH). The components include:
(a)  A dual pointer indicator.
(b) Fuel flow transmitters.
(c) Power supply.
(2) System operation:
(a) Power to operate the respective system is provided by the No. 1 and 2 115 VAC buses through the RH and LH FUEL FLOW circuit breakers on the PDP’s.
(b) Voltage is directed to the respective No. 1 and No. 2 sections of the power supply and as a reference voltage to the indicator coil pointer and the transmitter turbine coil.
(c) The respective power supply section provides two stepped voltages displaced by 90 degrees to the windings of the transmitter motor to drive the impellor at a constant speed.
(d) As fuel enters the transmitter, it enters the passages of the turning impellor providing a constant angular velocity rotation of the fuel.
(e) The rotating fuel energy is transferred to the turbine that is restrained by a spring.
(f) The torque that is applied to the turbine is converted to an electrical signal that is transferred to the indicator for pointer deflection.
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Electrical and Ignition Systems
a. Electrical and ignition system components.

(1) The electrical cable assembly provides circuitry for electrical components and accessories through a primary, reversionary, and accessory harness.

(a) The primary harness assembly provides circuitry for Hydro-Mechanical Metering Assembly (HMA), Power Turbine (PT) (N2A) speed pickup, start-fuel valve and torque sensor.  The primary harness also interfaces with the aircraft harness and the reversionary harness.
(b) The reversionary harness assembly provides circuitry for (T1) temperature sensor, over speed valve, Power Turbine PT (N2B) speed pickup, Hydro-Mechanical Metering Assembly (HMA), and backup for primary harness circuitry. It also provides signal from reversionary stepper motor to DECU, alternator, and N1B speed sensor signal to DECU. The reversionary harness also interfaces with the primary harness and the aircraft harness.
(c) The accessory harness assembly provides circuitry for oil pressure, oil temperature and oil level indicators, Accessory Gearbox (AGB) chip detector, ignition exciter, and Gas Producer (GP) (N1) speed pickup.
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b. Ignition exciter is mounted at the 2-o’clock position on the compressor housing.

(1) It converts 28 VDC from respective dc bus through the IGN circuit breaker, start interlock relay, and ignition / start switches to 2,500 pulsating dc volts.

(2) This voltage is directed through two cables to the ignition coil and cable assembly.

c. The coil and cable assembly consists of two internal coils that receive high voltage from the exciter and splits the high voltage to the four igniter plugs.

(1) Any current flowing through either winding will induce a voltage across the other.

(2) The entire wiring harness is shielded and grounded to the airframe to suppress radiation of radio frequency interference.
(3) There are four igniters located around the combustor housing at the 10, 2, 4, and 8 O’clock positions that receive ignition voltage during the engine start sequence.  The igniters located at the 10 and 8 O’clock positions are next to the start fuel nozzles for start fuel ignition.
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d. Operation

(1) The start and ignition system for each engine is controlled by an ignition lock switch, start switch, and the engine start and ignition relays.  Setting the ignition key lock switch to ON arms the No. 1 and 2 ignition circuits.

(2) Engine start switch to the start position routes 28 VDC from the essential bus through the START & TEMP circuit breaker to the engine start interlock relay, and the engine pilot solenoid value on the utility pressure control module.  The engine pilot solenoid value will open allowing hydraulic pressure to flow to the engine starter.  The engine start interlock relay will prevent the opposite engine pilot solenoid value from opining.
(3) Engine start switch to the start Motors the engine.  When the DECU senses 10% N1 speed for a Primary start or 8% N1 for a Reversionary start the DECU provides 28 VDC from the essential bus through the IGN circuit breaker to the start fuel solenoid and igniters.
(4) At 48% N1 the DECU unlatches the Start fuel solenoid, starter Motor, and igniters.  Turning the respective start switch to the off position de-energizes the start interlock relay, allowing the motoring and start of the opposite engine.
[image: image46]
Pneumatics
a. Powerplant Pneumatic Control.
(1) The engine bleed band and bleed band actuator system is designed to ensure stable engine operation during low speed and transient operations.

(2) Check valves have been incorporated in the bleed actuator control lines to protect the engine bleed system during the water wash procedure.

(3) Fifth-stage compressor air is tapped to pressurize the No. 6 & 7 bearing air oil seal.
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(4) Bleed Band Operation.
(a) Compressor Discharge Pressure (CDP) (P3) for the operation and control of the bleed band actuator is tapped off of the diffuser at the 11 o'clock position and enters the interstage airbleed actuator assembly through a check valve and filter.

(b) From the 9 o'clock position tap on the diffuser housing, CDP (P3) pressure is tapped off for HMU functions.  A tee fitting on the HMU provides CDP (P3) pressure to the DECU for the calculation of engine fuel flow.  Relieving PM pressure at the HMU controls the bleed band actuator operations.

(5) Bleed Band Control.

(a) P3 pressure from the diffuser housing is filtered and internally ported to three chambers within the bleed band actuator; the modulating pressure chamber (labeled PM), the diaphragms chamber (labeled P3), and the actuator cylinder.

(b) The modulating pressure chamber (PM) acts upon the diaphragm-operated relay valve.

(c) The PM chamber is continuously vented to the atmosphere through a restricted orifice.

(d) The HMU bleed control also controls the pressure of this chamber, venting the chamber to atmosphere at the HMA, when required as determined by the FADEC system.

(e) The resulting pressure drop in the PM chamber (HMA bleed control open) will cause the relay valve to shift to port the actuator piston area to the atmosphere causing the bleed band to open.

(6) Bleed Band Open.

(a) With the PM chamber vented to atmosphere at the HMA bleed control the resulting pressure drop of the PM chamber causes the diaphragm assembly to position the relay valve, closing off the P3 pressure inlet to the bleed band actuator cylinder.

(b) The re-positioned relay valve will vent the actuator cylinder to atmosphere relieving any of the P3 pressure acting on the bleed actuator piston.

(c) The spring installed at the bottom of the bleed band actuator piston forces the piston upward, releasing the tension on the bleed band.

(d) The engine compressor air bleed ports are uncovered reducing internal engine pressures, eliminating the surge/stall condition.

(7) Bleed Band Closed.

(a) With the bleed control in the HMU closed, pressure in the PM chamber increases. This increase in chamber pressure causes the diaphragm assembly to act upon a lever to re-position the relay valve.

(b) The relay valve is now positioned to port P3 pressure into the bleed band actuator cylinder.

(c) The increased pressure within the bleed band cylinder causes the piston to move downward, drawing the bleed band tight around the compressor section; closings off the compressor air bleed ports.
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b. Engine Water Wash System.
(1) Each engine of the helicopter is equipped with an installed engine wash system. Pneumatic and water connections are externally mounted behind each engine work platform.

(2) A series of spray nozzles are installed at the engine inlet. An airline is routed to the bleed band actuator for the purpose of closing the engine bleed band during the engine wash process. 
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Powerplant Indications
a. N1 indication.
(1) The N1 indication system incorporates a modified N1 RPM indicator.

(a) The GP speed signal is provided by the N1 magnetic pickup on the rear of the engine mounted oil pump.
(b) Each engine system consists of an indicator and a tachometer generator. The system is a synchronous system that measures engine compressor rpm (N1).
(2) The tachometer generator is a three-phase AC generator mounted on, and driven by, the engine oil pump located at the 5 o’clock position.

(a) When the tachometer is driven, an internal magnet rotates inducing a voltage to internal coils, and that voltage is sent to the indicator.

(b) The indicator provides a pointer for indication of engine speed and a ground to the airframe.
[image: image54.jpg]GAS PRODUCER
SPEED SENSOR





b. PTIT indication.
(1) The PTIT system monitors the temperature of the air prior to the power turbines in each engine.

(a) The system consists of a 10-point thermocouple and harness assembly, an indicator, an emergency power light, reset switches, and emergency power panel.
(b) The PTIT indicator receives the averaged thermocouple voltage to provide pointer indication.

(c) The indicator also receives 28 VDC from respective DC bus through the START & TEMP circuit breaker, which controls the contingency power light when the PTIT reaches 900 degrees.
(2) There are 10 thermocouples, dual mounted in the gas stream prior to the engine power turbines.

(a) Heat from the gas causes the thermocouples to generate milli-voltage proportional to the heat, which is averaged and applied to the indicator.
(b) Chromel electrons flow away from heat, Alumel electrons flow toward heat. As heat increases, electron flow increases creating an increased signal.
NOTE:  On aircraft modified with the FADEC system the Power Turbine Inlet Temperature (PTIT) is first provided to the DECU then is forwarded to the cockpit indicator.
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c. Engine fire detection system.
(1) Each engine is equipped with a fire detection system, which includes a three-piece sensing element, a control unit, a warning indicator light, and a test switch.

(a) The sensing elements are constructed of a thin metal tube with an internal insulated wire.

(b) The element is routed around the engine and mounted within bushings on special clips.

(c) Internal insulation prevents current flow between the metal tube and the insulated wire under normal conditions.

(d) An increase in temperature from 300 to 350 degrees C decreases the resistance path of the insulation causing the control unit to illuminate the respective cockpit warning lights.

(2) The control unit monitors the engine compartment sensing elements for excessive temperatures and illuminates the cockpit warning lights.

(a) It contains a magnetic amplifier and a test circuit.

(b) The test circuit operates on 28 VDC and is a relay that acts as a ground for the control circuit when the FIRE DETECTOR TEST switch is tripped to check the continuity of the element.

(c) The magnetic amplifier operates on 115 VAC that senses an increased current flow between the conductors of the element with the higher temperatures.
(3) Each fire handle contains two lights that will illuminate from excessive engine compartment temperatures on its respective side or during TEST switch operations.

(a) The lights are controlled by the respective control unit during either operation.

[image: image56.png]



[image: image57.png]Sensing Element

CLIP

BUSHING

BRACKET
1+ White DOT
M / White DOT must go to
Bk Comeier
12
n




d. Engine fire extinguishing system.
(1) The fire extinguishing system includes two extinguishing agent bottles, tubing, discharge nozzles, two pull handles or arming switches, and an agent discharge switch.

(a) Pulling the respective fire handle arms the circuit to the extinguishing agent bottles and closes airframe fuel valve to the engine.

(b) Placing the agent discharge switch to either position will discharge the agent from that container into the engine compartment of the pulled fire handle.

(c) When the engine fire control unit senses excessive engine compartment temperatures, it will illuminate two lights inside the respective fire handle.

(d) Pulling the fire handle will close the respective airframe fuel valve and arms the circuit to the extinguishing agent bottles.

(2) The agent discharge switch allows selection of either fire extinguisher bottle to release the extinguishing agent to the engine compartment selected by the extended fire handle.

(a) The switch utilizes 28 VDC to fire a cartridge into the fire bottle to release the extinguishing agent.
e. Torque indication.
(1) The four components that make up the Improved Magnostrictive Torquemeter (IMT) system are the torquemeter head assembly, Junction Box, Engine Torque Signal Processor, and the torque indicators.  

(a) The torquemeter head assembly encircles the power output shaft sleeve, which is an internal component of the engine.

1. The torquemeter head is the transformer containing both primary and secondary coils.

2. The torque-meter head assembly and power output shaft make up a transformer where the primary coils of the head assembly apply 70 VAC 2000 Hz to the output shaft creating a magnetic reference field, which is changed by the tension and compression planes of the output shaft.

3. Secondary coils in the head assembly pick up the induced changes in the current and deliver a resultant voltage to the junction box.

(b) The junction box converts the output of the secondary coils of the torquemeter head to direct current and provides the electrical signal for operation of an aircraft mounted torque indicator.

1. Torque-meter junction box delivers 70 VAC 2000 Hz from the power supply to the primary coils of the head assembly.

2. The secondary coils return AC voltage to the junction box were it is rectified to DC voltage and sent to the indicator.

3. The junction box is the calibration point for the matched components.

(c) The engine torque Ratio Detector Power Supply is an airframe mounted unit consisting of an inverter, a signal conditioner and a power supply.

1. The power supply receives 28VDC and provides 70VAC to the primary coils of the torquemeter head, receives direct current signals from the junction box, and provides output signals proportional to engine torque to the DECU and cockpit engine torque indicators.

(d) The torquemeter indicator receives 115 VAC from the respective AC bus through the torque circuit breaker and computes the algebraic difference from the two secondary voltages for the indication.

1. The indicator on the No. 1 engine side receives signals from the No. 1 engine for the No. 1 pointer.

2. The signals for the No. 2 pointer come from the indicator on the No 2 side.  The indicator on the No. 2 engine side receives signals from the No. 2 engine for the No. 2 pointer.  The signals for the No. 1 pointer come from the indicator on the No 1 side.  

(2) The prior system required the engine mounted components to be replaced as a set.

(a) The IMT system allows for the individual replacement of these components.

(b) A line test set will evaluate system operation and permit making system adjustments.

(c) The line test supports the individual replacement of the engine-mounted components.
FADEC
a. Purpose.
(1) The Full Authority Digital Electronic Control (FADEC) system replaces the Hydro-Mechanical engine control system.

(a) The practical limit to the level of complexity for this control system as to installation, weight, accuracy, and more importantly, the ability to implement complex control functions had been reached by the existing fuel control system.

b. System description.
(1) The FADEC system is designated model EMC-32T-1 or -2. The primary components of the FADEC system are the Digital Electronic Control Unit (DECU) and Hydro-Mechanical Metering Assembly (HMA).

(a) The DECU includes a microcomputer-based primary control channel with an independent microcomputer-based electronic reversionary back-up channel.
1. It also includes an engine overspeed protection control system that provides an independent analog overspeed limiter should both the primary and reversionary channels fail to control engine speed.

(b) The HMA is divided functionally into two sections, a Hydro-Mechanical Metering Unit (HMU), and high pressure Fuel Pump Unit (FPU).
1. Within the HMU are the fuel metering components (which support both the primary and reversionary fuel metering), a built-in alternator to provide electrical power to the system primary channel electronics, primary and reversionary compressor bleed system controls, compressor speed signals, and redundant engine power turbine speed sensors.
2. The FPU contains the jet pump, gear pump, pressure regulator, bypass screen, and relief valve.  A splined shaft from the accessory gearbox drives the FPU.  A second splined shaft between the FPU and HMU provides drive power to the HMU components.
c. System interfaces.
(1) The FADEC system utilizes many of the existing engine and aircraft sensors and controls (i.e., T4.5, P3, start fuel solenoid, bleed band actuator, and engine condition levers (ECLs).

(2) Modifications to the airframe include replacing the dual element resistor (droop eliminator) with a thrust control position transducer. and the installation of a FADEC control panel in the overhead switch panel.
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d. General operation.
(1) The FADEC system installed provides technical features not available with the Hydro-Mechanical control system used on the earlier engine installations. These features enhance functional engine performance and reduce the flight and maintenance crew workloads. FADEC advantages include:

(a) Simplified hands-off engine starting.

(b) Improved engine acceleration/deceleration control.

(c) Power Assurance/Over speed Test (PAT).

(d) Independent electronic engine over speed protection.

(e) Engine compressor surge detection and avoidance.

(f) Control system self-test, self-diagnosis and fault identification.

(g) Engine history, start/component cycle and limit exceedence recording.

(h) Load anticipation (minimizing rotor droop).

(i) Accurate torque matching.

(j) Automatic switch-over to an independent back-up control system.

(k) Engine over-temperature avoidance.

(l) No field-level, system adjustments, and on-condition maintenance capability.
(m) Fuel consumption reduction of 200 PPH.

e. Primary mode functions.
(1) The primary channel provides not only all functions available in the current Hydro-Mechanical fuel control, but in addition, incorporates advanced features that enhance engine operation and performance.

(a) Twin engine load sharing.

(b) Electronic power turbine speed governing.

(c) Transient load anticipation using rotor speed and thrust rate .

(d) Transient torque smoothing using power turbine rates.

(e) Contingency power to meet aircraft demands.

(f) Acceleration and deceleration using closed loop NDOT control.
NOTE:  N = Speed, DOT = Derivative Over Time or Rate of Change, NDOT = event measured many times over a certain amount of time).
(g) Automatic engine starting, sequencing ignition, start fuel, and stabilized engine operation at idle.
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(h) Engine temperature and temperature rate limiting.

(i) Surge detection/surge recovery.

(j) Compressor bleed valve control (for both transient and steady-state surges).
(k) Fuel flow limiting.

(l) Engine fail detection.

(m) Engine power assurance check.

(n) Engine history/fault recording.

(o) Automatic switch to reversionary channel in the event of primary channel hard fault.
(p) Data Bus for DECU to DECU Communication.

f. Reversionary mode functions.
(1) Reversionary mode functions include the following:
(a) Automatic start sequencing including over temperature protection.
(b) Pilot controlled start fuel enrichment/de-enrichment, if required through ECL modulation.

(c) Proportional power turbine governing and automatic power modulation response to thrust rate position.
(d) Engine 1 (2) increase/decrease switch to input power turbine changes for accurate load-matching of the engines.

(e) Full contingency power capability.

(f) Over temperature protection throughout the engine operational range.

(g) Engine shutdown in response to the ECL.

(h) Tracking of the primary channel operation allowing a smooth switch-over when the reversionary channel is selected, or the primary channel fails.
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Operational Characteristics of FADEC
a. System description.
(1) Hydro-Mechanical Metering Assembly (HMA) Mounted in place of the existing fuel control.

(2) Digital Electronic Control Unit (DECU) Installed overhead in the aft cabin (FS 400).

(3) PWR ASSURANCE Switch In the aft cabin at STA 523, RBL 48, WL 27

(a) PWR ASSURANCE Determine engine performance based on current conditions.

(4) Trust Control Position Transducer located in the flight control closet and replaces the dual element resistor (droop eliminator).

(5) FADEC Control Panel FADEC system selections.
(6) Thrust Grip INC/DEC Switches

(7) Engine Condition Lever (ECL) Establish engine operational parameter

(8) Torquemeter 
Power indications to the drive system

(9) Master Caution Panel System failure Indications
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b. General FADEC System features.
(1) Engine right side.

(a) Overspeed Solenoid Valve.

(b) Torque Junction Box.
(c) Bleed Band Actuator
(d) Ignition Exciter.
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(2) Engine left side.

(a) T1 Sensor.

(b) Power Turbine Speed Sensor (N2 A, N2 B).

(c) Start Fuel Solenoid.

(d) HMA (HMU/FPU).
(e) Power Turbine Speed Sensor senses overspeed at approximately 17,262 RPM.
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c. System Interfaces.
(1) The engine mounted Hydro-Mechanical Assembly (HMA) interacts with the airframe mounted Digital Electronic Control Unit (DECU).  The DECU receives signals from airframe and engine, controls engine operation, and provides engine system failure indications.

d. General Operation.
(1) The HMA [Hydro-Mechanical Unit (HMU) and Fuel Pump Unit (FPU)] mounted on the accessory gearbox, is driven by the gas produced section of the engine though shafting.  The FPU is a high-pressure pump assembly providing high-pressure fuel for engine consumption and system operation.  The HMA is the controlling part of the assembly providing an all-electronic engine fuel metering system in the primary mode and a electronic / hydraulically operated fuel metering system in the reversionary mode. The reversionary system serves as the back-up fuel metering system. While not as operationally fast as the primary system it is still more reliable than the previously installed hydro-mechanical fuel control. Under normal operation the reversionary system shadows the operation of the primary system. As a shadow system, it is completely independent of the primary system using unique system inputs and controlling the operation of the engine without aid of the primary engine control system. An independent engine overspeed protection system protects against engine overspeed in both channels of operation.
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e. Purpose of the  HMA.
(1) The HMA is comprised of the Hydro-Mechanical Metering Unit (HMU) and the Fuel Pump Unit (FPU).  The FPU increases fuel pressure which provides fuel pressure for engine operation and the operation of components with-in the HMU.  The HMU controls fuel pressure and flow for engine operation.

f. Location.
(1) The HMA is mounted on the engine accessory gearbox in the same location as the hydro-mechanical fuel control.
g. Description/Features.
(1) Component weight is 31.6 lbs (14.4 kg).
(2) The Gear Pump Rating is 8100 PPH/700 PSI at 100% N1 speed.
(3) Boost Stage - Pressure regulated jet pump (770 to 9260 PPH).
(4) Metering Valve - Flat plate orifice, wiper controlled.

(5) Primary Control - Stepper motor, direct drive to valve wiper.

(6) Reversionary Control - Stepper motor, control through Wf/P3 servomechanism, and P3 servomechanism, via the mechanical multiplier.

h. Bleed Band Control.

(1) Primary Control.  Electronic (solenoid controlled valve).

(2) Reversionary Control.  Hydro-Mechanical (Hydro-Mechanical speed sensor).

(3) Speed Sensing.
(a) Primary Control.  Magnetic sensor, Alternator winding.

(b) Reversionary Control.  Alternator Winding, Hydro-Mechanical speed sensor for bleed band control.
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(4) Long bolt for the right forward mounting stud.

(5) Not shown is a second seal drain for the Hydro-Mechanical Unit (HMU).
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i. External connections to the  HMA include:

(1) Three Electrical Connectors:

(a) Alternator connector - at the HMU alternator, supplies electrical power to the primary channel.

(b) Main HMU connector - primary mode control functions and gas producer N1 A speed signal.

(c) Reversionary stepper motor connector - reversionary mode control functions.

(2) Three Pneumatic Ports:

(a) Compressor Discharge Pressure (CDP) (P3) sensing.  (P3 servomechanism and DECU).

(b) Modulated air pressure control port (bleed band control).

(c) Ambient relief port (bleed band control).

(3) Three Fuel Connections:

(a) Fuel inlet.

(b) Fuel Out Metered.

(c) Fuel out Start.

(4) Seal Drains:

(a) HMA input shaft.

(b) HMA cavities.
WARNING:

Liquid fuel present at the seal drain could indicate fuel leaking into the HMU dry cavities in which are housed the HMU electronic components or the HMA mounting flange.  The seal drains connect to the engine drain system.
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j. Description/Features HMA operation.
(1) Primary mode.
(a) Fuel Pump.

(b) Metering Valve.

(c) Pressurizing and Shutoff Valve.

(d) Primary Stepper Motor.

(e) Solenoid Valve (Bleed Band Operation).

(f) PRI/REV Change-Over Solenoid.

(2) Reversionary mode.
(a) Fuel Pump.

(b) Metering Valve.

(c) Pressurizing and Shutoff Valve.

(d) Reversionary Stepper Motor.

(e) Wf/P3 Servo.

(f) Mechanical Multiplier.

(g) P3 Servo.

(h) Hydraulic Speed sensor (Bleed Band Operation).
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k. Fuel Pump Unit (FPU).
(1) Purpose:  Receive fuel from the low-pressure components of the engine fuel system.  Provide fuel under high pressure for engine operation and provide fuel under pressure to be used as the hydraulic medium for the operation and cooling of the components with-in the HMU.

(2) Location:  Mounted to the engine accessory gearbox.

(3) Operation:

(a) The FPU jet induced gear pump delivers pressurized fuel to the HMU flat plate-metering valve.

(b) Fuel flow and pressure are determined by pump speed. The action of the FPU is the same for either the primary or reversionary mode of operation.

(c) The FPU driven gear is powered by a splined input shaft, and meshes with a pump driven gear.
(d) The gear pump is a positive displacement; pressure loaded pump capable of delivering a maximum flow of 26 GPM @ 4200 RPM.

(e) A jet pump utilizes bypassed fuel from the HMU metering head regulator to increase the gear pump inlet pressure.

(f) A pressure regulator built into the jet pump controls the jet pump output pressure by varying the nozzle area of the jet.
(g) The metering head regulator in the HMU maintains a constant pressure differential across the metering valve so that fuel flow to the engine will vary in proportion to the metering valve position.
(h) Fuel flow in excess of the engine requirement is bypassed back to the FPU to be utilized by the jet pump.

(i) A high-pressure relief valve is adjusted to limit the gear pump discharge pressure to 750 PSI.

(j) The 24-mesh screen filters HMU bypassed fuel prior to the jet pump.  Should the screen become clogged it will bypass flow 15 PSID.
(k) An output shaft between the gear pump and the HMU provides drive power to the HMU internal components.
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(4) Purpose:  Govern fuel flow for engine operation.

(5) Location:  Component of the HMA, mounted on the Fuel Pump Unit (FPU).

l. The following components function in the same manner in both the primary and reversionary modes.
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(1) Metering valve.

(a) Meters fuel flow based on the position of a spring-loaded wiper, which rotates over an orifice in the flat metering valve plate.

(b) In the primary mode, the wiper is positioned by the primary stepper motor, which is controlled by commands from the DECU.

(c) In the reversionary mode, the wiper is controlled mechanically by linkage, with inputs from the Wf/P3 servomechanism and P3 servomechanism (transducer).

(d) The fuel type is not a factor in the operation of the metering valve.
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	1.  Metering Valve Shaft
	4.  Metering Valve Seat

	2.  Metering Valve Window
	5.  Leaf Spring

	3.  Metering Valve
	6.  Metering Valve Module


(2) Metering head regulator.

(a) Regulates fuel pressure to the metering valve and bypasses excess pump discharge flow back to the fuel pump inlet.

(b) Ports all metering valve inlet pressure back to the fuel pump inlet with the ECL in the STOP position.
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(3) Pressurizing and shutoff valve.

(a) Provides the means for maintaining sufficient backpressure for the pump at all fuel flow schedules, and provides a positive fuel shutoff when the ECL is placed in the STOP position.
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(4) Windmill bypass valve.

(a) A cam operated valve, operated by the reversionary stepper motor.

(b) The valve, when activated, relieves the control pressure of the metering head regulator causing the fuel pressure to drop at the metering valve, in-turn decreasing metering valve downstream pressure at the pressurizing and shutoff valve.
(c) With the pressurizing and shutoff valve closed the fuel flow to the engine fuel nozzles is shutoff.
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(5) Magnetic speed sensor:  The magnetic speed sensor provides the main speed signal to the DECU primary channel (N1 A).

(6) Alternator:  Serves as a power supply to the DECU primary channel.
(a) Provides sufficient electrical power above 48% N1 speed (low idle is 50%) to operate the DECU/HMU primary control system.

(b) A dedicated winding in the alternator provides the DECU with a redundant speed signal (N1 B).
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m. The following components function in the primary mode of operation only.

(1) Primary stepper motor:  Rotates the main metering valve shaft, positioning the metering valve wiper over the metering valve orifice.

(a) Full travel of the metering valve wiper is approximately 55 degrees.

(b) The stepper motor is capable of 500 steps/second.

(c) Full travel of the metering valve wiper takes approximately one second.
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(2) Metering valve feedback:  The metering valve shaft through a mechanical linkage directly drives the primary feedback potentiometer which provides the DECU with metering valve position, creating a closed loop system.

[image: image80.jpg]



(3) Bleed solenoid valve:  Controlled by the DECU preventing engine surge.
(a) In the primary mode the position of the bleed band is either full open or fully closed (No modulation).

(b) De-energizing the bleed solenoid will open the bleed band, with the solenoid energized the engine bleed band will be closed.

(4) Primary/reversionary change over solenoid valve:  In the primary mode, the solenoid is energized, disabling the reversionary WF/P3 servomechanism.

(a) With a hard fault in the DECU primary channel, or if the reversionary mode is selected by the pilot, the solenoid is de-energized and the reversionary mode is enabled.
(b) Fuel pressure is ported to the Wf/P3 servo and to the Hydro-Mechanical speed sensor for reversionary mode operation.

(5) Reversionary stepper motor (primary mode):  The reversionary stepper motor shadows the operation of the primary stepper motor, positioning the Wf/P3 servo contour valve in response to commands from the reversionary channel of the DECU.

(a) When the ECL is placed in the stop position a cam will activate the windmill bypass valve, which will cause the fuel pressure to be removed from the metering head regulator, metering valve, and pressurizing and shutoff valve, effecting engine shutdown.

n. The following components function only in the reversionary mode.
(1) Reversionary stepper motor:  The reversionary stepper motor provides a means for positioning the Wf/P3 servo contour valve in response to commands from the reversionary channel of the DECU.

(a) When the ECL is placed in the stop position a cam will activate the windmill bypass valve, which will cause the fuel pressure to be removed from the metering head regulator, metering valve, and pressurizing and shutoff valve, effecting engine shutdown.
(2) Power lever angle (PLA) feedback potentiometer:  The reversionary stepper motor shaft directly drives the PLA feedback potentiometer.
(a) Provides the DECU reversionary channel with the reversionary stepper motor position.
(b) Reversionary Wf/P3 Servomechanism positions the metering valve wiper through the mechanical multiplier linkage, controlling engine fuel flow in the reversionary mode.

(c) P3 Servomechanism (transducer) in conjunction with the reversionary Wf/P3 servomechanism, controls fuel flow by providing an input to the mechanical multiplier linkage proportional to P3.

(3) Hydro-Mechanical speed sensor:  The Hydro-Mechanical speed sensor controls the operation of the piston operated bleed valve, controlling the engine bleed band in the reversionary mode.

(4) Piston operated bleed valve:  Changes in this pressure will operate the bleed band actuator, providing engine surge protection.
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(5) Mechanical multiplier:  Position the metering valve wiper over the metering valve discharge orifice, metering fuel flow in the reversionary mode.

(a) The mechanical linkage is positioned based on inputs from the Wf/P3 servomechanism and P3 servomechanism (transducer).
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Digital Engine Control Unit (DECU)
a. The EMC-32T Digital Electronic Control Unit (DECU) is a dual channel digital controller with independent primary and reversionary channels providing control of the fuel used for engine operation.  A stand-alone analog overspeed limiting circuit provides electronic protection against engine overspeed.

(1) Two DECU’s are mounted inside the aircraft cabin at STA 400.

(2) The following major components make up the DECU:  DECU housing, board assemblies, flexible printed circuits, pressure transducers, and connectors. 

(3) DECU specifications.
(a) Weight 3.4 lbs. (6.1 kg).

(b) Dimensions 13.8 in long, 8.7 in wide, 4.21 in height.

(4) Installation Mounted to the airframe with visco elastic isolators.

(5) Construction:  Cast aluminum housing, protecting the internal operation from, Electromagnetic Interference (EMI), Radio Frequency Interference (RFI), Electromagnetic Pulse (EMP), and environmentally protected.  The multi-layer printed circuit (PC) boards are internally connected by multi-layer flexible circuits.

(6) Operating environment:  Minus 54º C. to 85º C. Sea level to 25000 ft.

(7) Reliability:  10, 000 Hrs. Mean Time Between Failures (MTBF).

b. DECU housing:  The DECUs internal electronic components are protected from EMI, RFI, and EMP; lightning, water and contaminants with sealed and shielded aluminum housing.

(1) O-rings and gaskets prevent external contaminants from entering the DECU.
(2) Each printed circuit (PC) board assembly is coated to keep contaminants away from the conductive surfaces.
(3) All components within the DECU are ruggedly mounted to withstand vibration and shock.

(4) The DECU contains a separate EMI/RFI compartment that contains the RFI board, preventing internal EMI and high-energy (lightning strike) transients from reaching the internal DECU control circuitry.  This configuration also prevents DECU generated EMI from exiting the DECU.
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c. DECU board assemblies.
(1) The four multi-layer printed circuit (PC) boards preserve the noise-free electrical integrity and ensure good thermal performance.  The four PC boards are:
(a) Computer.

(b) Analog.

(c) Power Supply.

(d) RFI.

(2) The PC boards are constructed as thick multi-layer assemblies, uniformly coated and closely bolted, which reduces the effects of vibrations.  Board functions are arranged to maximize the modularity of the internal assemblies.  The Computer Board contains all the circuitry for the processing components of the primary and reversionary channels.  The Analog Board provides the circuitry for converting signals from the external transducers to a digital format suitable for input to the primary and reversionary channels and the analog overspeed circuitry.  The Power Supply Board provides the circuitry to power the primary and reversionary channels and engine and airframe interface components.  RFI Board contains the filtering devices to reduce the amplitude of the external noise as it enters the DECU, as well as the noise generated internally by the DECU.
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(3) DECU flexible printed circuits.
(a) Internal connections between the DECU external connectors and the RFI board and between the RFI filters and the remaining boards are achieved with flexible printed circuits.  These are lighter, more reliable, and allow for faster DECU assembly as compared to conventional point to point wiring.

(4) DECU pressure transducers:  Two temperature compensated 0 to 20 psi pressure transducers, (P1) Atmospheric pressure and (P3) Compressor Discharge Pressure (CDP) are mounted in the DECU housing.  O-rings provide sealing for the fittings that protrude through individual holes in the DECU cover assembly.  The P1 transducer senses atmospheric pressure that will vary with altitude.  The transducer fitting is covered with a vented cap.  The P3 transducer is connected with flexible pneumatic line to the engine P3 CDP tap via the HMU.  CDP is utilized by the DECU for sensing engine stall or surge conditions.
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(5) DECU power supplies.
(a) The digital electronic control unit contains separate digital processors for the primary and reversionary channels plus isolated interface circuitry, allowing independent operation of each channel.  Each channel is powered by dual independent power sources.  The primary power supply selects the higher of the following two voltages:

(b) HMU alternator output voltage of 30 volts ac rectified to 30 volts dc.  HMU 30 Vac alternator powers the primary channel with the engine running N1> 48%.
(c) 28 volts DC from the DC BUS through the PRI CONT circuit breaker. 

(d) The reversionary channel receives 28-volt electrical power from contact A1 of the essential bus relay or 24 volts from pin 4 of the external power reset switch.  Diodes protect the system from an electrical reverse flow.

(e) The control panel back-up (B/U) power switch will only remove power from the Primary channel.  To remove power from the Reversionary channel the battery must be disconnected or the REV CONT circuit breaker must be open.

(f) The FADEC system is capable of starting both engines in the primary or reversionary mode.
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(6) Electrical connections to the DECU are made via two 61-pin connectors (PL1 and PL3).  A third, 13 pin connector (PL2), is used for connecting a FADEC Diagnostic Computer.

(7) P3 condensation drain:  Drains the P3 system of accumulated moisture.  A glass vile with a spring loaded check valve will provide visual indication of the accumulated moisture.
CAUTION:
Do not depress the check valve while the engine is operating, this will cause the DECU to lose its P3 reference pressure. Do not use the lower flats of the glass vile to remove or install the vile/check valve assembly, always use the upper flats.
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d. Electrical harnesses.
(1) Description/Features:  The FADEC electrical harnesses designs allow replacement of the same pin twice without degrading the performance of the harness assembly.
(a) The outer protective harness covering is convoluted tubing is constructed with Fluorinated Ethylene Propylene (FEP) inner and outer jackets.
(b) Sandwiched between the jackets are two layers of nickel-coated copper braid.

(c) Harnesses are environmentally sealed.
(d) All fittings, transitions, coupling nuts, and tubes are nickel-plated aluminum.

(e) Ferrules are corrosion resistant steel.
(f) All harness connector ends are color coded by harness function and identified with a connector P-number, color band, and number identification.
e. Primary Harness – Yellow Band:
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f. Reversionary Harness – Blue Band.
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g. Accessory harness – green band:  Engine signals (N1, Oil Low, Oil Temp, Oil Pressure.

(1) The identification band is clearly visible on main trunk of harnesses and lists the P/N, S/N Rev letter, and vendor identification.

h. Measured gas temperature harness.
(1) The Measured Gas Temperature (MGT) harness provides Power Turbine Inlet Temperature (PTIT) signals directly to the DECU. The cockpit PTIT indicator receives its singles from the DECU.

(2) The thermocouples are located in the engine turbine section.

(3) Description/Features:  The engine temperature measuring components consist of five dual element (total of ten elements) temperature probes; each of the dual element assemblies is connected externally to bus bars located on the engine fire shield.  The probes protrude into the gas flow at the power turbine inlet (T 4.5) between the No. 2 and No. 3 turbines.  The probes react to variations in turbine inlet temperature by varying an output voltage proportional to the temperature of the gas flow.  The MGT portion of the harness is not repairable.
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i. Thrust control position transducer.
(1) In primary mode provides the FADEC system (DECU) with signals related to the travel and rate of thrust lever movement. In reversionary only the amount of thrust lever movement is provided for FADEC operation. The reversionary system does not determine rate of change of the thrust only the amount of change.
(2) Located in the flight control closet, attached to the components of the thrust artificial feel system.

(3) The thrust control position transducer replaces the dual element resistor (drop eliminator), and is installed in the same location. When the thrust lever is moved, the transducer varies a voltage signal to the DECUs relative to the distance and rate at witch the lever is moved.

(a) In primary mode, (load anticipation) the DECU uses this signal to determine the distance and rate the thrust lever is being moved and thereby anticipates a required rate of acceleration/deceleration to precisely maintain the N2 speed.  In the reversionary mode (load scheduling) the distance the thrust lever is moved provides a signal to adjust the DECU N2 governor.

(b) In the reversionary mode, the pilot uses the DEC/INC switches for load matching and fine tuning the governed N2 speed.

NOTE:  Sometimes referred to as:  Thrust Position Sensor Collective Pitch (C/P) Sensor Rotor Thrust Lever (RTL) Sensor Linear Variable Displacement Transformer (LVDT).
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j. T1 temperature sensor.
(1) Provides ambient air temperature for FADEC operation.

(2) Attached to the engine air inlet housing at the 10 o’clock position, the probe protrudes into the inlet air stream.

(3) The T1 temperature sensing system consists of a variable resistance temperature sensor that detects the engine air inlet temperature (ambient), providing the DECU with a signal proportional to the temperature of the engine inlet air. The temperature signal is processed and utilized within the DECU.
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k. Power turbine magnetic speed sensor (N2 A & N2 B).

(1) Purpose:  Provides the FADEC system with redundant electronic signals related to the speed of the engine power turbine system.

(2) Location:  Mounted on the engine left side on the accessory gearbox.

(3) Description/Features:  A magnetic sensor consists of a cylindrical permanent magnet and a wire-wrapped soft iron core.  A ferrous metal interrupter (cylinder with symmetrically raised segments around its circumference), driven by the gearing through the accessory gearbox from the power output shaft, rotates in close proximity to the end of the sensors at a speed relative to the power turbine system.

(a) The magnetic lines of flux generated by the magnet are low while a raised segment of the interrupter is positioned away from the end of the magnetic sensor.  When a raised segment of the interrupter is passed across the end of the magnetic sensor the lines of magnetic flux are strengthened and drawn inward.

(b) The magnetic flux lines passing across the wire coil will induce a voltage proportional to the rate of change of the lines of flux.  The speed signal transmitted to the DECU is proportional to the speed at which the raised segments of the interrupter pass across the end of the magnetic sensor.  The function of the magnetic sensor is the same for all engine speed sensors (i.e. engine gas producer speed and dual pick-up power turbine speed sensors.

NOTE:  The N1 B speed signal is a function of the HMU-driven alternator windings.  The N1 speed signal generated by the magnetic sensor mounted on the rear of the engine driven oil pump is for the cockpit N1 speed indication and not utilized by the FADEC system.
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l. Start fuel solenoid valve.

(1) Provides fuel to the two engine start fuel injectors for engine starting.

(2) The start fuel solenoid is mounted on the left side of the engine just below the main fuel filter assembly.

(3) It consists of a solenoid, spring loaded valve, and 100-mesh filter.  The DECU electrically activates the solenoid.  With the valve energized to the open position, start fuel flows from the HMA fuel pump, through an external fuel line to the two start nozzles located on the combustor assembly.
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m. Overspeed solenoid valve.

(1) Provides power turbine overspeed protection.

(2) The overspeed solenoid valve is mounted on the right side of the engine, between the oil cooler and the dual chip detector. 
(3) The valve consists of an electrically controlled valve, spring-loaded to the full open position.

(a) The solenoid is controlled by the DECU.  If a power turbine overspeed is detected an electrical signal is sent to the overspeed solenoid, activating the valve and reducing engine fuel flow.

(b) Fuel flow can be reduced to the level of flow required to maintain the engine at idle RPM.  The solenoid remains activated until the overspeed condition no longer exists, and will reactivate should a power turbine overspeed re-occur.

(c) The valve will open as the power turbine section of the engine slows below the overspeed trip point and close as the power turbine section increases speed above the trip point.
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n. FADEC control panel.
(1) The control panel provides a means to make FADEC system control selections.

(2) Located on the overhead switch panel.

(3) NR SELECTOR (N2SET) is a rotary switch which provides variable rotor rpm control, when operating in the primary mode.  The labeled positions are 97, 100, and 103.  With the engine condition levers (ECLs) in the FLT position, NR will be maintained at the selected speed.  The selector is detented at the 100 position only.  Rotor speed selections can be set from 97 to 103.

(a) 1 AND 2 PRI/REV SELECT SWITCHES:  Two switches, labeled PRI, and REV, provide control of the primary and reversionary modes of operation.  In the REV position, electrical power is removed from the primary channel.  

(b) ENG START SWITCH:  A three-position switch, spring-loaded to the center position.  Labeled 1 and 2 used to initiate the start sequence of the selected engine.

(c) LOAD SHARE SWITCH:  A two-position switch used to select either PTIT or TORQUE as the parameter to be used by the FADEC system as the basis for engine load matching.

(d) B/U PWR SWITCH:  Controls the airframe power (DC bus 1 or 2) to the FADEC system primary channel.

(e) OSPD 1 or 2 the switch is used to perform the N2 overspeed system test.  Does not operate above 81.3% N2.

[image: image98.jpg]



o. INC/DEC switches.
(1) In the reversionary mode, each switch is used to match engine load sharing and in fine tuning the engine N2 
governed speed. The DEC/INC switches are inoperative when operating in the primary mode.

(2) Located on the Pilots and co-pilots thrust grips. 
(3) The ENG 1 and ENG 2 switches labeled DEC/INC are spring-loaded to the center position.
(a) The switches are commonly called “beep up and beep down”.

(b) Inputs result in a decrease or increase in engine core speed (N1).
p. Engine Condition Levers (ECL).

(1) ECL’s control the engine operation during STOP (shutdown), GND (ground operation), and FLT (flight operations).

(2) Located on the cockpit Overhead Switch Panel. 
(3) The ECLs labeled ENG 1 and ENG 2 are three position levers, labeled STOP, GND, and FLT.

(a) Each lever independently controls the start, operating speed, and shutdown of the respective engine.
(b) STOP - 0 degrees, GND - 30 degrees, FLT - 60 degrees.

NOTE:  Movement of the ECL between the GND and FLT positions will effect the ECL position input to the DECU in both the primary and reversionary modes, adjusting the metering valve position based on ECL position.  An intermediate position between GND and FLT can be selected and will effect FADEC system operations.
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FADEC Primary Mode
a. Primary system interface.
(1) Controls for primary channel engine operation include:

	1.  Engine Start Switch
	11.  Control Engine Start and Ignition Relays

	2.  Engine Condition Lever (ECL)
	12.  Schedules Core Engine Speed (N1) & Controls Fuel Shutoff

	3.  NR Selector (N2SET)
	13.  Sets Power Turbine Speed (N2)

	4.  Thrust Control Position Transducer
	14.  Load Anticipation

	5.  PRI/REV Switch
	15.  Selects Operation of the PRI or REV Mode

	6.  B/U Power Switch
	16.  Removes Electrical Power from the Primary Channel

	7.  Load Share Switch
	17.  Selects PTIT or Torque for engine load sharing

	8.  Engine Overspeed Test Switch
	18.  Activates Overspeed Test Function N2 < 81.3%)

	9.  Engine Power Assurance Test Switch
	19.  Perform T-margin test.

	10.  Hexadecimal Display
	20.  ENG TEMP margin
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b. HMU operation (Overview).
(1) Fuel Pump.
(a) Primary Mode Overview.
1. Metering Valve.
2. Primary and Reversionary Stepper Motors.
3. Pressurizing and Shutoff Valve.
4. Overspeed Solenoid Valve.
5. Solenoid Valve Control of the Bleed Band Actuator.
(b) Reversionary Mode Overview.
1. PRI/REV Change-Over Solenoid.
2. Mechanical Multiplier.
3. Wf/P3 Servomechanism.

4. P3 Servomechanism.
5. Reversionary Stepper Motor.
6. Hydraulic Speed Sensor Control of the Bleed Band Actuator.
c. Primary channel functions.
(1) In the primary control mode, the system performs a number of functions related to controlling the engine during the start and operational phases.
(a) The primary channel control function cycle rate is 24 ms (41.6 cycles/sec).

(b) The Engine history-recording rate is 192 ms (5 cycles/sec).

(c) Functions.

1. Engine starting.

2. Engine shutdown.

3. Power available.

4. Acceleration and deceleration.

5. Surge recovery.

6. Steady state flight conditions.

7. Transient flight conditions.

8. Temperature limiting.

9. Power turbine overspeed limiting.

10. Power assurance Check

11. Fault code recording.

12. Engine history recording.

(2) The control scheme is based on the computation of a parameter referred to as NDOT.

NOTE:  NDOT is directly proportional to the demanded engine fuel flow. Different values of NDOT are computed by each of the following control functions.
(a) Acceleration.

(b) Temperature Limiter.

(c) Power available.

(d) Power turbine governor, NDOT modified by the selected (PTIT or TORQUE) for load sharing.

(e) Deceleration.

(3) These values of NDOT are passed to the NDOT select logic. This selected value NDOT is checked against surge detection and recovery logic and input to the NDOT governor.

(4) The governor produces a fuel flow demand that, after being checked against fuel flow limitations and after being adjusted by the fuel flow feedback signal from the primary potentiometer, is input to the primary stepper motor control logic.. The resulting fuel flow error generates a sequence of phase patterns (steps) that will be output to the primary stepper motor in order to increase or decrease fuel flow.

NOTE:  (*) DOT - is defined as a derivative (change) over time and can be applied to a variety of parameters, speed (NDOT), temperature (TDOT), or pressure (PDOT).
d. Load sharing.
(1) In non FADEC controlled aircraft the pilots monitor the load share requirements and adjust the engines through a process called beeping, where the engine outputs (torque, PTIT, or N1) are matched to equalize the engine workloads.

(a) With the FADEC system Torque, PTIT can be selected to automatically control the engine load sharing requirements.

(b) If the selected system fails the system is designed to default to N1 load sharing.
(c) If the selected load share signal is loss between the DECU’s or one of the two FADEC systems is in the reversionary mode load sharing is disabled.

(d) Load sharing is accomplished by bringing up the low performing engine, by adjusting the demanded power turbine speed, then reducing the output of both engines simultaneously until the desired power output is shared by both engines.
1. The load sharing circuits are by design slow acting so as not to create an unstable engine condition.  Both engines must be in primary mode.
e. HMU primary operating mode.
(1) The HMU components used in the primary control mode are the metering valve, metering head regulator, pressurizing and shutoff valve, windmill bypass valve, primary control stepper motor, primary feedback potentiometer, bleed valve solenoid, primary/reversionary change-over solenoid valve, alternator, and N1 speed sensor.
(2) The primary/reversionary changeover solenoid valve is energized by the DECU overriding the Wf/P3 servomechanism and Hydro-Mechanical speed sensor.
(a) This allows the fuel-metering valve to be directly positioned by the primary stepper motor and gear head assembly.

(b) The four phase primary control stepper motor positions the metering valve in response to signals from the DECU increasing or decreasing engine fuel flow.

(c) The feedback potentiometer signals the DECU with the corrected position of the metering valve which cancels the signal to the stepper motor (closed-loop operation).

f. Primary mode power available.
(1) The ECL sets the reference speed of the N1 governor.  With the ECL in the GND position, the control will maintain corrected engine idle speed.

(a) With ECL in the FLT position, the N1 governor sets the maximum allowable core engine speed (N1) to the emergency power limit.
(b) When ECL is advanced from GND to FLT, FADEC will accelerate the engine to obtain the governor power turbine set speed (N2). 
(2) Power Available.

(a) Ground Idle.

(b) ECL to GND.

(c) Idle speed adjusted for engine inlet temperature.

(d) N1 = 50% Cold Day (-65ºF).

(e) 55% STD Day (59ºF).

(f) 59%Hot Day (135ºF).

g. Ground to flight transition.
(1) ECL moved to FLT position.

(2) FADEC will accelerate engine to N2 governor set speed (rotor rpm selected by the NR switch on the FADEC control panel). 

(3) ECL FLT position sets N1 governor to emergency power speed limit.

h. Primary mode engine transient control.
(1) NDOT Acceleration and Deceleration: Engine acceleration is scheduled as a function of core engine speed (N1).
(a) When the acceleration is the lowest value being demanded by the four control loops, the NDOT governor will control engine fuel flow to attain the demanded acceleration schedule from idle to maximum power.

(b) When the deceleration schedule is higher than the selected low of the four control loops the NDOT governor will control engine fuel flow to attain the demanded NDOT deceleration schedule.
(c) In normal flight operation, the DECU is working to hold N2 constant.
NOTE:  Large changes in rotor thrust via the thrust lever (RTL) will cause the DECU to transfer to the acceleration or deceleration schedules.
(2) Compressor Bleed Actuator Control.

(a) The FADEC system interfaces with the engine bleed band actuator, opening the bleed band during engine acceleration or deceleration or when an engine surge is detected.

(b) A bleed valve solenoid valve within the HMU controls the bleed actuator.

(3) Surge Recovery.

(a) The compressor discharge pressure (P3) is used to detect an engine surge that is determined by P3DOT.

(b) If a surge condition occurs, the bleed valve is opened and the acceleration and deceleration schedules are reduced by 25%.
(c) When the engine recovers to a steady state condition the surge flag is disabled.

i. Primary mode steady-state flight conditions.
(1) Pilot procedures are the same as with the previous engine fuel control system except that INC/DEC beep trim is not required to hold set speed or match engine torque.

(a) After the engine is brought on line, the proportional/integral governor maintains the set speed constant.

(b) The load sharing system operates to match the selected load share (PTIT or TORQUE) signals by slowly increasing the power of the low load engine.

(c) After the engine outputs are synchronized the PTIT or Torque (whichever is selected) output of both engines are simultaneously reduced to the required level.

(d) Rotor speed is selected via the cockpit NR selector (FADEC control panel).
(e) The selection sets the power turbine output proportional to the selected rotor speed.

j. Primary mode transient flight conditions.
(1) Anticipation:

(a) When repositioning the thrust lever at a rate of > 5%/sec, the output of the power turbine governor is reset to cause the engine to accelerate or decelerate to meet the impending change in power requirement.

(b) This function helps to minimize rotor droop or overspeed during a power transient. 
(2) Torque Smoothing:

(a) Minimizes speed and torque oscillation enhancing flight stability.

(3) Recovery from Autorotation:

(a) When the rotor is decoupled, the control senses rotor speed decay and automatically accelerates the engine to increase power turbine speed to recouple before an under speed occurs.

k. Primary Mode Temperature Limiter:

(1) Temperature limiting is scheduled as a function of core engine speed.
(a) When the temperature limiter is calling for the lowest NDOT setting, the control through the operation of the proportional/integral governor will provide a constant engine temperature limit.
FADEC Reversionary Mode
a. Transfer to reversionary.
(1) The reversionary channel serves as a backup to the primary mode and is a full authority digital electronic engine controller, providing all essential engine and rotor speed control functions.

(a) Although the reversionary mode is a much simpler design with some of the enhancing features of the primary mode eliminated.
(b) The reversionary mode will still provide the engine control necessary for mission completion at the expense of a higher cockpit workload.

(c) The reversionary channel electronics have been shadowing the primary channel.
(d) The reversionary channel in relationship to the current demanded engine fuel flow is always positioning the reversionary stepper motor (disengaged in the primary mode).
(e) Switchover to the reversionary mode is automatic should a hard fault occur in the primary mode.
(f) The reversionary mode can also be selected through the use of a pilot activated switch on the FADEC control panel. 

b. Reversionary control (Transfer to Reversionary).
(1) Reversionary Channel (REV 1 (2) OFF).

(2) When in primary, the reversionary control tracks N1. 

(3) Pilot selects reversionary or primary channel failure.

(a) Cockpit Display - FADEC 1 (2) ON.

(b) Normal transition to reversionary will be smooth, normally not requiring pilot action.

(4) If the reversionary channel is hard faulted (REV 1 (2) ON).

(a) Primary system fails to fixed fuel flow (failed fixed).

(b) If pilot selects reversionary, control fails fixed to reversionary setting.

(c) Cockpit display ENG 1 (2) FAIL & FADEC 1 (2) Indication ON.

c. Cockpit Controls Indications.

(1) Cockpit Display FADEC 1 (2) ON.

(2) The effected engine does not respond to control changes.

(3) Indicated torque splits.

d. Reversionary system interface.
(1) Controls for reversionary channel engine operations include:

	1.  Engine Start Switch
	8.  Control Engine Start and Ignition Relays

	2.  Engine Condition Lever (ECL)
	9.  Schedules Core engine Speed (N1) and Controls Fuel Shutoff

	3.  Thrust Control Position Transducer
	10.  Load Scheduling

	4.  PRI/REV Switch
	11.  Selects The REV Mode

	5.  Engine Overspeed Test Switch
	12.  Activates Overspeed Test Function N2 < 81.3)

	6.  Power Assurance Test Switch
	13.  Hexadecimal Display ENG TEMP margin

	7.  INC/DEC Switch (beep)
	14.  Trims Core Engine Speed (N1)


NOTE:  The NR selector switch is NOT functional in REV mode.
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Reversionary channel functions.
NOTE:  In the reversionary control mode, the system performs a number of functions related to controlling the engine during the start and operational phases.
(2) The reversionary channels control function cycle rate is also 24 ms (41.6 cycles/sec).

(3) FADEC operations.
(a) Engine Starting.

(b) Engine Shutdown.

(c) Core Engine Speed Governor .

(d) Proportional Power Turbine Governor.

(e) Wf/P3dot Acceleration and Deceleration.
(f) Temperature Rate of Change Limiting.

(g) Temperature Limiting.

(h) Hydro-Mechanical Bleed Band Control. 

(i) Inc/Dec Trim Function. 

(j) Fault Code Reporting.

(4) The reversionary channel utilizes the position of the engine condition lever (ECL), power turbine inlet temperature, core engine speed, and thrust lever position to establish the required fuel flow for engine operation.

(a) Additional inputs are from the INC/DEC switch on the thrust grip.

(5) The reversionary stepper motor control logic, after being adjusted by the fuel flow feedback signal from the reversionary potentiometer, results in a fuel flow error signal.

(a) This generates a sequence of phase patterns (steps) that will be output to the reversionary stepper motor in order to increase or decrease fuel flow.
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(6) The reversionary control scheme is based on the computation of a parameter referred to as N1 SET (demanded engine core speed).

(7) Different values of core engine speed (N1SET) are computed by the:

(a) Power Turbine Governor.

(b) Temperature/Temperature rate limiter.

(8) The reversionary channel proportional speed governor uses the selected low N1SET.

(a) The logic for driving the reversionary stepper motor first computes the position of the stepper motor.
(b) A feedback signal from the reversionary potentiometer is compared with the required fuel flow signal.

(c) The resulting fuel flow computation (error) will generate a signal that will be output to the reversionary stepper motor in order to increase or decrease fuel flow.

(9) The reversionary control scheme is based on the computation of a parameter referred to as N1SET (demanded engine core speed).

(10) Different values of core engine speed (N1SET) are computed by the:

(a) Power Turbine Governor.

(b) Temperature/Temperature rate limiter.

(11) The reversionary channel proportional speed governor uses the selected low N1SET.

(a) The logic for driving the reversionary stepper motor first computes the position of the stepper motor.
(b) A feedback signal from the reversionary potentiometer is compared with the required fuel flow signal.

(c) The resulting fuel flow computation (error) will generate a signal that will be output to the reversionary stepper motor in order to increase or decrease fuel flow.

e. Reversionary WF/P3 mechanism.
(1) Transfers control of the metering valve from the primary to the reversionary mode also provides the mechanical Wf/P3 input to the mechanical multiplier.

(2) In the primary mode, the opposing reversionary servo and loading pistons are pressure-forced to their retracted positions.
(a) In this condition, the Wf/P3 lever is free to move between the pistons as the primary stepper motor operates the metering valve.

(b) The reversionary stepper motor still positions the contoured sleeve over the (retracted) reversionary servo piston.

(3) When reversionary mode is enabled, servo pressure, controlled by the primary/reversionary changeover solenoid valve is ported to the Wf/P3 servomechanism. This forces the reversionary servo piston and loading piston to move-outward until they trap the Wf/P3 roller of the mechanical multiplier.

(4) The design of the mechanism ensures that during changeover the reversionary servo piston will reach its position before the loading piston traps the Wf/P3 lever. This is accomplished by the sizing of the orifices in the pressure lines of the two pistons and the distance and rate of movement of the reversionary servo and loading pistons.

(5) The reversionary stepper motor rotates the contoured sleeve that is lap-fitted to the reversionary servo piston.

(a) The sleeve covers or exposes an orifice (metering hole) in the piston.

(b) Pressure moves the reversionary piston outward until the metering hole is exposed, relieving the reversionary servo cylinder pressure, and stopping the reversionary servo piston extension.

(6) The opposite side of the reversionary servo piston is acted upon by pressure providing an opposing force causing the reversionary servo piston to retract.

(7) As the contour valve rotates the metering hole position, the contour sleeve will be varied, and increase or decrease the internal pressure of the reversionary servo cylinder, in turn controlling the metering valve position through the mechanical multiplier.
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f. P3 servomechanism (transducer).
NOTE:  The servo provides a mechanical input to the mechanical multiplier.
(1) The transducer utilizes a pair of opposing bellows that are acted upon by P3 pressure.

(a) One of the two bellows receives P3 pressure internally, while the other is a void of internal pressure.
(b) The bellows assembly connected to P3 pressure thereby produces a force on the P3 lever that is proportional to P3 pressure but independent of the PAF pressure surrounding the bellows.

(c) As P3 pressure is increased, the P3 lever is moved, the flapper valve is moved away from the nozzle controlling the pressure in the upper chamber allowing the lower chamber pressure to decrease.

(d) The pressure on the under side of the P3 power piston now will move the power piston effecting a change to the mechanical multiplier.
(e) An internal spring brings the flapper valve over the control nozzle trapping upper chamber pressure, nulling out the correction made by the P3 pressure.

(f) When the system has reached balance, the output piston will have moved a distance proportional to any increase in P3.

(g) The piston motion is transmitted to the P3 input linkage of the mechanical multiplier. 

NOTE:  The P3 transducer servo operates in both the primary and reversionary modes.  Its operation is required in the primary mode to insure that the maximum Wf/P3 is not exceeded.
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g. Mechanical multiplier.
(1) The mechanical multiplier is positioned by a combination of movement of the reversionary Wf/P3 servomechanism and piston travel of the P3 servomechanism (transducer).

(2) The result positions the metering valve wiper over the metering valve discharge orifice, metering fuel flow in the reversionary mode.
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h. Reversionary mode transient engine control.
(1) For large errors, limiting the Wf/P3 stepper motor slew velocity provides transient engine control.

(2) Also, rate of change of temperature limiting is provided.
(a) It operates by resetting the N1 governor.
(b) The Hydro-Mechanical speed sensor in the HMU controls the compressor bleed valve actuator.

(c) The speed sensor has approximately 3.5% hysteresis in the primary mode and 5±1% hysteresis in the reversionary mode.

i. Reversionary mode flight condition operation.
(1) During flight operations, the proportional N2 governor operates to hold its set speed constant by resetting the demanded N1 governor speed.

(a) The pilots thrust lever position is used to schedule a core speed (N1) that can be trimmed up or down via the thrust grip INC/DEC switches.

(b) The demanded N1 speed is selected from the lowest of the RTL scheduled N1 and N1SET speed from the ECL schedule.

(c) The selected set speed operates through a proportional N1 governor that outputs a requested Wf/P3.

(d) The reversionary control drives the Wf/P3 stepper motor to the requested position, using a feedback potentiometer.

(e) Additionally, the RTL input to the reversionary system does a good job of setting power so the pilot will normally not have to use the INC/DEC switches.
FADEC Overspeed Limiter
a. Power turbine overspeed limiter.
NOTE:  A dual channel analog power turbine overspeed limiter circuit activates a solenoid valve in the event of a power turbine overspeed.
(1) When the solenoid valve is actuated, it provides a restriction in the engine fuel supply.

(2) The restriction is sized so that approximately 300 PPH will be metered to the engine. 

(3) Each channel operates using separate pickups N2 A and N2 B. An overspeed condition must be indicated by both channels, and the other engine cannot be currently experiencing an overspeed in order for the solenoid to be activated.
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(4) Testing the overspeed system is accomplished by a pilot-operated switch which lowers the overspeed trip point to 76.6% of the power turbine speed.

(a) The test circuit provides hysteresis that allows the solenoid to open when power turbine speed decreases by 12%.
(b) A reduction in core engine speed, and engine fuel flow, provides evidence that the overspeed system is fully operational.

(c) The overspeed test is disabled above 81.3% N2.

b. Power turbine overspeed limiter – overspeed.
(1) System operation.
(a) The following charts depict a simulated shaft failure and the effect of the overspeed solenoid valve on the engine fuel flow, and power turbine speed.

(b) The shaft failure takes place at the one-second mark. The overspeed is recognized and the solenoid is activated within .01 seconds; fuel flow is reduced, the power turbine speed (N2) and core engine speed (N1) both indicate a decrease in RPM.

(c) When the power turbine speed begins to raise again, the solenoid is reactivated.  This cycle is repeated until the power turbine governor has closed the fuel valve enough to keep the power turbine speed down.

(d) At the 2.25 second mark, or 1.25 seconds after the shaft failure the engine is again under control.  Also shown in the charts are the fuel flow, core engine speed, and the power turbine speed of the other engine, as it compensates for the sudden loss of power.
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