Powerplant
Introduction


The PA-28 Arrow Series aircraft utilize Avco Lycoming engines, of various displacements and rated horsepower, for all of its non-turbocharged models.

Engine Controls
The engine controls of the PA-28 Arrow Series aircraft consist of a throttle control, a propeller control and a mixture control lever.  These controls are located on the control quadrant on the lower center of the instrument panel where they are accessible to both the pilot and the copilot.  The controls utilize Teflon-lined control cables to reduce friction and binding.

The throttle lever is used to adjust the manifold pressure.  It incorporates a gear up warning horn switch which is activated during the last portion of travel of the throttle lever to the low power position.  If the landing gear is not locked down, the horn will sound until the gear is down and locked or until the power setting is increased.  This is a safety feature to warn of an inadvertent gear up landing.
The propeller control lever is used to adjust the propeller speed from high RPM to low RPM.

The mixture control lever is used to adjust the air to fuel ratio.  The engine is shut down by placing of the mixture control lever in the full lean position.  In addition, the mixture control has a lock to prevent activation of the mixture control instead of the pitch control.

The friction adjustment lever on the right of the control quadrant may be adjusted to increase or decrease the friction holding the throttle, propeller, and mixture controls in a selected position.

The exhaust system is a crossover type which reduces back pressure and improves performance.  It is constructed entirely of stainless steel and is equipped with dual mufflers.  Cabin heat and windshield defrosting are provided by a heater shroud around the muffler.

An oil cooler is located on the forward lower right side of the fire wall, with the air inlet for the cooler located on the right side of the bottom cowling.  A winterization plate is provided to restrict air during the winter operation.

Induction System

The induction system of the non-turbocharged aircraft incorporates a Bendix RSA-5AD1 type fuel injector.  The injector is based on the principal of the differential pressure, which balances air pressure against fuel pressure.  The regulated fuel pressure established by the servo valve when applied across a fuel control (jetting system) makes the fuel flow proportional to airflow.  Fuel pressure regulation by the servo valve causes a minimal drop in fuel pressure throughout the metering system.  Metering pressure is maintained above most vapor forming conditions while fuel inlet pressure is low enough to allow use of a diaphragm pump.  The servo system feature also checks vapor lock and associated starting problems.
The servo regulation meters fuel flow proportionally with airflow and maintains the mixture as manually set for all engine speeds.  The fuel flow divider receives metered fuel and distributes fuel to each cylinder fuel nozzle.

The fuel flow portion of the manifold pressure / fuel flow gauge is connected to the flow divider and monitors fuel pressure.  This instrument converts fuel pressure to an indication of fuel flow in gallons per hour and percentage of rated horsepower.

The alternate air source of the induction system contains a door that functions automatically or manually.  If the primary source is obstructed, the door will open automatically.  It may be opened manually by moving the selector on the right side of the quadrant.  The primary source should always be used for takeoff.
Figure 1: Propeller Installation
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Figure 2: Engine Cowling Installation
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Figure 3: Propeller Governor
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Figure 4: Engine
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Propeller Control

A. The propeller control is set to 2200 RPM.  The pilot has set this by adjusting the tension on the speeder spring (with the prop control lever), which determines the resistance on the flyweights.
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B. As the airplane enters a nose low attitude, the engine RPM begins to increase.  The increase in RPM is sensed by the flyweights, which move out due to centrifugal force.  When this happens, the pilot valve is raised which allows oil to flow from the engine into the propeller hub.  This oil moves a piston back, which increases the pitch of the propeller blade.  The increase in pitch in turn increases drag and the result is the propeller slows to the pre-set 2200 RPMs.
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C. As the airplane enters nose high attitude, the engine RPM begins to decrease.  The decrease in RPM is sensed by flyweights, which move inward because of the decrease in centrifugal force.  The pilot valve is then lowered, which allows oil to flow out of the propeller hub and into the engine sump.  With the loss of oil pressure, the spring in the propeller hub moves the propeller blade to a low pitch.  This results in less propeller drag so the propeller in turn speeds up to the pre-set 2200 RPMs.
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Figure 5: Propeller / Governor System
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Figure 6: Engine Exhaust System
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Figure 7: Engine Oil System
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Figure 8: Engine Fuel System
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Figure 9: Engine Ignition System
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Summary

· Engine

· Engine Assembly

· 200 HP

· 2700 RPM

· Four cylinder

· Horizontally opposed

· Air cooled

· Fuel injected

· Direct Drive

· Starter

· Conventional electric starter motor engaged by a starter drive disconnect mechanism

· Engine Controls / Indicators

· Tachometer

· Indicates engine speed in RPM

· Indicator of power output of engine

· Tachometer Hour Meter

· Connected to the engine by a mechanical linkage designed to show engine operating time based on an estimated RPM

· Hobbs Meter
· Electric clock activated when engine oil pressure reaches normal operating limits

· Ignition Magneto / Starter Switch

· Starter controlled by ignition switch

· Engine Exhaust System

· Designed to provide engine silencing and a source of heat for the environmental systems

· Exhaust Manifold

· Crossover type that conducts exhaust gases to the muffler

· Exhaust Muffler

· Single, larger muffler directly over the engine

· Heat shroud surrounds it to serve as a heat exchanger to supply a source of heat for cabin air

· Exhaust Stacks

· Carry exhaust from the muffler out to the engine system

· Exhaust Gas Temperature Gauge (EGT)

· Source of information about changes in temperature of the engine exhaust gases

· Located on cylinder #2

· Provides an indication of how efficiently fuel is being burned based upon the temperature of the exhaust gases

· Engine Fuel System

· Provides fuel and air to the cylinder combustion chambers

· Air Induction System

· Air enters the engine through normal air intake manifold which carries the air to the intake valve on each cylinder

· Intake Manifold

· Carries air from the intake to each cylinder where it can be mixed with fuel and drawn into the combustion chambers

· Throttle Valve

· Regulates the volume of air reaching the intake valve.  Fuel is mixed with air when the air reaches the injector near the air intake valve of each cylinder.  Air enters the air intake manifold from either filtered primary air or unfiltered alternate air

· Primary Air Source

· Enters through the front of the cowling and is inducted through a filter

· Secondary Air Source
· Comes directly into the intake manifold – no filter.  Provides an alternate source of air if the primary source is obstructed by ice, dirt, or debris.

· Vent Door

· Prevents air from entering from the intake manifold from alternate source when primary air is the preferred source

· Held closed by spring tension

· Will be pulled open by intake vacuum if the primary air filter is clogged

· Fuel Controls / Indicators

· Throttle

· Adjusts throttle valve opening to regulate the amount of air supplied to the engine intake manifold

· Closing reduces air pressure inside intake manifold

· Opening increases air pressure inside intake manifold

· Manifold Pressure Gauge
· Indicates volume of air entering the engine intake manifold

· Higher pressure equals greater amount of fuel / air mixture is being burned in the cylinders

· Mixture Control

· Connected the fuel control unit

· Adjusts the pressure of fuel going to the fuel flow divider

· Used to reduce fuel in the fuel / air ratio to adjust for lower air density at high altitudes

· By leaning, fuel is burned more efficiently

· Alternate Air Control

· Should not cause RPM drop when used

· Magneto Ignition System

· Provides the electric spark that burns the fuel / air mixture in the cylinder combustion areas

· Operates with two independent magneto ignition systems

· Each magneto is attached to the engine and driven by separate mechanical connections to the crankshaft

· Each magneto produces the electricity required to fire the spark plugs and distribute the spark to the required plug at the proper time during the compression stroke

· Magneto Components

· Spark Plugs

· Each cylinder contains two spark plugs

· Spark Plug Wires

· Connects spark plugs to each magneto

· Left and Right Magnetos
· Each supplies electrical ignition current to one spark plug in each cylinder head

· Ignition Switch

· Controls operation of magnetos

· Engine Oil System

· Provides engine lubrication, internal cooling, and cleaning

· Oil Sump

· Reservoir for engine lubricating oil

· Crankcase breather: Provides air circulation through oil sump and equalizes air pressure during altitude changes and vents oil from the crankcase

· Engine Driven Oil Pump

· Draws oil out of sump and pushes it through the engine block to lubricate and cool the engine

· Oil Filter

· Traps the dirt in the oil to increase lubricating effectiveness and extend engine life

· Oil Cooler

· Circulates oil coming out of the engine through a heat exchanger before returning to the pump

· Helps reduce engine block temperature during operation

· Oil Pressure Relief Valve

· Maintains constant oil pressure

· Oil Bypass Valve

· Safety device that keeps oil flowing to the engine if the oil filter should become clogged

· Oil System Indicators

· Oil Pressure Gauge: Indicates the amount of pressure being produced by the engine oil pump
· Oil Annunciator Light

· Comes on when loss of oil pressure occurs

· Oil Temperature Gauge

· Shows status of engine operating temperature and the oil cooling system at the point where oil enters the engine

· Engine Roughness in Flight

· Clogged injector nozzles

· Induction system icing

· Magneto ignition problems

· Loss of oil pressure

· High EGT

· High oil temperatures

· Engine smoke

· Propeller

· Pulley Type Propeller

· Blades

· Two blade propeller

· Cast aluminum alloy: high strength and low weight

· Root attaches to constant speed hub

· Pitch controlled by constant speed hub (15º range: 12º - 27º)

· Constant Speed Hub

· Hydraulic / Mechanical system that increases and decreases the angle of the propeller blades in order to maintain constant engine RPM

· Oil Pump

· Power to move propeller blades provided by pressure from engine lubricating oil

· Propeller Governor

· Increases oil pressure from the engine driven oil pump to 275-300 PSI so that it may utilized by the constant speed hub to set and maintain specific RPM settings

· Flyweights: Driven by engine and rotate around center of the governor

· Pilot Valve: Mechanically linked to the flyweights.  It meters flow of oil to or from propeller hub

· Speeder Spring: Attempts to maintain flyweights in an upright position.  Tension is changed by movement of the prop control lever
· Spinner

· Encases constant speed hub to protect it from damage and reduces drag

· Bolted to the hub and turns with the propeller

· Propeller Control Lever

· Constant speed propeller RPM set

· Throttle

· Controls power output of the engine

· Tachometer
· Indicates power output of the engine

· Propeller Governor Failure

· Causes automatic adjustment of blade angle to no longer function

· Use the throttle to change RPM
· Throttle

· Controls power output of the engine

· Tachometer

· Indicates power output of the engine

· Propeller Governor Failure

· Causes automatic adjustment of blade angle at no longer function

· Use the throttle to change RPM

· Oil Pressure Failure

· Blades at minimum angle
· Propeller control inoperative

· Propeller overspeed

· Use the throttle to control RPM

· Failed Hub

· Propeller overspeed

· Automatic adjustment of blade angle inoperative

· Oil pressure did not fail

Propeller Control 
        Minimum 
        Low Oil

Full Forward 

        Blade Angle
        Pressure

Propeller Control
        Maximum
        High Oil

Full Aft

        Blade Angle
        Pressure

· The throttle regulates the amount of the fuel / air mixture going to the engine cylinders and directly controls MAP by controlling the amount of air that is allowed to enter the intake manifold

· Full Throttle and Full Propeller

· Blade angle is not governed to keep the engine rotating at a constant speed

Fly weights

Pilot Valve
          Oil pressure               Constant

stable erect

Closes

           is maintained            Propeller






           in the hub
        Pitch

Fly weights                 Pilot Valve                 Oil pressure              Propeller
moving out                 opens                          increases in               pitch

                                                                       the hub                     increases

Sample Questions

Powerplant

· What are the different engine controls, instruments and gauges?

· How much HP and what is maximum RPM for the engine?

· What do the magnetos do?  How do they work?

· Explain the four stroke cycle

· How does the induction system work?

· Where does the induction air enter in at?

· What is manifold pressure?

· What are the advantages / disadvantages of a fuel injection system versus a carburetor system?

· Why do we have an electric fuel pump?

· What does the servo regulator (fuel control unit) do?

· What does the fuel distributor do?

· Where is the fuel flow meter connected at?

· How and when does the fuel and air get in the cylinder?

· What is detonation and pre-ignition?

Exhaust System

· How are the exhaust fumes taken away from the engine?

· Where is the EGT probe located?

· How do you lean using the EGT?

· Is there any way that exhaust fumes can get into the cabin?

Cooling

· How is the engine cooled?
· What actions would you take if your engine was overheating?

· What kind of oil would you use during the winter months?

· What does the oil breather do?

· Do we have a wet or dry sump system?

Propeller
· What kind of propeller does the Arrow have?

· How does the propeller maintain a constant RPM?

· Explain how it keeps a constant RPM during a climb or descent?

· What is the prop control connected to?

· What is the purpose of the speeder spring, flyweights, and pilot valve?

· What would happen if there was a loss of engine oil pressure?

· Why must you move the prop control first when increasing power?

· How come MP increases when you bring the prop control back?

Environment

· How does the heater work?

· Where does the air for the heater enter at?

· How do you turn on the heater and regulate it’s output?

· What is carbon monoxide poisoning?

· Describe how the ventilation system works
