
                            AERO ENGINE SYSTEM – PISTON ENGINE

Carburetors- Carburetion Principles- The carburetor must measure the airflow through the induction system and use this measurement to regulate the amount of fuel discharged into the airstream The air measuring unit is the venturi, which makes use of a basic law of physics: as the velocity of a gas or liquid increases, the pressure decreases. The basic operating principle of most carburetors depends on the differential pressure between the inlet and the venturi throat .

Application of Venturi Principle to Carburetor -- The carburetor is mounted on the engine so that air to the cylinders passes through the barrel, the part of the carburetor which contains the venturi. The size and shape of the venture depends on the requirements of the engine for which the carburetor is designed. A carburetor for a high-powered engine may have one  large  venturi or several small ones. The air may flow either up or down  the  venturi , depending on the design of the engine and the carburetor. Those in which the air passes downward are known as downdraft carburetors and those in which the air passes upward are called updraft carburetors. 
When a piston moves toward the crankshaft (down) on the intake stroke, the pressure in the cylinder is lowered Air rushes through the carburetor and intake manifold to the cylinder to replace the air displaced by the piston as It moved down on the intake stroke. Due to this low pressure area caused by the piston moving down, the higher pressure air in the atmosphere flows in to fill the low pressure area.
As it does, the airflow must pass through the carburetor  venturi. The throttle valve is located between the venturi and the engine. Mechanical linkage connects this valve with the throttle lever in the cockpit.

By means of the throttle, airflow to the cylinders is regulated and controls the power output of the engine. Actually, more air is admitted to the engine  ,and the carburetor automatically supplies enough additional gasoline to maintain the correct fuel/air ratio. This is because as the volume of airflow increases, the velocity in the venture increases, lowering the pressure and allowing more fuel to be forced into the airstream. The throttle valve obstructs the passage of air very little when it is parallel with the flow, in the wide open throttle position.
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Carburetor Systems - To provide for engine operation under various loads and at
different engine speeds, each carburetor has six systems:
1. Main metering
2. Idling
3. Accelerating
4. Mixture control
5. Idle cutoff
6. Power enrichment or economizer
Each of these systems has a definite function. It may act alone or with one or more of the others

THE MAIN METERING SYSTEM-- supplies   fuel to the engine at all speeds above idling. The fuel discharged by this system is determined by the drop in pressure in  the  venture   throat .A separate system is necessary for idling because the main metering system can be erratic at very low engine speeds.
At low speeds the throttle is nearly closed. As a result, the velocity of the air through the venturi is low and there is little drop in pressure Consequently,  the  differential pressure is not sufficient  to operate the main metering system,  and no fuel is discharged from this system. Therefore, most carburetor shave an idling system to supply fuel to the engine at low speeds.
As a result, the velocity of the air through the venture is low and there is little drop in pressure. Consequently, the differential pressure is not sufficient to operate the main metering system, and no fuel is discharged from this system. Therefore, most carburetors have an idling system to supply fuel to the engine at low engine speeds.

The accelerating system supplies extra fuel during sudden increases in engine power. When the throttle is opened, the airflow through the carburetor increases to obtain more power from the engine.   The main metering system then increases the fuel discharge. During sudden acceleration, however, the increase in airflow is so rapid that there is a slight time lag before the increase in fuel discharge is sufficient to provide
the correct mixture ratio with the new airflow. By supplying extra fuel during this period, the accelerating system prevents a temporary leaning out of the mixture and gives smooth acceleration.

The mixture control system determines the ratio of fuel to air in the mixture. By means of a cockpit control, the manual mixture control can select the mixture ratio to suit operating conditions. In addition to these manual controls  ,many carburetors have automatic mixture controls so that the fuel/air ratio, once it is selected, does not change with variations in air density.




The carburetor has an idle cutoff system so that the fuel can be shut off to stop the engine. This system, incorporated in the manual mixture control, stops the fuel discharge from the carburetor completely when the mixture control lever is set to the “idle  cutoff” position. An aircraft engine is stopped by shutting off the fuel rather than by turning off the ignition. If the ignition is turned off with the carburetor still supplying fuel, fresh fuel/air mixture continues to pass through the induction system to the cylinders. As the engine is coasting to a stop and if it is excessively hot, this combustible mixture may be ignited by local hot spots within the combustion chambers. This can cause the engine to continue running or kick backward. 

The power enrichment system automatically increases the richness of the mixture during high power operation. It makes possible the variation in fuel/air ratio necessary to fit different operating conditions. Remember that at cruising speeds, a lean mixture is desirable for economy reasons, while at high power output, the mixture must be rich to obtain maximum power and to aid in cooling the engine cylinders. The power enrichment system automatically brings about the necessary change in the fuel/air ratio. Essentially, it is a valve that is closed at cruising speeds and opened to supply extra fuel to the mixture during high power operation.

Carburetor Icing--- There are three general classifications of carburetor icing:
1. Fuel evaporation ice
2. Throttle ice       3. Impact ice

Fuel evaporation ice or refrigeration ice is formed because of the decrease in air temperature resulting from the evaporation of fuel after it is introduced into the airstream. As the fuel evaporates, the temperature is lowered in the area where the evaporation takes place. Any moisture in the in  coming air can form ice in this area. It frequently occurs in theses systems in which fuel is injected into the air up stream from the carburetor throttle, as in the case of float-type carburetors.

It occurs less frequently in systems in which the fuel is injected into the air downstream from the carburetor. Refrigeration ice can be formed at carburetor air temperatures as high as 100 °F over a wide range of atmospheric humidity conditions, even at relative humidifies well below 100percent. Generally, fuel evaporation ice tends to accumulation the fuel distribution nozzle in the carburetor. This type of ice can lower manifold pressure, interfere with fuel flow ,and  affect mixture distribution.

Throttle ice is formed on the rear side of the throttle, usually when the throttle is in a partially “closed” position.                                                                                                                                                                      The rush of air across and around the throttle valve causes a low pressure on the rear side; this sets up a pressure differential across the throttle, which has a cooling effect on the fuel/
air charge. Moisture freezes in this low pressure area and collects as ice on the low pressure side. Throttle ice tends to accumulate in a restricted passage. The occurrence of a small
Amount of ice may cause a relatively large reduction in airflow and manifold pressure. A large accumulation of ice may jam the throttles and cause them to become inoperable. Throttle ice seldom occurs at temperatures above 38 °F.
Impact ice is formed either from water present in the atmosphere as snow, sleet, or from liquid water which impinges on surfaces that are at temperatures below 32 °F. Because of inertia effects, impact ice collects on or near a surface that changes the direction of the airflow. This type of ice may build up on the carburetor elbow, as well as the carburetor screen and metering elements. The most dangerous impact ice is that which collects on the carburetor screen and causes a very rapid reduction of airflow and power. In general, danger from impact ice normally exists only when ice forms on the leading edges of the aircraft structure.

Float-Type Carburetors--- A float-type carburetor consists essentially of six subsystems that control the quantity of fuel discharged in relation to the flow of air delivered to the engine cylinders. These systems work together to provide the engine with the correct fuel flow  during all engine operating ranges.

The essential subsystems of a float-type carburetor are

1. Float chamber mechanism system
2. Main metering system
3. Idling system
4. Mixture control system
5. Accelerating system
6. Economizer system

1. Float chamber mechanism system------
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A float chamber is provided between the fuel supply and the main metering system of the carburetor. The float chamber ,or bowl, serves as a reservoir  for fuel in the carburetor.[Figure 2-11] This chamber provides a nearly constant level of fuel to the main discharge nozzle which is usually about1 1⁄8" below the holes in the main discharge nozzle. The fuel  level must be maintained slightly below the discharge nozzle outlet holes to provide the correct amount of fuel flow and to prevent fuel leakage from the nozzle when the engine is not operating.
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Main Metering System-- The main metering system supplies fuel to the engine at all speeds above idling and consists of:
1. Venturi
2. Main metering jet
3. Main discharge nozzle
4. Passage leading to the idling system
5. Throttle valve
The venturi performs three functions- 1. Proportions the fuel/air mixture
2. Decreases the pressure at the discharge nozzle
3. Limits the airflow at full throttle
The fuel discharge nozzle is located in the carburetor barrel
so that its open end is in the throat or narrowest part of the
venturi. A main metering orifice, or jet, is placed in the fuel: passage between the float chamber and the discharge nozzleto limit the fuel flow when the throttle valve is wide open.
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As altitude increases, the air becomes less dense. At an altitude of 18,000 feet, the air is only half as dense as it is at sea level. This means that a cubic foot of space contains only half as much air at 18,000 feet as at sea level. With the needle-type system, manual control is provided by a needle valve in the base of the float chamber. This can be raised or lowered by adjusting a control in the cockpit. Moving the control to “rich,” opens the needle valve wide, which permits the fuel to flow unrestricted to the nozzle. Moving the control to “lean,” partially closes the valve and restricts the flow of fuel to the nozzle.
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The back-suction-type mixture control system is the most widely used. [Figure 2-17] In this system, a certain amount of venturi   low  pressure acts upon the fuel in the float chamber so that it opposes the low pressure existing at the main discharge nozzle. An atmospheric line, incorporating an adjustable valve, opens into the float chamber. When the valve  completely  closed , pressures on the fuel in the float chamber and at the discharge nozzle are almost equal, and fuel flow is reduced to maximum lean. With the valve wide open, pressure on the fuel in the float chamber is greatest and fuel mixture is richest. Adjusting the valve to positions between these two extremes controls the mixture. The quadrant in the cockpit is usually marked “lean” near the back end and “rich  ”at the forward end. The extreme back position is marked “idle cutoff” and is used when stopping the engine.
Accelerating System--- When the throttle valve is opened quickly, a large volume of air rushes through the air passage of the carburetor; the  a mount of fuel that is mixed with the air is less than normal
due to the slow response rate of the main metering system .As a result, after a quick opening of the throttle, the fuel/air mixture leans out momentarily. This can cause the engine to accelerate slowly or stumble as it tries to accelerate. To overcome this tendency, the carburetor is equipped with a
small fuel pump called an accelerating pump. 
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Accelareting system
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The airflow consumption of the engine is measured by sensing impact pressure and venture  throat pressure in the throttle body. These pressures are vented to the two sides of an air diaphragm. Movement of the throttle valve causes a change in engine air consumption. This results in a change in the air velocity in the venturi. When airflow through the engine increases, the pressure on the left of the diaphragm is lowered due to the drop in pressure at the venture  throat. As a result, the diaphragm
moves to the left, opening the ball valve. Contributing to this force is the impact pressure that is picked up by the impact tube. This pressure differential is referred to as the “air metering force.” This force is accomplished by channeling the impact and venture  suction pressures to opposite sides of a diaphragm. The difference between these two pressures becomes a usable force that is equal to the area
of the diaphragm times the pressure difference.
Regulator Section
The regulator section consists of a fuel diaphragm that opposes the air metering force. Fuel inlet pressure is applied to one side of the fuel diaphragm and metered fuel pressure is applied to the other side. The differential pressure across the fuel diaphragm is called the fuel metering force. The fuel pressure shown on the ball side of the fuel diaphragm is the pressure after the fuel has passed through the fuel strainer
and the manual mixture control rotary plate and is referred to as metered fuel pressure. Fuel inlet pressure is applied to the opposite side of the fuel diaphragm. The ball valve attached to the fuel diaphragm controls the orifice opening and fuel flow through the forces placed on it. The distance the ball valve opens is determined by the difference between the pressures acting on the diaphragms. This difference in pressure is proportional to the airflow through the injector. Thus, the volume of airflow determines the rate of fuel flow.
Fuel Metering Section--The fuel metering section is attached to the air metering section and contains an inlet fuel strainer, a manual mixture control valve, an idle valve, and the main metering jet. The idle valve is connected to the throttle valve by means of an external adjustable link. In some injector models, a power enrichment jet is also located in this section. The purpose of the fuel metering section is to meter and control the fuel flow to the flow divider.
Flow Divider--The metered fuel is delivered from the fuel control unit to a pressurized flow divider. This unit keeps metered fuel under pressure, divides fuel to the various cylinders at all engine the opening required is very small; the fuel for the individual cylinders is divided at idle by the flow divider.
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Fuel Discharge Nozzles- The fuel discharge nozzles are of the air bleed configuration.
There is one nozzle for each cylinder located in the cylinder head.
FADEC System Description---- A FADEC is a solid-state digital electronic ignition and electronic sequential port fuel injection system with only one moving part that consists of the opening and closing of the fuel injector. FADEC continuously monitors and controls ignition, timing, and fuel mixture/delivery/injection, and spark ignition as an integrated control system. FADEC monitors engine operating conditions (crankshaft speed, top dead center position, the induction manifold pressure, and the induction air temperature) and then automatically adjusts the fuel-to-air ratio mixture and ignition timing accordingly for any given power setting to attain optimum engine performance. As a result, engines equipped with FADEC require neither magnetos nor manual mixture control . This microprocessor-based system controls ignition timing for engine starting and varies timing with respect to engine speed and manifold pressure. PowerLink provides control in both specified operating conditions and fault conditions. The system is designed to prevent adverse changes in power or thrust. In the event o floss of primary aircraft-supplied power, the engine controls continue to operate using a secondary power source (SPS).As a control device, the system performs self-diagnostics to determine overall system status and conveys this information to the pilot by various indicators on the health status annunciator (HSA) panel. PowerLink is able to withstand storage temperature extremes and operate at the same capacity as a non-FADEC-equipped engine in extreme heat,cold, and high humidity environments.
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Power link  system component.
Electronic Control Unit (ECU)- An ECU is assigned to a pair of engine cylinders. [Figure 4-23]
The ECUs control the fuel mixture and spark timing for their respective engine cylinders; ECU 1 controls opposing cylinders 1 and 2, ECU 2 controls cylinders 3 and 4, and ECU3 controls cylinders 5 and 6. Each ECU is divided into upper and lower portions. The lower portion contains an electronic
circuit board, while the upper portion houses the ignition coils. Each electronic control board contains two independent microprocessor controllers that serve as control channels .During engine operation, one control channel is assigned to operate a single engine cylinder. Therefore, one ECU can control two engine cylinders, one control channel per cylinder. The control channels are independent, and there are no shared electronic components within one ECU. They also operateon independent and separate power supplies. However, If one control channel fails, the other control channel in the pair within the same ECU is capable of operating both its assigned cylinder and the other opposing engine cylinder as backup control for fuel injection and ignition timing. Each control channel on the ECU monitors the current operating conditions and operates its cylinder to attain engine operation within specified parameters. The following transmit inputs to the control channels across the low-voltage harness:
1. Speed sensor that monitors engine speed and crank
      2. Fuel pressure sensors
      3. Manifold pressure sensors
     4. Manifold air temperature (MAT) sensors
 5. CHT sensors
 6. EGT sensors
All critical sensors are dually redundant with one sensor from each type of pair connected to control channels indifferent ECUs. Synthetic software default values are also used in the unlikely event that both sensors of a redundant pair fail. The control channel continuously monitors changes in engine speed, manifold pressure, manifold temperature, and fuel pressure based on sensor input relative to operating
conditions to determine how much fuel to inject into the intake port of the cylinder.

Reciprocating Engine Ignition Systems---

Magneto-Ignition System Operating
Principles
The magneto, a special type of engine-driven alternate current(AC) generator, uses a permanent magnet as a source of energy . By the use of a permanent magnet (basic magnetic field), coil of wire (concentrated lengths of conductor), and relative movement of the magnetic field, current is generated
in the wire. At first, the magneto generates electrical power by the engine rotating the permanent magnet and inducing a current to flow in the coil windings. As current flows through the coil windings, it generates its own magnetic field that surrounds the coil windings. At the correct time, this current flow is stopped and the magnetic field collapses across a second set of windings in the coil and a high-voltage
is generated. This is the voltage used to arc across the sparkplug gap. In both cases, the three basic things needed to generate electrical power are present to develop the high voltage
that forces a spark to jump across the spark plug gap in each cylinder. Magneto operation is timed to the engine so that a spark occurs only when the piston is on the proper stroke at a specified number of crankshaft degrees before the top dead center piston position.
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High-Tension Magneto System Theory of Operation
The Magnetic Circuit
 The magnetic circuit consists of a permanent multi-pole rotating magnet, a soft iron core, and pole shoes. [Figure 4-3]The magnet is geared to the aircraft engine and rotates in the gap between two pole shoes to furnish the magnetic lines of force (flux) necessary to produce an electrical voltage. The poles of the magnet are arranged in alternate polarity so that the flux can pass out of the north pole through the coil core and back to the south pole of the magnet. When the magnet is in the position shown in Figure 4-3A, the number of magnetic lines of force through the coil core is maximum because two magnetically opposite poles are perfectly aligned with the pole shoes.
                                                                                  This position of the rotating magnet is called the full register position and produces a maximum number of magnetic lines of force, flux flow clockwise through the magnetic circuit and from left to right through the coil core. When the magnet is moved away from the full register position, the amount of  flux passing through the coil core begins to decrease. This occurs because the magnet’s poles are moving away from the pole shoes, allowing some lines of flux to take a shorter path through the ends of the pole shoes. As the magnet moves farther from the full register position ,more lines of flux are short circuited through the pole shoe ends. Finally, at the neutral position 45° from the full register position, all flux lines are short circuited, and no flux flows through the coil core. [Figure 4-3B] As the magnet moves from full register to the neutral position, the number of flux
lines through the coil core decreases in the same manner as the gradual collapse of flux in the magnetic field of an ordinary electromagnet. 
The neutral position of the magnet is where one of the poles of the magnet is centered between the pole shoes of the magnetic circuit. As the magnet is moved clockwise from this position, the lines of flux that had been short circuited through the pole shoe ends begin to flow through the coil core again. But this time, the flux lines flow through the coil core in the opposite direction. [Figure 4-3C] The flux flow
reverses as the magnet moves out of the neutral position because the north pole of the rotating permanent magnet is opposite the right pole shoe instead of the left. [Figure 4-3A] When the magnet is again moved a total of 90°, another full register position is reached with a maximum flux flow in the opposite direction.
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The Primary Electrical Circuit---- The primary electrical circuit consists of a set of breaker
contact points, a condenser, and an insulated coil. [Figure 4-5]The coil is made up of a few turns of heavy copper wire, one end is grounded to the coil core and the other end to the ungrounded side of the breaker points. [Figure 4-5] The primary circuit is complete only when the ungrounded breaker point contacts the grounded breaker point. The third unit in the circuit, the condenser (capacitor), is wired in parallel with the breaker points. The condenser prevents arcing at the points when the circuit is opened and hastens
the collapse of the magnetic field about the primary coil.
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Reciprocating Engine lubrication system
Requirements and Characteristics of Reciprocating Engine Lubricants
Viscosity--Generally, commercial aviation oils are classified by a number, (such as 80, 100, 140, etc.) that is an approximation of the viscosity as measured by a testing instrument called the  Saybolt Universal Viscosimeter.
Viscosity Index----The viscosity index is a number that indicates the effect of
temperature changes on the viscosity of the oil. When oil has a low viscosity index, it signifies a relatively large change of viscosity of increased temperature. The oil becomes thin at high temperatures and thick at low temperatures. Oils with a high viscosity index have small changes in viscosity over
a wide temperature range. The best oil for most purposes is one that maintains a constant viscosity throughout temperature changes. Oil having a high viscosity index resists excessive thickening when the engine is subjected to cold temperatures. This allows for rapid cranking speeds during starting and prompt oil circulation during initial start up. This oil resists excessive thinning when the engine is at operating temperature and provides full lubrication and bearing load protection.
Flash Point and Fire Point---Flash point and fire point are determined by laboratory tests
that show the temperature at which a liquid begins to giveoff ignitable vapors, flash, and the temperature at which there are sufficient vapors to support a flame, fire. These points are established for engine oils to determine that they can withstand the high temperatures encountered in an engine.
Cloud Point and Pour Point----Cloud point and pour point also help to indicate suitability.
The cloud point of oil is the temperature at which its wax content, normally held in solution, begins to solidify and separate into tiny crystals, causing the oil to appear cloudy or hazy. The pour point of oil is the lowest temperature at which it flows or can be poured.
Specific Gravity
Specific gravity is a comparison of the weight of the substance to the weight of an equal volume of distilled water at a specified temperature. As an example, water weighs approximately 8 pounds to the gallon; oil with a specific gravity of 0.9 would weigh 7.2 pounds to the gallon.
Reciprocating Engine Lubrication
Systems--Aircraft reciprocating engine pressure lubrication systems can be divided into two basic classifications: wet sump and dry sump. The main difference is that the wet sump system
stores oil in a reservoir inside the engine. After the oil is circulated through the engine, it is returned to this crankcase based reservoir. A dry sump engine pumps the oil from the engine’s crankcase to an external tank that stores the oil. The dry sump system uses a scavenge pump, some external tubing, and an external tank to store the oil.
Combination Splash and Pressure Lubrication
The lubricating oil is distributed to the various moving parts of a typical internal combustion engine by one of the three following methods: pressure, splash, or a combination of pressure and splash.
The pressure lubrication system is the principal method of lubricating aircraft engines. Splash lubrication may be used in addition to pressure lubrication on aircraft engines, but It is never used by itself; aircraft-engine lubrication systems are always either the pressure type or the combination pressure and splash type, usually the latter.
The advantages of pressure lubrication are:
1. Positive introduction of oil to the bearings.
2. Cooling effect caused by the large quantities of oil that can be pumped, or circulated, through a bearing.
3. Satisfactory lubrication in various attitudes of flight.
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Reciprocating Engine Induction Systems----------------
The basic induction system of an aircraft reciprocating engine consists of an air scoop used to collect the inlet air and ducting that transfers the air to the inlet filter. The air filter is generally housed in the carburetor heat box or other housing close by that is attached to the carburetor or fuel injection controller. The engine used in light aircraft is usually equipped with either a carburetor or a fuel-injection system. After air passes through the fuel metering device, an intake manifold with long curved pipes or passages is used to send the fuel/air mixture to the cylinders. An induction air scoop is shown in Figure 3-1. The air scoop is located on the engine cowling to allow maximum airflow into the engine’s induction system. The air filter, shown in Figure 3-2, prevents dirt and other foreign matter from entering the engine. Filtered air enters the fuel metering device (carburetor/fuel injector) where the throttle plate controls the amount of air flowing to the engine .The air coming out of the throttle is referred to as manifold pressure. This pressure is measured in inches of mercury("Hg) and controls engine power output.
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Reasons for Removal of Reciprocating
Engines
Engine or Component Lifespan Exceeded
Sudden Stoppage
Sudden Reduction in Speed
Metal Particles in the Oil
Spectrometric Oil Analysis Engine Inspection
Program
General Procedures for Engine Removal
and Installation

Preparation of Engines for Installation
After the decision has been made to remove an engine, the preparation of the replacement engine must be considered. The maintenance procedures and methods used vary widely. Commercial operators, whose maintenance operations require the most efficient and expeditious replacement of aircraft engines, usually rely on a system that utilizes the quick-engine-change assembly (QECA), also sometimes
referred to as the engine power package. The QECA is essentially a  power plant and the necessary accessories installed in the engine.
Engine Removal—
The manufacturer’s instructions should always be used as a guide in engine removal or installation. The following is a typical engine removal and installation procedure for  a horizontally opposed engine:
1. Remove the propeller.
2. Release the cowl fasteners holding the top cowling,
and remove the top cowlings.
3. Remove the screws at the rear of the top and bottom
cowling assembly

4. Disconnect the mechanical fuel pump inlet line.
5. Disconnect the battery leads, then the generator and
starter leads.
6. If installed, remove the cylinder head temperature
thermocouple.
7. Disconnect the oil pressure and manifold pressure
lines.
8. Disconnect the oil return line.
9. Remove the bonding strap from the rear of the engine.
10. Disconnect the governor control cable from the
governor.
11. Disconnect the tachometer cable from the rear of the engine.
12. Disconnect engine oil cooler hoses.
[bookmark: _GoBack]13. Disconnect the engine oil temperature lead.
14. Disconnect the engine breather line.
15. Remove the four carburetor mounting nuts and allow
the carburetor and carburetor air box to hang by means
of the attached engine controls.
16. Attach a hoist to the engine-lifting eye and relieve the
tension on the mounts.
17. Disconnect magneto P-leads.
18. Remove the cotter pin, nuts, washer, and front rubber mount from each bolt and remove the sleeve. Slide bolts out of attaching points. Swing engine free, being careful not to damage any attached parts, and remove rear rubber mounts
Engine Installation
The following procedure is typical of those used for installing   a horizontally opposed engine after the accessories are mounted on the engine. Insert engine mounting bolts into the engine mount and slide the shock mounts onto the bolts so that the flat surface of the shock mount is flush with the engine mounting pad.
1. Slide the shock mount spacers onto the engine mounting bolts.
2. Attach a hoist to the lifting eye and lift the engine. Til the rear of the engine downward until the magnetos clear the engine mount. Position the mounting lugs of the engine so they align with the engine mount attaching points.
3. Insert an upper mounting bolt into the engine until its threaded end extends one or two threads from themount itself.
4. Slide a shock mount between the engine mount and the engine.
5. Repeat the procedure described in steps 5 and 6 above for the remaining attachment points.
6. Install the front engine rubber mounts on the bolts and over the forward end of the sleeve; check to see that shock mounts are not binding.
7. Insert the magneto P-leads, tighten and safety.
8. Install a washer and castellated nut on each mounting bolt. Tighten the nuts progressively, following a
circular sequence, to the torque value specified by the manufacturer. Install cotter pins.
9. Install gasket and carburetor air box.
10. Connect the engine breather line.
11. Connect the engine oil cooler air duct boot.
12. Connect the engine oil temperature lead.
13. Connect the oil cooler hoses.
14. Connect the tachometer cable.
15. Attach the propeller governor control cable.
16. Connect the bonding strap to the engine mount ring.
17. Connect the oil pressure line.
18. Reconnect the starter generator and battery leads.
19. Install the cylinder head temperature thermocouple.
20. Connect the primer line.
21. Reconnect the lines to the vacuum pump.
22. Reconnect the hydraulic pump lines.
23. Attach the exhaust system and generator blast tube.
24. Slide the complete cowl assembly in position and
attach the bottom sections.
25. Install the top cowling with the cowl fasteners.
26. Install the propeller.
Engine Preservation and Return to Service
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Engine Warm-Up--- Proper engine warm-up is important, particularly when the
Condition  of the engine is unknown. Improperly adjusted idle mixture, intermittently firing spark plugs, and improperly adjusted engine valves all have an overlapping effect on engine stability. Therefore, the warm-up should be made at the engine speed where maximum engine stability is obtained .Experience has shown that the optimum warm-up speed is from 1,000 to 1,600 rpm. The actual speed selected should be
the speed at which engine operation is the smoothest, since the smoothest operation is an indication that all phases of engine operation are the most stable.
General Overhaul Procedures
Top Overhaul-- Reciprocating piston aircraft engines can be repaired by atop overhaul. This means an overhaul of those parts on top of the crankcase, without completely dismantling the engine. It includes removal of the units (i.e., exhaust collectors, ignition harness, intake pipes) necessary to remove the cylinders.
Major Overhaul and Major Repairs-- Major overhaul consists of the complete reconditioning of
The  powerplant.
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