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Foreword


This book has grown from a collection of notes and a training syllabus that I and our tailwheel instructors have used while providing tailwheel instruction at Meriden Airport (MMK) for the last 14 years. It was always our desire to have one manual that we could use as a reference. We wanted this manual to not be so technical that it would prove useless to our students, yet not so simple that it wouldn’t be effective.  Hence, the creation of this book.


The procedures and techniques used in this book have been proven over a wide range of aircraft.  We have operated Aeronca Champ’s, Piper Super Cruiser’s, Cessna 195’s, 450 hp Stearman’s, SNJ-4’s, Cessna T-50’s and even a Vultee BT-13 “Vibrator”, using the procedures outlined in this manual. Regardless of the aircraft you fly, if the basics are mastered, transition between different aircraft types is easy and safe.


To fly a tailwheel equipped aircraft properly requires that a pilot be constantly vigilant, proficient, and current.  The rewards are that a pilot will never be bored.  A few “laps around the pattern” will always provide a constant source of entertainment and satisfaction.  The skills learned in flying a tailwheel aircraft will make any pilot more proficient when flying a tricycle gear aircraft.

In today’s marketplace there are many post World War II aircraft, reasonably priced, for sale.  These aircraft are conventional gear; fabric covered, and provides the most enjoyment for the flying dollar.  The Experimental Aircraft Association (EAA) movement has introduced a number of stylish, high performance tail wheel equipped aircraft.  With the introduction of the Light Sport Aircraft a whole new world of tail wheel flying is opened to you.


I hope that you enjoy reading this book as much as I and my fellow tail wheel enthusiasts have enjoyed writing it!

Frank Gallagher

Melbourne, Florida
Thanks


A book such as this would never get written if it weren’t for the effort and dedication of a number of people who donated large portions of their time to assist the writer. Their points of view, experience, and patience has proven invaluable.  I consider myself very fortunate to have such great friends who are also such tail wheel enthusiasts.

My first flight in an aircraft was in a Stinson 108 Voyager at the age of seven.  My best friend, Rob Carlson, invited me to fly with his dad.  Since that time, my love of aviation has never ceased. Rob and I have been partners in an FBO, located at MMK. He is a pilot, and our Director of Maintenance.  Our love of tail wheel aircraft has allowed us to own and operate a number of them.  Rob has the unique ability to maintain theses type of aircraft by doing fabric work, woodwork, and airframe and engine repairs. What better person to review your book than one who is considered an expert in these types of airplanes.

Joe Gauthier is our resident expert tail wheel flight instructor.  Joe is a check airman for the EAA, and was recently voted regional flight instructor of the year by the National Association of Flight Instructors. Joe is highly respected, as he is always willing to give of his time and experience. He has gained this experience from flying numerous homebuilt and classic aircraft. He loves flight instructing and it shows. What better person to review your book than one who is considered an expert flight instructor in tail wheel airplanes.

I have had the privilege of checking out Jim Stevenson in a tail wheel aircraft, and since that time Jim has flown as a tow pilot for the local soaring club and has volunteered his time as an officer in the local chapter of the Civil Air Patrol. Jim is every instructors dream student.  He always shows up prepared, excited, and with a willingness to learn.  He is conscious to a fault, always returning for re-currency training. What better person to review your book than a former student.

We all have our opinions of the FAA, but we are pretty lucky here in the Windsor Locks FSDO area.  Ms. Marilyn Pearson, our FAA inspector, is a petite lady.  But does she love, and can she fly, tail wheel airplanes! She is the one who has to do the dreaded “709” flight checks to those tail wheel pilot who have gotten into trouble.   Marilyn’s input to this book is very valuable, as she sees things differently from her FAA point of view and experience with many different aircraft and pilots.

A student of mine, and also my professor while obtaining my Master’s degree, is Dr. Al Gates.  Dr. Gates is one of those guys who will jump at any opportunity to fly any type of aircraft. While checking him out in the PA-12, he provided me with the impetus to write this book.  A student of his, he guided me in the writing. His knowledge of technical writing, his own experience in learning to fly a tail wheel aircraft, and his love of these types of aircraft are seen in every page.

Lastly, Dr. Ed Maydock, my professor, who accepted this book for my Master’s capstone requirement.  Here is a man whose Fleet Flinch 16-B now resides in the Rhinebeck Museum.  When he talks about his aircraft, and all the years of flying, he still gets misty eyed. Dr Maydock is able to bring me back to the pre-World War II era, and what flying these types of aircraft were all about. He paid me the greatest compliment that a writer can receive when he said “I wish I had this book when I was learning to fly”.

Thank you my friends for your patience, time, and talent in making this book possible.
Chapter 1

Unique Features of Conventional Gear Aircraft

The unique features of conventional gear aircraft cover a wide spectrum of aircraft and the period that they were manufactured. While new conventional gear aircraft are still being manufactured, such as the Maule and the Husky, and a number of high performance experimental aircraft have entered the marketplace, it is natural to associate conventional gear aircraft with those made around the World War II era and shortly thereafter. Additionally, the list of conventional gear aircraft can range from the simple J-3 Piper Cub to the mighty B-17 Flying Fortress.  This section shows the systems and differences in the smaller general aviation aircraft, as compared to a more modern tricycle gear aircraft. 

Tail wheels


There are variations in tail wheel assemblies.  There are antique aircraft with tailskids, there are full swivel non-steerable tail wheels, there are tail wheels that are steerable for the first 20( of deflection and which become full swivel beyond that range.  There are tail wheels that are steerable when the stick is held back and become full swivel when the stick is allowed to go forward.  There are tail wheels that can be locked for takeoff and landings, and unlocked for taxi.  There are also tailwheel spring assemblies that use unbalanced compression, designed for certain homebuilt aircraft.

There are two popular tail wheel assemblies used on most small general aviation aircraft.  They are the Maule or Scott tailwheel assembly. The C-120 uses the Scott tail wheel assembly. The tail wheel assembly is mounted on a leaf spring that is secured to the bottom portion of the aft fuselage by a bolt.  The tail wheel is free to swivel, being restricted by a spring on each side that is connected to the rudder horn.  The rudder horn is attached to the bottom of the rudder. This allows the tail wheel to move in the direction of the rudder, giving tail wheel steering, and enhancing ground handling characteristics.
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Scott Tailwheel assembly
Using the wrong tail wheel assembly on an aircraft will continually cause problems.  The biggest problem is shimmy.  An unbalanced tail wheel, worn bearings, unequal spring tension, wrong spring tension, worn tire, or an improperly inflated tire can cause this.  It’s most notable on landing due to the higher airspeed on touchdown compared to the taxi and takeoff.  This higher airspeed magnifies any out of balance condition.


During preflight inspection pay particular attention to the rudder horn and the ears on the tail wheel assembly where the springs mount.  Check for wear and cracks.

Landing Gear


While the main landing gear assembly is quite common, the method of absorbing the shock of landing is not.  Consequently, manufacturers use a variety of different systems for shock absorption.  With out this shock absorption, all the landing loads would be absorbed by the fuselage structure and the tires, eventually causing the fuselage structure to fatigue and break. Methods of absorbing landing shock are through steel spring landing gear, bungee assembly, or oleo struts.

In the older Cessna series of aircraft, the common method of shock absorption was through the use of a spring gear.  This is a manufactured piece of steel, mounted to the lower portion of the fuselage.  Landing loads are absorbed by the deflection of the spring gear.


The C-120 has a spring type landing gear that was modified in 1948 by sweeping the strut forward 6 inches. Supplemental Type Certificates (STC) is also available to extend the current strut forward 6 inches by adding a 6 inch extension at the axle assembly. The reason this extension was incorporated was to prevent the rash of nose over accidents that were occurring as pilots put on the brakes with too much forward speed. NEVER use the brakes while flying the C-120 except to hold the aircraft during run-up and to assist in taxi turns.

[image: image3.jpg]



6 inch extender
 
N77363 does not have the extenders installed.
Brakes


Brake design on the older type aircraft can vary. Most brakes are either mechanical or hydraulically operated.  Some older systems used drum or expander tube design.  Newer brake systems use disc brakes. 


While toe brakes are very popular and used in current production aircraft, heel brakes are used in a number of older aircraft.  The C-120 has dual toe brakes. These brakes are disc type and are hydraulically activated.
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Cleveland Disc Brake Assembly
Flight Controls


 The C-120 has two control yokes, much like our current day aircraft.
The controls work exactly the same as in any other aircraft. Most of these aircraft do not have an interconnect between the rudder and the aileron assisting in the coordination of the turn.  Consequently, they demand more attention to aircraft control.  Stick and rudder have to be put in simultaneously and in a coordinated manner. As a turn is commenced attention has to be paid to the nose attitude.  Rudder pedal has to be put in proportional to the aileron stick input so as to prevent adverse yaw, unlike a newer aircraft where there is a mechanical connection between the rudder and aileron.


Flaps on these aircraft are either non-existent or very ineffective if installed. This is due partly due to their small size. Consequently, altitude loss is done by use of a forward slip. The C-120 does not have flaps. The C-140 did have flaps, although they were rather ineffective.

Trim systems also vary according to the manufacturer. Most are mechanical. Piper uses a trim crank, either on the sidewall or on the overhead. Cessna uses trim wheels. Aeronca uses a trim lever. Taylorcraft uses either a lever or a crank.  Although their functions are exactly the same, their differences will take a little getting used to. The C-120 has an elevator trim wheel mounted on the floor between the seats.
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Elevator trim located between the seats

Vacuum System


Many older aircraft never had a gyroscopic flight instrument.  If they did, the vacuum source was usually a venturi tube located on the side or under the fuselage.  As the aircraft would start its acceleration on takeoff, the differential air pressure through the venturi would create the suction necessary to run a gyro instrument.  At cruise speed the venturi would develop between 2 to 4 inches of suction, depending on its size. A minimum of 2 inches of vacuum is necessary to run one gyro instrument.  While inexpensive and simple to operate, the venturi did suffer from problems with rain, ice, and snow accumulation.  Regardless, many older aircraft are equipped with them and they continue to provide satisfactory service. Newer aircraft have had their accessory cases modified so as to be able to mount and operate a vacuum pump.


The C-120 has an electric turn and bank indicator and a vacuum powered directional gyro.
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Dual Venturi tubes on the side of N77363
Fuel System

Newer aircraft have fuel gauges that are electrically powered and conveniently located.  This is not the case with many older aircraft.


One of the simplest fuel gauges is a cork attached to a wire.  The amount of extension of the wire indicates fuel level. This design is very popular in the Piper Cub, Aeronca, and Taylorcraft designs. Other versions of the cork float are the Piper design in which a glass gauge is mounted under the fuel tank and a wire attached to a cork is used to indicate fuel level.  In the Cessna series, the fuel quantity gauges are mounted in the wing root.  
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Wing Mounted Fuel Quantity Gauge
All these designs are simple to maintain and use, but there are certain situations that need attention. A conventional gear aircraft on the ground sits tail low; consequently, the fuel quantity indication will not be accurate unless the aircraft is level.  The other is that the unusable fuel in the tanks is not provided, unless the manufacturer has provided us with that information, which is unlikely in the older aircraft. Lastly, the accuracy of the system is unknown, particularly if there is a “sticky” cork float.  This is why knowing the aircraft is so important, particularly fuel consumption rate for various power settings, and the accuracy of the fuel indicating system in various aircraft attitudes.


A tool that can greatly assist the pilot is to use a dowel and calibrate it.  With the aircraft sitting on the ground, and the fuel tanks empty, add fuel in five-gallon increments.  Measure the level on the dowel and mark it.


There are three fuel drains, one is located in each wing and one sump, which is located on the bottom portion of the firewall under the engine cowling. The sump tank will not drain unless the fuel selector, located in the cockpit, is in the LEFT or RIGHT position. Drain each tank checking for water and debris. Water, being heavier than fuel, will sink to the bottom of the tester. Do not throw the drained fuel on the ground! Either return the fuel to the fuel tank if a GATS fuel sampler was used, or dispose of it in a waste tank. In Florida, there is a $10,000 fine if caught discarding fuel on the ground!


The fuel system on the C-120 is vented through the fuel filler caps, there is no vent line as in newer Cessna’s. Check that the membrane on the bottom of the cap is secure and not damaged.


The C-120 has two wing mounted tanks, with the fuel gauges located in the cockpit, at the wing root. Total capacity is 25 gallons. Unusable fuel is one gallon. Minimum octane is 87.


Fuel flow is controlled though a fuel selector valve mounted on the floor between the pilot seats. There are three positions: LEFT, RIGHT, and OFF. Unlike newer Cessna aircraft, there is no “BOTH” position. Monitor your fuel flow in flight! Use the fuel in your tanks to assist in trimming your aircraft laterally. For example, if you are sitting in the left seat, burn fuel from the left side first. If you have two people aboard, switch tanks every hour of flight.
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Fuel Selector Valve
Carburetor Heat


Always use carburetor heat whenever rpm is below 2000 rpm. The design of the air filter/carburetor inlet is such that they are prone to carburetor ice.  Do not confuse the carburetor heat knob for the cabin heat knob.  In most cases they can be identical, except they are located on opposite sides of the instrument panel. Modern design requires that these knobs be of different shape and color.


If carburetor ice is suspected, put on full carburetor heat, and then lean the mixture for smooth operation.  Failure to lean the engine could result in a very rough running engine due to an excessively rich fuel-air ratio.


Carburetor ice can also be encountered while ground taxing if conditions are conducive.

Mixture

Most small conventional gear aircraft have engines ranging from 65 to 150 hp.  Above 3000 feet density altitude they are incapable of developing more than 75 % power.  For best power at a given RPM, lean the mixture anytime above 3,000 feet density altitude, or anytime operating below 75% power (2400 rpm) below 3000 feet.


Without an EGT gauge, leaning is best accomplished by slowing bringing the mixture control aft.  As soon as engine rpm drops, enrichen the mixture by putting the mixture control in until the rpm has increased.

The mixture control on the C-120 does not have an idle cut-off feature. The engine is shut down with the magneto’s.
Electrical System


Many older and homebuilt aircraft do not have an aircraft electrical system. 

If an older aircraft has an electrical system, a generator will most likely be the source of electrical power.  The generator’s output is directly related to engine rpm, with many generators not coming “on-line” until 1200 to 1400 rpm.  The C-120 generator comes on at this range. Consequently, lights and electrical equipment usage has to be monitored during ground operations, and when in the traffic pattern, when engine rpm is below the level required for generator operation.  The generator has to be “on-line” in order to charge the battery. The system can be monitored by an ammeter, where a positive indication shows that the generator is charging the battery.

The major advantage to having an aircraft with a generator, besides lights and radios, is having a starter.  This prevents hand propping the aircraft, which can be very dangerous. A real big advantage during winter operations! 
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Ammeter in flight showing positive charge

Instrument Panel
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The C-120 instrument panel is very complete for an aircraft of this vintage. The instrument panel consists of the following:

Left side panel
· Pull starter

· Primer

· Master switch On warning light

· KY-97 760 Communication radio

· Garmin GTX-320 Transponder

· Sigtronics two place intercom

· Circuit breaker panel with a covered generator switch

Center panel

· Airspeed indicator in MPH

· Electric turn and bank

· Wet compass

· Sensitive altimeter

· Vertical speed indicator

· Suction gauge measuring venturi pressure
· Directional gyro vacuum powered

· Ammeter

· Engine oil temperature

· Engine tachometer

· Engine oil pressure

· Mixture control

· Carburetor heat

· Strobe lights

· Position lights

· Throttle with friction lock

· Master switch

· Dual magneto switches

· Cabin heat

Right side panel

· EGT/CHT gauge
· Glove box
The outside air temperature gauge is located in windshield in the left wing root.
Magnetic Compass


The magnetic compass is a very reliable instrument.  Once the characteristics are learned, flying the magnetic compass can be fun and challenging. 


The aircraft compass should be calibrated and the calibration card displayed in the cockpit. The calibration card is located on the right door post on N77363. The more accurate the calibration, the more accurate will be your compass.  Compass calibration should be within 10( of the magnetic heading, and done with the engine turning, generator on, and all electrical/avionic systems on.


The compass suffers from four types of errors.  These are magnetic dip, northerly turning error, acceleration error, and oscillation error.

How to fly the magnetic compass

General characteristics:

1. When going from a north heading to east or west heading, the compass card initially turns in the opposite direction (lags).

2. When going from a south heading to east or west heading the compass card turns a greater amount in the direction of the turn (leads)

3. When going from an east or west heading it indicates correctly.

4. When accelerating on an east or west heading the compass turns to the north (ANDS: accelerate north, decelerate south).

5. When decelerating on an east or west heading the compass turns to the south (ANDS: accelerate north, decelerate south).

6. When accelerating/decelerating on a north/south heading there are no dip errors.

7. When climbing /descending on a north or south heading there are no dip errors

To roll out on a specific heading

1. If flying at 100 mph, a standard rate turn is a 15( angle of bank turn.  Normal lead is ½ the angle of bank, or 7-8(.

2. To rollout on a heading of north, lead with latitude plus normal lead.

3. To rollout on a heading of south, pass south by the latitude minus the normal lead

4. To roll out on a heading of east or west from north, roll out 10-12( before the heading is reached

5. To roll out on a heading of east or west from north, roll out 5( before the heading is reached.

Hand Propping

Caution

Hand propping can be extremely dangerous!


If done correctly, hand propping is easy and safe.  Unfortunately, every year there are a few accounts of runaway airplanes and sliced up pilots due to the violation of a few simple safety precautions.  One of the biggest reasons a C-120 is used, other than the fact we love the aircraft, is that it has an electrical system with a starter, thereby avoiding the need to hand prop the engine to start it.  

Hand propping a conventional gear aircraft is easier than a tricycle gear aircraft because of the nose high attitude in which the propeller sits. It is recommended that a tricycle gear aircraft never be hand propped. This is because the tricycle gear nose attitude is too low, forcing the person doing the hand propping to lean into the propeller. 

Safety precautions

Never attempt hand propping until you have received instruction from a qualified instructor!

1. Always have a qualified pilot behind the controls!!

2. Always treat the propeller as if the magneto switch is on

3. Have the tail tied down and the aircraft main wheel chocked

4. Check clothing, make sure nothing is loose

5. Check the ground you are standing on, make sure the surface is firm and dry

6. When gripping the propeller, do not wrap your hands around the propeller; instead leave the hands flat on the propeller surface.  When the engine starts you do not want the grip dragging you into the propeller.

7. Brief your verbal communication before starting to hand prop.

8. CONTACT means the ignition switch is being placed to the “both” position.  The magnetos are now “hot”. Brakes should be put on at this time, and the throttle only opened to the starting position. Push the aircraft at the propeller, making sure that the brakes are set

9. “Prop” by throwing the propeller downward. It helps if the propeller is on the compression stroke at the 10 o’clock position. Stand to the left side of the propeller hub. Body action has to be such that as the arms are thrown downward, your leg initially goes out and then backwards to move your body clear of the propeller.

Pilot’s Operating Handbook

On older aircraft, this book is non-existent!  What does exist is the Airplane Flight Manual that a mechanic should be able to obtain from the Type Certificate Data Sheets.  Or, there are aviation supply warehouses that have printed copies of the “Handbook of Operating Limitations and Information” for most aircraft.  This will have all the limitations, procedures, and performance, as required by the CAA or FAA at the time of certification.  Expect to only see a couple of pages.

Certification


A number of conventional gear aircraft are certified in both the Normal Category and the Utility Category.  For example, in the case of the C-120, the limitations in the Normal Category are a gross weight of 1450 pounds, and a positive load factor of 3.8 g’s.  Limitations in the Utility Category are a gross weight of 1450 pounds, and a positive load factor of 4.4 g’s.  Negative load factor is 2.26 g’s. 

Chapter 2

                                    Aerodynamics


This section addresses those areas of aerodynamics that have a direct effect on conventional gear operation.

Center of gravity location


The location of the center of gravity (CG) on a conventional gear aircraft explains a lot about its perceived unstable ground handling characteristics.  In a tricycle gear aircraft, the CG location is in front of the main landing gear.  In the event of a landing with a slight amount of drift, the CG location works to help center the aircraft on its ground track.


In a conventional gear aircraft, the CG location is aft of the main landing gear.  This tends to have a destabilizing effect. With the main wheels acting as a pivot point, landing with any drift will cause the aircraft to swerve due to the aft location of the CG.  Loss of directional control may lead to an aggravated, uncontrolled, tight turn on the ground, or a “ground loop”.  The combination of momentum acting on the CG and ground friction of the main wheels resisting it may cause the airplane to tip or lean enough for the outside wingtip to contact the ground, and may even impose a sideward force that could collapse the landing gear.

             The cause of the swerve is due to momentum and weathervaning effect.  Momentum is a product of weight and velocity.  Seeing that weight is constant in an airplane, momentum is proportional to velocity.  If an aircraft is moving forward, it has forward momentum.  But, if an aircraft is in a slight drift, it has forward and sideward momentum.

Assume that an airplane is on a flight path parallel with the runway centerline.  The wind is from the left and we have a slight left crab.  As the main wheels touch the ground, the sideward momentum makes the airplane immediately want to rotate to the left.


Weathervaning effect is the tendency of the fuselage to align itself with the wind line, much like a wind indicator. The size of the vertical fin determines the airplane’s weathervaning tendencies. A large vertical fin gives a lot of directional stability, but its weathervaning characteristics make it very difficult to handle in strong crosswinds.

In the above situation, the CG being aft of the main wheels, landing in a crabbed condition with the wind from the left caused momentum to swing the airplane to the left.  This swing, or swerve, is further compounded by the tendency of the fuselage to want to align itself with the wind.  Therefore, the location of the CG in relation to the gear, weathervaning, and drift forces to the left, have all combined to create a very de-stabilizing effect.


While all tailwheel aircraft have their CG aft of the main landing gear, the cockpit layout determines the amount of aft CG.  A tandem aircraft has its CG further aft than does a side-by-side aircraft.  The side by side tends to be more stable because the CG is closer to the main landing gear in respect to ground looping tendencies.  But, they tend to nose over more easily with sudden or excessive use of the brakes.  Some aircraft, such as the Cessna 140 series had wheel extensions to lengthen the distance from the main wheels to the CG.

Vertical CG location also plays a role in determining how stable an aircraft is in crosswind conditions.  The higher the CG is located from the ground, the less stable is the aircraft.  Any comparison of a high wing aircraft versus a low wing aircraft will make this point very clear.  Look at the crosswind limitations and generally the low wing aircraft will always have a higher limitation.

Lastly, the amount of dihedral an aircraft possess has an effect on its ground looping tendencies.  The more dihedral an aircraft has, the greater will be the tendency for a crosswind to get under the wing and lift it.  Although dihedral adds to its in-flight stability, it will also cause the pilot to be more conscious of lowering the wing in crosswind conditions.

Torque


Torque is a combination of forces that tends to produce a twisting or rotating motion on an airplane.  A rotating propeller creates all these forces.  Their effect increases in direct proportion to engine power, airspeed, and airplane attitude. Airplanes are designed so that torque effect is not noticeable when the aircraft is cruising straight and level, at a cruise power setting. The four forces are torque reaction, spiraling slipstream, gyroscopic precession, and asymmetric propeller loading (P factor).

Torque Reaction

This is based on Newton’s Law of action and reaction.  When viewing the aircraft propeller from the rear, it rotates in a clockwise direction. A reaction force is produced which tends to roll the airplane along its longitudinal axis in a counterclockwise direction, creating a tendency for the airplane to roll to the left.

Note

If flying an aircraft of European or Russian design, the propeller rotates in a counterclockwise direction when viewed from the rear.  This is exactly opposite to a U.S. design! Consequently, rudder inputs are opposite to what is written here. Left pedal is necessary to counteract torque effect in these designs.


Manufacturers correct this tendency by building in a slightly higher angle of incidence on the left wing.  This gives a little more lift on the left wing, canceling out the rolling tendency.  Of course, this increased angle of incidence on the left wing means it now flies with a higher angle of attack than the right wing, resulting in increased induced drag on the left wing.  As with spiraling slipstream effect, this is compensated for by either offsetting the vertical fin slightly to the left or canting the engine thrust line slightly right.

Spiraling Slipstream


As the airplane propeller rotates through the air in a clockwise direction, as viewed from the rear of the airplane, the propeller blade forces the air rearward in a spiraling clockwise direction of flow around the fuselage.  A portion of this spiraling slipstream strikes the left side of the vertical stabilizer forcing the airplane’s tail to the right and the nose to the left, causing the airplane to rotate around the vertical axis.


Manufacturers have attempted to overcome the effects of this left turning tendency by:

· Offsetting the vertical fin slightly (1-2() to the left

· Canting the engine thrust line slightly to the left

· Or adding an adjustable rudder trim tab. Unfortunately, many aircraft don’t have this!

Spiraling slipstream effect has been neutralized during flight. In fact, in straight and level flight at cruise power, the rudder pedals should be centered. At speeds slower than cruise, such as a climb, this left turning tendency is not fully compensated for.  Therefore it is necessary to hold a little right rudder.  Conversely, during a descent with reduced power, there is a tendency for the aircraft to turn to the right, therefore requiring a slight amount of left pedal.

Gyroscopic Precession


Gyroscopic precession is a property applied to any object spinning in space.  The object will keep spinning unless disturbed by an outside force.  If this occurs, the object will deflect or “precesses” 90( ahead in the direction of rotation and in the direction of the applied force.


On an airplane, the spinning propeller demonstrates the characteristics of precession.  As the nose is moved left or right, up or down, a deflective force is applied to the propeller.  If the nose is lowered the tendency is for the force to turn the airplane to the left. If the nose is raised, the tendency is for the force to turn the airplane to the right. Gyroscopic precession is most noticed at the beginning of the takeoff, when the tail is raised, nose lowered.  This causes a turning force to the left.

Asymmetric Propeller Loading (P factor)


P factor occurs anytime the airplane is flown at a high angle of attack.  For a conventional gear aircraft, this is anytime the aircraft is taxiing!


The downward moving blade, the right side of the propeller, as seen from the rear, has a higher angle of attack, higher speed, and therefore higher thrust, than the upward moving left blade. In fact, the difference in thrust amounts to an 11% increase in an aircraft such as the Cessna 170. This results in a tendency for the airplane to yaw around the vertical axis to the left.  This occurs any time the airplane is operating at high angle of attack and high power settings, such as during the takeoff roll (when the tail is still down), climbs, and slow flight.


Manufacturers make no attempt to compensate for P factor.  Pilots need to apply right rudder to compensate.

Summary of torque effects during the takeoff


The normal takeoff consists of the four following procedures.  These procedures will be discussed in more detail in Chapter 5, Takeoffs.  The torque effect that the pilot will experience in each stage of the takeoff sequence is:

1. Advance the throttle during the initial takeoff roll with the tail wheel on the ground.

· As the aircraft sits in this nose high attitude, the throttle is advanced to full open. The aircraft will want to yaw to the left due to the asymmetrical loading (P-factor)) on the propeller.

2. Lifting of the tail with forward stick.
· The torque due to P-factor will decrease to zero since the airplane now approaches a level attitude.  The turning effect due to gyroscopic precession will come in during the act of lifting the tail and then will disappear.  This torque effect is directly related to how quickly the tail is raised.

3. Takeoff roll with the tail rose.
· Torque effect due to spiraling slipstream builds up and then is fairly constant as airspeed stabilizes.
4. Lift off

· As a slight amount of aft stick is added for liftoff, there is a slight amount of P-factor reintroduced.

Obvious, torque is not constant during the takeoff roll, but is proportional to the flight attitude and power setting. As airspeed increase during the takeoff roll, the rudder becomes more effective, allowing for easy compensation of these combined torque effects.
Chapter 3
Ground Operations

Preflight Inspection 


Prior to conducting a preflight inspection of any aircraft, make sure the preflight items required of FAR 91.103 are accomplished.  Additionally, the pilot-in-command (PIC) is responsible for determining the airworthiness of the aircraft.  Review the aircraft logbooks to confirm a current annual inspection, a current 100-hour inspection if the aircraft is involved in commercial operations, compliance with applicable AD notes, and a transponder check, if one is installed.  Do not forget about aircraft insurance, particularly if renting.  What are the limits and what type of policy is in force?


The preflight inspection begins when walking out to the aircraft.  Look at the aircraft as it is approached. Is it sitting upright on its landing gear?  Is there any damage?  Is the aircraft properly secured? Is there a pool of oil under the engine? Is there evidence of bird or mice damage?  On fabric covered aircraft inspect the surface for bumps or protrusions in the fabric indicating internal damage.  Where the paint is either chipped off or cracked on the fabric, inspect closer for any damage.


If the engine has been “cold soaked” in temperatures lower than 20( Fahrenheit, preheat the engine prior to attempting to start it. This will result in an easier start with less wear on the engine internal parts. Starting engines at very low temperatures will cause accumulative engine damage due to poor lubrication at the cold temperatures.

Typical Pre-flight Inspection

Cabin

Required documents: 

· Airworthiness Certificate

· Aircraft Registration

· Weight and Balance

· Operating Limitations

Tachometer/Hobbs meter-record

Controls-unlock

Master-on

Lights -check

Master-off

Ignition-off, key out. On dash
Control cables-inspect

Fuel valves-left or right
Seats-seat belts

Baggage area-secure

ELT-Off

Left Wing

Fuel-drain and check

Aileron-freedom of movement, attaching hardware

Wing tip -condition

Position light-condition

Top/bottom-condition of metal

Tie down-removed

Wing struts-security at both ends, no sign of corrosion

Pitot tube & cover-check for blockage
Fuel quantity indicator-check visually and with dip stick

Fuel filler cap-secure

Landing gear strut-no damage

Brake-disc, pads, evidence of leakage


Main wheel tire- condition, inflation, cotter pin on axle nut


Hub cap- 3 screws secure
Nose

Engine compartment- check for oil leaks, primer lines, all hoses secure, rocker        

cover screws secure, engine mounts secure, engine support frame for cracks

Fuel strainer-no sign of leaks

Fuel- drain and check

Carburetor air filter- no signs of blockage

Propeller-nicks, cracks

Spinner-secure

Intake - no evidence of birds

Engine oil level- 3 to 4 quarts

Cowl locks- secure

Right Wing

Landing gear strut-no damage

Brake-disc, pads, evidence of leakage

Main wheel tire- condition, inflation


Hub cap-3 screws secure
Fuel quantity indicator-check visually and with dip stick

Fuel filler cap-secure

Wing struts-security at both ends, no sign of corrosion
Tie down-removed

Top/bottom-condition of metal
Wing tip -condition

Position light-condition

Aileron-freedom of movement, attaching hardware

Fuel-drain and check

Empennage

Metal-condition

Underbelly-condition, cleanliness

VHF antennae-condition

Strobe-security

Control cables-condition

Elevator-freedom and range of movement, attachment

Rudder-freedom, attachment

Drains-blockage

Tail tie down-removed

Tail wheel-condition of tire, springs, and rudder horn

Position light-condition

Chocks-remove

Windshield-CLEAN! In flight, a smashed bug on the windshield will cause your eyes to constantly focus on it as it initially appears to be another airplane.


Any damage noted on the preflight inspection should be reported prior to flight. This relieves the pilot of being accused of doing the damage on the return of their flight. If an airworthiness issue is involved, a qualified mechanic should make the determination as to the condition of the aircraft.

Post flight inspection


A post flight inspection includes a walk around inspection, after flight that checks the condition of the airframe, cowling latches, and any signs of fuel or oil leaks.  Additionally, the following items should be done to properly secure the aircraft:

· Tie down the wings and tail surfaces.  Use a double half hitch knot.

· Secure the yoke with a seat belt

· Chock both main wheels

The double half hitch knot

A double half hitch knot should be used when securing the aircraft.  A little slack should be placed in the line so as to allow the wing to move slightly in the wind.
Taxiing


A conventional gear aircraft always sits on the ground with a positive angle of attack.  Consequently, winds that would not affect a tricycle gear aircraft easily affect a conventional gear aircraft.  Taxiing has to be done slowly and with correct control inputs for the wind conditions, and with proper use of the brakes. Ground taxing should be mastered as soon as possible.  It will teach rudder control and brake usage.  With ground taxi mastered, takeoffs are a lot easier and safer.


Before starting to taxi the aircraft, reduce the throttle to idle, and check the brakes.  Hold the yoke all the way aft when applying the brakes.  This keeps the weight on the tail wheel and prevents nosing the aircraft over.


Taxi at a speed slow enough that if throttle is reduced to idle, the aircraft will stop moving.  Minimize the use of brakes unless absolutely necessary.


In most conventional gear aircraft you can not see over the nose while taxiing. This will be difficult at first. Therefore, use a series of gentle S-turns as you taxi so as to be able to see any obstacles in front of the aircraft.  S-turn along the centerline of the taxiway, using only enough turn so as to be able to see down the taxiway. The S-turns should be done with a combination of rudder and a little throttle.


While taxiing, keep attention outside the aircraft.  Do not adjust radios or organize the cockpit while the aircraft is moving!
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Taxi attitude in the C-120

It is absolutely necessary that the controls be in the proper position in regards to the wind.  Do not be casual about this, as the aircraft has an angle of attack while on the ground, and can easily get light on a wheel or become airborne in strong enough winds.  When taxing with the winds from the 9 o’clock position to the 3 o’clock position, in front of the aircraft, put the aileron into the wind, and hold the stick aft.  This will hold the upwind wing and tail down.


When taxiing with the wind from the tail position, i.e., the 3 o’clock to the 9 o’clock position, place the ailerons opposite to the wind, and the stick forward.  This will assure that the upwind aileron and tail is being held down by the wind. If confused about where to place the controls while taxing, just visualize what position the aileron and elevator will have to be in to keep the wing and tail down.

To turn while taxing, first put in full rudder.  It might be necessary to add a short “burst” of throttle to assist the rudder in the turn.  If necessary, lightly tap the toe brakes.  Hold the stick aft so as to make the rudder input more effective.


To make a tight 180-360( turn, hold the stick back, put in full rudder, add a short “burst” of throttle, and apply the brakes, then release the brakes, “tapping” the brakes continuously, as the aircraft turns in the circle. It is essential that the brakes be “tapped”. If brakes are applied and held, one of two things will occur.  If the aircraft has a modern braking system, the aircraft will stop.  If it has an older mechanical or hydraulic system, the brakes will fade and there will be no braking action left.

Chapter 4





Maneuvers and Procedures: Altitude Work

For most pilots, practicing the four fundamentals, i.e., straight and level flight, climbs, descents, and turns, appears to be boring stuff and unnecessary.  Particularly when desiring to check out in a “taildragger”, pilots want to get right into the traffic pattern.  This is the wrong approach to a conventional gear aircraft checkout because by mastering the basics first, and getting a feel for your aircraft without reference to the instruments, all other maneuvers become very easy to master in a short period of time.

Good qualities for a pilot to work towards are mastery of straight and level flight, turns, and slow flight. Holding altitude within 20 feet, airspeed within 3 mph, and heading within 2 degrees, for one minute, is a sign of a proficient pilot.  Staring at the instruments and occasionally looking outside is a very undesirable trait.  Finding the right aircraft attitude for the flight condition, and then using the proper amount of engine power and trim, makes any maneuver easy. Always remember to scan. Remember, 80% of your time should be outside the cockpit, looking for other traffic.
To master the aircraft, to get a feel of the machine, learn to fly by aircraft attitude.  Pick airframe components as references to the horizon. Look at the wing tips.  Look at the nose attitude in relation to the horizon.  Manipulate the throttle and the nose attitude until you are able to maintain the aircraft in the configuration that is desired.  Do not chase the airspeed indicator or the altimeter.  These instruments have a 3-7 second lag before they read accurately.  Once the proper attitude is established, the airspeed and altimeter will eventually produce the desired results.  This is what “flying by the seat of your pants” means. Visually placing the aircraft in the proper attitude, with power or without power, for any flight condition, and sensing coordination without looking at the inclinometer.

General Considerations

1. Look before turning!  Lift that wing and check from the six o’clock to the twelve o’clock position
2. Do two clearing turns prior to each maneuver.  Each turn should consist of a minimum of a 90( turn.  Conduct the clearing turns so that the aircraft remains in the practice area. All turns should be a 30( angle of bank.
3. Be aware of altitude.  Practice all maneuvers at an altitude that will allow a landing to be made in the event of an engine failure.  If in an area of IFR airways, fly at the proper VFR cruising altitude, if above 3000 feet AGL.

4. Fly neighborly.  Do not stay over one spot for a long period of time.

5. Prior to each maneuver, do the pre-maneuver checklist, do two clearing turns, and then do the maneuver.  Clearing turns are required on all maneuvers, except normal angle of bank turns (30().

6. Do not fly with a death grip on the controls!  Only use a couple of fingers. 
7. TRIM, TRIM, TRIM for each flight condition. Take your hands off the yoke and see how the aircraft responds. If trimmed properly, it should stay in the attitude you were holding it.

Pre-maneuver checklist

1. Fuel- Fullest tank
2. Mixture-Rich

3. Carburetor Heat-On

Straight and Level Flight


Straight and level flight is obtained by putting the aircraft in the proper nose attitude, setting the correct power, and trimming. Trim, Trim, Trim!!  The aircraft should be trimmed so that if the stick is released, the aircraft maintains it’s attitude.


When flying straight and level look at the wing tips.  They will appear to have a negative angle of attack.  This is because of the washout built into the wing. Additionally, there should be the same distance from the wing to the horizon, on both wings, indicating that the aircraft is straight and level and is not turning. Look at the nose-how far is the nose below the horizon?

For certain airspeeds, 100 rpm will have to be added to keep the same airspeed if operating with another person aboard.  For example, in the C-120, to cruise at 105 mph takes 2400 rpm with one person, 2500 rpm, with two people on board.

Climbs

There are a few definitions that have to be reviewed. Best angle of climb speed (Vx) is the airspeed that will gain the maximum amount of altitude in the shortest distance over the ground. Best rate of climb speed (Vy) is the airspeed that will gain the maximum altitude in a given period of time. Cruise climb is an airspeed that will give a 500 fpm rate of climb (if the aircraft will do it!)

Climbs are done by adding full throttle, putting the nose in the proper climb attitude, adding right pedal, and trimming.  Both the Vx and Vy attitudes have a different nose attitude in reference to the horizon. Practice climbs for at least a 1000-foot altitude increase to gain experience obtaining the proper nose attitude. Level off approaching the desired altitude by placing the nose forward into the desired cruise altitude, allowing airspeed to build up, reducing throttle when at desired cruise speed, and then trimming.


Vx = 69 mph


Vy = 77 mph


Descents


Descents can be made at cruise airspeeds using the same procedure used for a climb. Put carburetor heat on, if required. Reduce power to 1500 rpm, set the proper nose attitude for the descent airspeed, trim, and use rudder pedal as necessary.  Initiate the level off with a coordinated application of power and nose up (aft) stick when within 50 feet of the desired altitude.  Trim!


The descent attitude is a couple of degrees lower than the nose attitude held in straight and level flight.

Turns


Turns in a conventional gear aircraft are a little more demanding due to the lack of an interconnect between the rudder and aileron.  The pilot is the interconnect that makes a coordinated turn!


Prior to conducting a turn, clear in the direction of turn by lifting or lowering a wing.  Then, smoothly roll into the turn with lateral stick, a slight amount of aft stick, rudder application for the angle of bank, and an additional 100 rpm of power to maintain your airspeed.  Normal turns are done with a 30( angle of bank.  Use any cockpit brace struts to help you obtain this orientation.


The rollout is conducted by placing the stick to the center, releasing the aft force, removing the rudder input, and reducing the power to the cruise setting, all done simultaneously.  Start the roll out about 15( prior to the desired heading. Remember, this is visual flying; select an object for the roll out point, then reference it to the compass heading.


Nose attitude in the turn is the same as in straight and level flight, only with an angle of bank.  As the turn is entered, the nose wants to drop. Observe this, stop the nose drop, and then bring the nose right back to the same spot on the horizon.  With slightly aft stick, the airspeed decreases 5 to 7 mph.  Add approximately 100 rpm to maintain the entry airspeed


The biggest problem in turns is the coordination.  Putting in too much pedal in relation to the aileron during the turn will create a skidding turn, indicated by the ball in the inclinometer wanting to “burst out” the outside of the gauge.  If in a slipping turn, i.e., not enough rudder for the angle of bank, the ball stays on the inside of the inclinometer. Until a sense of feel is developed for coordinating the turn, initially put in the amount of rudder that you think is necessary for the angle of bank.  Once established in the turn, look at you inclinometer, and if the ball is not in the center, gently “step on the ball”. Once coordinated in the turn, “feel” this coordination.  


If coordinating the turn seems to be a problem, another technique to master the turn is to first fly straight and level.  As the pilot applies pressure to the aileron, apply pressure to the rudder.  When in the turn, the pressure on the aileron will relax. Relax the pressure on the rudder to match that of the aileron.  Although not perfect, it is a manner in which to get a pilot started in feeling coordination.


A common tendency for a new pilot checking out in conventional gear aircraft is to grip all the flight controls too hard.  He would like to gently “step on the ball” but he can’t move the rudder pedal as the other foot has too much pressure on the other rudder pedal! Additionally, the instructor can’t help him because he can’t override his grip!  Try to be conscious of the force you are holding on the controls, and grip them with normal pressure.


The biggest problem with the turning maneuver is adverse yaw.  Adverse yaw is the drag created by the differential deflection of the ailerons in a turn.  In a left turn, the left aileron deflects upward, the right aileron deflects downward.  The right downward deflection of the right aileron causes greater drag than the upward deflection of the left aileron, due to the rigging of the flight controls. This causes the nose to swerve to the right in a left turn! Adverse yaw is overcome by the proper application of rudder.


An excellent maneuver for demonstrating this is to set up for a turn.  After clearing the area, keep the rudder pedals centered with the feet, as the stick is displaced in the desired direction.  Watch the nose reaction.  Now do the same maneuver coordinating the turn by putting in rudder as the stick is put in the direction of the turn.  Once adverse yaw is seen and understood, and the proper amount of rudder is used to keep the turn coordinated, the inclinometer will never have to be referenced again.
Steep Turns


The steep turn is a turn of 45- 55( angle of bank.  As it is considered a maneuver, perform the pre-maneuver checklist first, followed by two clearing turns.

            The maneuver is performed exactly as a normal turn, with the exception that it will be necessary to add power, 2400-2500 rpm, to maintain altitude, as the roll into the steeper angle of bank is initiated. Entry airspeed is 90 mph.
           Nose attitude is key in this maneuver, because the common tendency is to let the nose drop, thereby allowing an increase in airspeed and altitude loss.  If the aircraft is in this position, reduce the angle of attack to that of a normal turn, stop the rate of descent with aft stick, and then reenter the turn.  Maintain orientation so as to roll out on the selected checkpoint and heading. Begin the rollout 30( prior to the desired heading.

Slow Flight

Slow flight is an excellent maneuver for developing a sense of feel for the aircraft attitude and the effects of power on nose attitude, airspeed, rate of climb, and rudder input.  Procedures are:

1. Pre-maneuver checklist(fuel, mixture, carburetor heat)
2. Two clearing turns (minimum of 90 degrees)
3. Reduce throttle to 1500 rpm

4. Set proper nose attitude; add power to 1800-1900 rpm to maintain Vs (stall airspeed in the clean configuration.

5. Rudder to maintain balanced flight

6. Trim

7. Maintain Vs 
Once comfortable with straight and level flight, practice shallow turns at 15( angle of bank. If an imminent stall is felt, add a slight amount of throttle, reduce the angle of attack slightly, or both.  Vs is 50 mph in the C-120.
Slips


There are two types of slips. 
 They are the:

· Sideslip, and the 
· Forward slip.


 The sideslip is used as a crosswind maneuver on the final landing approach.  The forward slip is used as an altitude loss maneuver on final approach, with aircraft that do not have flaps.

The advantage of not having interconnection between the rudder and the ailerons is that these aircraft slip very nicely and comfortably.  Once the pilot is used to the angle of bank during the slip, it is relatively easy to very accurately hold the aircraft in the slip, and control altitude loss exactly.


Practice this maneuver at altitude.  Perform a pre-maneuver checklist and two clearing turns.  Pick and align with a field in the distance, assuming this is the runway.  Reduce power to idle and slow to 1.3 Vso (60 mph).  Trim.  While descending, lower the wing into the simulated cross wind and add opposite rudder.  Bring the stick aft to counteract the nose-dropping tendency.  Maintain 1.3 Vso (60 mph).  A sideslip will have an angle of bank of a few degrees; a forward slip can have an angle of bank of up to 30 degrees!


The secret in knowing how much angle of bank to put in is to look at the runway and make sure that all drift is stopped, and the flight path is aligned with the runway.  The nose will not be aligned! If more aileron than rudder is put in, or more rudder than aileron put in, the aircraft will “fight you”, that is, the maneuver will feel uncomfortable. It’s possible to hear the fabric flapping on the sides of the aircraft and the aircraft will feel “squirrelly”. Additionally, the desired flight path will not be maintained, as the aircraft will turn in the direction of the excessive aileron or rudder.


Even though the aircraft is cross-controlled it will not stall during a slip if airspeed is maintained. The common tendency is to overcorrect with pitch attitude once the nose drops on the entry to the maneuver.  Maintain normal descent attitude and everything will work out fine.  Although the airspeed indicator will tend to be inaccurate during the slip, it is still a good reference.


Practice side and forward slips with the left wing down, right rudder, or right wing down, left rudder.  On landing, the cross wind may come from either the right or left sides, consequently, skill in slipping in both directions is required.


If the aircraft is equipped with flaps, read the Pilots Operating Handbook concerning slips with flaps extended.  If this issue is not addressed, do not use flaps in a slip. Either use the flaps, or do a forward slip to lose altitude without using the flaps.  In many cases the aircraft certification testing was not done with a forward slip and flaps extended.  There is a fear that in a forward slip attitude, flaps may blanket out the effectiveness of the elevator and rudder, causing controllability problems.

Stalls


The older conventional gear aircraft tend to have excellent stall warning and stall recovery characteristics.  This is because under the old CAA (Civil Aeronautics Administration) certification guidelines, an aircraft had to be able to enter and hold a 6 turn spin, and then recover by letting the controls go.  Consequently, aircraft were built to be very docile in the stall and on the stall recovery.


The C-120 is no exception.  It gives plenty of warning prior to the stall, resists a stall, and once stalled, recovers quite nicely.  As there is no electrical stall warning devices, consequently, the shudder, lack of airspeed noise, and pitch down at the stall, are all positive indications of a stall.


The stall maneuvers practiced are:

1. Power off stall-straight ahead, or in a turn

2. Power on stall-straight ahead, or in a turn, departure stall, approach, approach turn stall

3. Cross -controlled stall

4. Accelerated stall

5. “Falling leaf” stall

Stalls are approved for operation in the normal and utility category, with entry speed at the stall being a stalled condition.

Procedures for a stall are:

1. Minimum altitude is 3000 feet AGL

2. Perform the Pre-maneuver checklist

3. Two clearing turns


Coordination of flight controls is the key to a good stall recovery.  If the ball is centered throughout any of the stall maneuvers, the stall will always terminate in a straight aircraft attitude, regardless of angle of bank, and not fall off on a wing. If not coordinated, it is possible to enter a spin after the aircraft has stalled.

 There are two conditions that create a spin.  They are: 1) a stall and 2) a rotation (yaw).  Proper use of the rudder pedals will prevent the rotation (yaw) from occurring.


A common pilot technique during stall recovery is to place the stick too far forward, thereby creating a steep nose down angle.  Yes, the stall is now “broken”, but there is a great amount of altitude loss, which could be detrimental if close to the ground.

When the aircraft stalls, release some of the aft stick pressure, put the nose to the Best Angle of Climb attitude, and smoothly add full throttle with proper right pedal input.  Put the carburetor heat in after the throttle is full open.  Do not look at the airspeed indicator at this point, as it will still be indicating low.  With the proper nose attitude for climb and full throttle, the aircraft will be climbing, and eventually, the airspeed will catch up and read correctly.  With practice, it should be possible to fully stall the aircraft and recover within 100 feet of altitude loss.

Common pilot errors during stall practice are:

1. Failure to do the pre-maneuver checklist, or two clearing turns

2. Not fully stalling the aircraft
3. Not maintaining a constant angle of bank during a turning stall.  Allowing the aircraft to tighten its turn as airspeed slows down

4. Not being in balanced flight during the stall maneuvers

5. Putting in excessive forward stick on stall recovery

6. Not setting the proper climb attitude after recovering from the stall 

7. Putting in carburetor heat prior to full throttle

8. Incorrect application of right pedal with full throttle

Turning Stalls


Turning stalls should be done at angles of bank up to 30(.  After doing the pre-maneuver checklist and two clearing turns, roll the wings level, reduce power to idle, look both ways, and then roll into a turn.  Constant back stick pressure will be necessary to prevent the nose from dropping.  Bring the nose above the horizon and hold it there until the stall.  Stay coordinated with rudder, or else the aircraft will roll to the side where the rudder is applied.

Power On Stalls


Power on stalls is used to simulate real life situations, i.e., a stall at takeoff (departure stall), or a stall in the pattern (approach turn, approach stall).  Set the power and condition for the maneuver and then conduct the stall.


Departure stalls in the C-120 are interesting, because at full throttle, the aircraft just does not want to stall! This is very typical of older aircraft.  The aircraft will remain in a nose high attitude and gain 1000 feet of altitude before it stalls, if it stalls at all!  If this is undesirable, reduce the power to 2000-2200 rpm prior to conducting the maneuver.

Accelerated Stall


An accelerated stall is a stall that occurs in greater than 1g flight.  It can easily happen during a pull out from a high-speed descent or during a steep angle of bank turn where excessive back stick force is used.


It is difficult to demonstrate an accelerated stall in most light aircraft due to their low wing loading.  By the time the aircraft stalls, it is close to 1g flight.


Procedures for conducting an accelerated stall are:

1. Pre-maneuver checklist

2. Two clearing turns

3. After roll out from the clearing turn, reduce power to 1200 rpm

4. Rapidly roll into a 45( degree bank, while pulling the stick aft.  Put the nose 30( above the horizon.  Continue pulling aft stick until the stall.

5. If done properly, there will be a slight “g” feeling prior to the stall

6. Normal stall recovery

Cross Controlled Stall


A cross-controlled stall assumes that the pilot has overshot his turn from base to final during the landing approach.  Not wanting to fly a coordinated turn, or go around, the pilot keeps in rudder to correct the alignment to final, and takes out angle of bank as he is uncomfortable with a steep angle of bank so close to the ground.  As the nose drops due to this cross-controlled condition, the pilot then puts is excessive aft stick to prevent the nose dropping.  The aircraft then stalls, in a cross-controlled condition, close to the ground. A spin develops.  Recovery is unlikely due to the close proximity to the ground. 


Procedures for conducting the cross controlled stall are:

1. Pre-maneuver checklist

2. Two clearing turns

3. After roll out from the clearing turn, reduce power to idle

4. Establish 1.4 Vso (70 mph), the speed on base leg

5. Roll into a coordinated 30(turn

6. Keep the rudder in, roll the wings back to straight and level

7. When the nose drops, apply aft stick, stalling the aircraft

8. At the stall, the aircraft will want to roll to the side that the rudder is applied

9. To recover, reduce nose attitude while simultaneously applying opposite rudder to stop the rotation.  Use normal stall recovery procedures

Falling Leaf


The falling leaf maneuver is an excellent maneuver for teaching rudder use during a stall, aircraft response during a stall, and how to prevent a spin.


The maneuver is entered in the same way as a power off stall, straight ahead.  

At the stall, the stick is held all the way back and kept there throughout the maneuver.  It might take two hands to hold the stick back.  Fall stalled for 1000 feet and then recover. 


During the stall, the nose will drop, as the aircraft wants to recover by itself.  If the stick were released at this point the aircraft would recover from the stall. By holding the stick aft, the nose will slowly rise again until it stalls again.


During the stalled condition, the nose will either fall off to the right or left.  Quick and proper use of the rudder will prevent rotation (yaw) from occurring.


Depending on the type aircraft, the ailerons may or may not be effective in assisting the rudder in maintaining the aircraft straight during the stall.  Some aileron may be put in with rudder to assist in leveling the aircraft.


Throttle is at idle during this maneuver.


Recover is made by releasing the aft stick pressure and allowing the aircraft to “fly away”.  Recover to straight and level flight.


This maneuver is a great confidence builder for those who are afraid of stalls.  It also demonstrates that with proper control input, a spin will never occur. Additionally, the rate of descent is small during this maneuver, averaging from 500 to 1000 feet per minute.

The Spin


This has to be perceived as one of the most dreaded maneuvers in General Aviation.  It’s feared because it is not practiced, appears violent, and is greatly misunderstood.


For a spin to occur two events happen simultaneously.  The aircraft has to be stalled.  Rotation (yaw) has to be introduced at the stall. If either of these is prevented from occurring, a spin will not happen!


As with most aircraft, the spin is approved in the C-120 while operating in the utility category (1450 pounds) and entering in a stalled condition.  The procedures for entry are the same as the power off stall, straight ahead:

1. Pre-maneuver checklist complete

2. Two clearing turns

3. Enter a power off stall

4. Just prior to the stall, full rudder is put in, and the stick rapidly brought back aft.  Failure to do this will result in the aircraft stalling and rolling off to one side, not entering a spin.

5. Hold the stick full aft (use both hands if necessary) and the rudder full in

6. Check airspeed to make sure that you are in a stalled condition

7. Do a two turn spin. Count using a visual reference

Once in a spin, the stick has to be held back to the position it was at the stall.  A common tendency is to slightly reduce aft stick pressure.  If this occurs, you are no longer stalled, and therefore not in a spin, but in a divergent spiral.  A divergent spiral is dangerous, as airspeed will rapidly build up during the auto rotational descent.  By the time two turns are completed, the airspeed will be in the yellow arc.  Recovery has to be done very slowly so as not to overstress the airframe.


Assuming the stick is held back full aft, the airspeed should remain at the stall speed.  After two turns, begin recovery.


To recover, it is necessary to maintain orientation.  In a fully developed spin, the aircraft assumes an 80-85( nose down attitude.  Prior to commencing the spin, pick a large and readily identified object so as to assist in the recovery.  Once rudder opposite to the direction of turn is put in, recovery is quick.


If disoriented as to the direction of turn, the turn needle will accurately indicate direction of turn.


Do not use throttle or aileron in the spin. This will accelerate the rate of turn during the spin.


Procedures for recovery are:

1. Put in forward stick, or just release the stick pressure. Simultaneously, full rudder pedal is put in, opposite to the direction of rotation

2. Once rotation stops, center the pedals

3. Gently put in aft stick to recover to a level attitude

4. Apply throttle for the flight condition desired


The regulations concerning the use of parachutes are stated in FAR 91.307.  Parachutes are not required when performing spins with a certified flight instructor for the purpose of obtaining a rating.  However, if you take someone other than a flight instructor with you while performing spins, all occupants of the aircraft must wear parachutes.

Ground Reference Maneuvers


Ground reference maneuvers are an excellent way to get a feel of an aircraft while maintaining outside reference throughout the maneuver.  A pilot that can fly a good ground reference maneuver will have a very easy time in the traffic pattern, as they are able to fly with their head outside the cockpit. The three maneuvers that can be practiced are the same ones required for the Private Pilot license.  They are:

· Rectangular patterns

· S-turns across a road/straight line

· Turns around a point

As with all ground reference maneuvers, the considerations should be: 
· selection of a safe landing area in the event of an engine failure 
· cruise airspeed 
· altitude at least 1000 feet AGL
· selection of a good reference point 
· selection of reference points along the desired flight path.

Basic Instrument Flight


Every checkout should include at least 15 minutes of time “under the hood”.  While the attempt is not to make anyone an instrument pilot, we are all aware that the leading causes of aircraft accidents are continued flight into instrument conditions.  While practicing maintaining aircraft control under the hood, the pilot should be able to safely execute a 180( turn, a climb or descent, and change airspeeds, as necessary.


Instrument flight in an aircraft such as the C-120 is challenging, at best!  It’s challenging because it only has a turn needle for a gyro instrument, and the flight instruments are scattered all over the cockpit, i.e., circa 1946.  Additionally, the pilot will have to be familiar with the characteristics of the magnetic compass.


A maneuver that will demonstrate the inherent stability of these aircraft is the “Florsheim Autopilot” or for the younger generation, the “Nike Autopilot”. Simple turns, climbs, and glides are possible by exploiting the inherent stability of the design using slight rudder and throttle inputs to maintain complete control. While under the hood, use gentle rudder inputs to initiate turns.  Use gentle throttle inputs to do climbs and descents. Besides being an enjoyable and confident building experience, this maneuver goes a long way in curing ham fisted pilots

Regardless, these aircraft are stable in flight, and trim well. After settling down and getting the cross check going, it will be discovered that instrument flight is manageable, and maybe even fun!

Chapter 5

       Takeoffs

Overview

Pilots tend to be casual about takeoffs.  Looking at the accident statistics, 23% of our accidents occur during the takeoff phase, 27% occur during the landing phase. Takeoff accidents tend to be more damaging, as the aircraft is accelerating.  
Golden Rule for Takeoffs

Always maintain the longitudinal axis of the aircraft parallel with the runway centerline.

Taking the runway


Before taking the runway assure that the following is accomplished:

1. Pre-takeoff check is complete

2. The area is clear of aircraft on the base leg or final

3. The runway is clear

4. A radio call has been made stating your intentions


When taxiing to the runway, taxi on to the runway, align the aircraft with the runway centerline, and taxi a few feet forward to allow the tail wheel to straighten itself.  Never stop and hold over the threshold markings. The aircraft tends to blend in with the threshold markings. A landing aircraft might not see your aircraft and land on top of it!

Normal takeoff


Once aligned with the runway, add full throttle smoothly.  Keep the stick in the neutral position, with a wind correction input, if necessary.  Check the tachometer, minimum rpm should be 2280 rpm. This is the static rpm. As airspeed builds ups, the tachometer rpm will increase.  If 2280 rpm is not obtained with initial full throttle input, ABORT the takeoff.


As ground speed builds up and the airspeed indicator starts to come “alive” bring the stick forward to raise the tail and assume a slightly higher nose attitude than level.  Do not bring the stick forward too rapidly.  Reducing the rate of pitch change has a dramatic effect on the turning effect caused by gyroscopic precession. This torque effect will swerve the nose of the aircraft rapidly to the left.


Once the proper nose attitude is obtained, the aircraft will lift itself off the ground, due to the proper angle of attack being obtained.  If lifted off the ground too soon by the application of too much aft stick, the aircraft will “bounce” on the runway until it obtains flying speed.  If too much forward stick is held in, ground speed will build up excessively and the aircraft will then have to be “pulled off” the runway. When the proper nose attitude is obtained, the aircraft will feel as if it is ascending like an elevator when the wheels leave the ground.

Throughout the takeoff run maintain directional control with the rudder pedals. Do not let a swerve develop, but correct it as soon as the aircraft starts a yaw. A swerve can develop due to torque or wind effect. Put in rudder to correct, then, take it out as soon as the correction is made.  Failure to put in timely and appropriate rudder pedal inputs will result in S-turning during the takeoff roll. NEVER use brakes during the takeoff roll, unless a ground loop is imminent, or the S-turning cannot be controlled by rudder alone. If this situation develops immediate consideration should be given to aborting the takeoff by reducing the throttle to idle and regaining yaw control.


Once clear of the ground, put the nose in the proper climb attitude for best rate of climb speed (Vy). Trim. Hold the throttle so it doesn’t vibrate aft. Crosscheck the airspeed indicator.


Short Field Takeoff


When taking the runway for a short field takeoff, position the aircraft so as to use as much runway as possible.  Contrary to popular belief, it is not necessary to hold the brakes, add full throttle, and then release the brakes.  This method causes propeller damage due to small rocks and gravel hitting the propeller.  Additionally, torque effect is much more pronounced with this method, and generally, there is not enough forward airspeed to make the rudder effective enough to stop the left swerve, necessitating aggressive braking action. A reciprocating engine responds immediately to power application; therefore, once on the runway, add power as in a normal takeoff.


The takeoff procedure is as in a normal takeoff. Once the aircraft leaves the ground, lower the nose momentarily to accelerate, and then put the nose in the best angle of climb attitude (Vx).  Hold this nose attitude until the obstacles are clear, and then lower the nose to the best rate of climb attitude (Vy). Trim.

Soft Field Takeoff


Caution has to be advised when doing an actual soft field takeoff.  The manufacturer rarely provides the takeoff distances for a soft field takeoff.  What are the conditions?  Tall grass, wet grass, standing water, dirt, mud, snow? All these conditions require a different distance to takeoff and clear a 50-foot obstacle.


Only experience can answer the above questions, but to be on the safe side, at least double the takeoff distances used on a dry runway until more experience is obtained.


Once taking the runway, do not stop, or the aircraft might settle into the soft field conditions.  Throttle is added smoothly, and the tachometer checked for a minimum of 2280 rpm.  Directional control is maintained with the rudder pedals and brakes. Once the airspeed indicator comes alive, place the stick slightly forward, still leaving the aircraft in a tail low position.  The intent is to get the tailwheel off the ground as soon as possible, thereby reducing ground friction. This attitude is almost like the three point attitude on taxi.  Maintain this attitude until the aircraft lifts itself off the ground, and then climb out at either best angle (Vx) or best rate of climb (Vy), depending on conditions.


It should be noted that the takeoff run would be longer due to the increased surface friction between the tires and the ground.  Also, if the field is wet, expect to hear the slapping of water and mud on the underside of the wing.

Common mistakes during the takeoff

1. Not aligning with the centerline of the runway before adding full throttle. On a very wide runway or open field, the takeoff can be at a slight angle to the runway to take advantage of the wind.

2. Pushing the stick forward too soon during the takeoff roll, raising the tail too rapidly, thereby allowing torque effect to swerve you to the left

3. Not checking the static rpm once full throttle is added

4. Failure to maintain directional control with pedals.  Allowing the S-turns to get too large.  Overcorrecting and then not taking out the correction soon enough

5. Not finding the right takeoff attitude with the stick, thereby either bouncing during the takeoff run or developing too much speed prior to lift off and yanking the aircraft off the ground
6. Improper takeoff trim setting, causing heavy stick/yoke forces during the rotation

7. Use of brakes

8. Chasing the airspeed indicator versus nose attitude, once the aircraft is safely off the ground

9. Not aborting the takeoff run sooner if the swerves become too extreme

Chapter 6






     Landings
Overview


Landings cause the greatest amount of “apprehension” when checking out in a conventional gear aircraft.  Granted, due to C.G. location, the aircraft is less stable than a tricycle gear aircraft once the wheels touch the ground. Regardless, a pilot should have no problem making consistently safe landings. The skill lies in mastering the aircraft through high work, and then flying a correct traffic pattern.

The Golden Rule on Landings

Always keep the longitudinal axis of the aircraft aligned parallel with the runway centerline.

The Argument


This chapter covers the two types of landings that can be made with a conventional gear aircraft. They are the three-point, “full stall landing”, and the two-point, “wheel landing”.  While this appears to be a safe subject, if a group of tailwheel pilots gather together, standby for one of the biggest heated discussions when asked what type of  landings they prefer!


There are reasons for both types of landings, and before considering  a pilot proficient in flying a conventional gear aircraft, they should know how and when to do either a three-point (full stall) or a two- point (wheel landing)landing. There are conditions that dictate the type of landing that is used.  They are:

· The type aircraft 

· The wind conditions

· Day or night

· Runway  and surrounding conditions

· The type landing preferred
The Traffic Pattern


A good landing starts with a good traffic pattern.  The purpose of the traffic pattern is to properly position the aircraft for landing.  A properly flown traffic pattern assures the highest degree of safety in the traffic pattern, and assures consistently good landings.


As explained in the Airman’s Information Manual, the standard traffic pattern is entered at a 45( degree angle approaching the departure end of the runway.  Altitude should be 1000 feet AGL, and the pattern should be a left handed one, unless the Airport Facility Directory or runway direction indicators tells otherwise.  Airspeed should be at cruise speed.
   



The Traffic Pattern

1000 feet AGL

Left hand pattern unless noted otherwise






Base leg





    1.4 Vso (70 mph)/ Radio call

                                    Clear the engine/Check final approach






                           45( position

                 Final leg


1.3 Vso (65 mph) (normal)

45(
            1.2 Vso (60 mph) (short)










Abeam position










Throttle-idle










Trim-nose up










1.5 Vso (75 mph)








Downwind leg









Cruise airspeed 








Radio Call


½ Mile


Cross strut

45( entry

Departure
Radio call, Landing check
             1000 feet AGL
Cruise power, (90 mph)

Throughout the traffic pattern, fly at a distance and altitude, that in the event the engine quits, the runway can be made.  Very embarrassing if it isn’t!


A good downwind position is approximately ½ mile from the runway, and in a position that if the engine fails, the runway can be made. Use a position on the wing or the wing strut cross braces as a guide.  Lay the wing strut cross brace on the centerline of the runway and the aircraft will be approximately ½ mile from the airport.
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Downwind position


At the abeam position, throttle is reduced to 1500 rpm, the nose held up, and trimmed.  The object here is to not lose any altitude until obtaining 1.5 Vs (75 mph). At the 45( position to the runway, begin the turn to base leg.  All turns in the pattern should be at a 30( angle of bank.  If done right, there will only be a 100 foot altitude loss by the time the turn to base leg is commenced.


Airspeed control throughout the pattern is very critical.  All of these type aircraft have a very light wing loading, and consequently, want to float on landing.  It is possible on a still day to glide an extra 1000 feet down the runway with the C-120 if airspeed is just 5 mph too fast!


On the base leg maintain 1.4 Vso (70 mph).  Check the final approach for any incoming traffic.  At this point “clear the engine” by adding a couple of hundred rpm for a few seconds.  This burns out the excessive fuel build up that occurs when the engine is at idle, allowing for a quick response if a go around is necessary.


The turn to final is the one thing that causes pilots a lot of trouble.  The turn should be a 30( angle of bank turn, and at the end of the turn the aircraft should be aligned with the runway.  At the slow speeds that these aircraft fly, most pilots turn too soon, and then are continually turning on the final approach, attempting to align themselves with the runway centerline.  Don’t do it that way! Maintain your base leg until it appears that the runway centerline is hitting the aircraft, and then turn final.  Get the turn in, and then out, as soon as possible.  Alignment with the runway is critical so that the effect of wind can be judged.  A proper alignment is extremely critical to a successful landing.


Once on final approach, a crosswind condition is countered with a sideslip. A sideslip will keep the aircraft aligned with the runway centerline while correcting for drift. Commence a sideslip by putting the upwind wing into the wind, add opposite rudder to counter the turning effect of the ailerons, and raise the nose slightly to maintain your desired airspeed.  Hold this sideslip all the way down to touchdown. If the aileron or rudder stop is encountered during a sideslip, go around!  The crosswind has exceeded the crosswind limits of your aircraft.


Once the turn to final is complete, maintain 70 mph. Once landing is assured while on short final slow the aircraft to either 1.2 Vso (60 mph) or 1.3 Vso (65 mph), depending on the type of landing desired.  Maintain your crosswind correction until touchdown.

If the aircraft is not equipped with flaps, it will be necessary to do a forward slip to lose altitude.  A forward slip is done exactly like a sideslip, but with more aileron into the wind, more rudder to counteract the turning tendency of the ailerons, and more aft yoke to hold the desired nose attitude. Do the forward slip early on the final approach, and once the proper altitude is obtained, get out of the forward slip. This will allow time to adjust airspeed and alignment prior to landing.  If a crosswind exists, keep the sideslip in.


At approximately five feet of altitude commence the round–out (flare), leveling the aircraft with the runway. Due to the aircraft’s light wing loading and the effects of ground effect, the aircraft will tend to float.  If too fast, the aircraft will float a long distance down the runway.  Have patience and let the energy dissipate. Eventually the aircraft will be at the proper airspeed. At this point the three -point or wheel landing sequence is commenced. If the aircraft has floated pass one third of the runway distance, initiate a go-around.
Go Around


Anywhere in the traffic pattern a go-around may have to be executed.  There are times that the wind conditions will be such that a couple of go-arounds will be done until the proper alignment for landing is obtained.  Never let ego get in the way! It takes five minutes to fly another traffic pattern.  A small concession compared to the hassle and embarrassment of bending the airplane.


There will be occasions that the winds will be such that you will just have to fly to another airport with a different runway alignment and land there.  If you are ever on final approach and the wind is so strong that your crosswind corrections will not hold you aligned with the runway, you have exceeded the crosswind capability of your aircraft.


The go around is conducted exactly like the stall recovery procedure. The aircraft should be aligned with the runway in the event that the wheels touch during the procedure.  Procedures are:

1. Full throttle

2. Set best angle of climb attitude(Vx)
3. Level the wings and center the ball
4. Carburetor heat-in

5. Trim  
6. Go to the right side of your runway on climb out, obstructions permitting

7. Announce your intentions on the radio

Three-point (full stall) landing


As the name implies, the three-point landing is a full stall landing.  In theory, all three landing gear touch the ground at the moment of stall.


Finding the three-point attitude is relatively easy.  It’s the same attitude the aircraft was in while ground taxiing.

At the round out (flare) the aircraft is at approximately five feet of altitude, speed is decreasing from 1.3 Vso (65 mph), and the throttle is at idle.  As the speed decreases and the altitude decreases you should be bringing the yoke back, stalling the airplane on touchdown.  When the wheels touch, the yoke is held all the way back.  It is absolutely necessary to hold the yoke back and keep it there!  The common tendency is to “relax” the aft yoke after the wheels touch, and that’s where all the problems begin.  By keeping the yoke all the way back the fully stalled attitude is maintained and maximum tail wheel control is assured.


Occasionally, the tailwheel touches first.  This is okay as long as the yoke is held back and kept back once the wheels have touched.

The right hand should always be kept on the throttle.  A short burst of power can cure a bounce or a porpoise.  For instance, a bounce can be recovered by adding a small amount power, resetting the landing attitude, and touching down in the full stall attitude. 


 Do not stop flying the aircraft until off the runway.  A conventional gear aircraft sits on the ground with angle of attack.  Any gust of wind or excessive ground speed can cause directional control problems. The aircraft is being “flown” until it is tied down.


If a crosswind is present keep the sideslip correction in.  As the wheels touch, and the aircraft is landed, the upwind yoke input can be slowly reduced as the aircraft ground speed slows down. The upwind wheel and tail wheel should touch first. Of course, if wind remains, keep in whatever yoke is necessary to keep the upwind wing from rising.


Directional control is the key to consistently good landings in a conventional gear aircraft.  When commencing the round out (flare), scan should be down the runway.  As the nose comes up into the flare attitude, the scan has to move to the sides of the aircraft to pick up relative drift and alignment.  In many cases it is necessary to use peripheral vision to obtain the necessary movement cues.  Keep the eyes moving and do not stare at one point.  As soon as any directional movement is seen or felt, correct with rudder pedals. Initially, the corrections will be large and crude because the yaw is not seen until the nose is displaced.  With experience the yaw will be felt resulting in very small but rapid corrections. With corrections, the aircraft will be doing a series of S-turns down the runway. It will be necessary to dampen these yaw excursions with timely and appropriate opposite rudder.  As soon as the opposite rudder starts taking effect, it will be necessary to take it out, thereby stopping these S-turn excursions.  Done properly, to an outsider, it will appear that the rudder pedals are not moving.

On landing roll out, do not use brakes until at taxi speed.  Misuse of the brakes is one of the leading causes of a ground loop.  Of course, if a ground loop is imminent, use whatever brakes are necessary to correct the condition!


 The number one cause of landing accidents is loss of directional control/misuse of controls and brakes upon landing.  As previously mentioned, the aircraft has to be flown until speed has decelerated to a taxi speed.  Do not get casual or relaxed once the wheels are on the ground.  Pay full attention while on the runway: the carburetor heat and readjustment of the trim should wait when safely off the runway.


It is advised that touch and go landings not be performed in a conventional gear aircraft during the initial check-out phase.  The most critical part on landing a conventional gear aircraft is after the wheels touch the ground.  This is not the time to be adding full throttle, fighting the trim force, trying to turn off the carburetor heat, and maintain directional control!  Talk about a potential for an accident!  In a one-hour training flight 5 to 6 full stop landings can be made.  In the same period 8 touch and go landings can be made.  On the taxi back to the runway there is time to debrief/review the latest landing. Which provides the greatest training value?

Common problems with the three-point landing are:

1. Too fast on final approach 

2. Flaring too high

3. Not maintaining a crosswind correction

4. NOT HOLDING THE YOKE ALL THE WAY BACK ON TOUCHDOWN

5. Accidental use of brakes

6. Misuse/lack of use of the throttle

7. Too large of a rudder input, resulting in large S-turn swerves

8. Not flying the aircraft until you are off the runway

9. Turning off the runway with excessive speed

Wheel Landings


The intent of a wheel landing is to land the aircraft on its main two wheels first, then applying forward stick to hold this attitude, maintaining this level attitude until the aircraft gets too slow, thereby allowing the tail to drop, and ending the maneuver in a three point attitude, yoke full aft.  Wheel landings are excellent in gusty, or cross wind conditions, as they afford complete aircraft control throughout the maneuver.  They also permit better visibility over the nose throughout the landing.  The aircraft is not as vulnerable during the landing sequence in the flare and touchdown to gusty or crosswind conditions, as is the three-point landing.  A pilot maintains complete control throughout the maneuver. Wheel landings can be done at the same approach speeds as the three point, full stall landing. Once learned, they are easy to perform, and for many pilots, the preferred method of landing.


Unfortunately, pilots tend to be uncomfortable with this type of landing.  There is a fear that the propeller will hit the ground, that the landing speed will be too excessive, thereby resulting is control difficulties on landing, or that the aircraft will flip over on its back with forward yoke.  None of these fears are true!


At the moment of touchdown, the wheel landing requires that there be very little rate of descent in the aircraft.  Without a rate of descent the aircraft will not bounce. It is then easier to place the wheels on the runway and with forward yoke “push” the aircraft to a level attitude.


The technique requires the use of energy, in some form.  Energy can come from a couple of hundred more engine rpm, a faster airspeed on final approach, or strong winds.  This energy is used to assist leveling the aircraft prior to touchdown and assuring a small rate of descent. In calm wind conditions, a slight amount of excessive power or airspeed will work.  In windy conditions, all three can be used.


Conduct a normal approach.  Approaching the round out (flare) at five feet, 100-200 rpm should be added.  Airspeed is 1.3Vso (65 mph). Commence a slight flare, as if attempting a three- point landing. When the main wheels touch, push the yoke forward smoothly.  This action will immediately reduce the angle of attack and assure that the aircraft remains on the ground.  As airspeed slows down, put in more forward yoke. Reduce the throttle to idle. Maintain directional control with the pedals.  Eventually, the aircraft will get so slow that the tail will drop on its own.  At this point bring the yoke back fully, holding the tail on the ground.


While learning, another way of practicing wheel landings is to come in at 1.4 Vso (70 mph), 5 mph faster that normal.  The aircraft will glide in ground effect.  As it begins to settle, start a slow flare, obtaining a slight nose up attitude.  When the wheels touch, put forward yoke in smoothly, “capturing” the wheels on the ground.


With practice, the comfort level will increase, thereby allowing wheel landings to be made with a little less speed or a little less power.  The effectiveness of the rudder throughout the maneuver and the good visibility afforded by a level attitude on touchdown will be greatly appreciated. With practice, the landing and rollout distance will be the same as that used in a three-point landing.

Short Field landing


The short field landing can be either a three-point landing or a wheel landing. The three-point landing tends to be the preferred since it ensures the lowest possible speed at the time of ground contact.  Final approach speed should be 1.2 Vs (60 mph). Power should be used, as necessary, at the flare to prevent a high rate of descent.  Touch down in a full stalled three- point attitude.  While touching down in a three-point attitude, it is imperative that the stick is brought aft immediately and positively. Brakes can be used, but only after the roll out and ground speed is under control. 

Soft Field landing


The approach for a soft field landing is the same as a short field landing.  Maintain 1.2 Vso (60 mph).  The intent is to touch down as slowly as possible, attempting to hold the aircraft off the ground by 1 to 2 feet so as to allow the wheels to touch at minimum speed. Brakes will probably not be necessary, as the softness of the field will tend to slow the aircraft down.

Crosswind Landing


There are two methods of counteracting a crosswind on final approach.  They are the crab method and the sideslip method.  The sideslip method is preferred because it allows us to determine the amount of sideslip necessary, and then hold it in all the way on final approach to touchdown.


While the crab method is satisfactory, it is necessary to kick out the crab correction in the flare prior to landing.  This exposes you to drift, unless you put in a sideslip correction at the last minute to stop this drift.  This method requires precise timing. Consequently, it’s easier to put in the sideslip and maintain it all the way down to touchdown.


Interestingly, certain Cessna models were equipped with after market “crosswind gear”.  The wheels caster in the direction of movement. With crosswind gear you put in the necessary crab angle and then fly it all the way to touchdown, maintaining the crab angle.

Turbulent air approach

In a turbulent air approach, maintain a speed on final of 1.3 Vso (65 mph) and carry a couple of hundred rpm extra.  You don’t want to be too fast, but just fast enough to maintain positive control of the aircraft at all times.  A wheel landing is preferred.  During the round out (flare) have patience.  You will float slightly due to the excessive speed and power. Don’t “pump” the stick in an attempt to get the wheels on the ground.  Assume a slightly nose high attitude, and as the wheels touch, bring the stick forward in a positive manner.  Rudder input has to be immediate and precise so as to maintain directional control throughout the landing.


Don’t expect these landings in turbulent air to be the softest or most precise landings.  The technique is to maintain positive control throughout the maneuver.

Problems on landing

Ballooning during landing


If the pilot misjudges the rate of sink during landing, and thinks the airplane is sinking faster than it is, there is a tendency to increase the pitch attitude too rapidly.  This will not only stop the rate of descent, but will cause a climb, while airspeed decreases.  There is a possibility that the airplane can stall while high above the ground.


Recover is accomplished by immediately adding power.  If close to the ground, a little power can be added and the nose attitude adjusted for a three-point landing. Throttle input can then be used to cushion the landing.


If ballooning is excessive, execute a go around immediately.  Do not attempt to salvage the landing.  If ballooning occurs during a crosswind condition, drift can rapidly start to develop do to the slower speed of the aircraft in relation to the wind.  Execute a go-around immediately.

Bounce


A bounce is created when the pilot attempts a three-point landing and hits on the main wheels first. At the moment of contact, the tail has a tendency to continue downward, due to the fact that the CG is located aft of the main landing gear and the downward velocity of the CG.  This downward motion of the tail resulted in an increase in the angle of attack.  This then increased lift and the airplane went flying again. The bounce can be little as one foot or as severe as ten feet.  The severity of the bounce depends on the airspeed at the moment of contact and the amount the angle of attack was increased.


Since the wheels contacted the ground before the proper touchdown attitude was obtained causing the bounce, there is invariably a second bounce caused by overcorrecting, and the application of excessive back stick pressure.


Once bounced, the aircraft is slow, with a high angle of attack, and high off the ground.  


The recovery from the bounce is the same as the recovery from a balloon.  If close to the ground, add a little power, reacquire the three-point attitude, and do a full stall landing.  If the bounce is severe, go around immediately. Of course, if making a landing, make sure there is enough runway remaining. 
Porpoise


A porpoise is a bounced landing that is not recovered properly. Consequently, we “porpoise” between the main and tail wheel. It is also caused by an improper landing due to excessive speed with the pilot attempting to force the aircraft onto the ground.


Recover for a porpoise is the same as a bounce.  If close to the ground, re-establish the landing attitude, and add a little power to cushion the landing.  If the porpoise is severe, execute a go around.

Ground loop

A ground loop is an uncontrolled turn that can occur during takeoff, after landing roll, or during taxi.  Drift, inappropriate use of the rudder or brakes, uneven ground surface, or soft spots, may start the initial swerve.  With the CG aft of the main wheels, momentum, and weathervaning tendency contribute to the swerve, resulting in a ground loop if not stopped.


If the airplane touches down while drifting, or in a crab, the pilot should apply aileron towards the high wing and stop the swerve with rudder. Rudder should be used to maintain directional control.  Brakes should only be used to correct for turns or swerves that exceed the capability of the rudder. The capability of the rudder is exceeded when the aircraft doesn’t respond to full rudder input. Brake application has to be correct and timely, or else the application of brakes may make the situation worst.
Wing rising after touchdown


When landing in a cross wind, there are times when a wing will rise during the after landing roll.  Any time an airplane is rolling on the runway in a crosswind condition, the upwind wing is receiving a greater force from the wind, causing greater lift on the wing.  As the upwind wing rises, there is also a greater angle of attack on the wing.


If left uncorrected, there is a possibility that the upwind wing could rise sufficiently to cause the downwind wing to strike the ground.  This can occur even if directional control is being maintained.  Or, when the upwind wing rises, the upwind tire also rises off the ground.  Wind will strike the rudder and vertical fin causing the airplane to weathervane and turn.  The combination of these two actions, with the addition of centrifugal force, will cause the downwind wing to drag on the ground during the possible ensuing ground loop. The pilot needs to correct immediately with aileron input towards the upwind wing.  The sooner the input the better.
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Emergencies

Emergency procedures are very similar to many other aircraft of this type.  Therefore, only the emergency procedures unique to the C-120 will be addressed.

Flight into Instrument Conditions


From a statistical point of view, this will be the number one cause of many General Aviation accidents.  The steps to prevent this accident are:

1. Maintain basic instrument proficiency.  You should be able to keep the aircraft upright for at least 20 minutes while under the hood, doing climbs, descents, and turns.
2. Know your limitations and the reason for the flight. Set personal limitations that are realistic for level of experience.  Accept an alternate plan if weather moves in.

3. Know how to obtain help on the radio.

4. Know how to obtain a good weather brief and know what all the elements of weather brief mean.

5. Constantly check your weather enroute.

6. At the first sign that the weather is going below your personal minimums or legal minimums, divert to a new location.

7. If caught, ask for help.  Declare an emergency, if necessary (ATC, FSS, or 121.50).  Practice the “5 C’s”(calm, climb, conserve, communicate, confess)
Engine Failure


Interestingly, the number one cause of stall/spin accidents is an engine failure.  An engine failure is nothing more than a landing at a destination that wasn’t planned.  All the procedures used in the traffic pattern should be used during an engine failure.  In the unlikely event of an engine failure, fly directly to the intended point of landing and set up a left hand traffic pattern, just like it has been practiced hundreds of times before.  Where pilots get in trouble with an engine failure is that they do things that they have never done before, or have not practiced.  These include straight-in approaches, right hand traffic patterns, and slips with flaps down.  If these techniques are not regularly practiced, how can a pilot expect to be proficient when an engine failure occurs?


A major concern in an engine failure is your rate of descent after the engine quits.  If slowed to minimum rate of descent airspeed, most of these aircraft descend at less than 500 fpm.  For example, when cruising at 3000 feet, this gives the pilot six minutes before landing.  There is a lot of time to set things up properly!


Pick a landing spot near civilization. Look at where you will have to walk to obtain help.


Lastly, it has to be recognized that passengers can be a problem to the pilot during this situation.  If they panic, they can cause quite a disturbance!  The pilot should give them minor tasks to do, explaining to them what is happening.  Keeping calm will have a calming effect on them. Remember, a pilot keeps calm by constantly training.

Engine Failure in Flight

Know this procedure COLD!

When the engine fails in flight;

1. Fly the aircraft.  Maintain level flight. Trim to best glide airspeed (70 mph).  

2. Pick a landing spot, head towards it. Look to your left and right when selecting a field.  You have time.  This is a very important decision; so take a few seconds to make it. Consider shape of the field, direction, wind direction, altitude, and obstacles.

3. Slow the aircraft to minimum rate of descent airspeed, once the field is identified.

4. Attempt a restart, if feasible-any order:

· Fuel selector

· Mixture

· Magnetos

· Carburetor heat

· Primer- in and locked

5. Mayday call: 121.5 if in the area, UNICOM if in the pattern. Set Transponder to 7700.  It is very important to let someone know you have a problem so they can start looking for you!

6. If the engine doesn’t start, turn off the fuel and magnetos, mixture to idle cut-off, and the electrical system.
7. Fly directly over the intended point of landing, set up a left hand traffic pattern.
8. Fly as close to a normal pattern as possible, turning a little sooner on base leg.  Slow to 1.2 Vso (60 mph) and land.

9. If slightly high on final, use a slip to lose altitude


Do nothing “fancy” on final approach.  Fly as trained.  Use slips or s-turns to lose altitude.  Check the approach and departure end of your landing field for possible landing areas in the event you undershoot or overshoot.  Look for the nearest house or road to walk to for help after landing.

Engine Failure on Takeoff

1. Continue straight ahead; do not attempt a turn back to the airport below 700 feet AGL.  Above this altitude, the choice is yours.
2. Procedures are the same as an engine failure in flight

In each aircraft flown, there is a procedure that can be practiced to determine what the altitude loss is in the event of an engine failure on takeoff. This procedure determines what it would take to do a turn back to the airport, glide one-half mile, and make the runway, using normal piloting technique. The practice procedure is:

1. Climb out at Best Rate of Climb airspeed.

2. Do the Before Landing Checklist

3. Passing through 2000 feet AGL, retard the throttle to idle

4. Wait 3 seconds, holding the aircraft in the climb attitude. This represents the delay time necessary to recognize that the engine has failed and to take corrective action.

5. Look at the airspeed, it is near the stall!

6. Lower the nose to the best glide airspeed attitude, and commence a left turn back to the runway. The turn should be a normal angle of bank turn, 30(.

7. Complete the turn, aligning the aircraft with the “imaginary” runway ½ mile away.
8. Glide ½ mile to simulate the distance the engine failed from the runway.

9. At the end of the ½ mile glide, look at the altitude.

10. Commence a go-around.


What will be discovered is that a 180( descending turn at best glide speed takes about 350 feet to accomplish.  Gliding another ½ mile takes approximately another 350 feet. Total altitude loss to do a 180 degree turn and glide back to the airport is approximately 700 feet.  This number will very depending on pilot technique. Know your number!
 
Obviously, if the engine failure occurred at a large airport, there would be ramp and taxiway areas everywhere, and after the 180mdegree turn would be many places to land. Unfortunately, in the small fields that these aircraft operate, the only runway option is the runway just taken off from. 


Knowing the altitude loss, it now takes discipline to follow this procedure in the event of an engine failure on takeoff.  If the engine failure occurs before 700 feet AGL, don’t turn back! Find a suitable place within gliding distance of the aircraft and land. This is why, when landing at a different airport, do a high flyover or reconnaissance of the area prior to landing.
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Training Syllabus


The training syllabus consists of eight, one-hour training flights, covering the maneuvers necessary for a satisfactory conventional gear checkout. This syllabus and the amount of flight time in it, meet most insurance requirements.  In reality, experience has shown that it takes between 10 to 15 hours to check a pilot out. Additionally, this syllabus assumes that the student is current and proficient in single engine airplanes.

The syllabus uses the building block approach, starting with the high work, then introducing traffic patterns, and emergency operations.  It is not the intent of this syllabus that each item has to be flown in the exact order given; rather, the flight instructor should use this as a guide to assure proper coverage of all maneuvers. Items should be checked off when complete. In some cases it will take two to three flights to satisfactorily complete an item.

Throughout training, positive three-way exchange of the flight controls and collision avoidance should be stressed. 


Reference materials for this syllabus are:

· Flying Conventional Gear Aircraft (this book)

· The appropriate Pilot’s Operating handbook

· The reference sources listed in the back of this book

Upon completion of this training, you are eligible for an endorsement, per FAR 63.31 (a).  The endorsement should read: 
 “Date__________. In accordance with FAR 61.31 (a) Mr./Ms.________, Certificate number___________, has successfully completed a Tailwheel Transition Course in a _______ airplane.  CFI_________Certificate number______Expires________.”

Note: Intro=Introduction

Flight 1

Objective:

Introduction 

Elements:

Flight manual review_____




Course Rules______




Insurance_____




Log book review_____




Preflight Inspection_____




Checklist_____




Taxi_____




Use of brakes_____




Takeoff (Intro) _____




Four fundamentals_____

· Straight and level

· Turns


· Climbs

· Descents




Power settings_____



Torque effect______



Trim_____




Pattern (Intro) _____




Three-point landing (Intro) _____

Schedule:

Flight:    1.0 hour




Ground: 2.0 hours

Completion Standards:  Basic understanding of the aircraft, its systems, training                   area, and aircraft handling qualities

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 2

Objective:

Introduction to altitude work



Elements:

Flight manual review_____




Preflight Inspection_____




Checklist_____




Taxi_____




Use of brakes_____




Takeoff_____




Four fundamentals_____

· Straight and level

· Turns


· Climbs

· Descents




Slow flight_____




Side slips_____




Forward slips_____




Trim_____




Pattern_____




Three-point landing_____

Schedule:

Flight:   1.0 hour



Ground: .5 hours
Completion Standards:  Develop proper aircraft control through the use of trim, aircraft attitude, and power settings.  Understand side and forward slips, both left and right.

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 3

Objective:
Introduction to slow flight, power off stalls, the falling leaf stall, ground reference maneuvers, and engine failures at altitude                                                           



Elements:

Flight manual review_____




Preflight Inspection_____




Checklist_____




Taxi_____




Takeoff_____




Four fundamentals_____

· Straight and level

· Turns


· Climbs

· Descents




Slow flight_____




Side slips_____




Forward slips_____




Power off stalls_____

· Falling leaf stall_____




Engine failure at altitude_____



Ground reference maneuvers_____




Pattern_____




Three-point landing_____

Schedule:

Flight:   1.0 hour




Ground: .5 hours
Completion Standards:  Understand the proper way to handle engine failure.  Proper stall entry and recovery.

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________







Flight 4

Objective:
To continue with stalls. Introduce basic instrument work.
Elements:

Preflight Inspection_____




Checklist_____




Taxi_____




Takeoff_____




Four fundamentals_____




Power off stalls_____




Power on stalls_____

· Departure

· Approach turn_____

· Approach_____

· Accelerated_____

· Cross controlled_____




Engine failure at altitude_____




Basic Instruments_____(.3)




Pattern_____




Three-point landing_____



Electrical failure_______(Discussion)
Schedule:

Flight:   1.0 hour




Ground: .5 hours
Completion Standards:  Understanding power on, power off stalls, and their proper recovery techniques.  Able to fly simulated instruments.

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 5

Objective:
Review of altitude work, introduction to steep turns, normal takeoff and landings. A discussion on spins.
Elements:

Taxi_____




Takeoff_____




Four fundamentals_____




Steep turns_____




Slow flight_____




Side slips_____




Forward slips_____




Power off stall_____




Power on stall_____




Spins (Discussion)_____




Engine failure at altitude_____




Engine failure on takeoff_____




Pattern_____




Three-point landings_____




Go-around_____



Electrical fire_____(Discussion)
Schedule:

Flight:   1.0 hour



Ground: .5 hours
Completion Standards:  Review of all the high work procedures.  Practice engine failure on takeoff (at altitude). Normal takeoff and landings.

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 6

Objective:
Develop proficiency in the traffic pattern. Discuss/introduce     crosswind takeoffs and landings
Elements:

Review of previous maneuvers_____






Normal takeoffs_____




Pattern_____




Side slips_____




Forward slips_____




Three-point landings_____




Crosswind takeoffs_____




Crosswind landings_____




Engine failure in the traffic pattern_____



Engine fire_____(Discussion)
Schedule:

Flight:   1.0 hour



Ground: .5 hours
Completion Standards:  Develop proficiency in normal takeoffs and landings
Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 7
Objective:
To develop proficiency in the traffic pattern, introduce short and soft field takeoffs and landings
Elements:

Review previous maneuvers_____



Pattern_____

Normal takeoffs_____




Short field takeoffs_____




Soft field takeoffs_____




Side slips_____




Forward slips_____




Three-point landing_____




Short field landing_____




Soft field landing_____




Engine Failure_____

Schedule:

Flight:  1.0 hour



Ground: .5 hours
Completion Standards:  Develop proficiency in normal, short, and soft field takeoff and landings.

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________

Flight 8

Objective:
Introduce wheel landings, crosswind takeoffs and landings. Introduce a no airspeed indicator traffic pattern

Elements:

Review previous maneuvers_____




Pattern_____




Normal takeoffs_____




Short field takeoffs_____




Soft field takeoffs_____




Crosswind takeoffs_____




Side slips_____




Forward slips_____




Three-point landings_____




Short field landings_____




Soft field landings_____




Wheel landings_____




Crosswind landings_____




Engine failure in the pattern_____




No airspeed indicator pattern_____
Schedule:

Flight:   1.0 hour



Ground: .5 hours
Completion Standards:  Understand the concepts of crosswind landings and wheel landings

Comments:

N Number___________

Flight Time__________

Ground Time________

Instructor___________

Date________________
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C-120 Weight & Balance/Checklist/Airplane Flight Manual

(N77363)
Maximum gross weight, normal category: 1450 pounds

Maximum gross weight, utility category: 1450 pounds

Maximum fuel:  25 gallons (150 pounds)

Oil: included in empty weight

Maximum baggage: 80 pounds

Empty CG limits: 12.2 to 14.5 inches

Operational CG limits: 13.5 to 17.7 inches
	Item
	     Weight
	Arm
	      Moment

	    Empty aircraft
	     1010
	12.296
	      12,418.75

	    Pilots
	
	19.5
	

	    Baggage
	     
	37.5
	

	    Fuel
	   
	23.0
	

	
	
	
	

	    Total
	
	
	


Typical completed weight and balance:
	Item
	Weight
	Arm
	Moment

	Empty aircraft
	1010
	12.296
	12,418.75

	Pilots
	340
	19.5
	6,630.00

	Baggage
	5
	37.5
	187.50

	Fuel
	95
	23.0
	2,185.00

	
	
	
	

	Total
	1450
	14.77
	21421.25


C-120 Checklist

Start

1. Pre-flight-complete

2. Chocks-removed

3. Fuel-left or right
4. Mixture-Rich

5. Carburetor heat-Cold

6. Avionics/Lights-OFF

7. Master-ON

8. Prime as necessary: Hot 0-2 strokes, Cold 3-4 strokes

9. Ignition-Both switches ON
10. Throttle-Idle stop
11. Area-Clear

12. Starter-Pull
13. Idle-1000-1200 rpm

14. Oil Pressure-Check, reading within 30 seconds

15. ICS-ON

16. Radio-On

17. Lights-As desired

Taxi

1. Brakes-Check

2. Turn needle/wet compass-Check

Pre-takeoff

1. Controls-Check

2. Instruments-Check/set

3. Gas-Fullest Tank (Greater ¼)
4. Avionics-Set

5. Run-up:

· Magnetos 1700 RPM

· Ammeter

· Engine instruments

· Mags-125 drop maximum

· Carburetor heat

6. Trim-Set

7. Interior/Passengers-Secure

8. Safety/Scan area
Landing/Pre-maneuver
1. Fuel-Fullest tank
2. Mixture-Rich

3. Carburetor heat-ON

Shutdown

1. Idle-1000 RPM

2. Radio/ICS/Lights-OFF

3. Ignition-Both OFF
4. Throttle-In, then out
5. Master-OFF

C-120 Airplane Flight Manual
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