N52BL  Operating Manual


1. Table of contents

2. Introduction

2.1. Scope:  This document is intended as a guide to operating the systems of N52BL.  It provides the format to maintain information associated with use of the aircraft.  It should be considered as a gathering place for the information used to properly operate.  It is intended to become the manufacturers documentation for operation of the aircraft as built and modified over time.

2.2. Standards:  In order to make use of this document easy it is constructed with standard sections to facilitate its use by pilots.  Each system section should begin with a “Theory Of Operation” section that describes the objective of the particular aircraft system and the methods used to achieve those objectives.  Following the aircraft systems sections is the Flight Operations section which describes how to operate N52BL.

3. Airframe

This section not completed at this time.

4. Instrument Panel
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Figure 4  N52BL’s Instrument Panel

4.1. Autopilot

4.1.1. Theory Of Operation:  

This autopilot is designed as an integrated component of the aircraft trim system.  N52BL has a three axis trim system using ¼ scale radio control servos to position trim tabs in each axis.  The servos are driven by a pulse timer circuits that controls the pulse width based on an analog input.  These inputs are managed by op amps that control their gain and range.  There is a trim control provided for each axis to set the desired flight path.  The trim function is available with or without the autopilot function by selecting the appropriate switches on the Autopilot Control Panel.  In addition the coupled mode is selectable in autopilot mode by switches on the Autopilot Control Panel.The main stabilization for the system controls the roll axis and is produced by an EGC autopilot rate gyro Part Number 1394T100. This controls the roll servo to provide a null signal when level flight is attained. The Roll Trim control is used to set the roll servo and maintain the desired rate of turn (typically zero).  Additional inputs for course deviation are interfaced to the King Omni CDI and King Loran CDI signals.  These inputs are of significantly less gain than the stabilization gyro and are used to control the flight path.  Pitch stabilization for the system is controlled by an angle of attack sensor.  This sensor provides an analog signal proportional to angle of attack.  The Pitch Trim control is used to set the pitch servo and maintain the desired angle of attack.  Additional inputs for course deviation are interfaced to the King Glide Slope CDI signal.  At this time an altitude hold module is under development using an altitude encoder to establish constant altitude.  This module is also being designed to maintain preset climb and descent rates.   These inputs are of significantly less gain than the angle of attack sensor and are used to control the flight path.  Yaw stabilization for the system is controlled by a yaw angle sensor.  This sensor provides an analog signal proportional to yaw angle.  The Yaw Trim control is used to set the yaw servo and maintain the desired angle of yaw (typically zero).  There are six components that make up the autopilot system.

The Autopilot Control Panel is located on the lower left section of the instrument panel and provides the pilot with the capability to control all the autopilot  functions.  The trim controls for the three axis are located above the Autopilot Control Panel and provide the capability to set trim for all three axis with or without autopilot functionality being engaged.  There is also an autopilot control box located behind the instrument panel that contains four modules.  There is a motherboard that provides connectivity to the aircraft through a db50 connector.  This mother board also has three connectors to install three single axis autopilot circuit boards.  The autopilot circuit boards are identical for each axis.  These circuit boards contain the trim pots required to set the gain and null for all inputs.

4.1.2. Operation:  This section is used to describe the  controls of the autopilot and the flight limitations of the system.  

4.1.2.1 Controls:  Figure 4.1.2.1 shows the autopilot controls which are located on the far right side of the instrument panel and described below. 
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All of the switches on the autopilot control panel are lighted switches.  They light up when the particular function is engaged.

Autopilot On/Off:  This switch is the autopilot engage master switch that positively turns the auto pilot function on or off.

Autopilot Disengage:  This switch (not shown) is mounted on the control stick and provides an easy method of disengaging the autopilot.  This switch also controls the light on the Autopilot On/Off switch as a positive indication the system is engaged or disengaged.

GPS Couple:  This switch toggles the Nav Couple between GPS and Nav receiver.  When lit the GPS cdi input is used by the autopilot.  When extinguished, the Nav cdi input is used by the autopilot.

Nav Couple:  
This switch enables the autopilot to include turn coordinator roll input with GPS or Nav cdi input to control roll.

Glide Slope Couple:  This switch provides a similar function to Nav Couple for the angle of attack sensor and Glide Slope receiver cdi to control pitch.

Roll Couple:
This switch enables the roll circuit to be controlled by the autopilot based on the selected inputs.

Roll On/Off:  
This switch turns on the roll trim circuit power.

Pitch Couple:  This switch enables the pitch circuit to be controlled by the autopilot based on angle of attack and glide slope if selected.

Pitch On/Off:  
This switch turns on the pitch circuit power.

Yaw Couple:
This switch enables the yaw circuit to be controlled by the autopilot based on yaw angle sensor. 

Yaw On/Off:
This switch turns on the yaw circuit power.

Roll Trim:
This potentiometer is used to set the desired roll null.  It is set by the pilot to zero degree roll angle

Pitch Trim:
This potentiometer is used to set the desired pitch null.  It is set by the pilot to provide the desired angle of attack for the current flight operation, climb, cruise, or descent.

Yaw Trim:
This potentiometer is used to set the desired yaw null.  It is set by the pilot to provide zero degree yaw angle.
Autopilot Circuit Breaker:  The autopilot input power is controlled by a circuit breaker switch (not shown) on the Avionics Master Buss.
      

4.1.2.2  Operating Limits:  This section will be completed during the flight test program.

5. Electrical System
5.1. Theory of Operation:  The electrical system in N52BL is designed to provide high capacity and high availability.  This is accomplished through a power distribution system that contains one battery and two alternators.  The power distribution system can function with either alternator. In addition the ignition system is a high capacity electronic ignition.  No magneto is used for ignition so a redundant electrical system was employed to insure continuous power to the ignition.  The system architecture used to develop the electrical system was designed in accordance with the philosophy of the AeroElectric Connection.  The objective is to provide a failure tolerant electrical system rather than a failure proof system.  There are three electrical busses employed:  The battery bus powering engine critical components for ignition and fuel along with dome light and clock save loads;  The endurance bus which powers the minimum equipment necessary for safe completion of  flight with fuel on board; and finally the Main Bus which powers everything else.  This aircraft is a totally electric system with all systems deriving power from the electrical system.

5.2. Electrical System Operation

5.2.1. Battery Operation is accomplished through the master switch which powers battery solenoid.  For normal operation the master switch is always on.  See emergency procedures checklist for alternative operational procedures.

5.2.2. Alternator Operation is automatic and should not require any intervention under normal operation.  See the emergency procedures checklist for operations under adverse conditions.
5.2.3. Main Bus Operation is automatic and does not require any intervention during normal operations.  The main bus is powered from the normally open side of the battery contactor.  Activation of the master switch/circuit breaker puts the main bus in operation.  See the emergency procedures checklist for operations under adverse conditions.
5.2.4. Endurance Bus Operation is normally provided through a diode from the main bus.  See the emergency procedures checklist for operations under adverse conditions.
5.2.5. Ground Power Connection is provided by a plug on the right side of the aircraft just inside the right cowl flap.  Only maintenance and start assistance operations are approved using the ground power connection.
6. Fuel System

6.1. Theory of Operation:  The fuel system in N52BL is comprised of three tanks, one tank in each outer wing panel and a fuselage header tank.  All engine operation is sourced from the header tank.  The header tank feeds a gascolator through a tank shut off valve and the fuel flow transducer.  There are two fuel pumps capable of supplying fuel to the engine for operation.  One pump is engine driven and a second pump is an electric backup pump.  The output of each of these pumps flows through a back flow check valve that prevents fuel from leaking back through an inoperative fuel pump.  Fuel carried in the wing tanks must first be transferred to the header tank and then consumed by the engine.  To accomplish this there is a fuel transfer pump located in each stub wing.  In order to prevent loss of fuel when the header tank fills up the header tank vent is connected to a valve that vents back to the wing tank that is transferring fuel.  A safety switch located on the header tank vent valve only allows fuel to be transferred from the tank that is venting the header tank.

6.2. Fuel System Operation
6.2.1. Pre-flight of the fuel system begins with turning on the header tank shutoff valve and opening the cowl flaps.  There are three fuel sump drains in the fuel system.  One is located on the gascolator.  It is accessible through the bottom cowl flap on the left hand side of the aircraft.  This valve is a twist lock drain.  Drain the valve into the fuel drain bowl. Examine the bowl for any evidence of water and repeat as necessary until there is no indication of water in the fuel.  The wing tanks each have a sump drain valve located at the outer wing panel junction with the stub wing at the rear.  These valves are pin operated valves.  Push the fuel drain bowl pin into the valve until the bowl fills.  Examine the bowl for any evidence of water and repeat as necessary until there is no indication of water in the fuel.  Observe the header tank sight gage and use the stick gage to verify the fuel load in the two wing tanks.  Stow the wing tank stick gage and verify that the wing tank fuel filler caps are securely closed.  Turn on the microMonitor and set the fuel on board value.  See the microMonitor operations manual for instructions  if required.
6.2.2. Aircraft Fueling is accomplished by first establishing an electrical ground from the fuel supply to the aircraft structure.  The main landing gear axel bolt is a suitable location for this connection.  All fueling is accomplished through the wing tanks.  Prior to beginning fueling use a stick gage to measure the fuel on board in each wing tank and visually observe the header tank sight gage.  Compare the fuel on board to the fuel loading requested by the pilot.  If additional fuel is required in the header tank it can be transferred from either wing tank as available.   Once the header tank is loaded as requested by the pilot.  The wing tanks can be fueled to the requested levels.   If there is not sufficient fuel on board to transfer the requested amount to the header tank fuel can be transferred from either wing tank as that tank is being fueled.  Care must be taken to insure a balanced fuel load between the wing tanks.  When fueling is completed verify the fuel caps are securely installed and then disconnect the fueling ground connection.
6.2.3. Takeoff and Landing is done with the engine and electric fuel pumps in operation.  During engine run-up turn on the electric fuel pump and verify on the fuel pressure gage that the pump is operating by a ??? psi increase in fuel pressure.  The electric pump should remain on until the after takeoff checklist calls for it to be turned off.  The electric pump should remain off during all normal flight operations.  It will again be turned on when called for on the pre-landing checklist.  This is a safety item to provide maximum fuel flow capability during critical low altitude operations without any additional pilot input than required on the checklist. 
6.2.4. Cruise operations are conducted with the electric fuel pump off.  The microMonitor monitors fuel pressure and will provide an alarm for low fuel pressure.  If this alarm occurs turn on the electric fuel pump and verify that fuel pressure is available.   If fuel pressure remains low verify fuel quantity and transfer fuel from the wing tanks as required.  Verify that the header tank shut off valve is in the open position.
6.2.5. Fuel Transfer is accomplished by setting the header tank vent selector valve to the wing tank that fuel will come from.  A switch located on the valve selects the appropriate fuel pump automatically.  In addition, the fuel transfer circuit breaker must be enabled on the main instrument panel.  When the header tank fills up the excess fuel will be vented back to the tank supplying the transfer so that no fuel will be lost overboard.  To conserve electrical load, the transfer pump should not be run after the header tank becomes full.
7. Landing Gear
7.1. Theory Of Operation:  N52BL is equipped with a conventional landing gear.  The main gear is retractable through a mechanical retract mechanism.  The tail wheel is fixed and does not retract with the main gear.  The tail wheel is connected to the rudder pedals to provide steering.  The main gear is equipped with mechanical drum breaks that are actuated by the pilot pulling a crossover cable located on the top of the landing gear spring bar.  The landing gear up and down locks are equipped with position switches.  These switches are connected to provide a warning of  gear up when ever the throttle is reduced to the flight idle position.

7.2. Landing Gear Operation

7.2.1. Pre-Flight of the landing gear is comprised of a visual inspection of all components for proper condition.  Verify that all tire have sufficient tread depth and that the main gear tire pressure is correct.  In addition, verify that the tail wheel steering gear is in proper operating order.
7.2.2. Main Landing Gear retraction is accomplished by releasing the landing gear down locks and rotating the gear lever forward.  These two functions are accomplished by the pilot’s left hand by first depressing the lock release on the end of the gear lever and then rotating the lever forward until the up lock is engaged.  Extension of the Main Landing Gear is the opposite, release the up-lock and rotate the gear lever back until the down locks engage.  Verify that both down locks are engaged.  The landing gear indicators located on the right side of the instrument panel have three indicators.  Only one will be lit at a time.  The top indicator is a green gear up and locked indicator.  The center indicator is a red gear in transit indicator.  The bottom indicator is gear down and locked indicator.  The gear warning system is also connected to the throttle and will activate the microMonitor alarm 1 when the gear is not down and locked and the throttle is reduced to flight idle.  This warning cannot be overridden any way except by increasing throttle position or extending the landing gear.
7.2.3. Tail Wheel steering is accomplished by rudder pedal input.  The tail wheel has no centering or locking provisions.

7.2.4. Breaks are applied by pulling up on the break crossover cable that runs across the top of the landing gear spring bar.  There is no provision for parking breaks or directional breaking.

8. Flight Operations  (Flying is the second favorite thing you can do, landing is the first!)

8.1. Landing  This information was contributed to Krnet by Jim Faughn  N8931JF St. Louis, MO

The "Perfect" Landing   -   In a KR??? 

After my test flight in my KR-2 I thought every landing would be as good. However, it seems that first landing was my best until I sat down to analyze each and every step before touchdown. The purpose of this article is to present the plan I use before each landing in hopes that it will help KR builders getting ready for their first flight and those having problems with consistent landings. 

Each phase of the landing process must be planned and executed if the successful touchdown will be made. I will try to explain each step along with the speeds and altitudes for each phase of the landing. Please keep in mind that those of us who fly experimental aircraft do not have calibrated airspeed systems and your speeds may and probably will be different. For your information, N891JF has an empty weight of 625  lbs, no flaps, I weigh 190 lbs, and typically carry 15 lbs of stuff in my baggage area. 

Phase 1 - Approach to the airport - The KR is a very slippery aircraft and you must plan to start slowing down before you reach the downwind leg of the airport pattern.  I always try to descend to traffic pattern altitude (800 agl) and obtain a speed of 120 mph on downwind. 

Phase 2 - Downwind - When I have stabilized my speed on downwind, 120 mph, my RPM on the 2180 VW with a 52 X 52 prop is around 2000. This is a very comfortable speed to check all instruments, ensure the mixture is at full rich, and plan the touchdown point.  Don't forget to plan for either a strong headwind or a crosswind component. If you are facing a strong crosswind, this is the time to review what you will do at touchdown. (Which wing you will have low on approach and which wheel you will land on first.)  You may not have time for "thinking" later. 

Phase 3 - Base - The base leg will be flown at 90 to 100 mph. I use the turn to aid in decreasing speed and lower my RPM to around 1600 to 1800. During the base leg, I will descend to an altitude of approximately 500 agl. 

Phase 4 - Turn to final - This is one of your great opportunities to decrease altitude.  I usually slip (if it is a left pattern) on this turn to decrease altitude to 300 agl as I enter the final leg. It is important that you determine your best altitudes for each of the legs and always consider safety. In other words, remember, in case of engine failure, altitude is your best asset! 

Phase 5 - Final - Your two most important considerations on final are altitude and speed. You can always decrease altitude with a controlled slip. (The KR slips very good.)  However, it is extremely difficult to decrease speed once you have let it build up. On final I will fly at 80 mph until I reach mid final, then I will decrease to 70 mph. I will hold this speed until short final (cross the end of the runway) at which time I begin decreasing speed. 

Phase 6 - Float - The KR is so close to the ground that you will encounter ground effect in a VERY big way. You can andshould use this to your advantage in making the "perfect" landing. Patience is a huge virtue during this phase. I will NEVER land my airplane above 60 mph. If I try, and for the first 60 hours I tried all the way up to 80 mph, I WILL bounce!!! The reason for this is very simple. When you touch the main wheels down, the tail will lower, your angle of attack will increase and you will go back up in the air. This will continue until you are at the appropriate speed. What we want to do is make the landing once rather than getting current (bounce 5 times) every time we decide to land. Remember, we had just crossed the end of the runway decreasing speed out of 70 mph. At this time I pull back the throttle all the way and try to hold my KR inches off the runway. The more I concentrate on holding it off by inches the better landing I am able to make. I will glance, VERY quickly, atthe airspeed indicator until it is below 60 mph and then I will continue to pull back on the stick concentrating on NOT touching down but instead maintaining the inch or two above the runway. When the stick is approximately one half the way back, we are now somewhere between 50 and 55 mph, I will let it then settle on the runway. Then I will raise the tail to decrease the lift and allow me to see over the nose. I have seen airspeeds, solo, as low as 40 mph before I actually touch the wheels down. I willcontinue to apply forward pressure on the stick keeping the nose up until I am almost to the limit. Next I will allow the tail to come back to the runway and then apply full back pressure on the stick to ensure the tail wheel stays on the ground as it takesover directional control from the rudder. If you are landing in a crosswind most experts agree you should wheel land the airplane and raise the tail to ensure the mains are securely on the ground. Ensure you apply the appropriate aileron going all the way to full. These controls of aileron and elevator must be managed as you complete your landing and as you taxi. You will learn how much of a crosswind component you and your KR are capable of over time and I recommend all early flights are with a crosswind component of less than 5 kts. I have found that the crosswind component I am capable of handling is more a function of my piloting ability (practice) than the airplane.

If I follow my own procedures, I will make a good landing every time. However, I seem to make exceptions when concentration lapses. For example, if I lower the nose on final I will gain speed very quickly, usually to 100+ mph, and this makes the landing more difficult unless you are very good at using slips to decrease speed. Another point that should be made is that when flying with two people I will raise the speeds on final by 5+ mph compensating for the increase in weight and stall speed.  What happens if I bounce? The first thing you have to decide is how bad of a bounce is it?  I put bounces into three categories. First is BAD. If this is the case or if everything just doesn't seem right your only good option is to advance the throttle to full and go around. Don't worry about your ego just do it, GO AROUND. Second is a small bounce. If you come back up 6 inches to a foot, then don't over control, just re-land the plane. The reason for the small bounce was probably that you were going too fast when you let the airplane set down. The third bounce is in-between. The recovery from an in-between bounce will depend upon your skill level with your KR. If you have only been flying for 10 hours, you should probably go around. However, as your skills improve there is another option. To recover, apply approximately half throttle, stop the oscillation, and re-land the airplane. This only works if you stay in ground effect and remember you are very close to a stall so DON'T try this unless you are comfortable with your plane, your skills and you have a long enough runway. 

I certainly hope the information will prove helpful as you think about test flying your KR or are trying to improve your landings. If you can visualize and plan each phase of the landing process you will be able to make "perfect" landings. I am not a flight instructor and only present the information here in hopes you will not make the same mistakes I did in my early flights. If you would like to discuss these phases prior to flying your KR then give me a call. Perhaps we can improve this narrative for others.

Good Landings 

Jim Faughn  St. Louis, MO  63108

8.2 Emergency Procedure Checklist

8.2.1 Low Voltage Warning: This is a safety of flight critical warning!  The battery in N52BL is sized to provide 20 minutes of operation at endurance loads without alternator support.  When a low voltage warning occurs the following procedure should be accomplished immediately.

8.2.1.1 turn off main alternaternor

8.2.1.2 turn on endurance bus alternate feed breaker

8.2.1.3 turn off master switch

8.2.1.4 turn on dynamo

8.2.1.5 Verify endurance bus voltage

8.2.1.6 Verify battery charge

8.2.1.7 If battery is not showing a positive charge increase RPM and/or reduce load until the condition is corrected

8.2.1.8 Identify nearest airport as alternate should dynamo fail
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