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�C. R. M. During Emergencies 

In an Emergency

    1. The PIC decides who attends to JUST flying

         Line up the options,

         Set priorities

         Communicate the what and why of your plan.

    2. The PIC decides who monitors source of emergency

         Few aircraft emergencies require immediate reaction.

         Monitor the situation before taking considered action.

    3. The PIC decides what to ignore

         Doing nothing is better than doing the wrong thing quickly.

    4. Conflicting opinions are resolved by outside source.

         Contact ATC

	   Consider all available sources of information

         Make assumptions but be sure to confirm any facts you can.

         	    5. All doubts are expressed to those involved.

Emergency Checklist (Instructor)

I recommend that this list be in red and at least the first item be memorized.  A good time to introduce the need for this list is during review of the power off stall. Have the student make a no power recovery and then tell him that the engine has just died.  Instant attention and concentration of facilities.



Patience is an essential ingredient at the onset of an emergency.  Accidents can be the result of failure to be patient in selection of the best option.  At the onset of an emergency, the first thing you should do is NOTHING.  Next to an actual engine failure, the next best thing is believing that you have one.  It will sharpen your emergency skills.   



A pilot should always be basing his flight path, altitude, and aircraft configuration on “what-if” contingencies.  Every ‘what-if’ has a running

selection of answers.  If you don’t have an answer, consult other pilots.

If weather goes bad, go to the nearest VFR weather.



Back on the ground the student is ready for development of... 

The EMERGENCY checklist:

               1. CHECKLIST

               2. AIRSPEED / TRIM

               3. FIELD / WIND

               4. ENGINE / RESTART

               6. 121.5 / 7700

               7. COMMUNICATE X 3

               8. PRE-CRASH

                     Belts, doors, fuel, electric



Just before takeoff and as part of the takeoff checklist the placement of the EMERGENCY checklist to the ready status on the yoke clip..  



When the instructor creates an emergency the student says "CHECKLIST". 

AIRSPEED

Most students have a misconception as to exactly how an aircraft glides.  If asked to place a hand in an aircraft glide position you will probably get a nose down position.  The fact is that an airplane glides longest with the nose up.  This must be practiced at altitude.  On a power reduction emergency, the student must overcome preconceptions and hold the nose up.  With practice no altitude will be lost (some may be gained) as the aircraft decelerates to 60 kts and 4 down turns of trim are applied to hold the airspeed.  With a total stoppage the windmilling propeller will decrease your glide range.  If you are at 3000' or higher, consider pulling into a near stall to stop the propeller.  The Mooney manual guarantees 20% more glide with a stopped propeller so some improvement should be expected for any aircraft.

FIELD

Once airspeed is stabilized the student needs to find where to land.  It is best to select a field that can be reached rather than an optimistic projection.  The optimist says, "At 3000' a C-150 can glide 5 miles. A pilot can judge angle better than distance.  Set up the glide and decide if you have the angle to reach a given point.   This as a radius gives about 225 square miles of landing area."  The practical student tries to get a good look out the instructor's window but plans turns to the left because of improved visibility.  A brown field is firmer than a green or plowed field.  If you have selected a long field aim about 1/3 past the 'numbers' to make more certain reaching the 'runway'.       

WIND

The average wind in the U, S. is about 12 kts.  It is important to learn how to locate wind indicators such as smoke, dust, waves, windmills, etc.  The velocity of the wind near the ground is subject to friction.  The air next to the ground has no speed and the further above the ground the air the less the friction and the greater speed.  This is the boundary layer effect.



Air within 200' of the surface has a significant velocity gradient.  This gradient is helpful on takeoff since it effectively increases the angle of climb.  On landing that gradient degrades performance.  The wind speed drops and the aircraft sinks at a faster rate and the nose lowers for the same indicated speed.  If the pilot tries to prevent this sink by raising the nose, the momentary illusion will be followed by an even greater sink rate.  If we are unaware and unprepared for this change in wind we will have an undershoot and stall landing.  Hence, the high rate of stall-impact that goes with engine failure.  Again, aim 1/3 down the field past your ideal end-of-runway point.

ENGINE

Only 1% of aircraft accidents can be put to mechanical failure. The most frequent cause of failure is lack of fuel.  Air contamination of the fuel tank.  Carburetor ice is often suspect when cause is unknown. Inadequate preflight causes up to 25% of all accidents.

RESTART

The first part of the restart should be to all factors related to fuel.  Gauges, mixture, selector, primer (in).  Then confirm ignition key position.  Confirm Carb Heat ON.  (With the engine off, the use of Carb Heat is a faint hope due to cooling.)

Communicate

If the radio is not already on an active frequency go to 121.5.  Put the transponder to 7700 since this will activate alarms at any radar facility within range.  It is important that every phrase of an emergency radio call be said three times.  Mayday (An English version of the French for 'help me') is repeated thrice.  Then the full aircraft identification thrice.  Your position, problem, intentions are then repeated.  Talk smoothly and clearly. 



The emergency use of a cell phone has never been questioned even in an aircraft.  Use it if you must.     

Pre-Crash

The ideal ground contact speed in a calm wind of a C-150 at full stall is about 35 kts.  The combined average wind and stall speed would reduce ground contact speed to about 23 kts.  This is close to or even less than the average crash speed of automobiles in the U. S.  The structure of an airplane, except for the cabin, is built for lightness.  It will crumple on impact and absorb shock.  Small increases in speed become large increase in impact energy.



Any ground contact in close to a normal configuration will be survivable.  Fly to the ground, don' stall it in.  Half of engine failure accidents have stalled into the ground.  Only 1 out of six crashes results in any injury or death.  Prior to ground impact shut off fuel, open doors, tighten belts, and turn off electrical.  Stay with the aircraft.  Use caution to confirm activation of ELT by using aircraft radio.  121.5  Fuel fumes could be ignited by electrical sparks of transmitter relay.

Fire Emergency

	Electrical

		White smoke, odor

		Action

			Shut off electrical master

	Engine

		Stop engine

		Action

			Get on ground via dive or slip		

‘Door emergencies’

An open door, one that pops open or a outside seat belt is not be considered a serious problem, but rather an annoyance.  Such an event should be part of your training and checkouts.  Aircraft performance in singles will not be affected.  Cockpit noise level will increase and make conversation and radio communications more difficult but not impossible.  The easy solution is to takeoff and return for a stop and go landing.  It is not a good idea to close cabin doors in solo flight.  At a safe altitude of several thousand feet some aircraft can be slowed and configured to allow a passenger to close the door. 



The open door allows noisy but fully controlled flight.  Open door accidents are caused by distraction.  Plan ahead that, in the event of a door opening, you will proceed as usual.  Fly the airplane first.

Simulated Emergency (Instructor)

Any simulation should be made as practical and meaningful as possible.  This does not mean dangerous.  The instructor should be explained to the student so they understand what is happening and why.  I want the student to realize that there is a problem that can be resolved safely.  The student has a checklist, altitude, and a ‘runway’ to land on.  I want the student to use as much as he can of normal landing procedures to ‘make’ the landing.



The first introduction to the student is combined with the first ground reference lesson.  Initially at altitude the procedure for use of the emergency checklist is reviewed.  Then the procedure is practiced with emphasis on retaining as much altitude as possible while acquiring the best glide airspeed.  Additional practice is required to gain skill in the full application of flaps and the immediate removal of applied trim.  This is 

to be followed by a full go-around procedure with milking and removal of flaps and trimming for best climb.  This exercise should be practiced until reasonable proficiency is acquired. The location of a potential field that is oriented to the wind requires some area familiarization and practice.  The spiral down over the field is usually to the left for best visibility.  Try right spirals as well since the flight test could be descending into right traffic.  Flaps are not put in until the landing is certain.  Avoid letting the wind blow the aircraft away from the landing area.  Plan to arrive at the downwind numbers at pattern altitude.  Make a normal power off approach without flaps until on final with the field made.  This takes some practice and should only be done at an airport.  Emergencies are not to be practiced by solo students.



The student should know the direction to fly to the best emergency landing sites.  In every flight with your instructor get a simulated emergency of some type included at some point. This should be done no matter how unpleasant they may seem.  Become aware of the approximate gliding distance and speed for your aircraft from the manual.  Include in your flying time a periodic scan of engine instruments if your checkpoint checklist is not being used.



the greatest hazard to simulated training emergencies is that the student may learn to expect that an emergency will always have a good landing place nearby.  The desire to save the aircraft may overwhelm the judgment requires to control the aircraft.  In every emergency, the life saving factor is primary.  Only a controlled crash has the best chance of pilot and passenger survival.  

Engine Failure on Takeoff (Instructor)

Do engine failures happen?  Yes!  Can you prevent them from happening?  Yes, but not every one.  You must have pre-planned your options before you enter the plane.  Your best option will be the one selected before the problem occurs.  Think on it.  When in doubt (no pre-plan option selected), land straight ahead with limited turns to avoid obstacles.  The worst thing that can happen during an emergency is to have the engine make an unexpected recovery to full power when you have trimmed for nearly full nose up slow flight.  Depending on the aircraft, you may not be able to override the control pressures sufficiently to prevent a stall.  Once you are committed to an off-airport landing make sure it won’t fire up again on you.  Pull the mixture.  Turn off the magnetos.



The standard emergency for engine failure on takeoff is to land ahead into the wind.  Make no more than 30 degrees of heading change to locate the best landing place.  Landing into a 10 kt wind at a full flap stall speed of 35 kts gives you a survivable ground contact speed of 25 kts.  However, there is another option possible if sufficient altitude has been gained before failure.  (A good reason to always takeoff and climb at best rate, Vy)  To determine this altitude it is necessary to practice at altitude.  At 3000' on a North heading, simulate engine failure and have the  student execute a right turn in a 30 degree bank to 240  degrees.  Note the altitude loss.  Do the same 240 degree  turn to the left.  Note the altitude loss.  Now do both turns with 45 to 60 degree banks. and note altitude lost.  Add 50% to the altitudes as a fudge factor for actual use.



From these turns you should decide that the steep turn loses the least altitude.  Having determined this we now can add some factors for returning to a runway.  If there is any  crosswind always make the turn into the wind since it will bring you back to the runway and reduce the amount of turn required.  If there are parallel runways turn to the parallel since only 180 degrees of turn will be needed.  Crossing runways may even need less turn.  If the tailwind is 10 kts it will double the required runway for landing.



There is a minimum safe altitude for return to the runway.  The turn requires knowledge of runway length, wind direction, controllable bank angle and amount of turn, stall/bank speeds, personal competence and the pre-planned turn.  To obtain this information you must simulate the situation at a safe altitude.  Later the procedure might be performed at a lower but safe altitude to confirm feasibility.  Do what it takes to guarantee that the airplane will touch down in a normal attitude under control.

	

You should have pre-planned on every takeoff the possibility of some degree of engine problem up to total failure.  Based on the degree of malfunction you have already decided what you will do.  Or have you?  What if full throttle gives only reduced RPM?  What if you have unexpected engine noise?   What if the engine quits before rotation?  What if it quits after liftoff?  What if it quits over the departure end of the runway? What if it quits at 200, 300 or 400 feet?   At what altitude would you attempt to turn to an intersecting taxiway or runway?  At what altitude can you expect to make it back to the departure runway?



Every time you fly to a strange airport it would make your departure

somewhat safer if you were to overfly in such a manner as to get a look

off the departure end for safe off-airport landing areas.  Knowing that you have planned ahead will give you just that much more intellectual and emotional capacity to retain control of the aircraft.



I have ‘pre-planned’ that I could return to an intersecting runway from 600’.  Any lower than that I will make slight turns ahead to the best available terrain.  I have thought about it ahead of time, and planned what

my options are.  If I can lift off in a thousand feet and get to 200’ in less than thirty seconds, I will need at least 2000’ of runway + overrun ahead of me to land.  You can flight test this on an 8000’ runway with little difficulty.  Stockton, Castle, and Mather come to mind.  



Take off and initial climb are the most difficult operating times on an engine.  Keep the oil clean.  Never use anything made for automobiles.  Avoid sudden changes in power.  Avoid shock cooling.  Symptoms of a maintenance problem would be a rough engine on initial start (sticking valves), Oil or soot in the exhaust, intermittent abnormalities, oil anywhere, excessive oil consumption.



One out of every 20 reportable accidents involves an engine problem on takeoff.  Poor maintenance, cockpit management, operating technique or decision-making was a factor.  Power reduction was involved in only 4 or 273 accidents.  Fuel problems score #1 as a factor 32% of the time. 10% of failure accidents had induction system problem as cause.  This would include Carburetor Heat and air filter problems.  20% of the engine failure accidents were caused by a mechanical problem.  In almost all cases deficiencies existed in maintenance or operating technique.  Propellers were involved in only 3 out of 273 accidents.    	

The Impossible turn (Instructor)

Handbooks are deficient in how to handle failure.  Our failures teach us.  If you want to increase your chances of success, double your failure rate.  Consider, you have reached 300' AGL when the engine quits cold.  Four seconds are required for realization and reaction.  You lower the nose too much, gain excess airspeed and lose too much altitude.  A shallow turn takes longer, a steep turn raises the probability of a stall-spin.  A turn of 240 degrees is required to reach the takeoff runway.  45 degrees should be the absolute maximum bank as it increases stall speed about 20%.  Any steeper up goes the stall speed and the descent rate.



At 70 knots a 180 degree turn in a 45 degree bank will require a radius of 560' for an arc of 1/2 mile to reach the runway.  You will need a minimum of 25 seconds of air time to complete the maneuver.  A power off 45 degree steep turn will lose about 1000' a minute.  The 4 seconds you wasted in the beginning plus the 25 seconds required has already used all available altitude.  Turning back to the departure runway is not an option to the thinking pilot who has pre-decided his capability altitude plus a safe margin.



Expect to lose at least 250’ for every 90 degrees of steep turn.  At 500’ AGL limit turns to 30 degrees.  Without prior experimentation, any failure below 1000’ should be considered a too low to attempt a return to original runway.  The caveat to this is wind velocity relative to the runway direction.    



Could you make it from 700'?   Maybe, if you haven't wasted any time or altitude.  You will be making a downwind landing.  Any turn should be make into an existing crosswind since it will reduce the turn radius.  Once the return to the runway is discounted, use your knowledge of wind direction and velocity to reduce your ground impact speed.  Plan the angle and direction you might expect to use prior to takeoff.  Know your aircraft; know your airport area and options.



While attending to the flying of the return to runway as your number one priority you should be making a quick check of fuel, mixture, gauges, confirm throttle position, pull carburetor heat, and fuel pressure.  How quickly and when you do these things will depend on the point and height of the emergency occurrence.  Partial power occurs more frequently than total failure.  Do you know the minimum power you need to stay aloft?  Have you tested this critical requirement?  

Runway Return Simulation (Instructor)	

At altitude trim for a Vx climb.  At a specific point, retard the throttle.  Wait 5 seconds before doing anything.  Enter a 45 degree bank and turn 240 degrees.  Your planning should include the direction to turn if there is a cross wind.  Keep the stall warner whimpering throughout the turn.  Roll out and establish a approach speed glide.  Check the altitude lost.  This is the minimum altitude at which you could expect to return to a departure runway.  This is only if you do everything right.  If you should determine you are not going to make it, head into the wind and take your best option.

The Overhead Emergency (Instructor)

When returning to the airport, contact the tower and request a simulated emergency while making an overhead approach.  Depending on traffic and airport conditions your request may or may not be approved.  The overhead approach is difficult for ATC because during at least part of the descent they will be unable to see you.  This is the most protected landing simulation that I know of that can result in an actual landing.

To minimize time I have the student enter on a base to the runway at 2300’.  The power is pulled and the student makes a spiral descent spaced so as to position the aircraft for a safe landing.  During this initial descent the checklist is used to confirm that the aircraft is correctly trimmed, an engine restart procedure is followed, and even the emergency radio procedure can be simulated.  All this time the ‘victim’ is maintaining a precise airspeed and orientation with the runway designed to arrive abeam the numbers at pattern altitude.   Communication with the tower is maintained as required.  ATC needs to be always aware of the aircraft position and relationship with other aircraft.  If traffic interferes, don’t hesitate to request a different runway...traffic permitting.
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