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Recommendation:


Every pilot should plan to finance at least five hours or even ten hours of aerobatic flight instruction. This should be from a full-time aerobatics instructor.  Flying upside-down will make you a better right-side-up pilot.  It is here that you learn to apply forward pressure when inverted to go up. 


Categories of aircraft


Normal Category


Normal category aircraft are placarded against spins but they are factory/FAA tested to one turn (or three seconds) with a one-turn recovery when controls are used correctly.  Speeds and load factors are not to be exceeded.  Flaps may be retracted.  No uncontrollable spins possible.  No acrobatics or spins allowed.  The weight and CG certification of the aircraft will determine its spin characteristics and recovery procedures.  Beyond one turn even correct control input may not work.





Acrobatic Category 


Recovery at any time in one turn  Tested to six (6) turns clean and one (1) turn w/flaps  Speeds and load factors not to be exceeded  No uncontrollable spins possible.  Entry speeds for all maneuvers.  The weight and CG certification of the aircraft will determine its spin ability and recovery ability.


 	  


Utility Category


Meets either of above requirements FAR Section 23.1567 (New types of airplanes) Pilot to assume aircraft placarded against spins may become uncontrollable in a spin.  The weight and CG certification of the aircraft will determine its spin and recovery procedures.





Limited aerobatic maneuvers may be conducted in aircraft that are not certified in the aerobatic category.  Some normal category aircraft when operated within the utility category of their weight and balance envelope are permitted to perform those maneuvers listed in placards or the POH.


Definitions:


SPIN An established spin is an aggravated stall that has developed autorotational forces.  Gravity causes a helical path during the descent.  The aerodynamic and inertial forces are balanced.  You must upset this balance to recover.  The stall which has directional control occurs at an angle of attack near 17 degrees.  In a spin the down wing may have an angle of attack of 70-80 degrees while the up wing will be between 30 and 40 degrees.  The stall prelude to the spin lacks directional control (rudder).





TAIL LENGTH  This is the distance from the Center of gravity to the hinges of the tail surfaces.  The longer the distance the more nose down the spin and the easier the recovery.  An improperly loaded aircraft with a short tail length will spin flat and can be unrecoverable.





STALL  Loss of lift and increase in drag that occurs when at angle of attack greater than angle of maximum lift. 


  


SECONDARY STALL  Stall that occurs if recovery from initial stall is inappropriately performed usually by excessive elevator.





STALL SPEED  Speed at which the critical angle of the relative wind is exceeded.  Stall speed 	decreases with aircraft weight, turbulence, bank angle, abrupt control movement, or any interference with air flow over the lifting surfaces (ice).





ANGLE OF ATTACK   Angle the wing chord line has when it meets the relative wind.





CRITICAL ANGLE OF ATTACK  Will always result in a stall.  The flow of 	air cannot follow the curve of the wing.  For a given flying surface the critical angle of attack never 	changes.  The airspeed at which a flying surface will stall depends on aircraft weight, balance, and load factor.





RELATIVE WIND   Speed and direction of wind causes by the aircraft movement.  Velocity of relative wind is equal but opposite to speed of aircraft.





COEFFICIENT OF LIFT, (Cl) Factor giving lift created by an angle of attack at a given airspeed.





COEFFICIENT OF DRAG, (Cd) Factor giving drag created by a an angle of attack at a given 	airspeed.





FLAPS  Flaps are lift/drag devices that lower the stall speed.  The lift effect is greater than the drag.  Flaps make the glide slope more steep for better aim  to the landing site. Vso stall speed in the landing configuration.


Vsi  Stall speed in a specific configuration.





Va   Maneuvering speed at which the airplane will not fold, crumble or mutilate if stalled.  	No guarantee if stalled above Va.





LOAD FACTOR  Is ratio of available lift to total weight.  Load factors can be increased by steep turns, abrupt control movement, and turbulence.  In level flight the load factor 	is one.  In a 30( bank the factor becomes 1.15, at 45( bank it becomes 1.40, at 60( bank it becomes 2.00, at 70( bank it becomes 3.00, and at 80( bank it becomes 6.00.





CENTER OF GRAVITY  CG has indirect effect on angle of attack and the control forces required on the elevators.  The CG does affect the aircraft stability and spin recovery.  With an 	aft CG very light control forces could cause a stall from which the available elevator power could not lower the nose for recovery. 





WEIGHT  The greater the weight the higher the stall speed.  The AFM/POH give approach speeds based on allowable gross.  At less than gross weights lower approach speeds are allowable.  For intentional spins the actual weights must be computed.  A rule of thumb is that a 2% increase in weight will cause a 1% change in stall speed.





DENSITY ALTITUDE  High altitude and temperature give higher true airspeeds.  Since stalls occur at indicated speeds as per the AFM/POH density altitude is not a factor.





TURBULENCE  At approach speeds turbulence may cause stalls by changing angle of attack.  At cruise fly above stall but less than maneuvering speed.





TRIM Trim is the pilot's pitch management tool which decreases the effect of distractions.














History of spins


Parke


A test pilot, Wilfred Parke, was in a Roe Avro while making a spiraling descent.  He inadvertently entered a spin when he failed to remove bank wile applying back pressure.  Parke made several power and control changes without effect.  Parke finally applied and held opposite rudder.  The aircraft recovered from the spin and entered a dive.  An aviation first.


 


A few months later he was killed, after engine failure, while turning back to the runway.  Apparently, knowing how to recover from a spin is of no avail if you are not aware of the conditions and initiating factors for spins.


Without altitude a recovery in time may not be possible.  


Lindemann


                SPINS WERE A ONE TIME THING IN 1914





An unheralded aviation pioneer is, British scientist, F. A. Lindemann.  "The Prof", as he was known, led a very checkered scientific and social career from early WWI through WWII.  He was an "idea man" and advisor to Churchill for thirty years.  He was a social butterfly and a scientific gadfly to more capable scientists.  However, his place in history could well lie in aviation.  You never heard of him?





Born of German/American parents, he spoke heavily accented mumbled English.  He knew all the "right" British nobility  and used their influence to gain both position and prestige.  In 1914 he attempted, but failed because of eyesight, to join the Royal Flying Corps.  He then used influence to join the scientific staff of the Royal Aircraft Factory.





Lindemann initiated a study of the instrument readings and pilot procedures that seemed to cause the stall/spins occurring during turns.  A letter to his father stated, "Nobody can make out quite what happened."  Lindemann could find no apparent pattern as to when a stall or a resulting spin might occur.  Once an aircraft was in a spin there was no way out of it.  The spin turns would increase in speed until the ultimate crash.  All flight instructors warned, "Get into a spin; get killed".





The "spin" was the most dreaded unintentional flight occurrence which resulted in accidents.  More to be feared than the more frequent landing accidents.  At least, landing accidents could be explained.  Lindemann now had an explanation, a theory, about spins.





While never publishing his study results, Lindemann gave many oral accounts of his findings.  The spin frequently occurred when the aircraft stalled in other than an absolutely level condition.  If one wing dropped any effort to raise it would cause the other wing to flip over the other direction uncontrollably.  Even at high speeds, a tight turn might cause one wing to flip over and cause a spin.  He insisted that further study to prove the theory required that scientists fly.





Without any flight skills, Lindemann had worked out in theory the probable forces which caused and existed in a spin.  He also figured out, in theory, the control movements required to counteract these forces.  His study showed that any instinctive response would not work.  The rudder must be held fully against the spin while the nose was kept pointed toward the ground. You could not pull back on the stick until the spin stopped and flying speed was gained.  His theory also seemed to indicate that during the recovery the wings of the plane could be pulled off.   The way Lindemann used to test his theories was somewhat akin to a medical researcher doing a self inoculation for a deadly disease.  He worked through and around the bureaucracy, used influence, memorized the eye chart for his "blind" eye and learned to fly "poorly".  One flight of uncertain date in 1914 justifies Lindemann's place in history.





On this Fall day, he discussed his theories on spin recovery and the planned experiment with selected observers at Farnborough aerodrome.  He told them he would deliberately do a stall spin.  He certainly must have said his good-byes.  He would be using a B.E.2 aircraft of most uncertain flight characteristics.   He departed and climbed for many minutes.  Far below, the observers saw him reach what must have been the B.E 2's service ceiling of 14,000 feet.  They saw the spin well before they heard the cessation of engine noise





Lindemann now began to test his theory.  He pulled the power, slowed the plane and entered into a stall.  He held the stall until the left wing dipped and the right wing flipped up for the spin entry.  A deliberate entry into a maneuver from which no one had previously recovered and few had survived.  A maximum test of accountability and courage.





The fragile airframe was held together by a maze of wires and struts that maximized a power off vertical speed of about 90 mph.  Lindemann held the spin, intentionally or otherwise, until it was fully established and then he initiated his unique recovery.  A planned application of control forces never before applied.  He put in full opposite rudder.  Nothing happened.  He waited.  Still nothing happened. He applied forward control pressure.





He had already fallen thousands of feet with no control effect discernible.  Was his theory going to fail at this critical moment?  But the rudder was starting to have an effect.  The spin was slowing and finally stopped.  From the vertical, but without the spin Lindemann now had to complete a recovery.  Survival demanded that the pull out would not remove the wings from the fuselage.  Slowly, carefully the nose rose and as it rose the aircraft slowed thus easing the stress on its components.  The first intentional spin and recovery.  All that and survival.  Enough?





One such experiment and proof would have satisfied most people, but not Lindemann. He climbed back up to altitude and did the spin and recovery in the other direction.  A theory twice applied and proven to be a life saver.  From that day on, a pilot's education has not been deemed complete without spin training. (Except, of course, in the U.S. by the FAA)





The British had a military secret.  It combined two of the very best qualities of military combat.  Deception and kill'.  Imagine their chagrin when the British plane would level out close to the ground and scoot to safety.  Indeed, the spin was often used in WWI as a deliberate escape maneuver.  It wasn't long before the Germans discovered the deception and began to follow spinning planes all the way to the ground.  It is not known how the Germans gained the secret of spin recovery.  Pilots like to talk flying with other pilots.





Most great aircraft flights recorded in aviation history are about distances,  speeds and kills.  Why not a special "save" category for Lindemann along with Immelman?  But again, wouldn't your entering his name into your memory and applying his theory and practice to your own "Lindemann" spin recovery be sufficient.





The Airplanes


Normal category aircraft that are placarded against spins must be considered as being non-recoverable from spins.  Certification today does not include ability to recover from a fully developed stabilized spin.  The required one turn recovery is only the incipient stage of the spin.  Aerobatic aircraft have not been tested beyond six turns.





There are legitimate concerns as to just how effective having a aircraft placarded against spins will be in preventing distraction caused spins.  Aircraft design, pilot knowledge, enforced training standards, and pilot proficiency are historic causes and corrective factors.





The design of an aircraft rudder section that remains clear of the shielded air that occurs over the horizontal stabilizer and elevator makes for positive spin recoveries.  If the empenage extends below the tail if gives a preferred nose down spin.  The intent of the T-tail was to provide this desirable clearance but it sacrificed pre-stall buffet.  Horizontal stabilizer fillets and a long dorsal fin improve recovery characteristics.  One two place trainer may not recover if loaded over over-maximum gross weight.





Some four-place aircraft rotate so rapidly that the rudder cannot stop it.  Requires a parachute.  Other aircraft the recovery is too quick when the ailerons are turned into the yaw direction.  The resulting secondary stall precipitates a spin in the other direction.  The full, abrupt forward elevator control can create an inverted flat spin.  There is no place where a pilot can find the names of the aircraft involved.


Spin Training


The Department of Commerce in 1926 had airworthiness requirements for an aircraft to be recoverable from a spin.  Ten years later the manufacturers were expected to include standard procedures for spin recovery.  To obtain a private or commercial license an applicant was expected to be proficient in precision spin recoveries.  About 1950 the government made a major change by requiring stall awareness instead of spin recovery.  Flight instruction was required to include power-on/off stall recoveries from normal flight conditions.





Since a spin cannot occur without its initiating stall, it was thought that recognition and recovery along with manufacturing improvements would lower the stall/spin accident rate.  Spins were required only from flight instructor applicants.  In the late ‘80s the accelerated stall was removed as a test requirement.  In the mid-nineties full stalls have been eliminated.  Stall recognition is now the prime requirement.





The government, not recognizing that the average age of an aircraft is now over twenty-nine years, has presumed that improved airworthiness requirements for spin resistance has eliminated all stall requirements beyond recognition of the stall and situations leading to the stall.  Any pilot who learns to fly in a Part 23 certified aircraft is likely to become a statistic if caught flying an aircraft certified prior to Part 23 certification.





The essence of spin instruction is not entering the spin or even to make a recovery.  It is that you become aware of those situations and conditions that are conducive to the initiation of spins.  Avoidance is the key.  The untrained pilot will always try to recover with incorrect control input.


Preliminary instruction


No spin without a stall.


Aggravated stall gives spin.


Wing with greater angle of attack stalls, drops while nose yaws.


Descent is helical (like a coiled spring)


Only in approved aircraft


Begin with stall practice 


Spin avoidance from stalls and slow flight by making immediate recovery


Incipient spin recovery with immediate use of rudder and lowering angle of 	attack


Configure for power on/off stalls


Rudder at stall


        Release control pressure, opposite rudder, forward elevator pressure 


Spin Causes


	  Turning with excessive/insufficient rudder 


        Instrument readings become unreliable 


        Immediate recovery or enter spin


        Skidding turn spin direction goes with controls 


        Slipping turn spin opposite to aileron 


        (L-R reading on turn coordinator is best indicator.)


The stages of the spin:


	1. The stall


	2. Conventional


	3. Accelerated


	4. Inverted flat





	Any one of the stages can lead to any of the subsequent levels.   





Spins in brief


Spins are not caused by stalls but once a stall occurs where the pilot includes or fails to include, rudder, aileron, or power individually or in combination.  Auto rotation occurs from an asymmetrical stall and a side slip.





There is an abrupt loss of control when leaving the stall and entering the spin.  The untrained pilot will always react instinctively and apply controls incorrectly thus aggravating the spin entry.  





An incipient phase occurs when the foregoing  stall is accompanied by uncoordinated yawing.  The yaw induces a roll due to increased asymmetric lift on the wing opposite to the applied rudder.  The aerodynamic differences from uncoordinated stalled flight causes the nose to drop. 





In a spin both wings may be stalled but the one on the outside of the spin has a higher speed and a slightly lower AOA than the inside wing.  It


is this difference in the two wings AOA and its companion induced drag that causes the turning of the aircraft.





The autorotation to follow is quite varied as long as the dynamic and inertial forces are unbalanced.  Airspeed will be changing but the faster the entry the longer it takes to stabilize the spin.  By the second turn we may be in a developed (stabilized) spin.  IAS will be pegged a few miles above 1G stall speed.  Descent will vary but can reach 7500' fpm.





If the center of gravity of the aircraft is aft, with any adverse control application can lead to an unrecoverable flat spin.  The ‘blanking’ of the vertical tail surfaces by a low mounted horizontal tail  can prevent the


rudder from becoming effective against the spin.  Aircraft tend to recover quickly if the power is off and controls moved to neutral.  


Spin Structure


Spins have three phases:


Incipient		


Know how to recognize the beginning of a spin.  Quickly apply the


proper control input.  Get out of the incipient spin before it has a chance to develop. In a developed spin an aircraft prohibited for spins may be unrecoverable.  To prevent this from occurring the recognition and recovery from an incipient spin is a desirable training goal.  The first turn of a spin causes the greatest loss of altitude, as much as 800' to 1000'.  High density altitude causes faster rate of spin and greater loss of altitude.





Recovery:  Immediately, power off, opposite rudder, forward on yoke always in this sequence. If rudder is effective yoke forward may not be necessary.  Otherwise, hold full application of controls until recovery.  Check turn coordinator for direction if in doubt. The proper recovery from the incipient spin must be initiated at once or the yaw rate will become faster and the nose more toward the vertical.





Developed


Spins are fully developed after four turns.  Spins are low stress maneuvers for airplanes.  When the incipient state stabilizes the dynamic and inertial forces become balanced.  They become both equal and opposite.  The turn rate, airspeed and vertical speed are constant.  Some engines quit during spins.  The engine of a C-150 may quit after 8 turns due to unporting of fuel tanks.  A 152 takes 12 turns. The size of the rudder determines efficiency of spin recovery.  Power makes the spin faster, flatter and makes recovery take longer.





Recovery:  The developed phase of the developed spin has two possible outcomes.


    a. The recovery, from which the ensuing dive can pull a wing off.  				Be gentle.





    b. The crunch.


			(No recovery is possible of a flat spin with rotation about 			center of gravity except by moving C. G. forward.)


Unintentional Spin Entry Situations


Some of the following situations are pilot/instructor created.  The pilot who does not trim for each stabilized flight situation may react to distraction by misapplication of the controls.  The pilot who does not fly the airport pattern to maintain a size and shape commensurate to wind conditions is creating a stall/spin situation.  The pilot who fails to make flying the aircraft the first priority is looking for a stall spin accident.  





I have often contended that the pilot or instructor who does a high percentage of his landing practice at one airport is greatly reducing the opportunity to develop judgment skills in pattern operations.  A student needs to rely on a developed skill and judgment for flying a pattern without reliance on geographic terrain indicators.  I make a practice of having students ‘read’ the windsock before getting into the aircraft.  The ‘read’ is always compared to the ATIS or AWOS.  As ‘reading’ skills improve the student can make ‘readings’ from the air so that patterns are sized to wind conditions.	Ground ‘walk-throughs’ clarify the how, why, when, what, and where for pattern adjustments.


Takeoff Engine Failure


Instinctive (wrong) effort to turn back.  (Right) Lower nose


to best glide attitude.  Landing attitude under control assures survivable ground contact.





At altitude presentation:


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.  An emergency 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 altitude initiate climb at best angle of climb (Vx) on a North heading, pull power and hold pitch attitude to simulate engine failure.   Repeat exercise but lower nose to get best glide speed.  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.  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.  If takeoff is into relatively strong head wind the ground speed of the turn will increase dramatically.  The increased ground speed decreases the time available to complete the turn.  Turn errors multiply if the pilot slows the aircraft in an effort to slow the ground speed.





Engine Failure at Altitude


You have practiced the procedure so you know what do.  Make your field selection early and stay with your choice.  Changing your mind should be only as a last resort.  If you have some power available you can approach at a lower touch down speed.  You and the aircraft can bear horizontal impact better than vertical impact.  An impact below 45 knots is both survivable and possibly non-injury. 


Engine Failure on Final


Instinctive effort to maintain 'correct' relationship of runway to nose of aircraft.  Desire to keep from losing altitude. Bring up all flaps to extend glide.  Maintain glide speed.  No heading changes beyond 30 degrees. 


 


At altitude presentation:


Simulate power loss on final in full flap landing configuration.  Student is to avoid losing over 100 feet in next 20 seconds while calling out every five seconds on clock.  Using only back 	pressure try to keep from losing altitude for 20-30 seconds.  Effort to stretch glide fails as ever increasing pitch results in stall as aircraft runs out of airspeed and altitude at the same time. 


 


Avoidance: 	Accept altitude loss while bringing up flaps.  Fly in ground effect.  The correct procedure for this can be easily practiced.  On short final at about 400', simulate the loss of power, have the student immediately remove all flaps while maintaining 	approach speed.  Accept the immediate loss of altitude as it is traded off for up to 1/2 mile of glide range.  Try it.


Short Field Takeoff


The short field takeoff requires that the pilot set the pitch attitude so that the POH Vx speed will allow the aircraft to perform at its maximum level for obstacle clearance.  Pilot control must be positive, precise, and coordinated.  


Errors:


Premature rotation before Vx with inadequate rudder control.  Insufficient rudder often cause aileron use to create a slipping turn to the right.  Because of P-factor this is less likely to occur to the left.


At altitude presentation:


Simulated takeoff with ever increasing pitch attitude.  Allow 	improper rudder application.  From right turn caused by excessive right aileron.  At stall spin is very abrupt, "over the top", and to the left.  From left turn 'P-factor" give nearly correct coordination and spin entry is slower.


Cross Control Turn Base to Final 


#1 The skidding turn, ball to the outside of the turn, is the prelude to a spin.  NEVER use the rudder to increase the turn rate.  The uncoordinated turn is region where this stall and spin accident occurs.  Usually results from a skidding turn to final where the pilot overshoots of final makes a steeper bank, uses too little rudder, nose goes down, sink rate increases, pilot applies excess up elevator.  Accelerated stall/spin/crash.  This stall/spin is major fatality problem because it occurs too low to make a recovery possible.





Avoidance--pattern size, use of rudder.  Fly correct altitude/size/airspeed pattern for the wind conditions and you will not have a problem.





#2 Aircraft is close to ground so pilot is reluctant to lower wing into bank.  Instead tries to execute turn using excessive rudder.  Excess rudder causes plane to bank into the turn and the nose to pitch down.  Pilot applies opposite aileron to raise wing and nose up elevator.  Attempting to raise a 'dropped' wing by applying opposite aileron increases the effective angle of attack and will induce or aggravate a stall.  Inside wing will drop and roll aircraft inverted after accelerated stall.





Avoidance-- pattern performance, use of rudder.  Fly the correct altitude/size/airspeed pattern for the wind conditions and you will not have a problem.	


P-Factor During Go-Around in Right Crosswind


Sudden application of power with pilot not anticipating need for extra right rudder application due to P-factor.





At altitude presentation:


#1 Approach speed and trim.  Right wing down and left rudder to hold nose on heading.  Apply full power and establish climb attitude without neutralizing rudder.  Will result in spin entry to the left.


#2 Initiate climbing right turn with aileron only.  If departure stall occurs the spin entry will be to left, "over the top".  P-Factor makes this spin entry difficult from a left turn.





Trimmed for Landing Flare


When level but at a pitch attitude beyond the stall angle of attack, any movement along the roll axis will make the rising 	(outboard) wing to decrease its angle of attack while the descending (inboard) wing will increase its angle of attack.  The rolling and turning of the aircraft is caused by the differing lift and drag of the two wings.  Encountering a cross wind when trimmed for short field approach while not applying enough 	forward yoke pressure to maintain airspeed during the 1/2 Dutch roll cross control descent.





At altitude presentation:		


To illustrate to importance of focused attention during slow flight, do this.  Enter into fully trimmed slow flight both with 	and without flaps.  Demand that your student immediately slow an additional 10 kts due to imaginary intruding traffic.  Or, have student do this while getting a pencil from between his feet.  Distract, give problem which will cause student to enter stall situation.





There are pilots who use trim is make the flare to landing.  An aircraft trimmed in this manner during a go-around can give an extreme nose-high pitch attitude and a stall or spin.  This is especially true in higher powered aircraft.  This should be simulated only at altitude.  It is, also, an excellent demonstration that the application of only power causes a decrease in airspeed


       


Downwind turn (Similar to P-Factor)


Over shoot on turn to final and trying to correct by excess rudder. Causes accelerated stall/spin.  Best correction is by flying pattern to correct for winds.





At altitude presentation:


Turn from base to final in a skidding turn.  Aircraft is too low, in a shallow bank, pilot applies excess (bottom) rudder and opposite aileron, a distraction occurs, the aircraft pitches down and the pilot uses excess up elevator to counteract pitch down.  Stall to spin without sufficient altitude to make recovery.





Go-around


Full flaps and trimmed go around can cause abrupt pitch up such that either rudder application or failure to apply rudder may provide spin entry turn/roll forces.  Can be prevented if sufficient control force is applied to prevent pitch up before clean up.  Accident cause most often by failure to initiate go around before ground obstacles become a factor.





At altitude presentation:


Simulated effort to climb over obstacle on short final.  Trimmed with full flaps and 1.3 Vso.  Full power applied results in nose high stall spin situation.  





Avoidance: Initiate go around sooner.





Go-Around with Premature Flap Retraction





At Altitude presentation:


Initiated from full flaps descent and level off to below full flap stall speed.  Apply full power and make most rapid retraction of flaps. Results in full/partial stall.  In a steep climb the use of right aileron and no rudder to keep the flight path straight will cause a spin entry.  The left wing will drop and roll, the power will give yaw and a left spin is entered without the use of rudder. 





Avoidance: Milk flaps on any go around until Vx is reached and climb initiated.





Go around in a right crosswind





At altitude presentation:


Simulate slipping approach to the right with proper airspeed and trim.  Right aileron and left rudder.  Full power go around and set pitch without neutralizing rudder.  Spin entry to left if pitch is too high.  Don't exceed level attitude in go around until control and airspeed is reached.





Overtaking in Pattern


Attention diverted from flying to traffic.  This may result in loss of altitude on downwind and a corresponding low-altitude base leg turn.


  


At altitude presentation:


In simulated traffic pattern, reduce power and increase pitch.  Continue to slow down and increase pitch then create diversion of attention to prevent notice of near stall condition.


Things to Know about Spins:


Spin training has not proven effective in preventing or even decreasing the 	statistical numbers related to stall/spin accidents.


Over the years, spins have been responsible for about 12% of the accidents and 	one-fourth 	of the fatalities.


Only 5% of all stall/spin accident occurrences happen at altitudes where a 	recovery would be possible.


Over 40% of the accidents affecting aircraft certified prior to 1945


	are stall/spin accidents.


Thousands of unreported recoveries from unanticipated spins occur for every 	spin accident.


The lowering of the stall/spin accident rate is more due to improved aircraft 	design than any regulation or training.


40% of unintentional stall/spin accidents are caused by pilot distraction when 	‘buzzing’ at low altitude.  Positive full elevator forward is your best 	chance of recovery.


The stall/spin accident rate would increase if spin training were required.





Human error causes 95% of all stall/spin accidents.   The untrained pilot will 	always apply the controls incorrectly.


73% of stall/spin accidents result in fatalities.





Nearly one out of three stall/spin accidents now involve homebuilt aircraft.





20% of stall/spin accidents result when the pilot perceives a problem and 	becomes distracted.


Spin entry:


	 Teach spins by entry in a stall aggravated by a skid.


       At stall, full rudder, full back elevator


       At full turn recover never reaching Vne





The smoothest positive spin entry is when rudder is applied just above the normal stall entry speed.  The yoke must be held full back and up.  Power can help avoid a spiral and create a positive spin entry but should be off after entry.  A spin occurs when directional control is lost in a stalled condition.  At or near the stall the opposite to rudder and aileron rolls and yaws the aircraft into the spin.  Thus we precipitate a spin by purposely doing a stall from uncoordinated flight.  





Skid:  Too much rudder and not enough aileron.


Slip:  Too much aileron and not enough rudder.





If you have too much right rudder, in a bank to the right that's a skid.  too little right rudder or any left rudder gives a slip.  Generally, any slip will require opposite stick and rudder.





A spin can be entered from a skidding turn.  Excessive "inside" rudder causes the ball to move towards the outside of the turn.  Another entry to a spin is from a wings-level condition.  to do this you use heavy rudder to cause yawing while holding full back and up yoke.  The position of the ball will always be to the outside in a spin.  It moves to the outside regardless of spin direction.  Spins have both roll and yaw.





The standard spin entry and recovery of a one turn spin begins by making a straight ahead stall, put in full rudder, after one turn put in opposite rudder and forward yoke to break the stall.  Recover from the dive quickly before the speed increases.  Moving the stick forward without reversing the


rudder input puts you into an accelerated stall.   Putting the yoke forward


will increase the rotation speed. 





The hands off recovery requires that you release the yoke but hold the rudder.


the yoke will remain full back.  Apply full opposite rudder and when the spin stops the yoke will move forward and break the stall without the pilots input.





Recovery


	Power off


          Flaps up (not mentioned by FAA)


          Opposite rudder until rotation slows


          Positive forward elevator to break stall.


          Neutral rudder and return to level (climb)





All spin recovery methods presume the aircraft is within utility category weight and balance.  Prior to attempting recovery the throttle should be retarded, the flaps removed and the ailerons neutralized.  Since the rudder yaw began the spin it is the usual main course of action for recovery.  Full opposite is the primary first move made very quickly to full deflection.  Slow applications will delay recovery.  Depending on circumstances the full opposite rudder may take from 1/2 turn to several turns to effect recovery.  The recovery sequence always begins with opposite rudder (Step on the high wing of the turn coordinator--step on the heavy rudder pedal).  Second, after the rudder starts to become effective, move yoke full forward.  Spin may speed up momentarily. The recovery actions do not agree with your natural instincts.  Spin recovery must be a learned response.  Moving the ailerons against the spin will delay recovery.





When the spin is broken we must once again use the rudder and yoke to return to level flight.  Speed will increase rapidly.  These inputs must occur partially  to recovery stable flight without over-stressing the aircraft.  A precision one-turn spin should lose 5-600 feet and recovery at 2.5 to 3 Gs.


Spin types


Inverted Stall


Requires inverted flight so you roll inverted, reduce the power, apply yoke full forward to stall before rudder kicked in.  Nose will drop out of the stall and power is applied to continue inverted level flight.


Inverted flat spin


From inverted flight stall the airplane.  Apply full rudder at the stall.


The nose indicates spin direction.  Things are moving and sliding.  To flatten 


the spin apply full aileron in the same direction as the rudder and apply full 


power.  To recover from an inverted spin use opposite rudder and hold yoke back.  It is possible to recover from a spin with full opposite aileron.  It


is also possible to recovery by putting your hands over your head.  It takes four full turns so have plenty of altitude.


Flat


Entry into the upright flat spin is to first enter a conventional spin and hold it until it stabilizes, two turns should be enough.  Apply full opposite aileron and add full power.  You must force yourself to hold in the aileron. The aircraft turns around its vertical axis at an deceptive high speed as it pivots about the down aileron.  Recovery begins with reduction of power.  Lift both hands into the air.  Push full opposite rudder.  It will take two turns to recover.  Release the rudder only when the turning stops but before it begins in the other direction.  Yoke will break the stall by itself.  Recover from dive before speed builds up. 





When yaw exceeds roll a flat spin exists.  If in a flat spin with the nose within 45 degrees of horizon apply full aileron in direction of spin to reduce autorotational effect of the retreating wing. You are in a flat spin when release of back control pressure does not result in an additional lowering of the nose. This is the only spin in which the use of ailerons is recommended.  





You can do both upright and inverted flat spins entered from any attitude.  A standard spin entry to the left (upright) or right (inverted) from any attitude with power or add power at after the break and outside aileron and away she goes.  Recovery requires 1/4 to 1/2 turn after power off.





Intentional flat spins are (almost?) always done inverted.  That way, the rudder is in clear air and not blanked out by the horizontal stabilizer.  There are few planes that can do them safely.  For these planes, it is entered as a 'normal' inverted spin.  Then power is added.  This brings the nose up to the horizon, and the rotation is now almost pure yaw, with very little bank.  Recovery is by reducing power, which allows the spin to go 'normal'  This is not the usual response for an average plane!  The few that can safely do flat spins have this unusual characteristic!)  For an upright flat spin, take any conventional twin, and stall it with


full power on one engine & full in-spin rudder.  Unknown if you can recover from it!  Just that you can get in to it, without an 'aerobatic' maneuver.  


Accidental(incomplete)


Inadvertent spins can be differentiated from spirals since a spin has a rapid descent with a low airspeed, while a spiral has a rapid descent with a high airspeed.  Inadvertent spirals are more likely than spins under IFR conditions.


Over the Top(incomplete)


Caused by top rudder in a tight climbing turn


Unrecoverable/Uncontrollable Spin


An uncontrollable spin is apt to occur when near aft C.G.  Use of aileron to try to raise the down wing can aggravate such a spin.  If yoke is applied before rudder an inverted spin may result.  Because of higher stall speeds or misapplication of rudder, inadvertent spins are more apt to occur out of turns.  never demonstrate spins with an aft C. G., even at altitude.


Deliberate


A normal spin can be entered accidentally.  A botched stall where the pilot applies instinctive back pressure and aileron opposite to the direction of rotation is the classic inadvertent entry.  The instinct is to regain straight and level without breaking the stalled condition.   Every flyer should be capable of safely entering and recovering from a spin.  Spins, because they can be accidental, should not be considered aerobatic.  Rather, they are an event that occurs in flying and should be a part of a flyers experience.





Underneath


Caused by excess bottom rudder used to speed up the turn as when turning from base to final.


Killer


Recoverable conditions leading to spins that kill every year.  Recovery skills depend on practice.  The key to stall recovery is recognition followed by promptly corrective control action.  Every aircraft, even same type and model will stall ever so slightly in a different manner.  The inadvertent stall, as its title states, does not occur unless you are distracted and unsuspecting.   You don't need to enjoy or fear stalls to practice.  Go with an instructor.  Have the instructor set you up for an accelerated stall.  (No longer an FAA requirement but worth learning to do and make a recovery.) This is similar to the stall that would occur on a tight turn from base to final.  If possible get an aerobatic instructor to take you through a spin series caused from inadvertent stall situations.


Other Recoveries:


Spins to the uninitiated should only be introduced if and when the spins are


mentioned by the student.  Quarter or half turns are sufficient to demonstrate both cause and recovery techniques.  Spins, in and of themselves, do not seem to improve flying skills.  Accidental spins usually occur so close to the ground that no recovery is possible.


	The generic spin recovery, 


power to idle


ailerons neutral


full opposite rudder


yoke abruptly forward





This will work for practically every aircraft.  However, older aircraft with larger rudders and inherently more unstable were both easier to spin and easier to make recover.  The C-150/172 is engineered to be more stable and hence more difficult to spin and more difficult to recover.





If You Don't Use Procedures Recommended?


Power to idle or ...


Spin characteristics are accentuated with power on.  The spin entry is faster, the spin develops full rotation speed sooner and the angle of attack  of the most stalled wing will be higher.   A recovery with power on may exceed the structural limits of the aircraft.





Ailerons neutral or...


If the wing stalls at the tip rather than the root the drop will be abrupt and without warning, causing instinctive application of aileron and further aggravation.  Trying to raise the stalled descending wing with aileron will increase lift thereby increasing the drag inducing adverse yaw or yaw toward the down wing.  The increase in drag causes the stall to become more severe producing even more roll.  The spin can be prevented only if rudder/aileron inputs prevent any slipping or turning at the point of stall.





Use of ailerons, even away from the spin direction, may again cause the spin entry to be more abrupt, speed up attaining full rotation speed, give a higher angle of attack, cause more difficulty in making recovery, and cause any 'recovery' to be merely the entry into another spin.





Full opposite rudder or...


When the rudder is applied so that the tail is not behind the nose there is a span wise flow of air that causes the tip to stall before the wing root.  Thus, we have the no warning spin entry.  This is more likely if the spin is done away from the stall warning device. The rudder is actually the only effective control you have.  It is the only one that works against both the yaw and rotation.  Anything less than full application will be proportionately less effective.  The relatively small rudders of modern aircraft make even more important the full correct application both in entry and recovery. (Note: The turn coordinator is the best way to be sure of the direction of turn.)  Rudder alone will not give a recovery.  As soon as rotation begins to slow the yoke must be moved abruptly and fully forward.





Yoke abruptly forward or...


A slow or slight forward yoke may actually serve to aggravate the spin.  As soon as you first feel the negative G of the recovery release the yoke pressure.  Spins and recoveries should be learned and practiced so that there are just as many recoveries as there are spins, unless you mastered swimming by going under twice and coming up once. 


Historic Spin Requirements


Early private pilot test allowed 15-degree error on recovery.  Commercial after 2 or 3 turns allowed 10-degree errors.  Instructors no error allowed. It is best to avoid letting the number of spins exceed the number of recoveries.





Recovery


One recovery works for all general aviation aircraft.  It requires extreme mental discipline, however.  The process is that as soon as the incipient phase begins, that is loss of control, wing drop and turn, immediately pull the power off and remove the flaps.  Place your hands on your thighs, feet flat on the floor, and the airplane will recover by itself.


Current Spin Requirements


Stall awareness, spin entry, spins and spin recovery technique are now part of the aeronautical section of the knowledge requirements for the private, commercial and CFI ratings.  The CFI who fails the spin oral will fail and must demonstrate spins on the CFI flight test..


Endorsements (Instructor)


For Required Spin Knowledge


FAR 61,105 (6)


I have given _________#____ the flight training and ground instruction in stall awareness, spin entry, spins and spin recovery techniques as requires by FAR 61.105 (6) and find him competent in this area.


      Actual spin not required but recommended.





For Spin Awareness


I certify that I have given _____holder of pilot certificate # ________ ground and flight instruction  in stall awareness, spin entry, spins and spin recovery technique and find that he/she meets the knowledge requirements required under FAR 61....see above.                                            


Dated...


Signed...





For Spin Training (Required CFIs)


I certify that in accordance with FAR 61.187 (a)(6) I have given ___#_____ flight training in spin entry, spins, and spin recovery techniques and he/she has demonstrated instructional competency in those maneuvers.














Questions


1. Stall/spin accident are least likely to occur during what phase of flight?


2. Following engine failure in a climb, the pilot's first action 	should 	be...?


3. An aircraft wing never stalls unless...?


4. What is true about the indicated airspeed at which an aircraft will stall? 


5. T/F An aircraft can stall at airspeeds above the unaccelerated stall speed?


6. T/F An aircraft can stall at any angle of attack?


7. T/F An aircraft can be in an unstalled condition at airspeeds below the 	stall speed?


8. T/FStall speed increases with increasing load factor (weight)?


9. The wing characteristic most different between a spin and a spiral is...?


10. Intentional spin is entry is made with...


11. 	Spin recovery is made in the following sequence...?


12. If a departure stall is prolonged with too little right rudder applied, a 	spin may occur to the (L?R)


13. A stall is easier to enter and more difficult to recover from if the c.g. 	is ....?


14. An accelerated stall (no longer FAA required) occurring in a steep turn 	with the ball to 	the left of center will cause...?


15. At best power off glide speed any increase in pitch attitude will have 	what effect on the gliding distance?


16. When on the  "back side of the power curve" or region of reversed command 	any climb must be initiated by...?


17. Use of ailerons to raise wing in flight at high angles of attack and low 	airspeed will have what effect on the stall?





Answer


1, 	En route cruise speeds


2. 	Establish best glide attitude and speed


3. 	The angle of attack is greater than the stall angle of attack.


4. 	The indicated airspeed at which an aircraft stalls does not change with 		altitude.


5. 	T


6. 	F


7. 	T


8. 	T


9. 	The spin has a stalled wing, the spiral does not.


10. 	Full nose-up elevator deflection and full rudder in the desired 				direction of spin.


11. 	Reducing power to idle and rudder against the rotation (determined by 			turn coordinator) then forward yoke.


12. 	To the left (explain why to yourself)


13. 	Aft


14. 	The aircraft to roll to the right and spin toward the outside of the 			turn.


15.  	The gliding distance will be reduced.


16. 	Lowering the nose.


17. 	Ailerons will fail to raise wing, stall and cause worse rolling effect.





























Question (Answers in FAA Flight Training Handbook)


 1.	When will a wing always stall?


 2.   Can you enter a spin without stalling first?


 3.	Can an aircraft stall at any speed or attitude?


 4.	Why does a spin not always follow a stall?


 5.   What must the pilot always do to break a stall?


 6.   What is the sequence of controls needed to recover from a spin?


 7.   Under what flight conditions are a stall/spin accident likely to 	occur?


 8.   What should a pilot do if an engine failure occurs during climb?


 9.   T/F  An airplane can stall at any angle of attack.


10.   T/F  The indicated airspeed at which an aircraft stalls increases with 			an increase in density altitude.


11.   T/F  Stall speed increases with increasing load factor.


12,   T/F  A steep spiral does not have a stalled wing. 


13.   T/F  An aircraft will spin to the left if insufficient right rudder is 			applied during a 	prolonged departure stall.


14.   T/F  An aft center of gravity makes it easier to enter and more 				difficult to recover from stalls and spins.


15.   T/F  When operating on the 'back side of the power curve raising the 			nose increases the rate of descent.


16.   T/F   Ailerons when deflected against the spin may increase or decrease 		the rotation rate.


    


Answer


 1.   When its angle of attack is exceeded.  This is the angle between the 			chord line of the wing and the relative wind.


 2.   An aircraft cannot spin until the wing is stalled.


 3.   Yes.  Even straight down or up side down.


 4.   Correct application of rudder can prevent spin entry.


 5.   Reduce the angle of attack.


 6.   Power off, opposite rudder, forward yoke


 7.   Stall spin accidents are likely to occur during low speed operations 			close to the ground.


 8.   Lower the nose to best glide attitude.  This is not likely to be a nose 		down attitude. 


 9.   False.  At any airspeed but only above the critical angle of attack.


10.   False.  An aircraft stalls at the same indicated altitude regardless of 		altitude or kind 	of altitude.   


11.   True. An increase of load factor is an increase of gravitational forces 		beyond 1. As the 	load factor rises the stall speed increases.  At 		a 60 degree bank level turn the load 	factor is 2.  All weight 		is doubled and the speed at which a stall can occur increases 			significantly.


12.   A spiral does not have a stalled wing.


13.   True.  With insufficient right rudder the left wing will be slower and 			stall first.


14.   True.  An aft C. G. makes an aircraft very sensitive in pitch and will 			react excessively with only very light applications of elevator 			forces.


15.   True.  Once you are behind the power curve where you have no excess 			power left, you must lower the nose and lose altitude in order to 		gain flying speed.


16.   True.  Only in an inverted spin can ailerons play a part in spin 				recovery.

















Question


1. Spin characteristics of every individual aircraft differ.  How can they be 	determined?


2. How should ailerons be used in spin recovery?


3. What is the distinction between spin training and training in spin 	awareness?


4. What will not work in making a spin recovery?


5. What determines whether a spin will be to the right or left?


6. What control problem exists with a rearward C.G.? 


7. Why do you think the most altitude is lost during the first turn of a spin?


8. Why are aerobatics recommended?


9. How could you initiate a stall spin situation turning from base to final?


10. What is the definition of Vso?


11.  What causes a secondary stall?


Answer


1. Flight test.  FAA requires only one than spin with recovery.  Any aircraft 	placarded against spins puts any pilot performing spins into the 	status 	of a test pilot.


2. Neutralize ailerons.  Use may either increase or decrease rate of spin and 	no guarantee of which.


3. Spin training includes both discussion of the aerodynamics and actual


	performance through recovery.  Spin awareness covers discussion and 	introduction to spin situations through incipient spins.


4. Applying yoke back pressure or using power will not aid in spin recovery.


5. Power and rudder application or lack of it determines which wing will be 	slower and 	liable to stall first.  When the wing falls the direction of 	spin is determined.


6. During a spin,  a rearward center of gravity may not allow enough airflow 	over the tail surfaces to provide either elevator or rudder control.


7. The most altitude is lost during the first turn of the spin because


	it has the slowest rotation.


8. Aerobatics allow the student to recognize the flying capabilities of


	an aircraft and his ability to recover from unusual attitudes.


9. A wind that is a tailwind during base leg can give illusions of excessive 	airspeed and result in overshooting final due to excess ground speed.  	The reaction to the illusion excess airspeed is to raise the nose to 	slow the aircraft.  Overshooting final may cause the student to bank 	more steeply and apply rudder to increase the rate of turn.  In 	combination these will cause an unrecoverable spin due to lack of 	altitude.


10. Vso is the minimum safe operating speed of an aircraft in landing 	configuration.


11. A secondary stall is caused by excessive or abrupt control movement of the 	elevators.












































Question


1. What is the initial pitch change (pressure) during a go-around?


2. How should flight spin training begin?


3. How can you become a test pilot during spin training?


4. Why is spin recovery made with power off?


5. Why is spin training no longer required for most ratings?

















Answer


1. the most desirable pitch change is to level the nose while applying 	full 	power.  The application of power can cause extreme pressure on the yoke 	to raise the nose before the flaps can be removed.  You must anticipate 	these pressures by locking the arm as a 	preventative.


2. Spin training should begin with a review and practice of common stalls and 	their causes.  Only misuse of the controls during a stall can cause a 	spin.


3. Any spin that exceeds one turn takes you beyond the FAA certification 	requirements and 	makes you a test pilot.  


4. Power in a spin exacerbates the violence of the spin entry, the speed of 	rotation, the difficulty of recovery, and the potential for structural 	damage during recovery.


5. Spin requirements have been practically dropped by the FAA because 	improvements in aircraft design have reduced spin occurrence as caused 	by aircraft design.  Too many accidents were occurring during the 	performance of spins by poorly trained pilots.  Most accidental spins 	occur at an altitude so low as to prevent recovery.


Spin References


Including  AC 61-67B  5/17/91


  Recommended reading: FAA-RD-77-26 GA Pilot Stall Awareness Study,  AC61-21, AC91-23,Practical test standards, AOPA Avoiding the Stall/Spin Accident
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