June 25, 2000 (revised August 10, 2000)





MOONEY FORMATION FLYING PROGRAM





MOTIVATION





	Several general aviation associations promote the development of formation flying skills, notably the “War Birds”, T-34 Association, Bonanza Association and the lesser known T-18 Thorp Association.  The visible purpose of this activity is formation fly-bys at air shows.  Those involved in these activities must practice extensively prior to each performance.  A less visible purpose is the orderly and expeditious movement of a large number of aircraft from point A to point B.  In the worst circumstances, the time required for the takeoff and landing evolutions should be reduced by one half compared to time required when normal takeoff and landing separation is used.  In addition the block of airspace enroute is reduced considerably as aircraft in a movement (flight) close up the distance between each element.  There is a real benefit from ability to fly formation; there are many instances (mostly military) in which an aircraft with communications or electrical power loss flew on the wing of a “buddy” through an IFR descent to a safe landing.  





	Formation flying in military tactical operations is essential to coordinate movement of aircraft for self protection and for strike against objectives.  Where there is a common purpose the need is to takeoff and join up the flight as quickly as possible, proceed to the objective, coordinate a quick and orderly strike, then return to base all the while providing mutual support to each aircraft in the flight.  





	Over the past two years several pilots in the Mooney community have indicated an interest in developing skills necessary for flying in formation.  For clarity in this discussion we refer to them as “nuggets”.  “Nuggets” stands for new guys or gals.  The program outlined promotes learning formation flying skills for those who are willing to budget necessary time to this effort.  It is suggested that basic skills can be developed in eight to twelve hours of flight time.





AIRCRAFT SUPPORT





	Two aircraft are required.  The nugget should provide his/her aircraft and make arrangements for a second aircraft with an experienced pilot.  An experienced pilot has at least 500 hours of flight time or has an instrument rating.  The second aircraft doesn’t have to be a Mooney but a low wing aircraft is preferred.  The second aircraft must have a cruise speed capability of at least 120 KIAS (135 MPH indicated).














PRE-FLIGHT CONSIDERATIONS





	Mooney pilots with extensive formation experience can fly as copilot (formation flight counselor) providing advice to the nugget.  A number of Mooney pilots with formation experience are being identified.  The names and locations of counselors will be available to nuggets. 





	The two-cassette video (VHS) (230 minutes) package “Formation Flying: The Art”, $69.95, available from Sporty’s Pilot Shop (catalog # 632A) is the best formation information material available.  The video package includes the (T-34) Formation Flying Manual.





	All pilots involved in any formation practice must attend a detailed preflight briefing conducted by the counselor before each flight.  In addition, a post-flight debriefing of all participants will be conducted by the counselor.





FORMATION FLIGHT ACTIVITIES





Terms and Formation Positions Defined.





	A section is a two- or three-aircraft element.  A division is two or more sections, usually no more than four sections.  A flight can be any number of divisions.  For control purposes a flight is treated as one aircraft.  In the Caravan structure there are five two-aircraft elements (sections) in each group (division).   





There are two terms that are used to describe the relative position of a wingman in relation to the leader.  Overrun or overshoot is when the wingman is forward of the desired position.  The nose-to-tail longitudinal clearance between each wingman and the leader should be about one airplane length.  It is a cardinal sin in formation flying to be in front of the leader’s wing.  Sucked is when the wingman is behind the desired position.  The desired position in level flight formation is on a line 45 degrees aft of the leader’s wing and stepped down.  Wing tips should never overlap except in a free cruise formation turn.  The most comfortable position should be about one wing span lateral distance from the leader’s wingtip along the 45-degree line.  The amount of step down should provide about 25 feet of vertical clearance between the wingman’s aircraft and the leader’s aircraft.


  


General aviation formation instructional materials designate the position of each aircraft by a number.  The leader is always number 1.  Number 2 is on the left wing of the leader.  In a three-airplane element number 3 is on the leader’s right wing.  In a finger-tip (as the four fingers of your right hand) the number 4 aircraft flies on number three’s right wing.  In right echelon, number 2 is on the leader’s right wing and number 3 is on number 2’s right wing.  If there is a fourth aircraft it is on number 3’s right wing.  Echelon can be either right or left.  Right echelon is most commonly used because most airport traffic patterns are left hand.  In level flight when a wingman is in the proper position, the leader’s aircraft outboard flap hinge is lined up with the window/door post at the back of the lead aircraft front seats.  The leader should be able to see each wingman.  If a wingman can’t see the leader’s cockpit, he/she is too low.  If a wingman can’t see the gear door under the leader’s wing, he/she is too high.  The sight picture of the proper position viewed from behind and below is:
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Formation Types.





There are three basic types of formation: (1) parade, (2) echelon, and (3) free cruise.





	








Parade.  In a parade formation the entire division is in one plane and that plane rotates around the longitudinal axis of the division leader.  The level flight sight picture is is shown above in the position description. In a left turn the sight picture is:
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	Echelon.  In an echelon formation the plane of the division remains horizontal.  The leader never turns into the echelon.  The longitudinal axis of all aircraft remain in the same vertical and horizontal position relative to the leader’s aircraft.  For a left turn, first the leader has to signal number #2 wingman (on the left wing) to crossunder to the leader’s right wing (the flight must be put into right echelon).  The number 3 wingman must descend slightly and move back to make room for the number 2 wingman.  Number 2 and 3 wingmen are on a 45-degree angle relative to the leader’s aircraft and stepped down.  The number 3 aircraft flies on number 2 wingman’s right wing. For a right turn (left echelon) the crossunder procedure applies to number 3 wingman whose position becomes flying on number 2 wingman’s left wing.  In turbulent air, with practice, number 3 wingman will keep the leader’s aircraft as a backdrop and adjust position up and down relative to leader’s aircraft.  Number 3 wingman lets number 2 bounce about in between.  This tactic avoids a “crack the whip” up and down movement of the echelon that gets progressively worse as more aircraft are added to the echelon.  The echelon is used for attack on a target establishing multiple aircraft tracks so that the defenders fire control solutions are most difficult.  The more visible use of echelon is to break up the flight for landing.  The left turn sight picture is:
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	Free Cruise.  In a free cruise formation the plane of the division remains horizontal but each aircraft in each element can slide left or right to maintain longitudinal spacing between aircraft.  In the three aircraft element above, in a left turn the left wingman will close on the leader unless he/she slides to the right to get on the leader’s circle, or slightly outside the leader’s circle to open relative distance.  The right wingman must slide left to the inside of the leader’s circle to avoid getting sucked.  The ideal position in a steady left turn is shown below.


�


Since the left wingman tends to close the leader in a left turn and the right wingman’s distance from the leader opens, the left wingman maintains the 25-foot vertical separation from the leader and the right wingman drops down slightly to maintain a 25-foot vertical separation from the left wingman.  The three aircraft are in a relative trailing position with ability to slide in or out of the circle to maintain relative position.  As a consequence, very little power change is required to maintain relative position.  The position of the wingmen in the trail position would be reversed if the initial turn was a right turn with the right wingman second and the left wingman third in the element.  The leader could make sequences of turns and each wingman maintains the same relative position established in the first turn direction throughout the sequence.  When the leader returns to straight and level flight each wingman returns to his/her original position.   





	Free cruise is a fluid formation allowing a comfortable distance between aircraft permitting each wingman opportunity to scan in the semicircle in the direction of the leader from ahead of leader to well behind leaders tail.  As a consequence, there is at least one additional set of eyes scanning to avoid conflict between the flight and another aircraft, particularly one descending and overtaking from above.  In addition, the reduced workload allows the wingman to navigate and give attention to other flight tasks.














Maneuvers.





Takeoff.





	If the runway is at least 100 feet wide, aircraft can takeoff alternately on one side then the other of the runway using a maximum of three (3) seconds interval between aircraft in each pair.  The lead aircraft in the following pair allows a 6 second interval between it and the aircraft immediately ahead on the same side of the runway.  Formation takeoffs by pairs should be the skill objective.





	On takeoff any aircraft aborting with a blown tire must immediately get off the runway onto grass on the same side of the runway being used for takeoff.  Aircraft aborting for any other reason must taxi at high speed and turn off at the end of the runway.





	The leader needs to make any flight adjustment in increments and slowly to permit the wingman time to respond.  A wingman must anticipate the leaders actions on takeoff and be ready to raise the landing gear and flaps.  Watch for the leader’s gear and flap movement as your execute signal.  Leader’s throttle movements should be in small increments.  The power used by the leader in climb and cruise should be such that the wingman will not require more than a two inch MAP change (without a change in RPM) to properly respond to any adjustment needed to maintain the desired wing position.  That is, the leader has to give a wingman one to two inches of MAP for maneuvering.





Enroute.





	Climb speed should be 90 KIAS (105 MPH indicated) and cruise speed 120 KIAS (135 MPH indicated).  For descent, gradually reduce power to just above the MAP setting where the gear warning horn sounds.  Anticipate the point where descent should begin based on altitude loss required.  Descend at whatever rate is required but do not exceed 150 KIAS (170 MPH indicated).  Keep the descent power reduction after level off until speed drops to 105 KIAS (120 MPH indicated).  





Rendezvous.





	There are three types of  join-ups; a running rendezvous, a 180 degree rendezvous and a circling rendezvous.  The leader’s power and speed must be controlled throughout the maneuvers so the aircraft joining have a power differential available.  This is particularly true in a running rendezvous because wingmen have to catch up with the leader.  This is the situation in the Caravan flight profile.


	180 Degree Rendezvous.  In a 180 degree rendezvous, aircraft in the element (section or division) are in trail (as after takeoff) or in echelon (airborne practice breakup and rejoin).  A depiction of the breakup is:
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With all aircraft airborne and in trail the leader executes a standard rate turn (about 15 degrees of bank) to the reciprocal heading.  Each succeeding aircraft begins a steep turn toward the leader when leader is 40 to 45 degrees off the nose.  The steep turn is continued until the leader is 45 degrees off the nose on the opposite side.  Slide up the 45 degree line intercepting the leader.  As distance closes, slowly parallel leader’s heading matching leader’s heading as the wingman slides into position.  A depiction of the 180- degree rendezvous is:
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Do not get ahead of the 45-degree angle because you are acute and will overrun.  It is possible to complete this maneuver without making a power change but I don’t know anyone that good.  If it looks like you are getting sucked you can increase the closure angle to say 50 degrees.  If it looks like you are going to overshoot you can decrease the closure angle (say to 30 degrees) temporarily then increase it back to 45 degrees as you lose distance and move back to the 45-degree line aft of leader’s wing.  Never ever lose sight of the lead aircraft and other aircraft joining ahead of you by banking and blocking out sight of other aircraft with your wing.  This is another cardinal sin.  If you can’t slide into formation properly, fly to the outside below all other aircraft ahead of you that have not joined.  Do not fly ahead of the leader or any aircraft joining ahead of you.  Stabilize speed, heading and altitude then move slowly to the correct position.  During join-up all aircraft should be aware of the position of all other aircraft joining.  Communicate as deemed appropriate to be sure that all aircraft joining understand your intentions.  If at any time you do not have complete control of the aircraft position relative to the aircraft you are flying on move away laterally until you regain control.  Then slowly move back to the desired position.





	On a join-up, initially join up in echelon so that all can see all succeeding aircraft joining up.  When all aircraft have speed, heading and altitude under control, then each aircraft slides into it correct position in the formation.  In the 180 degree rendezvous above, number 2 turns as needed to hold leader 45 degrees off the nose during join-up.  Number 2 stays on the outside until number 3 has speed, heading and altitude under control, then number 2 slides to leader’s left wing and number 3 slides to leader’s right wing.





	Circling Rendezvous.  In a circling rendezvous the leader circles in a shallow bank (less than 10 degrees but greater than 5-degrees angle of bank) until all aircraft are joined.  All joining aircraft cut across the circle flying directly toward the leader through the center then turn steeply until leader is 45 degrees off the nose.  The joining aircraft need to continue turning to maintain the 45 degree angle off the nose.
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Crossunder.





	In changing position from one wing of the leader to the other wing, drop down slightly (10 to 20 feet) and back (maybe 20 feet) then crossunder slowly to the new position that is on a 45-degree angle behind the leader’s opposite wing, then climb up and move forward slightly to the new position.





FORMATION FLYING SYLLABUS





	Formation flying is similar to instrument flying except one uses visual indicators rather than instrument indicators to adjust position.  The same attention to smooth flight is required for good formation flying proficiency.  Be observant and detect deviations when they are small and easily corrected.  Make adjustments promptly and smoothly.  Keep adjustments as small as possible.  Always fly in balanced flight - do not cross controls.





	In general, any aircraft can fly on the wing of another as long as the power and speed ranges of the limiting aircraft are not exceeded.  The major problem is adjusting to a sight picture that results in a comfortable 45-degree position on the wing of the lead aircraft.  As an extreme example, flying on the wing of a large aircraft in light chop could result in the lead aircraft’s wingtip flopping up and down six feet or more; one learns quickly to use fixed references to establish the desired wing position. 





	This section outlines the preflight briefing and the suggested maneuvers in each flight are offered as a guide.  Actual progress will depend on the counselor’s evaluation of nugget’s performance.





Preflight Briefing





	This is a comprehensive checklist.





Lead and wingman responsibilities and flight discipline; the leader is in charge (during the familiarization practice, the counselor is in charge).


Mission plan: profile, evolutions from engine start to engine shutdown.


Navigation


Maneuvers planned


Radio procedures: all frequencies to be used are designated as buttons; for example,


1)   Button 1:  Ground Control


2)   Button 2:  Clearance Delivery


3)   Button 3:  Tower


4)   Button 4:  Departure Control


5)   Button 5:  Air-to-Air Unit Common, probably 122.75 MCS


and so forth, for all expected frequencies required for the mission.  Thus, all the leader has to say is, for example, “Blue Flight, switch to Button 4,” and the flight members respond with “2”, “3”, etc., in order.  If someone doesn’t answer, in order, that member doesn’t respond until after the remainder of the flight responds or until leader queries the nonrespondent(s).  After all respond then the switch is made.  Radio discipline:  The leader initiates all transmissions for the flight except emergencies - other flight members acknowledge, then execute after all respond.


6)   Transponders:  In general only the leader squawks the assigned code; all others are on standby.


Hand signals:  Nearly everything requiring some form of communication for execution can be completed with hand signals.  Common hand signals to be used; see the T-34 Formation Flying Handbook.








Emergencies and safety:


Weather


Electrical and radio failure


Aircraft systems malfunction


Takeoff:  


1)   Wide runways (100 feet or more) formation takeoff procedure; make sure the wind is down the runway


	a)   position


	b)   power


	c)   hand signals


	d)   radio calls


	e)   transition to climb


	f)   emergencies and abort


2)   Narrow runways (less than 100 feet wide)


a)   timed takeoffs (six second spacing on roll)(take off on alternate sides of available runway)


b)   emergencies and abort (stay on your side of the runway and taxi to the end at high speed, else get clear of the runway onto the grass on you side)


Rendezvous


	1)   Speed and Closure Rate - approach differential as join-up nears


		a)   overshoot - pass below and stabilize to outside


		b)   sucked - can recover only with power


	2)   Running Rendezvous


		a)   altitude and speed differential


		b)   power control


	3)   180 Degree or Modified-Turn Rendezvous


		a)   angle to join


		b)   altitude control and speed differential


	4)   Circling Rendezvous


		a)   maintain 45-degree closure angle by turning


		b)   avoid overshoot


Station Keeping


	1)   basics of parade formation


	2)   parade formation turns left and right


	3)   basics of echelon formation


	4)   crossunders: changing positions to right and to left echelon 


	5)   echelon turns left and right


	6)   basics of free cruise formation


	7)   free cruise formation turns left and right


	8)   fly loose formation for checklists and radio frequency changes


Missed Rendezvous and Breakup of Flight


1)   procedure in case of losing sight of other aircraft - need an alternate rendezvous point and altitude, and procedure


2)   procedure for wingmen to breakup for landing or to practice rendezvous 


Approach and Landing


	1)   descent and breakup (3-second interval on break)


	2)   landing pattern


	3)   approach - land opposite sides of the runway


4)   instrument approach wingman lose sight of leader turns immediately 15 degrees away from leader and climb to on-top.  Leader executes a missed approach and obtains clearance to climb on-top for rendezvous with wingman.


5)   landing roll out and deceleration to taxi speed to clear runway


Common Errors


	1)   cross controls to maintain position - fly in balanced flight


	2)   overrun/overshoot


	3)   wingman focusing on other than leader


	4)   leader making abrupt power, pitch and/or roll changes that wingman can not 


	immediately respond to





Inflight Practice.





	These are suggested flight missions.  Progress will depend on the flight time in each mission and the nugget’s progress.





First Flight - Familiarization


	1)   takeoff and running rendezvous


	2)   station keeping and crossunder


	3)   parade, echelon and free cruise


	4)   turns in formation


	5)   breakup and 180 degree rendezvous


6)   formation landing (only the leader can initiate a waveoff or touch-and-go landing)	


Second Flight (same as first flight except include a 180 degree rendezvous on takeoff, more practice for nugget, and breakup for landing)


Third Flight  (same as second flight except formation takeoff and continue nugget practice)


Fourth Flight (same as third flight except after takeoff circling rendezvous at a geographic position, radian and distance or point on the ground, and continue nugget practice)


Fifth Flight (same as fourth flight except for formation takeoff and formation landing)


Sixth Flight (same as fifth flight)





If each flight is well planned, this should amount to about nine hours of flight time.  The counselor should advise the nugget regarding limitations the nugget should place on formation flying practice until more experience is gained.  If the counselor does not believe the nugget’s proficiency is adequate to fly in a loose formation, the counselor should so advise the nugget and suggest that more experience with a counselor should be gained.
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