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Introduction

Formation flying, by its very definition, is not a solo activity.  Webster’s Dictionary defines formation as “…an arrangement of a…group…in some prescribed manner…”  It is this “prescribed manner” that forms the building blocks of formation flight and becomes the foundation of standardization.

Because two or more pilots must function as one unit under the direction of a leader, it is imperative that each participant possess a common understanding of how the flight is to be conducted and how it will progress.  Each individual pilot must have a thorough understanding of what he may reasonably expect of the others, and in turn, what the others expect of him.  This common understanding, this standardization, is fundamental and is the very cornerstone of safe formation flight.  It is this necessity for standardization that makes formation training crucial.  

As a specialized activity, formation flying calls for specific knowledge, precision flying skills, and the utmost attention to all safety considerations.  Although the skills are not difficult to learn for an experienced pilot, formation flying is not an activity for everyone.  To do it safely it requires a commitment to mastering those skills and regular practice to maintain proficiency.

When approached from the proper perspective, a well planned, properly briefed, and skillfully executed formation flight can be eminently safe and bring a great deal of satisfaction to all participants.  When approached from the wrong perspective – without standardization training, a thorough preflight briefing, practiced skills, or with a cavalier or arrogant attitude – it can be deadly.  In the interest of everyone’s safety, from the participating pilots’ to people on the ground below, it is incumbent upon all involved to undertake standardization training from personnel who are qualified to teach the needed skills and procedures.

DEFINITION OF FORMATION FLIGHT

Formation flight may be defined in two ways:

Flight by more than one aircraft which, by prior arrangement between the pilots, operates as a single aircraft with regard to navigation and position reporting.

A flight wherein each (other than the lead) pilot’s visual attitude reference is another aircraft.

The FAA considers a “standard formation XE "Formation:standard" ” one in which all aircraft maintain a proximity of no greater that one mile of lateral separation and 100 feet of vertical separation.  A formation flight may not operate outside of those parameters and still be considered a formation flight without the specific approval of ATC, or unless operating in specially designated airspace.

Title 14, Code of Federal Regulations, Section 91.111, relating to operating near other aircraft, places further restrictions on the activity by dictating that:

(a) No person may operate an aircraft so close to another aircraft as to create a collision hazard.

(b) No person may operate an aircraft in formation flight except by arrangement with the pilot in command of each aircraft in the formation.

(c) No person may operate an aircraft, carrying passengers for hire, in formation flight.

Pilots who chose to engage in formation flight must be cognizant of these restrictions and limitations.

FORMATION PROTOCOL

Two-Ship Protocol
The most basic unit in a formation flight consists of two aircraft and is referred to as an Element or Section (the two terms are interchangeable).  Within the Element one pilot is designated the Lead and the Element is under his command and direction.  The second pilot, designated the Wingman, is pilot in command of his own aircraft and ultimately responsible for its safe operation, but in the context of the formation is subordinate to the Lead.

Four-Ship Protocol
A formation of four aircraft is simply comprised of two, two-ship Elements operating together and is referred to as a Flight or Division (the two terms are interchangeable).  Within the Flight, each Element has a Lead pilot and a Wingman.  One of the Element Leads in the four-ship Flight will be designated the Flight Lead and will be in command, not only of his Element, but of the entire Flight.  All other pilots in the Flight are subordinate to the Flight Lead.

The Lead pilot of the second Element in a four-ship Flight is designated the Deputy Lead and will assume the duties of Flight Lead if for any reason the Flight Lead cannot continue to function in that capacity.  The Wingman in the second Element is further subordinate to the Deputy Lead.

Multiple-Ship Protocol
Formations of more than four aircraft are made up of multiple Flights or Divisions, each made up of two-ship Elements, and all in the formation will be subordinate to the Flight Lead.  
In the case of an odd number of aircraft, the odd aircraft will be considered an element of one. 

FORMATION DISCIPLINE

For maximum safety and efficiency, pilots are expected to maintain their assigned positions within the formation, unless prevented from doing so because of operational reasons.  If any pilot is unable to do so, he should notify Lead at the earliest opportunity, by any means available.

Wingmen are additionally expected to maintain a continuous watch of their Lead throughout the flight so as to maintain proper separation, as well as recognize, acknowledge, and execute (when required and in a timely manner) any signals received.

Flight Leads are expected to maintain a watch on all aircraft under their jurisdiction and maintain good situational awareness as to the relative position of each aircraft within the formation.  Additionally, Lead must remain vigilant for traffic or other situations that will impact the operation or safety of the formation as a whole.

A formation is a formation from engine-start to shutdown.  The formation taxis out together, flies together, and taxis in together.  Unless it’s for operational reasons, no one is left behind.  If one aircraft must leave the formation in the air, another will assist if at all possible.  If one deems it prudent to execute a go-around on landing, a conscientious lead will wait with the others until all aircraft are recovered and rejoined before taxiing in.
FORMATION SAFETY
Cardinal Rule # 1 – Never go “Belly Up” to another aircraft

The term “Belly Up” refers to a condition in which a wingman, in an attempt to check an excessive lateral closure rate on an aircraft on which he is attempting to join, increases his bank excessively, thus exposing the belly of his aircraft to the aircraft on which he is closing – hence the term “belly up.”  

WARNING
The danger in going belly up is that the pilot of the closing aircraft will almost certainly lose sight of the aircraft on which he is attempting to join, thus creating an extremely dangerous situation.  Going belly up is a condition that is to be avoided at all cost.  
Cardinal Rule # 2 – Never lose sight of your lead, or the aircraft off which you’re flying
When flying Liaison and Light Trainer type aircraft this can be an especially challenging requirement.  Many of these aircraft types are biplanes, with inherently limited visibility, or have high‑wings or side-by-side cockpits that severely limit visibility in certain directions.  

There is little more dangerous in formation flying than two aircraft in close proximity, with neither pilot observing the other.  The leader of the formation has other responsibilities and cannot watch his wingmen 100% of the time.  Likewise, other wingmen that may be in the formation ahead of you must watch the aircraft off which they are flying and cannot take the time to watch you.  Therefore, in order to guarantee adequate separation, it is incumbent on each wingman to watch the aircraft ahead at all times.  Remember, there is nothing inside your cockpit worth looking at that is worth the risk of a mid-air collision.

If you must look inside your cockpit, whether it be to tune a radio, check your engine gauges, adjust your propeller RPM, or any other chore, widen out your position before doing so.  Only when the aircraft in the formation are spread out is it permissible to momentarily take your eyes off the preceding aircraft for short periods of time.  

WARNING
Should sight of the aircraft ahead ever be lost, there is an immediate potential for collision.  In such an eventuality the only safe course of action is to move in a deliberate but controlled manner away from the last known position that the aircraft occupied.  For example, if Lead was lost to visibility behind the upper left wing of a biplane, the proper course of action would be to move to the right, aft, and down – away from his last know position.  When you’re certain that you are well clear, notify Lead by radio that you have lost sight and have broken out of the formation.

If you regain sight of Lead or the formation after you have withdrawn yourself from it, do not attempt to rejoin until cleared to do so by Lead.  If you are not in radio contact with Lead, remain a safe distance from the formation until cleared by Lead to rejoin with the appropriate signal (wing rock).  Remember, just because you regain sight of the formation doesn’t mean that Lead has regained sight of you.  If the rejoin signal never comes, do not rejoin the formation – simply continue on your own.

MISCELANEOUS SAFETY CONSIDERATIONS

Discomfort Zone

Surrounding each pilot’s aircraft is a volume of airspace within which the pilot becomes uncomfortable should another aircraft intrude.  This space might appropriately be referred to as a “discomfort zone.”  The size of this discomfort zone is not fixed, but varies from pilot to pilot, depending on his experience level.  A given pilot’s discomfort zone may also vary in size from day to day or flight to flight, depending on such factors as the level of experience of those with whom he is flying, or perhaps the weather, smoothness (or lack thereof) of the air, or the pilot’s current level of fatigue.

The discomfort zone of a beginning formation pilot who has never flown in close proximity to another aircraft in flight will naturally be larger than that of an experienced formation pilot.  The presence and guidance of an instructor and the accumulation of experience will both serve to progressively shrink the zone to a size where it is not an impediment to practical formation flight.

While this may seem an unneeded reminder, remember that recreational formation flying is not combat flying.  As such, there is no practical need to push the limits of safety by flying with no margin for error.  Although spacing is ultimately left up to the flight lead, the JLFC standard is to always fly with wingtip separation when flying on the wing, and nose-to-tail and vertical separation when crossing under or flying in trail behind another aircraft.  Here’s a good point to remember: The symmetry and alignment of a formation have more influence on how impressive a formation looks (from the air or from the ground), than the relative proximity of the aircraft.  In other words, uniformity and symmetry are what make the formation look “sierra hotel,” not closeness.
If another pilot unnecessarily intrudes into your discomfort zone you should take steps to correct the situation.  In the case of Lead, he can signal the offending aircraft to move farther out.  In the case of a wingman, he has the fundamental responsibility for the safe operation of his own aircraft and is ultimately in control of how close he flies to his lead.  In either case, neither pilot should allow the other to put him in an uncomfortable or dangerous situation.

Transfer of Aircraft Control

When conducting training operations there should be a thoroughly pre-briefed and unambiguous understanding between the trainee pilot and the instructor as to who is flying the airplane and how control of the aircraft is to be transferred from one pilot to the other when necessary.  There is nothing more dangerous in a formation than an aircraft that, through misunderstanding or confusion, is either under the command of no one, or under the command of two people.  When transferring control of an aircraft, convention within the aviation industry is for the flying pilot – the one who is currently flying and about to relinquish control – to say, “You have the aircraft.”  The non-flying pilot – the one who is not currently flying but is about to receive control and become the flying pilot – would then acknowledge taking control by saying, “I have the aircraft.”  If you elect to use a term other than what is customary, be sure to include that in the preflight briefing, but be aware that in the “heat of battle” one or the other pilot may revert to conventional terminology.

In tandem-seat aircraft where the pilots are out of each others sight it is also customary for the pilot accepting control to further acknowledge his acceptance by making one or two small, rapid circular, or wiggling motions with the control stick.  In this situation, the pilot who relinquished control should maintain a light grip on the stick until he feels the acknowledging stick movement generated by the accepting pilot.  In side-by-side aircraft this step is obviously not necessary as the relinquishing pilot can readily see the other pilot take the controls.

On virtually all training flights with new trainees the instructor will “ghost ride” the controls when in close proximity to the other aircraft.  That is, he will hover very near the controls or maintain an imperceptible presence on them so he can assume control quickly, should it becomes necessary.  If this is going to be the case, the instructor should inform the student of his intentions during the preflight briefing.  This serves two purposes: Should the trainee at some point detect the instructor’s presence on the controls, he’ll be aware of what it is.  Also, for the new trainee it may offer some level of comfort when first flying in close proximity to another aircraft, to know that the instructor is but a few millimeters from the controls should he have a sudden need to manipulate them.

NOTE

There may be occasions on a training flight, especially when in close proximity to other aircraft, when the instructor will deem it necessary to take over or assist with the controls immediately, without first having time to undertake the formal transfer-of-control procedure.  If this situation arises and it seems obvious to the trainee that the instructor is on the controls, he should follow along and not “fight” the instructor’s control inputs.  Depending on the situation, the instructor’s inputs may be transitory in nature – perhaps just a “bump” on the controls to indicate to the trainee a certain movement desired.  Since the instructor has not formally taken control, however, the trainee should not totally relinquish control until the instructor has the opportunity to state his intentions.  When time or the situation permits, the instructor should positively state either, “I have the aircraft” or “You have the aircraft" to resolve the ambiguity.  If ever there is doubt as to who is flying the aircraft, the trainee should ask the instructor.
Leaving the Formation in an Emergency

Time permitting, if a wingman must leave the formation in an emergency he should first notify Lead by radio, stating the nature of his emergency and whether or not he needs any assistance.  If radio communication is not an option, yet time permits, the appropriate hand signal relating to the emergency should be given.  There is no way to anticipate all possible emergency scenarios but, in general, if time does not permit a call to Lead, the pilot should disengages himself from the formation by moving laterally away, aft, and down from the other aircraft in the formation.

In a two-ship formation, whichever aircraft, Lead or Wingman, has the problem, the other aircraft should either lead or shadow the emergency aircraft, whichever is most appropriate for the situation, offering any assistance possible in the way of navigation, communications, or the initiation of search and rescue should the disabled aircraft be forced to land or ditch.

In a four-ship formation, whichever aircraft has the problem should be accompanied in the same manner by his lead or wingman.  If the problem is with the flight lead or his wingman, command of the flight will be transferred to, or assumed by, the deputy lead.

If an aircraft in distress is forced to land or ditch, the remaining aircraft of the element should maintain top cover as long as possible to offer assistance or serve as a relay with ATC or SAR facilities. 

Wake Turbulence/ Wingtip Vortices

A wake turbulence encounter, even from Light Trainer or Liaison type aircraft, can have a surprisingly significant effect on aircraft directly behind one another in the formation.  Since aircraft are typically never directly behind each other (a hazardous situation unless well separated in trail), this is not a common occurrence.  When it does occur it is typically when flying too high of a position while flying in trail, and is easily remedied by descending slightly or flying slightly offset to remain out of the wake.

In such situations you may find yourself with full or nearly full control deflection applied, and often cross-controlled, to oppose the rolling tendency induced by the wake.  Such an encounter in flight and at altitude presents no problem other than the annoyance of being at the mercy of the encounter, bobbled around until you fly out of it.

Encountering a wake on takeoff or landing is a different story.  Low to the ground and at minimum speed and control effectiveness, precautions should be taken to avoid the wake.  For this reason, during both interval and sections takeoffs the lead aircraft should always line up on the downwind side of the runway, allowing more opportunity for his wake to drift off the runway and clear of his wingman.  If the wind is directly down the runway, following aircraft may even chose to delay their departure so as to allow the preceding aircraft’s wake to dissipate somewhat before commencing their takeoffs, or perhaps fly a parallel but slightly offset departure path until reaching a safe altitude.

The same applies on landing: Leading aircraft will typically fly a higher approach and, runway length permitting, land farther down the runway to decrease the chances of a wake encounter by the trailing aircraft.  Runway width permitting, succeeding aircraft may also chose to fly a final approach offset to the opposite side of the preceding aircraft.

NOTE

The best protection against a wake encounter is to avoid it entirely, but should one be inadvertently encountered near the ground, excess speed and aggressive use of corrective controls is your best defense.  

Wingtip vortices in flight can have differing affects on the wingman’s aircraft, depending on his proximity to the aircraft ahead.  When flying an adequately wide position on the bearing line, there will be no affect from the other aircraft’s wing tip vortices at all.  It is only when the wingman moves in relatively close that he begins to encounter it.  
Since the vortices are rolling up off the preceding aircraft’s wingtips, they generate a trailing spiral of air that is rising when first encountered from the side.  For example: As the wingman moves in close on the bearing line while flying on the right wing of the aircraft ahead, he will begin to encounter the vortex generated by the other aircraft’s right wing.   When first encountered, it is ascending air and it will have a tendency to lift his aircraft’s left wing.  
Correspondingly, when flying on the left side of the preceding aircraft and encountering the vortex on its left wing, it will have a tendency to lift the wingman’s right wing.  This tendency, in both cases, tends to roll the wingman’s aircraft away from the preceding aircraft, and must be continuously countered with a slight amount of opposite aileron (and corrective rudder to prevent turning) to remain in position.  Only when the wingman gets in very close and begins to get wing overlap (something to be avoided) does he begin to encounter the descending portion of the vortex and a rolling motion toward the preceding aircraft.

One last situation dealing with the preceding aircraft’s wake involves the propeller wash.  When executing a cross under – moving from one side of the preceding aircraft, behind and below to the other side – the wingman will almost always encounter some portion of the preceding aircraft’s propeller wash.  This spiraling flow of air will have a different affect on the wingman’s cross-under depending on the direction in which he is crossing.  When below and behind the preceding aircraft, and moving from left to right, the wash will tend to impede the wingman’s progress.  When moving from right to left, the opposite is true – the wash will tend to accelerate the wingman’s progress.  This phenomenon and how to deal with it will be discussed in more detail by your instructor.

Visibility and Lighting

Visibility and lighting can have a significant affect on the conduct of formation flight.  Reduced in-flight visibility will, of course, affect formation flying only during those phases of flight when the participating aircraft are separated by some distance, as might be encountered during an initial join-up or a break and rejoin.  Any aircraft lighting that enhances the visibility of the aircraft should be used under these conditions.  For the purposes of this discussion it is assumed that recreational formation flight will not take place during IMC flight or during nighttime hours, so severely restricted visibility or nighttime considerations will not be discussed.

In addition to visibility, lighting intensity and sun angle also have an impact on the conduct of a formation flight and are considerations to be dealt with on almost every flight.  Lighting comes into play as it impacts the ability of the wingman to clearly and comfortably see his lead, or visa versa.  Two of the most significant lighting factors that play havoc with this ability are backlighting and glare. 

Backlighting

Backlighting of the lead aircraft, wherein the sun appears directly or almost directly behind Lead, as viewed by the wingman, makes it difficult for the wingman to clearly see Lead’s aircraft and signals.  At best, it is very uncomfortable for the wingman to stare at a backlit lead for any prolonged period of time.  At its worst, it can virtually blind the wingman, render visual communications ineffectual, and even make station keeping difficult.  For this reason lead must always be aware of the sun’s bearing and elevation in relation to the formation, and maneuver the flight in such a manner that he minimizes its impact.  

Backlighting of the wingman, as seen by Lead, is also troublesome, but not nearly to the extent as the reverse.  This is because Lead is not burdened with the chore of station‑keeping and therefore does not have to look continuously at his wingman.  Instead, he is constantly looking around, perhaps at other aircraft in the formation, or for traffic or navigation purposes.  Besides, if Lead finds the backlighting situation intolerable he merely has to make a slight heading change to alter the lighting angle, or reconfigure the formation to reduce or eliminate the problem entirely.  If the flight must proceed for any length of time on a heading wherein one pilot or the other must be backlit, wingman consideration would dictate that Lead conduct his flight in such a formation and on such a heading that he (Lead) is not the one that is backlit.

Glare

Glare, much as backlighting, can negatively impact visibility between one pilot and the other.  Much like backlighting, it is typically a one-way phenomenon, affecting only one pilot and not the other.  Unlike backlighting, however, glare is sometimes unpredictable.  Lead may conscientiously conduct his flight with all consideration for lighting and it’s impact on his wingman in mind, and, unbeknownst to him, his wingman may be blinded by glare from some part of his, or even his wingman’s own, aircraft – a polished wing strut, a propeller, a windshield, or a reflection off the aircraft’s skin.   In such a case during a prolonged flight, the wingman may have to change his station-keeping position ever so slightly to mitigate the problem, or as a last resort if it becomes a safety or fatigue issue, bring it to Lead’s attention over the radio.

Optical Illusions

Another factor to be considered, and one not directly attributable to lighting but certainly exacerbated by it, is the phenomenon of optical illusions.  Although they can occur at any time of the day, they most commonly occur early or late in the day when the sun angle is low, the lighting is “flat,” – that is, when there is little depth perception – and when the subject aircraft is backlit.  
It is not uncommon for an optical illusion to play convincing tricks with your mind, making an aircraft that is flying parallel with, or even turning away from you, suddenly appear to be converging on you.  This can be quite disconcerting, even when your mind can rationally dismiss it as what it is – an optical illusion.  It is not uncommon to experience this during a rejoin early or late in the day, as the aircraft being joined on passes through a backlit situation during its turn.

The Use of Shadows
In multiple-ship formations it is often difficult for the flight’s leader to accurately gauge the wingman’s spacing and symmetry.  Not only are one or more of his wingmen often not clearly within his view, but even when they are it’s problematical for him to assess the “big picture” from within the formation.  For example: In echelon, #3 and #4 are essentially hidden behind #2.  In trail it is virtually impossible to see all the wingmen.  Even in fingertip, #4 is hidden behind #3.  This inability to clearly see the formation, particularly with any perspective, can be partially remedied by observing the individual aircraft shadows on the ground.  

At low sun angles during the early morning or late afternoon hours the shadows will be too far away from the formation to be of any practical use.   Between the mid-morning to mid-afternoon hours, however, when the sun is higher and the shadows fall reasonably near the formation, they can be used to great advantage by Lead.  On any heading where they can be observed, a quick glance by Lead will offer a tell-tale indication of the wingmen’s relative spacing and symmetry.  Lead can use this information to adjust the various wingmen’s positions in flight, either with hand signals or verbally over the radio, or as a point of discussion during the debrief.

Fatigue

Fatigue is an insidious danger to safe formation flying and the activity should never be undertaken when in a state of fatigue.  With the possible exception of crop dusting, formation flying demands the highest level of dedicated concentration of any civilian flying activity.  Not only should a pilot be well rested before undertaking a formation flight, but he should ensure that those with whom he is flying are adequately rested as well.

Hurry-Up Syndrome

The susceptibility to what is sometimes referred to as the “Hurry-Up” syndrome is very real in formation flying.  This stems from two basic causes:  Pressure on the formation as a whole to perform the mission on a time table set by others, and self-induced pressure, imposed by an individual pilot within the formation on himself, to perform to the timely expectations of the others.  What formation pilot hasn’t felt the time pressure when the briefed start time rapidly approaches, he knows that others pilots are waiting on him, and there is some question as to whether or not he’ll be ready?

NOTE

Succumbing to the menacing pressure of time is contrary to safety and must be resisted by all pilots within the formation, particularly the leader.  Realistic start times must be assigned so as not to unduly pressure the individual pilots in the formation.  As well, Lead must not be pressured into accepting unrealistic mission time constraints imposed by an over zealous air boss at an air show.  

When people start hurrying it is a well know fact that the incidence of mistakes begins to rise.  Procedures get skipped over, checklists get shortcut, and a wingman’s or lead’s normal routine gets disrupted, all with the inherent risk of omitting critical safety checks or deviating from safe, standard operating procedures.

SAFETY EQUIPMENT

Lights
If your aircraft is equipped with strobe lights, a rotating beacon, or navigation lights, consider turning them on for added visibility, particularly during periods of reduced visibility.  When the formation is strung out during the initial join-up, or subsequent breaks and rejoins, any lighting to enhance your visibility should be used.

Parachutes
Parachutes are not required for formation flight by FAA or JLFC regulations, but their use is encouraged.  They are a valuable enhancement to safety.  If you elect to wear a parachute, make certain that it has been packed within the prescribed period of time by a competent parachute rigger, and know how to use it.

Flight Clothing
Although flight attire is strictly a matter of choice, the wearing of a fireproof Nomex flightsuit is encouraged.  Many pilots choose to wear one for added safety.  Nomex flying gloves are also available.  If wearing gloves, Nomex or otherwise, consider selecting a color that contrasts with your clothing or the background of you and your cockpit.  Bear in mind that, to another pilot, a dark‑gloved hand held up to give a signal against the backdrop of a dark flightsuit or other garment could be very difficult to see.  Lighter colored gloves, on the other hand, would be more readily visible. 

Goggles
As opposed to closed-cabin aircraft, open-cockpit airplanes do have their quirks, and wind in the cockpit is one of them.  As a general rule, some sort of eye protection should be worn at all times while flying in an open-cockpit.  Goggles offer the best eye protection, but even sunglasses or prescription glasses offer some protection from an errant insect.  An insect in the eye during formation flight could seriously jeopardize the safety of the formation.  Even if goggles are not worn full time, they should be on the forehead, readily available for immediate use in case of an in-flight emergency.  A severe oil leak or smoke emanating from the engine could render the pilot virtually blind without the immediate availability of proper eye protection.
Helmets
Helmets are another piece of non-mandatory equipment, the use of which is left up to the individual pilot.  There are two basic kinds of helmets: Soft ones, typically of leather or cloth, commonly worn by open-cockpit pilots.  These are not considered safety equipment.  Hard helmets (some including clear visors in the place of goggles) on the other hand, are worn by many pilots and they do offer added protection and enhance safety.

COMMUNICATIONS

Communication Concepts

There are two general conditions that must exist for people to communicate, be they two people on the street or two pilots in a formation: (1.) They must possess a common “language,” and (2.), they must possess a “means” of communication.  Without these two fundamentals, communication cannot take place. 

Since formation flying involves maneuvers and concepts that are different from normal flight operations it is only natural that there would be a need for different words or terms to discuss or describe the activity.  In formation flying, then, “language” takes the form of formation terminology, or lingo.  

The “means” of communication in formation flying takes two forms: Visual signals or radio communication.  In a military combat situation, maintaining radio silence during formation flight was, in the interest of longevity, often a necessity.  In civilian flight that is not the case.  In general, however, the radios in light aircraft are sometimes less than an ideal means of communication, often subject to degradation from many sources, including static, ambient noise level, antenna position, aircraft proximity, headset quality, or any number of other factors.  As such, visual communication is the predominant form used during formation flight.  Visual signals can be broken down into three types: Hand signals, head signals, and aircraft signals.
VISUAL COMMUNICATION
Hand Signals

The term “hand signal” is self explanatory – it is a signal made with the hand.  Much information can be reliably passed between the lead and his wingmen this way, eliminating the need for radio communication.  At close range, hand signals have few limitations, the prime one being that the pilot must take his hand off the controls momentarily to effect the signal.  At longer ranges they become unusable and other means must be used to communicate.

Head Signals

Head signals, like hand signals, are also quite reliable, and possess the same characteristics and nearly the same limitations.  The one advantage of a head signal is that it may be executed without the pilot taking his hands from the controls.  There are three basic movements of the head that are used to signal:

· Head Nod (tipping head up and down) – Used to signify acknowledgement, acceptance, or understanding of a command.  A head nod can also be used as an execution command or system actuation command after the specific command has been given.  For instance, a head nod would indicate brake release on takeoff, or execution of the gear retraction command after the command had been previously given.  Under some situations, a head nod indicating execution or system actuation is passed down the line to the other aircraft in the formation.

· Head Shake (turning side to side) – Used to signify “no,” rejection of a command, or an inability to comply.

· Head Tilt (tilting rhythmically two or three times from vertical to one side) – Used to signify an impending turn in the direction of head tilt.  A head tilt (impending turn) is always passed down the line to the other aircraft in the formation.

Aircraft Signals

Aircraft signals – or more accurately, the use of certain aircraft movements as a means to convey information – are like all other visual signals in that they are reliable and easy to execute.  Also, like head signals, the pilot need not remove his hands from the controls to effect one.  In addition, aircraft signals have the added benefit of being visible far beyond the distances that other visual signals are usable.  There are three aircraft signals that are used, each involving motion about one of the three axes of the aircraft:

· Pitch – Oscillating the aircraft gently about its lateral axis in a porpoising motion indicates that Lead wants the formation to go into trail.

· Yaw – Oscillating the aircraft gently about its vertical axis in a side-to-side motion indicates that Lead wants the formation to spread out.  This is typically used either to space the formation out for a frequency change, or for extended cruise.

· Roll – Oscillating the aircraft gently about its longitudinal axis in a wing-rocking motion indicates that Lead wants the wingmen to return to fingertip formation or, if already in fingertip, to tighten up the formation to parade spacing.  Thus a wing‑rock can initiate different actions, depending on the formation: a rejoin from trail to fingertip, a transition from diamond back to fingertip, or a tightening up of a loose fingertip or echelon formation.

Signal Acknowledgement

Once a visual signal is given it must be acknowledged by the wingmen, typically by way of an exaggerated head nod, although in some situations (usually on the ground) it may be a thumbs-up.  This acknowledgement, by whatever appropriate means, is necessary so Lead knows that communication has taken place.  Before a wingman gives acknowledgement, then, he must be absolutely certain that he understands the signal and is eminently clear on what is expected of him.  Acknowledging a signal is like signing a contract – it cements the “deal” and binds the wingman to a certain course of action, and, like a written contract, there are ramifications if it’s broken.  The ramifications can range anywhere from confusion to collision, so it is imperative that all pilots have a thorough understanding of all terminology, radio phraseology, and visual signals.

NOTE

Because of this need for unambiguous communication, if any communiqué broadcast by any means – be it visual signal or radio – is unclear, it must not be acted upon.  If the signal is unclear or ambiguous, simply ignore it and do not acknowledge.  Don’t be the one in the debrief trying to explain why you took the wrong action on an ambiguous signal, saying, “I though you meant…”  If you’re not sure, don’t act on it.  If Lead continues to feel that the action he signaled for is necessary, he will repeat the signal.  In the case of an unclear radio transmission it is perfectly acceptable to ask Lead to “say again.”  

On rare occasions the wingman may receive a signal, understand, and even acknowledge it, only to find Lead repeating the same signal.  In this case lead has possibly found the acknowledgement unclear, or perhaps missed the wingman’s acknowledgement entirely, and is simply repeating it to confirm that the signal was received.

Should an occasion arise where a pilot receives a signal, understands it, and yet for some reason is unable to comply, the signal can be refused by simply “shaking it off.”  This is accomplished by the pilot simply shaking his head, “No.”  For example, Lead may desire to transfer the lead to his deputy lead and the deputy lead may have experienced radio failure and be unable to lead the formation into a controlled field.  In this case, the deputy lead, when given the signal for a lead change, would simply shake his head and refuse the lead.  He could then follow this up with a loss of communication signal to Lead.

There are occasions when the pilot signaling will not look for an acknowledgement.  Such is the case for “courtesy” signals from Lead, such as for turns, or all signals passed on by wingmen to other wingmen when in a multiple-ship formation.  

NOTE

Since wingmen must maintain a constant watch of the aircraft off which they fly, they must never take their eyes off that aircraft to look for an acknowledgement from someone to which they have passed a signal.  Such signals are, instead, passed “in the blind,” that is, without looking for acknowledgement.

Acting without a Signal

There are rare occasions in formation flying when the wingman may take action without any formal signal at all, the “signal” being implied by the action of others.  Two classic examples of this are: Number 3 or #4 see Lead break, and a short interval later #2 breaks.  Perhaps #2 never passed the break signal on, or perhaps the signal was missed.  In either case it is intuitively obvious that Lead intended the flight to break.  In this case the “implied” signal was that #2 broke.  As such, #3 and #4 should each break, in turn, taking their interval from #2.

Another example of an “implied” signal is in a four-ship formation when #3 begins an element cross-under or goes to trail.  It is #4’s job to maintain station on #3, but when #3 begins to move back and behind lead it should be apparent to #4 that a formation change is taking place.  As #3 begins to move behind lead, #4 should begin to move behind #3.  At this point #4 may not know whether the formation is going into trail or the element is simply executing a cross-under, but it doesn’t really matter – his action is the same.  If #3 stops behind Lead, in the trail position, #4 stops his movement and remains in trail behind #3.  If #3 continues on across behind Lead to the opposite side, #4 continues on across and completes his cross-under of #4.  Here again, the “implied” signal for #4’s movement was the movement of #3.

RADIO COMMUNICATION

Radio Use

Radio use during formation flight is typically kept to an absolute minimum.  In most cases, formation changes and other in-flight communication needs are adequately taken care of with hand or aircraft.   While it is not uncommon to conduct an entire flight with no use of the radio, except for the initial check-in, there are other times when Lead will need to communicate by radio.  These might involve dealing with ATC, the Air Boss at an air show, or situations dictated by operational necessity.  Some of these communications to the flight will require an acknowledgement and some will not.  Lead will cover the various situations during his preflight brief.

When radio communication is necessary it should be brief and to the point.  Long-winded transmissions or acknowledgements are inefficient and confusing when Lead is trying to conduct operations with multiple aircraft.  There are times, such as during operations at controlled airports, when Lead, out of necessity, may request a flight check-in on an operational ATC frequency.  In such a situation, replies must be timely and crisp.  Delayed or drawn out responses at such a time will have a negative impact on ATC’s use of their frequency.  Remember, most ATC facilities are not used to dealing with formation flights.

Radio Protocol and Phraseology
For communication and identification purposes, every formation flight will be assigned a call sign by its lead pilot.  For the sake of discussion, assume a hypothetical flight with a call sign of “Cannonball.”  Protocol then dictates that the lead pilot in the formation be addressed on the radio by his wingman as “Cannonball Lead.”  Correspondingly, Lead would address the entire flight as “Cannonball Flight,” and his wingman as, “Cannonball Two.”  To carry the logic further, in a four‑ship flight the deputy lead’s call sign would be “Cannonball Three” and his wingman, “Cannonball Four.”

Each pilot is expected to maintain radio silence unless acknowledgement of a radio call from Lead is required, a state of uncertainty or emergency exists, or an operational requirement or necessity dictates.  Only under those circumstances would a Deputy Lead or Wingmen initiate a radio communication.  For example, a call would be in order if the pilot detects a problem with Lead’s aircraft, encounters a serious mechanical problem with his own, or spots conflicting traffic that he does not believe Lead has in sight.  There’s an old joke regarding radio communication that states that all Lead ever wants to hear over the radio from his wingman is either, “Two’s in” or “Lead, you’re on fire.”  While this serves to make a point, a wingman should always remember that safety always has precedence over protocol.

In situations when there are no other formation flights in the air the complete flight call sign is sometimes omitted when responding to a check-in request, or during an interval takeoff when the last man is airborne.  In such cases the wingman might shorten the call and simply say “Two,” or call “Two’s off” (or, “Four’s off,” as appropriate in a four-ship formation) after he’s airborne.  Similarly, the last man in position after going into trail might simply call, “Two’s in” (or, “Four’s in,” as appropriate).  As in any situation, if all else fails, common sense will dictate when to use a full call‑sign.  If in doubt, err to the safe side and use it.

Flight Check-In

Typically, there are certain times when Lead will call for a flight check‑in, such as after engine start or after a frequency change.  Each pilot should anticipate those times and be prepared, finger hovering over the mike button, ready in turn for an instantaneous and crisp response.  When a check‑in is requested it should be acknowledged in numerical order of each pilot’s position within the flight.  For example, in a four-ship flight with the call-sign, “Lighthouse Flight,” when Lead says, “Lighthouse flight, check in,” the number two man in the flight, Lighthouse Two, would acknowledge first, with a crisp, “Two,” followed immediately by the remaining pilots in the flight, acknowledging with, “Three,” “Four.”  If each pilot is anticipating the check‑in call (and his upcoming acknowledgement), a four-ship flight can accomplish a check‑in in about two seconds.  As a matter of pride and professionalism, be ready for your check-in and don’t make Lead have to request it a second time or make the pilot following you have to wait.  Check‑ins conducted properly not only sound crisp and professional to others on the same channel, but they are the most efficient use of what may be a very busy frequency.  

When more than one formation flight is operating in the same area or on the same frequency, such as at a formation clinic or an air show, acknowledgement should always be made with the complete flight call‑sign.  In the preceding example, “Lighthouse Two” would be the appropriate acknowledgement rather than simply saying, “Two.”  This is necessary so that there is no confusion between one flight’s, “Two” and another flight’s, “Two.”
Frequency Change

When frequencies are assigned during the preflight briefing, they are usually given a “channel” or “button” number.  This is to simplify the frequency change process.  There is less apt to be a mix-up during a frequency change if Lead only has to give one number instead of three or four.  For example, if the flight is airborne and Lead wants the flight to change from the assigned formation frequency to the Control Tower frequency, it’s much simpler to say, “Lighthouse flight, go to channel three” or “Lighthouse flight, push button three” rather than to say, “Lighthouse flight, go to one-one-niner-decimal-seven.”  Although either technique is acceptable, using the protocol of “channel” or “button” numbers leaves less chance for miscommunication.

All types of radios are in use, from newer ones that will store multiple frequencies and can be changed by the push of a button or the flip of a switch, to manually controlled ones that require multiple knobs to be dialed to accomplish the frequency change.  Any frequency change, but particularly one by a pilot using an older radio, requires some diversion of attention from the wingman’s primary task of station-keeping.  For this reason, prior to giving the flight a frequency change in the air, Lead will usually spread the formation out, signaled by yawing his aircraft.  As might be expected, this is done to provide added separation between aircraft while attentions are momentarily diverted during the physical act of changing frequencies.

When the signal to widen out is given, the wingman must ensure that his aircraft has adequate lateral spacing from the aircraft off which he is flying, prior to commencing the change.  If the radio design and/or the readability of the frequency display is such that the change will take more than a few seconds, the change should be accomplished in stages, with an occasional quick glance outside the cockpit to ensure proper relative position and adequate spacing.  Once the frequency change is accomplished and lead has conducted a check-in on the new frequency, he will usually signal the formation to tighten up again by giving a wing rock.   Do not tighten up without a signal from Lead – he may have his attention diverted listening to ATIS, talking to ATC, or perhaps the Air Boss – and not want the formation too close while doing so.

CAUTION

If Lead gives a frequency change without spreading the formation out, the wingmen should take it upon themselves to do so anyway.  Here again, the implied signal to widen out is the request for a frequency change.  Never attempt a frequency change, or any other task for that matter, that requires a diversion of attention, while flying in close or parade formation.  If the spread-out signal was not given prior to calling for the frequency change, once the frequency change is accomplished, protocol dictates that the wingmen may return to their former, close or parade positions without further signal from Lead.

Communications with ATC

All normal and necessary communications with ATC will be handled exclusively by the lead pilot.  Remember, for ATC purposes the formation is considered to be “one” aircraft.  Because of this, all communications by Lead will include Lead’s aircraft type, “N” number, and the number of aircraft within his flight: For example, “Good Afternoon Napa Tower, Stearman 75016, a flight of four, six miles east, landing with (information) Alpha.”  In addition, when flying formation, only Lead will squawk the assigned code on his transponder.  All other pilots should squawk “Standby.”

Should Lead develop radio problems and be unable to communicate with ATC, it would be appropriate for him to turn the lead over to his wingman (or the Deputy Lead, in the case of a flight with more than two aircraft).

There are rare occasions when all aircraft in the formation will have to communicate with ATC.  One example is when a formation is landing at a controlled airport where the tower personnel are either not used to dealing with formation flights, or traffic is such that they can’t clear all aircraft to land as a flight.  Normally, when cleared to land as a formation, the flight would hear, “Stearman 016 and flight, cleared to land.”  If the controller intends to clear each aircraft to land individually, or he is unfamiliar with formation protocol, he may instead say, “Stearman 016, cleared to land,” omitting the words “and flight.”  Because of such a possibility, each wingman should listen carefully to all communications between his lead and ATC.  If Lead does not question the controller, but simply acknowledges the clearance as it stands, then each aircraft in the formation is obligated to obtain his own landing clearance.

Another typical example occurs after landing: Because of traffic, the tower or ground controller may be unable to clear the entire formation as a group, across active runways or along taxiways.  Again, if the words, “and flight” are not heard, then each individual pilot in the formation is responsible for his own communication and taxi clearance.  

NOTE

No one rule can cover all situations - there may be other situations that are ambiguous or unclear.  Use common sense and good judgment, and if in doubt request clarification from ATC.
PREPARATION FOR FLIGHT
Preparation must start somewhere, and from a practical standpoint it should begin with ensuring that the participants and their aircraft are in readiness for the mission.  There is little value in briefing a mission until these two aspects are assured.
Personal Preparation
Perhaps even more so than other flying activities, the pre-flight conducted by a formation pilot should include not only an assessment of his aircraft’s airworthiness, but an assessment of his own “airworthiness” as well.  As such, it is the pilot’s responsibility to realistically evaluate his own physical and mental state.  This should not be an idle exercise.  A pilot experiencing significant fatigue, or undergoing any type of physical or emotional stress – for whatever reason – will find it difficult to concentrate 100% on the task at hand and, in the interest of everyone’s safety, would best leave the formation flying to another day.
Any discussion regarding a pilot’s mental fitness for formation flight would not be complete without mentioning ego.  Flying formation in general, but particularly with close friends or acquaintances, is often rewarded with a great sense of satisfaction and some very memorable experiences.  But such flights also present unique situations in which personalities, relationships, and one’s ego have the potential to interfere with the leader/wingman, or “superior/subordinate” relationship that is, and must be, a part of normal formation flight.  This is especially true in a training environment.  Because of this, each pilot, before engaging in formation activities, must make a personal commitment to either temporarily “leave” his ego home, “check it” at the hangar door, or at the very least, deflate it.  Pilots, by their very nature of having the confidence to defy gravity, are instilled with some level of “ego.”  Without it they would more than likely remain earthbound.  The idea in formation flying is not to quash the ego entirely, but to understand the interrelationship between one’s ego and the dynamics of the formation as a whole.

On occasion, even the best of pilots – leader and wingman, alike – may find it uncomfortable or awkward taking constructive criticism in the spirit in which it is intended during a brief or debrief.  This can be true even though, or perhaps because, the two pilots may be close personal friends.  This can also come about when the one critiquing is subordinate to, or has less experience than, the one being critiqued.  For these reasons it is essential that diplomacy be exercised at all times during discussions of the flight, and that egos and personalities be set aside for the duration.  Because of its very nature, a formation flight – especially a training flight – demands an honest evaluation of each and everyone’s performance, including the leaders’.   To do otherwise would be to subvert the briefing/debriefing process and render it virtually worthless.  
A good formation pilot, ego well in check, will welcome the constructive criticism of a good brief or debrief, and hope to learn from it.
Lead’s Preparation
In addition to his own personal assessment and aircraft readiness, Lead’s responsibility includes the overall planning for the entire mission.  This includes, but is not limited to:

· Assessing the other pilots in his flight as to their suitability for the respective deputy lead and wingman assignments

· Maneuvers to be performed during the flight

· Route selection.
· Choice of an alternate airport.
· A thorough appraisal of the current and forecast weather at the appropriate locations.
· A review of airspace restrictions, TFR’s, and NOTAMS.
· A review of airfield facilities and conditions.
· Selection of appropriate ATC and formation-discrete radio frequencies for the flight.
Aircraft Preparation
Preflight preparation of the aircraft is an essential function that must take place prior to the commencement of a formation flight.  There is little that is more annoying to the others in a formation than to be in their cockpits at the pre-briefed engine start time, ready to crank, only to discover that one in the group is wandering about checking his oil, putting his cockpit cover away, or otherwise unprepared.  Unless otherwise advised by Lead, or unless the pilot knows ahead of time that there is ample opportunity for it later, he should report for the preflight brief with his aircraft walk-around complete and his aircraft fully serviced and ready to start.  This means fueled, oil and other required fluids serviced, cockpit and engine covers removed and stowed, windshield cleaned, and any other necessary chores taken care of before the briefing.

THE PREFLIGHT BRIEFING

Purpose of the Briefing

The purpose of the preflight briefing is three-fold: (1.) To review the mission, or task at hand, (2.) to review the objective, or goal, of the undertaking, and finally, (3.) to disseminate to those involved, the information necessary to safely and efficiently conduct the mission.  

The briefing is, unarguably, the most important part of any formation flight.  This is where every formation flight begins and is the very cornerstone of a safe operation.  Lacking a comprehensive brief, everything that follows will, at best, be fraught with confusion and misunderstanding, resulting in a significantly decreased level of safety.  At worst, it will render the formation unsafe and virtually unworkable.

Description of the Briefing

The briefing is an abstract of the flight, conducted by the lead pilot, in which he will discuss the flight in sufficient detail to enable the pilots to properly carry out the mission.  As such, the preflight briefing must cover every segment of the entire flight, from engine-start to shut‑down, and should designate the time and location of the post‑flight debrief.

Conducting a Good Briefing

A well conducted briefing will be prepared ahead of time, organized, and to the point.  If at all possible, have a briefing plan and conduct it from prepared notes.  Allow adequate time in order not to be rushed.

Since missions, pilots, aircraft, weather, and operational circumstances will vary from flight to flight, no one standard briefing will fit all occasions.  For these reasons a good lead will treat the briefing as a fluid process, always covering the same general subject matter in every briefing, but modifying the depth of detail as necessary to accommodate the particular needs of the pilots and the mission.
For example, briefings for training flights, missions involving pilots that don’t fly together regularly, missions involving pilots that are not reasonably current, or missions that are particularly complex, may be quite detailed and consume upwards of half-an-hour or more.  Such briefings will spell out more precisely each and every phase of the flight.

Conversely, a simple two-ship mission flown by pilots who are current, fly together regularly, and have a mutual understanding of standard JLFC procedures and terminology may be abbreviated to a considerable degree, and take as little as five minutes.  

In the latter example, segments of the briefing can be abbreviated by the use of mutually understood terminology.  Phrases like “squadron-standard engine start, check-in, and taxi,” “standard JLFC line-up and interval takeoff,” “standard JLFC join-up procedures,” or other such phrases with which all participants are familiar and have a common understanding may be substituted for more detailed descriptions of a particular segment of the flight.

Likewise, a briefing for a short local flight will not require as extensive a weather briefing as will one that involves taking the formation on a lengthy cross-country hop.

The required degree of briefing detail will be determined by Lead after considering the participants’ experience, skill level, currency, his familiarity with them, and the level of complexity of the mission.  As a lead, if in doubt as to the level of detail to brief, err to the safe side and over-brief.  In the interest of safety and longevity, don’t short-change yourself or your wingmen.
Good deputy leads and wingmen will glean all available information from Lead’s briefing, but in order to maintain good discipline, and thus expediency in the briefing, it is customary for pilots not to speak out of turn, and when discussing the flight to limit their remarks to the subject at hand.  There will be plenty of time for ‘hangar flying’ and ‘war stories’ at a later time.  

At the completion of his briefing, a good lead will solicit comments and questions from his deputy lead and wingmen, typically in reverse order of their assigned positions within the formation.  While a formation is not a democracy, and deputy leads or individual wingmen do not get a vote on how the mission will proceed, it is incumbent on them to ask questions or offer comments when given the opportunity.  These will serve to expose any lack of clarity or ambiguity that may exist regarding any aspect of the mission, so they can be cleared up before the mission begins.  

A formation flight is a team effort so it is imperative that at the completion of the briefing all pilots have a common - and thorough - understanding of what will take place during the mission, what is expected of them, and what they may expect of the others.  Until this level of understanding is achieved, the briefing is not complete.
Some of the common errors that arise when giving a briefing are:

· Rushing the briefing.

· Lack of thoroughness or detail when flying with pilots for the first time, or when assigning a pilot to a position to which he has limited experience.

· Assuming things.

· Failure to solicit questions from the deputy lead and wingmen. 

Below is a list of general topics that should be covered during the briefing.  Following the list, each topic is discussion in more detail.  

Briefing Topics

· Mission Statement

· Goal Statement

· Pilots

· Aircraft Limitations

· Weather

· Call Sign

· Frequency Assignments

· Times
· Operational Plan

· Debrief plan

· Questions
· Abnormal and Emergency Procedures Review

·  [4-Ship] Individual Element and Wingman Briefings

Mission Statement

Webster’s Dictionary defines mission as “…a specific task with which a person or a group is charged.”  The Mission Statement in the briefing, then, is simply a brief description of the assignment or undertaking.  Here are two examples of mission statements:

(Example 1.) “Today’s mission is to fly a four-ship, missing-man formation over the Veterans Cemetery.”

(Example 2.) “This mission is to fly a two-ship training flight in order to provide break and rejoin practice for the wingman.”

Goal Statement

Webster’s defines goal as “…the end toward which effort is directed.”  The Goal stated in the briefing, then, is a brief explanation of what is hoped to be accomplished in the undertaking.  In the case of the two hypothetical missions described above, examples of the respective goals might be stated as:

(Example 1.) “Our goal is to coordinate our fly-over with a flag-raising ceremony, and execute the missing-man pass at precisely high noon.

(Example 2.) The goal of today’s flight is to develop the wingman’s skill in executing a two-ship rejoin.

Pilots

While not every mission will require an extensive inquiry into each pilot’s qualification and readiness, it is Lead’s responsibility to familiarize himself with his deputy lead and wingmen in order to establish their credentials and competency to perform the mission at hand.  Here are some of the details that a good lead will want to know.  

· Participants – Who is available to fly the mission?

· Individual qualification

· Training – Has he had any formal formation training, either civilian or military?  Is he JLFC or FAST certified?  If so, what rating does he hold?

· Experience – What is the pilot’s experience level?  Is it military, civilian, or both?  In what positions has he flown?  Has he ever flown the position to which you wish to assign him?  

· Currency – When did he last fly formation?  Does he fly formation only occasionally or with some regularity?

· Personal limitations, if any, of the participant.

· Does he have any temporary physical limitations?  (Example: Stiff neck, sore back, etc.)?  

· Does he have any chronic physical limitations?  (Example: Arthritis in neck, hard of hearing, etc.)

· What is his rest/fatigue status?   Is he adequately rested for the flight?  (Example: Tired from being up with sick kids all night, tired from earlier flights in the day, etc.)

· Is his mental state conducive to the concentration required for safe formation flight?  (Example: Recent death in family, fight with spouse, etc.)

· Position assignment

· When considering deputy lead and wingmen assignments, which participant (and his individual aircraft) is best suited for each position based on his skill, experience, and the requirements of the mission?

Aircraft Limitations

By way of questioning his deputy lead and wingmen, Lead should make himself aware of any aircraft performance or operational limitations of those in his flight.  For example, with similar aircraft, does everyone have the same sized engine?  Does everyone have the same propeller or is there a mix of controllable and fixed pitch, or climb and cruise props?   

Does one pilot’s aircraft have bad brakes, or another’s take significantly longer for the oil to warm up?  Are all aircraft capable of climbing or cruising at the desired speed?  Is everyone able to communicate on the necessary frequencies?  

Is everyone starting out with a full fuel tank, or will one or more pilots be endurance limited by a partial fuel load?

These and other limitations of operational significance are the types of things of which Lead needs to be aware, before the mission begins.

Weather

If applicable, brief the current weather, forecast, NOTAMS, and any airspace restrictions for the following locations:

· Point of departure

· Enroute

· Destination

· Alternate

Call Sign

Lead should designate a call sign for the flight to simplify intra-formation communications, and to differentiate the flight from any others that may be in the air at the same time.  A call sign may be any word or words, limited only by the creativity of the leader.  Keep in mind, however, that it should be relatively short, easy to pronounce, and easily recognizable over the radio considering the sometimes‑questionable quality of light aircraft radio communications.  In addition, the call sign should not be subject to confusion with other communication phrases that may also be heard on the radio. 

Frequency Assignments

Any radio frequencies necessary for the conduct of the mission that are known in advance should be disseminated during the briefing.  Ones of specific operational significance – that is, frequencies on which two-way communication will take place during the flight – are typically assigned a “channel” number.  Frequencies to be disseminated would include, but are not limited to:

· ATIS, AWOS, ASOS

· Ground Control

· Tower

· CTAF 

· Enroute ATC

· Formation-discrete frequency – sometimes referred to as “Mission,” “Company,” or “Squadron” frequency.  Since there is no frequency specifically assigned by the FCC or FAA for civilian formation flying, this may be a universally used air-to-air frequency.  It may also be a temporary frequency assigned by the FAA for a particular airshow or fly-in.

Times

Regardless of the mission, for efficiency it is best to organize it with some time frame in mind.  In order to accomplish this, Lead should conduct a time‑hack so that everyone is synchronized to the same time, and then assign any of the below listed times that are appropriate for, or essential to, the mission.

· Start time

· Taxi time

· Takeoff time

· Rendezvous time

· Air show/Fly-by time

· Landing time

Operational Plan

The Plan that Lead will disseminate in the briefing is the detailed “blueprint,” or step-by-step operational details that describe how the flight will be conducted in order to complete the mission and achieve the goal.

For efficiency and simplicity, Lead should discuss the plan in chronological order, from start-up to shut-down, and should include details on the following items.  

· Engine start

· Individual or simultaneous – Are all aircraft within sight of each other, enabling a simultaneous start, or are individual starts necessary?  Is there a combination of direct-drive and inertial starters that will require special coordination to make possible a simultaneous start?

· Radio check-in – Brief the manner in which you expect the check-in to occur.

· Taxi out

· Order – Consider parking location and taxiway/ramp accommodations to determine how you will assemble the formation in proper order for the taxi-out.

· Formation – Taxiing is typically done in trail, but on extremely wide taxiways or ramps can be accomplished in virtually any other formation.

· Spacing – Brief the interval you want between aircraft during taxi (typically two to three ship lengths).
· Taxi speed – Brief the speed at which you plan to taxi.

· Run-up

· Alignment – Brief how you want the individual aircraft aligned during the run-up.  Is there sufficient space on the run-up pad?  Run-ups are typically done with aircraft parked in echelon or line-abreast, with no wing overlap.

· Individual or simultaneous – Brief whether you want all pilots, at the completion of their pre-takeoff cockpit checks and when engines are sufficiently warm, to run their engines up simultaneously, or whether you will them to run-up at their discretion.  While the first option looks more impressive, the latter is perhaps safer, as it allows each pilot to maintain his normal routine.

· Runway lineup – Brief how you want the aircraft aligned on the runway prior to commencing the takeoff roll: Trail, echelon, vic, three-in-the-slot, or something else.

· Takeoff

· Interval or Section – Brief whether you want individual takeoffs, in trail at the appropriate interval, or if you want to perform section takeoffs?
· Join-up

· Turning or Straight ahead – Brief your maneuvering plan after takeoff?  Will you continue straight out, necessitating a running rendezvous, or will you turn or maneuver in some manner in order to bring your wingmen aboard?
· Proposed altitude/hard deck – Brief your planned initial cruising or maneuvering altitude.  If you plan any vertical maneuvering, such as a tail-chase, brief a “hard-deck,” or an altitude below which you will call off any maneuvering should it be violated.
· Enroute//Air show/Training maneuvers to be flown – Brief how you propose to configure your formation for enroute flying.  Brief what maneuvers or formations are planned for the airshow, fly-by, or training aspect of the mission.
· Recovery

· Type of approach – Plan the direction from which you will approach the landing field?  Brief whether you plan an overhead approach or fly a traffic pattern?  Brief how you will configure the formation for the option you choose?
· Break

· Interval – Brief the interval you wish your wingmen to use behind the preceding aircraft, before commencing their break for landing.  Brief the cadence will you count.  Brief at what point in the cadence they should execute their break.
· Bank angle – Brief the bank angle you wish your wingmen to roll to, and maintain, during the break maneuver.
· Turn – Brief how far you want your wingmen to turn in the break maneuver, before rolling out.  Will you be flying a rectangular pattern, requiring a 900 turn to base before rolling out, or will it be a racetrack pattern, requiring a 1800 turn to downwind before rolling out?
· Landing pattern airspeed – Brief the speed you intend to fly on the downwind leg.
· Type of landing – Brief whether you want your wingmen to make wheel landings, three-point landings, or whether the option is theirs.
· Rollout separation – Brief the separation you want between landing aircraft.  Do you want the preceding aircraft to call “cold” before the following aircraft touches down?
· Runway clearing – Brief the runway clearing procedures you plan to use after slowing to a taxi speed.
· Taxi-in

· Rejoin – Brief how you will rejoin the formation prior to taxiing in.
· Formation – Taxiing is typically done in trail, but on extremely wide taxiways or ramps can be accomplished in virtually any other formation.

· Spacing – Brief the interval you want between aircraft during taxi (typically two to three ship lengths).
· Taxi speed – Brief the speed at which you plan to taxi.

· Parking – Brief how you wish the formation to maneuver back into the parking area, and where to park, if known.
· Shutdown

· Individual or simultaneous – If all aircraft are parked in the same area, brief whether or not you want to perform a simultaneous shutdown.  If you do, brief how you wish to accomplish it.

Abnormal and Emergency Procedures Review

A good briefing will include a concise review of formation emergency procedures.  While this is always a good idea, it is particularly important if one or more of the pilots has not flown recently.  Emergencies are rare occurrences, seldom if ever practiced, and if not periodically discussed it is not uncommon for the necessary procedures to be far from the conscious mind.  When experiencing a sudden emergency, pilots, as a rule, will respond quicker and more appropriately if the correct procedure or course of action is fresh in their mind.  For that reason the topics listed below, plus any other aircraft specific emergencies that Lead feels are appropriate, should be reviewed during the briefing.

· Aborted takeoff

· Under runs

· Enroute abort

· Maneuvering engine failure

· Airborne emergency and HEFOE code

· Bingo fuel

· Ditching

· Loss of communications

Debrief

At the completion of the briefing, Lead will designate a time and location for the post‑flight debrief.  Protocol dictates that, in lieu of any other arrangements discussed during the pre-flight brief, the debrief will take place at Lead’s ship, immediately following the flight.  The term “immediately following the flight” is meant to imply that each pilot, after shutting down his aircraft, will take whatever time and measures are necessary to properly secure his aircraft.  This includes tying it down, chocking the wheels, and/or other appropriate actions to safely secure it.  Unless previously arranged with Lead, however, it does not mean refueling it, checking oil, cleaning windshields, or any other non-essential procedures – those can wait until after the debrief.

If it is known ahead of time that some or all of the pilots will need fuel prior to the next mission, or perhaps if it is the last flight of the day, Lead may specify during the briefing that pilots refuel their aircraft, or secure them for the night, prior to conducting the debrief.  

Questions

Lead should solicit questions from the Deputy Lead and wingmen to ensure that everyone has an understanding of all aspects of the mission, and their part in it.  Do not dismiss the briefing until you’re sure this level of understanding has been reached.  

As a Deputy Lead or a Wingman, never leave the briefing with unanswered questions or any ambiguity as to how a particular phase of the flight is to be conducted.  Once you’re alone in your cockpit, it’s too late to find out.

Element and Division Briefings

In the case of a four-ship or multiple-division mission, after the preflight briefing the element leads or other division lead should conduct short briefings of their own – with their own wingman or flight – discussing procedures or aspects of the flight that are peculiar to their role in the overall mission.  This may include, but is not limited to, such topics as:

· Section takeoff procedures

· Takeoff overrun XE "Takeoff overrun" \i  contingencies 

· Element join-ups

· Section under-runs

Conclusion
Clearly, the briefing covers a lot of topics – as it should.  For it is only by discussing each and every phase of the flight in sufficient detail that all members of the formation will understand how the mission will proceed, their individual roll in it, and how their performance will mesh with those of the other pilots. 

A well planned and properly briefed mission has the best chance of achieving its goals, while at the same time affording the pilots the highest possible level of safety.  Such a mission can run like a fine Swiss watch and offer a great sense of satisfaction for all participants.  

THE POSTFLIGHT DEBRIEFING
Purpose of the Debrief

The debrief, conducted by Lead, is an essential part of the entire mission.  It is during the debrief where the operational problems, techniques, and skills of the formation’s pilots are exposed for review, honed for the next flight, and much of the learning takes place.  Without an honest and open evaluation of the flight and everyone’s performance, little can be accomplished in the way of safety enhancement or operational improvement for the next flight.

Description of the Debrief

A debrief is a phase-by-phase review of the entire flight.  Following the review, Lead will expand as necessary on specific points or occurrences during the flight that merit commendation, constructive criticism, further analysis, corrective measures, or additional training.  After reviewing the flight, Lead will ask for input and comment from all other members of the flight.

Conducting a Good Debrief

The debriefing process will vary from lead to lead, and perhaps even somewhat from flight to flight, as there is certainly more than one acceptable way to conduct a debrief.  Regardless of the process, however, the goal is the same – to thoroughly review and critique the entire flight.  

Much like the preflight briefing, if Lead has a plan or process for this review it can be done efficiently and in a minimum amount of time.  If there is no plan, the debrief will likely degenerate into a drawn out “hangar flying” session, replete with “war stories,” everyone talking over each other, and little if anything of value being accomplished.

One relatively efficient process often used is for Lead to give a quick chronological rundown of the entire flight, from preflight brief to shutdown, initially hitting only the high points, saving any detailed commentary that involves a particular maneuver or wingman for expanded discussion as each wingman is asked to comment on the flight.

After the initial review, the individual wingmen and element leader are, in turn and usually in reverse order of their positions within the flight, asked for their critique of the flight.  For example, in debriefing a four-ship flight, after the initial review by Lead, he would then solicit input from #4, followed by #3 – the element leader, and finally, #2.

As each wingman critiques the flight from his viewpoint, Lead can use this opportunity to expand the discussion on any maneuvers or phases of flight that generate questions or controversy, or call out for commendation or critique of the wingman.  In this way the discussion can move efficiently from phase to phase and maneuver to maneuver through the entire flight, and through each participant’s perception of it, without getting sidetracked by out-of-sequence events or critique.

As each participant conducts his portion of the debrief he should feel free to critique any other member of the flight, including his lead.  For example, if Lead is operating in a manner that unnecessarily increases the wingman’s workload or makes it difficult for him to perform the maneuver, the wingman must feel free to bring this to Lead’s attention.  Likewise, if any other wingman is unnecessarily increasing his workload or difficulty, that should be brought out for discussion, as well.  A problem not brought to the forefront is a problem that cannot be solved.

By the same token, when discussing the flight, whether it be by Lead, Deputy Lead, or the wingmen, the good points or positive aspects about the flight should be brought out as well as the negative criticism.  Not only is positive commentary appreciated by those who have performed well, but when a well flown maneuver is pointed out, it serves to reinforce correct procedures in the minds of all participants.

An acceptable debrief will be organized, will efficiently cover all pertinent aspects of the flight, and will properly commend and fairly critique the participants in an atmosphere unimpeded by egos, where everyone can speak frankly.  Allowing a free exchange of ideas is the only way a wingman or lead can be made aware of misunderstandings, improper techniques, or problems that he may inadvertently be creating.  Even though egos are put aside for safety’s sake, and frank discussion is encouraged, that does not relieve pilots of the need to discuss events with tact and diplomacy.  

Debriefing Pointers for Lead 

In addition to merely conducting or moderating, the debrief, Lead has two very important additional roles to play: He must act as diagnostician, analyzing each incorrectly flow maneuver performed by his wingman, his deputy lead, or even himself.  Then, going one step further, he must be able to prescribe corrective action to be taken that will allow the maneuver or process to be performed correctly on subsequent flights.  Without this diagnosis and prescribing process, the value of the debrief is wasted.

For example, it does little good to simply tell a wingman that he was sucked during a rejoin, then go on to discuss the next maneuver.  In all likelihood the wingman was well aware of the fact that he was sucked, didn’t want to be sucked, and knew he’d hear about it at the debrief.  What would be useful to the wingman, however, is some analysis of how he came to be sucked in the first place, how he could correct such a condition the next time it happens, and once all that is established, how he could perform the maneuver correctly to begin with so that he doesn’t get sucked in the first place.

When critiquing himself, the same process applies to Lead.  For example, if the rejoin went badly, resulting in his wingman having to perform an under-run, Lead must analyze the cause.  An inexperienced wingman, when debriefing the maneuver during his opportunity to comment, may be unable to diagnose what happened, knowing only that what started out as a normal rejoin ended up with an unacceptably high closure rate, resulting in an under-run.  An honest analysis by Lead of his own performance may reveal that he inadvertently increased his bank near the completion of the rejoin, resulting in the wingman’s high closure rate, and forcing the under-run.  Following this self-analysis, Lead should then explain the circumstances to the wingman, so the wingman understands that it was nothing that he (the wingman) did to cause the under-run.  Then, going one step further – to the prescriptive phase – he should vow to concentrate more on his own basic visual cues in order to maintain a constant bank during subsequent rejoins.

When debriefing, keep the process moving along efficiently.  Discuss the problems with a maneuver, discuss corrective action to apply should it happen again, and discuss a solution to prevent recurrence in the first place – then move on to the next subject.  Don’t beat the issue to death.  Be alert to the point when constructive or useful discussion begins to degenerate into unproductive hangar flying – and move the discussion along.
Debriefing Pointers for the Deputy Lead and Wingmen

When participating in the debrief, protocol dictates that deputy leads and wingmen refrain from speaking until invited to do so.  Following this protocol allows Lead to move the process along efficiently.  When asked to speak, a good deputy lead or wingman will do so candidly.  He will analyze his own performance to the best of his abilities, seek answers to any questions that he may have, and point out operational aspects of the preflight briefing or flight that detracted from his ability to perform the flown maneuvers or procedures.  He should view the debrief as an opportunity to learn from his own performance and from the performance of the others.
Common Debrief Errors

· Failing to debrief the flight at all.

· Not having a debrief “plan.”

· Letting the discussion get sidetracked by “hangar flying” and “war stories.”

· Dwelling only on the negative and forgetting to commend a pilot that does something well.

· “Beating to death” an incorrectly flown maneuver or procedure.

The Debrief Plan

· Debrief the preflight brief – Lead should question the flight as to the adequacy of the preflight brief.  Did it satisfactorily prepare everyone for the flight?  Did anything occur during the flight that wasn’t what each pilot expected to happen, given his understanding of the preflight brief?
· Review the flight - Briefly run through the flight, phase-by-phase in chronological order, covering the same phases of flight discussed in the preflight brief.  Hit the high points, covering things that were well done as well as things that need further discussion.
· Solicit review by the wingmen and deputy lead (usually in reverse order)

· Commend – an exceptionally-well-flown maneuver.
· Critique – an incorrectly flown maneuver.
· Analyze – the reasons why a maneuver was improperly performed.
· Prescribe – corrective action to prevent a re-occurrence. 
· Summarize – Summarize any points of discussion that need emphasis.  For individual wingmen, summarize any action items to which they need to pay special attention on the next flight.
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