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Potentially dangerous, airplane tail strikes are preventable. A tail strike is when the tail section of an airplane contacts the
surface while taking off or landing (Fig. 1). A tail strike associated with substantial downward momentum can cause the tail to
forcefully contact the surface resulting in significant damage to the aft section of an airplane. Multiple causes of tail strikes
during takeoff and landing have been described (Table 1).

Costing thousands of dollars for repairs of external and internal damage to the tail sections and aft bulkheads of airplanes, tail
strikes are largely human factors related, i.e., pilot error. Accordingly, two strategies for mitigating tail strikes are maintaining
high level pilot proficiency and employing basic risk management (RM) principles, i. e., identifying predisposing hazards
(sources of danger) of tail strikes and implementing controls to mitigate risks associated with those hazards.

Pre-flight inspection of tail undersection

To determine if a tail strike occurred, include during the pre-flight inspection an examination of the aft tie down ring (Fig. 2).
Also, inspect the underside of the fuselage for paint scrapes,

dents, etc. Notify appropriate personnel if undocumented damage is found. If it is determined a tail strike occurred on a
previous landing, unseen and substantial internal damage to vital airplane components (control cables, pulleys, etc.) may have
resulted.

TakeofF over-rotation tail strike Razard

In my 20 year experience as a flight instructor it seems many incorrectly believe that at the moment of rotation speed (Vr)
during the takeoff roll they must hurriedly pull back aggressively and forcefully on the stick/yoke to pull the airplane off the
runway. This practice may result in an excessive initial pitch-up attitude and angle of attack (AOA) leading to a power-on stall,
over-rotation on the lateral axis and a tail strike before the airplane is ready to fly. For all takeoff conditions, the published
Vr and actual flying/liftoff speed may not be the same speed! For example, consider a Cessna 172 S loaded at maximum
takeoff weight on a high density altitude day of 5,000 feet and under calm wind conditions. Rather than 55 KIAS, the published
Vr as stated in the airplane’s Pilots Operating Handbook (POH), a flying speed of approximately 60 to 70 KIAS may be
required to takeoff safely. Other improper rotation techniques leading to a tail strike include attempting to rotate prior to
achieving Vr (too early rotation) and using an excessive nose-up elevator trim setting that can cause a sudden and overly high
pitch-up attitude at the moment of rotation on the lateral axis.

Tall strike risk mitigation — normal takesff

At Vr gently apply rearward pressure on the stick/yoke and, while holding pressure, allow airspeed to increase so as to
increase wing lifting force. This is explained by reviewing the Lift equation (Lift = Coefficient of lift X Air Density/2 X
Wing surface area X Airspeed 2). Because the force of lift varies directly with the square of airspeed (kinetic energy), as
airspeed increases during the takeoff roll, wing lifting Force increases exponentially. When sufficient lifting Force is generated
during the takeoff roll, gently fly the airplane off the runway, as opposed to aggressively pulling the airplane off the runway.
Also, to mitigate risks of over-rotation/increased AOA, use the cockpit runway sight picture as a guide. Pitch up slowly so the
engine cowling just barely touches the departure end of the runway (Fig. 3).

Generating greater airspeed (kinetic energy) than normal during the takeoff roll just prior to rotation is a RM control to
prevent tail strikes while taking off under strong crosswind conditions. For example, the POH for Cessna172Sand 182 T
airplanes state to accelerate the airplane to a speed slightly higher than normal Vr, then with the elevator control, pull the
airplane off briskly, quickly lifting it off the ground to prevent it from settling back to the runway. (Vris 55 and 58 KIAS
respectively for 172 S and 182 T airplanes.)

Soft-fFleld takeoff over-rotation Rhazard

Tail strikes have been associated with soft-field takeoffs. Why? For this type of takeoff, pilots are taught to hold the stick/s = -~
fFull back (Full up-elevator) while taxiing onto the runway and prior to applying full power. When full power is applied, anc
back pressure is not relieved appropriately, the airplane is likely to pitch up abruptly, over-rotate and strike its tail (Fig. 4).



Tail strike risk mitigation — soft-Fietd takeoff

Immediately after applying full power for a soft-field takeoff, pilots should be prepared for and anticipate a sudden pitch-up
attitude. To prevent over-rotation and a tail strike, just after setting Full power, apply appropriate forward pressure on the
stick/yoke. Allow the airplane to pitch up just enough to keep the nose wheel from the soft surface. In addition, with soft-field
runways and taxiways due to soft mud For example, there is the potential for the wheels to sink down into the mud leading to
a tail and propeller strike.

Landing over-rotation talt strike hazards

Tail strikes on landing due to over-rotation hazards on the lateral axis generally cause more damage than on takeoff because
the airplane’s tail may forcefully strike the runway before the main gear touches down. As a result, the tail section absorbs the
total impact energy of the airplane’s downward momentum while striking the surface (Fig. 1).

Attempting to land by flaring with an excessive AOA while too high above the runway (For example 100 to 200 feet) and with
the throttle set to idle is a recipe for a power-off (landing) stall leading to a tail strike. To mitigate over-rotation and tail strike
damage while landing, level off a few feet above the runway and then use the end of the runway as a sight picture to assess
the round-out, i.e., slowly pitch up just enough so the nose of the airplane barely touches the end of the runway (Fig. 3) and
start the flare by using the correct reference landing approach speed (Vggr) as stated in the POH. After touchdown, do not
allow the pitch attitude to increase excessively in an attempt to “hold the nose wheel off” the runway.

Stabllized approach fFor tanding - talt strike risk mitigation

University of North Dakota, Aerospace Department asserts that during the landing phase, over-rotation and tail strikes are
more likely to occur when flying an un-stabilized approach on final. Employing a stabilized approach on final is a RM control
to mitigate tail strikes. The Airplane Flying Handbook (FAA —H - 8083 — 3B) defines a stabilized approach as to “maintain a
constant angle glide path toward a predetermined point on the runway” (Fig. 5). Fly a stabilized

approach from the beginning of the approach phase all the way down to touchdown, i.e., fly a three-degree descent glide path
by referencing the precision approach path indicator (PAPI) lights; maintain horizontal guidance by keeping the airplane on the
extended runway centerline; and fly at the final approach airspeed as stated in the POH. Also, use the correct Vger Which is
approximately 1.3 times stalling speed in the landing configuration (Vsp) plus 50% of the wind gust speed in excess of the
mean wind speed.

Crosswind and gusty wind landing Razard causing un-stabilized approach

Weather conditions such as high crosswinds, gusty winds and turbulence on final approach may result in an un-stabilized
approach, i.e., too far above or below the glidepath, too far left or right of runway centerline and/or too slow on final leading
to an extreme touchdown attitude and a tail strike. For example, consider an un-stabilized approach caused by a botched
sideslip For a crosswind landing (Fig. 6). As depicted in the figure, the crosswind is from the left and while over the approach
end of the runway, the pilot Finally decides to lower the left wing to compensate for the crosswind, however, it is too late and
the airplane has been blown too far right of centerline. This inappropriate left sideslip, the result of incorrect use of ailerons
and opposite rudder, may lead to a tail strike on landing. For tail strike risk mitigation in this situation a go-around/rejected
landing should be performed.

Welght and balance over-rotation Razard

Prior to departure, loading the airplane such that it exceeds maximum takeoff weight and/or the center of gravity (CG) is too
far aft promote a tail strike on takeoff and landing. To help mitigate this tail strike hazard, pilots should carefully determine
that the airplane’s weight does not exceed maximum takeoff weight and the CG is balanced within the proper range on the
longitudinal axis to help reduce the incidence of tail strike risks on takeoff and landing.

Recurrent training

Non-proficient pilots with poor airmanship and low RM skills are predisposed to tail strikes during takeoff and landing.
Maintaining pilot proficiency through recurrent takeoff and landing training (normal, short-field and soft-field takeoff and
landing) from a Flight instructor at regular intervals is a RM control for mitigating tail strikes. It's up to pilots to recognize the
risks of tail strikes and apply RM controls to mitigate those risks.

Figures

Fig 1. Pilot overly rotates airplane on its lateral axis during takeoff rotation or landing flair resulting in a tail strike. This figure
shows the tail section forcefully striking the runway just prior to landing resulting in damage to the airplane.



Table 1. Tail strike Razards during takesff and tanding

Takeoff

e Rotate too soon prior to achieving rotation speed (Vr) — insufficient kinetic energy

e Excessive initial pitch-up attitude during rotation as a result of aggressively pulling back
too much on the stick/yoke

e Excessive nose-up trim set on stabilator/elevator

e Strong crosswinds and gusty winds may push up the upwind wing and nose during
rotation leading to an unusual attitude that, in-turn, Forces the tail down to strike the
surface.

Landing

e Un-stabilized approach on final

e Holding the airplane off the runway in the flair at an excessively high pitch-up attitude
(Fig. 1)

e Mishandling the flight controls during strong crosswind and gusty wind conditions

e Over-rotation while within a few feet above the surface during the initial phase of a
go-around/rejected landing

e Applying aerodynamic braking by holding nose wheel off the runway at an excessively

Fig 2. During the preflight inspection damaged tie down rings in the center (partially sheared) and right (bent back 45
degrees) indicate previous tail strikes. Absence of the tie down ring may be the result of a tail strike that completely ripped
away the tie down ring.
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