DISCUSS
Tail rotor malfunctions and failures

Pilots should guard against grouping all tail rotor malfunctions into one category.

Successful handling involves proper identification of which one, and the steps to correct, plus how the helicopter will react.

There are four basic types of tail rotor malfunctions.  Of the basic types, a few generalizations can be made.

1) right rotations: a low powered approach or auto is recommended.

2) Left rotations: a powered approach will usually be possible.

A controllability check at cruise flight should be performed, determining what torque is required for balanced flight.


1)  a high torque setting will indicate a stuck left situation


2)  a low torque setting will usually indicate a stuck right situation.

1)  complete loss of tail rotor thrust:


Causes:  Tail rotor driveshaft severed, Loss of tail rotor blades


Reaction:  nose will swing to the right in a hover/sideslip in forward flight.


Procedures in a hover:



Twist grip
CLOSE



Cyclic

ELINATE DRIFT



Collective
Increase to cushion landing


Procedures during transition to forward flight:



Twist grip
CLOSE


Cyclic

ELIMINATE SIDEWARD DRIFT



Collective
Increase to cushion landing


Procedures at altitude:



If right rotation is controllable by reducing power to maintain 50 to 70kts:




Set up for auto to a suitable landing area




Autorotate




Twist grip
CLOSE



If right rotation is not controllable at 50 to 70 kts:




Autorotate




Twist grip
CLOSE
2)  fixed pitch right pedal applied:


Causes:  pedals locked because of FOD, control linkage failure during right pedal

Reaction:  pilot will be unable to control right yaw with pedals.  If power is increased, it will aggravate situation.

Procedures in a hover:


If rate of rotation is not excessive and landing surface is smooth:



Collective
Decrease to effect a power on landing


If rate of rotation is excessive or landing surface is unsuitable:



Twist grip
reduce as nose approaches windline



Cyclic

Eliminate drift



Collective
increase to cushion landing.


Procedures at altitude:



Maintain A/S and engine RPM to streamline A/C

Plan an approach to a smooth level surface into the wind or slight left crosswind

Establish a shallow approach, maintaining 60kts til final

NOTE:  it is not unusual for the nose to be slightly yawed left.

At 50 to 75 feet AGL and when the landing area can be made, start a slow decal to arrive over the intended landing point with min A/S

At approx 2 to 3 feet skid height, increase collective to slow rate of descent and coordinate twist grip to maintain nose alignment


WARNING:  a waveoff should be made early.

NOTE: if nose swings right after touchdown, follow turn with cyclic to prevent rolling.
3)  fixed pitch left pedal applied:

Causes:  Pedals locked because of FOD, linkage failed during left pedal inputs.

Reaction:  pilot unable to control left yaw with pedal input.  If power is decreased, it will tend to aggravate situation.

Procedures in a hover:


If rate of rotation is not excessive and landing surface is smooth and firm:



Collective
Decrease to effect a power on landing.


If rate of rotation is excessive or landing surface is unsuitable for a power on landing:



Twist grip
Slowly reduce while increasing collective

Collective
Coordinate with twist grip to maintain heading and allow A/C to settle


Procedures at altitude:



Maintain A/S and engine RPM to streamline A/C

Plan an approach to a smooth, level surface into the wind or slight left crosswind

Establish a normal approach and maintain 60 KIAS during the initial part of approach

On final, maintain engine PRM within limits and begin a slow decel in order to arrive at a point 2 feet above touchdown area

Apply collective pitch to slow the rate of descent and align helo with landing path.  If not aligned, adjust the twist grip to further help.  Allow A/C to touch down at near 0 groundspeed maintaining alignment with the twist grip.

NOTE:  it is possible for the pilot to slow the A/C to a hover and effect a recovery.

4)  Loss of tail rotor effectiveness:
Causes:  See below

Reaction:  See below

Procedures:


Pedals


Maintain full left pedal


Collective

Reduce (as altitude permits)


Cyclic


Forward to increase A/S



If spin cannot be stopped:


Autorotative landing 
EXECUTE.

Loss of tail rotor effectiveness

Four characteristics during low speed flight have been identified through flight and wind tunnel tests as contributing factors in unanticipated right yaw.  For these to occur, certain wind velocities and azimuths must be present.

1) Weathercock stability (120 to 240)

Winds will attempt to weathervane the nose into the wind.

Comes from the fuselage and vertical fin.

Helo will make an uncommanded turn in either direction unless stopped

It will be accelerated if already yawing when wind enters 120 to 240

Importance of timely corrective action cannot be overstressed.
2) Tail rotor vortex ring state (210 to 330)

Tail rotor puts out bad air to the left of helo

Pilot must make corrective pedal inputs as the changes are recognized

This characteristic presents no significant problem unless not timely corr
3) Main rotor vortex ring state (285 to 315)

Main rotor vortex can be directed into trail rotor changing tail rotor AOA.

Initially its AOA increases during right turn, then decreases.
4) Loss of translational lift (all direction)

Requires increased power demand and therefore increased antitorque.

If it occurs while in a right turn, rate will accelerate as power is incr.

Could result in RPM rotor decay if at max power.

Pilot might not know he has lost translational lift due to watching the yaw.

Pilot might not maintain A/S while making right downwind turn

Pilot must always consider A/C heading, groundtrack, wind dir, G/S

The A/C can be operated safely in the above relative wind regions if proper attention is given to controlling the A/C.

However, if right yaw is initiated in one of the above regions, the yaw rate may increase unless suitable action is taken.

Low RPM recovery
Should the terrain preclude landing, execute a lower rotor rpm recovery as follows:


At 15 to 20 feet, crack throttle open slightly


Lower the nose toward the level attitude


Simultaneously increase collective and smoothly rotate twist grip full open


Maintain a 5 foot air taxi


Do not allow Nr to decay below 90 percent

WARNING:  tail rotor effectiveness may be lost if Nr is allowed to decay below 80

WARNING:  rapid application of twist grip to the full open with Nr below 90 may induce loss of yaw control and tail rotor authority

CAUTION:  Exercise extreme caution to avoid exceeding torque limitations.

DEMONSTRATE/INTRODUCE

Simulated fixed pitch tail rotor at altitude (stuck right and left)
Right:

1) REVIEW NATOPS

2) PATTERN WILL BE FLOWN AT 500’. ON DOWNWIND ESTABLISH A/C AT 50KIAS SET POWER TO 30% TORQUE AND CENTER THE BALL TO SIMULATE A STUCK RIGHT PEDAL CONDITION.  RESUME NORMAL PATTERN AT 500’ AND MINIMUM 60kias.

3) FLY A SHALLOW APPROACH AT 60kias.
4) ON FINAL, WINDS WILL BE CENTERLINE OR LEFT.  50 TO 75 FEET, SET A DECEL.  ARRIVE OVER LANDING SURFACE AT 2 TO 3 FEET OR SLIGHTLY ABOVE TRANSLATIONAL LIFT

5) AT 2 TO 3 FEET, ADD COLLECTIVE TO CUSHION LANDING AND LEVEL SKIDS.  AS NOSE ROTATES TO THE RIGHT, REDUCE TWIST GRIP TO MAINTAIN ALIGNMENT.  RECOVER IN A FIVE FOOT FIVE KTS AIR TAXI OR TO A HARD SURFACE RUNWAY.

Left:

1) REVIEW NATOPS

2) PATTERN WILL BE FLOWN AT 500’.  ESTABLISH AT 50kias AND 70% TORQUE AND CENTER THE BALL TO SIMULATE A STUCK LEFT PEDAL.  RESUME NORMAL PATTERN AT 500’ AND MINIMUM 60kias

3) FLY A SHALLOW APPROACH AT 60KIAS

4) ON FINAL, WINDS WILL BE CENTERLINE OR LEFT.  MAINTAIN Nr IN THE GREEN AND SIMULTANEOUSLY BEGIN A SLOW DECELERATION IN ORDER TO ARRIVE AT POINT ABOUT 2 FEET ALT AS TRANSLATIONAL LIFT IS LOST.  ALIGN HELO WITH LANDING PATH.  IF A/C IS NOT ALIGNED AFTER COLLECTIVE APPLICATION, ADJUST TWIST GRIP.

5) ALLOW A/C TO TOUCHDOWN AT NEAR 0 G/S OR RECOVER IN A 5 FOOT 5 KTS HOVER TAXI MAINTAINING ALIGNMENT WITH TWIST GRIP.  IF THE A/C HAS AN EXCESSIVE YAW TO THE LEFT AFTER TERMINATING IN A HOVER, EXECUTE STUCK LEFT PEDAL IN HOVER

Simulated tail rotor failure in a hover (complete loss of tail rotor thrust)

1) DISCUSS NECESSITY FOR SKIDS LEVEL ATTITUDE

2) STABLIZE IN A HOVER HEADING 90 LEFT OF WINDLINE

3) INSTRUCTOR WILL NEUTRALIZE RUDDERS TO COMMENCE RIGHT ROTATION

4) AS A/C COMES INTO WINDLINE, ROTATE TWIST GRIP TO IDLE, HOLD RUDDER AND COLLECTIVE POSITION CONSTANT.  ROTATION SHOULD SLOW TO A STOP AFTER TWIST GRIP FLIGHT IDLE.  ADDITIONAL STABILTY IS GAINED AS TAILBOOM AND FIN APPROACH WINDLINE AT NINE OCLOCK POSITION

5) CUSHION WITH COLLECTIVE, FOLLOW ROTATION ON THE GROUND WITH RIGHT FORWARD CYCLIC AS NECESSARY. OR HOLD CYCLIC CONSTANT.

Simulated stuck pedal in a hover (right and left)

Right:
1) REVIEW NATOPS PROCEDURES

2) INITIATE FROM A 5 FOOT HOVER.  INSTRUCTOR MAKE A RIGHT PEDAL INPUT TO INITIATE RIGHT ROTATIONS.  DETERMINE THE SLOWEST AND FASTEST PORTION OF THE TURN AND KNOW WIND DIRECTION.

3) THE RECOVERY WILL BE INITIATED AS FOLLOWS:  AS THE NOSE OF THE A/C PASSES THROUGH THE WINDLINE, REDUCE TWIST GRIP TO SLOW ROTATION.

NOTE: MAY REQUIRE SEVERAL ATTEMPTS

4) ADJUST CYCLIC TO MAINTAIN A LEVEL ATTITUDE AND ELIMINATE DRIFT

5) CUSHION THE LANDING WITH COLLECTIVE.

Left:

1) REVIEW NATOPS PROCEDURES

2) INITIATE FROM A 5 FOOT HOVER.  INSTRUCTOR MAKE A LEFT PEDAL INPUT TO INITIATE LEFT ROTATIONS.  DETERMINE THE SLOWEST AND FASTEST PORTION OF THE TURN AND KNOW WIND DIRECTIN.

3) RECOVERY WILL BE INITATED AS FOLLOWS:  AS NOSE APPROACHES 90 ° PRIOR TO WINDLINE, REDUCE TWIST GRIP AND INCREASE COLLCECTIVE UNTIL ROTATION HAS STOPPED.

NOTE:  MAY REQURE SEVERAL ATTEMPTS.

4) COORDINATE COLLECTIVE AND TWIST GRIP TO MAINTAIN HEADING AND ALLOW A/C TO SETTLE.  MONITOR Nr AND ELIMINATE DRIFT

5) AFTER TOUCHDOWN, CONTINUE REDUCING TWIST GRIP UNTIL WEIGHT IS GREATER THAN THRUST.
PRACTICE

Checklists

Hover and Hover taxi

Vertical takeoff and landing

Transition to forward flight

BAW

Level speed change

Normal approach

Turn on the spot/clearing turn

Shutdown procedure

Wave off (power on/off)

Quick stop from a hover

Simulated engine failure hover/hover taxi

Sliding landing

Simulated emergencies/engine failures at and away from site (no tail stuff)

Autorotations power recovery/full

No hover landing

Maximum load takeoff

Boost off approach

CRM
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