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1. PURPOSE. This advisory circular (A C ) will


exam ine unanticipated right yaw  phenom enon, the


circum stances under w hich it m ay be encountered,


how it can be prevented, and how  the pilot should


react if it is encountered.


in several civil helicopter accidents w herein the pilot


lost control. In m ost cases, inappropriate or late


corrective action m ay have resulted in the develop-

m ent of uncontrollable yaw . These m ishaps have


occurred in the low -altitude, low -airspeed flight


2. RELATED READING MATERIAL. Bell


H elicopter Textron, Supplem ental O perating and


Em ergency Procedures. O perations Safety N otice,
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84-27 (July 6, 1984), B ell H elicopter Textron;


Sneelen, D .M ., O H -58 Loss of Tail R otor Effective-

ness - W hy It O ccurs, U.S. A m y Aviation D igest


(Septem ber 1984). U .S. A rm y A viation C enter;


Prouty, R.W ., The D ow nw ind Tum: Losing D irec-

tional C ontrol, Rotor and W ing (M ay 1994),Phillips


B usiness Inform ation, Inc.; M ore on the O H -58 LTE


Problem , Flightfii: Report of Arm y Aircra$ Mis-
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Safety C enter; Loss of Tail Rotor Effective-
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3. BA CK G RO U N D . U nanticipated right yaw , or


loss of tail rotor effectiveness ( L E ) ,has been deter-

m ined to be a contributing factor in a num ber of


accidents in various m odels of U .S. m ilitary heli-

copters. The N ational Transportation Safety Board


(N TSB ) has identified LTE as a contributing factor


regim e w hile m aneuvering, on fm al approach to a


landing, or during nap-of-theearth tactical terrain


flying. Typical civil operations include pow erline


patrol, electrom agnetic survey, agricultural spraying,


livestock herding. policdradio traffk w atch, em er-

gency m edical servicdrescue, and m ovie or tele-

vision supportflights.


4. THE PH EN O M EN A  O F LTE.


a LTE is a crilical, low-speed aerodynam ic


flight c h t e r i s ~  w hich can result in an


uncom m anded rapid yaw  rate w hich does not subside


of its own accord and, if not corrected, can result


in the loss of aircraft control.


b. LTE is nor reLzred to a maintenance m alfunc-

tion and m ay occur in varying degrees in all single


m ain rotor helicoptersat airspeeds less than 30 knots.


LTE is not necessarily the result of a control margin


deficiency. The anti-torque control m argin estab-

lished during Federal A viation A dm inistration


(FA A ) testing is accurate and has been determ ined


to adequately provide for the approved sidew ard/


rearw ard flight velocities plus counteraction of gusts


of reasonable m agnitudes. This testing is predicated


on the assum ption that the pilot is know ledgeable


of the critical w ind azim uth for the helicopter oper-

ated and maintains control of the helicopter by not


allow ing excessiveyaw  rates to develop.


c. LTE has been idenlified as a contributingfac-

tor in several helicopter accidents involving loss of




A C  90-95
 12226195


control.Flight operationsat low  altitude and low  air-

speed in w hich the pilot is distracted from  the


dynam ic conditions affecting control of the heli-

copterare particularly susceptibleto this phenom ena.


The follow ing are three exam ples of this type of


accident:


(1) A  helicopter collided w ith the ground fol-

low ing a loss of control during a landing approach.


The pilot reported that he w as on approach to a ridge


line landingzonew hen, at 70 feet above ground level


(A G L) and at an airspeed of 20 knots, a gust of


w ind induced loss of directional control. The heli-

copter began to rotate rapidly to the right about the


m ast. The pilot w as unable to regain directionalcon-

trol beforegroundcontact.


A  helicopter im pacted the top of pike's


Peak at 14,100 feet m ean sea level (M SL). The pilot


said he had m ade a low  pass over the sum m it into


a 40-knotheadw ind before losing tail rotor effective-

ness. H e then lost directional control and struck the


ground.


(3) A  helicopter entered an uncom m anded


right tum  and collided w ith the ground. The pilot


w as m aneuvering at approxim ately 300 feet A G L

w hen the aircraft entered an uncom m anded right


tum . U nable to regain control, he closed the throttle


and attem pted an em ergencylanding into a city park.


5. UNDERSTANDING LTEPH ENO M ENA. To


understand LTE. the pilot m ust first understand the


functionof the anti-torquesystem .


a  On US. m anufactured singk rotor heli-

copters, the m ain rotor rotates counterclockw ise as


view ed from  above. The torque produced by the


m ain rotor causesthe fuselageof the aircraft to rotate


in the oppositedirection(nose right). The anti-torque


system  provides thrust w hich counteracts this torque


and provides directionalcontrol w hile hovering.


O n som e European and Russian m nufac-

tured helicopters, the m ain rotor rotates clockw ise


as view ed from  above. In this case, the torque pro-

duced by the m ain rotor causes the fuselage of the


aircraft to rotate in the opposite direction (nose left).


The tail rotor thrust counteracts this torque and pro-

vides directionalcontrol w hile hovering.


N O T E  This A C  w ill focus on U.S. manufac-

tured helicopters.


(2)

b. 

e. 

Tail rotor thrust is the result of the applica-

tion of anti-torque pedal by the, pilot. If the tail rotor


generates m ore thrust than is required to counter the

m ain rotor torque, the helicopter will yaw  or turn


to the left about the vertical axis. If less tail rotor


thrust is generated, the helicopter w ill yaw  or tum


to the right. By varying the h s t  generated by the


tail rotor, the pilot controls the heading w hen hover-

ing.


d 

In a no-windcondifion, fora given m ain rotor


torque setting, there is an exact am ount of tail rotor


thrust required to prevent the helicopterfrom  yaw ing


either left or right. This is known as tail rotor trim


thrust. In order to m aintain a constant W  i g w hile 

hovering, the pilot should m aintain tail rotor thrust


equal to trim  thrust.


e. The environm ent in which helicopters fly,


how ever, is not controlled. H elicopters are subjected


to constantly changing w ind direction and velocity.


The required tail rotor thrust in actual flight is m cdi-

fied by the effects of the w ind. If an uncom m anded


right yaw  occurs in flight, it m ay be because the


w ind reduced the tail rotoreffectivethrust.


f. 

The wind can also add to the anti-torque sys-

tem  thrust. In this case, the helicopter w ill react w ith


an uncom m anded left yaw . The w ind can and w ill


cause anti-torque system  thrust variations to occur.


C ertain relative w ind directions are m ore likely to

cause tail rotor thrust variations than others. These


relative w ind directions or regions form  an LTE


conduciveenvironm ent.


6. C O N D ITIO N S UNDER W H IC H  LTE M AY


O C C U R .

a  Any m aneuver which requires the pilot to

operate in a high-pow er, low -airspeed environm ent


w ith a left crossw ind or tailw ind creates an environ-

m ent w here unanticipatedrightyaw  m ay occur.


b. There is greater susceptibil?q for LTE in


right tum s. This is especially true during flight at

low  airspeed since the pilot m ay not be able to stop


rotation. The helicopter will attem pt to yaw to the


right. C orrect and tim ely pilot response to an


uncom m anded right yaw  is critical. The yaw  is usu-

ally correctable if additional left pedal is applied


im m ediately. If the response is incom ct or slow ,


the yaw  rate m ay rapidly increase to a point w here


recovely is not possible.
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c. 

Com puter sim ulation has shown that if the


pilot delays in reversing the pedal control position


w hen proceding from  a left crossw ind situation


(w here a lot of right pedal is required due to the


sideslip) to dow nw ind, control w ould be lost, and


the aircraft w ould rotate m ore than 3 6 7  before stop-

ping.


The pilot m ust anticipate these variations,


concentrate on flying the aircraft, and not allow  a


yaw  rate to build. C aution should be exercised w hen


executing right tum s under conditions conducive to


L E .

7. FLIGHT CHARACTERISTICS.


a. Extensive flight and wind tunnel tests have


been conducted by aircraft m anufacturers. These


tests have identified four relative w ind azim uth


regions and resultant aircraft characteristicsthat can,


either singularly or in com bination, create an LTE


conducive environm ent capable of adversely affect-

ing aircraft controllability.O ne direct result of these


tests is that flight operations in the low  speed flight


regim e dram atically increase the pilot's w orkload.


b. Although specific wind azimuths are identi-

fied for each region, the pilot should be aware that


the azim uths shift depending on the am bient condi-

tions. The regions do overhp. The m ost pronounced


thrust variations occur in these overlapping areas.


These characteristicsare present only a! air-

speeds less than 30 knots and apply to all single

rotor helicopters. N ight test data has verified that


the tail rotor does not stall during thisperiod.


The aircrafl characteristics and relative w ind


azim uthregions are:


(1) M ain rotor disc vortex interference (285'


to 315'). (See figure 1.)


(a) W inds at velocities of about 10 to


30 knots from  the left front w ill cause the m ain rotor


vortex to be blow n into the tail rotor by the relative


w ind. The effect of this m ain rotor disc vortex is


to cause the tail rotor to operate in an extrem ely


turbulentenvironm ent.


(b) D uring a right tum , the tail rotor w ill


experience a reduction of t h ~ ~ t  as it com es into the


area of the m ain rotor disc vortex. The reduction


in tail rotor thrust com es from  the air flow  changes


experienced at the tail rotor as the m ain rotor disc


vortex m oves across the tail rotor disc. The effect


d  

e. 

d  

of this m ain rotor disc vortex is to increase the angle


of attack of the tail rotor blades (increase thrust).


(c) The increase in the angle of attack


requires the pilot to add right pedal (reduce thrust)


to m aintain the sam e rate of turn.


(d) A s the m ain rotor vortex passes the tail


rotor, the tail rotor angle of attack is reduced. The


reduction in the angle of attack causes a reduction


in thrust and a right yaw  acceleration begins. This


acceleration can be surprising, since the pilot w as


previously adding right pedal to m aintain the right


tum  rate.


(e) This thrust reduction will occur sud-

denly and, if uncorrected, w ill develop into an


uncontrollable rapid rotation about the m ast. W hen


operating w ithin this region, the pilot m ust be aw are


that the reduction in tail rotor thrustcan happenquite


suddenly and the pilot m ust be prepared to react


quickly and counter that reduction w ith additional


leftpedal input.


W eathercock stability (120' to 240'). (See

Tailw inds from  120' to 240'. like left


crossw inds, w ill cause a high pilot w orkload. The


m ost significant characteristic of tailw inds is that


they are a yaw  rate accelerator. W inds w ithin this


region w ill attem pt to w eathervane the nose of the


aircraft into the relative w ind. This characteristic


com esfrom  the fuselageand vertical fin.

(b) The helicopter w ill m ake a slow 


uncom m anded tum  either to the right or left depend-

ing upon the exact w ind direction unless a resisting


pedal input is m ade. If a yaw  rate has been estab-

lished in either direction, it w ill be accelerated in


the sam e direction w hen the relative w inds enter the


120" to 240" area unless corrective pedal action is


m ade.


(c) If the pilot allow s a right yaw  rate to


develop and the tail of the helicopter m oves into


this region, the yaw  rate can accelerate rapidly. It


is im perative that the pilot m aintain positive control


of the yaw  rate and devote full attention to flying


the aircraft w hen operating in a dow nw indcondition.


(d) The helicopter can be operated safely


in the above relative w ind regions if proper attention


is given to m aintainingcontrol. If the pilot is inatten-

tive for som e reason and a right yaw  rate is initiated


in one of the above relative w ind regions, the yaw


(2) 

figure 2.)


(a) 

rate m ay increase.
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360.


FIG U RE 1. M A IN  ROTOR DISC VO RTEX INTERFERENCE


P ap  4
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A E G lO N  W H E R E  W E A TH E R C O C K

S T A B IL IT Y  C A N  IN TR O D U C E  Y A W  R A TE S

FIG U R E 2. W EATH ERCO CK  STABILITY
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FIG U R E 3. 

TAIL ROTOR VORTEX RING STATE
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(3) Tail rotor vortex ring state (210" to 330").


(See figure 3.)


(a) W m ds w ithin this region w ill result in


the developm ent of the vortex ring state of the tail


rotor. A s the inflow  passes through the tail rotor,


it creates a tail rotor thrust to the left. A  left cross-

w ind w ill oppose this tail rotor thrust. This causes


the vortex ring state to form , w hich causes a non-

uniform , unsteady flow  into the tail rotor. The vortex


ring state causes tail rotor thrust variations w hich


result in yaw  deviations. The net effect of the


unsteady flow  is an oscillation of tail rotor thrust.


This is w hy rapid and continuous pedal m ovem ents


arenecessary w hen hovering in left crossw ind.


(h) In actuality, the pilot is attem pting to


com pensatefor the rapid changes in tail rotor thrust.


M aintaining a precise heading in this region is dif-

ficult. LTE can occur w hen the pilot overcontrols


the aircraft


(c) The resultinghigh pedal w orkload in the


tail rotor vortex ring state is w ell know n and heli-

copters are operated routinely in this region. This


characteristic presents no significantproblem  unless


corrective action is delayed.


(d) W hen the thrust being generated is less


than the thrust required, the helicopter w ill yaw to


the right. W hen hovering in left crossw inds,the pilot


m ust concentrate on sm ooth pedal coordination and


not allow  an uncontrolled rightyaw  to develop.


If a right yaw  rate is allow ed to build,


the helicopter can rotate into the w ind azim uthregion


w here w eathercock stability w ill then accelerate the


right turn rate. Pilot w orkload during vortex ring


state w ill he high. A  right yaw rate should not be


allow ed to increase.


(e) 

(4) Loss of translationallift (allazim uths).


(a) 

The loss of translational lift results in


increased pow er dem and and additional anti-torque


requirem ents.


(h) This characteristic is m ost significant


w hen operating at or near m axim um  pow er and is


associated w ith LTE for tw o reasons. First, if the


pilot's attention is diverted as a result of an increas-

ing right yaw  rate, the pilot m ay not recognize that


relative headw ind is being lost and hence,


translational lift is reduced. Second, if the pilot does


not m aintain airspeed w hile m aking a right dow n-

w ind turn, the aircraft can experience an accelerated


right yaw  rate as the pow er dem and increases and


the aircraft develops a sink rate. Insufficient pilot


attention to w ind direction and velocity can lead to


an unexpected loss of translational lift. W hen operat-

ing at or near m axim um  pow er, this increased pow er


dem and couldresult in a decrease in rotor rpm .


(c) The pilot m ust continually consider air-

craft heading, ground track, and apparent ground


speed, all of w hich contribute to w ind drift and air-

speed sensations. A llow ing the helicopter to drift


over the ground w ith the wind results in a loss of


relative w ind speed and a corresponding decrease


in the translational lift. A ny reduction in the


translational lift w ill result in an increase in pow er


dem and and anti-torque requirem ents.


8. OTHER FACTO RS. The follow ingfactors can


significantly influence the severity of the onset of


LTE.


a G ross W eight and D ensify Akiiude. A n


increase in either of these factors w ill decrease the


pow er m argin betw een the m axim um  pow er avail-

able and the pow er required to hover. The pilot


should conduct low -level, low -airspeed m aneuvers


w ith m inim um  w eight.


b. Low Indicated Airspeed. A t airspeeds below 


translational lift, the tail rotor is required to produce


nearly 100 percent of the directional control. If the


required am ount of tail rotor thrust is not available


for any reason, the aircraft w ill yaw to the right.


Power D roop. A  rapid pow er application m ay

cause a transientpow er droop to occur. A ny decrease


in m ain rotor rpm  w ill cause a corresponding


decrease in tail rotor thrust. The pilot m ust anticipate


this and apply additional left pedal to counter the


m ain rotor torque. A ll pow er dem ands should be


m ade as sm oothly as possible to m inim ize the effect


of the pow er droop.


9. REDUCING  TH E O NSET O F LTE. In order


to reduce the onsetof LTE, the pilot should

a  Ensure that the tail rotor is rigged in accord-

ance w ith the m aintenancem anual.


b. M aintain m axim um  power-on rotor rpm . If


the m ain rotor rpm  is allow ed to decrease, the anti-

torque thrust available is decreased proportionally.


c. 
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c. W hen m aneuvering behveen hover and


30 knots:


(1) A void tailw inds.If loss of translationallift


occurs, it w ill result in an increased high power


dem and and an additional anti-torque requirem ent.


(2) A void out of ground effect (O G E) hover


and high pow er dem and situations, such as low -

speeddow nw indtum s.


(3) Be especially aw are of w ind direction and


velocity w hen hovering in w inds of about 8-12 knots


(especially O G E). There are no strong indicators to


the pilot of a reduction of translational lift. A  loss


of translational lift results in an unexpected high


pow er dem and and an increased anti-torque require-

m ent.


(4) Be aw are that if a considerable am ount of


left pedal is being m aintained, a sufficient am ount


of left pedal m ay not be available to counteract an


unanticipated right yaw .


(5) B e alert to changing aircraft flight and


w ind conditionsw hich m ay be experiencedw hen fly-

ing along ridge linesand around buildings.


Stay vigilant to pow er and w ind condi-

tions.


(6) 

10. R EC O M M EN D ED  R EC O V ER Y  TEC H -

N IQ U ES.


If a sudden unanticipated right yaw occurs,


the pilot should perform  the follow ing:


(1) A pply full left pedal. Sim ultaneously,


m ove cyclic forw ard to increase speed. If altitude


perm its, reducepow er.


A s recovery is effected, adjust controlsfor


norm al forw ard flight.


a  

(2) 

b. CoN ectivepiteh reduction w ill aid in arresting


the yaw rate but m ay cause an increase in the rate


of descent. A ny large, rapid increase in collective


to prevent ground or obstacle contact m ay further


increasethe yaw  rate and decrease rotor rpm .


The am ount of collective redudon should be


based on the height above obstructions or surface,


gross w eight of the aircraft, and the existing


atm osphericconditions.


d. If the rotorion cannot be stopped and ground


contact is im m inent, an autorotation may be the best


course of action. The pilot should m aintain full left


pedal until rotation stops, then adjust to m aintain


heading.


11. SUM M ARY.


a The various wind directions can cause

significantly differing rates of turn for a given pedal


position. The m ost im portant principle for the pilot


to rem em ber is that the tail rotor is not stalled. The


corrective action is to apply pedal opposite to the


directionof the tum .


b. Avoiding LTE m ay best be accom plished by


pilots being know ledgable and avoiding conditions


w hich are conduciveto LTE. A ppropriateand tim ely


response is essentialand critical.


c. By m aintaining an acute awareness of w ind


and its effect upon the aircraft, the pilot can signifi-

cantly reduce L Eexposure. 

c. 

V 


W illiam J.W hite 

D eputy D irector, night Standards Service
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