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AR B 2 E AR o

LIL 48 8 2 T

FTis A gPEAh BEURBRL R E2Z PIEE Biok 2 (multi
sensor tracking system, MSTS ) F#L > & 3 : }_ﬂ:f & % i+ % % (global
positioning system, GPS) PFRE ~ & & ~ &R ~Mode-C § B ~ MR E -

i ¥53% MSTS Tk f 1406:44 P B 453 1530:15 )k o p T = F &
P B a@gAe et BE 2 140845 B ERFAP N KF N
1416:23 P2 b~ i §) A4 > FoRIE D Pl (7 ¥ EFERE
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B BT 151828 PR A F P I 5 8 70 M 152224 R 1 ki
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(
3

Feg 4P 3 Garmin 296 %] GPS £4ctd
B ¥ GPS ’ Jﬂ- F]’; &P#F

L
P 22, Hop TR RN 15 2% o F

¢ 7T {8
ERPFE g T EFE

&7 pEH % GPS kg2 ?‘1‘»’ TR SRR
B i 607 EwE P&

4 GPS BLi+PERF 5 1714:09 pF » H ¢
Flo Efs-

SR FRE
6 B > i 0954:56 E%Pwr- B {
X &

\

HREHPEF AP R FETERE

b B B 4t 1420051 pEE 1531016 PF > seskk i T

r

£

2 Garmin GPSMAP 296 Pilot’s Guide Rev.D Sep. 2005.
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= - ]
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B~ =B VOR ® 5473 0 kX S 4k @ 242 % (magnetic chip
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Bl 1.12-5 EH73 k2 ¥ X 357

ERECCABATERRA L 2/ AALFERRA LS BER
@‘ik%ﬁ%ﬁfﬂpW%@KﬁW(%@IU6)

@11}6;_,P,%$ﬁ$M‘

B A5 AR

BRAGRAZFITHEY  FRAGP T AP EREAY > Ri T2
z Eﬁ T Ao o 4oB 1.12-7 2 B 1.12-8 - B RE4s =% & Bk (4B 1.12-
9)~ * witKE R T 2w (4B 1.12-10) ~ yaw damper 2 yaw control
B MY (4oB 112-11)~ @ P 3 RS 8 (4o 1.12-12) -
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A EEIEERIR Y FHA L PP H£<Kﬁ
ﬁ\ﬁwﬁﬁawgéwﬁﬁm RIS AR RRIF
TRzl A8 1wy %ﬁ‘éﬁﬁ‘k
RIEE 2 CCTV % 2% 4r® 1.12-13 -

ARRRIE A ks GPS b X 2rib e m A iR Sl 1 2

SRR D SRR dAe @) 112-14 57 o FRIRIRBRIE B % 0 2T 09
RS TS L ERAEFBRABE AL IR IR RS
09 §aif 57 %) 4,960 = > Hrgasf ¢ o AL R 35 R o iR fimép 09 #4
i EFREAE 4,980 R LE i ¢ AT ] 46 % ,a 54> 5 253 Ro

I\ &
Impact Marks

10m

B 1.12-13 IR E %% 2 CCTV =%
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AP B SRAL
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AP B SRAE
115 2 R 74
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1.16 RlRam 3
AP BERAL -
117 e g
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1.17.4 Fir+ p
1.17.4.1 Ek*% ¥ % <42 &

Ry RERT 1989 & 10 * 25 p diskz. AS365N2 &+ p (flight
manual )» % 3 & ’T EARR 2N R A 3HES ?f % #% % ( emergency procedures )
31298 > % 54 sx(system failures )35 1S3 AR FiL 2 & {i & 4 ( caution
advisory panel & alarm provision) 3+ 638 ; 2 ¢? k¥ 4 » Bf LR > H
A

9.1 Faijlure in Hover or at Low Airspeed

Quickly reduce collective pitch and LAND IMMEDIATELY.

9.2 Failure during Climb at Altitude

- Reduce collective pitch ; maintain aircraft heading by roll control.

- Increase airspeed and select power setting to maintain adequate
flight control.

- Look for a landing site that will permit a running landing.
- Extend the landing gear.
- Check that the parking brake is released.

- Approach the landing site with aircraft slipping to left with an
airspeed above 60 knots (111 km/h).

- Slowly reduce airspeed at ground level while using collective pitch
to maintain the helicopter airborne.

- Land when the nose swings into alignment {(touchdown speed should be
between 45 and 55 knots).

- After touchdown slowly reduce collective pitch and steer the
aircraft with the wheel brakes.

CAUTION : LANDING IS EASIER WHEN AIRCRAFT WEIGHT IS LOWER AND WIND
COMES FROM THE RIGHT. AT AIRSPEEDS BELOW 50 KNOTS
(92 km/nh), GO-AROUND IS NO LONGER POSSIBLE DUE TO TAIL
FIN EFFICIENCY LOSS.

9.3 Failure in Level Flight

Yawing motion will be minimal in level flight due to the Tow thrust
component of the shrouded tail rotor.
For landing, proceed as described in paragraph 9.2.
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handbook )> % 11 & 5 & 2 ?T‘ % #2 /& (helicopter emergencies and hazards );
MEEFF R4 k54 sx (antitorque system Failure ) ~ & %2 ¥ 4 ¢ (loss
of tail rotor effectiveness ) ~ i * ¥ # /i * ## (main rotor disk interference )
k. %% i (weathercock stability )~ & %2 & i *&* /= ( tail rotor vortex ring state )
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e 1 GPS T 7] 4

Time

Spd (kt)

Alt (ft)

Longitude

Latitude

Avg Spd

Heading

15:20:05

94.546436

716.3943799

120.33298

22.621549

168.1 km/h

199.8°

15:20:16

95.194384

691.1614394

120.331217

22.617002

168.1 km/h

206.7°

15:20:26

96.328294

680.1214128

120.329079

22.61305

168.2 km/h

213.0°

15:20:39

95.572354

672.2375543

120.325669

22.608168

168.2 km/h

212.7°

15:20:52

97.948164

661.2008086

120.322311

22.60331

168.2 km/h

215.8°

15:21:01

97.084233

653.3136692

120.319729

22.599989

168.3 km/h

214.2°

15:21:10

96.652268

618.622067

120.317272

22.596633

168.3 km/h

207.1°

15:21:16

96.490281

606.0072372

120.315952

22.594234

168.3 km/h

190.6°

15:21:22

98.056156

588.6581553

120.315417

22.591591

168.3 km/h

175.6°

15:21:27

95.842333

569.7342702

120.315604

22.58932

168.3 km/h

163.9°

15:21:34

95.194384

553.9665532

120.316535

22.586326

168.3 km/h

153.1°

15:21:36

96.328294

547.6574978

120.316966

22.585537

168.4 km/h

145.3°

15:21:44

93.682505

525.5807255

120.319159

22.582592

168.4 km/h

135.3°

15:21:50

88.660907

519.2716702

120.321136

22.580735

168.4 km/h

122.3°

15:21:58

87.041037

512.9658957

120.324136

22.578974

168.4 km/h

110.7°

15:22:03

84.611231

505.0787563

120.326172

22.578258

168.3 km/h

107.1°

15:22:09

75.917927

492.4639265

120.328599

22.577564

168.2 km/h

95.6°

15:22:23

78.941685

4719619574

120.333892

22.577081

168.2 km/h

91.7°

15:22:30

77.645788

449.885185

120.336656

22.577006

168.1 km/h

90.4°

15:22:37

82.073434

427.8084126

120.339374

22.576987

168.1 km/h

92.7°

15:22:43

85.583153

413.6154988

120.341834

22.576881

168.1 km/h

92.0°

15:22:50

80.291577

374.1929254

120.344829

22.576783

168.0 km/h

94.2°

15:23:00

67.4946

361.5748147

120.348836

22.576512

167.8 km/h

92.1°

15:23:23

33.963283

352.1128722

120.356596

22.576248

167.6 km/h

91.3°

15:23:31

11.50108

348.9599849

120.357954

22.576219

166.7 km/h

71.6°

15:23:54

4.9676026

312.6902987

120.359212

22.576608

166.0 km/h

74.5°

15:24:10

0.3779698

304.8064402

120.359596

22.576707

165.2 km/h

317.1°

15:24:28

17.008639

265.3805859

120.359574

22.576729

165.0 km/h

89.8°

15:24:35

40.712743

244.8818976

120.360169

22.576731

164.8 km/h

91.1°

15:24:41

68.898488

241.7257295

120.361391

22.57671

164.7 km/h

92.2°

15:25:00

73.812095

241.7257295

120.367935

22.576481

164.6 km/h

100.8°

15:25:05

87.095032

241.7257295

120.369748

22.576159

164.6 km/h

121.6°

15:25:09

86.447084

246.4567008

120.371233

22.575312

164.6 km/h

131.3°

15:25:10

08.164147

254.3405593

120.371558

22.575047

164.6 km/h

141.2°
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15:25:14

97.300216

276.4206125

120.37279

22.573626

164.6 km/h

148.1°

15:25:16

127.59179

281.1515838

120.373305

22.572859

164.8 km/h

154.6°

15:25:23

104.58963

637.5459522

120.375223

22.569112

164.8 km/h

168.1°

15:25:29

104.64363

706.9324373

120.37587

22.56626

164.9 km/h

174.9°

15:25:38

101.72786

793.6647236

120.376288

22.561901

164.9 km/h

183.2°

15:25:44

99.136069

815.7414959

120.376118

22.55907

164.9 km/h

196.0°

15:25:49

97.570194

806.2795534

120.375434

22.556856

165.0 km/h

208.1°

15:25:54

93.142549

814.1666927

120.374286

22.554856

165.0 km/h

224.0°

15:25:59

88.552916

820.4724672

120.372668

22.5533

165.0 km/h

239.1°

15:26:04

86.015119

839.3963523

120.370767

22.552244

165.0 km/h

253.8°

15:26:09

87.580994

840.9744364

120.368701

22.551687

165.0 km/h

268.0°

15:26:21

91.792657

788.9337523

120.363447

22.55152

165.0 km/h

275.2°

15:26:30

90.658747

760.5479246

120.359333

22.551867

165.0 km/h

279.9°

15:26:45

88.606911

751.085982

120.352634

22.55295

165.0 km/h

279.0°

15:26:55

89.146868

736.8930682

120.348258

22.553597

165.0 km/h

276.7°

15:27:15

88.174946

708.5072405

120.339402

22.554563

165.0 km/h

278.1°

15:27:33

86.717063

695.8924107

120.331544

22.555598

165.0 km/h

277.6°

15:27:45

85.529158

692.7395235

120.326383

22.556234

164.9 km/h

287.8°

15:27:54

82.829374

680.1214128

120.322717

22.557328

164.9 km/h

298.3°

15:28:02

81.209503

673.8156384

120.319799

22.558789

164.9 km/h

304.8°

15:28:10

79.427646

673.8156384

120.31713

22.56051

164.9 km/h

321.0°

15:28:16

76.61987

662.7756118

120.315629

22.562229

164.8 km/h

347.2°

15:28:21

78.563715

650.160782

120.315204

22.563964

164.8 km/h

10.0°

15:28:25

84.395248

640.6988394

120.315478

22.565402

164.8 km/h

25.8°

15:28:26

86.609071

637.5459522

120.315662

22.565755

164.8 km/h

33.8°

15:28:32

88.984881

615.465899

120.317109

22.567761

164.8 km/h

36.5°

15:28:39

91.144708

580.7742968

120.318963

22.570087

164.8 km/h

41.8°

15:28:46

90.064795

565.0032989

120.321092

22.572295

164.8 km/h

49.6°

15:28:51

90.064795

538.1955553

120.322807

22.573652

164.8 km/h

51.6°

15:28:57

86.447084

460.9252116

120.324925

22.575212

164.8 km/h

59.8°

15:29:04

80.885529

415.1935828

120.32754

22.576627

164.8 km/h

68.1°

15:29:11

70.140389

367.88387

120.330168

22.577608

164.7 km/h

81.0°

15:29:17

61.717063

317.42127

120.332248

22.577913

164.7 km/h

93.4°

15:29:24

64.902808

257.4967274

120.334406

22577793

164.5 km/h

94.5°

15:29:37

59.233261

128.1856996

120.338612

22.577485

164.4 km/h

92.5°

15:29:45

46.436285

117.145673

120.340981

22.577388

164.2 km/h

92.4°

15:29:54

38.660907

95.06890068

120.343069

22.577307

164.0 km/h

91.7°
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15:30:04

30.12959

77.7230996

120.345001

22.577255

163.7 km/h

92.1°

15:30:16

28.509719

69.83596024

120.346809

22.577194

163.4 km/h

91.6°

15:30:29

21.922246

69.83596024

120.348664

22.577147

163.1 km/h

94.6°

15:30:39

20.734341

61.95210172

120.349757

22.577066

163.0 km/h

100.2°

15:30:40

16.954644

63.53018576

120.349859

22.577049

162.7 km/h

88.2°

15:30:50

15.658747

52.49015916

120.350707

22.577074

162.5 km/h

98.3°

15:30:56

0.7559395

50.91207512

120.351172

22.577011

161.8 km/h

220.7°

15:31:16

0

47.75918788

120.351121

22.576956

76.4 km/h

172.3°
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System Malfunctions

By following the manufacturer’s recommendations regarding operating limits and procedures and
periodic maintenance and inspections, many system and equipment failures can be eliminated. Certain
malfunctions or failures can be traced to some error on the part of the pilot; therefore, appropriate flying

techniques and use of threat and error management may help to prevent an emergency
Antitorque System Failure

Antitorque failure usually falls into one of two categories. One is failure of the power drive portion
of the tail rotor disk resulting in a complete loss of antitorque. The other category covers mechanical
control failures prohibiting the pilot from changing or controlling tail rotor thrust even though the tail

rotor may still be providing antitorque thrust.

Tail rotor drive system failures include driveshaft failures, tail rotor gearbox failures, or a complete
loss of the tail rotor itself. In any of these cases, the loss of antitorque normally results in an immediate
spinning of the helicopter’s nose. The helicopter spins to the right in a counterclockwise rotor disk and
to the left in a clockwise system. This discussion is for a helicopter with a counterclockwise rotor disk.
The severity of the spin is proportionate to the amount of power being used and the airspeed. An
antitorque failure with a high-power setting at a low airspeed results in a severe spinning to the right.
At low power settings and high airspeeds, the spin is less severe. High airspeeds tend to streamline the

helicopter and keep it from spinning.

If a tail rotor failure occurs, power must be reduced in order to reduce main rotor torque. The
techniques differ depending on whether the helicopter is in flight or in a hover, but ultimately require an
autorotation. If a complete tail rotor failure occurs while hovering, enter a hovering autorotation by
rolling off the throttle. If the failure occurs in forward flight, enter a normal autorotation by lowering
the collective and rolling off the throttle. If the helicopter has enough forward airspeed (close to
cruising speed ) when the failure occurs, and depending on the helicopter design, the vertical stabilizer
may provide enough directional control to allow the pilot to maneuver the helicopter to a more desirable
landing sight. Applying slight cyclic control opposite the direction of yaw compensates for some of the
yvaw. This helps in directional control, but also increases drag. Care must be taken not to lose too much
forward airspeed because the streamlining effect diminishes as airspeed is reduced. Also, more altitude

is required to accelerate to the correct airspeed if an autorotation is entered at a low airspeed.

The throttle or power lever on some helicopters is not located on the collective and readily
available. Faced with the loss of antitorque, the pilot of these models may need to achieve forward flight
and let the vertical fin stop the yawing rotation. With speed and altitude, the pilot will have the time to
set up for an autorotative approach and set the power control to idle or off as the situation dictates. At

low altitudes, the pilot may not be able to reduce the power setting and enter the autorotation before
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impact.

A mechanical control failure limits or prevents control of tail rotor thrust and is usually caused by
a stuck or broken control rod or cable. While the tail rotor is still producing antitorque thrust, it cannot
be controlled by the pilot. The amount of antitorque depends on the position at which the controls jam
or fail. Once again, the techniques differ depending on the amount of tail rotor thrust, but an autorotation

is generally not required.

The specific manufacturer’s procedures should always be followed. The following is a generalized

description of procedures when more specific procedures are not provided.

Landing—Stuck Left Pedal

A stuck left pedal (high power setting ) , which might be experienced during takeoff or climb
conditions, results in the left yaw of the helicopter nose when power is reduced. Rolling off the throttle
and entering an autorotation only makes matters worse. The landing profile for a stuck left pedal is best
described as a normal-to-steep approach angle to arrive approximately 2—3 feet landing gear height
above the intended landing area as translational lift is lost. The steeper angle allows for a lower power

setting during the approach and ensures that the nose remains to the right.

Upon reaching the intended touchdown area and at the appropriate landing gear height, increase
the collective smoothly to align the nose with the landing direction and cushion the landing. A small
amount of forward cyclic is helpful to stop the nose from continuing to the right and directs the aircraft
forward and down to the surface. In certain wind conditions, the nose of the helicopter may remain to
the left with zero to near zero groundspeed above the intended touchdown point. If the helicopter is not
turning, simply lower the helicopter to the surface. If the nose of the helicopter is turning to the right and
continues beyond the landing heading, roll the throttle toward flight idle, which is the amount necessary
to stop the turn while landing. Flight idle is an engine rpm in flight at a given altitude with the throttle
set to the minimum, or idle, position. The flight idling rpm typically increase with an increase in altitude.
If the helicopter is beginning to turn left, the pilot should be able to make the landing prior to the turn
rate becoming excessive. However, if the turn rate begins to increase prior to the landing, simply add

power to make a go-around and return for another landing.
Landing—Stuck Neutral or Right Pedal

The landing profile for a stuck neutral or a stuck right pedal is a low-power approach terminating
with a running or roll-on landing. The approach profile can best be described as a shallow to normal
approach angle to arrive approximately 2—3 feet landing gear height above the intended landing area
with a minimum airspeed for directional control. The minimum airspeed is one that keeps the nose from

continuing to yaw to the right.

Upon reaching the intended touchdown area and at the appropriate landing gear height, reduce the
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throttle as necessary to overcome the yaw effect if the nose of the helicopter remains to the right of the
landing heading. The amount of throttle reduction will vary based on power applied and winds. The
higher the power setting used to cushion the landing, the more the throttle reduction will be. A
coordinated throttle reduction and increased collective will result in a very smooth touchdown with some
forward groundspeed. If the nose of the helicopter is to the left of the landing heading, a slight increase
in collective or aft cyclic may be used to align the nose for touchdown. The decision to land or go around
has to be made prior to any throttle reduction. Using airspeeds slightly above translational lift may be
helpful to ensure that the nose does not continue yawing to the right. If a go-around is required,
increasing the collective too much or too rapidly with airspeeds below translational lift may cause a

rapid spinning to the right.

Once the helicopter has landed and is sliding/rolling to a stop, the heading can be controlled with
a combination of collective, cyclic and throttle. To turn the nose to the right, raise the collective or apply
aft cyclic. The throttle may be increased as well if it is not in the full open position. To turn the nose to
the left, lower the collective or apply forward cyclic. The throttle may be decreased as well if it is not
already at flight idle.

Loss of Tail Rotor Effectiveness (LTE )

Loss of tail rotor effectiveness (LTE ) or an unanticipated yaw is defined as an uncommanded,
rapid yaw towards the advancing blade which does not subside of its own accord. It can result in the loss
of the aircraft if left unchecked. It is very important for pilots to understand that LTE is caused by an
aerodynamic interaction between the main rotor and tail rotor and not caused from a mechanical failure.
Some helicopter types are more likely to encounter LTE due to the normal certification thrust produced
by having a tail rotor that, although meeting certification standards, is not always able to produce the

additional thrust demanded by the pilot.

A helicopter is a collection of compromises. Compare the size of an airplane propeller to that of a
tail rotor. Then, consider the horsepower required to run the propeller. For example, a Cessna 172P is
equipped with a 160-horsepower (HP ) engine. A Robinson R-44 with a comparably sized tail rotor
is rated for a maximum of 245 HP. If you assume the tail rotor consumes 50 HP, only 195 HP remains
to drive the main rotor. If the pilot were to apply enough collective to require 215 HP from the engine,
and enough left pedal to require 50 HP for the tail rotor, the resulting engine overload would lead to
one of two outcomes: slow down (reductioninrpm ) or premature failure. In either outcome, antitorque

would be insufficient and total lift might be less than needed to remain airborne.

Every helicopter design requires some type of antitorque system to counteract main rotor torque
and prevent spinning once the helicopter lifts off the ground. A helicopter is heavy, and the powerplant
places a high demand on fuel. Weight penalizes performance, but all helicopters must have an antitorque

system, which adds weight. Therefore, the tail rotor is certified for normal flight conditions.
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Environmental forces can overwhelm any aircraft, rendering the inherently unstable helicopter

especially vulnerable.

As with any aerodynamic condition, it is very important for pilots to not only to understand the
definition of LTE, but more importantly, how and why it happens, how to avoid it, and lastly, how to
correct it once it is encountered. We must first understand the capabilities of the aircraft or even better
what it is not capable of doing. For example, if you were flying a helicopter with a maximum gross weight
of 5,200 Ib, would you knowingly try to take on fuel, baggage and passengers causing the weight to be
5,500 Ib? A wise professional pilot should not ever exceed the certificated maximum gross weight or
performance flight weight for any aircraft. The manuals are written for safety and reliability. The
limitations and emergency procedures are stressed because lapses in procedures or exceeding
limitations can result in aircraft damage or human fatalities. At the very least, exceeding limitations will

increase the costs of maintenance and ownership of any aircraft and especially helicopters.

Overloaded parts may fail before their designed lifetime. There are no extra parts in helicopters.
The respect and discipline pilots exercise in following flight manuals should also be applied to
understanding aerodynamic conditions. If flight envelopes are exceeded, the end results can be

catastrophic.

LTE is an aerodynamic condition and is the result of a control margin deficiency in the tail rotor.
1t can affect all single-rotor helicopters that utilize a tail rotor. The design of main and tail rotor blades
and the tail boom assembly can affect the characteristics and susceptibility of LTE but will not nullify
the phenomenon entirely. Translational lift is obtained by any amount of clean air through the main rotor
disk. Chapter 2, Aerodynamics of Flight, discusses translational lift with respect to the main rotor blade,
explaining that the more clean air there is going through the rotor disk, the more efficient it becomes.
The same holds true for the tail rotor. As the tail rotor works in less turbulent air, it reaches a point of
translational thrust. At this point, the tail rotor becomes aerodynamically efficient and the improved
efficiency produces more antitorque thrust. The pilot can determine when the tail rotor has reached
translational thrust. As more antitorque thrust is produced, the nose of the helicopter yaws to the left

(opposite direction of the tail rotor thrust ) , forcing the pilot to correct with right pedal application
(actually decreasing the left pedal ) . This, in turn, decreases the AOA in the tail rotor blades. Pilots
should be aware of the characteristics of the helicopter they fly and be particularly aware of the amount

of tail rotor pedal typically required for different flight conditions.

LTE is a condition that occurs when the flow of air through a tail rotor is altered in some way, by
altering the angle or speed at which the air passes through the rotating blades of the tail rotor disk. As
discussed in the previous paragraph, an effective tail rotor relies on a stable and relatively undisturbed
airflow in order to provide a steady and constant antitorque reaction. The pitch and AOA of the
individual blades will determine the thrust. A change to either of these alters the amount of thrust

generated. A pilot’s yaw pedal input causes a thrust reaction from the tail rotor. Altering the amount of
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thrust delivered for the same yaw input creates an imbalance. Taking this imbalance to the extreme will

result in the loss of effective control in the yawing plane, and LTE will occur.

This alteration of tail rotor thrust can be affected by numerous external factors. The main factors

contributing to LTE are:

1. Airflow and downdraft generated by the main rotor blades interfering with the airflow entering

the tail rotor assembly.
2. Main blade vortices developed at the main blade tips entering the tail rotor disk.
3. Turbulence and other natural phenomena affecting the airflow surrounding the tail rotor.

4. A high-power setting, hence large main rotor pitch angle, induces considerable main rotor blade

downwash and hence more turbulence than when the helicopter is in a low power condition.

5. A slow forward airspeed, typically at speeds where translational lift and translational thrust are

in the process of change and airflow around the tail rotor will vary in direction and speed.
6. The airflow relative to the helicopter;

a. Worst case—relative wind within £15° of the 10 o’clock position, generating vortices that can
blow directly into the tail rotor. This is dictated by the characteristics of the helicopters aerodynamics
of tailboom position, tail rotor size and position relative to the main rotor and vertical stabilizer, size
and shape. [Figure 11-9]

b. Weathercock stability—tailwinds from 120° to 240° [Figure 11-10], such as left crosswinds,
causing high pilot workload.

c. Tail rotor vortex ring state  (210°to 330° ) . [Figure 11-11] Winds within this region will result

in the development of the vortex ring state of the tail rotor.

7. Combinations (a, b, ¢ ) of these factors in a particular situation can easily require more

antitorque than the helicopter can generate and in a particular environment LTE can be the result.

Certain flight activities lend themselves to being at higher risk of LTE than others. For example,
power line and pipeline patrol sectors, low speed aerial filming/photography as well as in the Police and
Helicopter Emergency Medical Services (EMS ) environments can find themselves in low-and-slow
situations over geographical areas where the exact wind speed and direction are hard to determine.
Unfortunately, the aerodynamic conditions that a helicopter is susceptible to are not explainable in black
and white terms. LTE is no exception. There are a number of contributing factors, but what is more
important in preventing LTE is to note them, and then to associate them with situations that should be

avoided. Whenever possible, pilots should learn to avoid the following combinations:
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1. Low and slow flight outside of ground effect.

2. Winds from £15° of the 10 o’clock position and probably on around to 5 o’clock position [Figure
11-9]

3. Tailwinds that may alter the onset of translational lift and translational thrust, and hence induce

high power demands and demand more anti-torque  (left pedal ) than the tail rotor can produce.
4. Low speed downwind turns.
5. Large changes of power at low airspeeds.

6. Low speed flight in the proximity of physical obstructions that may alter a smooth airflow to both

the main rotor and tail rotor.

Pilots who put themselves in situations where the combinations above occur should know that they
are likely to encounter LTE. The key is not to put the helicopter in a compromising condition, while at
the same time being educated enough to recognize the onset of LTE and being prepared to react quickly

to it before the helicopter cannot be controlled.

Early detection of LTE, followed by the immediate flight control application of corrective action,
applying forward cyclic to regain airspeed, applying right pedal not left as necessary to maintain rotor
rpm, and reducing the collective  (thus reducing the high-power demand on the tail rotor ) , is the key
to a safe recovery. Pilots should always set themselves up when conducting any maneuver to have enough

height and space available to recover in the event they encounter an aerodynamic situation such as LTE.

Understanding the aerodynamic phenomenon of LTE is by far the most important factor in
preventing an LTE-related accident, and maintaining the ability and option either to go around if making
an approach or pull out of a maneuver safely and re-plan, is always the safest option. Having the ability
to fly away from a situation and re-think the possible options should always be part of a pilot's planning
process in all phases of flight. Unfortunately, there have been many pilots who have idled a good engine
and fully functioning tail rotor disk and autorotated a perfectly airworthy helicopter to the crash site
because they misunderstood or misperceived both the limitations of the helicopter and the aerodynamic

situation.
Main Rotor Disk Interference (285-315°)

Refer to Figure 11-9. Winds at velocities of 10-30 knots from the left front cause the main rotor
vortex to be blown into the tail rotor by the relative wind. This main rotor disk vortex causes the tail
rotor to operate in an extremely turbulent environment. During a right turn, the tail rotor experiences a
reduction of thrust as it comes into the area of the main rotor disk vortex. The reduction in tail rotor

thrust comes from the airflow changes experienced at the tail rotor as the main rotor disk vortex moves
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across the tail rotor disk.

The effect of the main rotor disk vortex initially increases the AOA of the tail rotor blades, thus
increasing tail rotor thrust. The increase in the AOA requires that right pedal pressure be added to
reduce tail rotor thrust in order to maintain the same rate of turn. As the main rotor vortex passes the
tail rotor, the tail rotor AOA is reduced. The reduction in the AOA causes a reduction in thrust and right
yaw acceleration begins. This acceleration can be surprising, since previously adding right pedal to
maintain the right turn rate. This thrust reduction occurs suddenly, and if uncorrected, develops into an
uncontrollable rapid rotation about the mast. When operating within this region, be aware that the
reduction in tail rotor thrust can happen quite suddenly, and be prepared to react quickly to counter this

reduction with additional left pedal input.
Weathercock Stability (120-240°)

In this region, the helicopter attempts to weathervane, or weathercock, its nose into the relative
wind. [Figure 11-10] Unless a resisting pedal input is made, the helicopter starts a slow, uncommanded
turn either to the right or left, depending upon the wind direction. If the pilot allows a right yaw rate to
develop and the tail of the helicopter moves into this region, the yaw rate can accelerate rapidly. In order
to avoid the onset of LTE in this downwind condition, it is imperative to maintain positive control of the

yaw rate and devote full attention to flying the helicopter.
Tail Rotor Vortex Ring State  (210-330°)

Winds within this region cause a tail rotor vortex ring state to develop. [Figure 11-11] The result
is a nonuniform, unsteady flow into the tail rotor. The vortex ring state causes tail rotor thrust variations,
which result in yaw deviations. The net effect of the unsteady flow is an oscillation of tail rotor thrust.
Rapid and continuous pedal movements are necessary to compensate for the rapid changes in tail rotor
thrust when hovering in a left crosswind. Maintaining a precise heading in this region is difficult, but
this characteristic presents no significant problem unless corrective action is delayed. However, high

pedal workload, lack of concentration, and overcontrolling can lead to LTE.

When the tail rotor thrust being generated is less than the thrust required, the helicopter yaws to
the right. When hovering in left crosswinds, concentrate on smooth pedal coordination and do not allow
an uncommanded right yaw to develop. If a right yaw rate is allowed to build, the helicopter can rotate
into the wind azimuth region where weathercock stability then accelerates the right turn rate. Pilot

workload during a tail rotor vortex ring state is high. Do not allow a right yaw rate to increase.
LTE at Altitude

At higher altitudes where the air is thinner, tail rotor thrust and efficiency are reduced. Because of
the high-density altitude, powerplants may be much slower to respond to power changes. When operating

at high altitudes and high gross weights, especially while hovering, the tail rotor thrust may not be
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sufficient to maintain directional control, and LTE can occur. In this case, the hovering ceiling is limited
by tail rotor thrust and not necessarily power available. In these conditions, gross weights need to be
reduced and/or operations need to be limited to lower density altitudes. This may not be noted as criteria

on the performance charts.

Reducing the Onset of LTE
To help reduce the onset of LTE, follow these steps:

1. Maintain maximum power-on rotor rpm. If the main rotor rpm is allowed to decrease, the

antitorque thrust available is decreased proportionally.

2. Avoid tailwinds below airspeeds of 30 knots. If loss of translational lift occurs, it results in an

increased power demand and additional antitorque pressures.

3. Avoid OGE operations and high-power demand situations below airspeeds of 30 knots at low
altitudes.

4. Be especially aware of wind direction and velocity when hovering in winds of about 8—12 knots.
A loss of translational lift results in an unexpected high power demand and an increased antitorque

requirement.

5. Be aware that if a considerable amount of left pedal is being maintained, a sufficient amount of

left pedal may not be available to counteract an unanticipated right yaw.

6. Be alert to changing wind conditions, which may be experienced when flying along ridge lines

and around buildings.

7. Execute right turns slowly. This limits the effects of rotating inertia, and decreases loading on

the tailrotor to control yawing.
Recovery Technique (Uncontrolled Right Yaw )

If a sudden unanticipated right yaw occurs, the following recovery technique should be performed.
Apply full left pedal. Simultaneously, apply forward cyclic control to increase speed. If altitude permits,
reduce power. As recovery is affected, adjust controls for normal forward flight. A recovery path must
always be planned, especially when terminating to an OGE hover and executed immediately if an

uncommanded yaw is evident.

Collective pitch reduction aids in arresting the yaw rate but may cause an excessive rate of descent.
Any large, rapid increase in collective to prevent ground or obstacle contact may further increase the
yaw rate and decrease rotor rpm. The decision to reduce collective must be based on the pilot’s

assessment of the altitude available for recovery.
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If the rotation cannot be stopped and ground contact is imminent, an autorotation may be the best
course of action. Maintain full left pedal until the rotation stops, then adjust to maintain heading. For

more information on LTE, see Advisory Circular (AC) 90-95, Unanticipated Right Yaw in Helicopters.

Figure 11-9. Main rotor disk vortex interference.

Figure 11-10. Weathercock stabiliry.
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