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DCS [AH-64D]

INTRODUCTION

Thank you for your purchase of DCS: AH64D!

DCS: AH64D brings one of the most legendary attack helicopters in modern history to Digital Combat Simulator.

This module features the most realistic PC simulation of the AH-64D, which includes accurately simulated flight
dynamics, avionics, sensors, andweapon systems. Although the AH-64D has existed in many configurations in
its history, this module simulates the AH-64D as it existed in United States Army service between the years 2005
and 2010.

The AH-64D was the first U.S. attack helicopter designed to fight and survive on the 21 cent ur y
battlefield, with a significant increase in lethality over the original AH -64A. Known for its night-fighting capability,
long endurance times, and its highly accurate Hellfire missiles and helmet-steerable 30mm gun, the AH-64D has
seen significant use during combat operations in Irag, Afghanistan, Libya, Mali, and Syria. When pinned down
and in atight spot,the AH-6 4 i s t he ground dsdrremde commander és b

Own the night!

Key features:

1 Two detailed, fully-clickable, 6DOF cockpits along with a highly detailed external model.

1  Detailed pilot models with new animations that can be seen from both interior and exterior views.

T AGeorgeo Al cr ewme mb e-overs, toassig With toekpittasks.h v oi c e

1  Revised, upturned engine exhaust assemblies initially fielded in 2007.

1 Integrated Helmet And Designation Sighting System (IHADSS), Modernized TADS (MTADS/PNVS), and

mast-mounted APG 78 Fire Control Radar (FCR).

Laser and radar-guided AGM114 missiles, unguided rockets, and 30mm gun turret.

Datalink modem, enabling multiple aircraft to share targeting data amongst the flight.

Radar, laser, and missile warning defensive systems.

Fly missions in the Black Sea region or one of the many DLC maps like the Persian Gulf, Syria, and more.
Multiplayer cooperative and head-to-head gameplay, to include cooperative multi-crew in the same aircraft.
Feature-rich Mission and Campaign editors facilitate usercreated content.

Huge array of land, air, and sea units to fight alongside and against.

E R ]

Sincerely,
The DCS: AH64D Team
17 March 2022

Disclaimers

The manufacturers and intellectual property right owners of the vehicles, weapons, sensors, and other systems
represented within Digital Combat Simulator (DCS)in no way endorse, sponsor or are otherwise involved in the
development of DCS and its modules.

This software is for entertainment purposes only.

The appearance of U.S. Department of Defense (DoD) visual information does not imply or constitute DoD
endorsement.

Adigit
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LATEST CHANGES

Significant changes to the guide will be noted on this page.

15 July 2022 i Corrected typos/errors from initial release. Revised/updated AH-64 History and Aircraft
Overview. Added Force Trim in DCSsub-section. Added Flight Management Computer section (describes
FMC, SCAS and Hold mode functionality/logic). Added appendices for Glossary of Acronyms and
Abbreviations, and Frequently Asked Questiors (FAQ).

1 12 Aug 2 023 i Updated manual to new formatting and structure. Revised all chapters for more thorough
and improved explanations. Notable chapters that have received significant improvements are The AH-64D
chapterdés cockpit panel and FIMRDanahenzeg Canmser eaplaoatiogs, avi t h r e
much more detailed Procedureschapter with more detailed explanations and figures of maneuvers, and a
more detailed Weapon Employment chapter. Added Helmet-Mounted Display (HMD) and Target Acquisition
Designation Sight (TADS)chapters; and added ASE Threat Symbolsappendix.

1 11 Sep 2023 i Updated Radio Communications chapter for the addition of radio presets and related
functions. Added explanation of Controls Indicator to DCS Fundamentalschapter.

1 07 Dec 2023 i Updated Aircraft Survivability Equipment chapter for the addition of the laser warning
component of RLWR. AddedDatalink chapter for addition of datalink messaging, which includes explanations
of all datalink-related MPD pages and functions (COM pages: ORIG ID, NET, MODEM, MSGEND, MSGREC.
TSD pages: POINFXMIT, RPT, FARM, BAM)

1 07 Mar 2024 i Updated Aircraft History and Cyclic & Collective Hand Controlssections. Added Fire Control
Radar (FCR)chapter. Added Radar Target Handovers to Datalink chapter. Added FCR engagements to
Weapons Employmentchapter. Added Datalink Communicationschecklists to Appendix A. Updated first page
of Appendix A with hyperlinks to all checklists for more efficient use on electronic devices such as tablets.

1 29 Apr2024 i Updated Fire Control Radar (FCR) chapter with descriptions ofZOOM format, C-Scope and
LINK functions. Updated TEDAC Right Handgripand Collective Mission Gripdescriptions for ZOOM, GSCOPE
and LINK functions.

1 29 Jul 2024 i Updated Fire Control Radar (FCR) chapter with description of Radar Map (RMAP) mode
Updated TEDACLeft Handgrip and Collective Mission Gripdescriptions for additional FCR modes Added
AReturn to Checkl i st i ndmgeandixAsfdnmareteffiaient use on electranib depceg e o f
such as tablets.

1 06 Oct 2024 i Updated Fire Control Radar (FCR) chapter with description of Air Targeting Mode (ATM)
and more detailed descriptions of FCR Priority SchemesAdded Radarguided Hellfire Engagement (FCR, Air
Targeting Mode) to the Weapons Employment chapter.

T 23 Jun 2025 i Added Helicopter Fundamentals of Flight chapter. Added more detailed explanation of
automatic route sequencing and MGRS coordinatesand required input format. Added WCA tableto EUFD
section. Added Autorotation Landing and Refueling/Rearming to Procedures chapter. Updated Playeras-
Pilot section of George Al chapter. Added Rapid Refueling/Rearmingand Editing a Communications Preset
checklists to Appendix A.

1 30Dec 2025 i Updated Laser Spot Tracksection in TADS chapter with more detail and procedure for LST
target handover. Updated Fire Control Radar (FCR) chapter with description of Terrain Profile Mode (TPM)
Added additional weapon employment tips and procedure for employing illumination rockets to the Weapons
Employment chapter. Added tips and recommendations to George Al chapter. Updated Playeras-CPG
section of George Al chapter.
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HEALTH WARNING!

Please read before using this computer game or allowing your children to use it.

A very small proportion of people may experience a seizure or loss of consciousness when exposed to certain

visual images, including flashing lights or light patterns that can occur in computer games. This may happen even

with people who have no medicalhist ory of sei zures, epilepsy, or fiphotosen
computer games.

These seizures have a variety of symptoms, including light-headedness, dizziness, disorientation, blurred vision,
eye or face twitching, loss of consciousness or awareness even if momentarily.

Immediately stop playing and consult your doctor if you or your children experience any of the above symptoms.

The risk of seizures can be reduced if the following precautions are taken, (as well as a general health advice for
playing computer games):

1 Do not play when you are drowsy or tired.
T Play in a well-lit room.

1  Restfor at least 10 minutes per hour when playing the computer game.




INSTALLATION AND LAUNCH

To install DCS and the DCS: AH64D module, you will need to be logged into Windows with Administrator rights.

DCS is the PC simulation environment that the DCS: AH64D simulation operates within. When DCS is launched,
you in turn launch DCS: AH-64D.

As part of DCS, a map of the Caucasus region,the Su2 5T #fAFr ogf oot 0 at-bldrairkng aircraficr af t ,
are also included for free.

After purchasing DCS: AH64D from our e-Shop, start DCS by executing the icon on your desktop. Upon
initialization, the DCS Main Menu page is opened. From the Main Menu, you can read DCS news, change your
wallpaper by selecting any of the icons at the bott om of the page, or select any of the options along the right
side of the page.

Select the Module Manager icon at the top of the Main Menu. Upon initial entry into the Module Manager, a pop -
up window titled Install Modules should automatically display, listing any DCS products that you have purchased
and have yet to install. Ensure DCS: AH-64D is checked, and then click OK. Alternatively, you can select the
Modules tab, scroll down until you locate the DCS: AH-64D entry, and click Install. In either case, DCS will close
and automatically proceed with an update to download and install t he necessary files. After the download and
installation is complete, DCS will automatically restart.

To get started quickly, you can select Instant Action and play any of the missions listed for the AH -64D.

- AH-64D
Module Manager

—

EAGLE DYNAMIC



DCS [AH-64D]

Configure Your Game

Before jumping into the cockpit, the first thing we suggest is to configure your game. To do so, select the Options
button at the top of the Main Menu screen. You can read a detailed description of all Options in the DCS User
Manual. For this DCS AH64D manual, we will just cover the basics.

SYSTEM Tab

This tab allows you to configure your graphics options to best balance aesthetics with performance.

There are Presetsoptions along the bottom of the page, but you can further adjust your graphics settings to best

suit your computer. I'f you have | ower performance,

graphics options to find your best balance.

Iltems that most affect performance include Visibility Range, Resolution, and MSAA If you wish to improve
performance, you may wish to first adjust these system options.

Items that have an asterisk (*) displayed next to them will require a restart of DCS to take effect.

Note that some missions may enforce different Civ. Traffic settings that override the individual user selection on
this tab. This may result in higher or lower levels of expected civilian traffic scenery, or none at all.

OPTIONS

CONTROLS MISC AUDIO SPECIAL

High
High

Low F ails Factor
Medium Scenery Details Factor
Ultra pre s 60000

Heat Blur Low
Chimney Smoke Density

Medium
Gamm

off
1920x1080 Ay
1Screen Terrain Objects Shadows

ockpit Displays 1024 Cockpit Global lliumination
MSAA 2 Messages font scale
Depth of Field d Scale GUI *

ffects one & Rain Droplets

M Full Screen *

B2 Cursor Confined to Game Window

Low Medium High Customl Custom2 Custom3

Presets

we



CONTROLS Tab

This tab provides an interface to set up your controls and functional bindings.

Aircraft Control Mode

OPTIONS
SYSTEM

AH-64D Pilot All But Axis Commands

Category column

Foldable view

Reset category to default

EXT LT/INTR LT P2
EXT LT/INTR

Aircraft Control Mode

. From this drop-d o wn

AUDIO

Clear category Clear all

RCtrl + FO

Ctrl + F9
£

LShift + F10
RShift + Num.

menu, -64Deft |

SPECIAL VR

Load profile Save profile as

Input Device columns

Input Command Entry

Disable hot plug  Rescan devices

oK

Gi#¥ DorCPh SH .

seating position when starting a mission in the DCS AH-64D will always be the Pilot seat; unless joining another
mul t i p ltienywi#l be, in the CP/@& keat.cBoth aekpite haveh e
separate control input command lists, so changing an input command in one seat will not affect the other.

playero6s aircraft in

Input Functions
functions, etc. Addit
Action column according to keyword matches.

Action column
corresponding input command entries.

Category column
each Action is grouped within.

Input Device columns

ionall

Yy,

. This displays various categories of input functions, such as axis devices, views, cockpit
i Se ar ¢ h édowndcemanuallgfitesthd ect ed f

. This column along the left side of the screen displays the action associated with the

. This column to the right of the Action column displays the function group or cockpit panel

. These columns display which input devices have been detected, including your

keyboard, mouse, joysticks, throttles, or rudder pedals, and which input commands from the respective input

devices will perform the corresponding Action.

Add button.

To assign an input command to an Action, left-click the input command entry that corresponds

with the desired Action under the desired input device column, then press the Add button along the bottom row.
Alternatively, a double left-click on the desired command entry using mouse can be used, or right-clicking on the

command entry and sel

Default button.

ecti

ng fAAdd

¢ 0 MPAGSIGNMANITYPANEE

After assigning a command to an Action, you may revert to the default command assignment

for that command entry by clicking on the corresponding entry to highlight, and then clicking the Default button.
This can also be accomplished by rightclicking on th e

command

entry

and selecti
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Clear button. If you wish to remove all commands from an input device for that Action, click on the
corresponding command entry to highlight, and then click the Clear button. This can also be accomplished by
right-c| i cking on the command emtory and selecting AClIear com

Axis Tune button . This button becomes available if an axis command entry is highlighted. When this button is
clicked, the AXIS TUNE PANEIlis displayed. This can also be accomplished by rightclicking on the command

entry and selecting ATune combo axiso.

ASSIGNMENT PANEL
When this panel is displayed, simply press the button (or combination of buttons) or move the axis of the device
to assign it to that Action.

ASSIGNMENT PANEL

1 Example 1: |If setting a pitch axis for a joystick, first select Axis Commands from the Input Functions
drop down. Find the box where your Joystick i-wligkut devi
the left mouse button in the box. In the ASSIGNMENT PANEL, move your joystick forward and back to assign
the axis. Press OKwhen finished.

1 Example 2: If setting a keyboard or controller device button, first select All But Axis Commands  as the
Input Function category, or the category that contains the desired Action you wish to edit. Find the box
where your input device and the Action intersect, and double -click the left mouse button in the box. In the
ASSIGNMENT PANEL, press the keybodror controller device button you wish to assign to the Action. Press
OK when finished.

1  If you make a mistake during the assignment process, press the RESET button and try again.

1 If another Action is already assigned to that button or button combination, that Action will be shown under
Currently In Use.




AXIS TUNE PANEL

When this panel is displayed, the selected axis can be assigned a dead zone, different response curves, and other
tuning.

AXIS TUNE PANEL

Deadzone
Saturation X

Saturation Y

Curvature

GAMEPLAY Tab

This tab primarily allows you to adjust the game to be as realistic or casual as you want it to be. Choose from
various difficulty settings like labels, tooltips, unlimited fuel and weapons, etc. You can also set your preferred
language and units of measurement.

Turning Mirrors off can assist with improving performance.

Note that some missions may enforce different gameplay settings that override the individual user selection on
this tab. This may result different gameplay behavior than the user expects, such as enforcing no labels or
restricting information on the F10 ma p.

MISC Tab

This tab contains miscellaneous features to further tune the game to your preference.

Note that some missions may enforce different gameplay settings that override the individual user selection on
this tab. This may result different gameplay behavior than the user expects, such as enforcing no external views
or Battle Damage Assessment ovefays.

AUDIO Tab

Use this tab to adjust the audio levels within the game, enable/disable various audio effects, or manage your
Voice Chat settings.
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SPECIAL Tab

Use this tab to modify module -specific options by selecting the AH-64D from the module list along the left side
of the screen.

OPTIONS

CONTROLS AY AUDIO

1-64
Customized Cockpit Default
CYCLIC TRIMMER MO| INSTANT TRIM (FFB FRIENDLY)
Pedals Trimm: INSTANT TRIM (FFB FRIENDLY)
Detent in LOCKOUT positio Dep gerlifts to release locks
Cockpit Camera Shake [ 50
& IHADSS monocie visible
IHADSS render eye Right eye

®# GEORGE Al AUTO HANDOVER
2 PILOT IN FLAME RESISTANT BALACLAVA

) COPILOT/GUNNER IN FLAME RESISTANT BALACLAVA

I WEAPONS TRIGGER GUARD ENABLE
3 reser

Al IFF COLOR SCHEME Coalition color
2% r86rFC
i Al INTERFACE COLOR SCHEME Normal
- F/A-18C MAN TRK *Ramp-Up" Speed e 5

Game notification about the phenomenon *Vortex rina state” for Main rotor

Customized Cockpit. Only one option is available at this ti me

Cyclic Trimmer Mode.  This selection provides options for simulating force trim functions for various types of
input devices.

1 Instant Trim (FFB Friendly) i As soon as the Force Trim Release button (trimmer) is released, the new
tri mmed position of the playero6s stick will be

1  Central Position Trimmer Modei After the Force Trim Release button (trimmer) is released, the new
tri mmed position of the playerds stick wildl be
will only be applied in each axis after the stick is returned to the neutral positi on in that axis (pitch and
roll axes are monitored separately).

1 Joystick Without Springs and FEBT This option is used for joysticks lacking any spring resistance or
Force-Feedback (FFB).

Pedals Trimmer Mode.  This selection provides the same trimming options as the Cyclic Trimmer Mode but
applied to the Rudder axis.

Detent in LOCKOUT position.  This selection determines when the engine power levers will be permitted to
advance beyond the FLY position and into LOCKOUT.

1  Automatically Jump Over i This option will move the engine power levers past the FLY position and
into LOCKOUT without any detents applied. Recommended for player throttles equipped with physical
detents.

1  Depress Finger Lifts to Release Locksi This option will move the engine power levers past the FLY
position and into LOCKOUT only when the Power Lever Finger Lift detent commands are used.
Recommended for player throttles that lack physical detents.

, set

appl i

appl i



Cockpit Camera Shake. Adjusts the intensity of physics applied to moveable cockpit elements.

IHADSS monocle visible. | f enabl ed, a fAighost HDUO outline around th
to simulate the physical obstruction of the HDU monocle. If disabled, only the IHADSS symbology itself will be
displayed.

IHADSS rendereye. May be set to fARight eyeodo, fLeft eyed or fABoth
determine which eyepiece(s) render the IHADSS symbology and video.

George Al Auto Handover. If enabled, when the player switches position to the front (CPG) seat, George Al
will automatically take control of the helicopter flight controls. If disabled, the player will still retain flight control
of the helicopter when switching to the CPG seat and will need to command George Al to take the flight controls.
The player will always retain the flight controls when switching to the Pilot seat.

Pilot in Flame Resistant Balaclava. If enabled, the 3D model of the Pilot will wear a flame -resistant balaclava.

Copilot/Gunner in Flame Resistant Balaclava. If enabled, the 3D model of the Copilot/Gunner will wear a
flame-resistant balaclava.

Weapons Trigger Guard Enable. If enabled, the cyclic trigger guard key commands must be used prior to
pulling the trigger. Any time the trigger guards are in the closed position, the cyclic triggers will not respond to
key commands. If disabled, the trigger guard positions are ignored , allowing the player to fire an actioned weapon
without a requirement to open the trigger guard prior to pulling the trigger.

Al IFF Color Scheme. This selection determines the color palette that is used to display units within the George
Al Interface Target List when the player is occupying the Pilot seat and relying on George Al to perform
Copilot/Gunner duties.

1 NATOT Targets will be colored based on their hostility status, regardless of their coalition color.
0  Unit belongs to Hostile Coalition
0  Unit belongs to Friendly Coalition
0  Unit belongs to Neutral Coalition
o
1  Coalition colori The Target List will display all targets in accordance with their assigned coalition.
0  Unit belongs to Red Coalition
0  Unit belongs to Blue Coallition
0  Unit belongs to Neutral Coalition
o

Al Interface Color Scheme . This selection determines the color palette that is used by the George Al Interface
and provides options for players that are affected by forms of colorblindness.

1 Normali Al Interface text is displayed using normal, default colors.

1  Colorblind Safei Al Interface text is displayed using altered red and green colors.
1 Monochrome White i Al Interface text is displayed using a uniform white color.

Al Monochrome Yellowi Al Interface text is displayed using a uniform yellow color.

NOTE: Setting the Al Interface Color Scheme option to Monochrome White or Monochrome Yellow will
override the Al IFF Color Scheme setting. All targets within the George Al Target List will be displayed in
the same monochrome color as the remainder of the Al Interface, regardless of coalition affiliation.
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Al Subtitles . If enabled, subtitles will be displayed in the top right corner of the screen corresponding with

George Al d&s actions and speed. However, if the intercom
COMM panelfully counter-clockwise or if the game subtitles are disabled entirely in the AUDIO tab, the George

Al subtitles will also be disabled.

MAN TRK #R@mdnp S p Adiusts the rate that the Sight Manual Tracker on the CPG Right TEDAC Grip
increases, or fAramps upodo, input magnitude over time. Set!/
full input magnitude and setting the slider to the left will incr ease the time to reach full input magnitude. This

option allows players that are using a multi -directional hat switch in lieu of an analog input axis to control sight

slew rates based on their preferences.

Game notification about the phenomenon.l|f@ladedttheplayarwihg st at ¢
receive artificial visual and/or audio warnings regarding the conditions, development, and onset of vortex ring
state (VRS) conditions within the main rotor.

1  Audio notification. Audio tones will be heard to warn of VRS conditions.

1  Visual notification (on controls indicator) . If the Controls Indicator overlay is enabled, visual
symbols will be displayed to warn of VRS conditions.

Aerodynamic conditions are approaching those in which the main rotor may enter a vortex
ring state.

Audio tone
6 0 0 O 0 o]

Aerodynamic conditions have been met in which the main rotor is entering a vortex ring
state.

Audio tone

60000 ®O O

Aerodynamic conditions have been met in which the main rotor has entered a vortex ring
state.

Audio tone
0Z 0Z 02

VR Tab

This tab allows you to enable support for a wide variety of VR Headsets and adjust their functionality. When using
VR, be particularly aware of the Pixel Density setting as it can have a dramatic effect on game performance.




Force Trim in DCS

Most helicopters are rarely flown with either the cyclic or the pedals in the neutral position. Many helicopters
feature a fiforce trimo system to reduce pilot workload.
the position of the cyclic (and p edals in some cases) using springs or magnetic brakes. The pilot can apply

pressure against this force gradient if desired, or they can release the pressure entirely by pressing a button on

the cyclic. When this button is no longer pressed, the force gradi ent is re-applied and holds the controls at their

new position(s). This button is often called the fiforce t
or interrupts the force gradient hol diatsguseédhoedescribenttisr ol s i n
button).

The closest simulation of real-world force trim functionality is facilitated through the use of force -feedback gaming
sticks. However, since most flight simulation enthusiasts use more conventional spring-centered joysticks, a
special trim function is available in the simulation, with several options available to the player. These options are
set using the Cyclic Trimmer Mode and Pedals Trimmer Mode dropdown selections (described on the previous
pages), but the underlying logic is based around establishinga new fAcenter pointo for the

To trim the controls in their current position, press an
the gaming joystick and pedals to their neutral positions. It is recommended that players unfamiliar with this

force trim simulation spend some time in the cockpit on Active Pause [LShift + Lwin + Pause] or while sitting

on the ground and observe the behavior of the simulated controls within the cockpit relative to their physical

controls in their hands.

1) Establish a stable 2) Press and release the 3) The helicopter will
flight attitude trimmer button, return continue to fly in the

the stick to neutral trimmed attitude

Trimming Procedure

Another means to observe this simulated trimming procedure is to display the Controls Indicator overlay while in
game by pressing [RCtrl + Enter] . You can reset trim at any time by pressing [LCtrl + T] , which will re-
synchronize the simulated controls within DCS with your physical joystick and/or pedals.

Aut hor s Note regarding-6BDi mmer options in DCS: AH

Due to the nature of the AH -64D Flight Management Computer and its associated breakout values and hold mode

logic (describedinthe For ce Tr i m & i EandddalkModes sections),lthe &rmmer options that are

most conducive to interacting with the hold modes are th
fast-paced action while performing low altitude flight maneuvers or evading enemy fire, it can become menta lly
counter-intuitive to reposition the stick to the neutral state when instinctive action dictates that you make an

input in the opposite direction away from center.

For these reasons, when using a spring-centered cyclic stick and rudder pedals, the author recommends using
Ailnstant Trim (FFB Friendly)d for the Cyclic option, but
since many individuals lack the same physical dexterity and control precision in their feet as compared to their
hands. Regardless, it is encouraged that each player tries the different options to assess which Trimmer modes

best suit their personal preferences and specific input devices.

EAGLE DYNAMIC



DCS [AH-64D]

Fly a Mission

Now that you have configured your game4D,tbfeytsaine migsierts! t o why
You have several options to fly a single or multi-player mission.

On the Main Menu page, you have the options to fly the AH-64D in an
INSTANT ACTION mission, CREATE FAST MISSION, load a MISSION, pla;
a CAMPAIGN, go through a TRAINING lesson, or create a mission in the
MISSION EDITOR. You also have the option to jump onlne and fly with CREATE FAST MISSION
others in MULTIPLAYER.

INSTANT ACTION

INSTANT ACTION . Simple missions that place you in the task of your
choice. These missions are grouped according to which map they take MULTIPLAYER
place in, so selecting a different map from the list along the right side of
the Instant Action mission list may provide additional missions to choose
from. He]c]:{0]6] ¢

! _— T I EN OPEDIA
CREATE FAST MISSION . Set various mission criteria to allow a mission

to be created for you. TRAINING

MISSION . More in-depth, stand-alone combat missions. REPLAY

CAMPAIGN . Linked missions to create a campaign narrative.

MISSION EDITOR
session already in progress. CAMPAIGN BUILDER

MULTIPLAYER . Create your own multiplayer session or join a multiplayer

TRAINING . Lessons that provide step-by-step instructions in tasks such
as starting the AH-64D, takeoff and landing, navigation, or employing
weapons.

MISSION EDITOR . Use this very powerful tool to create your own
missions.

To get started, we suggest one of the fAFree Flighto | NST
missions to practice starting up the aircraft, takeoffs, landings, navigation, and sensor / weapon employment.

Game Problems

If you encounter a problem, particularly with controls, we suggest you back up and then delete the
Saved Games\ DCS\ Config folder in your home directory, which is created by DCS on your operating system drive
at first launch. Restart the game and this folder will be rebuilt automatically with default settings, including all
the controller input profiles.

If problems persist, we suggest consulting our online technical support forums.

Useful Links

T Digital Combat Simulator homepage

Al DCS: AH64D Forum

Note about this manual
(N/I).  This denotes a system or function within this manual that is not implemented in DCS: AH -64D.



https://forum.dcs.world/forum/253-bugs-and-problems/
https://www.digitalcombatsimulator.com/
https://forum.dcs.world/forum/780-dcs-ah-64d/

Mission Editor Options

Whether you are creating a mission for yourself and a friend to play online, or creating a large -scale mission for
many players in many aircraft, there are a few important options regarding the DCS: AH -64D that should be

properly configured within the Mission Editor.

Each DCS aircraft will have several tabs displayed on their
Airplane Group or Helicopter Group panes, with each
having a specific purpose in preparing the aircraft for the
mission.

Route. Allows the mission creator to program a series of
waypoints that the aircraft should fly during the mission. If

the aircraft is to be controlled by Al during the mission

(Skill option is set to any level except Player or Client),
advanced waypoint actions may be added to any waypoint
which may dictate specific actions that the Al should
perform.

Payload. Allows the mission creator to specify the fuel,
weapons, and munitions that should be carried by the
aircraft during the mission.

Triggered Actions . Allows the mission creator to
program Al tasks that will be performed when/if triggered

within the mission. These will only apply if the aircraft is
being controlled by Al.

Summary. Allows the mission creator to review a route
summary of the flight plan programmed on the Route tab.

Failures (Player only). Allows the mission creator to
program any number of emergency conditions or
component failures that may occur during the mission.

Radio Settings (Player/Client only). Allows the
mission creator to configure the preset radio frequencies
used by the aircraft radios, if such capability exists for that
aircraft.

Triggered
Actions

Al IFF Detection Mode

Track Air Targets

Disable Multicrew

Datalink Originatar ID

Ownship CallSign

| Failuresl | Aircraft Additional Propertiesl

Al HELPER
Realistic

s

MULTIPLAYER.

DATALINK
1

Aircraft Additional Properties. Allows the mission creator to configure any remaining properties that are

unique to the aircraft type.

1  Allow PIt NVG. When checked, the Pilot in the rear cockpit will be equipped with night vision goggles. If

un-checked, night vision goggles will not be available during the mission.

M  Allow Cpg NVG. When checked, the Copilot/Gunner in the front cockpit will be equipped with night vision
goggles. If un-checked, night vision goggles will not be available during the mission.

1 Flare Burst Count/Interval, Salvo Count/Interval, Delay btw. Programs. Pre-configures the flare
dispenser program prior to the mission, since this can only be performed by ground crews via an external
access panel. These options may also be configured via the player kneeboard while the main engines are
off and the rotor is n ot spinning. (See Flare Dispensersin the Aircraft Survivability Equipment (ASE) chapter
for more information.)

Al IFF Detection Mode.  See Al Mission Editor Options for more information.

I Track Air Targets. See Al Mission Editor Options for more information.
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1  Aircraft Control Priority. Configures the fAmulticrewd control hando
occupying the same AH64D during a multiplayer session. As the pilot-in-command, the Pilot will always
have initial control of the aircraft.
o  Pilot. The Pilot has priority control of the aircraft.

A The CPG must request control from the Pilot, after which the Pilot may grant or deny the request
to transfer the flight controls.

A The Pilot can take control from the CPG at any time but cannot give control to the CPG without a
transfer request from the CPG.
0 CPG. The CPG has priority control of the aircraft.

A The Pilot may request control from the CPG, after which the CPG may grant or deny the request
to transfer the flight controls.

A The CPG can take control from the Pilot at any time and can give control to the Pilot at any time.

o  Ask Always. Neither crewmember has priority control of the aircraft.
A The crewmember that does not have control must request control. The crewmember that has
control may grant or deny the request to transfer the flight controls.
o Equally Responsible. Neither crewmember has priority control of the aircraft.
A The crewmember that does not have control may take control at any time.
A The CPG may give control to the Pilot at any time, but the Pilot cannot give control to the CPG.
1 AlDisabled .When checked, fAGeorgeodo Al will be6dDlisoscagiet leyd wi t hi

only one player, they will need to switch between each crewstation to perform the tasks of both
crewmembers. (See Al Mission Editor Options for more Information.)

1  Disable Multicrew.  When checked, only one player may occupy the AH64D during multiplayer gameplay.
Only one crewmember position wild.l bieSelvead tl atbdlee & os g roe ¢
player will need to switch between each crewstation to perform the tas ks of both crewmembers or rely on
AGeorgeodo Al to assist wi t bhAlDisabded oipnetchedkedaswel).f t he aircr a

1  Datalink Originator ID. See Datalink Mission Editor Optionsfor more information.

1  Ownship CallSign. See Datalink Mission Editor Optionsfor more information.

Datalinks . Allows the mission creator to configure communication preset and datalink settings for the aircraft .
(See the Datalink chapter for more information.)




FLIGHT CONTROL

The primary helicopter flight controls include the Cyclic, Collective , and Anti -torque Pedals .

1 The Cyclic is used to pitch the nose up and down to control airspeed, and roll the aircraft left and right to
perform turns while in forward flight or to translate left and right while in a hover.

1 The Collective is used to control the amount of lift the main rotor produces for maintaining a constant
altitude or climbing and descending.

1  The Anti -torque Pedals are used to control the amount of thrust the tail rotor produces to counter the
torque produced by the main rotor and for yawing the nose left and right while in low speeds or in a hover;
and on the ground to turn the nose when taxiing.

@ nwwnnn g '__*“ll.n.l@‘_{

Just as fixed-wing aircraft use the physics of opposing forces to
fly and maneuver through the air, helicopters also rely on
opposing forces to maintain controlled flight. However, the
physical forces involved in rotary-wing flight are much more
difficult to maintain in a state of balance and require constant
attention by the pilot to maintain controlled flight.

Although DCS: AH64D includes keyboard commands for
manipulating the flight controls, it is highly recommended that
analog control devices of some form are utilized. If you do have
ajoystick, it may be equipped with a throttle handle for controlling
the collective; and/or a twist grip, which will allow you to control
the anti-torque pedals.

See the Helicopter Fundamentals of Flight chapter for more
information.

Gravity
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When flying from the cockpit, the Controls Indicator may be displayed by pressing [RCtrl]+[Enter] to view a
visual representation of the flight control positions and their behavior, as commanded by the flight computer.

Main Rotor Swashplate Angle Indicator

Cyclic Pitch Control Axis

Collective Control Axis
SCAS Pitch/Roll Authority Range

SCAS Collective AuthorityRange

Cyclic Position Indicator

Cyclic Force Trim Reference Position

Main Rotor Swashplate

Position Indicator CyclicRoll Control Axis

Parking Brake Handle Indicator Wheel Brake Position Indicator

(100% brake force applied)
FLY Detent Marker

Pedal Brake Position Indicator
(75% rotation applied)

IDLE Detent Marker ]
SCAS Yaw Tail Rotor Swashplate Anti-Torque Pedals Anti-Torque Pedals Force
Authority Range Position Indicator Position Indicator Trim Reference Position

If the Flight Management Computer (FMC) is automatically holding the aircraft at a specific attitude, altitude,
heading, velocity, or a stationary hover, blue indicators will appear around the SCAS authority range (light -shaded
regions) of the corresponding flight control axis (or axes) in which Hold mode(s) are engaged. In addition, the
format of the blue indicator around the SCAS pitch/roll authority range will change depending on the specific sub -
mode logic within which the Attitude Hold is operating.

Attitude Hold sub-mode

Altitude Hold Engaged

Velocity Hold sub-mode

Position Hold sub-mode

Heading Hold Engaged

See the Flight Management Computer section in The AH-64D chapter for more information.




Changing Airspeed

A helicopterds airspeed is a function of its pitch attit
fly. However, too low of a pitch angle and the helicopter will enter a dive.

To accelerate, the nose should be pitched down to redirect t h e ma i nlift forwardo whitts will cause the
helicopter to accelerate. However, since some of the mai
for countering gravity, the helicopter will descend. This must be countered by pulling up on the collective t o

increase the lift that the main rotor is producing.

To decelerate, the nose should be pitcheduptor edi rect t he maviiah wil causethedslicopterf t af t
to decelerate. However, this will cause the helicopter to climb and must be countered by pushing down on the
collective to decrease the lift that the main rotor is producing.

e T e G

Hover Cruise Dash Dive

Changing Altitude

Changing the position of the collective lever can increase or decrease the helicopter altitude; or be used to
maintain the current altitude as the helicopter is pitched up or down to change airspeed .

Increasing the collective pitch angle of the main rotor blades will increase the amount of lift the main rotor
produces, which will cause the helicopter to climb. However, this will also increase the amount of torque that the
main rotor imparts on the heli copter, which will manifest as a right yawing motion. This must be countered by
applying left pedal as the collective is increased.

Decreasing the collective pitch angle of the main rotor blades will decrease the amount of lift the main rotor
produces, which will cause the helicopter to descend. However, this will also decrease the amount of torque that
the main rotor imparts on the he licopter, which will manifest as a left yawing motion. This must be countered by
applying right pedal as the collective is decreased.

Raising collective

Hover ] Level flight

S
i ol

Lowering collective
Lowering collective
or
raising collective too much

NOTE: It is possible to increase the collective beyond the capabilities of the engines to keep the rotor spinning
at the correct rotati onal -ofgitahkisincredsed, thelbladesrwil produce mdredifl e s 6 a n ¢
and more drag. If the drag on the rotor system exceeds the maximum torque output from the engines, the
rotational speed of the rotortdoapdo wi At Bshewrobdsospeedndacr éc¢
lift the rotors produce will decrease exponentially, and the helicopter will descend. The collective must be lowered
to reduce the drag on the rotor system and regain rotational speed of the rotor, and the helicopter will regain
lift. This principle is analogous to recovering an airplane from the effects of a stall, in which the nose of the
airplane is pitched downward to gain airspeed and reduce the angle-of-attack of the wings in orde r to regain lift.
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Changing Heading

Changing the heading of the helicopter in the horizontal plane is accomplished in one of two ways, depending on
whether the helicopter is in forward cruise flight or is at low airspeed or hovering.

When in forward flight, the heading of the helicopter is changed by rolling, or banking, the helicopter in the
desired direction. As the bank angle is increased, the collective must be increased to maintain altitude . At steeper
bank angles, pulling back on the cyclic may be required to maintain altitude or to increase the turn rate by pitching
the nose in the direction of the turn. Just prior to reaching the desired heading, the cyclic should be used to roll
the helicopter back to level flight, so the helicopter returns to a level attitude just as the desired heading is
reached.

When at a stationary hover, the heading of the helicopter is changed by yawing the helicopter in the desired
direction. As the airspeed increases, a combination of yaw and roll will be necessary to change heading when at
low airspeed, until the airspeed becomes high enough that the turn may be performed using roll alone.

Note the following:

1  Shallow bank angles will require a slight increase in collective to prevent altitude loss. Steep bank angles
will require a combination of collective increase and cyclic pitch input to prevent altitude loss.

1  During steep turns, higher pitch rates will increase the turn rate but will also cause the helicopter to slow
down. If too much airspeed is lost while in a steep turn, the helicopter will rapidly lose altitude and impact
the terrain. Decreasing the bank angle as the speed decreases will prevent loss of altitude

Heading Tape

A\ \ n
8 Navigation Fly-To Cue . Flight Path Vector

£\
!
]

§

True Airspeed Y Radar Altitude

%

Vertical Speed Indicator

T :

Ground Speed 5 g Skid/Slip Indicator

The Heading Tape along the top of the helmet display symbology can be used to monitor heading. The chevron
along the bottom of the Heading Tape shows the relative direction to your next waypoint. If you turn the aircraft
toward it and then align the Flight Path Vector with the Navigation Fly-To Cue, you will be flying to your waypoint.

The Horizon Line is displayed relative to the Line-Of-Sight (LOS) Reticle, which are the crosshairs within the
center of the helmet display symbology. If the Horizon Line bisects the LOS Reticle, the nose of the helicopter is
on the horizon. If the LOS Reticle is above the Horizon Line, the nose of the helicopter is above the horizon.




HELICOPTER
FUNDAMENTALS OF FLIGEH

US Army photo

by SGT ﬁichard Wrigley
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FUNDAMENTALS OF FLIGHT

The core fundamentals of flight are the same for airplanes and helicopters. The key difference is that the airfoils
of an airplane are fixed to the airplane fuselage and rely on forward motion through an air mass to generate lift,
whereas the airfoils of a helicopter rotate to generate lift independently of the fuselage motion through the same
air mass. This difference in how airfoils generate lift relative to the fuselage is the origination of the terms fixed-
wing aircraft and rotary -wing aircraft in describing airplanes and helicopters, respectively.

All aircraft fly by precisely balancing the opposing forces of lift versus weight and thrust versus drag. However,

the act of rotating the airfoils independently of the fuselage produces a very different set of aerodynamic
properties and physical forces that are unique to rotary -wing aircraft. As such, these unique aerodynamic
characteristics create greater instability of opposing forces acting upon the helicopter, the balance of which must
be actively and continuously maintained in order to keep the helicopter in a state of controlled flight.

Total
Resultant
Force

Lift

Center -of - Lift

Thrust *

—p
—_—

Air Mass
Center -of -Gravity

Weight

Forces acting upon a helicopter in flight

The most common type of helicopter utilizes a single main rotor to produce | ift and thrust . In a very basic sense,

the helicopter's main rotor does what wings and a propeller do for a fixed -wing aircraft. However, it is important

to note that a hel i copt elargespropeblor, but an assembly of raultiplecairfoilssthamp | y a
collectively produce a total force vector which is used for both vertical lift and horizontal thrust.




Vectors

Vectorsare lines with arrows that can be used to depict magnitude and direction of a force or energy state, with
the length of the vector representing the magnitude of the force. When several vectors are used to depict a
combined effect of multiple forces, the e ffect of these forces is known as the resultant. Vectors are often used to
depict aerodynamic or physical forces acting upon an airfoil or an aircraft while in flight.

N"s"ee /
adind =i .
. o Ko 4/ Wind Vector
[\ [ 130 ¥, & Speed
,\' 200° / 34 knots
'I
‘
4
Resultant Course & Ground Speed "'

090 ° / 94 knots

Force Vectors

Aerodynamic Lift

Airfoils generate lift by using a combination of static pressure differential across the upper and lower surfaces of
the airfoil (Bernoulliés Principle) and the force
air (NewtondBlotighhi rd Law

Aerodynamic forces are subject to the same law of conservation of energy that governs fluid dynamics. As energy
cannot be created or destroyed, the same amount of energy that enters a closed system must also exit. Given a
mass flow rate within a three -dimensional area, the flow rate will remain constant if the cross -sectional area that
the mass is traveling within remains constant. If the cross -sectional area decreases, the flow rate will increase;
and vice versa. This phenomenon is known as the Venturi effect and describes the relationship between static
pressure and dynamic pressure as air flows across a curved surface.

As air flows around an airfoil, the total pressure that is exerted on the airfoil must remain constant. However,
due to the Venturi effect, the velocity of the air increases as it is constricted by the curved surface of the airfoil,
which converts static pressure exerted on the airfoil surface to dynamic pressure. As the upper surface of an
asymmetrical airfoil has more camber compared to the lower surface, the air flowing across the upper surface
will have a greater dynamic pressure and less static pressure compared to the lower surface. This static pressure
differential accounts for approximately 75% of the total lift generated by the airfoil.

Aerodynamic Lift

The remaining 25% of the total lift generated by the airfoil is produced by the downward deflection of air as it
impacts the lower surface of the airfoil, which produces an opposite reaction force against the airfoil.

EAGLE DYNAMIC
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Aerodynamic Forces

Helicopter rotor blades are airfoils much like the wings of an airplane; and as such, they share many

characteristics. Like an aamlpdfiacdenceisithageasurad angietbeiweenthe ade ai r
airfoilodés chord |Iine and the reference plane. However, ur
rotor systemb6s plane of rotation, not the |l ongitudinal pl

- Ch
= \o:d £ihe
-~

Angle of Incidence

A

Plane of Rotation

Angle of Incidence ~<

Rotational Relative Wind

The movement of any airfoil throug h the air generates relative wind. Relative wind moves in a parallel but opposite
direction to the movement of the airfoil. The term used when describing rotary -wing airfoils is rotational relative
wind.

As a rotor system spins, the rotational relative
wind velocities will vary greatly between the blade
root and the blade tip. To compensate, rotor

blades are designed with a twist, which creates a
higher angle of incidence for the inner portions of

the airfoil, resulting in a more uniform distribution

of lift across the length of the rotor blade. This

uniform distribution of lift increases the blade

loading near the inboard section and reduces
stress on the internal blade structure.

Blade Midpoint Speed: 217 knots

Blade Midpoint
Speed:
217 knots

Blade Tip Speed: 434 knots

Blade Twist Rotational Relative Wind




Angle of Attack

When a rotor blade is set to dAflat pitcho, meaning that
minimum setting, little to no lift is created. As blade pitch is increased, and since each rotor blade is traveling

within the same plane of r otation as the remaining rotor blades, the rotor system as a whole induces a downward

flow of air. This downward flow of air is called /nduced flow( al so call ed fAdownwasho) .

The entire rotor system operates within this descending column of air. This downward component of air from

induced flow modifies the rotational relative wind vector in such a way that the air approaching the rotor blade

airfoil will do so at a reduced angle of attack compared to the angle of incidence of rotor blades themselves. This

combination of rotational relative wind modified by induced flow is known as the resultant relative wind. Angle

of attack is the measur ed an gndtherbsaltanvrel@ivewinhe airfoi |l 6s ch

SS
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f gle OF Attacy, =~ Ghory Lin
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-~

Induced
Flow

Center of Pressure

Rotational Relative Wind

Angle of Attack ~<

Total Aerodynamic Force

As air flows around the airfoil, aerodynamic lift is generated at an angle perpendicular to the resultant relative
wind. Simultaneously, air resistance to the movement of the airfoil against the resultant relative wind generates
aerodynamic drag parallel to and in the same direction as the resultant relative wind. The combined aerodynamic
forces of lift and drag acting upon the airfoil is known as the fofal aerodynamic force (TAF). The total aerodynamic
force acts upon the airfoilb6s center of pressure.

Total
Aerodynamic
Force (TAF)

i
[}
Induced |}
[}
i

R
- €Sultant Relative Wing

Rotational Relative Wind

Total Aerodynamic Force S
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Aerodynamic Drag

The aerodynamic drag that acts upon a helicopter in flight are categorized within three types: profile drag, induced
drag, and parasite drag.

Profile Drag

Profile drag is incurred from the frictional resistance of the rotor blades passing through the air. Profile drag
consists of both form drag from the shape of the rotor blade airfoil (streamlined versus blunt) and skin resistance
from the surface roughness of the blad e itself.

Induced Drag

Induced drag is incurred from the production of lift. As air is deflected downward by the rotor system, the velocity
of the induced flow through the rotor system increases, which elevates the angle of the resultant relative wind.
As lift is produced perpendicular to the resultant relative wind, this inclines the lift vector aft against the plane of
rotation. This rearward component of lift acting on each blade is induced drag.

Parasite Drag
Parasite dragis incurred from non-lifting components of the aircraft. This includes the profile drag from the shape
of the fuselage itself, the engine cowlings, weapon pylons, and the rotor mast and hub.

A hel i copt eisthbesunt oball tarke ofitheseglrag forces. As airspeed increases, profile drag increases
moderately, parasite drag increases considerably, but induced drag decreases. When all three of these drag
forces are combined, this results in the fotal drag curve. The total drag curve is an important factor in
understanding a helicoptero6s performance.
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As total drag increases, more engine power is required to overcome the effects of drag and maintain airspeed,
altitude, and the rotational speed of the rotor system. However, as illustrated in the graph above, understanding
a helicopter 6s isfriidalafd undérstanding bawrmueh power is required to perform specific
maneuvers under a given set of conditions of pressure altitude, air temperature, and gross weight; and how
much margin exists between the power that is required to perform a maneuv er and the amount of power that is
available to be utilized in any contingencies that may be encountered.

During combat maneuvers, a robust power margin may be the difference between co lliding with terrain or rapidly
orienting the aircraft weapon systems onto a target and evading enemy fire. In some scenarios in which the
environmental factors of altitude and temperature are high, a reduction in gross weight may be necessary to
regain the required power margin for the mission. There may be instances in which even the method of getting
airborne during takeoff is driven by the power margins that are available at that time.




Engine Power and Torque

Just as an airplane requires engine thrust to generate forward motion through an air mass, and thus airflow
across its airfoils to produce lift, a helicopter requires engine power of some form to maintain the high -speed
rotation of its rotor systems, which in turn produce lift and thrust.

The airfoils of a helicopterdéds rotor systems are designe

that are determined to be most optimal across its flight envelope . Like all objects moving through an air mass, a

helicoptero6s rotor blades are subject to aerodynamic

the increased angle of attack results in a simultaneous increase of lift and drag. If the engine power output
remains the same as the drag on the rotor system increases, the rotational speed of the rotor will decrease.
Therefore, to maintain the rotational speed of the rotor system, the engine power output must be continuously
adjusted to maintain a balance between the opposing forces of engine power output and aerodynamic drag.

Lift TAF

Increased Angle of Attack (AoA), Lift, & Drag

In most modern helicopters, the power output from the engines into the drive train assembly (transmission,
gearboxes, and interconnecting shafts) is adjusted automatically through mechanical or electronic control
systems, or a combination of the two. As the pilot demands more lift from the helicopter, the engines will increase
their power output accordingly to counter the increase in drag. Although some small helicopters are equipped
with reciprocating engines, most modern helicopters leverage the efficiency and power of turboshaft engines,
which are a type of gas turbine engine designed to output mechanical torque rather than direct thrust.

Engine === Nc sensor

TGT sensor
: [ Altern:

—

TQ sensar

Np sensor

Nose
Gearbox

INGBI

Igniter

T700 -series Gas Turbine Engine

In the AH-64, the amount of engine power that is currently input into the drive train system is expressed as a
measurement of torque, which is any rotational force within a mechanical system. As the pilot pulls up on the
collective lever within the cockpit to demand more lift, additional fuel is injected into the combustion section of
the engines, which is expelled through the power turbine section. The hot expanding gases passing through the
turbine blades generate additional mechanical force to turn the p ower turbine shaft, which in turn is input into
the drive train system via the engine nose-mounted gearbox to counter the aerodynamic drag on the rotor
system. The opposing forces of engine thrust and aerodynamic drag creates a twist in the power turbine shaft,
which is measured by a torque (TQ) sensor in the aft section of each engine. This electrical signal is converted
into an electronicvalueandd i spl ayed t o t he,whichlrepreserdsshe @mbuntofratationdkiorce

being supplied to the drive train system by the engines.
EAGLE DYNAMIC
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Anti-Torque Thrust

As aerodynamic drag on the rotor system increases, mechanical torque is input into the drive train system by the
helicoptero6s engine(s) to oppose the aerodynamic drag an
However, due to Newtondés Third Law of Motion that states
the forque effect from the main rotor will cause the helicopter fuselage to rotate in the opposite direction.

All rotary-wing aircraft that rely on engine torque to maintain powered flight must compensate for the torque
effect in some manner. Many rotary-wing designs use two equally sized main rotors that spin in opposite directions
to cancel the opposing torque forces of each rotor system. However, the most common type of helicopter uses a
single large main rotor for lift and thrust, and a small rotor mounted on the tail to generate lateral thrust to
counter the torque effect of the main rotor in order to maintain  control over yaw and heading.

Torque effect from main rotor
causes the fuselage to rotate
in the opposite direction

i

Rotation of main
rotor system

Tail rotor thrust
counters torque effect

Anti -torque thrust of Tail Rotor

Just as the engine power output must be adjusted to counter the opposing force of aerodynamic drag on the

rotor system, so that the rotational speed of the rotors can be maintained in a state of balance, the thrust of the

tail rotor must also be simultaneously adjusted to counter the opposing torque effectcon t he hel i copter 6s
so the pilot can maintain control over yaw and heading. To facilitate yaw control, the pilot manipulates the anti -

torque pedals in the cockpit in the same manner as the rudde r pedals in a fixed-wing aircraft are manipulated to

adjust the angle of a rudder. In this case, however, movement of the anti -torque pedals directly changes the

amount of thrust that is produced by the tail rotor.

If a helicopterds main rotor spins i-24atackbelicoptek thetage di rect i
effect wildl cause the helicopterds nose to yaw to the | ¢
pedal to counteranincr ease i n torque. I f a hel i cwalpckwese directomasim r ot or
the caseoftheAH-6 4 (i |l lustrated above), the torque effect will ¢

torque is increased, requiring the pilot apply left pedal to counter the torque. If the amount of torque is decreased,
the pedals must be adjusted accordingly to reduce the amount of anti -torque thrust the tail rotor produces.




HELICOPTER CONTROL

Helicopters are controlled by adjusting the pitch angle of the rotor blades cyclically and collectively. When the
cyclic, collective, or anti-torque pedals in the cockpit are moved by the pilot, the corresponding flight control

linkages adjust the angle and positions of the swashplates on the main and tail rotor systems. Movement of the
swashplates is translated to each individual rotor blade by the pitch change links, which changes the pitch angle
of that blade, also known as feathering.

Swashplate Control Linkages Ro\»_atio\'\

plane of

Rotor Blade Feathering

Cyclic Feathering

When the pilot adjusts the position of the cyclic, the angle of the main rotor swashplate is tilted. As the blades
rotate about the rotor mast, the tilted angle of the swashplate forces the pitch change links of each rotor blade
to increase and decrease the pitch angle of the blades in a cyclic pattern within the plane of rotation. Cyclic
feathering of the rotor blades results in unequal amounts of lift generated on one side of the rotor disk compared
to the other. In a fully articulated rotor system like the AH -64, the rotor blades are connected to the rotor hub in
a manner that permits each blade to independently flap up or down as they rotate about the rotor mast.

Blade flapping allows the plane of the rotor disk to be tilted in any direction in response to cyclic inputs by the
pilot. When the rotor disk is displaced in this manner, the total resultant force from the lift generated by the main
rotor is offset sdenta-ai-gravilygCGh. &Hisicreatep & mtch &@nd/or roll moment around the
CG, permitting the pilot to control the pitch and roll attitude of the helicopter using the cyclic.

' «———— Total Resultant
Force

Center -of-Gravity (CG)

Lift vector in -line with CG (left) and offset from CG (right)

Collective Feathering

When the pilot adjusts the position of the collective, the entire swashplate translates up or down around the rotor
mast. When this occurs, the pitch angles of the rotor blades are collectivelyincreased or decreased, producing a

change in overall lift that is generated by the entire main rotor system.
EAGLE DYNAMIC
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Anti-torque Feathering

Like the main rotor, the tail rotor is also equipped with a swashplate to permit the feathering
of the tail rotor blades. However, the tail rotor swashplate is only equipped with a single flight
control linkage to collectively increase and decrease the thrust produced by the tail rotor; it
cannot cyclically feather the tail rotor blades.

When the pilot adjusts the position of the anti -torque pedals, the entire swashplate translates Swashplate

left or right around the tail rotor shaft. When this occurs, the pitch angles of the tail rotor
blades are collectively increased or decreased, producing a change in antitorque thrust and
permitting the pilot to control the yaw and heading of the helicopter.

Control

Linkage

Tail Rotor
Feathering

Phase Lag

When a change i anglaofattackor bl adeds Blade A flaps

occurs, whether it be due to a variation in the downward

induced flow or a mechanical adjustment to the 8/"%

pitch angle of the blade, the rotor blade will flap %’%-

up or down relative to the plane of rotation in ‘o

response to the change in lift acting on the blade
itself. However, this vertical displacement of the
rotor blade as it flaps up or down will manifest
later within the plane of rotation from where the

change in lift actually occurs. This angular
difference between where the change in lifting
force occurs and where the blade reaches
maximum vertical displacement as a result of the
change is known as phase lag.

Blade B pitch Rotor hub
angle increased

Blade A pitch
Strap pack angle decreased
flex point
figyroscopic
rce i mparted

Such behavior within the rotor system of a
helicopter i s often ref
precessiono, which states
onto a rotating object will manifest precisely 90°

later in the direction of rotation, however this

term is not an accurate explanation as to what is

truly occurring within a spinning rotor system.
Although the rotor system of a helicopter does
exhibit some behavior similar to that of a Blade B flaps
gyroscope, a rotor system is not a singular upward
rotating body, but rather a collection o f airfoils

. . . Phase Lag
predominantly driven by aerodynamic forces.

Further, depending on the design of a specific rotor system, the amount of phase lag may vary, which is distinct
from gyroscopic precession which strictly occurs 90° later in the direction of rotation. Coincidentally, in the case
of the AH-64, in which the flap of the blades originates at the rotor hub, the phase lag of the main rotor system
is essentially 90°. As such, any mechanical input into the swashplate as a result of cyclic displacement must be
mechanically offset 90° prior within the plane of rotat ion to generate the desired displacement of the rotor disk.




In the image to the right, the rotor
head of the AH-64 is shown, with one
of the four rotor blade pitch change
housings highlighted. Each pitch
change housing includes a pitch
housing horn that that is connected
to the rotating upper swashplate via
a pitch link. The pitch housing horn
facilitates a 45° offset between a
given swashplate input and the
corresponding change in pitch of
each rotor blade (Dashed line).

The non-rotating lower swashplate is
offset in a manner that translates
cyclic inputs 45° prior to the desired
effect within the axis of rotation
(Shaded circle). Using the image on
the right as an example, if the pilot
intended to pitch the helicopter nose
downward, the cyclic would be
pushed forward. This action would be
translated to the lower swashplate by
the longitudinal input linkage,
causing the swashplate to tilt down
at the forward -right position and up
at the aft -left position. This would in
turn cause the pitch link connected to
the rotor blade on the right side of
the helicopter to reduce blade pitch
and flap downward.

Helicopter Nose

Direction of
Left Lateral Input Linkage Rotation

(below swashplate)

Pitch Link

Longitudinal Input Linkage
(below swashplate)

Right Lateral Input Linkage
(below swashplate)

Advance angle of swashplate inputs

The result of the 45° offset in swashplate tilt in response to cyclic inputs combined with the 45° offset in pitch

input by

e a ¢ houding hom fadlitatesri9@° mdchanical advance angle to compensate for phase lag.

As the cyclic is pushed forward, the pitch angles of the rotor blades are at their highest when passing over the
left side of the helicopter and at their lowest when passing over the right side of the helicopter. Consequently,

due to phase lag, the rotor blades reach their highest up -flap when passing over the tail and their lowest down -

flap when passing over the nose, with the entire rotor disk tilted forward and causing a forward pitching motion

as commanded by the pilot.

Maximum Down -flap
Displacement

Maximum Up -flap
Displacement

Blade flapping tilts rotor disk with cyclic input
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HELICOPTER AERODYNAMICS

As described in the preceding sections of this chapter, helicopters utilize rotating airfoils to generate aerodynamic
lift to counter the opposing force of gravity, and direct that lift (as thrust) to counter the opposing force of
aerodynamic drag. The helicopter itself is controlled by adjusting the amount of lift generated by the individual
airfoils of t hsystemsg thérebypnpaniplatidgthe forces of lift and thrust to  change or maintain
a given attitude . However, due to the nature of aerodynamics within a spinning rotor system, rotary -wing aircraft
are subject to several aerodynamic behaviors that can alter the balance of opposing forces in flight.

Under static conditions, in which the flow of air through

the rotor system would be uniform and unchanging, the

aerodynamic forces that act upon a helicopter would
likewise be uniform and unchanging. However, the
atmosphere is never static, and the nature of the local air
mass within which a helicopter flies is ever-changing as a
result of the helicopterods
air; the interaction of air flowing across, around, and

through the fuselage and rotor systems; and

environmental factors such as wind, pressure, and
temperature. As a result, aerodynamic behaviors that are
unique to rotary -wing aircraft, of which the helicopter pilot

must be aware, will manifest under certain conditions.

Although some of these behaviors can adversely affect the safe operation of a helicopter if they are not avoided
(such as Retreating Blade Stall or Vortex Ring State), others may be leveraged by the pilot to improve the

performance or safety margins of a helicopter during flight (such as Ground Effect, Translational Lift, or
Autorotation). Proper understanding and awareness of these aerodynamic behaviors allow the helicopter pilot to
anticipate and mitigate those that he or she wishes to avoid, while anticipating and actively utilizing those that

he or she plans to leverage while in flight.

Translating Tendency

In the case of single-rotor helicopters that utilize a tail rotor to Clockwise rotational force

counter the torque effect generated by the main rotor, these from main rotor torque acts
. . - . . . . upon the helicopter fuselage

helicopters will exhibit a trans/ating tendency in the direction of

the tail rotor thrust. This behavior is most noticeable while in a

stationary hover, in which a helicopter with a counter -clockwise

spinning main rotor, such as the AH-64, will drift to the right.

When the pilot pulls up on the collective to increase lift generated
by the main rotor, the torgue effect from the counter -clockwise
rotation of the main rotor will cause the fuselage to spin in the
opposite direction. The torque effect acting upon the fuselage is
countered by applying left pedal, which subsequently results in the
aircraft drifting to the right from the combined forces of the main
rotor torque effect and the tail rotor thrust.

Helicopter drifts
to the right

Although some helicopters, such as the Mi-24, counter translating
tendency by mounting the main transmission with a slight tilt in
the opposite direction of the tail rotor thrust, the translating
tendency of the AH-64 must be countered by applying a slight
amount of left cyclic. This will offset the lift vector of the main rotor
slightly to the left, causing the helicopter to ho ver with a slight left
bank (under conditions of calm winds). Translating Tendency

Tail rotor thrust

atti

t



Ground Effect

When operating near the

surface, a

helicopterds rotor

to the surface itself restricting the flow of air underneath the helicopter, a behavior known as ground effect.
When a rotor system is in ground effect, the restriction in air flow downward through and outward from the rotor
system reduces the velocity of the induced flow and the generation of vortices along the rotor tip path plane.
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Although the altitude over the surface at which ground effect will occur may be affected by winds and the nature
of the surface itself (asphalt, grass, water, etc), the primary factor that determines when a helicopter is influenced

by ground effectisthe di amet er of 't he

helicopterds

rotor system.

1.25 times the diameter of the rotor system, but the efficiency of the rotor system increases exponentially with
proximity to the ground, with the most noticeable in crease in rotor efficiency occurring at an altitude equal to

0.50 times the diameter of the rotor system or below.

In the case of the AH-64D with a rotor diameter of 48 feet, ground effect may influence the rotor system as high
as 60 feet above the surface, but the effect will be negligible. Rather, the efficiency of the rotor system will
noticeably increase at a hover altitude of 24 feet or below, with as much as a 20% increase in overall lift efficiency

at a hover altitude of 5 feet.

In Ground Effect (IGE)

When operating in ground effect, the lower induced flow
velocity lowers the angle of the resultant relative wind
(Solid line). This in turn requires a lower airfoil angle of
incidence to achieve a given angle of attack to produce
sufficient lift to counter the weight of the helicopter. This

results in a more vertical lift vector ( Dashed line), less
induced drag on the rotor system ( Shaded Angle), and
requires less torque output from the helicopter engine(s).

Out of Ground Effect (OGE)

When operating out of ground effect, the higher induced
flow velocity raises the angle of the resultant relative wind
(Solid line). This in turn requires a higher airfoil angle of
incidence to achieve a given angle of attack to produce
sufficient lift to counter the weight of the helicopter. This
results in the lift vector being inclined further aft ( Dashed
line), increasing the induced drag on the rotor system
(Shaded Angle), which requires a corresponding increase in
torque output from the helicopter engine(s).

Total Aerodynamic
Force vector is
more vertical

Lower :
induced flow ¥

Rotor Blade Airfoil In Ground Effect

Total Aerodynamic
Force vector is
~~ ( inclined further aft
Aoq S~ -

Higher
induced flow &

Rotor Blade Airfoil Out of Ground Effect
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Transverse Flow Effect

When a helicopter begins accelerating into forward flight, the air flow through the rotor disk becomes more
horizontal as the airspeed increases. However, the longer that it takes for air to travel across the rotor disk, the
greater the influence the rotor system has on the air flow itself. As a result, the downward flow of air induced by
the rotor system has a greater influence on the air flowing through the aft portion of the rotor disk compared to
the air flowing through the forward portion. During flight at low airspeeds, the rotor blades encounter a
significantly greater induced flow velocity when passing over the tail compared to the reduced induced flow
velocity when passing over the nose. This aerodynamic condition is known as transverse flow effect and occurs
between 10 and 20 knots of airspeed.

flow velocity

Transverse Flow Effect (10  -20 knots)

As each rotor blade passes over the nose, the reduced As each rotor blade passes over the tail, the greater
induced flow velocity /owers the resultant relative induced flow velocity ra/isesthe resultant relative wind
wind and /ncreasesthe angle of attack. This in turn and decreases the angle of attack. This in turn
increases the lift generated by the rotor blade. decreases the lift generated by the rotor blade.

Increased AoA

produces more lift Decreased AoA

ey produces less lift
A

Forward Portion of Rotor Disk Aft Portion of Rotor Disk

The unequal production of lift and drag between the forward
and aft portions of the rotor disk generates a noticeable
vibration throughout the airframe and causes the entire
rotor disk to tilt. However, due to phase lag, the increased
lift over the forward portion of the rotor disk will cause the
blades to flap up as they pass over the left side of the
helicopter (with a counter -clockwise spinning main rotor)
and the decreased lift over the aft portion of the rotor disk
will cause the blades to flap down as they pass over the right
side of the helicopter. This results in a rolling motion to the
right that must be countered by applying left cyclic.

TFE-induced roll to the right




Translational Lift

When a helicopter accelerates into directional flight, the air

flow through the rotor disk becomes more horizontal as the Increased AoA
. K . . N produces more lift

airspeed increases, and the turbulence and rotor tip vortices .

that are generated during the production of lift are left Aog “~. _

behind. As the air flow becomes more horizontal, the Reduced T~el

induced flow velocity is reduced, which in turn lowers the  induced flow ¢
resultant relative wind vector and increases the angle of

attack, resulting in an increase in lift production for a given

angle of incidence. This aerodynamic condition is known as . ) ~
transiational lift. Translational Lift

With no directional airspeed, each rotor blade passes through the vortices produced by the blade preceding it
within the plane of rotation. This disruption of air interferes with the production of lift, effectively preventing the
outer portion of each roto r blade from contributing to the overall lift production of the rotor system. As airspeed
increases, the forward portion of the rotor system begins to operate in undisturbed air as the vortices begin
trailing behind. As airspeed continues to increase, the portion of the rotor disk that is operating in undisturbed
air increases as well, resulting in a greater area of the rotor disk efficiently producing lift free of turbulence and
vortices. The aerodynamic condition in which the airspeed has increased to a point in which the entire rotor disk
is operating in undisturbed air is known as effective translational lift (ETL) and occurs between 16 and 24 knots
of airspeed, depending on rotor diameter, rotor blade area, and the rotational speed of the rotor system i tself.

Entire rotor disks are free of turbulence and vortices Vortices interfere with lift generation at rotor tips
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It is important to understand that the tail rotor also benefits from translational lift and will accordingly experience
an increase in thrust efficiency for a given angle of incidence. As the helicopter accelerates, the amount of thrust
produced by the tail rotor will increase as a greater portion of the tail rotor is operating in undisturbed air.

When accelerating through ETL, the compounded effects of an increase in lift efficiency of the main rotor and
thrust from the tail rotor will result in a noticeable increase in altitude and/or climb rate and a yaw to the left
(with a counter -clockwise spiming main rotor). This must be countered by applying right pedal and, if desired,
reducing collective to maintain the same altitude or climb rate, which will require even more right pedal to
compensate for the corresponding decrease of main rotor torg ue effect.

Conversely, when decelerating through ETL, the compounded effects of a decrease in lift efficiency of the main
rotor and thrust from the tail rotor will result in a noticeable decrease in altitude and/or increase in descent rate
and a yaw to the right (wit h a counter-clockwise spinning main rotor). This must be countered by applying left
pedal and increasing collective to maintain the same altitude or descent rate, which will require even more left
pedal to compensate for the corresponding increase in main rotor torque effect.

It is worth noting that an onset of aircraft vibrations is a common method of detecting when the aircraft is

transitioning through ETL in either direction. Despite the common euphemism of describing such vibrations as
the AETL shudder 0, atebut sfehe wandverse tflawoefiest (T&E) and are not caused by
translational lift. However, since the aerodynamic conditions of TFE and ETL both directly correlate to the airspeed
of the helicopter and occur approximately within the same airspeed range, using such airframe vibrations is a

useful met hod in determining the state of i ft ef fi

speed across the ground, which can vary with wind patterns.

EAGLE DYNAMIC

ci

en



DCS

[AH-64D]

Dissymmetry of Lift

In directional flight, the velocity and direction of air flowing across and around an individual rotor blade airfoil will

vary

depending on the rotor bladeds position

wi t hi

increases, the oncoming air will increase the rotational relative wind velocity on the advancing half of the rotor
disk and decrease the rotational relative wind velocity on the retreating half of the rotor disk. This difference in
air flow velocity across the rotor blade airfoils produces unequal amounts of lift on each side of the rotor disk, an
aerodynamic condition known as dissymmetry of lift.

In the figure below, a rotor system is spinning in a counter -clockwise direction with a rotational speed of 434
knots at the rotor blade tips and 217 knots at the midpoint of each rotor blade. However, with a directional
airspeed of 100 knots across the rotor disk itself, the rotor blade on the advancing side of the rotor disk will
experience a higher relative wind velocity compared to the rotor blade on the retreating side of the rotor disk.

8,
/?otet.
o,

Blade Tip Blade Midpoint
Speed: Speed:
334 knots 117 knots

Blade Midpoint
Speed:
317 knots

Negative Lift /

Negative Stall
Reverse Flow

Dissymmetry of Lift (100 knots airspeed)

In addition, the inner sections of the rotor blades will experience a disruption of air flow caused by the oncoming
air on the retreating half of the rotor system, which can create a stall region and prevent the production of

positive lift. When the velocity of oncoming air exceeds the rotational speed of the inner portions of the rotor
blades themselves, the airfoils can even experience a reverse flow of air on the retreating half of the disk
compared to the rest of the rotor blade span.

Dissymmetry of lift is inherently countered by blade flapping. As a rotor blade encounters the increased relative
wind velocity on the advancing side of the rotor disk, the blade will flap upward. This up -flap motion alters the
angle at which the resultant relative wind impacts the airfoil, decreasing the angle of attack and thereby reducing
lift on the advancing half of the rotor disk. Conversely, as a rotor blade encounters the decreased relative wind
velocity on the retreating side of the rotor disk, the blade will flap downward. This down -flap motion alters the
angle at which the resultant relative wind impacts the airfoil, increasing the angle of attack and thereby increasing
lift on the retreating half of the rotor disk.
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Up-flap motion
S~ _  decreases AoA
Aog ™~
~

~

Down -flap
Displacement

!

Advancing Blade

——

Up-flap
Displacement

~o Down -flap motion
>~ _ increases AoA

Retreating Blade

Bl ade flapping fiblowbacko fr

Due to phase lag, the up-flap motion on the advancing side of the rotor disk will reach a maximum up -flap

displacement over the nose of the helicopter, and a maximum down -flap displacement over the tail, assuming

the helicopter is in forward flight. This displaces the tot al resultant force from the lift generated by the main rotor

further aft, in turn causing the nose of the helicopter

To counter dissymmetry of lift and the pitch up motion fromthe r esul ti ng fbl owbacko effect,
forward cyclic as the helicopter accelerates into forward flight. Alternatively, if the helicopter is accelerated into
sidewards flight, the fAblowbacko effect will cause the he
the pilot to apply left cyclic to maintain left sidewards flight or right cyclict o maintain right sidewards flight. The

greater the directional airspeed, the greater the magnitude of cyclic displacement that is required to counter

dissymmetry of lift and maintain the current attitude.

Advancing blade
é angle of incidence
Ss o is decreased

Rotor disk angle maintaingd for forward flight

Advancing Blade

f S Retreating blade
> _angle of incidence
N
~ . is increased
~

Aoq

Retreating Blade

Forward cyclic compensates for Dissymmetry of Lift >

Through cyclic feathering, the angle of incidence on the advancing side of the rotor disk will be lowered,
decreasing the angle of attack and thereby reducing lift on the advancing half of the rotor disk; while the angle
of incidence on the retreating side of the rotor disk will be raised, increasing the angle of attack and thereby
increasing lift on the retreating half of the rotor disk.

The tail rotor also experiences dissymmetry of lift, which is likewise countered by blade flapping and differential
feathering. The tail rotor, using a semi -rigid teetering design in which each opposing pair of blades flap together
like a see-saw, incorporates a delta-hinge that mechanically feathers the blades as blade flapping occurs. As the
velocity of air flowing across the tail rotor increases, the inherent flapping tendency of the tail rotor blades will
mechanically incur a differential pitch angle between each opposing pair of tail rotor blades, decreasing the angle
of incidence on the advancing half of the tail rotor and increasing the angle of incidence on the retreating half.
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Retreating Blade Stall

Just as the airfoils of a fixed-wing aircraft experience aerodynamic stall when exceeding a critical angle of attack,
so too will the airfoils of a rotary wing aircraft. However, unlike fixed -wing aircraft, which are limited by low
speeds to avoid an aerodynamic stall, rotary-wing aircraft are limited by high speeds to avoid an aerodynamic
stall on the retreating half of the rotor disk.

During directional flight, the rotational relative wind velocity across the rotor blades on the retreating half of the

rotor disk is greatly reduced, creating a dissymmetry of lift between the advancing and retreating halves of the

rotor system. To maintain an equal distribution of lift across both halves of the rotor system, the angle of attack

on the retreating side must be increased to generate more lift, in the same way that the angle of attack of a
fixeddwi ng aircraft mu st be increased to maintain adequate
increases, the regions along the inner portion of the rotor system that do not contribute to the production of

positive lift will grow outward, placing an increasing demand of lift production on the outer regions of the

retreating half of the rotor disk. When the rotor blades reach a critical angle of attack at a sufficiently low

rotational relative wind velocity, the rotor bl ades will begin to stall on the retreating half of the rotor disk.

Flight Direction
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Retreating Blade Stall

When the retreating blades begin to stall, the turbulent air encountered by the rotor blades will cause vibrations,
buffeting, and the aircraft may pitch up and roll left (with a counter -clockwise spinning main rotor). To alleviate
this condition, aft cyclic should be applied to reduce the angle of attack on the retreating half of the rotor disk,
and/or a reduction in collective if sufficient altitude and obstacle clearance permits such an action.

The airspeed at which retreating blade stall occurs within a given rotor design will vary; but the following
conditions, or combinations thereof, will increase the likelihood of encountering retreating blade stall.

1 High gross weight (increased blade loading/AoA). 1 High altitude (lower air density) .

1 High-G maneuvers (increased blade loading) 1  Low rotor RPM (lower rotational airspeed).




Vortex Ring State

As a helicopterds rotor system g e imdecedforisglognwald i f t
downward through the rotor system, also known as induced through the rotor system

flow. During hovering flight, or at airspeeds below effective
translational lift, a small portion of this air mass is recirculated
along the outer tip region of the rotor system. As some of the
downwash rejoins the air entering the top of the rotor disk,
vortices are generated along the rotor tip path plane. These
rotor tip vortices generate drag and degrade the overall lift
efficiency of the rotor system but otherwise do not affect the
operation of the helicopter as long as a sufficient power margin
is available to maintain altitude while in a stationary hover out
of ground effect (OGE). Air flow in an OGE hover
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Inner region of rotor disk If a helicopter begins to descend vertically into its own downwash,
encounters an upward flow of air

the amount of air that is recirculated along the rotor tips will
increase, causing the rotor tip vortices to enlarge. This enlarges
the donut-shaped pattern of vortices around the outer re gion of
the rotor system which interferes with lift production.

The induced flow is not uniform across the rotor disk, with the
outer regions producing the highest induced flow velocities and
the inner regions producing the lowest. If a helicopter descends at
arate that exceeds the induced flow velocity along the inne r region
Air flow in a rapid vertical descent of the rotor disk, the air flow will be reversed, which can further
degrade the overall lift efficiency of the rotor disk.

This upward flow of air along the inner region of the rotor disk Vortex ring state causes a loss of
generates a secondary donut-shaped vortex ring along the inner lift and a high rate of descent
region of the rotor system. As a result, a large portion of the
rotor system will be operating in turbulent air vortices and the
descent rate will increase significantly, accompanied by
noticeable aircraft vibrations and shudders.

This aerodynamic phenomenon is known as vortex ring state
(VRS) and can only occur if all of the following conditions exist.

1  Directional airspeed relative to the induced flow vector is
less than effective translational lift (ETL; 16-24 knots).

1  Excessive rate of descent ill vary based on the blade

l oading of a given helicopt erﬂr?lowrdt?riﬁgc{lgrtestYnééta?em
1  Sufficient power is applied to generate an induced flow.

In addition, the following conditions, or combinations thereof, will increase the likelihood of encountering VRS.
1 High gross weight (increased blade loading). 1  Steep approaches at low airspeeds.
1  High altitude (lower air density) . 1  Approaches with tail winds.

If a vortex ring state is encountered, the only way in which the condition can be exited is by gaining sufficient
directional airspeed to exit the helicopterés own
descent and will likely exacerbate the aerodynamic phenomenon. Once the helicopter gains translational lift, the
vibrations and aircraft shudders will subside, and the descent may be arrested.

NOTE: Vortex Ring State is an aerodynamic condition and should not be confused with Settling With Power, a
condition in which the helicopter has an insufficient power margin available to arrest a descent for the current

gross weight; or Rotor Droop, a condition in which drag on the rotor system has exceeded the maximum torque
output of the engines, causing the rotational speed of the rotor to slow, leading to a loss of lift.
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Autorotation

Under normal conditions of powered flight, engine power is used to overcome the force of drag on the rotor
system, which would otherwise cause the rotor speed to decrease, resulting in a loss of lift. In the event that a
helicopter suffers a loss of engine power during flight, the pilot should immediately lower the collective to
simultaneously reduce the drag on the rotor system and enter a descent, thereby producing an upward flow of
air through the rotor system. This upward flow of air generates an autoro tative force to maintain the rotational
speed of the rotor system, which allows the pilot to perform a controlled descent and safely land the helicopter.

During an autorotational descent, the forces of lift and drag acting upon the rotor blade airfoils divides the rotor
disk into three regions known as the driven, driving, and stall regions.

Autorotative force

Stall region Driving region Driven region

Drag Drag
Aerodynamic forces during Autorotation

Stall region.  Air flowing upward into the inner stall region impacts the airfoil at a lower rotational speed and a
steep angle of attack, producing drag against the rotation of the rotor system.

Driving region.  Air flowing upward into the driving region impacts the airfoil at a higher rotational speed and a
lower angle of attack, which results in less drag and more lift, but with the total aerodynamic force inclined
forward of the axis of rotation, thereby creat ing a driving force to maintain the rotation of the rotor system.

Driven region.  Air flowing upward into the driven region impacts the airfoil at an even higher rotational speed,
which results in more drag and more lift, but at a lower angle of attack which inclines the total aerodynamic force
aft of the axis of rotation, thereby crea ting a lifting force to slow the rate of descent while producing drag against
the rotation of the rotor system.

Stall region Driving region Driven region
of rotor blade L4 of rotor blade L of rotor blade

Rotor Blade Airfoil in Autorotation

Once autorotation is established in the descent, the pilot must maintain a constant rotor speed by adjusting the

collective to balance the autorotative driving force with the drag acting on the rotor blades, which will permit a

controlled rate of descent. Thi s i s referresdt attoedasaud ofistaadypnal descent
maneuvers the helicopter to a suitable landing area while maintaining a controlled descent rate and descent

angle, trading altitude to maintain rotor speed and lift. (See Autorotation Landing for more information.)

Just prior to touchdown, the pilot must simultaneously reduce the rate of descent and forward airspeed, which is
normally initiated as the aircraft passes through the final 100 feet above ground (but may vary depending on
descent rate and helicopter type). By performing a positive-pitch flare maneuver just prior to touchdown, the
pilot exchanges airspeed for additional lift to reduce the rate descent, and then increases collective to arrest the
descent using the remaining rotational inertia of the rotor sys tem itself in the final moments before touchdown.




POWER MANAGEMENT

All aircraft that are capable of powered flight do so by precisely balancing the opposing forces of lift versus weight
and thrust versus drag. In the case of rotary -wing aircraft, the rotor systems provide both the lift and thrust
necessary for powered flight, in addition to controlling the aircraft attitude. These rotor systems require engine
power to operate, namely to counteract drag acting upon the rotor systems themselves in addition to the
mechanical friction within the drive system, that would otherw ise cause the rotational speed of the rotors to slow
and eventually come to stop. However, as with all engines that output some form of mechanical energy or thrust,
there are limits as to how much engine power can be utilized by a helicopter during flight. Knowing how much
power is available and how much power is required to perform a given maneuver is known as power management.

The key to avoiding catastrophe (a crash resulting in injury or death to the crew) is understanding whether the

helicopter has sufficient power available under the current conditions to perform a maneuver prior to committing

to the maneuver itself. Thisrequi res understanding the | imitations of th
requirements for a given maneuver, how the environment may negatively impact the performance of the engines

or the efficiency of the rotor system, and how to budget fuel and mu nitions to avoid exceeding the maximum

gross weight for the maneuvers that are required to be performed during the mission.

Maneuvers requiring the Conditions that negatively impact a Conditionsthat improveah el i copt er 6 s
most power available: helicopter és per f openfammance:

1  Takeoff 1  Environmental effects 1  Forward flight (translational lift)

1  Hovering 1  High gross weight 1  Ground effect

1 Landing 1  Improper pilot actions 1  Expending fuel and/or munitions

1  Combat maneuvers 1  Single-engine operation (reduction of gross weight)

The following pages describe environmental effects on helicopter performance, improper pilot actions, and

power considerations in multi-engine helicopters. In addition to understanding how ground effect and

translational liftf af f ect s the efficiency of a heéfanliarpithéhe dasousr ot or sy
types of takeoff and landing maneuvers and their application with regards to power margins, and how to

interpret and utilize the Performance (PERF) pagewithin the cockpit prior to and during a missio n.
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Environmental Effects

Aircraft exploit the physical properties of the Earthos

pressure within the atmosphere will alter the ability of airfoils to produce lift and engines to produce thrust.

Therefore, the atmospherice nvi r onment must be considered when assessin

The two factors that affect the local atmospheric pressure around the aircraft are altitude and temperature.

Altitude. The atmosphere is pulled toward the Earth by gravity like any other mass. At sea level, the density of
the atmosphere will be the greatest due to the compression of the atmosphere itself, resulting in higher air
pressure in the same manner that the water pressure exerted on the body increases the deeper one dives into
the ocean. As altitude increases, the density of the atmosphere decreases, resulting in lower air pressure.

Temperature. Temperature reflects the energy state of atmospheric molecules, in that atmospheric molecules
move faster and occupy more volume at higher temperatures. As the volume of an air mass expands, the density
of the atmosphere decreases, resulting in lower air pressure.

As atmospheric pressure is required to generate lift and thrust, the density of the air will directly correlate to an

aircraftdés performance. | f the air density is low, the a
hi gh, t h eerfarmancewill impréve.
Environmental Effects on Helicopter Rotor Systems
Airfoils require atmospheric pressure to produce lift to counter the force of gravity, and a lower air density will
result in less |ift production. A helicopterds rotor syst
and the rotor system will produce less lift at 8,000 feet compared to 2,000 feet.
When performing a mission in hot weather conditions and/or at high altitudes, particularly over high -elevation
terrain such as mountains, the maximum allowable gross weight of the helicopter will be reduced. In other words,
the helicopter will not be capab le of carrying the same payload under such conditions compared to cold weather
and/or lower altitudes.

-lgél-i;;:-e.d -------------------------------- Less lift requires more

munitions =

and fuel

Environmental Effects on Helicopters

Further, since a helicopter directs the lift vector of its rotor system to control its attitude and alter its flight path,
and the rotor system produces less lift in hot and high conditions, the responsiveness of the flight controls will
be reduced and the hel i copter wi || require more maneuver space t
helicoptero6s turning radius wild/l be | arger, more altitud

and landing areas will be necessary to account for the additional time needed to accelerate or decelerate.




Gas turbine engines produce thrust by combusting fuel with compressed air and then expelling the high energy

gas particles across a rotating turbine wsustanmgpdocessves t he
As more fuel is injected into the engine, more combustion occurs, which increases the temperature of the hot

gases expelled from the engine, generating a greater flow of energy over the gas generator rotor blades,

accelerating the engine compressor to higher speeds to draw in more air for compression.

Environmental Effects on Turbine Engines

In addition to supplying pressurized air for fuel combustion, gas turbine engines bleed air from the compressor
for other uses, such as engine cooling and supplying pneumatic pressure to other systems onboard the aircraft.
In the case of the T700-series engine in the AH-64, air supplied by the compressor is routed through the internal
engine components to provide cooling to both stages of the gas generator nozzles and rotor blades and the
annular combustion liner.

TGT sensor -
\
09 2

coVia

il

Bleed air to
aircraft

T700 -series Engine Cooling

Although it may seem counterintuitive to use bleed air from the compressor for engine cooling, which is typically
hot enough to cause burns on exposed skin, the temperature of the hot gases expelled from the combustion
section of an idling turbine engine wll often exceed 500° Celsius (932° Fahrenheit), significantly hotter than the
temperature of bleed air from the compressor. In fact, the majority of air consumed by gas turbines is used for
engine cooling as opposed to combustion, which typically accounts for less than 25% of the total air consumption.

Despite the fact that fuel combustion requires a significantly smaller ratio of the total quantity of air drawn into
the compressor compared to that used for engine cooling, the air required for complete combustion of fuel at a
given throttle setting will remain relatively unchanged. However, if the total quantity of air that can supplied by
the compressor is reduced, less air will be available for cooling and the turbine gas temperatures will rise. This
will occur any time the atmospheric density drops due to high altitude and/or high ambient temperatures. It may
also occur if additional air is bled from the compressor, as in the case of the engine inlet anti -ice being enabled.

TGT sensor \_eﬁs -
o v —
coo\““g/ Bleed air to e e
engine inlet
Lessiair into
compressor

Power Turbine

Bleed air to
aircraft

Environmental Effects on Turbine Engines
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If the turbine gas temperatures within the engine become too hot, or the speed of the rotating turbine blades
gets too high, the internal engine components can become deformed or suffer a catastrophic material failure,
destroying the engine. Therefore, the two principal limitations of all gas turbine engines are heat and speed. Most
gas turbine engines incorporate mechanical or electronic mechanisms, or a combination of both, to limit the
combustion and rotational speed of the engines within acceptable margins to prevent catastrophic failure,
increase engine reliability, and extend the life of the engine.

Temperature Limitations

Thermal sensors within gas turbine engines measure the temperature of the hot expanding gases being expelled
from the combustion section of the engine. Depending on the type and design of the engine, an automated
limiting mechanism may be installed that pr events the pilot from exceeding the acceptable operating range of
turbine gas temperatures (TGT) during flight at high altitude and/or hot ambient temperatures.

In the case of the T700 -series engines on the AH64, electronic TGT limiters are applied by the Digital Electronic
Control (DEC) units installed on the engines themselves which will limit the fuel flow into the combustion section
when the TGT reaches a specific value. In the event one engine fails, the DEC of the opposing engine will increase
the TGT limiter to a higher value to permit the pilot to demand additional power from the remaining engine, if
necessary, at the risk of reducing the life of the engin e. However, even when operating the engine(s) at a power
setting below the TGT limiter, many engines such as the T700 will have specified TGT ranges at high-power
settings that should only be used for short durations to increase engine life and reliability .

(See The AH-64D chapter for more information.)

Speed Limitations

Tachometer sensors within gas turbine engines measure the rotational speed of the engines. Depending on the
type and design of the engine, an automated limiting mechanism may be installed that prevents the pilot from
exceeding the acceptable operating speed range of the compressor, gas generator, or power turbine rotor stages.

In the case of the T700 -series engines on the AH64, the compressor speed will be limited if the compressor
blades approach supersonic speeds, also known as N Mach, during flight in cold ambient temperatures (typically
below 0° Celsius), to prevent disruption or damage to the compressor section.

In addition, electronic overspeed protection is applied by the DEC units installed on the engines themselves if the
power turbine speed (Np) exceeds optimal parameters, and mechanical overspeed protection is engaged within
the Hydromechanical Unit (HMU) if the compressor/gas generator speed (Ng) exceeds optimal parameters. In
either case, the engine will flame out if the N p or Ng overspeed protection is triggered.

Fuel Flow Limitations

Under some environmental conditions, engine power will be limited by the fuel flow, in that the amount of fuel
that can be supplied through the fuel manifold into the combustion section of the engine has reached the
maximum flow rate. Under these condition s, the engine may have not yet encountered a temperature or speed
limitation, but is not able to provide additional power due to being physically incapable of supplying any more
fuel to the combustion section.

Regardless of whether the engine power is limited by temperature, speed, or fuel flow, if the pilot attempts to
demand additional power from the helicopter by increasing collective, the engine(s) will be incapable of meeting
the additional load demand and the rotational speed of the rotor system will begin to slow, also known as rotor
droop, described on the following page.




Rotor Droop

Any time the angle of attack of an airfoil is increased, there is a simultaneous increase of lift and drag. Therefore,

to maintain the rotational speed of the rotor system, the engine torque output must be continuously adjusted to

maintain a balance between the opposing forces of engine torque output and aerodynamic drag. However, as

mentioned in the previous section, there are limitatonsi n how much power a helicopteros
If the drag on the rotor system exceeds the maximum power output of the engine(s), the rotor system will slow

and produce less lift. This loss of rotor speed due to insufficient power is known as rofor droop.

Although rotor droop itself is due to insufficient power available to counter the drag on the rotor system, incurring
such a condition is often a result of improper pilot actions, due to a lack of understanding of the helicopter
performance limitations and/or a lack of awareness of the power requirements for a given maneuver.

In the figure below, a pilot initiates a climb to higher altitudes which, as described in the previous section, will
cause the turbine gas temperatures (TGT) to rise due to lower air densities. Once the engines reach the maximum
allowable TGT, the engines will not produce any more power to counter the drag on the rotor system. If the climb
is maintained, the air density will continue to decrease, causing the engines to automatically reduce the fuel flow
into the combustion section to prevent the TGT limit from being exceeded. The rotor speed will droop, lift will be
lost, and the helicopter will stop climbing. If the pilot increases the collective to maintain the intended climb rate,
the rotor speed will droop further, more lift will be lost, and the helicopter will descend.

Engine power reaches _
a TGT limit, causing ‘ i Plkljlt n:il\J/St
rotor speed to slow ; ~ collec

~,

| @ *

Air density decreases at
higher altitudes, causing
engine temperatures to rise

Pilot initiates a climb
to clear high terrain

Rotor Droop (TGT Limiting)

The key to understanding the criticality of rotor droop is examining the lift equation: L=C.i &2 S

A L lift force A d (rho) air density
A C.lift coefficient AV velocity of air flow ing across the airfoil
(the efficiency of the airfoil in producing lift ) A Ssurface area of the airfoil

The pilot cannot affect the efficiency or surface area of the airfoils, nor can a pilot affect the local air density. The

pilot can only affect the angle of attack and velocity of the airfoils. The typical instinctive action to prevent a loss

of altitude i s to increase collective, which increases the angle of attack of the rotor system. However, in a situation
in which the engine(s) have encountered a limit and no more engine power is available to counter the additional
load demand on the rotor, this will f urther aggravate the condition of rotor droop.

It is important to understand that the velocity component of the lift equation is V 2 (squared), meaning that the
velocity of the airfoil has an exponential effect on the amount of lift produced by the airfoil. That is, for whatever
amount of lift is gained by increasing the angle of attack, an exponential amount of lift is lost by incurring more
drag and a loss of airfoil velocity. Therefore, rotor droop must be countered by /owering the collective, which will
reduce drag, allowing the rotor to regain speed and produce more lift as airfoil velocity is increased.
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Settling With Power

I f the amount of engine power that is required to sustai

the power margin for performing maneuvers will be very small. As the power margin between power required
and power available narrows, there may be certain maneuvers or flight conditions that may not be possible
without incurring an unintentional loss of altitude due to insufficient power available to arrest the descent, which

is known as settling with power .

Helicopters are most susceptible to settling with power any time the helicopter is operating out of ground effect
(OGE) while near or over the maximum allowable gross weight for performing an OGE hover.

1  If the gross weight is below, but close to, the maximum gross weight for performing an OGE hover within
the current environmental conditions, the helicopter may not have sufficient power to overcome the
hel i copt er @sestihigheates of descannal low airspeeds before impacting the ground.

1  If the gross weight exceeds the maximum gross weight for performing an OGE hover within the current
environmental conditions, the helicopter will not have sufficient power to maintain altitude below a given
airspeed, which is referenced as \spe(Velocity Safe Dual Engine) if under dual-engine power, or Vsse(Velocity
Safe Single Engine) if under single-engine power.

In the figure below, the pilot in an FCR -equipped aircraft is heavily loaded with fuel and munitions, with a gross
weight that exceeds the maximum allowable gross weight for performing an OGE hover within the current
environmental conditions. As the helicopter decelerates and the rotor system becomes less efficient due to a loss
of translational lift, the helicopter will begin to descend even though the pilot has increased collective to the
maximum torque available. This descent will continue unless the pilot accelerates to gain translational lift.

o Insufficient power is
TQ available to maintain altitude

at low airspeed or a hover

50 knots Pilot initiates a 30 knots
deceleration to a hover

= TQ Pilot must gain airspeed
to improve lift efficiency
<TQ> 5 knots of rotor system
\ . . T
Pilot initiates a vertical descent SIS 3 § w! Q

with a small power margin ithipowegapplied y 20 knots

Insufficient power is available to arrest 5 knots
descent before impacting the ground

v
-300 FPM @
——

Settling With Power

In the same figure above, the pilot in a non -FCR aircraft is moderately loaded with fuel and munitions, with a
gross weight that is just below the maximum allowable gross weight for performing an OGE hover within the
current environmental conditions. Even though the aircraft has sufficient power to maintain an OGE hover, if the

pilot allows a sufficient descent rate to accumul ate,

inertia before impacting the ground, even if the pilot increases co llective to the maximum torque available.

NOTE: If the pilot increases collective above the maximum torque available, the rotor will droop and lose lift,
and the descent rate will /ncrease Further, if a descent rate incurred by settling with pow er and/or rotor droop
is high enough, the rotor system may encounter the aerodynamic condition of vortex ring state. However, it is
important to understand that each of these conditions (Settling With Power, Rotor Droop, and Vortex Ring State)
are unique conditions that are caused by different factors, even though one condition may lead into another,
depending on the power margins within the current environmental conditions and the actions taken by the pilot.

n

h



Limited Power Approach

In the event that a helicopter does not have sufficient power margins to maintain a stationary hover out of ground

effect (OGE), takeoffs and landings may still be performed if there is sufficient power to maintain a stationary

hover in ground effect (IGE). However, any maneuvers that require robust power margins will not be possible

and some maneuvers may need to be performed in a more deliberate and conservative manner to account for
the limited power margins available.

When performing a takeoff with a limited power margin, a Minimum Power Takeoff or a Rolling Takeoff (if
equipped with wheeled landing gear) may be performed, in which the helicopter remains in ground effect until
forward airspeed can be attained to improve the lift efficiency of the rotor system through translational lift. Once
sufficient forward airspeed is attained, the helicopter climbs out of ground effect and proceeds on its mission.

When performing an approach to landing with a limited power margin, regardless of whether it is an approach
to an IGE hover, an approach to the ground with no forward movement, ora Rol-On Landing, a shallow approach
angle is used to leverage the improved lift efficiency from ground effect. During a limited power approach, the
rate of deceleration is managed in such a way that ground effect improves the overall lift efficiency of the rotor
system at the same rate that the loss of translational lift is reducing the lift efficiency. If timed correctly, the
helicopter will maintain a constant approach angle to the intended point of touchdown by offsetting one source
of lift efficiency for the other.

P/W P/W Powerto-Weight ratio

GE Ground Effect
TL Translational Lift
GE TL

n
Lift efficiency
from ground
— effect is gained PIW
Deceleration is initiated as translational
as helicopter begins to lift is lost
GE TL

Lift efficiency from ground effect
replaces lift efficiency lost from

enter ground effect P/W a lack of translational lift
I PIW
| §
GE TL N
A Descgnt rate WI||. \ GE TL
increase if deceleration % ~
Ground Effect is performed too quickly e IGE Hover

Limited Power Approach

However, if timed incorrectly in such a way that translational lift is lost too quickly, before the helicopter has
sufficiently entered ground effect, the rate of descent will increase and the helicopter may enter a settling with
power condition.

During the approach, if the maximum torque available has already been reached, the pilot cannot increase the
collective any further without incurring rotor droop. The pilot must control the rate of descent with airspeed.

1 Increasing forward airspeed will increase translational lift, which will improve lift efficiency and decrease the
rate of descent.

1 Decreasing forward airspeed will decrease translational lift, which will degrade lift efficiency and increase
the rate of descent.

Essentially, once the maximum torque available has been reached, reduce airspeed as necessary as ground effect
is entered to maintain the current approach angle and avoid shallowing, taking into account the size of the landing
area and any obstacles in the approach path or in the vicinity of the landing area itself.
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Multi-Engine Drive Train Limitations

Al t hough environmental conditions may | imit the efficieni
engines in producing thr ust (drivétraie (transnmssionarndigeanmoxesynfustalso e hel i «
be considered when assessing a helicopt er 6engirghelicopger wei ght

like the AH-64D, performance planning must take into account the possibility of losing power from one e ngine

and the implications of such a contingency on the helicopt er 6 s per f or mance and mission p

Under dual-engine power, an AH-64D is typically limited by the main transmission. When operating at low
pressure altitudes and moderate temperatures, its T700 engines are capable of producing a combined torque
that exceeds the maximum power for which the m ain transmission is rated before encountering a TGT limit, an
Ng limit, or a fuel flow limit.

An illustration of the AH-64D drive train under dual-engine power is shown in the figure below. It is important to

note that all primary indications within the cockpit that relate to the state of the drive train are measured within

the engines themselves rather than the main transmission (XMSN) or nose gearboxes (NGB). With regard to the
enginesd6 torque output, these sensors are | ocated within
torque output is quantified as a percentage and displayed separately on the Engine (ENG) pageof the MPDs, but

are combined into a single torque value on the Flight (FLT) page and in the IHADSS Flight symbology which

displays the highest torque value of the two.

NGB Torque Limits

Continuous Limit: 11 0%
Maximum Limit: 125 %

Dritve Train Liniit

XMSN Torque Limits

— Continuous Limit: 200%
Maximum Limit: 230 %

Pt
S8, (@R

-
Engine 2

NGB Torque Limits

Continuous Limit: 11 0%
Maximum Limit: 125 %

TGT
AH-64 Drive T rain (Dual -Engine)

As the individual torque output of each engine is measured locally within the engines themselves, the combined
torque load within the main transmission is cumulative. If both engines are individually producing a torque output
of 100% each, the combined tor que load on the main transmission is quantified as 200%, which is the continuous
torque limit of the main transmission. The main transmission is rated up to a maximum torque limit of 230% but
can only sustain a torque load between 201% and 230% for up to 6 seconds before incurring a post-flight
inspection and/or possible replacement due to an over-torque condition.

Accordingly, when the rotor speed (Nr) is at flight RPMs, the continuous dual-engine torque limit is 100% and
the maximum dual-engine torque limit is 115% for no more than 6 seconds, as indicated within the cockpit.




Under single-engine power, an AH-64D is typically limited by the nose gearbox of the operational engine. When
operating at low pressure altitudes and moderate temperatures, a T700 engine is capable of producing enough
torque to exceed the maximum power for which the nose gearbox is rated before encountering a TGT limit, an
Ng limit, or a fuel flow limit.

An illustration of the AH-64D drive train under single-engine power is shown in the figure below. If the torque

output from the opposite engine is less than 51%, the TGT limiter of the engine is increased to allow the healthy
engine to operate in a single-engine contingency mode for up to 2.5 minutes within a higher turbine gas

temperature range.

Drive Mrain Limit

NGB Torque Limits

Continuous Limit: 11 0%
Maximum Limit: 125 %

XMSN Torque Limits

— Continuous Limit: 200%
Maximum Limit: 230 %

AH-64 Drive T rain (Single -Engine)

The nose gearbox is rated for a continuous torque limit of 110% and a maximum torque limit of 125% but can
only sustain a torque load between 123% and 125% for up to 6 seconds, or a torque load between 111% and
122% for 2.5 minutes, before incurring a post-flight inspection and/or possible replacement due to an over-
torque condition.

Accordingly, when the rotor is at flight RPMs, the continuous single-engine torque limitis 110% and the maximum
single-engine torque limit is 125% for no more than 6 seconds, as indicated within the cockpit. The main
transmission is no longer the limiting component within the overall drive train under single-engine power, as the
maximum torque limit for the nose gearbox is 125%, far below the 200% continuous torque limit of the main

transmission.

However, environmental conditions may still limit the maximum torque available from the engines themselves
below the torque limits of the main transmission and/or nose gearboxes.

1 Ifthe MAX Qi DE value displayed on the Performance (PERF) pageis below 100, the rotor will begin to
droop before the continuous torque limit of the main transmission is reached.

1 Ifthe MAX QT SE value displayed on the Performance (PERF) pages below 110, the rotor will begin to
droop before the continuous torque limit of the nose gearbox is reached; or if the MAX Q i SE valueis below
122, the rotor will begin to droop before the 2.5-minute torque limit of the nose gearbox is reached.
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Height-Velocity Avoid Region

In the event a multi -engine helicopter suffers a single engine failure, the torque input into the drive train will be
immediately reduced to half (assuming the torque load was equally distributed between both engines). When
this occurs, the pilot must immediately lower the collective to reduce the drag load on the rotor system and
maintain the rotational speed of the rotor blades, in order to prevent rotor droop. However, depending on the
environmental conditions and the gross weight of the helicopter, a significant loss of altitude will be likely,
particularly at low airspeeds in which the helicopter does not have sufficient power to maintain a hover out of
ground effect. Under these conditions, the pilot will need to use the remaining altitude to accelerate above V sse
(Velocity Safe Single Engine) and avoidsettling with power or use the remaining engine power of the operational
engine to cushion the rate of descent as much as possible before impact with the ground.

Height-velocity avoidance diagrams are used to illustrate the conditions in which recovering from an engine failure
without damage to the helicopter and/or injury to the crew is unlikely. These diagrams are based on the type of
helicopter, the performance of the helicopter at various pressure altitudes, and the assessed average reaction
time of the crewmembers to recognize the condition and perform the required corrective actions.

The shaded regions in the chart below correspond to pressure altitudes that, if a single engine failure were to
occur within the shaded region of the corresponding pressure altitude, the pilot is not expected to have enough
time to accelerate above Vsse nor have sufficient power from the remaining engine to reduce the rate of descent
before impact with the ground.
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As an example, if the helicopter is between 30 feet and 150 feet above the ground, at a pressure altitude of
2,000 feet, and an airspeed less than 8 knots, the pilot may not be able to avoid an impact with the ground if
one of the engines were to fail.

1  If the pilot were to hover at an altitude above 150 feet AGL, there would likely be sufficient altitude to
accelerate above Vsseand gain translational lift to avoid impact with the ground.

1  If the pilot were to hover at an altitude below 30 feet AGL, there would likely be insufficient altitude for the
descent rate to build under single engine power before impact with the ground, allowing the pilot to use the
remaining engine power to sufficie ntly cushion the descent rate for a safe landing.

1 I the pilot were to maintain a minimum airspeed above 8 knots, the added lift efficiency gained from
translational lift will likely allow the pilot to accelerate above V sse before impact with the ground or
supplement the remaining engine power to sufficiently cushion the descent rate for a safe landing.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































