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[FLAMING CLIFFS 3
AIRCRAFTANURTION

The old adage, "use the right tool for the job " applies to air combat as much as carpentry. Aircraft

missions, such as air superiority, close air support, deep strike, etc. generally have conflicting

requirements. Heavy armor that protects a pilot while engaging an enemy AAA site is a serious

disadvantage in a dogfight. Success in the air requires a the
strengths and weaknesses. The following section identifies each of the player-flyable aircraft and

summarizes its combat role.

SR 7FlankBr

The Su-27 Flanker B and its variants are some of the most impressive and capable fighter aircraft in
the world, designed to beat the vaunted F -15C. Born in the waning years of the Cold War, the
Flanker did not have an easy life. The initial design suffered serious problems. Then, the breakup of
the Soviet Union hindered its deployment, denying it the opportunity to prove itself as one of the
worl dés greatest aircraft.

1-1:Su-27

The Sw27 is tailored for air-to-air combat, not air-to-ground. Armed with the R-27 (AA-10) Alamo

series of missiles, the Flanker has an impressive beyond visual range (BVR) capability. Meanwhile, the

helmet mounted sight and high off -boresight R-73 (AA-11) Archer heat-seeking missile, coupled with
theSu-276s high thrust and gwasthe ardraft e powdrful edge ircakmfa b i | i t y,
fight. High-AoA maneuvering helps the pilot point his weapons at the enemy. Finally, its very large

internal fuel capacity keeps it in the fight well after other fighters are running on fumes. It carries as

many as ten air-to-air missiles, giving it an impressive "punch".
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Detractors criticizethe Su-2 76 s avi onics and cockpit |l ayout, citin
multiple targets, high reliance on Ground Control Intercept (GCI) control, and high pilot wo rkload.

However, its passive ElectroOptical System (EOS) lets it find and engage targets without any radar

emissions (which can warn the target). Debate continues whether high -AOA maneuvers (such as tail

slides and the famed "Cobra') are useful as combat tactics or merely impressive air show stunts.

Su-27 pilots should keep in mind that although the Flanker has a very large internal fuel capacity,
hence the lack of external fuel tanks, a fully fueled Flanker can be a very poor performer in a
dogfight.

S83 FlankBr

Originally named the Su-27K, this cousin of the Su-27 was specifically designed to operate from
Soviet aircraft carriers. Equipped with canards for improved take off and landing performance, the
first Su-27K made its maiden flight in 1985. The tail cone was shortened to reduce the risk of tail
strike during high-AoA carrier landings, but this also reduced the space available for defensive
countermeasures (including chaff and flare dispensers). The Su-33 uses the same radar as the Su-27
and, to a large extent, the same cockpit as well. Neither the Su-33 nor Su-27 has air-to-surface radar
modes.

1-2:Su-33
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Western observers often conclude, inaccurately, that the Su-27 and MiG-29 were born of a single
designpr ogr am, whi ch copi el8, nolbss. IndeedSthe Shta7vayddMG-2% l6oR
quite similar and some observers cannot readily tell the two aircraft apart, despite the MiG -29 being
substantially smaller than the Su-27. Both the Su-27 and MiG-29 design teams reportedly worked
with common research data and drew common design conclusions. The MiG29 has been much more
widely exported than the Su-27, serving in many former Warsaw Pact air forces, several of which
have since joined NATO (bringing their Sovietmade MiG-29s with them).

The MiG-29 originally shared most of its avionics suite with the Su-27 (including the radar, the

Electro-Optical System (EOS), and the helmetmounted sight), but was designed as a short-ranged

fighter, not as an interceptor. The EOS lets the Fulcrum search for, track, and engage targets without

emitting telltale radar signal s. Bei ng -87nbatlitd er , it doesn
high-AoA maneuverability coupled with the R-73 (AA-11) Archer high off-boresight, heat-seeking

missile and helmet mounted sight makes the MiG-29 a deadly dogdfighter. The slow-speed turning

fightisthe MiG-2 9 6s preferred ar en a-Astcapallity topointitaweaporsatai t s hi gh
floundering target. The newer MiG-29S includes onboard electronic countermeasures, a greater fuel

load, and the ability to carry the medium -ranged R-77 (AA-12) Adder missile.

1-3: MG -29 (9 -13)

As with the Su-27, critics cite weak avionics and poor cockpit design as weaknesses of the MiG29.
The later MiG-29S (Fulcrum C), though, incorporated numerous improvements including better
defensive countermeasures and increased fuel capacity. The MiG29 reportedly requires a significant
amount of maintenance, especially the engines. German MiG29s (inherited from the East when
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Germany was re-unified) have had their engine performance "tuned down" to somewhat lengthen
engine lifespan. Obtaining spare parts continues to be a concern for former Warsaw Pact nations.

Russian forces inDCS Worldemploy the MiG-29A and MiG-29S, while German forces operate only the
MiG-29A.

F15C

The F-15C has often been labeled as the greatest fighter aircraft in the world. Designed to counter
the exaggerated capabilities of the Soviet MiG-25 "Foxbat', the F-15C has been the backbone of U.S.
air defense for three decades. The F15C, equipped with improved avionics and weapons over the
original F-15A, has scored over 100 air-to-air victories in the service of Israel, Saudi Arabia, and the
U.S. without suffering any losses.

1-4:F-15C

The F-15C rules the Beyond Visual Range arena (BVR). No slouch in a dogfight, the F15C excels at
finding targets, positively identifying them as hostile, and engaging them with AIM -120C AMRAAM
missiles before the enemy can respond.

The F-15's versatile pulse-Doppler radar system can look up at high-flying targets and down at low -
flying targets without being confused by ground clutter. It can detect and track aircraft and small
high-speed targets at distances beyond visual range down to close range, and at altitudes down to
tree-top level. The radar feeds target information into the central computer for effective weapons
delivery. For close-in dogfights, the radar automatically acquires enemy aircraft, and this information
is projected on the head-up display.

The Eagle is somewhat restricted in the close-in dogfight. The AIM-9M Sidewinder, a reliable weapon
that has soldiered on since t tberesighdddagaldlis/ ofrededte s not h:
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Russian heatseeking missiles. F15C drivers should generally favor the higher-speed "energy fight" in
favor of the low -speed turning duel, especially against nimble adversaries.

Se#25Frogfoot

The Su-25 Frogfoot bears little resemblance to the U.S. A-10A, but it was designed for a very similar
Close Air Support (CAS) groundattack mission. The Su-25 was built to operate near the forward
edge of battle area (FEBA) from rough, "unimproved" airstrips, and can carry a loadout with tools,
spare parts, auxiliary power supply, a pump for manual refueling and other "self deployment"
supplies. It carries a wide variety of weapons for missions including anti -personnel, runway denial,
and tank killing.

1-5:Su-25

The fortified cockpit and armored canopy help protect the pilot from anti -aircraft artillery (AAA) and
small arms fire while engaging targets at low altitude. Ingressing at low level, the Su -25 hunts down
targets, pops up, delivers its weapons, and dives back behind terrain. The Su-25 may arguably be the
most power ground-attack aircraft in Eastern inventories.

The Su-25 is not intended for dogfighting though. Its primary defense against patrolling fighters is
simple avoidance. When engaged, the Su25 should operate at extremely low altitude, which
hampers enemy fighterso6 ability to engage it.
oncoming threats or extend away from the fight if given the opportunity.

m AIRCRAFT INTRODUCTION

Using

terr



S5 Frogfoot

The Su-25 has limited capabilities to search for and attack moving, small-sized armored units. After
its introduction, it was clear that there was a need for creating a specialized anti -tank aircraft. In
1976, the USSR Council of Ministers issued authorization for the commencement of the design and
construction of an all-weather attack aircraft with anti -tank weapons.

The primary anti-tank guided missile (ATGM) system for the Su-25T is the "Vikhr". This was later
followed by the "Vikhr-M" with laser guidance. The primary aiming system, "Shkval', provides
acquisition and automatic target guidance. This works in conjunction with the "Prichal' system that
provides laser illumination and range finder.

For low-light operations, the aircraft ca n be equipped with a fuselage-mounted pod with a low -level
television camera. This system is termed "Mercury." "Mercury" provides an electro-optical aiming
system to "Shkval' for night-time operations.

SR

1-6: Su-25T

The television image from the aiming systems is transferred to the IT -23M television monitor (TVM),
which is positioned in the upper right portion of the instrument panel. "Shkval' provides a 23-fold
target magnification, "Mercury' i provides a five-fold level of magnification. This helps ide ntify
distant targets: a house i 15 km, a tank i 8-10 km, a helicopter like an "Apache' i 6 km.

The integrated Electronic Warfare (EW) system provides detection and direction finding of air,

ground, and naval radar emitters, with an accuracy of +/ - 30 degrees in azimuth. The EW system
can detect and classify radars emitting in the 1.2-18 GHz bands. Adjustable, Electronic Attack (EA)
jamming can be used to reduce the effectiveness of weapon control radars operating in continuous
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wave and pulse modes. EA pods can be fixed to under-wing suspension hard points. For protection
against infrared-guided missiles, expendable flares are used. The Su25T is equipped with 192 flare
cartridges. Also for protection against infrared -guided missiles, the electro-optical jamming system
"SukhogruZz' is installed in the tail section of the aircraft. This powerful cesium lamp, with an energy
consumption of 6 kW, creates an amplitude-modulated jamming signal that prevents infrared -guided
missiles from guiding.

To engage air defense radars, the Su-25T can be equipped with the "Viyuga" or "Phantasmagorid'
target designation pods. This allows the Su-25T to designate targets for anti -radar missiles such as
the Kh-58 and Kh-25MPU.

Although the Su-25T is much improved from the standard Su-25 in regards to its weapon delivery
capabilities, its flight performance has taken a step back. The added weight in particular has given
the Su-25T poor performance and handling. The Su-25T is a powerful weapon platform, but it takes
a skilled pilot to fly it well.

When flying the Su-25T in game, it is suggested that you set your input controls to linear axis. This
will provide the most realistic control of the aircraft.

A1QA

Designed as a Close Air Support (CAS) platform to counter the massive quantities of Soviet armor
during the Cold War, the "Hog" is heavily armored and carries an impressive weapons load including
the deadly GAU-8A 30mm anti-armor cannon. Efforts to retire the A -10 from active duty began
gaining momentum in the | ate 1980s, but fell
during the 1991 Gulf War.

by

1-7. A-10A
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The A-10 was intended to fly low, using the terrain to mask its presence from enemy SAMs. Low
flying, however, places the aircraft in the heart of the AAA engagement zone. Therefore, the aircraft
is heavily armored, including a "titanium bathtub " that surrounds the pilot. When the threat of SAMs
has been reduced, the A-10 generally flies missions at medium altitudes, placing it safely out of the
reach of AAA guns.

The sub-sonic A-10 can carry AIM-9 Sidewinders for self defense, but should avoid dogfighting. It

carries an impressive airto-ground weapons load, but lacks the power for a sustained fight against a
dedicated air-to-air platform. When confronted by an enemy fighter, the Hog pilot should use the A -

106s impressive turn rosd(andtbeadpadbd 30nintcgnnon)attheoi nt t he
attacker. When the attacker overshoots, unload and extend until the attacker makes another pass,

then use another maximume-rate turn to point the nose back at the adversary.
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GAME AVIONICS MODE

The Game Avionics Modeprovides "arcade-style" avionics that make the game more accessible and
familiar to the casual gamer.

This mode can be selected from the Gameplay Options tab or by setting the Game Presets to Game.

Game AvionicsMode Radar Display

2-1: Game Avionics Mode Radar  Display

The display, located in the top right corner of the screen is a top down view with your aircraft (green
circle) located at the bottom center of the display. Symbols located above your symbol are located in
front of you, symbols to the right and left are lo cated to the side of you.

The images below illustrate the various features of the Game Avionics Mode. Note that you will see
different symbols depending what mode the aircraft is in: Navigation, Air to Air or Air to Ground.

However, each mode will have the following data in common:

Eagle Dynamic



1  Mode. Indicated outside of the top left corner of the display. This can show NAV
(navigation), A2A (air to air) or A2G (air to ground).

Mode keys:
o  Navigation: [1]
o AirtoAir: [2],[4] or [6]
o Airto Ground: [7]

1 Radar Range . Outside the top right of the display is the current range setting of the easy
radar.

Radar range keys:
0 Zoomin: [=]
0 Zoomout: [-]

1 True Air speed (TAS) . Outside the lower left of the display is the true airspeed of your
aircraft.

1 Radar Altitude . Outside the lower right of the display is the radar altimeter that indicates
your altitude above the ground or water.

1 Current Heading . Inside the display at the center top is your current aircraft magnetic
heading.

GAME AVIONICS MODE



Navigation Mode

Navigation Mode Radar Range
Current Heading IS Route line
Friendly Airfield Player
Current waypoint Radar Altitude
Waypoint

True Airspeed

2-2: Navigation Mode

Unique symbols of the Navigation mode include:

f
1
f

(Player symbol) . Your aircraft is indicated as a green circle at the bottom of the display.
(Friendly Airfield symbol) . This blue symbol indicates friendly airfields.

(Current waypoint symbol) . This green circle indicates your current waypoint. You can
cycle your waypoint with the [LCtrl - ~] (tilde) key.

(Waypoint symbol) . This green triangle indicates other waypoints in your flight plan.

(Route line) . Green route lines connect the waypoints in your flight plan .
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Air to Air Mode

Air to Air Mode Radar Range
Current Heading P Enemy aircraft
Friendly missile P Enemy missile

Friendly aircraft

Player

O Radar Altitude

True Airspeed

2-3: Airto Air  Mode

Unique symbols of the Air to Air mode include:

1
1

1
1

(Player symbol) . Your aircraft is indicated as a green circle at the bottom of the display.

(Friendly aircraft) . All friendly aircraft are indicated as blue circles with lines coming from
them that indicate flight direction.

(Enemy aircraft) . All enemy aircraft are indicated as red circles with lines coming from
them that indicate flight direction.

(Friendly missile) . A friendly missile is indicated as a blue dot.

(Enemy missile) . An enemy missile is indicated as a red dot.

Useful key commands when in Air to Air mode include:

1

1
1
1

Auto Lock Center Aircraft: [ RAIt - F6]

Auto Lock Nearest Aircraft: [ RAIt - F5]
Auto Lock On Next Aircraft: [ RAIt - F7]
Auto Lock Previous Aircraft: [ RAIt - F8]
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Air to Ground Mode

Air to Ground

Mode Radar Range
Current Heading Enemy Air Defense
D Unit
Friendly Air
Defense Unit Enemy Ground
Unit

Friendly Ground « S

Unit

Player

O Friendly Airfield

Radar Altitude

True Airspeed

2-4: Airto Ground Mode

Unique symbols of the Air to Ground mode include:

1

1
f
f

(Player symbol) . Your aircraft is indicated as a green circle at the bottom of the display.
(Friendly ground unit) . All friendly ground units are indicated as blue squares.
(Enemy ground unit) . All enemy ground units are indicated as red squares.

(Friendly Air Defense Unit) . A friendly air defense unit is indicated as a blue trapezoid
with three lines coming from it.

(Enemy Air Defense Unit) . An enemy air defense unit is indicated as a red trapezoid
with three lines coming from it.

Useful key commands when in Air to Ground mode include:

1

f
1
1

Auto Lock Center Ground Target: [ RAIt - F10]
Auto Lock Nearest Ground Target: [ RAIt - F9]
Auto Lock On Next Ground Target: [ RAIt - F11]
Auto Lock Previous Ground Target: [ RAIt - F12]
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COCKPIT INSTRUMENSSIAN
AIRCRAFT

Equi pment within an aircraftdéds cockpit is customi z:
Nevertheless, all cockpits have much in common. For example, such instruments as airspeed
indicator, ADI, vertical velocity indicator are a must in every cock pit.

This chapter will instruct you about the cockpit instrumentation of each aircraft. For successful
piloting, you must understand the function and position of all cockpit instruments.
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S#7an&B3Dckpitstruments

The Su-27 and Su-33 cockpit instruments are almost identical. Most instruments are also very similar
to those of the MiG-29 and Su-25.

12 13 14 15 16 17 18 19 20

3-1: Su-27 instrument panel

1. Wing leading edge flap position indicator
AOA indicator and Accelerometer
Airspeed and Mach indicator
Weapons control panel
Attitude Direction Indicator (ADI)
Horizontal Situation Indicator (HSI)

Vertical Velocity Indicator (VVI)

© N o a0 A~ w0 D

Tachometer
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9. Interstage turbine temperature indica tors
10. Fuel quantity indicator

11. Head Down Display (HDD)

12. Landing gear control valve

13. Mechanical devices indicator

14. Clock

15. Radio altimeter

16. Pressure altimeter

17. Trimming lights neutral position indicator in pitch, roll and yaw channels
18. "Ecran' control panel

19. SPQO15 "Beryozd' radar warning system
20. Warning lights

Airspeed and Mach Indicator

The airspeed and Mach indicator shows the indicated airspeed (IAS). The scale is graduated from 100
to 1,600 km/h. The Mach number is indicated in the interior of the gauge . The scale is graduated
from 0.6M to 3YVY.

3-2: Airspeed and Mach indicator

Pressure Altimeter

The barometric air pressure altimeter indicates thi
altimeter ring scale is graduated from zero to 20,000 meters in 1,000 meter increments. The outer

altimeter ring scale is graduated from zeroto 1,000 meters i n i ncr ement s of 10 met e

altitude is the sum of the readings of both scales.
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3-3: Pressure altimeter

Radar Altimeter

The radar altimeter s lamoveground and therefore fluatiated axcordihgttol t u d e
terrain height when flying straight and level. It measures heights from zero to 1, 000 meters only.
Accurate readings cease with excessive bank.

——

== 700

< 500
7/ 100
TECT / 3’00\ \\

&

METPbI 0

3-4: Radio altimeter

Mechanical Devices I ndicator

The mechanical devices indicator shows the position of the landing gear, flaps, leading edge flaps
and airbrake. If the landing gear is not extended or retracted, a red lamp lights in the center of the
indicator.
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Airbrake Landing Gear Warning
Intake protection gr ids K

’ Arresting Hook (Su-33)
Flaps

]

Landing Gear

3-5: Mechanical Devices Indicator

AoA Indicator and Accelerometer

The Angle of Attack (AoA) indicator and accelerometer displays the current angle of attack and G-
load. The left portion of the indicator shows the AoA in degrees and the right portion shows G -
loading.

AO0A indicator G-loading indicator

3-6: AoA ind icator and Accelerometer

Attitude Direction Indicator (ADI)

The Attitude Direction Indicator (ADI) shows the current angles of pitch and aircraft roll. In the lower
part of the indicator is a yaw slip indicator. Changing the rudder position eliminates slipping, so try to
have the indicator in the central position. On the front portion of the indicator are the required bank
and pitch indicators to reach the next waypoint. When both yellow bars are in the central position,
the aircraft is following the correct route. During landings, the W -shaped glidescope deviation
indicator provides Instrument Landing System (ILS) direction.
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Required heading

Required pitch

Indicator

Aircraft datum
Pitch scale

Bank scale
Required bank

Slip indicator

Required altitude

3-7: ADI

Horizontal Situation Indicator (HSI)

The Horizontal Situation Indicator (HSI) provides a top/down view of the aircraft in relation to the
intended course. The compass rotates so that the current heading is always shown at the top. The
Course Arrow shows the required heading and the Bearing Pointer points to the next waypoint.
Distance to the next waypoint and required heading are shown numerically at the top. The ILS
localizer and glide slope bars are in the center.

Heading
Required heading

Distance to waypoint ILS bars

Desired course arrow
Bearing pointer

3-8: HSI

Vertical Velocity Indicator (VVI)

The Vertical Velocity Indicator measures the aircraftods
Slip Indicator backs up the Slip Indicator on the ADI. The Bank Indicator shows the rate of bank,
though the rate of bank shown is only approximate.
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3 50 100/

Bank indicator \\QZ
Vertical velocity indicator

Slip indicator

3-9: Vertical velocity indicator

Aircraft Clock

The aircraft clock shows the current time as set in the Mission Editor.

3-10: Aircraft clock

Tachometer

The Tachometer measures the RPMof both engines and is shown as a percent of maximum RPM.
Full afterburner power (reheat) is shown above 100%. When full afterburner is on, green lights show
above the Tachometer.
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3-11: Tachometer

Fuel Quantity Indicator

Fuel quantity (Pfort qf qd3Bad8a3 i r e s)showsehe fualrerhaing in all tanks. Fuel
quantity (T for doo ¢ a ¥i 3 aj) ehovés the fuel remaining in the feeder tank.

If external fuel tanks are carried, a warning light indicates that they are about to be empty. Note that
the Su-27 and Su-33 cannot be loaded with external fuel tanks.

All tanks fuel quantity Feedertank fuel quantity

TOnnuBoO

T

bl

Tank warning

~
e

=8
LN

=

[Ty}

T I I I I
L |

4
3

Emergency fuel remaining

x1000xr

3-12: Fuel quantity indicator

Interstage Turbine Temperature Indicators

The two Interstage turbine temperature indicators show the temperature of the exhaust gas from the
left and right engine turbines.
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3-13: Interstage turbine temperature indicators

Head Down Display (HDD)

The Head Down Display (HDD) is positioned in the right upper corner of the instrument panel. It
shows information about the preplanned route, waypoint and runway locations. In combat modes,
the radar and electro-optical system information is shown.

The scale of the HDD can be changed by the pilot.

¢ METKA  TAKT Q
TPACCA aysn. ¥

3-14: HDD

Radar Warning System (RWS)

The RWS indicates radars illuminating the aircraft. Information is presented as symbols of the types
and directions of the radars. Six indicator lights in the lower portion inform the pilot of the types of
radars illuminating the aircraft. The system warns of every radar; both adversarial and friendly.
Detailed information on RWS operation is described in the corresponding chapter.
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Main threat Bearing on threat

Minimum threat distance
indication

flight stripoi approx
range of threat

Hi hemisphere (B) i low
hemisphere of threat (H)

Type of main threat

KOHTP  HOYb .
Type of threat Locki launch warning

A
B
T

3-15: RWS indicator

The circular arrangement of RWR lights indicates your distance from the threat. As a radar emitter
(e.g., active radar missile) approaches, more light segments illuminate along the indicator in a
counterclockwise direction. When all the segments have illuminated, the radar emitter should be near
your aircraft.

PPD SP Panel

On the right side of the cockpit is the PPD-SP control panel. In the central part of the panel is the PI -
SP indicator. This displays the remaining infrared flares and radar reflecting chaff bundles. The left
column indicates remaining chaff. One indicator light corresponds to 16 chaff bundles. The right
column indicates the number of remaining flares. One indicator light corresponds to eight flare
cartridges. Flares are releasedin pairs.

WHTEPBAN
1 3AnN NTY

f/

OTKN
CTON  KOHTP

3-16: PPD-SP panel
1. PI-SPindicator
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Mi&@9 Cocktstruments

The MiG-29 cockpit is shown below. The MiG-29A and MiG-29S cockpits are identical. Most
instruments are similar or analogous to those of the Su-27.

12 13 14 15 16 17 18 19 20 21 22

3-17: MiG-29 instrument panel

1. Landing gear control valve
Weapon control panel
Master warning light
Ao0A indicator and Accelerometer
Attitude Direction Indicator (ADI)
Vertical Velocity Indicator (VVI)
Radio altimeter

Tachometer

© © N o g M 0w N

Head Down Display (HDD)
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10. "Ekran" panel

11. Warning lights

12. Autopilot panel

13. IAS indicator

14. Barometric Pressure altimeter

15. Mechanical devices indicator

16. Horizontal Situation Indicator (HSI)
17. Aircraft clock

18. Machmeter

19. Chaffs and flares counter

20. Interstage turbine temperature indicators
21. Fuel quantity indicator

22. SPQ15 "Beryozd' radar warning system panel
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Sw7, S83, MiZD
HUD and Bigitatioivaldes

Basic HUD symbols

Regardless of the aircraft type, some HUD symbology is unchanged between aircraft. As an example,
we will take a look at the HUD indicators from the MiG-29 Y t T(ROUTE) mode.

1. Required speed 240 2000
10 11
470 . ' 2110
2. 1AS =z
3. Horizontal acceleration 20
|
R (4
T ~
4. Aircraft datum = @ =0
00
10

5. Navigation mark

6. Flight mode MPLL 123 .6

3-18: MiG-29 basic symbols

7. Required altitude

8. Current altitude

9. Heading

10. Pitch ladder

11. Horizon line

12. Distance to selected
waypoint

1. The Required Speed indicator displays theassigned airspeed for the current flight mode.
When in ROUTE mode, the Required Speed will be the assigned airspeed for the currently

selected route leg.

2. Indicated airspeed (IAS) is shown to the left of the scale. Above the current IAS, the
required airspeed is indicated. It depends on the flight mode, and in the case of route flight

mode, it shows the required aircraft speed.

3. Under the numerical speed indicators is a triangular index that shows horizontal

acceleration. To the right i acceleration, to the left i deceleration.

4. Inthe center of the HUD there is an aircraft datum, indicating aircraft pitch and roll.

5. The navigation mark (large ring) shows the flight direction to follow the preplanned route
and altitude to the next waypoint. When it is in the cen ter of the datum, you are on -route.
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6. Inthe lower left corner, the current flight mode is shown .

7. The Required Altitude value will vary depending on the selected flight mode. In ROUTE
mode, it will indicate the assigned altitude for the currently selected route leg.

8. To the right of the heading scale, the current altitude is indicated. For altitude less than
1,500 meters above ground level, the radio altitude is indicated to within 1 m. At an
altitude over 1,500 meters barometric, the height is show n to within 10 meters. Above the
scale the required altitude is shown. This will depend on the flight mode and in the case of
route flight mode, it shows the preplanned route altitude.

9. The aircraft's current heading is displayed in the upper portion of th e HUD. It is indicated in
tens of degrees (example: "11" corresponds to 110 degrees).

10. The pitch ladder, situated in the right portion of the HUD, displays the current pitch angle.

11. The artificial horizon line indicates a virtual horizon that corresponds to 0 degrees of pitch
and is intended to assist the pilot when flying in poor visibility conditions.

12. In the lower center part of the HUD, the distance to the selected waypoint is indicated in
Km.

When in navigation modes, information on the route (route direc tion, waypoints, and airfields) is
indicated on the HDD.

METKA TAKT
Waypoint # q) Ty = Q Current waypoint

Waypoint Route line

Your aircraft mark

Glide slope capture point

Scale in kilometers

Runway

3-19: HDD types in navigation modes
1 Waypoints are indicated by circular marks
Waypoint number is indicated next to the waypoint
Initial point for glide slope interception is indicated by a diamond

T

1

1  Runways are indicated by a solid rectangle
1 Current waypoint is framed by a square

Al

All waypoints are connected by a route line
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In navigation mode, navigation information is displayed on the HUD and HDD. There are three
navigation sub-modes: Y+ ¥ ( ROUE&E ( RETQRRN) ( L AN Dahdw®de without
task. Switching between sub-modes is performed by successive presses of the[1] key.

The next route and waypoint will be displayed on HDD.

In ROUTE mode, the route line passes through all planned waypoints. To switch between waypoints
you can use the [LCtrl -~] key. The route line will connect your current position with the selected
waypoint.

In RETURN mode, the route line will lead to the glide slope intercept point.

In LANDING mode, the route line will lead to the desired air base. Airfield selection can be chosen by
cycling the [LCtrl -~] key.

Navigation Mode

When in the ROUTE submode, a circular sighting mark is displayed on HUD; this shows the direction
to reach the current waypoint point. Above the airspeed and altitude indications are indicators for the
preplanned speed and altitude on a given route leg. When the current route point is reached, the
sighting mark will automatically switch to the next waypoint. Planned route and waypoints are
displayed on HDD.

In the RETURN submode, the sighting mark shows the glide slope intercept point. The shortest line
to the glide slope point will be indicated on HDD. Manual switching between airfields is performed by
pressing the [LCtrl -~] key. After reaching the glide slope intercept point, the RETURN sub-mode will
automatically switch to the LANDING sub-mode and the Tower will provide landing instructions.

ILS deviation mark Vertical speed scale

Navigation mark

Localizer beam index

Flight mode Glide-path localizer index

Distance to the runway

3-20: ILS landing
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In the LANDING sub-mode, the HUD director circle points to the landing airfield. The direction to the
landing airfield is also displayed on the HDD. Different airfields can be cycled with the [LCirl -~] key.
Upon approach, the airport control Tower will pr ovide final directions. A vertical velocity scale
appears at the right side of the HUD to indicate the aircraft rate of descent.

Beyond Visual Range Combat Modes (BVR)

There are several beyond visqal cpmb{:lt (BVR) combat modes:) O AGCAN)i scan,] y TWS)i
track-while-scan, andt y i, A bA @SYT) 1 single target track.

] OAEBCAN MODE
1 O ABCAN) mode is first activated by pressing the [2] key. This is the primary BVR search mode.

Up to 24 targets can be detected. ltds also necessary t

or IRST) before targets can be detected and engaged. In BVR mode, the fighteros
used. The radar enables target detection at longer ranges, and also the use of semi-active radar
homing (SARH) missiles.

Information necessary for target search and lock on is displayed on HUD. The range scalke can be
controlled with the [+] and [-] keys. The scan pattern can be slewed discretely through three
azimuth positions, center i right i left. The scan pattern can be slewed in elevation using one of two
methods - smoothly by direct elevation slewing, or discretely by the range-angle method. To use the
range-angle method, first you should set the expected range to target in kilometers using the

[RCtrl -+] and [RCtrl --] keys, then set the expected target elevation difference with respect to your
aircraft using the [RShift -;] and [RShift -.] jeys, also in kilometers. The expected range you set is
indicated under the azimuth coverage mark at the bottom of the HUD, and the expected elevation
difference is indicated to the right of the elevation coverage mark on the right side of the HUD.

Range scale Elevation angle scde

Target aspect hemisphere
HUD view tick-marks

Target marks &
\ ~ — | Relative target altitude
(expected)
Radar active \
\— Elevation
coverage bar
Radar cursor
— | Azimuth
Expected target range coverage bar

3-21: SCAN mode - BVR
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When the fire control sensor detects a target, it is represented by a small , horizontal row of dots on
the HUD. "Friendly't ar get s responding to the radaro6s identif
a double row.

1  Range scale is changed by the[+] and [-] keys.

1 The expected target aspect hemisphere is controlled with the [RShift -1] key. A E @LV)
mode can be used if the target aspect is unknown. The expected target aspect determines
the pulse repetition frequency (PRF) to be used by the fighter radar in search mode. High
PRF (HPRF), which provides the longest detection range against approaching forward
hemisphere targets, is indicated by r, n, J(HI), whereas medium PRF (MPRF) for receding
rear-hemisphere targets is indicated by 8 n, (MED). In A E @LV) mode, high and medium
PRFs are interleaved on alternate bars of the radar scan pattern. This provides alFaspect
target detection at the expense of a 25% reduction in maximum range.

1  Anair target is indicated on the HUD as a horizontal row of dots. The number of d ots
corresponds to the approximate size of the target as measured by its radar cross-section
(RCS). One dot indicates a target RCS of 2 sq. m or less, two dotsi from 2 up to 30 sq.
m, 3 dots i from 30 up to 60 sq. m, and four dots - 60 sg. m or more. Tactical fighters
typically have RCS values between 3 and 30 sq. m, dependent upon the type, external
payload, and aspect angle. Most fighters are thus usually displayed on the HUD as a row
of 2 dots. Friendly aircraft have an identification marking in the form of a second row of
dots positioned above the main one.

1  The"O" symbol on the left side of the HUD indicates that the radar is turned on and
actively transmitting.

1 The radar cursor for target designation is moved by using the [;], [], [.], [/] keys.

1  The expected range to target (often derived from AWACS and GClI data), as set by [RCtrl -
+] and [RCtrl --] keys and is indicated at the bottom of the HUD under the azimuth
coverage bar. The elevation coverage of the radar scan pattern is calculated from this
parameter.

1  The expected relative altitude of the target with respect to your aircraft, as set by the
[RShift -;] and [RShift -.] keys is indicated on the right side of the HUD, next the
elevation coverage bar. This parameter is also used to calculate the scan pattern elevation
coverage.

IF YOUR FIGHTER IS AT AN ALTITUDE CB-KM ANDAWACSREPORTS A TARGET AT RAN@GE KM AND ALTITUE
10 KM, YOU SHOULD TURN YOUR AIRCRAFT TOWARDS THE TARGEEN ENTER THE RANGE (80 KM AND

RELATIVE ALTITUDES KM INTO THE RADAR THE RADAR SCAN ZONE WOULD THEN BE CORRECTLY AIMED AT THE
EXPECTED TARGET ELEVATION

1  The elevation angle scale is also at the right side of the HUD. The scale limits are +60
degrees, indicated by inwards facing tick marks at the top and bottom of the scale. A third
inward tick mark represents the horizon. Outward facing tick marks represent the viewing
angle of the HUD. Next to the fixed elevation scale is a moving elevation coverage bar,
which indicates the limits of the scan pattern in elevation. It cues the pilot to look in the
same direction as the radar scan pattern, using the HUD as a reference. If the elevation
coverage bar is between the HUD tick marks on the elevation scale, then the radar is
searching for targets in the elevation zone visible through the HUD.
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1 The azimuth coverage bar is displayed at the bottom of the HUD. It has three fixed
positions corresponding to the selected scan pattern azimuth: left T center i right.

|y {TWS) MODE

Another BVR combat mode is] ¥ r{Track-While-Scan or TWS). It is activated from the | O AGBCAN)
mode by pressing [RAIt -1] . The radar can correlate tracks for up to 10 targets simultaneously in

] ¥ ffTWS). The main distinction from SCAN mode is that the radar retains target parameters, like
elevation and velocity vector, while continuing to search for additional targets. Th e HDD provides a
top-down view of the tactical situation including all tracked targets, together with their direction of
travel and position.

TWS mode provides automatic target lock on (transition to STT). This is enabled by moving the
radar cursor over a target. The cursor will "snap" to the target and follow it thereafter. Automatic
lock on occurs at a range equal to 85% of the calculated maximum weapon launch range. The pilot
can force an earlier lock on by pressing the [Enter] key.

Range scale Azimuth coverage bar

Target aspect hemisphere

(nndnj) Elevation coverage bar

Target mark

Relative target altitude
(expected)

Radar cursor

Radar active -~ I~ | Selected weapon

Expected target range / e

— | Weapon stations

Combat mode v

3-22: | y n(TWS) MODE

The HUD symbology inj y fTWS) mode is similar to that of | O AGCAN) mode.
1 1 vy n,OE &TWS1 BVR) in the lower left corner of the HUD indicates the current mode.
1  Weapon stations carrying the chosen weapon are indicated along the bottom of the HUD.

1  The chosen weapon is indicated in the lower right corner of the HUD, beneath the
elevation angle scale. The 2 7 B above indicates R-27ER missiles.

1  The range scale at the left side of the HUD features three thick inwards facing tick marks.
Going from the top downwards, these are: Rmax - maximum permitted launch range vs.

COCKPIT INSTRUMENTS OF RUSSIAN AIRCRAFT



non-maneuvering target, Rtr - maximum permitted launch range vs. maneuvering target
("no-escape zone'), and Rmin - minimum permitted launch range.

| ¥ 1{TWS) mode is only available together with r, n, jor 6 n, jselected. The interleaved - PRFABT
mode is not compatible. This mode therefore requires head-on or pursuit target aspect to be known
in advance.

The following information is displayed on the HDD in J y r{TWS) mode:

METKA TAKT H
Scanned area q) q\ Scan azimuth
TPACCA  OYBN.

Scan elevation

Friendly aircraft

Hostile aircraft

Own aircraft

Range scale

3-23: HDDfor | y 1j OE &TWS - BVR)

1

= =4 =4 —a -—a A

Scanned azimuth is shown in dark green

Selected elevation angle of the scan pattern is displayed on the left

Selected azimuth position of the scan pattern is displayed at the top
Triangles denote hostile targets. A short line indicates the direction of motion
Circles denote friendly aircraft. A short line indicates the direction of motion
The own fighter symbol is fixed near the bottom of the HDD

Display scale is indicated in the lower right corner

As Fi £y fATTACKI STT) MODE
After locking up the target in either mode, SCAN or TWS, the radar automatically switches to Single

Target Track (STT) mode. It stops tracking all other targets and additional information is indicated at
the HUD in the following form:
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Range scale Current target range

Rmax Radar antenna position

Radar lock-on

A ] Director circle
Il _ag =
Rtr .
. Launch Authorized
Rmin “ r ()
ne Weapon ready
Target aspect 27P3
-|e -« 2212110 __
ATK ABB

Combat mode

3-24: Ab® OEa ( AT T BMRKMODE
1  Rmaxi maximum permitted launch range vs. non-maneuvering target.
Rtr - maximum permitted launch range vs. maneuvering target.

Rmini minimum permitted launch range.

== =a =N

The attack symbol indicates an active radar lock. After missile launch, the attack symbol
flashes at a frequency of 2 Hz.

Aspect angle shows target velocity vector in the plane turned in the HUD vertical plane.
A b © O E anode is displayed in the HUD left lower corner.

The arrow indicating current range to target move s along the range scale.

A round dot indicates the radar antenna position relative to the fighter heading.

The director circle is superposed over the target in the HUD.

= =4 =4 -4 -a A

The n, £ (LA) Launch Authorized symbol appears when the target enters the permitted
range limits and any other launch conditions are satisfied.

In STT mode, all radar energy is concentrated on the target to provide greater accuracy and reduce
the probability of tracking failure, which may be caused by target countermeasures.

Note that this r adiation-intensive mode is interpreted by enemy RWR as a"lock" and preparation for
missile launch. Asa result, using it may prompt the target to take evasive action or to start a
counterattack.
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METKA TAKT .
Lock beam q) q\ Scan azimuth
TPACCA Aayen.

Scan elevation
Target

Own aircraft

Range scale

3-25: HDD A A Gid, § nfATTACK i STT)
In the STT mode, the scanned zone becomes a narrow direction-indicating radar beam.

During missile launch the radar changes to continuous wave illumination. This is unambiguously
interpreted by the enemy warning system as a missile launch and usually prompts some form of
defensive measures.

When semiactive radar homing (SARH) missiles are u:
the missile hits. Whenactve radar homing (ARH) missiles are usec¢
target until the missile seeker switches to active homing, beginning from a distance of 15 km from

the target.

SCANi IRSTMODE

Use of the Infra-Red Search and Track (IRST) system asthe chosen sensor changes the HUD
symbology accordingly.

When searching with IRST, target information is displayed in the HUD azimuth-elevation coordinates
(as opposed to the azimuth-range coordinates when searching with radar). Azimuth is along
horizontal, elevation angle along the vertical axes respectively.

After the locking the target with the help of the IRST cursor, the display switches to the ATTACK
mode described earlier.
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IRST active Target
09

| | | l|° s
410 L1 3000

Target mark
Combat mode

Pitch angle
7
T - IRST cursor
Selected weapon
2773
5 R e e e,
0B3 /BB Stations with selected

weapon

3-26:) OAy OE &SCAN i BVR) Mode with IRST as chosen sensor
1  The"T" symbol at the left side of the HUD indicates IRST operation.
1 The name of the chosen mode is displayed in the left lower corner.
1  Target mark is displayed in the azimuth-elevation angle format.
1 The pitch elevation of the scan pattern is displayed at the H UD center-right.

Since the targetés RWR cannot detect the | aser rangefinoc
it possible to conduct a "stealth" attack. For this type of attack, only "heat-seeking' missiles with
seekers that employ infra-red homing (IRH) can be used.

Digital Datalink

The Sw-27 and Su-33 carry the necessary radio equipment to receive digital target information
directly from off -board sensors (A-50 AWACS aircraft and groundbased EW radars) without using
voice communications. The command post transmits the air combat tactical situation to the fighter,

and this data is then displayed inatop-d own vi ew on the HDD to i mprove the pi
awareness. This tactical display shows the positions of all aircraft detected by off-board sensors,
using the fightero6s own position as a reference. The di

fighter radar is first turned on ( [I] key), so long as a friendly AWACS aircraft or early warning (EW)
ground radar station is available in the mission. The datalink will remain active, and targets will
continue to be displayed on the HDD, even if the radar is thereafter switched off.
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q) LSy q» Hostiles from AWACS
TPACCA Ayen.

Friendlies from AWACS

3-27: HDD with active AWACS datalink

It should be noted that some AWACSdetected targets appearing in the dark green triangular zone
may not be visible to the fighterés own radar, if

1

altitude. The fighterds own r aftheiHUDgibptayyl d be cont r

Work in Complicated Countermeasures Conditions

In complicated countermeasures conditions, when the enemy uses passive and/or active radar

jamming, the TWS mode cannot be used. SCAN mode should be used instead. In the conditions of

strong radio-electronic countermeasures the radar cannot determine the range to the target i

instead, a vertical jamming strobe of randomly flashing target marks appears in the HUD along the
jammer és bearing. Detection ofus&@d'Ailfactivemeisey adar
symbol to appear at the right side of the HUD. Nevertheless, it is possible to obtain a bearing -only
"angle-of-jam" (AOJ) lock on the countermeasures strobe and to launch semiactive radar homing

(SARH) missiles, which in thiscase will guide in the passive "home-on-jam" (HOJ) mode.

The AOJ lock is effected by using the [;], [.], [.], [/] keys to move the radar cursor over the
countermeasures strobe, and pressing the lock-on [Enter] key. The fighter radar will then point its
antenna in the direction of the noise source and track it. The target range displayed in the HUD with
an active AOJ lock is not measured by the radar but rather provided by the fighter pilot (e.g.
according to instructions received by radio), with the defa ult value 10 km. If the entered target
range is longer than the range of the chosen missiles for this altitude, then missile launch requires
either that the entered range is manually reduced with [RCtrl --] until the "n, £' symbol appears, or
that launch authorization override is enabled with [LAIt -W] .

It should be noted that when using missiles against a jamming target, the lack of range information
can make it difficult to gauge when to shoot - the target may be outside the permitted launch zone.
In additi on, missiles flying in the passive mode have a lower probability to hit the target.

At the range of less than 25 km to the jammer, the radar power is sufficient to  "burn through" the
jamming and provide accurate target location, including range. The displ ay on the HUD then
becomes the standard SCAN mode showing the distance to the target.
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THE MOMENT WHEN THE FIGHTER RADAR CAN RECOGNISE THE REFLECTION OF ITS OWN SIGNAL ABOVE THE
JAMMING NOISE AND RECEIVE THE INFORMATION ON THE TARGET MOVEMENT IS CABUEDI-THROUGH.
WHEN THE RADAR STARTS TO PROVIDE FULL DATA ON THE TARGET DESPITE THE PRESERCHUNOISE THE
RADAR HAS'BURNEBTHROUGH THE INTERFERENCE

09
| | | o

410 &

S0 =

Active jamming detected ABT =

Aan

Radar active |
T

10

1700
60 -

3-28: SCAN Mode with jammer strobe

Countermeasures strobe

1  Blinking vertical countermeasures strobe is located at the jammer azimuth. Upon locking it,
the information on the HUD is similar to the STT mode with fixed mark of the current range

to the target.

1  The A nactive jamming indicator is displayed when electronic countermeasures are
detected in the fighter radar scan zone.

Vertical Scanning (VS)- Close Combat Mode

This sub-mode [3] is the most frequently used mode in close maneuvering air combat. In this sub -
mode the radar or IRST scan pattern is a vertical bar with width of 3 degrees and vertical elevation
angle limits of 1 10+50 degrees. The HUD displays two vertical lines denoting the boundaries of the
scanned zone. Lockon is automatic when a target moves into the scan zone, which starts at the
lower edge of the HUD and extends above it by about two more HUD lengths. Aiming is
accomplished by maneuvering the fighter so that the target is placed into this scan zone.

COCKPIT INSTRUMENTS OF RUSSIAN AIRCRAFT



Pitch angle

IRST active

Selected weapon

= Stations with selected
weapon

o

w o

Combat mod _\fc 6
- - - - - s S -
BBB

3-29: VS MODE

Automatic lock-on occurs within 1 7 3 seconds of the target entering the scan zone. After the target
is locked, the display on the HUD changes to the Attack (STT) mode.

Vertical Scan mode selects the IRST sensor by default. The default weapon is the R73 close combat
missile. In order to launch missiles with radar instead, the radar is first activated with the [I] key,
and then the desired missile is selected with the [ D] key.

| nd) dt |(BORE) Close Combat Mode

This sub-mode [4] is similar to VS mode, with the distinction that the sighting system does not scan,
but is rather bore sighted in one direction along the aircraft axis in a narrow (about 2.5 degrees)
cone. This zone is displayed on the HUD in the form of circle with the angular size of 2.5 degrees.
Target lock-on is accomplished by moving the circle over the target, either by maneuvering the
fighter or with the help of target designator control keys [;],[,] ,[.],[/] ,and pressing the lock-on
[Enter] key. After locking the target, the display on the HUD will change to Attack (STT) mode.
This mode provides good aiming precision and a slightly longer lock range than the VS mode.
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IRST active
Seeker reticule
Pitch angle
Radar on
Selected weapon
P
Combat mode 2773 Stations with selected
weapon
s _ . 3. P
CTP BBB

3-30: BORE MODE

Vertical Scan mode selects the IRST sensor by default. The default weapon is the R73 close combat
missile. In order to launch missiles with radar instead, the radar is first activated with the [I] key,
then the desired missile is selected with the [D] key.

T 0 6 YHELMET)- Close Combat Mode

This unique mode is useful for maneuvering combat, and selected with the [5] key. The pilot can
aim weapons at the target simply by turning his head to look at it, with the help of the Schel -3UM
helmet-mounted sight (HMS). The sighting ring on the screen emulates the HMS sighting system
viewfinder located in front of the pilot r ight eye. The pilot can superpose the viewfinder over the
target by panning the view. The viewfinder is not a HUD symbol remains in the center of the screen
even when the view is panned off the HUD. This mode is used in close combat to get an advantage
in guided missile launch as HMS permits lockon and missile launch from high off-bore sight angles,
without turning the whole fighter to point at the target. After locking the target by superposing the
sighting ring and pushing the [Enter] key, if all the launch criteria are satisfied, the ring starts
flashing at a frequency of 2 Hz, signaling LA "launch authorized." If the target moves out of the

mi ssile seekero6s angul ar gi mbal l'imits, an X symbol wil!l

COCKPIT INSTRUMENTS OF RUSSIAN AIRCRAFT



o8 09
IRST active 760 % 4310
—c
| HMS aiming ring
I
T Target
V4
Combat mode Selected weapon
73
o ) ORCUER [ ¢
Stations with selected
WNEM BBB weapon

3-31: Helmet mode
The HUD display switches to Attack (STT) mode after locking the target.

ltdéds efficient to use t HpadoekWiw.nrrd gadlaclothe eatgét withthevi t h  t |
[NUM DEL] key, then select the HMS mode with the [5] key. The HMS ring will then be placed over
the target and it and be locked by pressing [Enter] .

A0 (Fi0) i Longitudinal Aiming
Close Combat Mode

FiO (Fi-Zero) is a backup mode in case of failure of the fighter weapons control system (WCS) radar

and IRST sensors. This mode is selected with the [6] key, but can be used only with active radar

(ARH) or "heat-seeking" infra-red homing (IRH) missiles which have seekers capable of acquiring the
target independently of the fighterés sensor-s. I n
degree conical field of view looking forward along the missile axi s , is used to |l ock th
necessary to maneuver the fighter to place the aiming cross-hair over the target. The LA symbol

appears immediately when the missile seeker has locked the target, regardless of target range. The

pilot should judge th e target range visually to ensure the missile will have enough energy to complete

the intercept, especially in the case of receding pursuit targets.

Theuseofinfra-r ed homing (I RH) missiles in the Fi 0O mode w
such can be used to affect a passive "stealth" attack. The target can detect the missile launch only
visually.

Active radar homing (ARH) missiles like the R77 cannot be used for a stealth attack, since the
mi ssileds own radar emi sargeobRWR. can be detected by t|
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Target

| Aiming crosshairs |

Selected weapon

Launch Authorized

Weapon ready

| Combat mode |

Stations with selected
weapon

3-32: Fi0 (Longitudinal ) MODE

Gun Employment

The aircraft cannon can be employed from any air-to-air combat mode. To do so, first select the
cannon by pressing the [C] key. If a sensor lock is present, the WCS will automatically enter the
Lead Computed Optical Sight (LCOS) mode.

Target lock (attack cue)

IRST active Target marker

Gun employment range

Radar active scale

Remaining ammunition
quantity in quarters

Target range

Aiming crosshair Combat mode (GUN)

3-33: Lead Computed Opitcal Sight (LCOS) mode

1  The aiming crosshair appears when the target range is less than 1200 meters.
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1  The gun employment range scale indicates target range from 0 to 1200 meters.

1  Targetrange is also displayed on the vertical range scale on the left side of the HUD. The
scale is set for 5 km.

1  The remaining ammunition quantity displays the remaining ammunition in quarters, from 4
to 1.

For effective fire, place the aiming crosshair over the target marker and open fire by pressing the
[Space] key.

If the targeting sensors are malfunction ing or disabled, the Gun Funnel mode can be used for aimed
cannon fire.

640 18 130
\
Target size
Target
Gun Funnel
Remaining ammunition
Combat mode (GUN) quantity in quarters

3-34: Gun Funnel cannon mode

In Gun Funnel mode, a graphic funnel is displayed on the HUD to indicate the calculated flight path

of cannon rounds. The distance between the sides of the funnel is based on the Target Size setting.

Target Size is an appr oxigsmi €hd Tawget Sizeevalue €an beladjustéda r g e t
in increments of 10 by using the [RCtrl --], [RCtrl -+] keys or in single digits by using the [RAIt --],

[RAIt -+] keys. The default Target Size value is 20 meters.

For effective fire using the funnel, maneuver the aircraft to place the funnel over the target so that

the targetds wingtips contact the sides of the funi
to the targetds wingspan, you wil!/| have atagoget &% r i
plain of motion is matched, e.g. if the target is turning with 30 -degrees of bank, you should match

the turn with equal bank from behind the target. The gun funnel can only be employed from the rear

hemisphere.
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Air-to-Ground Mode

The MiG-29, Su-27 and Su-33 fighter jets can carry a limited variety of air -to-ground weapons. This
includes unguided "iron" bombs and rockets (RKT).

The GROUND mod€7] is used with these weapons. Air-to-ground aiming symbols are displayed in
the HUD. The mode name ] n, d 6 Y 6(WSUAL GROUNDpppears in the lower left corner of the
HUD, and below it, the chosen weapon. The aiming principles are generally similar for all weapons i

itds necessary to superpose t he alaunihweppopswhgnthe over
LA symbol indicates that the firing criteria have been met.
10 11
Range scale 430 ‘I—I—A¥4 1770
(0] Dive angle
Rmax
Aiming pipper
Rmin
Selected weapon
Combat mode
Stations with selected
weapon
335 ndd66YSA (VIiSIRAUND) MODE
1  The display scale is provided in the upper left.
1 Rmax and Rmin tick-marks are displayed on the range scale.
1  Chosen"| n,d 6 Y 8 ode is displayed in the lower left corner of the HUD.
1  Dive (pitch) angle is displayed at the center-right of the HUD.
1  Moving aiming pipper indicates the computed point of weapon impact.
Hi-drag weapons such as retarded bombs and cluster sub-munitions dispensed from containers have
a low drop trajectory which may cause the aiming pipper to remain b elow the lower limit of the HUD
even in a diving attack. In this case itoés better

(CCRP) bombing mode. This mode is described in detail in the"Weapon usage' section.

Z COCKPIT INSTRUMENTRWUSSIAN AIRCRAFT

t

t

he

(o]

U s



Reticle

The fixed reticle is not a combat mode, but rather a calibrated image that can be displayed on the
HUD by pressing the [8] key. The fighter WCS remains in the same mode as before [8] was
pressed, but the HUD indications are replaced by the fixed reticle.

The reticle is also a backup insgrument for aiming in case of WCS failure or damage.

The reticle displayed on the HUD is an analog to a simple collimator sight. Lead aiming and
computing is accomplished with the help of the reticle markings or "by eye".

The reticle central crosshair is aligned with the gun axis. Missile seekers aimed in Fi0 mode are
aligned somewhat lower below the central crosshair, at the position of the "X" aiming mark.

Central crosshairs

Missile seeker

3-36: Reticle
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3-37: The Su-25 Instrument Panel

COCKPIT INSTRUMENTS OF RUSSIAN AIRCRAFT

1. Landing gear control lever

Angle of Attack (AOA) indicator and Accelerometer (‘G meter")

Airspeed indicator (IAS)

2.
3.
4.  Attitude director indicator (ADI)
5.

Aircraft clock

those

of



6
7.
8
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Vertical velocity indicator (VVI)

Machmeter.

Fuel quantity ind icator.

SPQ15 "Beryozd' radar warning receiver (RWR)
Warning lights

Weapons status panel

WCS panel

Configuration indicator

Distance to waypoint counter

Radar altimeter

Barometric pressure altimeter

Horizontal situation indicator (HSI)
Tachometer (revolutions per minute or RPM)
Inter -stage turbine temperature indicators

RSBN panel(short-range navigation)

IAST TASIndicator

ThelAS-TAS gauge i ndicat e sspeec(BAS)n the nterifof tiiegauderande Ai r
Indicated Airspeed (IAS) in the outer portion of the gauge. The speed scale ranges from 0 to 1,100

km/h.

TAS

IAS

x100km/4
CKOpPOCThb

6

/ //

oy

3-38: Su-25IAS - TAS Indicator
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Configuration Indicator

The configuration indicator for mechanical devices shows the position of the landing gear, flaps, and
airbrakes. If the landing gear is not successfullyextended or retracted, a red lamp lights in the center
of the indicator.

Airbrakes Landing gear warning

Flaps, maneuver position
Landing gear

)’
Flaps, take-off and
landing position

3-39: Configuration Indicator

AOA Indicator and Accelerometer

The Angle of Attack (AoA) indicator and accelerometer displays the current angle of attack and G-
load. The left part of the indicator shows the AoA in degrees, whilst the G -load is shown in the right
part.

AO0A indicator G-load

3-40: AOA Indicator and Accelerometer

Attitude Director Indicator (ADI)

The Attitude Direction Indicator (ADI) shows the current angles of pitch and aircraft roll. In the lower
part of the indicator is a slip indicator. Changing the rudder position eliminates slipping, so try to
have the indicator in the central position. On the front portion of the indicator are the required bank
and pitch indicators to reach the next waypoint. When both bars are in the central position, the
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aircraft is following the correct course. During landings, the W -shaped glide slope deviation indicator
provides Instrument Landing System (ILS) direction.

Required heading Required pitch

Pitch scale

Aircraft datum

Required bank Bank scale

Required altitude Slip indicator

3-41: Attitude Director Indicator (ADI)

Horizontal Situation Indicator (HSI)

The Horizontal Situation Indicator (HSI) provides a top/down view of the aircraft in relation to the
intended course. The compass rotates so that the current heading is always shown at the top. The
Programmed Course Arow shows the required heading to reach your route leg and the Next

Waypoint pointer indicates the direction to your selected waypoint. The ILS localizer and glide slope
bars are in the center.

Current heading

ILS needles
S
=
-——
.‘_’
5
Required heading RMI bearing

3-42: Horizontal Situation Indicator (HSI)
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Vertical Velocity Indicator (VVI)

The Vertical Velocity Indicator measures the

Slip Indicator backs up the Slip Indicator on the ADI. The Turn Indicator shows the turn direction,
though the rate of turn shown is only approximate.

Turn indicator

Vertical velocity indicator

Slip indicator

3-43: Vertical Velocity |ndicator (VVI)

Radar Altimeter

The radar altimeter indicates altitude above the ground from 0 to 1500 meters.

I
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3-44: Radar altimeter

Tachometer

The tachometer is intended for measuring rotor RPM of both engines. Measuring is indexed in
percent from maximum rotor RPM.

aircraftos
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3-45: Tachometer

Fuel Quantity Indicator

Fuel quantity (P) shows the fuel remaining in all tanks. Fuel quantity (T) shows the fuel remaining in
the feeder tank.

If external fuel tanks are carried, a warning light indicates that they are nearing empty.

All tanks fuel quantity Feedertank fuel quantity

Tonnueo

P T

EJ-

x1000kr

Tank warning

m

P
i

~
[}

[Fp

A

T I I L I
N

Bingo

&

3-46: Fuel Quantity Indicator

Jet Engine Turbine Temperature Indicators

The two inter -stage turbine temperature indicators show the temperature of the exhaust gas from
the left and right engine turbines.
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3-47: Engine Temperature Indicator

SPQ15 "Beryozd' Radar Warning Receiver

The RWR display indicates any threat radars illuminating ("painting") the aircraft. Information is
presented as symbols representing the type and direction to the threat. Six illuminated symbols at
the bottom of the display notify t he pilot of the threat radar type. The system indicates both enemy
and friendly radars. Detailed information on the SPO-15 RWR is provided in a separate chapter.

Weapon Status Panel

The weapon status panel is located beneath the throttle handle in the left side cockpit instrument
panel. The type, quantity and readiness of the currently selected weapon and the remaining gun
ammunition are indicated.

e e a o o § 50T
—

Weapon availability

i S p— Weapon type indicator

BMY PE3EPB

: - - .
Weapons ready for use ocTATo Gun rounds remaining (in
P Y —_— Y — BHYTP K & 9
quarters)

3-48: Weapons status panel

1  The yellow lamps in the upper row indicate weapon availability and presence on hardpoint
stations. When ordnance is launched or released, the corresponding yellow lamp goes
dark.

1 The green lamps in the lower row indicate currently selected weapons that are ready for
launch or release.

1 The currently selected weapon type is indicated in the upper right of the panel:
a for bombs,
o4 for missiles,
y t | for rockets,
E n, gfor the built -in 30 mm cannon.
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1  The remaining cannon rounds are indicated in the lower right of the panel:
O for full,
1/2 for one-half,
1/4 for one-quarter.

Short-Range Navigation Panel

The RSBN ShortRange Navigation Panel isused to select navigation modes. In reality, the aircraft
can store up to 4 Airfield Points and 3 Steerpoints.

The systemds functionality in the simul atiRETWRN s s i
i LANDINGi NO TASKmodes is made by cycling the [1] key.

In ROUTE mode, one of the three Steerpoint buttons will be lit, depending on the currently selected
steerpoint. If the steerpoint selected is greater than 3, all steerpoint buttons will be turned off .

In RETURN mode, one of the three Airfield Point buttons will be lit in addition to the Return mode
button.

1A B i Take-off airfield

2A B i Landing airfield

In LANDING mode, one of the three Airfield Point buttons will be lit .

g . KOHTPO/Ib  KOPP. OMNO3H.
Airfield Points

»

2A3P 3A9P 4AQP CEBEPOC Return mode

Steerpoints

nnM1 nNnm2 nNnM3 PO BO3BPAT
y+180 MOBT. 3AX. MOCAKA

3-49: Short -Range Navigation Panel
In NO TASKmode, all buttons are turned off.

When cold-starting the aircraft, the navigation system will be in NO TASKmode.

ASR7 Gunsight

In contrast to other 4 ! generation aircraft, the Su-25 lacks a HUD, and the pilot flies using the
cockpit instruments. The Su-25 is, however, fitted with an ASP-17 gunsight for aiming weapons.
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Bank indicator

Range scale

Maximum/minimum
permitted launch range

Aiming pipper

3-50: ASP-17 gunsight indication

Orange lamp i launch

Green lampi laser active authorized

Red lamp - disengage

3-51: ASP-17 gunsight lamps

The gunsight symbology is quite simple. A crosshairs aiming pipper appears in the center. An arc
drawn clockwise from the top of the crosshairs indicates the range to the point in the crosshairs as
measured by the "Klyon-PS' laser rangefinder/target designator carried in the nose of the Su-25.

A thickened part of this arc indicates the allowable launch range for the currently selected weapon.

As the aircraft approaches the target, the ranging arc begins to vanish, becoming ever shorter. When

the aircraft re aches the permitted firing range and the widened part of the arc also begins to

disappear, an orange lamp in the lower right of the gunsight illuminates to indicate that launch is

authorized. A small triangle at the top of the crosshairs also indicatesthe ai r craft 6s current bank
angle. Accurate aiming of many Su-25 weapons is improved by reducing this bank angle to zero (i.e.

the bank indicator should be aligned with the vertical part of the crosshairs).

Three lamps at the bottom of the gunsight mounting p rovide additional indications.

The green lamp located in the lower left indicates that the "Klyon-PS' laser target designator is
active.

The orange lamp located in the lower right indicates that weapon launch, release or fire is
authorized.

The red lamp located in the lower left, below the green lamp, indicates that the aircraft has
approached within the minimum allowable employment range for the currently selected weapon, and
the attack run should be broken off for another pass.

When laser-guided missiles are selected, the aiming pipper can be slewed with the [;] , [[], [.] , [/]
keys.

COCKPIT INSTRUMENTS OF RUSSIAN AIRCRAFT



SER5TMckpitstruments

Most of the Su-25T cockpit instruments are the same as those in the Su-25:

2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22 23

3-52:TheSu-25d I nstrument Panel

Landing gear control lever

Autopilot control panel (ACS)

Angle of Attack (AOA) indicator and Accelerometer (‘G meter")
Airspeed indicator (IAS)

Attitude director indicator (ADI)

Vertical velocity indicator (VVI)

Tachometer (revolutions per minute or RPM)

Fuel quantity indicator

© © N o a0 M 0w NP

"EKRAN built-in test system display
10. SPQO15 "Beryozd' radar warning receiver (RWR) panel
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11. 1d23Y cathode ray tube (CRT) television (TV) display
12. Aircraft clock

13. "Sukhogruz' infrared (IR) jammer indicator lamp

14. Weapon system control panel (WCS)

15. Flaps, slats, airbrake and landing gear configuration indicator
16. Radar altimeter

17. Barometric pressure altimeter

18. Horizontal situation indicator (HSI)

19. Neutral (takeoff) trim in pitch, roll and yaw indicator lamp
20. Weapon status panel

21. Engine temperature

22. Hydraulic pressure meters

23. Warning lamps

Weapon System Control Panel

The weapon system control panel can be seen near the bottom of the left instrument panel. Among
other functions, this panel is used to control weapon salvo quantity [LCtrl -Space] and release
interval [V] .

OTCEMA YP=M01Y BO3A¥X
e
ey 6P

n

BHEYTR
I8N0 O

3-53: Su-25T Weapon System Control Panel
The weapon system control panel includes:

1 the release mode switch with positions 6 A9 i, 0.1 - 027 037 047 ] 0% 0Q\Y e 4 a Ofor
free-fall ordnance, and 07 AOOJi nt | efor use with gunpods.

1  the salvo size switch with positions | 1-n,] 27 n) 47 E] 6
The release mode switch controls the manner in which air to ground weapons are employed:

6 A0 fSALVO)i all weapons in the salvo are released simultaneously.
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0.17 0.4 T individual weapons in the salvo are released with the selected interval (in seconds)
between them.

] 65 OQ\Y e 0¥ a (SSGMJIM SERIES) a special release mode for the KMGU submunition dispenser
and multiple ejection rack (MER). KMGU submunitions are dispensed at 2second intervals, MER
munitions are released 0.3 seconds apart, according to the total quantity specified by the salvo size
switch.

0 i gunpods boresighted (aligned with aircraft longitudinal axis) for firing in a dive.

AOO|(FIX) i gunpods barrel depression set to a fixed value for strafing runs in level flight. The barrel
depressionangle is controlled with [RCirl - [] and [RCtrl -] .

nt | e@PROGR)i gunpod barrel depression angle under automatic control for strafing a target
designated with the onboard laser rangefinder from level flight.

The salvo size switch is cycled with [ LCtr| - Space] and selects the quantity of ordnance to be
released with each pull of the trigger:

nLlinl2inl4iEy dSingly i Inpairs i Fouratatime 7 All) i The quantity of ordnance to be
released.

Note that even the n, | 1 setting will still release ordnance hung from the outermost weapon stations
in symmetric pairs, to avoid excessively unbalancing the aircraft. Only the four innermost wing
stations provide individual weapon release with this setting.

MERs always release all attached weapons togethe. It is not possible to command individual bomb
release fromtheSu-2 5Té6s MERs.

When using onboard or podded guns, the salvo size switch positions assume a different meaning:
nh 1 (FOR 1)i Internal cannon only.

n} 2 (FOR 2)i Firing with a single pair of gunpods.

nL @OR 4)i Firing with all gunpods.

With gunpods selected, strafing in a line can be accomplished from level flight in the & 0 Ojmode,
controlling barrel deflection with [ RCtrl-=] and [RCtrl --].

Thent | enode is used to concentrate gunpod fire on a point target from horizontal flight. For this it
is necessary to depress the barrels to the desired angle with [RCtrl -=] and [RCtrl --], switch on the
laser range-finder - [ RShift -O], maneuver the aircraft to put the pipper over the target and pull and
hold the trigger. The gun barrels will automatically start firing at the right time, then deflect
automatically in vertical plane to stay on target.

Autopilot (ACS) Panel

The ACS8 automatic control system (ACS or "autopilot") panel is located in the left instrument panel.
It indicates the ACS operational mode and includes six illuminated pushbuttons.

The available ACS operating modes include:

1  Route-following and Landing;
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Combat steering;

Attitude hold mode (retains current pitch and ban k);
Barometric altitude hold,;

Barometric altitude and bank angle hold;
Emergency leveling mode;

Radar altitude hold with automatic terrain avoidance;

= =4 =4 A -4 -—a -

Momentary override (programming) mode.

BB

3-54: ACS Panel

The attitude and/or altitude hold modes attemp t to retain the aircraft and/or altitude as it was the
moment the mode was engaged.

In all modes except for "Emergency leveling', "Route-following" and "Landing," the ACS is limited to
160 degrees in bank and +35 degrees in pitch. When any of these limits is reached, the ACS
disengages and the aircraft reverts to manual control. ACS modes cannot be engaged beyond these
limits.

The ACS is further limited to 15 degrees angle of attack (AOA) and 0-3 G, as measured by the
aircraft instruments. It is not recommended to engage the autopilot at AOAs exceeding 12 degrees. If
AOA exceeds 12 degrees while the autopilot is active, the pilot should immediately advance the
engine throttles to increase airspeed and thrust.

The "momentary override" mode is engaged by pressing and holding [ LAlt -~] in any autopilot mode
(corresponding to the "SAU' trigger on the control stick of the real Su -25T). This mode allows
temporary manual control of the aircraft, usually to adjust the desired attitude and/or altitude. This
override mode has two peculiarities in the "Combat steering" ACS mode (see the description of the
"Combat steering" mode further below).

Pressing[ LAlt-9] will disable any engaged ACS modes (corresponding to the"OTKL. SAU' trigger on
the control stick of the real Su-25T).

1 Route-following mode - A @Y A+ T t This mode is selected by pressing the [A] or [ LAt -6]
key with the aircraft avionics in the "ENROUTE or "RETURN navigation operational mode.
The autopilot follows the assigned flight path.

9 Landing mode - A gn,] | A.0This mode is selected by pressing the[A] or [LAIt-6] key with
the aircraft avionics in the "LANDING' navigation operational mode, which is switched to
automatically from the "ENROUTE and "RETURN navigation operational modes when
approaching a runway. The "Landing’ ACS mode keeps the aircraft on the landing
aerodromeds gl i de sswithesoff huomatically afterldaseend@ts 50
meters altitude above ground level (AGL). If the aircraft departs the glide slope beacon for
any reason, the ACS mode switches automatically from"Landing" to "Attitude to horizon"
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mode. The "Landing" ACSmode is normally disengaged by the pilot for a manual landing
from an altitude of 100 -200 m AGL. Autopilot descent to the 50 m AGL minimum is
recommended only in conditions of poor visibility, when the runway is obscured by fog.

Combat steering mode - A @Y At T +OE This mode is selected by pressing the [A] or
[LAIt-6] key when a target or terrain point is locked by the onboard "Shkval' targeting
system. The autopilot uses bank to steer the aircraft onto the locked target bearing. The
pitch axis is used to maintain altitude. Engaging the "Momentary override" mode A ¢

Y A1 T sby pressing and holding [ LAlt -~] allows the pilot to control the aircraft only in the
pitch axis - the ACS retains control of bank angle. After releasing the "override" mode, the
autopilot returns the aircraft to the initial altitude.

Attitude hold mode - A ¢ This mode is selected by pressing [ LAt -1] . It stabilizes the
current angles of pitch and bank.

Barometric altitude and bank angle hold mode - A 0 E This mode is selected by pressing
[LAIt-2]. It stabilizes the current pressure altitude above sea level (ASL) and angle of
bank. It is convenient for making continuous level turns.

Emergency levelingmode - A gn, e This mode is selected by pressing[ LAlt -3] . It brings
the aircraft to straight and level flight from any initial attitude. While the initial bank angle
exceeds+ 80 degrees, ACS control is applied first in roll, then in pitch. When bank angle is
within +7 degrees and pitch angle within +5 degrees, the "barometric altitude hold" ACS
mode is activated and bank is further reduced to zero.

Barometric altitude hold mode A O E This mode is selected by pressing[H] ¥ a FLAlt-4] .
It stabilizes the current pressure altitude ASL.

Radar altitude hold mode - Agpt EThis mode is selected by pressing[ LAlt -5] . It stabilizes
the current radar altitude AGL. In this ACS mode the "terrain avoidance" submode is also
active.

The "terrain avoidance" submode is engaged whenever:

The current altitude AGL as measured by the radio altimeter is half or less than its initial
value in the "barometric altitude hold" ACS mode, or

The rate of descent measured by the radio altimeter exceeds i 50 m/s.

In the absence of an assigned waypoint, glideslope beam or locked target (e.g. in non-navigation
avionics operational modes), pressing [A] to engage the autopilot will default to the "emergency
leveling" mode, illuminating the corresponding pushbutton on the ACS-8 panel.

When landing crosswind exceeds 10 m/s, it is recommended to disengage the ACS autopilot at a
radar altitude of not less than 100 m AGL to revert to manual control.

In the "ENROUTE and "LANDING' navigation operational modes of the aircraft avionics, the "attitude
hold" A gpLAlt-1] and "altitude hold" ("barometric” A g E[ LAlt-4] or "radar" A g ELAlt-5]) ACS
modes are available. When one of these modes is engaged, the "route-following" or "landing" ACS
modes cannot be selected until the prior mode is switched off by a repeat press of [ LAIt-1], [LAlt -
4] or [LAIt-5].

"Terrain avoidance" is engaged automatically from the "radar altitude hold", "barometric altitude
hold", or "attitude hold" ACS modes, and also in"ENROUTE and "LANDING' navigation avionics
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operational modes with any attitude or altitude hold ACS mode (e.g. "radar altitude hold,"
"barometrical altitude hold") engaged.

"Emergency leveling' ACS mode can be deactivated by pressing either[ LAlt -9] or [A] . Soin the
navigation operational mode, switching from the "emergency leveling' to "route-following" ACS
modes requires two presses of the [A] key.

In the "combat steering" ACS mode, loss of target or terrain point lock for any reason causes the ACS
to automatically switch to the "emergency leveling" mode.
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Operational Modes2ictHe/Bland TV Indicators
Basic HUD Symbology

The Su-25T has several operational modes. Some basic symbols displayed on the HeadUp Display
(HUD) are common across most modes.

Required speed Heading tape

IAS Assigned altitude

Accelerometer Current altitude

Pitch scale

Aircraft datum

Bank scale

Director circle

Atrtificial horizon

Flight mode

Distance to next waypoint

3-55: Su-25T Basic HUD Symbols
1  The aircraft datum in the center of the HUD rotates to indicate aircraft bank and roll.

1 A heading tape appears at the top of the HUD. Tick marks are labeled in tens of degrees
(e.g. the number "35" indicates a heading of 350 degrees).

1  To the left of the headin g tape is the indicated airspeed (IAS). The assigned airspeed for
the next waypoint (depending on the operational sub -mode) is shown directly above the
IAS.

1 Anaccelerometer is displayed under the IAS in the form of a bar scale and triangular
marker. A marker to the right of center indicates acceleration; to the left of center -
deceleration.

1  To the right of the heading tape is the current flight altitude in meters. At altitudes less
than 1500 m above ground level (AGL), radar altitude is indicated with 1 m accuracy.
Above 1500 m AGL, pressure altitude above sea level (ASL) is indicated with 10 m
accuracy. The assigned altitude for the next waypoint (depending on the operational sub -
mode) is shown directly above the current flight altitude.
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1 When the aircraft is on the assigned flight path, the director circle is aligned with the
aircraft datum in the center of the HUD. When the aircraft flies away from the assigned
flight path, the director circle indicates the direction to return to it.

1 A pitch tape is located to the right of the aircraft datum. Aircraft pitch can be read from
this tape with reference to the aircraft datum in the HUD.

1  To the right of the pitch tape is a vertical velocity indicator (VVI). Aircraft rate of ascent or
descent between +30 m/s is i ndicated by an arrow and a numeric value. The arrow stops
at the VVI limit and the numeric value flashes w hen the vertical speed exceeds 30m/s.

1  The current operational flight mode is indicated in the lower left corner of the HUD.

1 The distance to the next waypoint in km is indicated at the bottom of the HUD.

Navigation Mode

The HUD provides navigation data enroute. There are three navigation sub-modes: Y+ 7
(ENROUTE), E 6 ERETURN TO BASE), n,| J (LANDING) . These submodes are selected
automatically at appropriate points along the assigned flight path, and can also be cycled manually by
pressing the [1] key.

Vertical velocity indicator

Director circle

Next waypoint

. MPW  60.6

3-56: Y+ T (ENROUTE) Navigation Sub -Mode

1 TheYt 7 (ENROUTE) sub-mode features a director circle displayed in the HUD. It
indicates the direction to the next assigned waypoint.

1  The assigned altitude and airspeed enroute to the next assigned waypoint are displayed
above the current altitude and airspeed in the HUD.

1  The next waypoint number is indicated in the lower right, below the pitch scale. The
distance to the next waypoint is displayed at the bottom of the HUD. When the assigned
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waypoint is reached, the director circle automatically shows the direction to the one
following, and the waypoint number in the lower right will advance.

Inthe E 6 FRETURN) sub-mode, the director circle guides the pilot to intercept the runway
approach glide-slope.

The landing aerodrome can be cycled by pressing the [LCtrl -~] key. The aerodrome ID number is
indicated in the lower right, below the vertical velocity indicator. The aerodrome control tower
provides voice instructions when the aircraft approaches the runway.

457

Glide slope error circle Vertical velocity indicator

Director circle

’ - Aerodrome ID number
Localizer beam indicator

Glide slope beam
indicator

Flight mode

Distance to selected
aerodrome

3-57: Landing Sub -Mode

1 Inthe n | J (LANDING) sub-mode, a glide slope error circle appears in the HUD. The
aircraft is on the correct approach glide slope when the director and glide slope circles are
both centered in the aircraft datum.

1  The director circle guides the pilot to intercept the desired glide slope. The aircraft is on
the correct approach glide slope when the director and glide slope circles are both centered
in the aircraft datum.

1 "0 and "e" indicate the presence of localizer and glide slope beacons, respectively.

A Y0 (Fi0) - Longitudinal Aiming Close Air Combat Mode

FiO (PhiZero) isthe Su-2 5 T 6 s "amt4air combat mode for use with infrared -homing (IRH)
missiles. The aiming principle is very simple - upon activating this mode with the [4] or [6] key, the
available R-60 or R-73 IRH missiles are automatically selected for use, and the HUD appears as
shown in figure below.
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The missile seeker detects targets within a two degree conical field of view, centered directly ahead
along the missile boresight axis. The center of the missile seeker field of view is indicated by the
aiming cross in the HUD. The pilot aims by maneuvering the aircraft to place the cross over the
target. Launch is authorized as soon as the missile seeker acquires the target, regardless whether it
is in range. Since the missile seeker cannot measure the range to the target, the pilot must estimate
the range visually before firing, to ensure the shot is within para meters (especially for pursuit
intercepts, where the missile needs enough energy to run down the target). In a pursuit intercept
against a target flying at a speed of 700 km/h, the R -60 can be fired from 1500-2000 meters range,
the R-73 from 3000-4000 meters.

04 0s
660 EEmEET | 1890
e A
Aiming cross o
—10
Target \ |/ .
Launch Authorized
P =
= S
- ~ 0
Ready Weapon
4 P 7 A Selected weapon
..... 10
ne
60
K 11
- - - - L - - - - -
Combat mode Fi0
ono

3-58:AY0 (FiO) Longitudinal Aiming Mode
T "AY"inthe lower left corner indicates the longitudinal aiming mode.
The pilot maneuvers the aircraft to put the target in the crosshairs.

"n, &' indicates that the infrared -homing (IRH) missile seeker has locked the target.

= =a =4

The selected weapon is indicated below pitch scale in the lower right: "60" for R-60 (AA-8
"Aphid") missiles, "73" for R-73 (AA-11 "Archer").

1  Weapon availability and state of readiness are indicated along the bottom of the HUD. R-60
missiles at weapon stations # 1 and 11, with the flashing rectangle around station 1
indicating that it is locked and ready for launch.

"Air-to-Surface" Weapon Mode

The Su-25T aircraft can employ numerous types of "air-to-surface" weapons. This arsenal includes
iron bombs, cluster bombs (CBUSs), guided bombs (GBUs), submunition dispensers, aerial rockets,
and guided missiles. It is one of only a few aircraft in the Russian Air Force that can employ mod ern
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precision weapons such as"Vikhr" antitank missiles with laser beam-riding guidance, Kh-25ML, Kh
29L, and Kh-29T laser- and TV-homing missiles, KAB500KR T\tguided bombs, and Kh-25MPU and
Kh-58 anti-radiation missiles

Free-fall BOMBING

The category of ballistic-trajectory "free-fall" weapons includes all"iron" bombs, e.g. FAB-500, FAB-
250, FAB-100, BetAB-500, and ODAB500, RBK cluster bombs and KMGU dispensers, ZAB00
incendiary bombs etc.

To employ free-fall weapons against ground targets, the pilot activates the ", n, dd 6 Y 6"A
(GROUND) mode [7] and chooses the required free-fall bombs, cluster bombs or containers with
the [D] key. Bombing symbology then appears in the HUD, including the ", n, é® 6 Y 6"/mode
indicator in the lower left corner . The selected weapon is displayed in the lower right below the pitch
scale, with all free-fall munitions designated as "A &'. The aim and release procedure is effectively
the same for all free-fall weapons: the pilot maneuvers the aircraft to superpose the continuously
computed impact point (CCIP) pipper over the target and, when all release criteria are satisfied, pulls
the trigger in response to the "Launch Authorized' signal displayed in the HUD.

Range scale

Release Authorized

Range bar

Bomb fall line

Current range

Chosen free-fall weapon

Weapon ready

Visual mode CCIP pipper

3-59: Free-Fall Bombing Mode (CCIP)

1  The continuously-computed impact point (CCIP) pipper indicates the impact point of the
next bomb near the bottom of the HUD.

1  The bomb fall line extending from the impact point indicates the vertical earth axis from
the pipper origin.

1 Free-fall ammunition is indicated by "A & below the pitch scale.
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1 "Launch Authorized' indicates that all the primary rel ease conditions such as range, altitude
and velocity are satisfied and the weapon can be safely released.

1 "L n,dd & Y 6"An the lower left corner indicates the visual bombing mode.

1 Weapon availability and state of readiness are indicated along the bottom of t he HUD. Fig.
3-59 illustrates the display when aerial bombs are suspended from the 2nd, 3rd, 4th, 8th,
9th, and 10th hardpoints . The flashing square framing hardpoint 2 indicates the ready
weapon.

High drag munitions and some cluster submunitions may follow a strongly curved trajectory that puts
their impact point below the lower edge of the visible HUD at almost any angle of dive, so that the
CCIP pipper can not be visibly placed onto the target. In this case the continuously -computed release
point (CCRP)or "invisible zone" bombing mode is used instead of CCIP.

In the CCRP mode, the pipper is visible at the extreme lower edge of the HUD. The pilot maneuvers
the aircraft to place the pipper over the target, pulls the trigger and holds it pressed. The pippe r
becomes a fixed diamond to mark target. A director circle appears in the upper half of the HUD part
to help the pilot fly the aircraft to the release point. The tip of the "keel" of the aircraft datum
symbol in the HUD should be kept aligned with the center of the director circle. The pilot flies the
aircraft with the trigger held depressed until the bombs are automatically released.

550 ', 1940

Time scale 10 Director circle

1 | Datum fAkeel o

| =
= _ ‘\— o
/ N
..... 10
Invisible zone mode
Ab
2 3 4. . 8 910
H3 3EMNSA Diamond target marker
<

3-60: Free-FallBombinginthe "Invisible zone " ("H3" or CCRP)

The range bar at the left side of the HUD becomes a time scale, indicating the number of seconds
remaining before automatic bomb release. The arrow indicating the time remaining before release
d o e tshegd moving until 10 seconds before release. Successful automatic release depends on
strictly following the assigned flight path with the correct G -loading i the tip of the datum "keel"
must be held at the center of the director circle. When the remaining time drops to zero, the bombs
are released, and the pilot can let go of the trigger.
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Strafing Mode

The phrase "aerial rocket" is usually used to describe any unguided rockets and missies that lack
sensors and are uncontrolled after launch. These include S5 rockets carried in the UB-32 launcher,
S-8 rockets in the B-8 launcher, S-13 rockets in the UB-13, and S-24 and S-25 heavy rockets. The Su-
2 5T 6 s-in NRPU8 includes the GSh-20 30-mm twin-barrel cannon with a 200 round ammunition
magazine.

Rockets are employed by activating the "6 & Y 6"/AGROUND) mode [7] and selecting the desired
rocket with the [D] key.

Range bar Strafing pipper

Current range Launch Authorized

Active weapon

Ready weapon

Visual mode

3-61: Rocket Strafing Mode
1  The strafing pipper below the aircraft datum symbol indicates the rocket impact point.

1  The selected type of rocket will be displayed under the pitch scale. The figure above
illustrates the "C5' symbol for the S-5 rocket.

1  Available weapons of the selected type are indicated along the bottom of the HUD.
T L nddd VYo (VISUAL GROUND) mode is displayed in the lower left corner.

To employ rockets, the pilot detects the target visually and maneuvers the aircraft into a shallow
dive, placing the pipper onto the target. The maximum launch range is reached when the arrow in
the range bar reaches the upper tick mark and "Launch Authorized' is displayed in the HUD.

Strafing with the built -in gun (internal cannon) is conducted by practically the same procedure. Guns
are selected by activating the ", n, dd 6 Y 6"AXVISUAL GROUND) mode [7] and the cannon [C] .
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Launch Authorized

Strafing pipper

Current range

Remaining quarters of
ammunition reserve

Built-in gun

3-62: E n, diinternal Cannon) Cannon Strafing Mode
1  The strafing pipper indicating the shell impact point appears under the aircraft datum.

1  The remaining ammunition quantity in quarters is displayed beneath the pitch scale. A full
magazine is indicated with "4", the last 1/4th of remaining ammunition with "1".

1  "E n, thinternal cannon mode is displayed in the lower left corner.

To use the internal cannon, the pilot detects the target visually and maneuvers the aircraft into a
shallow dive, placing the pipper onto the target. The maximum firing range is reached when the

arrow in the range bar reaches the upper tick mark and "Launch Authorized' is displayed in the HUD.

Precision Strike

Precision"smart" weapons include "Vikhr" antitank guided missiles with laser beam-riding guidance,
Kh-25ML and Kh-29L laser-homing missiles, Kh29T TV-homing missiles and KAB500KR T\tguided
bombs. Bombs and missiles that employ TV guidance are considered'launch-and-leave" ("fire-and-
forget"), since they home autonomously and do not require support from the launching aircraft afte r
release. Laserhoming and laser beam-rider weapons require that the target be illuminated with the
on-board | aser during the weaponds entire ti me

The use of precision weapons is made possible by the onboard I-251 "Shkval' (daytime-only TV) or
podded "Mercury" (LLTV for night operations) targeting systems. The image from either system is
displayed on the IT-23M TV display in the upper right corner of the Su-25T control panel.

Precision weapons are employed by selectingthe "6 & Y 8 (6¢ROUND mode [7] and activating
either the onboard "Shkval' [O] or podded "Mercury" [ RCtrl -O] system. The HUD will then appear
as shown in figure below:

of
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AiShkval 0 act

Slewable laser cursor

Missile launch zone reticle

ATGM

Stations with selected
weapon

3-63: "Shkval " or "Mercury " Targeting System HUD

1

1
1

The circular laser cursor in the center of the HUD indicates the center of the optical field of
view shown on the TV display, and can be slewed with the [,], [.], [/], [;] keys.

TB (TV) appears to the left of the range bar, indicating that the "Shkval' targeting system
is active (y dELLTV) indicates the "Mercury" system is active).

The selected weapon is indicated below the pitch scale. The figure above illustrates the
9A4172 "Vikhr" antitank missile selected. Kh-25ML (AS-10 "Karen") missiles are indicated
by 25Y 6, Kh-29L (AS-14 "Kedge") by 296, Kh-29T (AS-14 "Kedge') by 29d) and KAB-
500KR by 5000 q

Weapon availability and readiness state are indicated along the bottom of the HUD.

0 6 Y 6 (GROUND)mode is displayed in the lower left corner.

After activating the targeting system, target acquisition is accomplished by slewing the optical sensor
field of view (FOV) with [,], [.], [/], [;] keys. The image is shown on the TV cockpit display. The
laser cursor in the HUD will move together with the optical sensor FOV.
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Range to target Target

AShkval o act Missile launch zone reticle

with range scale

Laser On Launch Authorized

Weapon ready

9A4172

ATK 3EMNA

3-64: ATGM delivery

Upon activating the targeting system, the TV displays the image from the TV camera, together with
targeting and attitude information:

View azimuth scale Cursor is slewable

TV target frame size Altitude

Elevation caret TV target frame

Current pitch Estimated missile flight

time

Aircraft datum

Slant range

3-65: IT-23M TV Display During Target Acquisition via "Shkval " System

1  The TVtarget frame, the size of which depends on the expected target size, appears in the
center of the display.

1  The TV target frame size, corresponding to the expected target size in meters, is displayed
in the upper left corner. In the figure above the expected target size has been entered as
10 m. Armored vehicles are about 10 meters in size, aircraft may be from 10 to 60 meters,
and ships and buildings usually require the 60 meter setting. The target is automatically
locked only if the target in the cursor is within 5 meters of the expected target size, with
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the exception of targets larger than 60 meters that can still be locked with the maximum
setting of 60 m. The expected target size and cursor size are adjusted with [RCtrl-+] and
[RCtrl --].

1  Along the top and extreme left edge of the display are azimuth and elevation s cales,
respectively. The viewing direction of the currently displayed image is indicated by
triangular markers. The upper azimuth scale has graduated markings from -40 to +40
degrees. The elevation scale at left extends from +20 to T 90 degrees.

1  The aircraft pitch is displayed to the right of the view elevation scale.

1  Anaircraft datum similar to the one displayed on the HUD is duplicated at the center of the
TV display. It informs the pilot about the aircraft bank while performing "head-down"
targeting tasks.

1 The aircraft altitude above ground level (AGL) is indicated by the radio altimeter in the
right upper corner of the display.

1 KC at the top of the display, to the left of the radio altitude, indicates that the view steering
is under manual control, and no target has yet been locked.

1  The estimated missile time of flight (TOF) to the target in seconds is displayed in the lower
right corner. After missile launch, this number indicates the time remaining until weapon
impact.

1  The slant range to the target in k ilometers, as measured by the laser rangefinder, is
displayed at the bottom of the display.

Upon spotting the target, the pilot moves the laser cursor over it, and the targeting system attempts
an automatic lock. To aid in target identification, the TV camera field of view (FOV) can be magnified
to 23x (0.73¢0.97 degrees) or an intermediate value of 8x. View magnification is controlled with [+]
and [ -] keys in three steps.

View magnification Target Al ock

TV target frame size

Target

Launch Authorized

Slant range as measured
by the laser rangefinder

3-66: The IT -23M TV Display; Target Locked With Active Onboard "Shkval " System

After identifying the target to be attacked, the pilot selects the required weapon and observes the
maximum launch range scale in the HUD. When the range to the target and other launch criteria are
satisfied, the pilot either simply pulls the trigger for T V-guided weapons (e.g. Kh-29T missiles and
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KAB-500Kr bombs), or first activ ates the laser target illuminator for laser -guided weapons (e.g. Kh-
25ML, Kh-29L and "Vikhr" missiles) by pressing [ RShift -O] .

1  The current magnification level is indicated in the upper left corner, next to the expected
target size.

1  AC at the top of the display, next to the radio altitude, indicates that a target has been
locked. The targeting system automatically corrects the view direction within the gimbal
limits of +35 in azimuth and from +15 to 185 degrees elevation to keep it pointed at the
target, compensating for target and aircraft motion. The boresight direction parallel to the
aircraft longitudinal axis is indicated by a long tick mark on the graduated elevation scal e
and the central tick mark on the azimuth scale.

1 With the laser range-finder active, indicated by 6 O (LASER), the slant range is shown at
the bottom of the display.

1  "Launch Authorized' is displayed above the slant range, near the bottom of the display.

Afterthelaser-gui ded mi ssiles have hit the target, itds necessa
The laser generates high power in the target illumination mode and can only function in this mode

for a limited time. The required cooling time is approx imately equal to the time the laser was working

to illuminate the target. The laser automatically switches off after reaching its maximum allowable

temperature. It is not recommended to use the laser for more than 20 minutes total per flight, as

exceeding this limit can damage it. The & & symbol flashes while the laser is still cooling.

"Vikhr" missiles can be launched in pairs with a short delay between each missile, increasing the
probability of hitting the target. The supersonic speed of "Vikhr" missiles can also allow multiple
targets to be attacked in a single pass.

"Vikhr" missiles can also be used against non-maneuvering aircraft such as helicopters and airplanes
during target take -off and landing. The procedure for target acquisition is the same for aerial targets
as for ground targets, taking into account that the kill probability is much lower.

Suppression of Enemy Air Defenses (SEAD Mode)

The Su-25T aircraft can employ Kh-25MPU and KR58 antiradiation missiles (ARMs) against a variety
of radio transmitter targets including surface -to-air missile (SAM) search, tracking, and target
illumination radars. Since radio transmitters operate over a wide band of frequencies, not all
transmitters can be targeted by all ARMs. For example, most antiradiation missiles are not designed
for use against mobile anti-aircraft artillery (AAA) which use high frequency radars with short range.
For more detailed information on ARM characteristics and targets against which they can be
employed, see Chapter 6, "Russian Ar Force Air-to-Surface Weapons''

Antiradar missiles require the Su-25T to carry the L-081 "Fantasmagorid’ ARM control pod under the
aircraft centerline (hardpoint #6).

Antiradiation missiles are employed by selecting the § 6 Y 6 (GROUND) mode[7] and activating
passive radar detection with the [I] key. The pilot follows indications on the SPO-15 "Beryozd' radar
warning receiver (RWR) display to steer the aircraft toward the target emitter. When the target
enters the +30 degree scan zone, a diamond target mar ker appears in the HUD. If the currently
selected weapon is able to lock and attack the detected target, a type indicator appears below the
target diamond. The HUD appears as shown inthe figure below:
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ARM cursor

HAWK SAM radar marker

Patriot SAM radar marker

SEAD mode

Active weapon (Kh-58

antiradiation missile)

3-67: Suppression of Enemy Air Defenses (SEAD) Anti  -Radar Mode HUD

1

The square-shaped antiradiation missile (ARM) cursor below the aircraft datum can be
slewed over the desired target with the [,], [.], [/], [;] control keys.

The chosen weapon (58 means Kh58) is indicated below the pitch scale.
SEAD mode ()t gfor "anti-radiation seeker") is indicated in the lower left.

Targets are indicated as diamond markers in the HUD. Targets that can be locked and
attacked by the currently selected weapon are displayed with a type indicator i P for
"Patriot" SAM radar,H50 - for "HAWK' SAM radar, etc.
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3-68: SEAD HUD With ARM Locked Target

When target markers are visible in the HUD, the pilot designates the intended target to be attacked.
The ARM cursor is moved over the intended target with the [,], [.], [/], [;] keys. The target is then
locked by pressing [Enter] . The target diamond then becomes a circular marker. The range bar

displays an arrow indicating the current range to the target and a tick mark indicating the maximum
launch range.

1  The maximum weapon launch range is indicated as a tick mark on the range bar.

1  Anarrow indicating the current range to the target moves along the range bar at the left
side of the display.

1  When an emitting target has been selected, the diamond target marker becomes a circle.

1 When all launch criteria have been satisfied, the "Launch Authorized' command is
displayed.

1  Aflashing rectangle around weapon station # 5 indicates that missile is ready for launch.

When all launch criteria have been satisfied, "Launch Authorized' appears, and the pilot pulls the
trigger to launch the weapon.

Fixed Reticle Sight

The "reticle" is a backup mode, usually used for strafing when the main targeting system is damaged
or accurate range data is unavailable. The reticle has calibrated scales along two axes. It is used for
aiming together with previously tested and known ballistic characteristics of the selected weapon and
the current flight parameters. The center of the reticle is aligned with the aircraft longitudinal axis.
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