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DCS: MiG-29 for DCS World

The MiG-29 (NATO codenameFulcrum) i is a soviet multirole 4™ generation fighter, created in
Mikoyan and Gurevich Design Bureau to counter the American F-15 fiEagled. | t i astwin-engine,
supersonic, highly maneuverable air superiority fighter , which is capable of engaging targets well
beyond visual range as it is in a dogfight given its amazing slow speed and high angle of attack
maneuverability. The MiG-29 is a dangerous opponent for almost any modern fighter, because it uses
its radar and stealthy infrared search and track system. An important trump card in MiG-2 9 Eassenal
is the helmet-mounted sight that allows you to simply look at a target to lock it up! In addition to its
powerful air-to-air capabilities, the Flanker can also be armed with bombs and unguided rockets to
fulfil a secondary ground attack role.

Mig-29 in DCS World is represented as two modificationsi MiG-29A (9-12) and MiG-29S (9-13),
which focus on ease of use without complicated cockpit interaction. The aircraft can be controlled by
joystick or keyboard, which reduces the number of required operations and reduces the time required
for training.
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INTRODUCTION

The MiG-29, NATO codenameFulcrum, is one of the pillars of modern -day Russian combat aviation
created to counter American 4" generation aircrafts. | t 6 s -emgine,wupersonic, highly

maneuverable air superiority fighter , which is capable of engaging targets well beyond visual range
as itis in a dogfight. Using its radar and stealthy infrared search and track system, the Fulcrum can

engage target with wide array of radar and infrared guided missiles.

MiG-29 also includes helmet-mounted sight that allows you to simply look at a target to lock it up! In
fiTrack Wile Search20 mode MiG-29S can engage two targets at the same time using R-77 missiles.

In addition to its powerful air -to-air capabilities, the Fulcrum can also be armed with bombs and
unguided rockets to fulfil a secondary, ground attack role.

MiG-2 9 And MiG-29S models for DCS Worldare focused on ease of use, without cockpit interaction,
significantly reducing the learning curve.

Figure 1: MiG-29
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MG29 HISTORY

The first developments in designing a light-weight frontline new generation fighter were started in
1960s. In 1969, the USSR learned aboutUSAFF-X program (result of the program was a McDonnel
Douglas F-15 fEagled). Soon the leadership of USSR made a conclusion that new American fighter
considerably exceeds any of the existing Soviet fighters. The MiG-21 was quite modern, but inferior
in-flight range, armament and possibility of improving. The MiG-23 was quite fast and had more fuel,
but it was not enough maneuverable in close air combat.

The Soviet air force needed a high-tech, well balanced fighter with good maneuverability. In 1969
they announced a tender for the creation of such an aircraft, which received designation AFF
(FAdvanced Frontline Fighterg). The tactical and technical requirements for such aircraft were very
ambitious: long range, possibility to use short airfields (including usage of poorly prepared runways),
excellent maneuverability, with speed above 2 Y ach and heavy weapons. The aerodynamic design of
the new aircraft was carried out by CloA (Central Institute of Aerodynamics) in cooperation with
Sukhoi DB. The contest was attended by such design bureaus as Sukhoi, Yakovlev and Mikoyan &
Gurevich (MiG shortly). The winner was the fiMiGo bureau.

Lighteight frontline fighter program

In 1971, it became clear that the A dvanced Frontline Fighter aircraft were too expensive to realize

theneedsof USSRAi r Force r egar di ngthe peojectwas geparaeed istg Heavip at 6 s why
Advanced Frontline Fighter and Lightweight Advanced Frontline Fighter. Sukhoi DB started working

on HAFF, LAFF project was given to MikoyanDB. MiG-29 became a result of the LWAFF program

Work on LWAFF began in 1974 The result of this program was fProduct 90 (as per DB classification),
which received the designation fiMiG-29Aa. The first flight of the prototype was performed on October
6, 1977. First time the pre-production aircraft has been seen by US reconnaissance atellites in
November, 1977 and received designation iIRAMLO (Ramenskoed it is the place, where plane has
been spotted for the first time ).

The task of LwWAFF devel opment was to create a machine wi
inferior to such aircrafts like the F15, F-16 and YR17 (later F/A-18). The main task of the aircraft

was air superiority over the combat area, second taski striking ground targets with unguided

weapons in daytime (simple weather conditions).

MIG-29 HISTORY
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Figure 2: MiG-29 mock-up

Due to delays associated with the loss of two prototypes in flight accidents, serial production was

started only in 1982 on the Moscow plant @ 3 Oaka fiZznamia Trudao. FirstseriaAl MiG296s began t o
arrive to the Kubinka airbase in August, 1983. The aircraft successfully passed all state admission

tests in 1984, after which its deliveries began to the frontline airbases. 234 Fighter Avia Regiment

(Kubinka) and 145 FAR were first regiments which got the MiG-29. In early 1985, they reached

operational readiness. Separation into two different project s was clear after first aircraft were

delivered to the first regiments. The heavy Su-27, having bigger action range, had tasks at greater

depth behind the front line - intercepting and destroying NATO aircraft and vehicles, a smaller MiG-29

replaced the old MiG-23 in frontline aviation .

According to the idea if military theorists , MiG-2 9 Eslsould be deployed near the frontline and must
ensure local air superiority for the advancing ground units of the Soviet motorized army. At that time,
Soviet military commanders put on advance of mechanized units, which implied the usage of frontline

aviationond amaged or poorly pr ep ahediG29wasequipyed with fudgedt 6 s wh
chassis and protective frills on the air intakes. The MiG-29 also had to carry out the task of assault

aircraft escort, protecting vulnerable aircrafts from enemy fighter attacks. Fr ont | i ne Mi G6s Wwe
to provide a moving fAir Umbrellad for ground forces.

The new fighter was fiFulcrum-Ao designation according to NATOclassification. Based on MiG-29 9-12,
export MiG-29A and MiG-29B modification were developed with reduced avionics, without the ability of
delivering nuclear bombs. The Mig-29 was first seen during the visit to Finland in July, 1986. In
September 1988, MiG-29 was introduced for the first time at the international airshow in Farnborough .
Western viewers were impressed by the capabilities of the new machine and its outstanding
maneuverability, but noted a serious drawback i increased snokiness of RD-33 engine.
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On January 21, 1989, the converted mass-produced MiG29 No. 0405 took-off. It was the first time
when the R-77 air-to-air missile was launched to engage two targets simultaneously from this plane.
Tests shown, that such an attack is possible under strict restrictions. In the same year, another MiG-
29S, re-equipped from serial aircraft No. 404 started ty fly. Four flights took place in Joint State tests,
and in 1991 the serial production of the plane has begun. Air Force bought only 16 of 50 built airplanes
for CoCTaPR (Center ofCombat Training and Personnel Retraining) andthe 73th FAR. The fighter has
proved itself positivel ysellothewpleweser it wasndt possible to

By the end of 1991, the workshops of MAPOproduced nearly 1200 one-seat MiG-296.Near 200 two-
seat training MiG-29UB were produced in Nizhny Novgorod. In accordance with the plans for the
development of the aircraft industry of the USSR by this time it was planned to transfer MiG -29M
production to the MAPO. Even before 1990 it was supposed to build the first 60 planes of the M
modification. In the next decade, it was necessary to increase their number to 300 or 400 units
(simultaneously in 1986-1995 it was expected to build also 27 ship-based MiG29K fighters). However,
the developmentofthe MiG-2 9 M was del ayed. BLhkghtiddsigntestaweregompl&tels onl y f

Fulcrum testing

Preliminary design and full-size mock-up of the MiG-29 9-12 were introduced in 1976. The newest K-
27 (A0 and fBoO modifications with a conventional power unit) missile became the main armament of
the fighter, despite the fact that plans existed to use the SLARfSafiro and other 3™ generation
equipment. Preference was given to the K-27 project, made by ICB fivympelo. The construction of the
first prototype MiG-29 started in the same year.

First plane for stat-tests was built in summer 1977, by the factory fiZenithd. Assembling was based on
accelerated program, later it got a permission to start flight tests. And finally, the first experimental
MiG-29 was ready.

On October 10, senior test pilot Alexandr Fedotov raised the fnineo into the first flight . Later, Moscow
Aviation Production Association released two more test aircrafts.

Figure 3: The first MiG-29 prototype
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A new critical stage of the aircraft development began in 1982 i the spin tests. The plane
ficonqueredo all kinds if this dangerous flight mode s.

9-01 had engines from the so called fizeroo party. Bench tests of the RD-33 were very intense. Power
plant tests were planned to make it on the second prototype of the aircraft i 9-03. Its first flight took
place on April 20, 1978. But an accident happened in the ninth flight on June 15. Due to pressure
drop in the oil system of the right engine, the compressor collapsed. Broken blades caused a fire,
damaged the traction control system, the plane went into pitch -up and fell into a tailspin. Test pilot
V. Menitsky damaged his spine in the ejection process

When you lose the experimental aircraftit 6 s a har d .Buthemevere dsb wavpositive
moments. The new ejection system K36, which in a few years will gain a worldwide fame,
successfully ejectedand in fact, that second engine continued to work in the condition of the first
engine compressor failure and severe damage of the airframe.

In the meantime, preliminary testing of the aiming equipment and guided weapons was completed in
1978. The flying laboratory LL-124 (based on Tu-124) was used for those purposes. It had a Radar
Targeting System fiRubino and Fire Control System FCS29 installed on board, also, with the K-27, K-
62 and K-14 target seeking devices. Tests of the missiles were made on the fiR\0 plane, re-equipped
from the MiG-23ML. The fighter-bomber MiG-23BK was used for Inertial Navigation System INS-29
testing.

The first MiG-29 with a full set of avionics became an experimental 9-020. Due to equipment delivery

delays, it was flown only on December 28, 1978. The radar set (RLPk2 9) wa s n 6 tnsteash at al | e
test of IR missiles (K-62M, K-27T) and Electro Optical Sighting/Navigational System EOSNS29 were

conducted. It included the electro-optical targeting system OEPS29, the inertial navigation system

SN-29, the fire control system FCS29(20P), the helmet-mounted target designator fiShchet3UMJ, the

mission computer C100, the single indication system SEF31 and the multifunctional control panels.

All this equipment was also used in the Su-27.

Alot of tests of delivering bombs and gun fire was also made with this aircraft. 9-02 had a light
single-barreled gun 9 A 4 0(B3h301), which was designed by the Tula KBP for the cartridge of AO-
18 munition.

9-02 has got another important improvement. The tests of its predecessors showed that garbage,
flying out from the nose wheel falls exactly in the scoops of the air intakes. As a result, the nose
wheel was pushed back on one and half meter and shortened half meter. But because of that, it was
necessary to shorten the first fuel tank. Fuels tanks also were placed into the wings to compensate
the reduction of the fuel .

In service

First combat planes were received by the 4" Center of Combat Training and Pilots Retraining in 1983.
Two regiment army units (CTaPR), 458" instructor-test mixed squadron in Lipetsk and 760" mixed
squadron in Voronezh got 37 new fighters. Pilots retraining on the MiG-29 became the most
important task of the center for a long time. The aircraft was highly appreciated during different
military tests, despite a number of accidents. The head of the training center S. Oskanoy; also flying
on Su-27, played a special role in the MiG-29 training. He approved that a light -weight MiG-29 can
fight with more powerful enemy aircr afts, such as the F-15, and became a winner. Oskanov died in
flight on a MiG-29 in February 1992.

In order to speed -up the MiG-29 training process, 1080" combat training center in Borysoglebskhas

got 79 new fighters .
Eagle Dynamic




The first combat unit which got the new MiG-29 was the 234" Guards Proskurovsky Fighter
Squadron. In 1983, 20 MiG-29 9-12 arrived at the Kubinka airbase. In addition to the MiG-29,
Kubinka airbase had a few MiG23UM.

Figure 4: One of the first MiG-29 9-12 on the ramp

Priority for the arrival of the MiG -29 was given to the districts that faced NATO forces in Europe.After

234" Guard Squadron, 968" Fighter Squadron of the 95" fighter division got the new fiFulcrumsd

(Ros s 0 )alnthebCarpathian Military District, 145" Fighter Squadron of the 14" Air Army (based

in the city of lvano -Frankivsk) got new the MiG-29 9-12. 92th Fighter squadron, which was a part of

the same army in Mukachevo, got the newly modified MiG29-9-13. Lat er , neafFigh®@9 06s, 168
Squadron from Starokonstantinov got 36 MiG-29.

The largest number of such airplanes (about 250 aircrafts, at the beginning of 19 90s), had 16" Air
Army, located in German Democratic Republic (Western Army) Rearmament on the MiG-29 began,
starting from 16" Guardian Fighter Squadron. In 1986, 33th squadron, located in Wittstock (GDR),
ret ur ne d23V& sind redeive@the new 4" generation fighter (the first, outside the USSR).

In 1987, in connection with the transition to the MiG -29, the 35" Fighter-Bomber Aviation Regiment
became a fighter regiment. It was located at the Zerbst (GDR) airfield and was a member of the 16"
Air Army.




Figure 5: MiG-29 on the runway of the Zerbst airfield

In 1988, 85" Guard Fighter Squadron, located in Merseburg, got new planes. 31" Guard Fighter

Regiment of the Suvorow, located on Falkenberg airbase got also the new MiG-29, 968" Fighter

Regiment from Noblitz also got the MiG-29. Thus, 8 Soviet regiments of three divisions in Eastern
Germany receivedthe Mig-29.

Despite the fact, that the Mig-29 was not suitable for the role of an assault aircraft, a lot of fighter -
bomber squadrons received it. In the mid-1980s, 642th Regiment changed their MiG-27 to Mig-29 9-
13. 927" K° nigsberg Regiment, located at Bereza-Karpusska in Belarus, alsogot their MiG-2 9.6 s

In total, 25 combat aviation regiments of the USSRAIr Force got new planes. Air Defense forces also
would use this light and maneuverable fighter. Preparation of pilots for a new aircraft was started in
the 116™ Astrakhan Aviation Training Center. First air defense squadron of this center, which received
the MiG-29, was located in Volga Federal District. In 1989, the 119th Division from the OdVO was
reassigned to the Black Sea Féet and renamed into 119" Sea Fighter Air Division, its regiments were
renamed into 86™ Fighter Air Regiment and 161" Fighter Air Regiment. They became the only
regiments of the Soviet Navy, which operated and maintained the MiG-29.

Experience of the MiG-29 usage showed, that correctly chosen tactic allowed a light-weight fighter to
resist more powerful aircrafts. At the main probable enemy i the USAFi such machine wasthe F15.
When joining with it into close air combat, MiG-29 should have superiority, which although somewhat
inferior to the F-15 in turn characteristics, but with a clever tactic at low altitudes, it successfully
matched the enemy.

Mikoyand Bghter was equipped with more modern weapons for close air combat i the R-73 missile,
which, thanks to a large angle of track and gas -dynamic control were surpassing the AIM-9 missile in
a number of parameters.
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GENERMSIGN

Aircraft construction

The aircraft is a monoplane, based on integral aerodynamic scheme. Integral scheme provides a
creation of the one lifting surface area, smoothly joined through the zone of highly developed extension
with the wing. MiG& structural system uses aluminum, titanium alloys, steel, composite materials and
others.

Figure 6: MiG-29 9-12 Composite design

The fuselage (semimonocoque structure) consists of 10 power frames, normal frames, diaphragms,
stringers, beams and panels. Nose section is formed by the radio-transparent cone of the Radar
Targeting System antenna. Airtight cab compartment is located behind the nose section (different
avionics equipment is also pressurized. Next is airtight cockpit. The nose is tilted down relatively to
the aircraft& horizontal reference line in order to improve front -to-bottom view.

A transparent spherical radome of the electronic-optical station OEPS29 is placed in front and right of
the frontal part of the canopy. The h ardware compartment is located behind the cockpit, nosewheel
compartment is located under the hardware compartment. Further 1 two compartments of the tanks
#1 and #2, behind which is the integral fuel tank #3, which is the main fuel source of the aircraft.
Engine compartments are located behind the fuel tank #3 as well as two fuel tanks #3a .
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The final section of the aircraft is the tail section. Tail fins, afterburners and airbrakes are attached to
the tail section. Break chute container is located behind the engine nozzles The area of the top airbrake
is 0.75 m?, deviation angle - +56 A bottom airbrake - 0.55 m? and -60A respectively.

Leading edge extensions are monolithic with the fuselage. Sweep at leading edge is 7 3 A 3LEX area
- 4,71 m2. Upper air intakes are installed in the LEX The wing has a 4 2 dweep along the leading edge,
near 9 /ut the trailing edge, angle of the transverse fiVa -3A The wing console consists of 3 spars, 3
walls, 16 ribs and monolith faying surfaces. Thee-section leading edge flaps (2.35 m?) are installed on
wing leading edge. Their deviation angle equals 20A LEFare extended automatically, when Angle of
Attack is more than 8.7 Aand retraction respectively or synchronously with the extended flaps. Flaps

square (single-slotted) equals 2.84 m?, deviation angle - 2 5 Adilerons square - 1.45 m?, upward

deviation - 2 5, Aownward deviation - 1 5 Aheir neutral position corresponds to the upward deflection

angle by 5A .

The horizontal stabilizer is fully rotary, differential. During takeoff deviation angles are close to 15A
upward and 3 5 downward, while in flight - 5A45' and 1 7 A 4r&spectively. Stabilizer are - 7,05 m?,
Sweep angle at leading edge - 5 0 Aransversal Vo angle - 3 A 3 6lorizontal stabilizer consoles are
mounted to the bearing units, which are built into the tail section of the fuselage. The front section of
the console is made of duralumin. The caisson of the console is formed by a wall, a longeron, a root
rib, 16 normal, 2 auxiliary ribs and monolithic fiberglass panels

The tail part of the console is a light -weight three-layer construction, made of composite materials.
Rudder fins square - 1.25 m? (first series aircraft had 20% less ruder fins). Rudder fin console consists
of 2 spars and 10 ribs. Rudder fin construction includes monolithic panels made of fiberglass. Fin
extensions are also a part of the fuselage. First series aircrafts had ventral tail fins .

The tricycle geared aircraft is intended for operations from concrete, asphalt-concrete, metal, ground
and snow runways. Wheel base - 3.645m, wheel tread - 3.09 m. There are 2 brake wheels KT-100
(570x140 mm) equipped with a mud guard and installed on the nose pillar stand. Angles of rotation
while taxi - 3 0 Avhile takeoff - 8 A .
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Figure 7: MiG-29 Nose Wheel

Main gear - single KT-150 wheels (840x290 mm), which retract into recesses above the air intake
channels forward with a 9 0 t#irn.

The main air intakes of soviet type, supersonic, external compression, adjustable, with a horizontal
arrangement of the braking wedge, have a boundary layer drain system. When the aircraft is moving
on the ground, the upper air intakes are used, which operate s at speeds up to 200 km/h.

Figure 8: Air intake of the aircraft No.08 (aerobatic team fStrizhyo)
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Airbora&ionics

The weapon control system SU\W 29 is designed to handle the aircraft and control its weapons. It
consists of Radar Sighting System RLPK29, Opto-Electronic Sighting/Navigation System OEPrNK29
and the firing control system SUG29. Target detection range of the side-looking airborne radar N019
fRubino in front hemisphere is 70 km, in the rear hemisphere - 35 km. It can track up to 1 O targets
simultaneously. Radar antenna is movable in two dimensions (azimuth deviation - 67A elevation
deviation angles - 6 0 dpwards and 38Adownwards). In close air combat, the radar antenna rotates
only in the vertical axis.

Figure 9: Airborne radar NO19 fiRubino

In addition to the weapons control system, the equipment was planned to include an interrogator of
the state recognition system, onboard part of the radio link fBirjuzad, automatic flight control system
SAU29, aircraft transponder SO-69, radar warning receiver fBerezaL0, radio altimeter fiReperMo,

automatic direction finder fOlenekd, marker radio MRR56P, radio station fiJuravi-300 and other
devices

OEPrNK29 consists of the electro-optical sighting system OEPS29, navigation system | {29, digital
mission computer C100 series, indication system SEF31, photo controller and multifunctional panels.
OEPS29 system includes combined optical-laser station KOLS andhelmet-mounted sighting system
fiShchd-6UMO. The SN-29 navigation system includes: attitude/heading reference system IK -VK-80,
air data system SVSM-72-3-2I, short-range radio navigation system RSBN A-323 fiPIONd and
switching-block BK-55. The connecting link of this system is the computer that is part of the A -323
system.

a4

Figure 10: Helmet-mounted sighting system fiShchel6UMO
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The firing control system SUG29 includes: central logic unit BCL-10P-20P, two missiles control units
BUR20PR1 and -2, gun automation unit BAR20, four automation units (for unguided weapons),

special suspension control system

Flight and navigation equipment, in addition to the subsystems includes the SN-29 navigation system,
the automatic direction finder ARK-19, the radio altimeter A037 and other devices.

The radar warning receiving system LOO6LM fiBerjozao detects the radiation of the enemy radar and

determines the relative direction and type of radiation source .

Countermeasures dispense system20SPincludes 2 BVR30-26 blocks. Eachblock has 30 PP26 flares
or chaffs (26 mm. caliber).

The aircraft is equipped with an SPU9 intercom system. The pilot can receive commands from ATC
by guard communication channel through ARG 19 radio compass in an emergency situation.
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Tactical and technical characteristics

Parameter MiG-299-12 MiG-299-13
Power plant
Engines RD-33 RD-33
Static thrust, full afterburner, kgf 8300 8300
Static thrust, maximum military, kgf 5040 5040
Weight data
Empty weight, kg 10900 11200
Takeoff weight (normal), kg 15300 15300
Takeoff weight (maximum), kg 18100 18480
Flight characteristics
Maximum ground speed (without loadouts) , km/h 1500 1500
Max speed at high altitude, km/h 2450 2450
Maximum climb rate, m/s 330 330
Flight range (without external wing tanks) , km 1430 1500
Ferry range, km 2100 2900
Operating ceiling, m 18000 18000
Maximum operational G-force, units 9 9
Geometric data
Wing span, m 11,36 11,36
Wing area, sq. m 38,056 38,056
Wing sweep, degree 42 42
Full length, m 17,32 17,32
Wheel base m 3,645 3,645
Wheel tread, m 3,09 3,09
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GAME AVIONICS MODE

The Game Avionics Mode providesfiarcade-styled 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.

Figure 11: 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 located 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.

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

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 Navigational mode: [1]
o Air-to-Air: [2] , [3], [4] or [6]

0 Air-to-Ground mode: [7]
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Radar range . Outside of the top right of the display is the current range setting of the
easy radar.

Radar range keys
0 Zoomin: [=]
0 Zoom out: [-]

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

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

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

Navigation Mode

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

True Airspeed

Figure 12: Navigation mode

Unique symbols of the Navigation mode include:

1
il
1

(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.
Eagle Dynamic



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

1 (Route line) . Green route lines connect the waypoints in your flight plan.

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

Figure 13: Air to Air Mode

Unique symbols of the Air to Air mode include:
1 (Player symbol) . Your aircraft is indicated as a green circle at the bottom of the display.

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

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

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

1  (Enemy missile) . Anenemy missile is indicated as a red dot.
Useful key commands when in Air to Air mode include:

1  Auto Lock Center Aircraft: [ RAIt - F6]

1 Auto Lock Nearest Aircraft: [ RAIt - F5]
1 Auto Lock On Next Aircraft: [ RAIt - F7]
1

Auto Lock Previous Aircraft: [ RAIt - F8]
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Air to Ground Mode

Air to Ground
Mode

Current Heading

Friendly SAM unit

Friendly ground
vehicle

Player

True Airspeed

Radar Range

Enemy SAM unit

Enemy ground
vehicle

Friendly airfield

Radar Altitude

Figure 14: Air to Ground Mode

Unique symbols of the Air to Ground mode include:

= == =4 =4

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

(Friendly SAM units ). All friendly air defense units are indicated as blue trapezoid with
three strokes.

(Enemy SAM units ). All enemy air defense units are indicated as red trapezoid with three
strokes.

Useful key commands when in Air to Ground mode include:

= =2 =4 =4

Auto Lock Center Ground Unit [ RAIt - F10]
Auto Lock Nearest Ground Unit [RAIt - F9]
Auto Lock Next Ground Unit [RAIt - F11]

Auto Lock Previous Ground Unit [ RAIt - F12]
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COCKPIT INSTRUMENTS

This chapter will instruct you about the MiG-29 cockpit instrumentation. For successful piloting, you
must understand the function and position of all cockpit instruments.

Instrument equipment of the MiG-29 cockpit mainly consists of electromechanial devices. Cockpit
instruments of the MiG-29A and MiG-29] are identical. Most of the instruments are also very similar
or identical to those, installed in the Su-27 cockpit.

12 13 14 15 16 17 18 19 20 21 22

Figure 15: Central panel of the MiG-29

Gear Handle

Weapons control system panel.

Combined AOA indicator andAccelerometer.
Master Caution lamp.

Attitude Direction Indicator (ADI ).

Vertical Velocity Indicator (VVI).

N o o s~ 0 Dbh R

Radio altimeter.
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8. Tachometer.

9. Head Down Display (HDD)

10. fEcramintegrated information system panel.
11. Signal lights panel.

12. AFCS Panel

13. Airspeedindicator.

14. Barometric altimeter.

15. Mechanical devices indicator

16. Horizontal situation indicator (HSI).

17. Clock

18. Airspeed and Mach indicator.

19. Flares counter.

20. Interstage turbine temperature indicators .
21. Fuel quantity indicator.

22. SPQ15 fBeryozad radar warning system.

Airspeed indicator

Airspeed indicator is used to show indicated aircraft airspeed. Scaleis graduated from 1 to 9 € 100
km/hour.

Airspeed indicator

Figure 16: Airspeed indicator

Pressure Altimeter

The barometricairpr essur e al timeter indicates fTHednnemi rcraftos al't
altimeter ring scale is graduated from zero to 30000 meters in 1,000 meter increments. The outer

altimeter ring scale is graduated from zero to 1,000 meters in incrementsof 10 met er s. The aircr aft

altitude is the sum of the readings of both scales.
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Figure 17: Pressure altimeter

Radar Altimeter

The radar al ti met edltitudelabowe ground) and therefore fluatdiatedascording to
terrain height when flying straight and level. It measures heights from zero to 1,000 meters only.
Accurate readings cease with excessive bank.

= BHUMAHUE
Capouied KACSE

Figure 18: Radar altimeter
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Mechanical Devices Indicator

The mechanical devices indicator shows the position of the landing gear, flaps, intake FOD shields
and airbrake. If the landing gear is not extended or retracted, a red lamp lights in the center of the
indicator.

Top airbrake

Right square-hole grid

Left square-hole grid

Landing Gears Warning

N

Landing Gears
A

Figure 19: Mechanical Devices Indicator

AO0A 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.

| >~ |

AoA indicator 4 A | G-loading indicator

YCHA TN

2
*
apPK WA

, AMH M “—b
qun

m_ K 2 o c MOg
Figure 20: AoA Indicator and Accelerometer

Attitude Direction Indicator

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 pitch
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Aircraft datum

Figure 21: ADI
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Horizontal Situation Indicator

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 inthe center.

Heading

Distance to waypoint

|

E— R

=
X Q@ m%\@

)

Figure 22: HSI
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Vertical Velocity Indicator

The Vertical Velocity Indicator measurestheai r cr af t 6s vertical speed, i.e.
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 .

Slip indicator e

~ 500 "'
~
er.” , 300 100 |
e
77N

Figure 23: Vertical Velocity Indicator

Aircraft Clock

The aircraft clock shows the current time (as set in Mission Editor) in hours and minutes, as well as
for measuring and counting time intervals, using a stopwatch. By consecutively pressing key
command ATimer, start / stop / reset 0you can start, stop or reset the timer.

Figure 24: Aircraft clock
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Tachometer

The Tachometer measures the RPM of both engines and isshown as a percent of maximum RPM.
Full afterburner power (reheat) is shown as 100%. When full afterburner is on, red lights
ik | & ) Adre lit on the Signal Lights Panel.

.

T

RPM indicator of the right =
engine

RPM indicator of the left
engine

4 Afterburner Signal Light
9 (left engine)

Afterburner Signal Light
(right engine)

Figure 26: Ak o d doEARerburner) signal lights
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Fuel Quantity Indicator

The fuel indicator consists of a tape-type scale which indicates fuel quantity, forecasted flight range
indicator and zero-quantity indicators in various fuel tanks .

Central tank warning Forecasted flight range
. indicator

065 Ok Total fuel quantity scale

TPUMMEP
BHUMAHUWE

MPUMEHATD KACCE m I=PR

C 3ABOACKOMO N 502

Tank @ 3 warning

Figure 27: Fuel Quantity Indicator

Interstage Turbine Temperature Indicators

There are two identical indicators on the instrument panel . Turbine temperature indicators shows
exhaust gas temperature of the left and right engine turbines from 200°  21100°C.

Right Engine EGT

|

Figure 28: Interstage Turbine Temperature Indicators

Eagle Dynamic



Head Down Display (HDD)

The Head Down Display (HDD) is positioned in the right upper corner of the instrument panel . The
indicator duplicates aircraft HUD data

Duplication of the information from the Head -Up Display is required for cases of full illumination of
the HUD by sun or other bright sources.

= —_—
X G
7)) (rerxa — TAKT (‘;“

Head Down Display TPACCA  AYBA

Figure 29: HDD

Radar Warning System

Radars that are installed on aircraft, ships and ground vehicles are used for acquisition and weapons
guidance to various types of targets. Most modern aircraft are equipped with radar warning systems
(RWS) that detect the illumination of enemy radar. Although companies and bureaus have their
unique approaches to the designing of such systems, all RWS have common operational principles

RWS is a passivesystem, i.e. it does not emit any energy into the environment. It detects radar
emitters and classifies them according to a database of the known radar types. RWS can also
determine the direction to the emitter and its operational mode. For example, the establishing a
single target track file. However, RWS cannot define the distance to the emitting radar .

For better situational awareness, it is recommended to use the RWS mode selection. Mode selection
enables the RWS to identify only radars operating in the target track mode, or radars that are
transmitting command guidance signals for a SARH missile launch or Active Radar Homing (ARH)
missile seeker track

Note that the RWS does not have Identify Friend-or-Foe (IFF) capabilities.

The RWS can use prioritylogic to determine a primary threat and a list of secondary threats in
descending order:

1. The threatis either an ARH missile or if the missile command guidance signal is detected
(missile launch);

2. The threat radar is transmitting in Single Target Track ( STT) mode (or any other lock
mode);
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3. The threat has a priority bas eleteiwthelisaofthec o mmon t

types:
1  Thethreat is airborne radar;
1 The threat is a long-range radar;
1  The threatis a mid-range radar;
1 The threat is a short-range radar;
1  The threatis an early warning (EW) system;

1  The threat is an AWACS.

4. The threat is at maximum signal strength.

E RWSDOES NOTPROVIDETHE DISTANCE TO THEMITTER

SPG15 Radar Warning System

The RWS indicates radarsilluminating 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 adv ersarial and friendly.

The SPG15 model implemented in game is very close to the actual system installed in the MiG-29.

The system provides detection of radar signals at the following angles: Azimuth - +/- 180, and
Elevation Range- +/ - 30.

The maximum number of threats on screen: Unlimited.

The threat history display duration time: 8 seconds.

Function modes: All (acquisition) or Lock (the f, a & [|+d Qdswitch).
Threats types:

n, 1 airborne radar

8 - long-range radar

X - medium-range radar

H - short-range radar

F - early warning radar

C- AWACS

fRelative elevationo lights, fipower of emissiond gauge lights and fiLock/Launcho lights are only in
regards to the primary threat.

If the time between radar spikes of threat radar is eight or more secon ds, the azimuth lights will not
blink.

In the case of an acquisition-type spike, the low frequency audio tone will sound.

If a radar is in lock mode, the fLock/Launcho indicator will light up, along with a steady, high

frequency audio tone.
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If a radar -guided missile launch is detected, the fLock/Launcho light will flash, along with a high
pitched audio tone.

An ARH missile can be detected by the system after a missile establishes a lock using its own radar
seeker. In this case, the missile will become the primary threat. The cue to recognize an ARH missile
is the rapid increase in signal strength (fipower of emissiond lamps).

Direction to the
secondary threat

Direction to the primary
threat

"Light strip" - Relative

Own aircraft mark on the emission power the

"light strip" primary threat, estimate
range to threat
Primary threat type
Relative elevation of the
primary threat
HO4b
Secondary threat type

Red flashing lamp -
launch indication

Figure 30: fBeryozad SPG15LM indicator

The ability to correctly interpret the information indicated on RWS panel is vital in combat.
As an example, |l etds take a |l ook at the situation shown
As is seen in the picture, two threats are indicated on RWS panel:

1. The primary threat at 50 degrees |l eft (10 o0odcl ock)
lamp. The lamp above 1,0 symbol, which means finterceptorg, is lit. This type of threat
includes all fighters. The circular scale of signal power (flight strip 0 consists of yellow
segments that show the relative emission power of t
red circle under the aircraft symbol indicates that your aircraft has been locked by the
primary threat radar. The lit, yellow hemispheres marked as f0 and fiy 0in the center of
the aircraft silhouette, indicates the threatods rel
primary threat is at the same altitude as your own, within 15 degrees in elevation.
Consequently, the display can be interpreted in the following way: your primary threat is a
fighter approachi ng f r-atitndewihyoupaodjugngbythet i s near co
signal strength and lock light, it is ready to launch a missile.

2. The secondary threat is positioned at 10-30 degrees azimuth (1-2 o 6écl ock right), and t
indicated by the two green lamps. The green fZd symbol in the threat types line indicates
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that you@e being targeted by a medium-range radar. There is no additional data on
secondary threats.

In a complex threat environment, it is often difficult to define the threat type and its direction. In
this case, it is recommended to use the RWS mode filter [ RShift -R] that removes all emitters
operating in acquisition mode.

The RWR can produce multiple audio alets. You can adjust their volume by pressing [RAIt-,] T
[RAIt-] keys.

Trim Mechanism

Trimming of the aircraft control stick is performed by pressing the [RCirl +.] and [RCirl +;] keys
in pitch and [RCtrl +,] and [RCirl +/] inroll.

To trim the rudder pedals, the [RCtrl +Z] and [RCirl + X] keys are pressed.
Trim ranges are as follows:
T Pitch: 38% of backward stick travel and 50% of forward stick travel
T Roll: 50% on both sides
1  Rudder pedals: 50% on both sides
The neutral position of the trim mechanism is controlled by three annunciators: fibt OY Y & &

s
| A a.O(@eutral stabilizer trim), fidot OY YB & 6 + ¢ (Feutral aileron trim) and ficbs O B %
£n0 (neutral rudder trim ) in the lower part of the main cockpit panel .

\
Neutral stabilizer trim \‘ Neutral rudder trim
TPUMMEP TPUMMER
CTABMA PN /
TPUMMER

INEPOH
Neutral aileron trim _/

Figure 31: Trim annunciators

Setting of the trim mechanism in the neutral position is activated by pressing [LCtrl + T] . Thisis
justified because there is no feeling of true loads of the controls, according to which real aircraft are
trimmed.

If a joystick has force feedback, trimming shifts the joystick neutral position, which is similar to how
the real MiG-29 is trimmed.
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Automatic Flight Control System (AFCS)

The automatic flight control system SAU-451-02 is designed for automatic and director control at the
most important stages of flight, and improved stability and controllability of the aircraft with manual
control over the entire operational altitude range , airspeed and angle of attacks.

The AFCSSAU451 is a three-channel automatic control system and offers the following functions :

|l
1
1
1
1
1

Damping of short-time aircraft oscillations in manual, automatic and director control,

aircraftoés stability i onpracenstesnent and contr ol

Bank, pitch and course stabilization as set by the pilot;

Planerecovery into horizontal flight from any spatial position with subsequent stabilization
of altitude and course;

Barometric altitude stabilization;

Automatic aircraft recovery from dangerous altitude by the radio altimeter signal, while
automatic modes are enabled and Weight-Off-Wheels,

Automatic and director control of the aircraft.

SAU451 has next operating modes:

1
1

Damper mode . This mode is designed to attenuate oscillations along all axes of the aircraft.
The activation of this mode occurs automatically when you select any AFCSmode.

Attitude hold mode . This mode is used to maintain the given roll and pitch angles, and
also, the course. The course is no stabilized, if bank angle is in range from 7° to 80°. If the
pitch angle is less than 40A the roll is zeroed and the course is held. Adjustment of the
a i r c didtidn @am be performed by trimming of ailerons and stabilizers

Barometric altitude stabilization mode . This mode is used to stabilize the barometric
altitude. Vertical velocity should be close to zero (path angle should be less than 5°) in order
to enable this mode. When enabling barometric altitude hold, course stabilization and roll
angle zeroing can occur, if roll angle is less than 7°. If roll angle is from 7Ato 50A roll
stabilization occurs. This mode can be disabled by pressing [Alt -9] or enabling Level Up To
The Horizon mode.

Ground Collision Avoidance mode . This mode takes the aircraft from a predetermined
dangerous altitude and then transitions the aircraft into level flight. Current mode can be
enabled, when roll angle is not more than 30 A flight path angle is not more than 8A altitude
between 300 meters and 500 meters, Weight-off-Wheels. When altitude is less than the set
minimal warning altitude, radio altimeter caution is triggered, the system performs an
automatic climbing with +8 A flight path angle and zero bank angle. When altitude is more
than the dangerous preset, transition to level flight is performed automatically. When roll
angle is less than 7 degrees and pitch angle is less than 5 degrees, after 4-5 seconds, AFCS
enables Barometric Altitude Hold mode. If the pilot intervenes in the withdrawal process, the
mode is turned off, after the intervention is stopped, the transition to level flight occurs .
Level Up To The Hori zon mode . This mode is designed to recovery aircraft into a level
flight. After enabling this mode, when roll angle is more than 80 degree, the AFCS reduces
roll angle to 80 degree, and after, increases pitch angle. When aircraft reaches 7 degree
angle of roll and 5 degree angle of pitch, barometric altitude and course hold is enabled. The
angular velocity while transition to level flight is 40-45 degree per second with acceleration,
starting from -1 until +4,5G. Flight correction can be done via trimmer.

Before turning on the AFCS, the aircraft should trim (except for the fiLevel up to the Horizond mode).
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During cold startup operations AFCS initiates bittest for 3 monutes, if power supply and hydraulic
pressure is present. During bit-test DAMPER DISABLEDAD 6 Y n, & 682 O @) warning light is lit. In
the second part of the test DAMPER (0 6 Y 1)) push-light switch, which is located on the AFCS
panel, starts flashing. After the test is completed, DAMPER DISABLERO 6 Y n, A 62?2 O @)
warning light goes out and DAMPER @0 6 Y ) mode is activated.

E INCLUSION OF ANY OFHE AFCSMODES DURING BIFTEST ISNOT POSSIBLE

Before turning on the AFCS, the aircraft should trim (except for the fiLevel up to the Horizono -

M d Y3 o qeibdrdlY  carode)e

The AFCS reset can be done by thefj a t |0)(RESET) push button [Alt -9]. When RESET button is
held for more than 3 seconds, the DAMPER and Ground Collision Avoidance =~ modes are disabled.
The AFCS modes are controlled by pushlight switches on the left console.

Figure 32 i AFCSpush-light switches

To control the AFCS, the following commands are used

[A] T Switches on DAMPER (fi© & Y ) mode. In caseif any AFCSmode was active, button RESET
will be pushed and currently active mode will be disabled (even fiGround Collision Avoidance 0.

[H] 7 Switcheson the attitude hold mode (bank, pitch and heading hold). fiLevel Up To The
Horizon d mode is disabled automatically.

[LAIt - 1] T Switches on iDAMPERG mode.
[LAlt - 2] T Switches on fiGround Collision Avoidance mod® mode.

[LAIt - 3] T Switches on barometric altitude stabilization mode (requires fAttitude Hold d mode
enabled).

[LAIt - 4] T Switches on attitude hold mode.

[LAIt - 5] T Switches on fPath control 0 mode (not implemented).
[LAlt - 6] T Switches on fiReapproach 0 mode (not implemented).
[LAIt - 7] T Switcheson fiLevel Up To The Horizord mode.

[LAlt - 9] T Pushing thefy a t |0j(RESET) button switching off any current mode. If button is held
for more than ODAMRERcaomdisuhbdeCdl | i si onodedaredisablech c e 0

It also resets an AFCSfailure.
Eagle Dynamic

[LCtrl -] T Increases minimum altitude value on radar altimeter .




[LCtrl - .] T Decreases minimum altitude value on radar altimeter.

Altitude warning light

Minimum altitude cue —RSa-

Figure 33: Radar altimeter and warning lamp
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Sightisgstems

Modern technologies make it possible to detect air and ground targets from a distance tens or even
hundreds of kilometers. Radars, opto-electronic sighting systems, laser range/target designators - all
this is included into modern combat aircraft equipment. The radars of the 4™ generation aircrafts are
Pulsed-Doppler radars, which are subject to the basic principles of operation and typical limitations
inherent in this generation.

Radar sighting system RLPk29

The radar sighting system is the main weapon control system of the MiG-29 fighter and is designed
for:

1 Radardetection at short and medium ranges, including small-sized, low-flying high-speed
maneuvering targets.

1  Tracking a selected target and providing target designations to the homing heads of guided
missiles

1  Calculation of the possible firing ranges of the missiles and displaying this information on
different indicators.

1 Radartarget illumination after missile launch (for semi-active homing head missiles).
RLPK29 consists of:
1  Antenna wave-guide block
1  Transmitter
1 Receiver
1 Synchronization and control channels
1 Computing system
1  Communication unit (with a fire control system )

Radar emits electromagnetic waves into the surrounding space. The signals, reflected from the air or
ground objects are returned and processed in the radar receiver. Computing system process and filter
the signals. It determines elapsedtime of the emission of pulsesto their return, spatial attitude, phase
shift and frequency of the pulses reflected from the target. Based on this data, the system calculates
target range, altitude, speed, relative direction and closure velocity. However, when signals pass
through the atmosphere and reflect from the target, inevitable energy losses occurs. Thereis a concept
(parameter), called Radar CrossSection (to assess objects visibility), which is measured in square
meters.

; THEBIGGERTHEOBJECT® RCS THEHIGHERTHEDETECTIONRANGE

The radar uses Doppler effect to determine the frequencies shift between the emitted and received
pulses. Due to the Doppler shift, the radar can determine the target against the earth background or
the radio-contrast cloud and the true target in electronic countermeasures (interference) conditions.
With the target angles close to 90 degree, their detection becomes difficult, because of small value of
the radial closure velocity and small Doppler shift value. Such fblindo angles are present in all radars
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that use the Doppler effect. That 6 s why such flight i s amdaeléckecti ve man:e
For example, when target makes a simple turn and enters fblindo zone, inertial tracking can be applied

(on up to 6 seconds) by the radar, which allows tar get tracking on fblindd angles. The essenceof this

method is simple: on-boar d computer t r a c larsl, basedr og ¢he énaneuveringj ect or y
parameters, prolongs trajectory in blind zones, directing radar mirror to the target exit point from the

blind zone. But this method is working well only if a target makes a predictable maneuver without an

aggressive changes of the flight parameters. If the target, while entering blind zone, will make an

aggressiveturn, the radar will lose contact with a high prob ability. Note that fact, when in BVR combat.

FLIGHT,PERPENDICULARO THEDIRECTIONOFTHERADIATIONFROMTHETARGETWITH DOPPLERRADAR WHICH
MAKESAN AGGRESSIVERAJECTORCHANGE]S AN EFFECTIVEMANEUVERTHAT MAKESAIRCRAFTTRACKING
EXTREMELYOMPLEX

Radars scan the space in a certain zone The field of view is formed by Beam-Sweep with a certain
azimuth and elevation angle. The larger the field of view, the longer it takes to view this part of the
space.

High speed and maneuverable targets can pass wnnoticed through the radar viewing area, if a view
time is too long. However, like any other device emitting energy in the surrounding space, the operating
radar can be detected by electronic reconnaissance systems. Many modern combat aircrafts are
equipped with radar warning systems. RWS determines a direction and type of the radar threats.

After detection of the radar, as a rule, the type (or class of its carrier can be determined. Modern
radars operate in different modes with different pulse repe tition rates (PRI) and viewing zones. PRI

is number of pulses emitted per second. Changesin pulse repetition frequency are used to increase
the sensitivity of the radar, when searching for targets flying at different angles. A high PRFis used to
detect targets flying towards, medium PRFi for searching targets at dogging courses. In normal mode,

the radar constantly switches between high and medium PRF to ensure alitrack target detection.

Usually, the radar operates in a wide view angle mode. In target tracking mode i a narrow beam angle
is used. After target lock is acquired, radar goes into tracking mode.

Many modern radars have TWS (Track While Scan) mode implemented. In this mode, the radar can
simultaneously track several targets, maintaining the search mode. The positive side of this mode is
that the radar shows detailed information about a wide area of space. On the other hand, while moving
scanning beam in space, information about targets outside scanning zone is missing. Tar ge't
parameters of the movement are extrapolated using previous values. The scanning period is relatively
long, t h at 6 fast and maneuvering target can make an aggressive maneuver and go beyond the
scanarea. The predicted trajectory of the target's movement will be displayed all the time on the radar
indicator. Next coordinates refinement occurs only after some time.

o
n

TRACKWHILESCANMODEPROVIDEDETAILEDINFORMATIONABOUTTARGETSHOWEVERTHIS MODEIS USEDFOR
THEFORECASDFTHETARGETPOSITION.WHILETHERADARSCANSANOTHERTARGETFIRSTTARGETMAYEXIT
SCANAREABY MAKINGAN AGGRESSIVEMANEUVER.

Opto-electronic sighting-navigational system OEPrNK29

Opto-electronic sighting-navigational system OEPrNK29 includes opto-electronic sighting system
OEPS29, which, in turn, consists of a quantum optic -locational station KOLS (IR sensor, collimated
with it laser tracker designator/ranging) and autonomous helmet-mounted sighting system fiShchel
S8UMS, which provides information about the sighting angles to the targeting systems, IR-missiles and
provides information about the system states and missiles readiness to launch to the pilot. Information
of the helmet-mounted sighting system is displayed on a special helmet reflector.
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Aircraft engines emit head, than can be detected. This fact was used by the developers of infrared (IR)

aiming systems. Early IR systemswere detecting jet aircraft only from the rear hemisphere, where the

engine nozzles are located Modern high-sensitivity systems detects IR contrast targets from any angle .

Now, many aircrafts are equipped with opto -electronic sighting systems. Unlike radar systems, OESS

systems are passive, i.e. not radiating energy. The enemydoes ndt k n o vis trackirmg this OE S S
aircraft. This significantly increases the attack stealthiness.

Figure 34: Quantum Infrared Search and Track system OEPS29-23S

The opto-electronic sighting systems were especially widely used in attack aircrafts and bombers.
Various sighting systems, including television, low-level television and infrared sensors, allows to make
strikes on ground targets at any time of day . But, like all optical devices, they lose efficiency in difficult
weather conditions, fog, smoke and dustiness of the battlefield .
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a A-EBHUD Operational Modes
Basic HUD symbols

Regardless of the avionics modg, some HUD symbology is unchanged between modes. We will take a
look at the HUD in ROUTE(iY At T & g)dmode.

Bl [
10. Pitch tape
w W/

/ 11. Horizon line

/4

’j 12. Distance to selected
waypoint

Figure 35: HUD basic symbols

1.

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

Indicated aircraft speed (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.

Under the numerical speed indicators is a triangular index that shows longitudinal
acceleration. To the right i acceleration, to the left i deceleration .

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

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 center of the datum, you are on -route .

In the lower left corner, the current flight mode is shown .

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 .
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10.
11.

12.

To the right of the heading scale, the current altitude is indicated. For altitude less than

1,000 meters above ground level, the radio altitude is indicated to within 1 m. At an altitude

over 1,000 meters barometric, the height is shown to within 10 meters. Above the scale the
required altitude is shown. This will depend on the flight mode and in th e case of route flight
mode, it shows the preplanned route altitude .

The current heading is positioned in the
current heading. (example: 11 corresponds to the value of 110 degrees) .

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

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 .

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

In navigation mode, navigation info rmation is displayed on the HUD. There are three navigation sub-
modes: Yt 7 ( ROUE&E ( RETHQRN) ( L AN Dahdw@de without task. Switching
between sub-modes is performed by successive presses of the[1] key.

To switch between waypoints, you can use the [ LCtrl + ~] key.

In LANDING mode airfield selection can be chosen by cycling the [LCtrl + ~] key.
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Navigation Modes

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 curr ent route point is reached, the
sighting mark will automatically switch to the next waypoint .

Rlight ey " Brd—"" == Distance to selected
5 waypoint

Figure 36: HUD/AY t  (ROUTE) mode
In the RETURN submode, the sighting mark shows the glide slope intercept point. Manual switching
between airfields is performed by pressing the [ LCirl -~] key. After reaching the glide slope intercept

point, the RETURN submode will automatically switch to the LANDING sub-mode and the Tower will
provide landing instructions.

Navigation mark s ‘ : Distance to the runway

ILS deviation mark

’ Glide-path localizer index
Flight mode

«

A

=2

Localizer beam index

Figure 37: ILS Landing

In the LANDING sub-mode, the HUD director circle points to the landing airfield . Different airfields
can be cycled with the [LCtrl -~] key. When approaching an airfield, Tower will begin to control your
landing. In this mode, glide -slope deviation indicators of the ILS system appears on ADI.
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Beyond Visual Range Combat Modes

There are several beyond visual combat (BVR) combat modes |, a §SCAN)i scan, | y n(TWS)i
track-while-scan, | y 1 (TWS2)i track-while scanwith the ability to attack two targets
simultaneously/sequentially (MiG-29S) andt y n(STT)i single target track.

i, a ® SCAN MODE

i, a (SCAN) mode is first activated by pressing the [2] key. This is the primary BVR search mode.

Up to 24 targets can be det erconeeofithe fire tontrdlsensols Ganlar ne c e s
[Il orIRST[O]) before targets can be detected and engage
normally 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 scale 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 -.] keys, 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 .

Radar ekvelSl angle
scale
Target aspect hemisphere
PRF - .
(PRF) \ S30u HUD view tick-marks

Radar active | ; ‘ B
4 | - Relative target altitude

Target mark (expected)

Elevation
coverage bar

SCANmode Azimuth
coverage bar

Expected target range

_ Radar cursor

Figure 38: i, a ®(SCAN) mode- BVR

When the fire control sensor detects a target, it is represented by a small, horizontal row of dots on
the HUD. fFriendlyot ar get s responding to the radards identif

a double row.
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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 appro&hing forward-
hemisphere targets, is indicated by n, n, j(HI), whereas medium PRF (MPRF) for receding
rear-hemisphere targets is indicated by 8 n, (IMED). In A E ¢i_V) mode, high and medium
PRFs are interleaved on alternate bars of the radar scan pattern. This provides all-aspect
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 dots 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 1 from 30 up to 60 sg. m, and four dots - 60 sg. m or more.
Tactical fighters typically have RCS values between 3 and 30 sg. 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 Thef ©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 (manual) range to target (often derived from AWACS and GCI 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 ARN ALTITUDE OF5 KM ANDAWACSREPORTS A TARGET ARANGESO KM AND ALTITUE
10 KM, YOU SHOULD TURN YQRJAIRCRAFT TOWARDSHE TARGET THEN ENTER THE RANGSOF80 KM AND
RELATIVE ALTITUDES KM INTO THE RADAR THE RADAR SCAN ZONE @ULD THEN BE CORRECY AIMED AT THE
EXPECTED TARGET ELEVION.

1  Theelevation angle scaleisalsoatthe r i ght si de of the HUD.
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 .
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i y a(TWS MODE

Second BVR combat mode isfj ¥ @(Track-While-Scan or TWS). ltis activated from the i, a &
(SCAN) mode by pressing[RAIlt -1] . The radar can correlate tracks for up to 10 targets
simultaneously in i y @(TWS). 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.
The 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 fisnapoto 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

Target aspect hemisphere

(PRF) U 4270 ‘
= Elevation coverage bar
Radar active 2% : .
" ) - - - Relative target altitude
Target mark : (expected)

Radar cursor Azimuth coverage bar

TWS mode

Expected target range

Figure 39: ij y q(TWS) MODE

The HUD symbology infj y (TWS) mode is similar to that of i, a & SCAN) mode.
1 A y E&TWS BVR) in the lower left corner of the HUD indicates the current mode.

1  The chosen weapon is indicated in the lower right corner of the HUD, beneath the
elevation angle scale. The 77 above indicates R-77 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.
non-maneuvering target, Rtr - maximum permitted launch range vs. maneuvering target
(fno-escape zone&), and Rmin - minimum permitted launch range.
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il ¥ 6(TWS) mode is only available together with 1, r,  (Hi PRF)or 6 n,¢ (Med PRF) selected. The
interleaved PRFAABTO mode is not compatible. This mode therefore requires head-on or pursuit
target aspect to be known in advance.

fA o E iy §(ATTACKI STT) MODE

After locking up the target in either mode, SCAN or TWS/TWS?2, 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:

. |

=_5
tr

Current targ N
Launch Authorized
|
| - Selected weapon

Radar lock-on

Rmin

Figure 40: /A @O &ET BVR) MODE
1 Rmaxi maximum permitted launch range vs. non-maneuvering target.
1  Rtr- maximum permitted launch range vs. maneuvering target .
1  Rmini minimum permitted launch range .

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

1  Aspect angle shows target velocity vector in the plane turned in t he HUD vertical plane.
1 #A O E&(STT BVR) mode is displayed in the HUD left lower corner.
1  The arrow indicating current range to target moves along the range scale .

1  The target diamond is superposed over the target in the HUD .
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1  The fi, 10 (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 a single target to provide greater accuracy and
reduce the probability of tracking loss, which may be caused by target countermeasures .

Note that this radiation -intensive mode is interpreted by enemy RWR as afiocko and preparation for
missile launch. As a result, using it may prompt the target to take evasive action or to start a
counterattack.

In the STT mode, the radar can lock one target and track it in 120 degree of azimuth.

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

When semi active radar homing (SARH) missiles like the R27Rand R2 7 ER a r es necessaly,
to illuminate the target until the missile hits .
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iy npITWS2 on MiG-29S

Third BVR modeis the fj y g(Track-While-Scan 2 or TWS2) mode, which is available only on MiG-29
using R-77 missiles. It is activated from the f, a @(SCAN) mode by double pressing [RAIt -1] . The
radar can correlate tracks for up to 10 targets simultaneously in i y no2ATWS2) mode. The main
distinction from TWS mode is that TWS2 has a possibility to attack 2 targets at the same time and
make a simultaneous or sequential launch of the R-77 missiles

TWS mode provides automatic target lock on (transition to STT). This is enabled by moving the
radar cursor over a target. The cursor will fsnapdto 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
also can force an earlier lock on by pressing the [Enter] key.

Radar cursor

i{ ; Elevation coverage bar
(PRF) M

Radar active 1 Relative target altitude
i (expected)

"Crosshairs' symbol [

Azimuth coverage bar

TWS2mode

Selected weapon

Target mark

n

Figure 41: fj ¥ 8 (TWS2) MODE- BVR

The fi¢ 10 (and f¢ 209) symbols appears in the bottom center of the HUD after the target was locked.
Primary (first) target is displayed as fidiamondo symbol on the HUD. Secondary target is displayed as
a fcrosshairsd symbol on the HUD.
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ot [MIG-29]

Range scale
Radar active

Primary target range

Primary target mark

; ( Secondary target lock on
Primary target lock on ur ne u indicator
indicator

Selected weapon

Launch authorized

Figure 42: fj y 80 (TWS2) MODE- STT

When all launch parameters are met, the ), £ Launch Authorized symbol appears on the HUD.Press
and hold the trigger until the two missiles are launched.
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SCANi IRSTMODE

Use of the Infra-Red Search and Track (IRST) system[O] as the chosen sensorchanges 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 STT mode
described earlier.

IRST active

IRST cursor

Figure43: |, a 8 6(BE@AN BVR) Mode with IRST as chosen sensor

1  The fiTn,0 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 .

Since the targetés RWR cannot detect the | aser ran
it possible to conduct a fstealthd attack. For this type of attack, only fheat-seekingd missiles with
seekers that employ infra-red homing (IRH) can be used.
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Work in Complicated Countermeasures Conditions

In complicated countermeasures conditions, when the enemy uses passive and/or active radar
jamming, the TWS/TWS2 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 1 instead, a vertical jamming strobe of randomly flashing target marks appears in the HUD
along the jammerdés bearing. Detecti on d&knpECWM
detected) symbol to appear at the right side of the HUD. Nevertheless, it is possible to obtain a
bearing-only fiangle-of-jamo (AOJ) lock on the countermeasures strobe and to launch semi-active
radar homing (SARH) missiles, which in this case will guide in the passive fhome-on-jamo (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 default 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 i s manually reduced with [RCtrl --] until the fi), 10 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 ga uge when to shoot - the target may be outside the permitted launch zone.
In addition, 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  fburn thr ougho the
jamming and provide accurate target location, including range. Indication on the HUD then becomes
the standard SCAN mode showing the distance to the target.

The moment when the fighter radar can recognize the reflection of its own signal above the
jamming noise and receive the information on the target movement is called fburn-througho.
When the radar starts to provide full data on the target despite the presence of ECM, the radar
has fburned-through o the interference.

Countermeasures strobe

Figure 44: SCAN Mode with jammer strobe
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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 .

The A i active jamming indicator is displayed when electronic countermeasures are
detected in the fighter radar scan zone.
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Vertical Scanning- Close Combat Mode

This Vertical Scanning submode [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 that is -10+50 degrees
wide in elevation. The HUD displays two vertical lines denoting the boundaries of the scan zone.
Lock-on is possible when a target is inside the scan zone, which starts at the lower edge of the HUD
and extends above it by about two more HUD lengths. To lock-on a maneuvering fighter, fly to place
the target in the scan zone and press the lock-on [Enter] key. If the [Enter] key is not pressed, the
lock-on will not take place.

IRST active

Vertical scan

Figure 45: VS MODE

Lock-on occurs within 1 i 3 seconds of the target entering the scan zone with [Enter] pressed.
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 weaponis the IR 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.
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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.

Lock-on zone

Selected weapon

BORE mode /

~

Figure 46: BORE Mode

BORE mode selects the IRST sensor by default. The default weapon is the IR missile. In order to
launch missiles with radar instead, the radar is first activated with the [I] key, then the desired
missile is selectedwith the [D] key.
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HELMET- 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 f), 10 (launch authorized). If the target moves out of the
mi ssile seeker 6s a ivgsymolrwil gopeababove tHeringi t s, an

,‘ . J
L £ 1 [ 11 )
- < HMS aiming ring

IRST active /

HELMETmode

Figure 47: HELMET mode

The HUD display switches to Attack (STT) mode after locking the target.

ltdés efficient to use t lipadoeksew. nFord madldclothe ¢atgét withthevi t h t he
[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] .

FiOT 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 infra -red

homing (IRH) missiles which have seekers capable of acquiring the target independently of the

fighterés sensor s. I'n this mod edegrde eonicalfisidoi iew 6 s own s
|l ooking forward along the missile axis, is used to |
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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 the 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 fstealtho attack. The target can detect the missile launch only
visually.

Aiming crosshairs

Figure 48: FiO (Longitudinal) MODE
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Gun Employment

The aircraft cannon can be used in air-to-air combat mode. To do so, first select the cannon by
pressing the [C] key. Press the [Enter] key to lock the target with the active sensor when target is
visible in the HUD. If a sensor lock is present, the WCS will automatically enter the Lead Computed
Optical Sight (LCOS) mode

IRST active ‘ Target size

Target lock (attack cue) - Gun employment range
| scale

Target range

Remaining ammunition
Combat mode (GUN) quantity in quarters

Aiming crosshair Target marker

Figure 49: Lead Computed Optical Sight (LCOS) mode

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

i  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 malfunctio ning or disabled, the Gun Funnel mode can be used for aimed
cannon fire.
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Target size

) GUN mode N = } ~ Remaining ammunition

quantity in quarters

Figure 50: Gun Funnel 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 oxigspman €d Tawget Sizeevalue €an belagjustedar g e t «
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 target 6s thesiasbfithp fennd. ¢f the Target Size is set accurately to correspond

to the targetds wingspan, you wil!/ have a good fir]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 can carry a limited variety of air -to-ground weapons. This includes unguided firono
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 t o pipeuqver thetargeteand dnop or lmunchiwaagons when the
LA symbol indicates that the firing criteria have been met.

‘ Range scale

Pitch scale

Rmax

] ; / : AY

‘ / 7 Selected weapon
Rmin
GROUNDmode -
/

Figure 51: VISUAL GROUND mode

1 The display scale is provided in the upper left.
1 Rmax and Rmin tick-marks are displayed on the range scale.

1 Chosenfi n,d 6 Y ® WISUAL GROUND) mode 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 piper 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 piper to remain below the lower limit of the HUD

even in a diving attack. continudusdlyicamputed eleasdé ppit s bett er t o us
(CCRP) bombing mode. This mode is described in detail in the iWeapon usaged section.
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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 instrument 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 fby eyeo.

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 X6 aiming mark.

Central crosshairs

Missile seeker

Figure 52: Reticle
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Electronic countermeasures stations

Electronic warfare (EW) is a deep and complex topic that covers a long history of opposing and
rapidly evolving sensors, tactics, weapons and other equipment from numerous countries. In this
section, we consider only a MiG-29S active radar jamming electronic countermeasures (ECM)- or as
it has been more recently called, fielectronic attacko (EA) system that is designed to protect the
aircraft.

Electronic Countermeasures (ECM) StationfiGardeniyad

The Fulcrum-S active ECMstation fiGardeniyad (codename fiProduct L2030) is designed for individual
protection against air-to-air or ground-to-air radio-guided weapons. It provides active electronic
jamming against ground, ship or aircraft radar systems guidance and missiles control systems, as well
as the homing missilesin order to reduce a probability of aircraft engagement.

The in-game modelled station operates only in the noise-speck mode with distance stealing. This
means, that the station creates interferences that does not allow the enemy to determine the range of
your aircraft and, accordingly does not allow the effective deployment of missiles against you. The
jamming is effective only at a relatively long range . While in close range (dogfight), the ECM station is
not effective and is not used.

ECM station works in the following sectors:

1 N 6 ixazimuth
1 N 3 0iAelevation
1 Infront and rear hemisphere.

COCKPIT INSTRENT S



MIQIWEAP(








































































































































