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. INFORMATION SUMMARY
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6-5, 6-6
GAF T.0. 1F-MIG29-1S-36 3 May 01 | Minimum Equipment List 5-14
GAF T.0. 1F-MIG29-1S-37 19 Jul 01 | Taxi Checks 2-12, 2-13
2. List of supplements not incorporated
The following table lists supplements which atill have to be observed.
This table is to be updated by the holder.
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FOREWORD
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SCOPE

This manual contains the necessary information for
safe and efficient operation of the MiG-29 aircraft.
These instructions provide you with a general
knowledge of the aircraft and its characteristics and
specific normal and emergency operating
procedures. Your experience is recognized;
therefore, basic flight principles are avoided.
Instructions in this manual are for a crew
inexperienced in the operation of this aircraft, This
manual provides the best possible operating
instructions under most circumstances. Multiple
emergencies, adverse weather, terrain efc. may
require modification of the procedures.

PERMISSIBLE OPERATION

The flight manual takes a "positive approach" and
normally states only what you can do. Unusual
operations or configurations are prohibited unless
specifically covered herein. Clearance must be
obtained before any questionable operation, which
is not specifically permitted in this manual, is
attempted.

HOW TO BE ASSURED OF HAVING LATEST
DATA

Refer to GAF T.0. 0-1-1A for a listing of all current
flight manuals, safety supplements, operational
supplements, and checklists. Also, check the flight
manual cover page, the title block of each safety
and operational supplement, and all status pages
contained in the flight manual or attached to formal
safety and operational supplements. Clear up all
discrepancies before flight. For the latest data refer
to the INDEX GAF T.0. 0-1-1A, which is issued
every three month and the status page of the latest
supplement. If you have any questions about the
date of issue, check with your supply personel.

SAFETY SUPPLEMENTS

Information involving safety will be promptly
forwarded to you in a safety supplement. Urgent
information s published in interim  safety
supplements. The supplement title block and status
page should be checked to determine the
supplement’s effect on the manual and other
outstanding supplements.

Change 2 H
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OPERATIONAL SUPPLEMENTS

Information involving changes will be forwarded to
you by operational supplements. The procedure for
handling operational supplements is the same as
for safety supplements.

HOW TO HANDLE THE SUPPLEMENTS

The supplements have to be inserted in the

following order:

- Operational supplements on top of the flight
manual and

- Safety supplements on top of the operational
supplements.

Pen and ink changes in the manual and checklist
are not authorized unless otherwise stated.

Write the number of the supplement alongside the
effected portions of the flight manual.

CHECKLIST

The flight manual contains itemized procedures
with necessary amplifications. The checklist
contains itemized procedures without the
amplification. Primary line items in the flight manual
and checklist are identical. If a formal safety or
operational supplement affects your checklist, the
affected checklist page will be replaced by an
interim change.

CHANGE SYMBOLS

The change symbol is a black line in the outer
margin of the affected paragraph. It indicates text
and tabular illustrations changes made to the
current issue. Changes to illustrations (except
tabular and plotted illustrations) are indicated by a
pointing hand. Changes to the list of effective
pages are indicated by an asterisk.

| - ¥

WARNINGS, CAUTIONS AND NOTES
' Operating procedures,
.WARNING techniques, etc., which
could result in personal
injury or loss of life if not
carefully followed.

I Change 4
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Operating procedures,
techniques, etc., which
could result in damage
to equipment if not
carefully followed.

NOTE Operating  procedure,
techniques, etc., which
are considered essential

to emphasize.

"SHALL", "WILL", "SHOULD" AND "MAY"

The words "shall" or "will" shall be used to express
a mandatory requirement. The word "should" shall
be used to express non-mandatory provisions. The
word "may" shall be wused to express
permissiveness.

YOUR RESPONSIBILITY - TO LET US KNOW

Every effort is made to keep this manual up-to-
date. However, we cannot correct an error unless
we know of its existence. In this regard, it is
essential that you do your part. For any questions
and information use the following address:

LwMatKdo IIl A
Postfach 90 61 10/ 503
51127 KoIn

DEFICIENCY REPORT AND PROPOSALS FOR
CORRECTION OR IMPROVEMENT

Discrepancies and proposals for correction or
improvement concerning this manual shall be
reported to LwMatKdo | C 1 using AFTO Form 22,
Publication Deficiency Report in three copies.

NOTE

Discrepancies in publications which
endanger personnel or jeopardize
Flight Safety have to be reported
immediately by telex to LwMatKdo | C
and to LwMatKdo IlI A.
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L LIST OF ABBREVIATIONS JI

A CAS Calibrated Airspeed
CC Close Combat
AA Air to Air cCcw Counter Clockwise
A/C Aircraft CDP Compressor Discharge Pressure
A/D Aerodrome CG Center of Gravity
AB Afterburner CHAN Channel
AC Alternating Current, CIT Compressed Intake Temperature
Aircraft Commander CL Center Line
ACCRY Accessory CMBT Combat
ACFT Aircraft CMPTR Computer
ACN Aircraft Classification Number CcocC AOA Limiter System
1 ACS Armament Control Switch COMP Compass
ADC Air Data Computer CPI Combined Pressure Indicator
ADF Automatic Direction Finding CRIT Critical
ADI Attitude Director Indicator CRT Cathode Ray Tube
AFCS Automatic Flight Control System cw Clockwise
AGL Above Ground Level
Ah Ampere-Hours
AIL Aileron D
AIS Aircraft Instrumentation Subsystem
ALT Altitude DASS Defensive Aids Subsystem
AJ Active Jammer DC Direct Current
Aj1, Aj2 Nozzle Area Di Drag Index
AM Amplitude Modulation DIM Dimmer
ANT Antenna DISCON Disconnect
AOA Angel of Attack DLU Acceleration Sensor
AOB Angle of Bank DME Distance Measurement Equipment
AP Autopilot DUSU Angular Rate Sensor
APS Auxiliary Power System
APU Auxiliary Power Unit
ASAP As Soon As Possible E
ATC Air Trafic Control
ATT Attitude E East
AUTO Automatic EAS Equivalent Airspeed
ECM Electronic Counter Measures
ECP Engine Control Pump
B ECU Engine Control Unit
EGT Exhaust Gas Temperature
BAT Battery EMER Emergency
BIT Built-In Test EMERG Emergency
BITE Built-In Test Equipment ENG Engine
BRG Bearing ENG GBX Engine Gearbox
BS Boresight EPM Electronic Protection Measures
EXT External,
Extinguisher
C ext Extension
C Celsius
CAJ Compensation Active Jammer
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HDD
HDG
HF
HMS
HP
HSI
HUD
HYD
Hz

I1c
/P
IAS
ICAO

IFF
IFR
IGV
LS
ILLUM
IMC

IN
in
INBD
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Front Cockpit

Final Approach Fix

Fire Control System
Flight Data Recorder
Front Hemisphere
Frequency Modulation
Feet

Foldout

Foreign Object Damage
Failure Simulation Panel

German

(Unit of) Gravity

German Air Force

Ground Controlled Approach
Generator

Generator

Accessory Gearbox

Ground

German Trainer

Head Down Display
Heading

High Frequency
Helmet-Mounted Sight
High-Pressure

Horizontal Situation Indicator
Head Up Display

Hydraulic

Hertz (Cycles per second)

Intercom

Identification of Position
Indicated Airspeed
International Civil Aviation
Organization

Identification Friend or Foe
Instrument Flight Rules
Inlet Guide Vane
Instrument Landing System
Ilumination

Instrument Meteorological
Conditions

Inertial Navigation

Inch

Inboard

P
IR
IRSTS

JETT

KG, kg
kHz
KIAS
KM, Km
KTAS
KTS, kts
kPa

kVA
kW

m, mtr
MAC
Mag
MAN
MAX, max
MDA
MHz
MIC

MID
MIN, min
min

MIL
MLG
MPa
MRK
MSL

Instructor Pilot
Infrared
Infrared Search and Track System

Jettison .

Kilogram

Kilohertz

Knots Indicated Airspeed
Kilometer

Knots True Airspeed
Knots

Kilopascal

Kilopond .
Kilovolt-Ampere

Kilowatt

Litre

Load Classification Number
Light Dependent Resistor
Landing Gear

Landing

Light Emitting Diode
Leading Edge Flaps

Left Hand

Low-Pressure

Limited Power Mode
Laser Range Finder

Mach

Meter

Mean Aerodynamic Cord
Magnetic

Manuell

Maximum

Minimum Descent Altitude
Megahertz

Microphone

Middie

Minimum

Minutes

Military

Main Landing Gear
Megapascal

Marker

Mean Sea Level,

Missile



NA
NAV

NAVIG
NDB
NE
NH

NL
NLG
NM
NORM
NPM
NWS

OAT
OPT
OUTBD

| PAR
PCN
PEC
PH

|
PIO
Pos
PTO
PTT

. PWR, pwr

QFE

QNH

RCVR

RDR
REC
RH
RHAW
RHS

. ANG
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North

Not applicable

Navigation

Navigation

Non Directional Beacon

Not established

High-Pressure Compressor Speed
Low-Pressure Compressor Speed
Nose Landing Gear

Nautical Miles

Normal

Normal Power Mode

Nose Wheel Steering

Outside Air Temperature
Optical, Optimum
Outboard

Pascal

Precisson Approach Radar
Pavement Classification Number
Personal Equipment Connector
Phase

Pilot Induced Oscillation
Position

DC/AC Converter
Press to Transmit
Power

Barometric Pressure at Airfield
Level
Barometric Pressure at Sea Level

Rear Cockpit

Receiver

Radar

Receive

Right Hand

Radar Homing and Warming
Rear Hemisphere

Range

RPM
RUD
RWY, rwy

SAS
sec
SIF
SL
SP
SPO
SQLCH
STBY
W
SWL
SYS

T

/0
TR
TAC
TACAN, TCN
TAS
Temp
TGT
TLP
TOILD
TR
TFU
TURB
TWF

UHF

VENT
VFR
VHF
VIBR
VIWAS

VMC
VoL
VSl
Wi

Revolutions per Minute
Rudder
Runway

South

Stability Augmentation System
Seconds

Selective |dentification Feature
Sea Level

Simulation Panel

RHAW Receiver

Squelch

Standby

Switch

Single Whee! Load

System

Takeoff
Transmit/Receive
Tactical

Tactical Air Navigation
True Airspeed
Temperature

Target

Telelight Panel
Takeoff/Landing
Transmit

Trim Feel Unit
Turbine
Track-While-Scan Feature

Ultra High Frequency

Volt

Ventilation

Visual Flight Rules

Very High Frequency
Vibration

Voice Information and Warning
System

Visual Meteorological Condition
Volume

Vertical Speed Indicator
Vertical Velocity Indicator
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Weapon Control System
Wing Drop Tank
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THE AIRCRAFT

The MiG-29 flown in the single-seat and double-
seat (tandem) trainer version is a light-weight, high-
performance, all-weather fighter interceptor,
designed by the Mikojan company, with look-
down / shoot-down and ground-attack capability.

Mission capability includes air defense with radar
and infrared guided missiles and a 30 mm gun.

The aircraft is equipped with two Tumansky RD-33
dual-shaft, axial-flow turbofan engines with variable
air intake ducts and variable exhaust nozzle
sections.

Two air intakes are installed in nacelles below the
wing roots. For foreign object damage (FOD)
prevention, the air intakes are closed after landing
and generally on the ground. With the intake ramps
closed, engine air is taken in through a series of
louvers in the upper surface of the wing root.

Each engine drives an associated engine gearbox
(ENG GBX). Both ENG GBX are interconnected to
the aircraft accessory gearbox (GBX). For engine
start, an auxiliary power unit (APU) provides torque
to the GBX which drives all accessories.

Normally, the thrust-to-weight ratio is greater
than 1 (depending on the aircraft load and
configuration). It enables high velocities, high rates
of acceleration and high turn rates.

The aircraft shape is characterized by an integrated
fuselage-to-wing design which forms an overall
airfoil.

The almost flat bottom of the fuselage is an
integrated part of the lower surface of the airfoil.

The aircraft structure comprises cantilever low-wing
monoplane wings with leading edge flaps (LEF),
trailing edge slotted flaps and ailerons. The tail of
the cantilever structure includes two vertical
stabilizers with small inset rudders and two
tailerons. Dual irreversible hydraulic actuators
position the control surfaces.

Electrical power is provided by an AC and a DC
generator driven by a gearbox. Two batteries
supply emergency power.

The fuel supply system incorporates internal
fuselage and wing tanks, single point refueling and
a fuel tank vent system. An external centerline tank
(CL tank) and two wing drop tanks (WDT) can be
installed.

The hydraulic power supply system provides
pressure to the hydraulic actuators. Two separate
and independent systems supply hydraulic
pressure to the main and to the boost system. An
emergency pump supplies pressure in the event of
a main pump malfunction.

The pneumatic pressure supply consists of a main
and an emergency system to control and
pressurize aircraft systems.

The landing gear is hydraulically operated. It
includes pneumatically powered brakes, anti-skid
for all wheels and nose wheel steering.

A drag chute contained in the aft section of the
fuselage significantly reduces landing roll distance.

A rocket-assisted ejection seat is designed to
provide safe escape under minimum speed / zero
altitude conditions. It is fully automatic throughout
the ejection sequence.

The oxygen system is divided into a main and an
emergency system. The main system supplies
oxygen to the pilot during normal flight conditions
and supports APU start and engine relight.

An emergency oxygen bottle is installed in the
ejection seat to provide the pilot with emergency
oxygen.

The pitot system includes a main and an
emergency pitot boom. To prevent icing, both
booms are electrically heated.

An angle of attack (AOA) limiter system and an

automatic flight control system (AFCS) with
automatic pitch control is incorporated.
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The weapon delivery system comprises fire control,
missile launchers and 30 mm gun.

The fire control system includes the pulse Doppler
radar, an infrared search and track system (IRSTS)
and a weapon computer.

Two digital computers process armament control
data to provide displays of navigation, steering
information and weapon aiming data to the head up
display (HUD) and head down display (HDD).

A helmet mounted sight (HMS) system can be used
to designate visually acquired targets to the radar,
the infrared search and track system and to the
infrared (IR) seekers of the missiles.

Target range information is provided by an
integrated laser range finder (LRF) in conjunction
with IRSTS operation.
Navigation equipment such as tactical air
navigation (TACAN) is incorporated.

The aircraft has electronic protection measures
(EPM) capabilities and a radar homing and warning
receiver (RHAW).

A flare dispenser system is installed for protection
against IR missiles.

Information and warning equipment is installed to
attract the pilot's attention to failures in aircraft
systems by audio and visual means i.e. telelight
panel (TLP), voice information and warning system
(VIWAS) and AEKRAN.

Flight data are continuously recorded for further
processing after the mission.

A HUD camera is installed to record display and
visual target information.

MIG-29 GT Trainer Version

The tandem-seat trainer version has a continuous
framed canopy.

1-4 Change 4

The GT has no radar but is capable of employing
IR missiles and the 30 mm gun.

A radar simulation control panel is installed in the
rear cockpit to display simulated targets into the
HUD and the HDD. The emergency simulation
control panels are deactivated.

For safe ground operation, a periscope system
enables the rear occupant to have visual contact
with the area in front of the aircraft.

AIRCRAFT GROSS WEIGHT
The approx. average gross weights are as follows:
G GT

Operating weight 11 001 kg 10 856 kg
Operating weight plus full
internal fuel load 14 454 kg 14 409 kg
Operating weight plus full
internal fuel load and full

external centerline tank 15775kg 15730 kg

AFTER MODIFICATION WITH WING DROP
TANKS

Operating weight plus full
internal fuel load, full
centerline tank and two full

wing drop tanks 17 906 kg

NOTE

The operating weight includes the

crew member (for GT two crew
members) unusable fuel, oil and the

gun without ammunition.

to GAFT.O.

For detailed refer

1F-MIG29-5.

information,
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AIRCRAFT DIMENSIONS MIG-29 G

473
! :

15'6" (4.73m) |

11"11.5" (3.645m )

35" 480"
(1.04m) (14.875m)

" 9°30" During touchdown with the main gear
strut fully compressed

*15°  During liftoff

Apig = 38
AL = 235m°
Aoy = 146

le 73730

25 6" (7.78 m )

37'3" (11.36m )

535" (16.28m)

i 96'10" (17.32m)

Figure 1-0
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AIRCRAFT DIMENSIONS MIG-29 GT

47° 30

15'6" (4.73 m )

11'11.5" (3.645m )

35 49'16"
(1.04m) (14.972m)

* 8°30' During touchdown with the main gear
strut fully compressed

* 15 During liftoff

10'15"(3.10m)
Aung = 38
Ay = 235m
Agyp = 145m°
7330

= — (==

25'6" (7.78 m )

37-3" (11.36 m )

539" (1638 m )

572" (17.42m)

Figure 1-0A
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ENGINES

The aircraft is powered by two Tumansky RD-33
thirteen-compressor-stage, dual-shaft, axial-flow
turbofan engines. They are equipped with ring
combustion chambers and afterburners, variable air
intake systems and variable exhaust nozzles. Refer
to figure FO 1-5.

For standard day/sea level conditions, the
approximate static thrust ratings are as follows:

- NPM = Normal Power Mode
- LPM = Limited Power Mode

G/GT NPM LPM

Maximum AB thrust 8300 kp 7520 kp

Minimum AB thrust 5600kp 5280kp
MILITARY thrust 5040 kp 4680 kp
IDLE thrust 180kp 180kp

The two engines are mounted side by side in the
aft section of the fuselage.

An APU gas turbine engine started by an electric
motor is used to crank the engines for starting.
Either the batteries or an external electrical power
source can be used to provide electrical power
during engine start.

The engines are supplied with separate intakes
located below the wing roots. On the ground, air is
provided through louvers in the upper surface of
the wing roots since the variable ramps of the
intakes are closed to prevent FOD.

In flight, engine air flow is controlled by variable
ramps and variable stator vanes of the first two
stages of the high-pressure (HP) compressor. It
allows optimum engine performance over a wide
range of aircraft operating conditions.

Engine air is routed through the four stages of the
low-pressure (LP) compressor. After the LP
compressor the airflow is divided into two streams,
a hot main stream and a cold bypass flow.

The bypass air flows through an annular duct
surrounding the HP compressor, the combustion
chamber and the turbine section to rejoin the main
flow in the air mixer of the afterburner (AB) section.
The main stream flows through the nine stages of
the HP compressor to the annular combustion

chamber, where a controlled quantity of fuel is
injected and ignited during start by ignitor plugs.

The hot high-pressure gas from the combustion
chamber expands through the turbine section and
mixes with the cold bypass stream for further
expansion.

The turbine section of the engine consists of two
single-stage turbines driving the HP compressor
and the LP compressor. The two rotor shafts are
mechanically independent of each other.

Engine speeds are indicated by a tachometer
showing the HP compressor speed of both engines
as a percentage of nominal maximum RPM.

During AB operation, additional fuel is injected into
the hot gas stream by AB spray bars located in the
AB chamber behind the turbine section, producing
a substantial gain in thrust.

The exhaust nozzle area is fully variable and
automatically controlled to obtain the desired thrust
within engine operating limits.

The engine control unit (ECU) controls the hydro-
mechanical equipment of the engine control system
and supplies discrete fail signals to the warning
equipment.

The engine system is described in the following
paragraphs:

Bleed air system

Engine oil system

Engine fuel system

Engine control system

Engine anti-surge system

AB fuel system

Exhaust nozzle system
Engine air intake system
Variable stator system

Engine ignition system

- Engine starting system

- Engine AB system

- Throttles

- Engine controls and indicators
- Engine fire detection system

- Engine fire extinguisher system
- Engine operation

Change 1 1-5
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BLEED AIR SYSTEM

Engine compressor bleed air taken from the LP and
HP compressors (refer to figure FO-5) at three
locations is utilized for the following functions:

LP compressor:

- Fuel accumulator tank pressurization,
- External fank pressurization and fuel fransfer.
- Internal tank pressurization.

HP compressor 5th stage:
- HP and LP turbine rotor and stator cooling.
HP compressor 7th stage:

- Air-conditioning and pressurization system.
- Anti-ice system of the LP compressor intake.

ENGINE OIL SYSTEM

Each engine is equipped with a self-contained, dry-
sump full pressure oil system to provide circulation
of ol for lubrication and cooling of the engine main
bearings and of the ENG GBX. Venting of the
bearings and of the oil tank is provided to prevent
excessive pressure build-up. Refer to figure FO-4.

Oil is drawn from the oil supply tank by a main lube
pump and delivered through a pressure filter to the
accumulator and the oil pressure sensor. Tappings
are provided to feed the three main engine
bearings and the ENG GBX.

Oil from the engine main bearings is retumed by
scavenge pumps to the oil tank via two separate
fuel-cooled oil coolers (engine and AB fuel

systems) to cool the engine oil. Filters are fitted in
the oil return lines in front of the scavenge pumps.

A magnetic chip detector to provide an indication of
engine wear and waming of engine components
breakdown and an oil temperature sensor are
provided downstream in the refurn line. Two
suction pumps draw return oil from the ENG GBX
and feed it to the output side of the main lube
pump.

When the engine is shut down, oil from the forward
main bearing is drained to a separate return tank
which is connected to a scavenge pump.

The three engine bearing chambers, the oil tank
and the oil-air separator are vented to the
ENG GBX which in turn is vented overboard via a
centrifugal breather.

For negative g flights a pendulum-like suction pipe
inside the oil supply tank ensures oil supply to the
main lube pump.

INDICATIONS AND WARNINGS

The equivalent information will be recorded by the
flight data recorder.

Engine Oil Temperature

Engine oil temperature is sensed by a temperature
probe in the oil return line. The engine fault
detection unit wil illuminate a red waming caption
on the telelight panel (TLP).

INDICATION FAULT / EFFECT
MASTER A LGHT
CAUTION @ FLASHING
oiL
TP PRESS LEFT
Oil temperature above 195° C.

AEKRAN |[ OILTEMP LEFT |
Uwas | ‘SCHMIERSTOFFTEMPERATUR IM LINKEN TRIEBWERK ZU HOCH

*DREHZAHL VERRINGERN"

1-6 Change 4
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Engine Oil Pressure Low

A pressure sensor in the pressure line illuminates a
red warning caption via the engine fault detection
unit.

AekRaN | OIL PRESS LEFT |

INDICATION FAULT/EFFECT
MASTER @ LIGHT
CAUTION FLASHING
Oil pressure LH engine low for more than 20 sec:
TLP OIL If the actual pressure falls below 1.8:40.18 kplcm® at

PRESS LEFT 50 % t0 89 % RPM or below 2.7 £0.27 kplem” at RPM
>89 % for more than 20 sec.

VIWAS | \DREHZAHL VERRINGERN"

"SCHMIERSTOFFDRUCK IM LINKEN TRIEBWERK ZU GERING"

Engine Chip

Metal chips are sensed by a chip detector in the oil
return line. The engine fault detection unit will
illuminate a red waming caption on the TLP.

INDICATION

FAULT/EFFECT

MASTER @ LIGHT
CAUTION FLASHING

TLP PREgS'LLéFTE after 20 sec.
AEKRAN I CHIP LEFT _l
| |

The system remains operational for 17 sec when oil
pressure is low. It is assumed that abrasion will start

VIWAS | \DREHZAHL VERRINGERN'

"SPANE IM SCHMIERSTOFF DES LINKEN TRIEBWERKS"
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ENGINE FUEL SYSTEM

The engine fuel system pressurizes, meters,
atomizes and injects fuel into the HP compressor
discharge airstream, refer to figure FO-5.

The system is controlled by the engine fuel control
as a function of various internal operating signals.

The engine fuel system consists of a low pressure
and a high pressure system. Fuel is supplied to the
low pressure fuel pump of the low pressure system
by two fuel booster pumps located inside the
engine supply tank. The pressurized fuel passes
through a filter and is distributed to the engine
control pump (ECP), the AB fuel pump and the
nozzle HP pump of the HP system.

The ECP meters the fuel according to throttle
position and various engine parameters.

The engine fuel is routed via the drain and cut-off
valve, the fuel-cooled oil coolers and the engine
fuel flow divider valve to the nozzles of the first and
second manifold of the engine combustion
chamber, where injection into the airstream occurs.

The ECP supplies fuel to position the actuators of:
- Variable stator vanes of the HP compressor inlet

- AB ignition control
| - Automatic engine and AB control equipment.

1-8 Change 2

ENGINE CONTROL SYSTEM

The engine control system is a hydro-mechanical
system manually controlled by throttle inputs and
operated by an electronic engine control unit
(ECU), refer to figure 1-1A.

Main system components of the engine control
system include:

- ECU

- ECP

- AB and nozzle control unit
- Engine starter unit.

The throttle produces an engine speed demand
signal which is routed mechanically to the ECP and
to the AB and nozzle control unit. The ECU
supplies electrical control signals to solenoids in
the ECP, the AB and nozzle control unit and to the
engine starter unit in order to modify engine
performance within safe operation limits.

The entire performance range of the engine may be
divided into four distinct operation regions:

- IDLE
- Cruise
- MIL

- AB

Which system(s) or system components are active
to control the engine depend on in which region the
throttle is positioned, refer to figure 1-1.

In the column throttle position, the four regions of the
engine performance range are listed. In the same
row as the throttle position, to the right, the control
systems or units are listed which are active for that
particular throttle position, while in the columns
underneath, the parameters being adjusted or
modulated to control the engine.
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. CRUISE B

OFF MIL

Throttle position ECU ECP AB and Nozzle Control Unit

IDLE - NH NL

Cruise NL Correction NH NL
depending on
air mass flow

. MIL NH, NL, T4 - Nozzle area
AB T4 . d
Figure 1-1

In addition to the normal ECS the following - Providing a fuel pressure signal (servo fuel) to

functions are provided: control the AB ignition system.
. - Supply of servo fuel to the control valve of the
- Automatic engine start sequence on the ground engine anti-ice system.
\and in flight. - Control of air intake flow during weapon
- Control of the variable air intake guide vanes daployment to prevent stall.
(IGV) of the HP compressor.

Change2 1-9
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ENGINE CONTROL SYSTEM
ENGINE TEMP
SENSOR INPUTS STGEITTER L 2|
FUEL
LP COMPR. SPEED NL }
FUEL SUPPLY
HP COMPR. SPEED NH —=| ANTI
R
AIR START EKL\?EE
COMPR. INTAKE TEMP. e ALT CORRECTON ENGINE m
6V CORRECTION CONTROL FUEL
EXHAUST GAS TEMP. EGT WHEN TRIGGER PUMP D’I:\I’-%VE’R
- PULLED e
COMPR. INTAKE PRESS.  CIP ECURAL - T
ENGINE — i i
COMPR. DISCHARGE PRESS CDP e
CONTROL | & iGNiTioN ON ! 8 " SS%N
UNIT ™1 IGNITION
[ [CHAMBER
AB FUEL PRESSURE | UNIT
[
NOZZLE CONTROL |
AB FLAME IGNITED - o Nﬂ%hE
| B 1 _P.PUMP |
THROTTLE AT ML ARMIEN || Nozzie | <
- T CoNTROL ——1H A%EHEL
(SW. SIGNAL ) e [ S
AB EMERG OFF AB OFF | =
T —— H ABFUEL
| Il FLOW
| DIVIDER
g - SECONDARY VALVE
28 g = || “Nozzie
HEE: | | CONTROLLER ||
Z| 2
SENSOR INPUTS : 25 8 | n
r4
NL | | SPRAY
e | [ BARS
NH = TP I
VIBRATION |
LOW
s joae | | P | g el |
PRESS. (NL,NH,EGT)| FAULT | | | SYSTEM —| pUMP |
ar DETECTION BOX |
———— = ViwAS |
PRESS. (OIL, FUEY | UNT |
TEMP. (OIL, FUEL) |
—_—
=1 F
NOZZLE ANGLE R :
I
|
|
RUNNING TIME I
METERS |
I
THROTTLE
Figure 1-1A

1-10 Change 2



GAF T.0. 1F-MIG29-1

ENGINE CONTROL UNIT

The ECU optimizes the fuel flow for thrust demand,
which is controlled by the throttle, by consideration
of environmental and engine-specific parameters,

The parallel electronic function lanes of the ECU
continuously receive speed signals from the shafts
of the HP and LP compressor, LP compressor inlet
temperature (CIT), LP turbine outlet and exhaust
gas temperature (EGT). They also receive signals
from CIT and from the exhaust nozzle outlet by
sensors in the engine.

The speed of the high-pressure compressor is
abbreviated NH and the speed of the low-pressure
compressor as NL. NH is indicated on the engine
RPM indicator.

The ECU compares these parameters against
preset quiding schedules and limit values and
responds with electrical control signals to solencids
in control units of the engine fuel, AB, IGV, exhaust
nozzle and air intake.

The ECU, together with the hydro-mechanical
control devices provides at
Engine start:

- Control of start sequence as a function of throttle
setting, engine fuel pressure, and of air pressure

ratio between compressor discharge and ambient
ar.

Engine run-up to IDLE:
- Limiting of EGT as a function of CIT
Cruising operation:

- Limiting of NL as functions of CIT and throttle |
setting.

- Maintaining the relation between NH and NL by
modulation of the primary exhaust nozzle area.

MIL power and AB operation:

- Limiting of NH and EGT as a function of CIT by
modulation of engine fuel flow.

- Scheduling of NL as a function of CIT by
modulation of the primary exhaust nozzle area.

- Limiting of NL as a function of CIT by modulation
of engine fuel pressure.

AB selection:

- Control of the AB ignition logic. |

Engine operation boundaries:

- Protection against compressor surge.

FUNCTION OF THE ENGINE CONTROL UNIT (ECU)

NORMAL POWER MODE
NLNH% | EGTC
102|920 T —— N
AT T T T
LA LTl i
98 |e80 AL ]
\ T
l/‘ -h‘-"
v EGT || [
94 |840 Awe I
i |
90 {800~ A | i
4 1 1
- V 16 62
60 0 50 100 150 CIT°c
Figure 1-2
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FUNCTION OF THE ENGINE CONTROL UNIT (ECU) .
(LIMITED POWER MODE) |
NL,NH % | EGT'C ---""'"'JEE_'_#
104 | 780 "“:_:,__‘ =X Ed el
-
: .
102 |740
/
/. > i ]
2 | O s
98 |700 , T : — =y NH 1
/ /T | 1 Bt
%660 i
I‘ | | NL
/ 4 T | T
90 (620 / : ‘
/ I 1
, il @
86 |_/ | | |
60 RG 50 62 72 100 150 ciTec
Figure 1-3
INDICATIONS AND WARNINGS

Built-In Test Equipment .

The Built-in Test Equipment (BITE) of the ECU  reduce the scheduled NH by 6% to 7% and
provides self-test of limitation lanes and selects a  issues information to the warning equipment which |
reversionary lane in case of failure. This rever-  responds as follows:

sionary lane controls the NH speed controller to

INDICATION FAULT/EFFECT
AEKRAN |_ LEFT ENG STBY SYS ] Automatic reduction of the scheduled NH by 6 % to 7 %. | | .

VIWAS ‘LINKES TRIEBWERK IM RESERVEREGIME"
"BEACHTE TEMPERATUR UND DREHZAHL"

1-12 Change 2
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. NH SPEED CONTROLLER

The NH speed controller, as part of the engine
control pump, adjusts the HP compressor RPM as
a function of the throttle position and CIT.

The controller consists of a centrifugal governor
which is driven at a speed which is a function of NH
and controlled by throttle angle via a mechanical
linkage. The set position is continuously moditied

by a hydraulic actuator which receives a fuel
pressure signal representing CIT.

The output actuator of the NH speed controller
represents corrected RPM demand and operates
the fuel metering valve to set up the required
engine fuel flow. At a selected throttle setting, the
engine thrust remains constant, regardless of

aircraft speed or altitude, except when overridden
by any limiters.

The engine maximum speed is controlled by the
scheduled limits of the engine control unit which
receives actual NH from a pulse probe. The
electrical signal is converted to a positioning signal
for an electrical pressure control solenoid which
modifies the fuel flow,

To avoid conflicts between the corrected RPM
demand signal and the limit signal during maximum
engine speed, the ECU generates an offset speed
signal to set the corrected RPM signal about 3 %
above the limit signal.

FUNCTION OF THE NH SPEED CONTROLLER

(NORMAL POWER MODE)
NH %
10
MAX RPM

. PR Bl e % s M i i i 9 2 !
TR
= ' : AL
% o : ] S
/ | | | :

837 ' ‘ '
- IEiLE RPM : ; @ : 3
80 ! 4 b : ‘
] — | T
; st~ T : |
$ 3 == | [ T
70 : FLIB == ; :
| L~ I i
: ] i : !
| GND | — | | | !
HRAE. : | et
1 | I | !
| | | ] :
! : : R
50 ; : ; T
| | | | :

| | | |
| | I | |
15 62 105|127

40 20 0 20

=2}
(=]

40 60 80 100 120 e

Figure 1-4
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FUNCTION OF THE NH SPEED CONTROLLER

(LIMITED POWER MODE)
MAX RPM
| ER I | RN 0 W RN (W W1 99,1
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I FLas0 i e ‘ |
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T | ,‘ | |
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5 L L | | L
80 6048 40 20 0 20 40 6062 80 100 120 140 160 177
e
Figure 1-5
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INDICATIONS AND WARNINGS

NH Overspeed

Should the ECU detect an NH overspeed by the
input from the NH pulse probe, then it assumes a
failure of the NH speed controller.

When the throttle setting is reduced, the primary
exhaust nozzle controller reduces the primary

nozzle area. As a result, the compressor discharge
pressure increases and NL, is reduced as well.

The equivalent information will be recorded by the
flight data recorder.

INDICATION FAULT/EFFECT
MASTER LIGHT
CAUTION FLASHING
e When NH increases by more than 2 % above the
1P REDUCE RPM scheduled value the ECU issues signals to the waming
LH ' ENG system after a time delay of 2 sec. The same warnings
e are initiated by the engine fault detection unit if NH
accelerates to 103.5 % RPM within 2 o 3 sec.
AEKRAN || LEFT OVER SPEED |
VIWAS "DREHZAHL LINKES TRIEBWERK ZU HOCH"
"DREHZAHL VERRINGERN"
STEADY STATE CONTROL TRANSIENTS CONTROL

At IDLE and cruise steady state operation, NH is
controlled only by the corrected RPM function of
the NH speed controller and by primary nozzle
modulation for NL guidance. RPM fluctuations of
compressor speed are kept within £ 1.5 % RPM at
IDLE and + 1.2 % RPM at cruise speeds.

At MIL and AB steady state operation, maximum
engine speed is controlled by the schedules of the
ECU, the corrected RPM function of the NH speed
controller and the AB nozzle control unit for thrust
and NL guidance. RPM fluctuations of compressor
speed are kept within + 0.6 %.

1-14

Engine acceleration and deceleration between
[DLE and MIL power is accomplished by
repositioning of the NH speed controller by throttle
setting.

The ECU receives values of compressor intake
pressure and compressor discharge pressure and
controls air flow through the compressor by
requlating the necessary fuel. The correct
fuel-to-air ratio is monitored by the ECU to ensure
combustion.

The air flow is also controlled by air inlet ramps
and two-stage inlet guide vanes of the HP
compressor on demand of the ECU.

®
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NL SPEED CONTROL

The LP compressor provides an air flow to the HP
compressor and a secondary airstream to cool the
hot section of the engine.

Further, the LP compressor provides a high
increase of thrust due to increase of air flow by
mixing the cold secondary air with the hot gases
from the turbine section.

The gas pressure in the air mixer must be kept
lower than the turbine exhaust pressure to ensure
laminar gas flow through the two turbine sections to
prevent turbine stall,

When the pressure in the gas mixer decreases and
the difference of pressure across the turbines
increases, the turbines can extract more energy
from the mass flow and NH and NL will increase.
The ECU will control the increase of NH by
reducing the engine fuel flow, whereas the increase
of NL is controlled by increasing the mixer
pressure, thus decreasing the pressure difference
across the turbine section.

The mixer pressure is controlled by modulation of
the primary exhaust nozzle area. The relation of NL
to NH is scheduled and limited by the engine
control unit by affecting the nozzle jet area at
cruising, MIL and AB power. Both parameters NL
and NH are corrected for CIT.

INDICATIONS AND WARNINGS
NL Overspeed

To prevent NL overspeed when the primary
exhaust nozzle controller fails, a NL maximum
speed limiter lane within the ECU is incorporated.
This lane prevents an increase of NL of more than
2 % RPM above the scheduled value by reduction
of the engine fuel flow, i.e. affecting the NH speed
control setting.

The equivalent information will be recorded by the
flight data recorder.

AEKRAN || LEFT OVER SPEED |

INDICATION FAULT/EFFECT
MASTER LIGHT
CAUTION @ FLASHING
When NL overspeeds by 2% RPM, the ECU issues
1Lp REDUCE RPM signals to the waming sys1em after a time delay pf 2 sec.
LH ENG The same warnings are friggered by the engine fault
detection unit if the NL accelerates to 103.5% RPM

within 2 to 3 sec.

VWAS " |\DREHZAHL VERRINGERN"

'DREHZAHL LINKES TRIEBWERK ZU HOCH"

ENGINE FAULT DETECTION UNIT

The engine fault detection unit compares actual
engine parameters to preset schedules and
generates discrete signals for the wamning system if
parameters exceed the limits.

In addition, the unit issues a signal to engage the
AC electrical power generator and activates the
nitrogen system to pressurize the fuel system when
NH exceeds 55 % RPM.

The engine fault detection unit is connected to the
ENG SYS swiich on the system power control
panel at the RH console.

INDICATIONS AND WARNINGS
Engine Overtemperature

When the throttle is retarded, NH and compressor
discharge pressure are decreased to normal
values. The limiter of the ECP is activated to
reduce the engine fuel flow. NH and EGT are
stabilized.

The equivalent information will be recorded by the
flight data recorder.

1-15
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INDICATION FAULT/EFFECT
MASTER LIGHT
CAUTION FLASHING
TLP REDUCE RPM When the sensed EGT exceeds the scheduled value by
LH ENG 40° to 60° C for 0.2 sec.
AEKRAN ||  OVERHEAT LEFT |
VINAS "UBERHITZUNG LINKES TRIEBWERK'"
"DREHZAHL VERRINGERN"
Engine Vibration

In the immediate vicinity of vital engine
components, e.g. bearings and gears, vibration
sensors are installed which convert mechanical
oscillations and vibrations into an electrical signal.

As soon as the amplitude of the signal exceeds a
scheduled value, the engine fault detection unit
issues a warning signal to the various warning
systems.

The amplitude of this signal is proportional to the

magnitude of the vibration.
INDICATION FAULT/EFFECT

MASTER @ LIGHT

CAUTION FLASHING
Excessive vibration in left engine.

L EIE i gng The vibration level exceeds a present limit for NH greater
than 35 % RPM.

AEKRAN | | VIBRLEFT |

VIWAS "VIBRATION IM LINKEN TRIEBWERK"

"DREHZAHL VERRINGERN'

Engine Fuel Pressure

INDICATION FAULT/EFFECT
MASTER @ LIGHT
CAUTION FLASHING
Engine fuel pressure exceeds 7.350.49 MPa for
LP REDUCE RPM 2103 sec.
LH ENG
aEkran | | FUEL PRESSURE LEFT |
vivag | KRAFTSTOFFDRUCK LINKES TRIEBWERK ZU HOCH'
'DREHZAHL VERRINGERN"

Change 2 1-16
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ENGINE ANTI-SURGE SYSTEM

The engine anti-surge system is selected with the
ANTI SURGE switch on the system power panel.
The activated system automatically detects and
counteracts engine surge. A sensor detects
fluctuations of HP compressor discharge pressure.

When fluctuations occur, the ECU issues control
signals. After fluctuations have ceased, the signals
will persist for additional 0.5 sec, however they wil
not exceed a total of 2.4 sec. The control signals
are;

- Signal to close the inlet guide vanes (IGV) by
25 degrees.

- Close signal to the drain and shut-off valve to
interrupt the engine fuel flow to the combustion
chamber for up to 3 sec.

- Close signal to the ECP to close the IGV of the
HP compressor,

- Open signal to the NL control lane of the ECU to
shift the program schedule for 5% NL. As a
result, the primary nozzle area will open for a
corrected value,

- Signal to close the intake ramp for an additional
10% maximum, limited by the applicable ramp
travel schedule. Refer to variable duct ramp
system in this section.

- Start signal to the engine starter unit to actuate a
preventive engine start cycle for 8sec. This
activates the green caption LH/ RH ENG START
on the TLP.

If the discharge pressure sensor of the HP
compressor fails, the control signals from the ECU
are automatically switched off after 2.5 sec.

When the anti-surge lane is activated and an
additional fault signal from the engine high
temperature lane is present, anti-surge actions are
operative for the time of the high temperature
condition plus 0.5 sec.

Total time of extended system operation is limited
to a maximum of 8 sec. If the high temperature
condition persists for more than 2.4 sec, engine
fuel flow will be alternately interrupted by the drain
and shut-off valve for 24sec and permitted
for 1.2 sec.

The engine anti-surge system is deactivated at
altitudes below 9 000 ft MSL with airspeeds below
M1.15,

Exception:

[f the 30 mm gun or a missile is fired, or if an
overheat condifion exists, the system is activated
and a preventive engine relight cycle is initiated.

INDICATIONS AND WARNINGS

The equivalent information will be recorded by the
flight data recorder.

'DREHZAHL VERRINGERN'

INDICATION FAULT / EFFECT
MASTER & LIGHT
CAUTION A "4 FLASHING
TLP REDUCE RPM
LH ENG Engine in surge condition and overheat left / right.
AEKRAN | | OVERHEAT LEFT |
VIWAS UBERHITZUNG LINKES TRIEBWERK"

Change 4 1-17
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AFTERBURNER FUEL SYSTEM

The AB fuel system supplies and regulates fuel

flow into the engine tailpipe for AB combustion. The

ignited fuel-air mixture increases engine thrust.
I Refer to figure FO-5.

The AB system consists of an annular casing which
contains the air mixing chamber, and a diffusor
type of AB combustion chamber. The diffusor
ensures reduction of air flow velocity which results
in a gain of time for hot and cold air mixing, AB fuel
injection and ignition. The injection system consists
of flame holders and three spraybars with injection
nozzles for radial fuel injection.

The required fuel flow for AB ignition will be
controlled by the ECU. It also sets the exhaust
nozzle to a position for minimum AB power.
Simultaneously the AB ignition unit is activated.

The system ensures ignition in the AB combustion
chamber, stable burning at minimum AB thrust,
modulation of AB fuel flow at different power
settings, AB thrust transients control and AB
ignition timing.

AB fuel is controlled by throttle and CIT inputs fo
the AB and nozzle control unit and is limited to safe
operating ranges by the ECU.

AFTERBURNER IGNITION

To initiaste AB operation, the throttle must be
advanced into AB range. AB ignition is possible at
engine speeds of at least 72 % to 76 % RPM.

The fuel from the LP fuel pump of the LP system is
supplied to the AB fuel pump.

When the throtfle is advanced into AB range, the
AB fuel pump increases the fuel pressure and

supplies it to the AB and nozzle control unit. The
pressurized fuel is applied via the AB fuel-cooled oil
cooler to the AB pressurizing valve and to the
nozzles of the first of three spraybars. A fuel
pressure sensor detects the system pressure and
issues an appropriate signal to the ECU.

The required fuel flow for AB ignition will be
controlled by the ECU. It also sets the exhaust
nozzle to a position for minimum AB power.
Simultaneously the AB ignition unit is activated.

The ignition unit controls the internal pressure and
fuel flow to the ejector nozzle and spin nozzle of
the AB torch ignitor.

Starter jet fuel is supplied to the ejector nozzle
inside the combustion chamber and to the spin
nozzle. Starter jet fuel from the ejector nozzle
ignites inside the combustion chamber. This torch
will ignite the starter jet fuel supplied to the spin
nozzle. This wil extend the torch to the AB
combustion area to ignite the limited, minimum AB
fuel from the first spraybar.

Two flame sensors are installed behind the AB
flame holder to detect the ignited AB fuel and to
initialize the shut-off of the AB igniticn by the ECU.
Simultaneously, the ECU establishes the normal
fuel flow for minimum AB.

INDICATIONS AND WARNINGS
When the AB flame sensors detect a flame, the
ECU issues a sfatus signal fo the waming

equipment which responds as follows:

The equivalent information will be recorded by the
flight data recorder.

INDICATION

FAULT / EFFECT

ENG
AB

TLP LH

Left engine AB on.
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AFTERBURNER CONTROL SYSTEM

The AB control system is a hydro-mechanical
system using fuel as actuating fluid. It is manually
controlled by throttle inputs and automatically
operated by the ECU.

The main system components are the ECU and the
AB and nozzle control unit.

| The AB and nozzle control unit requlates the fuel to
spraybars according to throttle setting.

Since throttle position in AB is beyond MIL, the
basic ECP senses a demand for 100 % RPM for all
AB throttle settings.

As soon as AB is selected, the ECU, the AB and
nozzle control unit, and the AB ignition unit control
will regulate:

- AB ignition sequence as a function of throttle
sefting and of compressor discharge pressure
corrected for CIT.

- Time of torch ignition as a function of fuel
pressure.

- Primary exhaust nozzle setting to minimum cross
section.

During AB operation:

- AB operation as a function of throtfle setting and
of compressor discharge pressure corrected for
CIT.

- Primary exhaust nozzle cross section according
to throftle settings.

The AB fuel pressurizing valve delivers the fuel to
the first spraybar for AB start, to the second and
third spraybar as a function of fuel pressure.

AB acceleration according to a throttle burst is
limited only by constructional drag inside the control
units.

During throttle burst from IDLE to AB MAX; the AB
will not ignite below 72 % to 76 % RPM.

When AB blow-out occurs during AB operation, the
ECU will limit the AB fuel flow to the quantity
required for minimum AB operation after 0.5 sec.

For an emergency AB shut-down, the AB EMERG |
OFF switch on the engine emergency panel has to
be set to OFF. The ECU together with the AB and
nozzle control unit and AB fuel divider valve will
reduce the fuel pressure so that the spraybars
close in sequence.

EXHAUST NOZZLE SYSTEM

Since thrust is directly proportional to gas velocity
at the exhaust, pressure and temperature in the AB
area have fo be as high as possible to obtain a high
nozzle pressure ratio at the Laval nozzle. Refer to
figure FO-5.

Two sets of cylindrical nozzles, operating together,
make up the variable exhaust nozzle system. The
primary nozzle (inner nozzle) controls the
convergent portion of the nozzle, while the
secondary nozzle (outer nozzle) controls the
divergent portion of the nozzle.

Both nozzles are mechanically linked for common
operation by the synchronization unit, using fuel as
actuating fluid. The exhaust gas leaves the primary
nozzle at subsonic velocity and is accelerated to
supersonic velocity by controlled expansion of the
gas. The pressure of the gas, before leaving the
secondary nozzle, equals ambient air pressure.
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NOZZLE AREA CONTROL

Pressurized fuel as a control medium is supplied
from the HP nozzle pump to the nozzle control
section of the AB and nozzle control unit.
Depending on the inputs, the AB nozzle control unit
modifies fuel pressure to the synchronization unit
for nozzle area adjustment.

Throttle setting and corrected NL as a function of
corrected NH are utilized to schedule the correct
primary nozzle area (Aj1). During engine operation
below MIL, the nozzle is scheduled to open fully at
IDLE and the area is decreased as the throttle is
advanced toward the MIL position.

For AB ignition, the area is closed to minimum AB
operation.

During engine operation in the MIL and AB range
the nozzle control system modulates the primary

nozzle area (Aj1) to maintain NL according to the
preset schedule of the ECU. The secondary nozzle
area (Aj2) is adjusted synchronously to achieve a
complete pressure drop within the Laval nozzle to
ambient atmosphere pressure.

When the nozzle control lane of the ECU fails, the
primary nozzle area is modulated by the AB and
nozzle control unit as a function of throttle setting
and CIT.

INDICATIONS AND WARNINGS

The equivalent information will be recorded by the
flight data recorder.

INDICATION FAULT / EFFECT
AEKRAN || LEFT ENG STBY SYS | | Nozzle control lane of LH engine failed.
VIWAS "LINKES TRIEBWERK IM RESERVEREGIME"
'BEACHTE TEMPERATUR UND DREHZAHL "
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VARIATION OF THE NOZZLE AREA WITH THROTTLE POSITION

TRANSITION
CUTOFF  IDLE MIL ABMIN 2nd RING LINE AB MAX
MAXIMUM AREA
MECHANICAL

=
=
=

PRIMARY NOZZLE AREA - Ajl

MINIMUM AREA b+

THROTTLE ANGLE-DEGREES

=== PRIMARY NOZZLE SCHEDULE GENERATED BY THE ECU AS FUNCTION OF CORRECTED RPM OF HP
COMPRESSOR TO CONTROL THE LP COMPRESSOR SPEED.

———  MINIMUM AREA AS LIMITED BY THE AB AND NOZZLE CONTROL UNIT.
— — - MECHANICAL SCHEDULE AS FUNCTION OF THROTTLE; AB AND NOZZLE CONTROL UNIT WHEN ECU FAILS.

Figure 1-6
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ENGINE AIR INTAKE SYSTEM

There are two independent air intakes, one for
each engine. Each inlet duct is located below the
wing root, 2.5 inches apart from the lower surface.
This distance allows the boundary layer from the
wing root and the inlet duct to pass outside the
bellmouth. The components are a variable duct
ramp system and an air inlet louver system at the
upper wing root surface.

The inlet louver system is interconnected to the
forward ramp system by an internal upper air
intake duct, refer to figure 1-7.

To prevent FOD during takeoff and landing, the
duct ramps are closed and the air intake louvers
are opened.

VARIABLE DUCT RAMP SYSTEM

The variable forward ramp system provides engine
air at optimum subsonic airflow to the low-pressure
compressor face throughout a wide range of
speeds. The ramp assembly consists of a variable
forward ramp, a variable aft ramp, a bleed-off
valve and a ramp control unit. The bleed-off valve
and perforated sections of the ramps allow
boundary layer air from the forward ramp to be
bled-off and exhausted overboard.

In flight the forward and the aft ramp are variable
to modify the intake air stream to the engine, refer
to figure 1-7.

VARIABLE DUCT RAMP SYSTEM MODES

INTAKE LOUVERS

TAKEOFF/LANDING MODE

INTAKE LOUVERS
CLOSED

IN-FLIGHT MODES

Figure 1-7
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AIR INTAKE LOUVERS

" The supplementary air intake duct at each upper

wing root surface is equipped with five narrow
hinged shutters, air intake louvers, allowing the
duct to be open or closed. The louvers are spring
loaded closed. During takeoff and landing roll, the
louvers are opened by vacuum generated by the
engine compressor, since the forward ramp is
closed. When the forward ramp is retracted at
about 108 KIAS, the louvers close. During flight,
however, depending on engine RPM, they may
open intermittently at Mach numbers < 0.3 in IDLE
and < 0.6 in MIL. During engine shut-down, the
louvers are locked in the close position when the
main hydraulic system pressure subsides.

AIR INTAKE CONTROL

During supersonic flight, the intake airstream has to
be decelerated to subsonic speed. Deceleration is
attained by four slanting and one straight shock
wave. The number of slanting shock waves, their
slope angles and the position of the final straight
shock wave depend on airspeed, AOA and
inclination of the ramps.

The forward and aft ramp are controlled separately
by a control unit and hydraulically positioned. The
three control schedules are functions of corrected
NL, altitude and Mach number. Refer to figure FO-6.

VARIABLE RAMPS SYSTEM OPERATION

On the ground and with engines shut down, no
hydraulic pressure is available, and the forward and
aft ramp moves to maximum duct opening to
provide free access for interior inspection. Refer to
figure 1-8.

During engine start, the forward ramp is moved to |

maximum extended position closing the intake duct.

NOTE

Depending on the setting of the
ramp control unit, either both ramps
close as soon as hydraulic pressure
is available, or the ramp of the
starting engine closes when 35 %
RPM are reached.

During takeoff, at about 108 KIAS, the forward
ramp is retracted to fully open.
In flight, gear retracted, the third travel schedule
controls the wedge angle between 0 % and 35 %
extension. Refer to figure 1-8.

The second travel schedule controls the wedge
angle between 0 % and 60 % extension.

The first travel schedule controls the wedge angle
between 0 % and 100 % extension.

During landing, with gear extended, the wedge is
completely retracted for full duct opening.

After landing, when the speed is reduced below

108 KIAS, the forward ramp is extended to close
the air intake.
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ENGINE AIR INTAKE SYSTEM

NO. | CONDITION | DESCRIPTION ~ |FWDRAMP | WEDGE PRO- | MECHANICAL INDICA-
POSITION  |EXTENSION  |GRAM | CONDITION TION
1 |ONGND |ENGSHUT-DOWN |FWD PART OF | MINIMUM 0 % T
NOHYDRAULIC | WEDGE
PRESQURE. [ o | ) TR
AVAILABLE £
DUCT
2 |ONGND |ENGRUNNING  |SEPARATES |AFT RAMP
HYDRAULIC FROM WEDGE | MINIMUM
PRESSURE AND CLOSES
AVAILABLE DucT
3 |TAKEOFF |SPEEDABOVE  |FWD PART OF |MINIMUMO % :
108 KIAS WEDGE _\—7 _______ 0%
4 |INFLIGHT |GEARRETRACTED |FWDPARTOF |0T035% |3
PROGRAM RANGE: | WEDGE oy 7 0%
BELOW 10000 f e i
ABOVE M 1.150R
ABOVE 10000t
BELOW M 1.15
5 |INFLIGHT |ABOVE10000ft |FWDPARTOF |0TOB0% |2
M115TOM15 | WEDGE 0%
60%
6 |INFLIGHT |ABOVEM15 FWD PARTOF |0TO100% |1
WEDGE ]
0%
i 100%
7 |LANDING |GEAREXTENDED |FWD PART OF | MINIMUM 0 %
WEDGE : ....... 0%
8 |AFTER  |SPEEDBELOW  |SEPARATES |AFT RAMP
LANDING | 108 KIAS FROM WEDGE | MINIMUM
AND CLOSES
DuCT BII
9 [ONGND |ENGSHUT-DOWN |FWD PART OF | MINIMUM 0% \
NO HYDRAULIC | WEDGE T/ ........ 0%
PRESSURE Lo
AVAILABLE

NOTE: The wedge exiension within & program is a function of corrected NL. A high corrected NL corresponds to minimum

1-24

extension. Refer to figure FO-6.
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. Built-In Test Equipment
After start of both engines, the two ramp control

units are tested automatically when engine RPM is
increased to 80 % to 90 % RPM.

Check for illumination of two green captions LH
INLET CHECK or RH INLET CHECK on the control

and test panel at the aft section of the RH console.

No warning should be issued by the warning

equipment.

The ramp control unit consists of two control lanes.
In case of a malfunction of one lane, the BITE
selects the second lane automatically.

RAMP CONTROL UNIT BITE INDICATION

NAV ||| FAST ||TRANSFM
READY || PREP || FAL
LHINLET || RHINLET | || No cOC
CHECK || CHECK || RESERVE

Figure 1-9

| PREVENTIVE RAMP EXTENSION

When the ECU receives a signal from the anti-

surge system, i.e. surge detection lane of the ECU,

. an additional 10 % extension demand signal is

issued by the ramp control unit. This additional
extension is limited by the maximum extension
value of the actual variable duct travel schedule.
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INDICATIONS AND WARNINGS

- If the gear is retracted, and the forward ramp is
| not retracted to full duct opening, ie. the air
intake louvers are still open.

- If after takeoff the ramp control is inoperative with
main hydraulic system pressure available, the
wedge may extend only to 55 % which results in
a significant power loss.

- [t main hydraulic system pressure is not available
and the ramp control system fails, the wedge
remains in its last position.

In these cases the warning equipment will issue the
warnings listed below:

INDICATION FAULT / EFFECT
AEKRAN I UPPER INLET | Air intake remains closed,
VIWAS "OBERER LUFTEINLAUF GEOFFNET"
"M-ZAHL KLEINER 0,8"
INDICATION FAULT/ EFFECT
AEKRAN I LEFT AIR INTK I Ramp control failure.
VIWAS "AUSFALL DER AUTOMATIK LINKER LUFTEINLAUF"
"KEILE OFFNEN"

The equivalent information will be recorded by the
flight data recorder.

Manual Wedge Retraction

In case of an intake ramp controller malfunction or
a main hydraulic system failure, the wedges are
locked in the position at time of failure. To retract
the wedges during flight or before landing, thus fully
opening the air intake duct, the springloaded and
guarded RAMP EMERG RETRACTION LH or RH
switch at the engine emergency panel has to be
held to RETRACTION for wedge retraction.

| Ifthe malfunction is a faulty intake ramps confroller,
an emergency hydraulic unit powered by the main
hydraulic system will retract the wedge upon switch
operation. If the main hydraulic system fails as well,
both wedges will be retracted by engine intake ram
air upon actuation of one or both switches.

Aiter emergency wedge retraction the wedge can
extend to the 8% position when the switch is
released.

Ramp Position Indicator
The indicator shows wedge / ramp positions of both
air intake systems as a percentage of nominal

maximum extension. The 0% mark represents
minimum - extension, which corresponds to fully-
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open air intake duct. For takeoff and landing, when
the forward ramp closes the intake duct, the
indication wil be at the takeoff / landing position BIT. |

Figure 1-10

Wedge Travel Programs

This diagram shows the three wedge travel
programs as a function of corrected NL. The exira
travel of the forward ramp and it's function is shown
also. Refer to figure FO-6. The wedge travel
programs, as function of altitude and Mach number,
are shown in figure FO-6 as well.
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VARIABLE STATOR SYSTEM

The variable stator system consists of intake guide
vanes and stator vanes of the first three stages of
the HP compressor. Its function is to prevent
compressor surge by limiting the intake air flow
angle.

Squeezing either gun or missile trigger will activate
the engine anti-surge cycle, thus closing the vanes
by 25 degrees. This minimizes adverse effects on
the engine caused by gun or missile exhaust gas
ingestion. Upon signals from the ECU, the system
uses fuel from the ECP as the actuating medium.

ENGINE IGNITION SYSTEM

The engine ignition system initiates ignition of the
fuel in the combustion chamber during the starting
cycle, and provides an automatic engine ignition
source when the weapon release trigger is
pressed.

The engine starter unit provides power to each
ignitor plug and controls the ignition sequence. The
ignition sequence is initiated by pressing the

GND START  button. When 35%RPM are
reached, the ignition system is switched off.

For air relight, the ignition system is activated for
20 sec for automatic and semi-automatic relight.
The ignition system can also be activated manually
by operating the AIR RELIGHT LH/RH switch. In
this case the ignition system will be active as long
as the switch is held in the ON position, but should
not exceed 100sec fo prevent damage to the
ignition coils.

When either trigger is squeezed, the preventive air
relight mode activates the ignition system for 8 sec.

For air relight, electrical power is supplied to the
ignitor plugs. At the same time oxygen is guided
into the ignition area.

INDICATIONS AND WARNINGS

For the time of ignition the engine fault detection
unit issues a signal to the warning system as
shown as follows:

INDICATION FAULT / EFFECT
TLP LgTAE-I:-I 8 Left engine ignition system active.
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ENGINE STARTING SYSTEM

Ground starting of both engines is achieved by the
APU via an ENG GBX for each engine. Electrical
start-up power is supplied by an external power unit
or by two internal batteries.

The HP compressor shafts of the left and right
engines are connected to two ENG GBX which are
connected to a common GBX by two angular
drives. Refer to figure FO-7.

An APU is flanged to the GBX and drives it through
a gas-coupled turbine. The two ENG GBX can be
interconnected by friction clutches within the GBX,
allowing each ENG GBX to be driven by the APU.
For engine start, a friction clutch is installed in the
GBX. Selecting the appropriate engine with the
APU running will cause the clutch controller to
pressurize the appropriate clutch section with
hydraulic oil and the selected engine to rotate.

At the same time engine ignition will be initiated. As
soon as 35 % RPM is reached, ignition will be
switched off. When engine speed reaches
50 % RPM the APU and the starting system
automatically shut-down under control of the
engine fault detection unit. Now the engine winds
up to IDLE by itself.

The second engine is started accordingly. If the
second engine does not light up, or if an RPM
hang-up occurs, this engine can be cold cranked by
the APU.

If 50 % RPM are not reached within 50 sec, or if the
throttle is retarded to STOP within this period, the
engine starter unit will automatically shut-down.

STARTING / RELIGHT MODES

The engine starting system allows two ground start
modes and four relight modes:

- manual start in any order,

- automatic start,

- automatic relight,

- semi-automatic rilight,

manual relight and preventive relight.
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AUTOMATIC START OF BOTH ENGINES

An automatic start procedure for both engines is
provided when the start-up mode switch is set to
START BOTH engines. Check for APU switch in
the guarded position START NORM. Set both
throttles to IDLE and depress the GND START
button.

The APU will drive the RH engine first. When APU
shut-off speed is reached, the APU will be shut-off
and restart for LH engine start after a break of
10 sec. This break provides speed synchronization
between APU, GBX and mechanical drives.

MANUAL START

During the manual starting procedure, the left
engine should be started first.

Check that the APU switch on the engine start
panel is in the guarded position START NORM. To
select the LH engine set start-up mode switch to
LH and the LH throttle to IDLE.

Depressing the GND START button activates the
APU system, engine ignition system, and the
friction clutch control unit.

Accordingly the RH engine is started by selecting
start-up mode switch to RH and the RH throttle to
IDLE. The GND START button activates the APU
ignition and the clutch systems to start the RH
engine.

NOTE

Before the start sequence of the RH
engine is initiated by pressing the
GND START button, the LH engine
has to run in IDLE for at least
40 sec.

Activation of the GND START
button during engine run-up and
engine operation is prohibited.
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RELIGHT MODES

In the event of an impending failure, counteractive
measures are taken automatically by the engine
starting system. However, depending on
circumstances, use of the semi-automatic relight or
manual relight may be required. During all relight
modes, pure oxygen is injected into the combustion
chamber of the engine.

The relight controller of the ECP receives an
altitude correction signal when above 18 000 ft
MSL to lean the mixture. The controller is shut-off
when 85 % RPM or more is sensed.

NOTE

e At altitudes below 40 000 ft MSL,
airspeed required for engine relight
is 220 to 540 KIAS with a minimum
windmilling RPM of 12 %.

e At altitudes between 40 000 ft MSL
and 56 000 ft MSL, a successful
relight may be expected between
300 KIAS and M 1.8 if relight is
initiated during engine wind-down,
however, a minimum windmilling
RPM of 50 % may be required.

e At altitudes above 56 000 ft MSL, a
normal relight and acceleration
should not be expected.

e To assure a reliable airstart, the
upper limits of the speed ranges
should be preferred.

o If the engine is not controllable over
the entire RPM range, retard the
throttle to off and repeat engine
relight at higher speed.

AUTOMATIC RELIGHT

In the event that RPM drops below 50 % and
throttle setting is between IDLE and MIL, the
engine starter unit will activate the ignition system
while the oxygen system will inject oxygen into the
combustion chamber. Oxygen is supplied until
75 % RPM are reached, however, the duration of
injection is limited to 20 sec. The warning system
illuminates the green captions LH or RHENG
START on the TLP.

SEMI-AUTOMATIC RELIGHT

If the automatic relight fails or an engine RPM
hang-up above 50 % occurs, a semi-automatic
relight has to be initiated.

This is done by retarding the throttle of the failed
engine to OFF for 2 to 3 sec and then advancing
the throttle to IDLE. As soon as the throttle is
advanced out of the OFF position, ignition is
provided and oxygen is injected into the
combustion chamber untii an RPM of 75 % is
reached, however, the injection duration is limited
to 20sec. The warning system illuminates the
appropriate ENG START caption on the TLP.

MANUAL RELIGHT

When the engine does not start with the semi-
automatic relight procedure, a manual air relight
must be attempted.

To perform a manual relight, retard the throttle of
the failed engine to OFF. Position the safety wired
LH AIR RELIGHT or RH AIR RELIGHT switch as
required. The green LH/RH ENG START caption
illuminates. Advancing the throttle between IDLE
and MIL will initiate the engine ignition system.
Run-up time of the engine may last up to 70 sec.

Oxygen is injected into the combustion chamber as
long as the AIR RELIGHT switch is actuated.

When the relighted engine reaches 50 % RPM,
position the LH / RH AIR RELIGHT switch to OFF.
To prevent damage to the ignition coils, the
LH/RH AIR RELIGHT switch must be switched
OFF after 100 sec. The oxygen supply allows
approximately five air relight cycles.

PREVENTIVE RELIGHT

The preventive relight mode is activated

automatically for 8 sec when:

- either trigger is squeezed,
- an overheat condition is sensed, or
- a surge is encountered.

As during the other relight modes, oxygen is

supplied to the engines and the ignition system is
activated.
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THROTTLES

Two throttles (refer to figure 1-11) are located at
the LH side wall. A throttle lever controls each
engine from OFF to MAX AB passing through IDLE
and MIL power settings. In the OFF position, the
throttles are mechanically locked. To position the
throttles from OFF to IDLE or IDLE to OFF the
locks must be disengaged by squeezing latches
which are integrated at the back side of the throttle

grips.

When advancing the throttles from IDLE into the
AB range or vice versa, locks engage at position
MIL. These locks can be disengaged by squeezing
latches which are integrated at the front side of the
throttle grips. They will lock again in the MAX AB
position. To move the throttles out of MAX AB or
from MIN AB to MIL, the front latches must be
disengaged.

Positioning a throttle from OFF to MAX AB actuates
two different micro switches in the ECU. The first
one is actuated in IDLE to enable the starter unit.

The second switch is actuated at MIL to select the
appropriate ECU schedules for MIL and AB.

The throttles are not interconnected.

A friction adjustment lever is mounted aft of the
throttles to permit adjustment of throttle friction to
suit individual requirements.

GT:

Two interconnected throttle control levers are
located in each cockpit. Full throttle control from
QFF through MAX AB is selectable in either cockpit
by a throttle stroke lever on the left cockpit side wall
behind the throttles. Refer to figures FO-2 / FO-3, It
allows to switch full throttle control from the front
cockpit fo the rear cockpit and vice versa, but is
available in one cockpit at a time only. With the
lever in the front cockpit position the squeeze
latches on the rear cockpit throttles are disabled.

THROTTLE ASSEMBLY

1. MICROPHONE BUTTON
2.LOCK ON BUTTON

3. SPEEDBRAKE SWITCH
4.AB LOCK LATCH

5. FLARE DISPENSE BUTTON
6. THROTTLE FRICTION LEVER
7. IDLE LOCK LATCH

Figure 1-11
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ENGINE CONTROLS AND INDICATORS

Engine System Switch

Engaging the ENG SYS switch located on the
electric power panel supplies power to the ECU
and the APU. Refer to figure 1-22.

ENGINE START PANEL

N

1. APUSWITCH
2. START-UP MODE SWITCH
3. GND START BUTTON

Figure 1-12

APU Switch

The APU switch located at the engine start panel
(refer to figure 1-12) controls the GBX cluich
controller and the engine starter unit.

APUMODE GBX and associated equipment
connected.

START NORM Normal engine start.

ENG Engines  connected;  ignition

COLD CRANK  deactivated. Fuel and oxygen are
not supplied.

APU APU cranked by the electro

COLD CRANK starter. Fuel and oxygen are nct
supplied. Ignition deactivated.

In APUMODE, the various clutches will be
engaged and disengaged in such a way that the
engines are not connected with the GBX whereas
the APU and all the accessories are.

NOTE

Since this mode is used for
maintenance  purposes only, it
should not be selected by the pilot.

The START NORM mode is guarded and safety
wired.
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Start-Up Mode Switch

The start-up mode swilch is located on the engine
start panel. It allows selection of individual engine
start or start in automatic sequence.

LH LH engine start

STARTBOTH Start both engines sequence
RH/LH

RH RH engine start

Normal position is START BOTH.

Ground Start Button

The GND START button is located at the engine
start panel. Pressing the button initiates the start
and ignition cycle of either the APU and the

] engines or the APU only depending on APU switch
and start-up mode switch setfing.

Anti Surge Switch

The ANTI SURGE switch located on the electric
power panel (refer to figure 1-22) triggers the
activation of the anti-surge system if necessary.

EXHAUST GAS TEMPERATURE INDICATOR

Two indicators provide a rotary pointer display of
the EGT from 200° C to 1100° C in increments of
20° C from 300° C to 1000° C and 50° C below
and above these values. The EGT sensors driving
the instruments are located behind the LP turbine
I outlets. Refer to figure 1-13. The yellow marker and

the red sector are adjusted for each individual
engine.

1. YELLOW MARKER
2. RED SECTOR

Figure 1-13
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ENGINE RPM INDICATOR

A dual pointer RPM indicator displays the RPM of
both engines. Refer to figure 1-14.

The scale of the instrument runs from 0to 110 % at
increments of 1 %. Markings on the pointers make
reference to the corresponding engine. Metering
accuracy is 1% below 60 % RPM and above
100 % RPM, and +0.5 % between 60 % RPM and
100 % RPM.

il
/ o
g nxtow O
~ ° RpM

\

=

Figure 1-14

Figure 1-15, deleted
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ENGINE FIRE DETECTION
SYSTEM

A fire detection system is installed near the GBX
and the LH and RH engine. It's function is based on
the electrical conductivity of flames. A heat
resistant conductor loop is routed through these
areas, the distance to the airframe is fixed by high
voltage stand-off isolators. In the event of a fire, the
high voltage on this conductor loop discharges to
the airframe which is electronically detected and
initiates a warning signal.

The fire defection system is completely insensitive
to high temperatures and will not be triggered by

insulation breakdowns as a result of humidity or
other electrical short circuits.

The fire detection system will be activated within
3 sec after the appearance of flames.

The extinguisher system consists of a spherical
pressure bottle containing an extinguishant foam,
three pyro cartridge operated valves and the
extinguishing manifolds towards the GBX and the
engines, refer to figure 1-16 and 1-17.

1. FIRE EXTINGUISHANT PRESSURE BOTTLE

2, FIRE EXTINGUISHANT SPRAY MANIFOLDS OF ENG COMPARTMENTS
3. FIRE EXTINGUISHANT SPRAY MANIFOLDS OF GBX COMPARTMENTS
4. FIRE WARNING SENSORS IN ENG COMPARTMENTS

5. FIRE WARNING SENSORS IN COMPARTMENTS

Figure 1-16
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ENGINE EMERGENCY PANEL

Figure 1-17
FUEL SHUT-OFF LH/RH Switches
Individual FUEL SHUT OFF switches are provided ~ GBX Selects the spray manifolds
for opening and closing the fuel shut-off valves in within the GBX compartment
the engine boost fuel lines in case of fire, refer to
figure 1-17. The fuel shut-off valves are electrically ~ LH/RH Selects the spray manifolds
controlled and pneumatically actuated by the within the LH/RH engine
pneumatic power supply system. compartments
LH/RH Fuel shut-off valve open .
INDICATIONS AND WARNINGS

CLOSED Fuel shut-off valve closed
The red waming captions on the TLP will
extinguish if fire fighting has been successful,

Fire Extinguisher Selection Switch

The fire extinguisher selection switch activates the

required spray manifolds of the extinguisher .
system to fight the fire. 4
INDICATION FAULT/EFFECT
MASTER @ LIGHT
CAUTION FLASHING
TP LH ENG Fira in LH engine
FIRE .
VIWAS | "BORDNUMMER, FEUER IM LINKEN TRIEBWERK" (message will be paged twice) .
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INDICATION FAULT / EFFECT
MASTER | %  LIGHT
CAUTION b FLASHING
GBX :

VIWAS | "BORDNUMMER, FEUER IM KSA" (message will be paged twice)

WARNING

The extinguisher system can be
activated only once and all foam will be
consumed entirely. The pilot must
exercise extreme caution selecting the
. correct position of the guarded fire
extinguisher selection switch.
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ENGINE OPERATION

I The engine is controlled hydro-mechanically. Under
various flight conditions the engine performance is
governed electrically by the ECU.

The engine can be operated in three different
modes:

- Normal power mode
- Combat mode
- Limited power mode

These modes can only be selected prior to flight by
the ground crew.

] Control of the engines by throttie bursts within 1 to
2 sec between IDLE and MAX AB is permissible.
Time for ignition of AB is 2 to 3 sec. During flight,
time for engine acceleration from IDLE to MAX AB
is 3to 7 sec.

NOTE

RPM hang-up is possible
momentarily at altitudes above
30000 ft and airspeeds below
300 KIAS during acceleration from
IDLE to MIL.

G-forces can cause RPM changes up to 7 %.
However, RPM must not exceed 103 %. A change
in EGT is possible as well, but must not exceed the
maximum value for MIL operation.

Selecting AB from the MIL power position is
assured in the entire range of attitude and velocity.
However, during throttle bursts from IDLE to AB at
altitudes above 43000 ft and close to minimum
speed, AB ignition may not be available.

NOTE

If AB does not light, the throttle
must be retarded to the MIL
position. After the engine has
stabilized, AB may be reselected.

AB ignition can be verified by observing the green
caption LH/ RH ENG AB.

NOTE

If the AB does not shut down when
deselected, it can be shut down by
use of the safety wired AB
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EMERG OFF switch located on the
engine emergency panel. This
switch shuts down the AB of both
engines.

NORMAL POWER MODE

The performance data throughout the manual, refer
to a normal tuned engine, i.e. engine in normal
power mode (NPM), except mentioned otherwise.

COMBAT MODE

The combat mode provides additional thrust to
MAX AB and is operational under the following
prerequisites:

- Combat selector switch MAKC PIIT (MAKS-RPT
= normal - combat) located in the LH gear bay,
has to be selected prior to flight to the position
RPT to achieve the additional thrust. This causes
a maximum EGT value of approximately 25° C
above the value of normal operation.

- Throttle setting MAX AB.

- Airspeed M > 1.5,

NOTE

Engine operation in combat mode
must not exceed 2 % of service life
time.

LIMITED POWER MODE

In order to enhance the service life time, the engine
is tuned to limited power mode (LPM). Refer
to TA 9002.

Tuned to LPM, the ECU limits the maximum EGT |

about 20° C below the value of normal operation.
As a result, NH and NL is reduced aiso.

RUNNING TIME METERS

Six running time meters located in the LH gear bay
record engine operation times in combat and AB
modes and total running time.
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AUXILIARY POWER SYSTEM

The auxiiary power system (APS) provides

faciliies for starting the engines on ground and in

the air, and transmits mechanical power to drive
I various accessories. Refer to figure FO-7.

The system consists of an APU, a GBX, and two
ENG GBX. The GBX is mounted between the two
ENG GBX.

The APU drives the GBX which itself drives the two
I ENG GBX through two angle drives.

The GBX drives the DC and the AC generator, two
hydraulic pumps of the hydraulic system and an
active fuel pump of the fuel system. Each
ENG GBX drives four associated engine system
fuel pumps, three oil pumps and two speed sensors
to support its associated engine.

The GBX can be driven by either engine via its

| ENG GBX through the angle drives or it drives
each ENG GBX and the associated engine for
engine start.

AUXILIARY POWER UNIT
The APU is a gas turbine using aircraft fuel and
oxygen injection to get started. It drives the GBX

through an exhaust gas coupled turbine.

The APU is used for engine start and for cold
| cranking to checkout engine systems. It also

provides internal power to drive the accessory
equipment for aircraft systems checkout.

APU STARTING SYSTEM

To start the APU, a 28 VDC starter motor is used.
The electrical power is indicated on the voltmeter
located on the pedestal panel.

Pressing the GND START hution activates the
engine starter unit to supply oxygen and energizes
the engine ignition unit. After 1 sec the starter
motor is swiiched on to wind up the APU
compressor shaft. Simultaneously engine fuel is
injected into the oxygen atmosphere within the
combustion chamber. At 35 % RPM, the starter
motor, the ignition and the oxygen supply are
switched off. At 100 % RPM, operating speed is
controlled by a fuel flow regulating govemor. Power
output is 77.5 KW.

INDICATIONS AND WARNINGS

CAUTION

If the exhaust gas temperature of
the APU exceeds a preset value,
the engine fault detection unit will
activate the information  and
warning equipment. In this case the
APU has to be shut off immediately.

INDICATION

FAULT / EFFECT

AEKRAN I START TURB CRIT CONDITNS

The exhaust gas temperature of the APU exceeds a
preset value.
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APU / ENGINE COLD-CRANKING

For ENG or APU system checkout, the engines and
the APU can be cold-cranked. To cold-crank an
engine the APU switch is set to ENG COLD
CRANK, the throttie to OFF and the start-up mode
switch to LH or RH. Upon depressing the
GND START button, the HP shaft of the selected
engine will be driven by the APU. Fuel will not be
injected into the engine combustion chamber and
the engine ignition system will not be activated.

For cold-cranking the APU, the APU switch has to
be set to APU COLD CRANK and the GND START
button has to be depressed. In this mode the
electrical starter motor will drive the APU
compressor shaft. Fuel, oxygen and ignition will not
be supplied to the APU.

INTERNAL POWER SUPPLY MODE

On the ground, the APU can be used to generate
electrical and hydraulic power. In this mode the two
ENG GBX are disconnected from the GBX to
prevent engine rotation.

For internal power supply, the ENG SYS switch on
the system power panel is set to ON and the APU
switch on the engine start panel is set to APU
MODE. With this setup, only the APU is started
when the GND START button is pressed. The APU
will drive the GBX and the associated equipment at
a speed equivalent to 70 % engine RPM. The APU
is shut down with the ENG SYS switch located on
the electric power panel.

NOTE
This function shall not be used.
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ACCESSORY GEARBOX

The GBX drives aircraft accessories such as
pumps, generators etc. Refer to figure FO-7.

The GBX also transfers torque generated by the
APU to the selected engine and controls drive from
an engine to the accessory units.

Torque is transferred between the GBX and the
two ENG GBX by angle drives.

The lube oil unit and two hydraulic pumps provide
cooling and lubrication for the GBX and APU.

Oil quantity is 4.51. Sensors for vibration and oil
pressure are installed.

A cross drive shaft and three friction clutches are
engaged by oil pressure from the hydraulic pumps.
The clutches are controlled by an internal control
unit depending on the mode of operation and
engine selected for start.

Normally the GBX is driven by the RH engine.
However, if the LH engine RPM exceeds the RH
engine RPM by 7 % or more, a freewheel clutch will
select the LH engine and drive the GBX instead.

All accessories except the AC generator are gear-
driven by the GBX with a fixed transfer ratio. The
AC generator is driven by a constant speed torque
converter.
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INDICATIONS AND WARNINGS

Malfunctions in the GBX detected by the engine
fault detection unit are issued to the warning
equipment,

INDICATION FAULT / EFFECT
MASTER 31,’5*‘\1) LIGHT
CAUTION % FLASHING

GBX il

e FIRE Fire in GBX.
VIWAS  |"BORDNUMMER, FEUER IM KSA" (message will be paged twice)

INDICATION FAULT / EFFECT
MASTER 'a) LIGHT
CAUTION | % FLASHING

olL Qil pressure in the GBX is below the min value for at
TLP GBX least 20 sec.
AEKRAN || OIL PRESS ACCRY GBX |
VIWAS "SCHMIERSTOFFDRUCK IM KSA ZU GERING"
"AUFGABE ABBRECHEN"

INDICATION FAULT / EFFECT
MASTER @) LIGHT
CAUTION b FLASHING

Vibration level of the GBX exceeds a preset level by
AEKRAN | | ACFT ACCRY GBX VIBR | 35 % for al least 210 3 sec.
"VIBRATION IM KSA"

VIWAS "AUFGABE ABBRECHEN"
ENGINE GEARBOX

Two ENG GBX are installed, one for each engine
| to drive engine accessories. Refer to figure FO-7.

For normal cperation, torque is transferred to the
| GBX via an angle drive. The angle drive receives
torque from the GBX to start-up the engine.

The following engine accessories are mounted on
the ENG GBX:

Alow pressure fuel pump, an ECP, a nozzle high-
pressure pump, an AB fuel pump with NH sensor
unit, a lube oil unit, an ol centrifugal breather, a
fuel filter unit and an additional NH sensor uni.
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AIRCRAFT FUEL SYSTEM

Fuel is carried internally in five interconnected
internal fuselage tanks and two internal wing tanks.

External fuel is carried in a single 1 500 | fuselage-
mounted centerline (CL) tank on station seven,

All internal tanks may be refueled on the ground
through a single pressure refueling point, located in
the left main gear well.

I The CL tank must be refueled individually through a
pressure refueling point, located in the front section
of the tank.

The fuselage tanks are arranged so that tank 1 is
behind the aft bulkhead of the cockpit. Tank 2, the
engine feed tank, tank 3 and the two tanks 3A
complete the fuselage tank group. A fuel
accumulator is installed in tank 3 to supply engine
fuel during near-zero-g flight. Tanks 1 and 2 are
arranged so that fuel will gravity-flow into tank 2 if a
transfer pump failure occurs. Flapper valves
prevent reverse fuel flow. The two internal wing
tanks are installed in the wing roots, one at each
side. Refer to figure 1-18.

All fuel is transferred to the engine feed tank,
tank 2, and from there fed to the engines. Check
valves within the transfer lines prevent reverse fuel
flow in all aircraft attitudes. If the transfer rate to
fank 2 is higher than the fuel consumption, a
pressure relief valve opens and fuel is dumped to
tank 1. A safety relief valve between tank 2 and 3
permits dumping of fuel to tank 3.

Both tanks 3A and the internal wing tanks contain a

jet pump to transfer fuel to tank 3. Tank 3 contains
a jet pump to transfer fuel to tank 1 and additionally
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a turbo pump to transfer fuel to the engine feed
tank 2. Tank 1 contains a turbo pump 1o transfer
fuel to tank 2.

The fuel transfer sequence is automatically
controlled by &  hydro-mechanical  system.
Regulated engine bleed air is used to transfer fuel
from the external tanks to the intenal tanks.
Internal fuel transfer is accomplished by transfer
pumps.

Air pressure or nitrogen pressure is used to
maintain positive pressurization in all internal tanks,
air pressure only is used for pressurization of the
centerline tank.

Fuel is also used as a cooling medium to cool
hydraulic and lube oil as well as the cooling fluid for
the radar equipment.

Level control valves control the fuel levels in the
tanks during transfer operations. Fuel gaging units
supply quantity and flow data to the indication
system.

AFTER MODIFICATION WITH WING DROP
TANKS

Additional external fuel is carried in two 11501
wing drop tanks. The wing drop tanks are
suspended by pylons, mounted to the wing stations
one and two. Refueling of the wing drop tanks is
accomplished individually through external filler
points.

Regulated engine bleed air is used for wing drop
tank pressurization and fuel transfer.
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FUEL TANKS ARRANGEMENT

5. TANK No.3A1

6. INTERNAL WING TANK
7. WING DROP TANK
8.CLTANK

1. TANK No.1
2. TANK No.2
3. TANK No.3
4. TANK No.3A2

=3

Figure 1-18

TRANSFER SYSTEM
The transfer system serves two purposes:

- transfer all fuel to the engine feed tank,
- maintain CG variation due to fuel consumption
within limits.

The transfer system is a self-sustaining system.
The accessory gearbox drives a centrifugal-type
pump for active fuel. Active fuel is used to
drive / control the associated components:

- level / pump control valves installed in fanks 1, 2,
3 and the internal wing tanks at certain levels,

- emply sensors in fanks 1 and 3 and the
centerline tank,

- electromagnetic valves for control of external fuel
transfer,

- turbo-type transfer pumps in tanks 1 and 3,

- jettype transfer pumps in tanks 3, 3A and the
internal wing tanks.

Upon switchover to internal power supply, the
electromagnetic control valve for CL tank fuel
transfer opens. After engine start, the turbo-type
transfer pumps in tank 1 are running to transfer fuel
to the engine feed tank, i.e. tank 2. The CL tank

fuel shut-off valve and the transfer valve open,
allowing fuel to transfer. However, CL tank fuel is
not transferred at power settings below 80 % RPM.
Above 80 % RPM, all CL tank fuel is transferred to
tank 1. As soon as all fuel has been transferred, a
sensor sends a tank empty signal to the fuel
indicator and to an electromagnetic check valve.
The check valve interrupts control pressure to the
transfer valve, causing the valve to close. During
negative g flight, an inertia switch associated with
the check valve causes the transfer valve and the
shut-off valve fo close momentarily to prevent
pressurized air from entering tank 1 and forcing fuel
into the drain lines.

NOTE

At alitudes above 30000 ft,
centerline tank fuel may or may not
transfer due to design limitations.

After transfer of a total of approximately 250 | fuel
from tank 1, the transfer pumps in tank 3 start
transferring fuel to tank 1 and to the engine feed
tank.
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Upon depletion of approximately 200 | from tank 3,
the jet-type transfer pumps in tanks 3A and the
internal wing tanks start transferring fuel to tank 3.
Tanks 3A keep feeding until they are empty,
however, there is no indication for the exhaustion of
tanks 3A.

When the internal wing tanks are empty, a sensor
sends a tank empty signal to the fuel indicator.
When all fuel is transferred from the internal wing
tanks and the tanks 3A, and approximately 600 |
are depleted from tank 3, the transfer pumps of
tank 3 are shut down.

Consecutively another 2801 are transferred from
tank 1 to the engine feed tank.

Transfer from tank 3 is resumed and when tank 3 is
empty, the empty sensor signals depletion to the
fuel indicator. The turbo-type transfer pump in tank
3 and the transfer pumps in tank 3A as well as the
internal wing tanks are shut down, the jet-type
transfer pump in tank 3 continues to pump active
fuel to tank 1, from where it is transferred to the
engine feed tank.

When tank 1 is empty, the empty sensor causes
the respective caption on the fuel indicator to
illuminate.

When the amount of fuel in the engine feed tank
has diminished to 550kg, the caption
550 KG REMAIN on the TLP illuminates.

After complete depletion of the engine feed tank,
fuel is forced from the fuel accumulator to the
engine feed line. A pressure differential sensor
causes the AEKRAN to indicate NO BOOST when
the entire fuel has been consumed.

Figure 1-19 illustrates the fuel transfer sequence.

AFTER MODIFICATION WITH WING DROP
TANKS

With wing drop tanks installed, the transfer
sequence is essentially the same. However, since
the pressurization system has been modified, CL
tank fuel is transferred immediately, regardless of
engine RPM.

When 70 | have been transferred from the internal

wing tanks, the transfer valves of the wing drop
tanks open and fuel is transferred to the internal
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wing tanks. Upon completion of fuel transfer from
the wing drop tanks, an empty sensor signals fuel
depletion to the fuel indicator and to an
electromagnetic check valve. The check valve
interrupts control pressure to the transfer valve
causing the valve to close. During negative g flight,
an inertia switch associated with the check valve
causes the transfer valve to close momentarily to
prevent pressurized air from entering the internal
wing tanks.

After depietion of all fuel from the wing drop tanks,
the transfer sequence continues the same way as
with no wing drop tanks installed.

Figure 1-19A illustrates the fuel transfer sequence.

GT:

After engine start, fuel is transferred from tank 1 to
the engine feed tank.

When approximately 50 | of fuel are transferred, the
CL tank transfer valve opens, allowing fuel to
transfer to tank 1 as soon as RPM is increased
above 80 %. Upon completion of fuel transfer, an
empty sensor signals fuel depletion to the fuel
indicator, the transfer valve closes.

After depletion of another 5001 from tank 1, the
transfer pumps in tank 3 start transferring fuel to
tank 1 and to the engine feed tank.

Upon depletion of approximately 50 | from tank 3,
the jet-type transfer pumps in tanks 3A and the
internal wing tanks start transferring fuel to tank 3.
When the internal wing tanks are empty, an empty
sensor signals fuel depletion to the fuel indicator.

Upon completion of fuel transfer from tanks 3 and
3A, an empty sensor signals fuel depletion to the
fuel indicator, shuts off the jet-type transfer pumps
in tanks 3, 3A and the internal wing tanks, and
closes the transfer valves in tanks 3A and the
internal wing tanks. The turbo-type transfer pumps
in tank 3 continue running.

The transfer sequence is continued with tank 1, 2
and the accumulator tank with the respective
indicator / warning captions illuminating at the
appropriate fuel level.

Figure 1-19 illustrates the fuel transfer sequence.
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FUEL TRANSFER SEQUENCE

Y‘ﬁféﬁ

FUEL TRANSFER
TANK
RO iy TR R
Y
- 1 50 L DURING GND OPERATION
cL COMPLETE
. 1 250 L APPROX
3 200 L APPROX.
3A COMPLETE
INT. WING COM;LET
3 600 L APPROX.
. 1 280L APPROX.
3 COMPLETE
! COMPLETE
550 KG REMAINING
2 COMPLETE
ACCUM. COMPLETE
125 L UNUSABLE FUEL
. 1 50L
oL COMPLETE
I 1 500 L APPROX.
3 50 L APPROX.
3 COMPLETE
INT. WING COMPLETE
3 COMPLETE
1 COMPLETE
550 KG REMAINING
2 COMPLETE
ACCUM. COMPLETE
125 L UNUSABLE FUEL
Figure 1-19
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FUEL TRANSFER SEQUENCE

AFTER MODIFICATION WITH WING DROP TANKS

FUEL TRANSFER
' TANK
T o TRANSFER
cL COMPLETE
. ‘| 250 L APPROX.
3 200 L APPROX,
INT. WING 70 L APPROX.
3A COMPLETE
WING DROP
TANKS COMPLETE
TG COMPLETE
3 800 L APPROX.
1 280 L APPROX.
3 COMPLETE
1 COMPLETE
550 KG REMAINING
] 2 COMPLETE
B ACCUM. COMPLETE
125 L UNUSABLE FUEL
Figure 1-19A
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FUEL PRESSURIZATION AND
VENTILATION SYSTEM

The pressurization and ventilation system uses air
or nitrogen to pressurize the internal tanks.
Regulated engine bleed air is used to pressurize
the accumulator tank and all external tanks.

Both subsystems are interconnected by check
valves to permit pressurization of the internal tanks
by engine bleed air when the nitrogen supply is
exhausted or when the electro-pneumatic nitrogen
control valve is closed.

Four pressure bottles contain the nitrogen at a
pressure of 32 MPa. During engine start, at
55 % RPM, the electro-pneumatic nitrogen control
valve opens and nitrogen is supplied via a pressure
reduction valve to the venting unit at a pressure of
0.8 MPa. The venting unit controls pressurization of
the internal tanks between 3 kPa and 25 kPa,
depending on aircraft altitude. It also provides
pressure relief, whenever a predetermined value is
exceeded.

The circuitry for the nitrogen control valve is routed
through the left main gear scissors switch to
prevent closure of the valve in case of an engine
failure during flight.

As soon as engine bleed air from the low pressure
compressor is available, the fuel accumulator and
the external tanks are pressurized. Engine bleed air
is delivered at a pressure of 50 Pa to 500 Pa and
reduced by safety relief valves to deliver a constant
pressure of 55 +5 Pa to the fuel accumulator and
90 +10 Pa to the external tanks for pressurization
and fuel transfer purposes.

NOTE

At high altitudes and / or power settings
below 80 % RPM, bleed air pressure
may be insufficient to maintain fuel
transfer from the CL tank, resulting in
intermittent illumination of the AEKRAN
indication DROP TANK NO USAGE.

If the nitrogen supply is exhausted or the nitrogen
control valve closed, engine bleed air is supplied to
the vent unit through the check valve for
pressurization of the internal tanks.

AFTER MODIFICATION WITH WING DROP
TANKS

Prior to the modification, pressure from the fuel
pressurization and ventilation system may have
been insufficient to transfer external fuel at low
power settings and high altitude. To maintain
positive pressurization for fuel transfer, the fuel
pressurization and ventilation system has been
modified to use compressed air from the cabin
pressurization system during high altitude and low
engine RPM conditions.

FUEL BOOST SYSTEM

The fuel boost system supplies fuel for the
following purposes:

- Engine operation during positive and negative g
flight,

- operation of the active fuel system,

- cooling of the radar cooling fluid and,

- cooling of engine oil.

Two turbo-type boost pumps are located in the
engine feed tank 2. The pumps are arranged so
that at least one pump remains submerged in fuel
regardless of flight attitude to deliver fuel to the
engine low pressure fuel pumps during positive and
negative g flight.

A part of the fuel is pumped to the fuel accumulator
in tank 3. The accumulator consists of two
chambers, separated by a membrane. The upper
chamber is pressurized by compressed air from the
fuel pressurization and ventilation system. During
positive or negative g flight, fuel is transferred to
the lower chamber, the membrane is bent toward
the upper chamber. The compressed air in the
upper chamber forces the fuel from the lower
chamber of the accumulator into the fuel supply
lines in case pressure in these lines is insufficient
during near-zero g flight conditions.
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ACTIVE FUEL

A part of the fuel is routed to the active fuel pump.
The centrifugal-type pump is mounted fo the
accessory gearbox. It increases fuel pressure
depending on engine speed to drive the transfer
pumps and the boost pumps.

The active fuel is also used to control the level
control valves, the transfer pumps and the external
tank pressurization valves and transfer valves.

COOLING FUEL

Fuel from the lower boost pump is used to cool the
cooling fluid of the radar equipment cooling system.
After passing the heat exchanger, the fuel is routed
to the entrance of the upper boost pump.

Active fuel is routed to the oil cooler and returned to
the fuel supply line.

Two temperature controlled valves open a retumn
line to the engine feed tank when the fuel
temperature after the engine low pressure fuel
pump exceeds 105° C. The resulting increased fuel
flow causes the temperature o decrease.

STARTER FUEL PUMP

The motor driven starter fuel pump supplies fuel to
the APU and to the engine supply lines during
engine start. The pump remains in operation as
long as either engine is running. Therefore it
provides a back-up for fuel supply in case of an
active fuel system and a resulting boost pump
failure.

FUEL PUMP Switch
The FUEL PUMP switch is located on the electric
power panel on the RH console. Refer to

figure 1-22. It is used to activate the starter fuel
pump.
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EXTERNAL TANK JETTISON
SYSTEM

The GL tank jettison button is located on the control
stick. The button is safety covered to prevent
inadvertent actuation. Pressing the button causes
an electromagnetic lock to open and releases the
tank. The system is DC powered by an external
source, the DC generator or the batteries,

WARNINGI

Jettison on the ground is possible
with DC power available.

AFTER MODIFICATION WITH WING DROP
TANKS

The EMERG RELEASE button located on the front
panel is used to jettison the wing drop tanks. Refer
to figure 1-19B. The button is safety covered and
secured fo prevent inadvertent actuation. Pressing
the button causes the release cartridges to fire. A
safety device automatically activates the firing
circuit of the remaining wing drop. tank upon
separation of either tank to prevent jettisoning of a
single wing drop tank which would result in a
severe asymmetry.

WARNING

The jettison circuit will be hot as
soon as DC power is available.

0
EMERG
RELEASE
)

Figure 1-198
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GROUND REFUELLING / DEFUELLING

All internal tanks can be refueled via a single
pressure refueling point or through external filler
points.

The single point refueling receptacle is located in
the left main wheel well. External filler points are
installed on tanks 1 and 3. The CL tank will not be
replenished during single point refueling and must
be refueled individually.

The central refueling process is controlled from the
refueling panel located in the left main gear bay.
Following selections are available:

- 50% Partial load, for refueling of tank 2 and
partial refueling of tank 1 and 3;

- 100 % 1ull load, for refueling of all internal tanks;

- 130 % full load plus centerline tank;

- CL  centerline tank.

The refueling process automatically stops when the
selected fuel load is reached and the caption
REFUEL COMPLETE illuminates.

When refueling of internal tanks plus centerline
tank is selected, the central refueling process
automatically stops when the internal tanks are
refueled completely, however, the caption
REFUEL COMPLETE does not illuminate until the
CL tank s full.

To refuel the CL tank, the respective position has to
be selected. After completion of centerline tank
refueling, selection of the position for full load plus
centerline tank is mandatory for adjustment of the
indication system.

If the refueling vehicle is equipped with two
cannectors for single point refueling, simultaneous
refueling of the internal tanks and the centerline
tank is permissible.

The internal fanks are defueled through a drain
valve located near tank 3. The CL tank is defueled
through its own drain valve. Remaining fuel can be
drained by opening several drain plugs.

AFTER MODIFICATION WITH WING DROP
TANKS

The wing drop tanks are always refueled last. They
can only be refueled manually through filler caps.
To obtain the correct fuel amount, the fuel indicator
has to be adjusted manually for the amount of fuel
in the wing drop tanks (approximately 1800 kg)
with the MAN adjustment knob on the fuel signals
calibration panel in the rear of the cockpit.

The wing drop tanks are defueled through the filler
caps.

FUEL QUANTITY DATA TABLE
FULLY SERVICED USABLE FUEL

TANK UTER | F-a4/kg™) [TS-1/kg") | LTER | F-34/kg™1) | T84 /kg )
TANK 1 650 522 507
TANK 2 900 72 702
TANK3 1800 1445 1404
TANKS 3A 300 241 234
INTERNAL WING TANKS 650 522 507
TOTAL INTERNAL FUEL 4300 3453 3354 3699 3181 3041
CLTANK 1500 1205 1170 1370 1100 1068
TOTAL INTERNAL FUEL PLUS CLTANK | 5800 4658 4524 5269 4231 4110
WING DROP TANKS 2300 1847 1794 2129 1709 1661
TOTAL INTERNAL FUEL PLUS WING| 6600 5300 5148 6028 4840 4702
DROP TANKS
MAXIMUM FUEL LOAD TOTAL INTERNAL 8 100 6505 6318 739 5940 5770
PLUS ALL EXTERNAL TANKS

"1) F-34 at 15° C, specific weight 0.803
*2) TS-1 at 20° C, specific weight 0.780

NOTE: Usable fuel is calculated by subtracting 7 % of fully serviced fuel, and
additionally the fuel remaining trapped in the tanks: Intemal 100,

Cltank25L, WDTs 10L.

Figure 1-19C
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REFUELING PANEL

The refueling panel is located in the left main wheel
well. Refer to figure 1-19D. It is used for refueling
the aircraft, adjustment of the fuel indlication, and
verification of oil and hydraulic fluid quantities.
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Figure 1-19D

POWER switch

The POWER switch is used to connect DC power
to the refueling panel, provided the BAT GND
SUPPLY switch is in the ON position.

LAMP TEST button

A LAMP TEST button is provided to check the light
captions prior refueling.

I FUEL selector

The FUEL selector is a rotary knob with the
following functions:

- 50% for refueling of tank 2 and partial refueling
of tank 1 and 3;

-100% for refueling of all internal tanks;

-130% for refueling of all interal tanks plus
centerline tank and;

- CL  forrefueling of centerline tank only.

NOTE

When the CL tank is refueled, the
fuel selector knob has to be
positioned to 130% to obtain
correct indications on the fuel
indicator.
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STOP REFUEL pushbutton

The STOP REFUEL pushbutton is used to stop the
refueling procedure manually.

REFUEL COMPL caption

The caption illuminates when refueling is finished in
accordance with the selection of the FUEL selector
knob.

OIL captions

One green and three red captions indicate ol
servicing  requirements. The green  caption
lluminates when the oil level is within limits.
Individual red captions indicate  servicing
requirements for the accessory gearbox, the LH
and the RH engine.

HYDRAULIC captions

Three captions each indicate  servicing
requirements for the MAIN and the BOOST
hydraulic system. The green caption marked N
indicates no servicing required, the red caption
indicates a servicing requirement and the yellow
caption indicates that the system is overfilled.

FUEL SIGNALS CALIBRATION PANEL

The fuel signals calibration panel is located in the
rear of the cockpit beneath the power distribution
panel. Refer to figure 1-19E. It is used for
adjustment, calibration and checkout of the fuel
indication system. AC power must be available for
operation.

NOTE

After  refueling  has  been
accomplished with battery power,
the PTO switch must be set to ON
before the indication system can be
adjusted. Due to the limited
capacity of the batteries, operation
of the PTO is limited to 30 sec.
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AFTER MODIFICATION WITH WING DROP
TANKS

A rotary selector knob has been added to the
panel, refer to figure 1-19F, to select a voice
warning for bingo fuel. The fuel selector knob has
been replaced by a three-position toggle switch.

GT:

The fuel signals calibration panel, refer to figure
1-19E, s located in the rear cockpit beneath the
instrument panel in front of the control stick.
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Figure 1-19E
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Fuel Selector Knob

The fuel selector knab has three positions, labelled
with Roman numerals, to select the type of fuel
used. The fuel computer receives the specific
weight data for calculation of the remaining fuel
quantity and remaining flight distance.

AFTER MODIFICATION WITH WING DROP
TANKS

The rotary knob has been replaced by a three-
posttion toggle switch labelled T-1 () - TC-1/PT(ll).

PETYIIMPOBKA (ADJUSTMENT)

Covered adjustment screws are used for calibration
of the fuel indicator,

ABT (AUTO) button

Pressing the pushbutton inputs fuel quantity to the
computer in accordance with the selection on the
refuelling panel. The indicator light illuminates as
soon as the quantity is displayed on the indicator.

PYYH (MAN) adjustment knob

The manual adjustment knob can be used for
random adjustment of the fuel quantity. Prior to
adjustment, the FUEL COUNTER circuit breaker
has to be pulled and the position P has to be
selected with the T/P switch on the fuel indicator.

AFTER MODIFICATION WITH WING DROP
TANKS

The button is used to add the fuel quantity of the
wing drop tanks in kg to the fuel indication system.
Test buttons

Two test buttons and a LED are used for
maintenance checkout. The buttons are labeled
T-A and P(R)-1(D), the LED is labeled 77(P77).
TOMN BO3HP (FUEL RETURN) selector

The fuel return selector is used to select the

desired bingo fuel. A VIWAS waming is issued
when the selected fuel amount is reached.

Displaying of the VIWAS warning
may differ from the adjusted value
up to 190 kg.
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CONTROL AND TEST PANEL

A new test button, labelled TEST WDT has been
added on the control and test panel on the right
console, replacing the FEELUNIT OK caption,
refer to figure 1-19G. lllumination of the TEST WDT
caption on the telelight panel indicates a valid
system check when the test button is pressed.

NAV FAST TRANSFM
READY PREP FAIL
LH INLET RH INLET NO CoC
CHECK CHECK RESERVE
' N

|
LG siMU

FEEL
UNIT

[ swstest ]

TEST
MARKER

Q@ ©

3 o
T8 —
0
$ L
A 7,

Figure 1-19G
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FUEL INDICATION SYSTEM

The fuel indication system consists of a remaining
fuel quantity computer, a remaining distance
computer, a fuel consumption computer and an
indicator, refer to figure 1-20.

The system is interconnected with the refuelling
panel and the fuel signals calibration panel. Basic
calculations such as total fuel depend on settings
on the refuelling panel and indicator calibration.
Fuel consumption calculations depend on settings
on the fuel signals calibration panel and inputs from
the fuel flow sensors.

The system includes capacitance type gaging units
in tanks 1, 2 and 3, level control valves, full- and
emply sensors, fuel flow sensors and temperature
5ensors.

The fuel indicator displays the following data:

- Remaining fuel quantity in kg;
- remaining flight distance in NM and ;
- tank empty signals.

The initial fuel quantity is computed using inputs
from the capacitance type gaging units plus the
quantities for the remaining intemal and external
tanks based on refuelling information from the
refueling panel and density information from the
fuel signals calibration panel.

Consecutive fuel quantity data computation is
based on fuel flow corrected for density and
temperature.

When the CLtank is jettisoned, the computer
corrects the remaining fuel quantity accordingly.

NOTE

Jettisoning of the wing drop tanks
may lead to a false, normally higher
than actual, fuel quantity indication.

The remaining flight distance computer compttes
the remaining flight distance based on actual fuel
consumption and data from the ADC. This distance
is not corrected for wind.
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FUEL INDICATOR

I The fuel indicator consists of a tape-type quantity
scale, a remaining flight distance counter and tank
empty captions. A fwo-position toggle switch
marked T and P with indicator lights for selection of
measured or calculated fuel is located at the
bottom of the scale. Triangular shaped markers
along the scale complete the indicator.

In position T the scale indicates fuel quantity
sensed by the capacitance-type gages in tanks 1, 2

I and 3. In position P, total fuel quantity is displayed
as calculated by the fuel computer.

Four triangular shaped markers along the scale
indicate the tolerable remaining fuel quantity when
the particular tank empty caption illuminates. The
markers point in the direction of the corresponding
indicator caption.

lumination of a tank empty caption with the fuel
quantity above or below the applicable marker
indicates a transfer system malfunction or a fuel
leak.

The counter at the upper part of the indicator
indicates the remaining flight distance based on
actual or optimum flight conditions. A switch next to
the counter selects actual or optimum range. Refer
to figure 1-21.

NOTE

The fuel indicator has a tolerance of
13 % of the maximum scale value.

SO W NG U & W

11 TAC

OPT

=0

TANKS

\

. REMAINING DISTANCE COUNTER

. TOTAL QUANTITY SCALE

. REMAINING QUANTITY MARKERS

. MINIMUM QUANTITY MARKER (550 kg)

LED

. T/P SWITCH

. TANK 1 EMPTY LIGHT CAPTION

. TANK 3 EMPTY LIGHT CAPTION

. WING TANKS EMPTY LIGHT CAPTION

CL TANK EMPTY LIGHT CAPTION

DISTANCE COMPUTER MODE SWITCH

TAC = WITH CURRENT FUEL CONSUMPTION

OPT = WITH AN OPTIMIZED CALCULATED FUEL
FLOW FOR MAXIMUM RANGE FLIGHT

Figure 1-21
REMAINING FUEL QUANTITY
TANK EMPTY REMAINING FUEL IN KG ILLUMINATED CAPTION
CL TANK 3000TO 3700 CL
WING TANKS 2300 TO 2 800 WING
TANK 3 700 TO 850 3
TANK 1 550 TO 700 1
TANK 2 470 TO 630 TLP: 550 KG REMAIN
070 100 NO BOOST
Figure 1-21A
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. AFTER MODIFICATION WITH WING DROP
TANKS

The tape-type quantify scale has been modified to
indicate the additional fuel available. Refer to figure
1-21B. Two markers are available for indication of
the tolerable fuel quantity remaining when the CL
tank is empty. The triangular marker on the left
scale is applicable with no wing drop tanks

installed, the marker lines on the right scale are
applicable when carrying wing drop tanks.

=]

3

NOTE

o During level, unaccelerated flight
without  afterburner, the tank 1
empty caption must not illuminate
prior to illumination of the tank 3
. empty caption.

i
6

o After all fuel from the wing drop tank
has been transferred, the wing drop
tank empty light caption may flash.

The counter at the upper part of the indicator

shows the remaining flight distance based on
. actual flight conditions / current fuel flow.

: : 1. REMAINING DISTANCE COUNTER
The selector switch for optimum or actual range 2. TOTAL QUANTITY SCALE
avallable has been removed. 3. REMAINING QUANTITY MARKERS
4. MINIMUM QUANTITY MARKER
Two LEDs next to the T/P switch illuminate when 5. LED
the respective position is selected with the TP 6 TP SWITCH
siwitoh 7. TANK 1 EMPTY LIGHT CAPTION
' 8. TANK 3 EMPTY LIGHT CAPTION
9, WING TANKS EMPTY LIGHT CAPTION
10. WING DROP TANK EMPTY LIGHT CAPTION
NOTE 11, CLTANK EMPTY LIGHT CAPTION
. The fuel indicator has a tolerance of Fiaure 1-21B
+3 % of the maximum scale value, Uil
REMAINING FUEL QUANTITY
TANK EMPTY REMAINING FUEL IN KG ILLUMINATED CAPTION
CL TANK 5000TO5 700 CL
WING DROP TANKS 2800703500 WDT
INTERNAL WING TANK 2300 TO 2800 WING
TANK 3 550 TO 1000 3
TANK 1 550 TO 1000 1
TANK 2 470 TO 630 TLP: 550 KG REMAIN
. 07O 100 NO BOOST
Figure 1-21C
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INDICATIONS AND WARNINGS
INDICATION FAULT / EFFECT

MASTER v"'(-:‘?\ LIGHT
CAUTION W/ FLASHING
AEKRAN Fuel pressure drop at the input of the fuel pumps.

[ NO BOOST | or:

Total fuel quantity below 100 kg.

VIWAS "BORDNUMMER, KEINE KRAFTSTOFFORDERUNG'

‘NACHBRENNER AUSSCHALTEN"

INDICATION FAULT / EFFECT
MASTER | £  LIGHT
CAUTION Y FLASHING
550 KG
TLP REMAIN Total fuel quantity below 550 kg.
VIWAS 'BORDNUMMER, KRAFTSTOFFREST 550 kg"
'NACHBRENNER AUSSCHALTEN"

The red caption 550 KG REMAIN on the TLP may

when the tank depletion sequence is disrupted.

iluminate occasionally during negative g flight or

INDICATION FAULT / EFFECT

MASTER (& LIGHT

CAUTION A4 FLASHING
After a delay of 35 to 50 seconds the indication is
displayed when:
measured fuel quantity is below 1 800 kg and the internal
wing tanks are not empty;
or.

AEKRAN | [ CHECK FUEL AMOUNT |

measured fuel quantity is below 1 800 kg and a
difference of 550 kg o 750 kg between calculated and
measured fuel exists;

or:

a difference of 200 kg to 350 kg exists between
measured and calculated fuel quantity with tanks 1 and 3
empty.

VIWAS

"KONTROLLIERE KRAFTSTOFFVORRAT"
"SCHALTE AUF VORRATSMESSER T*

NOTE

Application of g-forces along the
longitudinal axis with a duration in
excess of 35sec may cause the
indication CHECK FUEL AMOUNT to
illuminate until the g-forces subside.
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INDICATION

FAULT/EFFECT

LIGHT

MASTER @
CAUTION FLASHING

"SCHALTE AUF VORRATSMESSER T"

AEKRAN After a delay of 20 to 35 seconds the indication is
displayed when:
the CL tank is not pressurized;
|__DROP TANK NO USAGE | |
when 120 kg to 360 kg of fuel have been used and
CL tank fuel is not transferred.
VIWAS "NICHTENTLEERUNG ZB"

AFTER MODIFICATION WITH WING DROP TANKS

INDICATION FAULT/EFFECT
MASTER @ LIGHT
CAUTION FLASHING
AEKRAN After a delay of 20 to 35 seconds the indication is
displayed when:
h i ized;
I_DFIOP TANK NO USAGE | g rt:a CL tank is not pressurized;
when 120 kg to 360 kg of fuel have been used and
CL tank fuel is not transferred.
viwas | MICHTENTLEERUNG RUMPFZUSATZBEHALTER"
"SCHALTE AUF VORRATSMESSER T"

INDICATION FAULT/EFFECT
MASTER @ LIGHT
CAUTION FLASHING
TLP WoT Wing drop tank pressurization/transfer failure
NO PRESS g eiopaniy '
VIWAS  |"KEINE BELUFTUNG DER TRAGFLUGELZUSATZBEHALTER"

If a BINGO FUEL has been selected with the fuel
return selector knob on the fuel signals calibration

panel, the following announcement is displayed
when the selected fuel quantity is reached.

VIWAS  "BINGO FUEL" - "BINGO FUEL" - "BINGO FUEL"
INDICATION FAULT/EFFECT

MASTER @ LIGHT
CAUTION FLASHING

WOT Indicates a valid system check if the WOT TEST button
TLP on the control and test panel on the right console is

TEST : : ,

pressed without engines running.
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ELECTRICAL POWER SUPPLY
SYSTEM

The electrical power supply system consists of the
power generating system and the control and
monitoring system. The power generating system is
composed of the AC generator, the DC generator,
the converter, the batteries and the distribution
network.

The control and monitoring system interacts with
various other aircraft systems, e.g., engines, fuel
system, fire extinguisher system etc.

AC ELECTRICAL POWER

One three-phase 115/200V, 400 Hz constant
frequency generator is the primary source of AC
power. The generator is equipped with a regulator
and overload protection device. Refer to figure
FO-9. It is attached to the aircraft GBX. The AC
generator is regulated by a hydrodynamic constant
speed drive to ensure a stable RPM, regardless of
engine RPM and generator load.

Maximum power output of the generator is 30 kVA.
A transformer supplies three-phase 36 VAC power
at a maximum output of 1.5kVA. In case of a
generator failure or a shut-down triggered by the
regulator and protection device or in case of a
transformer failure, the systems essential for flight
are powered by the DC / AC converter, PTO.

DC ELECTRICAL POWER

One DC generator 28.5V 0.5V, 400 A, 12 kW is
the primary source of DC power. The DC generator
is equipped with a regulator and overload
protection device. Refer to figure FO-10.

This regulator and overload protection device
ensures a DC regulated power output and protects
the generator and the DC buses against
overvoltages as well as short circuits in the
generator itself.

DC/ AC CONVERTER PTO

A DC/ AC converter supplies emergency power in
case of an AC generator failure or a transformer
failure. The PTO is capable of delivering 115 VAC
at a minimum output of 1.5 kVA and three-phase
36 VAC at a minimum output of 1kVA. If PTO
operation is caused by a transformer failure, the

LRF, the angular rate sensors of the flight control
system and course and glidepath indications of the
approach mode render inoperative. In case of an
AC generator failure, all systems not essential for
flight are automatically disconnected. Refer to
electrical system failures section 3.

BATTERIES

Two silver-zinc batteries serve as an emergency
power source. Nominal voltage of the batteries is
27.6 V, however, under load (200 A), a minimum of
22 V is delivered.

NOTE

Since the charging voltage of the
silver-zinc batteries is higher than
the generator voltage, the batteries
will not be charged when the
generator power is available.

The batteries supply power to the DC bus during:

- Engine start with internal power.

- When the DC generator voltage drops below
battery voltage.

- DC generator failure.

EXTERNAL POWER SUPPLY

External DC and / or AC power may be supplied to
the aircraft for start-up or alignment purposes.
Regardless of whether external power is connected
or not, the BAT-GND SUPPLY switch must be
switched ON to energize the DC bus of the aircraft.
The voltmeter will indicate a voltage in excess of
22.5 V in case the external power is connected and
the engines are off.

CONTROLS AND INDICATORS

The controls for the electrical power supply system
are located on the electrical power panel. Refer to
figure 1-22. The DC power can be checked with a
DC voltmeter located on the lower center part of
the vertical panel. It measures the voltage of the
DC source actually connected with the DC bus.

The charge of the batteries can be checked on the
Ah counter in the nose section.
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ELECTRICAL POWER PANEL

The electrical power panel is located on the RH
console. It contains the switches for the electrical
power system and for essential engine control
components.

The two-position toggle switches have the following
functions:

BAT-GND SUPPLY  Engagement of the batteries.

DC GEN Engagement of the DC
generator.

AC GEN Engagement of the AC
generator.

G
|| BATT-

GND
[ ] suppy
/
[l A

T:

PTO Engagement of the DC/AC
converter.
Engagement of various engine
control components. Refer to engine
controls and indicators in  this
chapter and figure FO-10.
Activation of the engine fuel pump,
refer to fuel boost system in this
chapter.
ANTI SURGE Engagement of the engine anti-
surge system, refer to engine
controls and indicators in this

chapter.
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Figure 1-22

INDICATIONS AND WARNINGS

In case of an AC generator failure or a shut-down
triggered by the regulator and overload protection
device, the most important consumers will be
powered by the DC / AC converter.

To prevent a converter overload, the following

- Heaters for the main and standby inertial
navigation platform

- Radar system and the optical sight, with the
exception of the navigation system

- IRSTS / LRF and HMS

- LH AOA probe heater and side slip vane heater

consumer are automatically shut off: - Windshield heaters, upper and central section
- AFCS system
- The external armament
- |FF altitude encoder
INDICATION FAULT / EFFECT

MASTER % LIGHT

CAUTION FLASHING

AEKRAN | AC GEN | AC generator failure or RPM of both engines below 55 %.
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The constant speed drive of the AC generator is a
hydrodynamic transmission with the generator drive
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constant speed drive. Successful cut-off is
indicated by illumination of the AC GEN indication.

shaft running at 12 000 RPM. An electromagnetic
clutch connects the drive shaft to the AC generator

and provides for automatic or manual disconnect in

case of an constant speed drive failure;

Automatic  If the drive shaft speed is increased to
14300 to 14 500 RPM, equivalent to a

Manual

lllumination of the indication DISCON GEN DRIVE
indicates the need for a disengagement of the

frequency of 465 to 480 Hz.

If the oil pressure of the constant
speed drive drops below 10 kp/em2
(1MPa) or the oil temperalure is to
high, with the GEN DRIVE EMERG

OFF switch.

CAUTION

AAAAAA

To avoid serious damage or
destruction of the AC generator, the
constant speed drive has to be
disconnected manually as soon as
possible if the DISCON GEN DRIVE
indication is displayed. The GEN
DRIVE EMERG OFF switch on the
emergency panel must be held to
the spring-loaded position for a
maximum of 25 seconds for
generator cut-off and for avoidance
of demage to electrical circuits.

INDICATION FAULT / EFFECT
MASTER 3 LIGHT
CAUTION FLASHING
Oll pressure of the canstant speed drive is below 10 kp/em?
AEKRAN (1 MPa) or the oil temperature is to high or generator drive

[ DISCON GEN DRIVE

=2

AC GEN

shaft speed has increased to 14300 to 14500 RPM,
equivalent to a frequency of 465 Hz to 485 Hz.

Successful automatic or manual disconnect in
conjunction with a constant speed drive failure.

If overvoltage or short circuit conditions accur in the DC power supply system, the regulator and overload
protection device will disconnect the generator from the DC bus. This fail condition can be reset by the
ground crew only.

INDICATION FAULT / EFFECT
MASTER A LGHT
CAUTION '  FLASHING
AEKRAN | |__DC GEN WATCH TIME | | DC generator failure.
VIWAS | *AUSFALL GLEICHSTROMGENERATOR"
"DAMPFUNG AUS, NB AUS, SN-29 AUF HAND"

I both generators fall, the voice information and warning system will give a corresponding message as well.

INDICATION FAULT / EFFECT
MASTER A LGHT
CAUTION 4 FLASHING
AEKRAN | | _TWO GEN WATCH TIME | [AC and DG generator failure.
VIWAS "AL]SFALL GLEICHSTROMGENERATOR'
"DAMPFUNG AUS, NB AUS, SN-29 AUF HAND'
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HYDRAULIC POWER SUPPLY
SYSTEM

The aircraft hydraulic system consists of two
independent systems, the main hydraulic system
and the hydraulic boost system. Refer to
I figure FO-11.

The main hydraulic system provides:

Operation of the second chamber of the hydraulic
actuators of the tailerons, the ailerons, the
rudders, and of the hydraulic actuator of the AOA
limiter system (COC).

Extension and retraction of landing gear,
flaps / LEF and speedbrakes.

Control of the variable air intake ramps, the
actuator of the APU exhaust door, the nose
wheel steering and damper system and the
hydraulic actuator of the rudder feel force system.

The hydraulic boost system provides:

Operation of the first chamber of the dual
chamber hydraulic actuators of the tailerons, the
ailerons, the rudder and the hydraulic actuator of
the AOA limiter system (COC).

HYDRAULIC FLUID RESERVOIRS

The hydraulic fluid reservoirs are located inside fuel
tank 3 and ensure normal operation of the pumps
under all flight conditions. Due to the arrangement
of the two-chamber configuration, they will feed the
pumps even during negative g flight.

The reservoirs are filled-up as a closed system
through filler caps in the return lines.

To avoid cavitation at the inlet of the hydraulic
pumps, the reservoirs are pressurized with low-
pressure compressed air.

The necessary compressed air is attained from the
main pneumatic system through a pressure
regulator valve.

Safety relief valves are incorporated to prevent
overpressurization.

1-50 Change 4

HYDRAULIC PUMPS

Both systems are powered by variable volume
piston pumps, one for each system, flanged to and
driven by the GBX. The pumps operate at a
pressure between 190 kp/cm2 (19 MPa) and
220 kp/cm?2 (22 MPa).

A pressure limiter and isolation valve is installed in
the high-pressure lines of the main system. If the
pressure drops below 130 kp/cm2 (13 MPa), it will
disconnect all systems except the flight controls
and supply only one chamber of tailerons, ailerons,
rudders, flaps / LEF and AOA limiter actuator.

To protect the hydraulic lines, pressure relief valves
are installed in the main and the boost hydraulic
system. The valves open at a pressure of
240 kp/cm2 (24 MPa) and discharge hydraulic fluid
into the return lines.

An emergency hydraulic pump installed in the
hydraulic boost system supports basic control
functions of the aircraft at an RPM of both engines
of at least 85 %. Although the pump delivers
hydraulic pressure of up to 240 kp/cm2 (24 MPa),
the delivery rate permits only severely degraded
aircraft control. This pump is driven by fuel
pressure and is activated automatically whenever
the system pressure of both systems drops below
100 kp/cm2 (10 MPa). It can also be activated
manually with the EMERGENCY HYDR PUMP
switch located on the control panel next to the
CHUTE JETTISON button.

HYDRAULIC ACCUMULATORS

Accumulators in the main and boost systems store
a supply of high pressure fluid to damp pressure
surges caused by sudden variations in flow
demands.

Both accumulators are charged with nitrogen at
80 kp/cm2 (8 MPa) which corresponds with the
marking Pak on the combined pressure indicator
(CPI).

HYDRAULIC COOLING
Installation of the hydraulic reservoirs in the fuel

tank 3 ensures adequate cooling of the hydraulic
fiuid due to heat exchange with fuel.
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CONTROLS AND INDICATORS

Both hydraulic fluid reservoirs are equipped with
level transmitters connected to level indicators
installed in the central refueling control panel
located in the left main wheel well.

The actual hydraulic pressures of the main system
as well as of the boost system are displayed on the
CP!I. The indicator utilizes 115 VAC power from the
AC generator.

COMBINED PRESSURE INDICATOR

HYDRAULIC PNEUMATIC

MAIN BOOST MAIN EMERG

Figure 1-23

The transmitters for this indicator are connected to
the nitrogen gas side of the accumulators.
Therefore the CPI will indicate nitrogen pressure
Pak when the hydraulic system pressure is zero.

Whenever one engine has reached a minimum of
20 % RPM, the hydraulic pressures must be within
the green areas on the indicator.

These green areas contain two markers, Qq and
Qum which indicate hydraulic pump performance.

Qo is the marker for the system pressure with none
of the actuators moving, i.e. zero delivery of the
pumps.

Qu is the marker for the system pressure with the
hydraulic actuators moving with maximum velocity.

NOTE

During engine start at low ambient
temperatures  and increased
hydraulic fluid flow rate, the
hydraulic pressure indication may
drop into the yellow area.

INDICATIONS AND WARNINGS

Whenever the pressure of one of the hydraulic
systems drops below 100 kp/eme (10 MPa), the ||
respective warning indications are displayed.

NOTE

If hydraulic system pressure is
regained, the respective warmning
indications extinguish.

The AFCS s disengaged if the pressure in both
systems drops below 100 kpicm2 (10 MPa) unti
pressure is regained.

With the emergency hydraulic pump running,
pressure in the boost hydraulic system may
increase up to 240 kplem? (24 MPa) at zero
delivery rate. Whenever a pressure above
100 kp/em? (10 MPa) is regained, the DOUBLE
HYD SYS indicafion on the TLP and the BOOST
HYD SYS indication on the AEKRAN extinguish.

WARNING

With the emergency hydraulic pump
running, boost hydraulic  system
pressure may be regained at low or
zero delivery rates. Therefore,
extinguishing  of the  double
hydraulic system indications must
be considered temporary and the
situation continued to be treated as
a double hydraulic system failure.
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INDICATION FAULT / EFFECT
MASTER 'a) LIGHT
CAUTION b4 FLASHING
e DOUBLE EMERG HYD
HYD SYS PUMP ON
Both hydraulic systems below 100 kp/om? (10 MPa),

| BOOST HYD SYS —l emergency hydraulic pump activated.
AEKRAN

[ wmawnHyDsys ]

"AUSFALL HYDRAULIKVERSTARKERSYSTEM"
VIWAS | "NOTAUSFAHREN FAHRWERK BEI 500"

"AUSFALL HYDRAULIKHAUPTSYSTEM"

"NOTAUSFAHREN FAHRWERK BEI 500"
PNEUMATIC POWER SUPPLY
SYSTEM

The pneumatic power supply system consists of
two independent systems, the main and the
emergency power supply system. Refer to
figure 1-24,

I The main system supplies nifrogen pressure to
operate the:

- Wheel brakes

- Canopy and canopy seals

- Drag chute

- Fuel shut-off valves

- Radio and radar equipment pressurization
- Venting of the hydraulic reservoirs

GT: Periscope system
I The emergency system supplies nitrogen pressure

to ensure the:

- Emergency gear extension
- Emergency braking of the main wheels
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PNEUMATIC RESERVOIRS

Several pressure botles are charged to
150 kplem? (15 MPa) gaseous nitrogen. To ensure
drag chute operation, an additional pressure bottle
charged to 63 kp/cm?2 (6.3 MPa) is located close to
the drag chute compartment.

A common charging valve and a pressure indicator
are located in the left main landing gear bay.
Crossfeed between the systems is prevented by
check valves in the interconnecting lines.

NOTE

The pneumatic ~power  supply
system is not charged during flight.

CONTROLS AND INDICATORS

Pressure indicators are integrated in the CPI
located at the right sicle of the main vertical cockpit
console.

Two scales display main and emergency
pneumatic system pressure. For normal operation,
the pressure must remain in the green area.
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PNEUMATIC POWER SUPPLY SYSTEM

]_ fffffffff 1
| |
,,,,,,,,, PERISCOPE |
[r======== o SYSTEM ar
[
il lo i ;
1
I
DRAG CHUTE
DEPLOY / EJECT
FUEL SHUT-OFF
VALVES
OPEN/ EJECT
CANOPY RAISING /
LOWERING /
SEALING
RADAR/ RADIO
. EQUIPMENT :@
PRESSURIZATION
LANDING GEAR
BRAKE SYSTEM I
M
MAIN LANDING .
GEAR WHEELS 63 kp/cm
EMERG. BRAKES
PRESSURE
VALVE
HYDRAULIC LANDING GEAR
RESERVOIRS EMERGENCY
PRESSURIZATION EXTENSION
63 kplem®
PRESSURE 1 @
VALVE @
150 kpfom®
63 {0 {J
. g ~—)FLTER
PRESSURE
GAUGE
o
PRESSURE SYSTEM FILLER PRESSURE
TRANSDUCER TRANSDUCER

E MAIN SYSTEM

HYDRAULIC PNEUNA

MAIN SYSTEM 12.4L

EMERGENCY SYSTEM 10L |

RADAR VENTILATION 2 L

MAIN BODST MAIN EMERG

Figure 1-24

COMBINED
PRESSURE
INDICATOR
(CP1)
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LANDING GEAR SYSTEM

The aircraft is equipped with a retractable tricycle
landing gear. The gear is electrically controlled and
hydraulically actuated by the main hydraulic
system. DC power from the generator or the
batteries is required for operation.

NOTE

+ Retraction time for the landing gear
is 9 to 10sec, exiension time is
7108 sec.

¢ Simultaneously to the extension or
retraction of the landing gear, the
APU doors are opened or closed
respectively.

MAIN LANDING GEAR

Each main gear is hydraulically retracted and
extended. In the extended position the gear is
locked down by an internal mechanical lock in each
gear actuating cylinder. When the landing gear
handle is in the position RETRACTED, the gear will
retract. As the main gear retracts, the wheels are
automatically braked to a stop. When the gear is up
and locked, brake pressure is automatically
released. The main gear retracts forward and is
enclosed by three fairing doors. The gear is
mechanically locked in the wheel wells.

The right main gear strut is equipped with a shock

detector plate to indicate evidence of a hard

landing.

It consists of a steel pin mounted in the upper track
| swivel arm and a small metal plate mounted in the

lower track swivel arm of the shock absorber. Refer

to figure 1-25.

1.PIN
| 2. mETAL PLATE

Figure 1-25
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The metal plate will be dented or pierced whenever |
the shock absorber is compressed beyond limits
during a hard landing. As a result, the landing gear
has to be inspected and the plate has to be
replaced.

NOSE LANDING GEAR

The nose gear is hydraulically retracted and
extended. The gear is locked in the down position
by a mechanical lock inside the gear actuating
cylinder. A mechanical lock installed in the wheel
well locks the gear in the up position. The nose
gear retracts aft into the fuselage. The nose gear is
equipped with twin nose wheels, a nose wheel
steering (NWS) and damper system and wheel
brakes. As the nose gear retracts, the wheels are
automatically braked to a stop and the strut is
mechanically shortened. When the gear is up and
locked, brake pressure is automatically released.

NOSE WHEEL STEERING SYSTEM

The NWS system provides two steering modes, a
low mode and a high mode. In the low mode, used
for takeoff and landing, nosewheel deflection up to
8° to either side is possible. For taxiing, the high
mode may be selected allowing nose wheel
deflections of up to 31° to either side.

NOTE

Activating the high mode causes
the nose wheel brakes to be
disabled.

Directional control is obtained by operating the
rudder pedals. The nose gear is controlled
mechanically, and  operated  hydraulically.
Additionally, electrical power is needed to engage
the high mode and simultaneously disengage the
nosewheel brakes. A damper system prevents
lateral oscillation of the nose wheels during takeoff,
landing and taxiing. High mode is engaged by
pressing the LOCK ON button, provided the flaps
are up and the MRK EMERG OFF switch is in the
normal (safety wired) position. In case the MRK
EMERG OFF switch is placed to the OFF position,
the high steering mode cannot be activated,
however, the nosewheel brakes will be disabled as
usually upon actuation of the LOCK ON button.
When the nose gear is retracted, NWS s
disconnected mechanically.
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LANDING GEAR EMERGENCY
LOWERING SYSTEM

The aircraft  pneumatic  system  provides
compressed air to extend the landing gear,
regardless of the landing gear handle position.
Either the nose gear only, or nose and main gear
can be extended. Puling the EMERG GEAR
handle aft directs compressed air to the nose gear
hydraulic actuator to extend the nose gear. A
pneumatic shut-off valve closes the hydraulic lines
to prevent inadvertent gear retraction in case
hydraulic pressure is regained. After the nose gear
is confirmed fully extended, rotating the EMERG
GEAR handle 90° clockwise and pulling full aft
activates the main gear hydraulic actuators to
extend the main gear. The hydraulic lines are shut-
off by pneumatically driven shut-off valves. Normal
gear down indication on the landing system signal
panel is achieved after all gears are fully extended.

CONTROLS AND INDICATORS
Landing Gear Handle

The landing gear is controlled by a handle on the
left side of the instrument panel. Refer to figure

RETRACTED

i H

|
EXTENDED

LANDING
GEAR HANDLE

o

~
//\_‘\

)

1-25A. To move the handle up or down, it has to be
pulled to override a stop. Placing the handle in the
RETRACTED or EXTENDED position uses DC
power to actuate hydraulic valves to position the
landing gear.

Emergency Landing Gear Lowering Handle

A red handle, marked EMERG GEAR is located
beneath the left front panel. It is used to lower the
landing gear pneumatically.

NOTE

After the landing gear has been
extended with the emergency gear
lowering  system, normal gear
retraction is not possible.

MRK EMERG OFF Switch

The MRK EMERG OFF switch is used to disable
the high mode of the NWS system.

N\
MRK
EMERG
OFF
WRK EMERG EMERG LANDING GEAR LANDING SYSTEM SIGNAL
OFF SWITCH LOWERING HANDLE PANEL
Figure 1-25A
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LANDING SYSTEM SIGNAL PANEL

The landing system signal panel (refer to
figure 1-25B) provides the following indications:

- Three green lights, one for each landing gear,
illuminating when the respective landing gear is
down and locked.

- One red warning light that illuminates if any gear
is not locked in the position corresponding to the
gear handle position.

The light flashes, if one gear is locked up and the
landing gear handle is down or if the landing gear
handle is up and the trailing edge flaps are down.

- Four rectangular green lights, two for each
trailing edge flap, which illuminate when the flaps
are down.

- Two rectangular green lights, one for each LEF,
which illuminate when the LEF are down.

- Two rectangular orange lights, one for each
speedbrake, which illuminate when the doors are
open.

| The landing signal panel is powered by 28.5 VDC

and 115 VAC.
i

o

== — 3

P

~
—

1. SPEEDBRAKES
2.LEF

3.FLAPS

4. MAIN LANDING GEAR
5. NOSE LANDING GEAR
6. RED LIGHT

Figure 1-25B
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LANDING GEAR OPERATION

When the landing gear is selected to RETRACTED,
the green lights on the landing system signal panel
extinguish as soon as the corresponding gear is
unlocked. Simultaneously the red warning light
iluminates and remains on until all gears are
refracted.

When the landing gear is selected to EXTENDED,
the red wamning light on the landing system signal
panel illuminates. As soon as the landing gear is
down and locked, the corresponding green lights
on the signal panel illuminate and the red light
extinguishes.

The LEF extend automatically when the landing
gearis lowered.

WARNING

¢ There is no waming feature fo avoid
the risk of an inadvertent gear up
landing, except when the trailing
edge flaps are down. In this case, a
flashing red light on the landing
system panel, AEKRAN and VIWAS
will remind the pilot to extend the
gear.

o Do not put the landing gear handle
to UP while on the ground.
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BRAKE SYSTEM

The main wheels and the nose wheels are
equipped with a pneumatically operated brake
system for normal operation.

Additional features are a run-up brake and a nose
wheel brake handle to disable the nose wheel
brakes if required.

An emergency brake system is available for the
main wheels in case of normal brake system
failure.

Normal braking action is accomplished by pulling
the brake lever at the control stick aft. The braking
force is proportional to brake lever displacement.
Differential braking is achieved by displacing the
rudder pedals. Moving the right rudder pedal
forward, releases brake pressure from the left main
wheel brake and vice versa. For engine run-up the
run-up brake lever has to be pulled together with
the brake lever to achieve a higher brake force
preventing the aircraft from rolling, refer to
figure 1-26.

WVYWYYVY

CAUTION

Under no circumstances, use the
run-up brake to slow down the
aircraft,

The rims of both main landing gear wheels are
equipped with four fuse plugs each. Three of them,
with a melting point of 126° C +1° C, are mounted
in the wheel flange, spaced 120° apart. If any of
these fuse plugs has melted, it indicates an
overheat condition of the brake system, requiring a
system checkout. If all three plugs have melted, the
entire wheel rim must be considered damaged
beyond repair.

The fourth fuse plug, with a melting point of
1435°C+£1.5" C, is mounted opposite the tire
inflation valve. If this plug melts, the air from the tire
is released completely and the brakes must be
considered defective.

ANTI-SKID SYSTEM

The aircraft wheel brake system is equipped with
an electromechanical controlled anti-skid system. It

consist of two basic units, a wheel driven
mechanical sensing unit and an electrically driven
pneumatic valve. The units are designed fo give
individual anti-skid protection to each main wheel,
and to both nose wheels if either one begins to
skid.

The system utilizes DC power from the generator
or the batteries. It is activated by placing the BAT-
GND SUPPLY switch to on.

Whenever a wheel starts to skid, the wheel driven
mechanical sensor closes an electrical switch,
which causes the electrically driven pneumatic
valve to release pneumatic air pressure from the
adjacent brake. Once the wheel has regained its
speed, the sensor reopens the switch and braking
action is resumed.

CAUTION

Applying brake pressure during
touchdown will cause the anti-skid
system to  be inoperative
momentarily. Brakes should not be
applied until all gears, including the
nose gear, have touched down.

EMERGENCY BRAKE SYSTEM

Pulling the emergency brake handle disables the
normal braking system and directs compressed air
from the aircraft pneumatic system to the main
wheel brakes only. Braking action is degraded
approximately 40 % compared to normal braking.
Differential braking is not possible. The pressure
applied to the brakes is linearly proportional to the
displacement of the handle. Releasing the handle
relieves brake pressure, refer to figure 1-26.

Vv VYV

e

The anti-skid system is inoperative
when the EMERG BRAKE handle is
pulled,

NOTE

Emergency brakes are not to be
used for normal taxiing.
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BRAKE SYSTEM CONTROLS AND
INDICATORS

BRAKE PRESSURE INDICATOR

The pneumatic control pressures for the left and
right main wheel brakes are monitored by a double
pointer instrument. Actual brake pressure is three
times higher than the indicated control pressure.

NOSE WHEEL BRAKE HANDLE

The nose wheel brake handle is located on the
front panel and is moved to the OFF position to
disable the nose wheel brake system. Nose wheel
brake pressure is twice as high as the control
pressure.

|

EMERGENCY BRAKE HANDLE

\

BRAKE PRESSURE INDICATOR

EMERGENCY BRAKE HANDLE

The red emergency brake handle is located on the
upper left side of the instrument panel and is
labeled EMERG BRAKE. Puling the handle
activates the emergency brake, refer to figure 1-26.

Figure 1-26
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DRAG CHUTE SYSTEM

A drag chute, contained in the aft section of the
fuselage between the speedbrake doors, reduces
landing roll distance. A red control pin is visible
whenever the jaws of the attaching mechanism are
open. |t is pulled into the airstream by a pilot chute
when the electrically controlled, pneumatically
operated compartment door is opened.

In case of main pneumatic system failure, the
system is buffered by a reservoir of 1.21, refer to
figure 1-24.

If the compartment door opens inadvertently during
flight, the chute is allowed to separate from the
aircraft by means of a shear bold connecting the
chute to the attaching mechanism.

NOTE

The drag chute will separate from
the aircraft when exceeding a
speed of 175 KIAS.

DRAG CHUTE OPERATION

The drag chute is deployed by pressing the
CHUTE DEPLOY button beneath the left canopy
rail. Pushing the button activates a pneumatic valve
to open the chute compartment door. The spring-
loaded pilot-chute pops out and pulls out the drag
chute. The drag chute is jettisoned by pressing the
CHUTE JETTISON button on the left side panel.
To prevent unintentional chute release, the CHUTE
JETTISON button is deactivated until the CHUTE
DEPLOY button has been depressed.

Use of drag chute is mandatory for:

- Landing immediately after takeoff
Landing on a wet RWY

Short field landings

Landing without LEF

Abort after nose wheel lift off
Feel unit is in the position heavy

WING FLAP SYSTEM

The flap system provides an automatic LEF
configuration for in-flight maneuvering and a
selective flap configuration for takeoff and landing.
Each wing has two independent LEF, the root
section consisting of three interconnected
segments, and the unique end section.

A single siotted flap is mounted on the trailing
edge, adjacent to the fuselage. The LEF and the
flaps are electrically selected and operated by the
main hydraulic system.

The LEF incorporate hydraulic locks, which lock
them in either the in or out position.

The flaps are locked in the up position only. The
extended position depends on hydraulic pressure
only, and as airspeed increases, the flaps are
partially blown up by the airstream.

SELECTIVE FLAPS

For takeoff and landing, LEF and the flaps operate
together. Anytime the flaps are selected down, the
LEF extend automatically. However, if the landing
gear is extended, the LEF are extended, regardless
of the flaps position.

MANEUVERING LEF

With the flaps in the position UP, the LEF operate
automatically as a function of AOA and airspeed.
When the AOA is increased to 8.7° or above and

the airspeed is below M 0.8'3, the LEF extend

automatically. The LEF retract when the AOA
decreases to 7° or airspeed increases above

M 08:3%s. The exact mach number is dependent |
on the switching point of the mach sensor installed.
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CONTROLS AND INDICATORS .

Flap operation is controlled by three pushbuttons ~ The position of each flaplLEF is indicated
on the left console. Two are marked FLAPS individually by the corresponding light on the
DOWN, one FLAPS UP. Pushing either FLAPS  landing system signal panel, refer to figure 1-25.
DOWN button extends all flaps. Pushing the

FLAPS UP button will retract the flaps and the LEF,
provided the gear is up, refer to figure 1-27.

Figure 1-27
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SPEEDBRAKE SYSTEM

Electrically controlled, hydraulically operated
speedbrakes are mounted above and beneath the
drag chute compartment.

The two surfaces are operated simultaneously, but
they are not synchronized.

A blow-back feature is incorporated, providing

structural protection of the actuators and
speedbrake surfaces at airspeeds above
540 KIAS.

The speedbrakes are operated by a spring-loaded
switch located on the RH throttle, refer to figure
1-11. It returns automatically to the IN-position
upon release. Full extension is achieved within
3 sec.

To protect the operation of the taileron, the
speedbrakes are electrically deactivated if main or
boost hydraulic pressure decreases. If the boost
hydraulic pressure drops below 100 kp/cm?
(10 MPa), the speedbrakes are retracted
automatically by the main hydraulic system. If the
main hydraulic pressure drops below 100 kp/cm?
(10 MPa), the speedbrakes are pushed in by the air
stream.

NOTE

Speedbrake operation is not pos-
sible with the centerline tank in-
stalled, or the gear extended. If total
electrical  failure  occurs, the
speedbrakes will retract automati-
cally.

FLIGHT CONTROLS

The aircraft primary flight controls consist of the
tailerons, rudders and ailerons. Artificial feel
systems provide simulated aerodynamic forces to
control stick and rudder pedals. Secondary controls
are LEF, flaps and speed brakes. Mechanical
linkages transmit control inputs to dual irreversible
hydraulic actuators mounted next to the
corresponding control surface. All primary flight
controls are operated by the main and boost
hydraulic system. Full control command is retained
if the main or boost hydraulic system fails.

if both systems fail, an emergency hydraulic pump
supplies pressure to the boost system, provided
hydraulic fluid is still available, refer to FO-11.

WARNING

o |If the emergency hydraulic pump
has to be used, control will be
severely degraded

e In order to maintain aircraft control
as long as possible, flight control
inputs must be smooth and kept to
a minimum.

TAILERONS

Longitudinal control is provided by synchronized
deflection of the tailerons. Partial lateral control is
achieved by differential deflection. Maximum pitch
authority is 15° nose down and 35° nose up.
Differential taileron deflection is limited to + 5°.
Taileron authority is varied as a function of
airspeed and altitude. It is limited to a minimum of
5°45' nose down and 17°45' nose up near ground
level at speeds between 470 KTAS and 650 KTAS. |
Differential taileron is disabled when the LEF are
extended.
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AILERONS

Lateral control is provided mainly by the ailerons,
assisted by the tailerons if the LEF are IN, and by
the rudders at high AOA, provided the stability
augmentation system is operating. Maximum
aileron deflection is 25° up and 15° down from the
neutral position. To prevent excessive yaw during
rolls, the neutral position is 5° up from the aircraft
horizontal reference line. For the same reason,
aileron authority is reduced above 18° AOA.

RUDDERS

The aircraft vertical stabilizers are equipped with
small rudders, deflecting 25° to either side. The
rudder feel gradient is increased by 30 kp at a rudder
pedal deflection of 24 mm from the trimmed position
G: at airspeeds above M 0.8

GT. with gear up.

It is strongly recommended not to override the
artificial stop.

CAUTION

To prevent overstress of the vertical
stabilizers it is prohibited to override
the rudder artificial stop at airspeeds
G >4B5KIAS,
GT. >432KIAS.

ARTIFICIAL FEEL SYSTEM

Artificial feel is provided by a system of springs.
The artificial feel applies centering forces to the
stick and the rudder pedals towards the trimmed
position.

FEEL CONTROL UNIT

The pitch feel control unit utilizes signals from the
air data computer to control an electric actuator
gearbox. This gearbox varies the length of a rod by
up to 50 mm, to change the stick to taileron linkage
ratio. This results in alteration of the taileron
deflection range and required stick force with
respect to aerodynamic forces, i.e. airspeed and
altitude. The FEEL UNIT TO/LD light on the TLP
illuminates whenever the feel control unit is in the
easy position, e.g. during takeoff and landing. Refer
tofigure 1-29.

At altitudes below 3000 ft, the length of the variable
rod depends on airspeed only. At 215 KTAS, the
rod starts to retract, Itis fully retracted at 470 KTAS
and stays fully retracted up to 650 KTAS. At
650 KTAS, the rod starts to extend again and is
fully extended at 810 KTAS, the FEEL UNIT TO/
LD light illuminates again.

At altitudes above 3000 ft, rod retraction becomes
smaller with increasing altitude. Above 30 000 ft, it
is always fully extended. For detailed operation see
figure 1-28.

If the feel control unit fails, it can be controlled
manually with the FEEL UNIT control switch on the
left console. Refer to figure 1-29.

If the feel control unit fails, stick
movements should be minimized to
prevent PlOs.

FEEL CONTROL UNIT SCHEDULE (PITCH)
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Figure 1-28
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INDICATION AND WARNINGS
INDICATION FAULTIEFFECT
AEKRAN || FEEL CONT UNIT | |Feel control unit out of imit
YAUSFALL ARL
VIWAS 1 s\ OR LANDUNG AUF STELLUNG LEIGHT"
ROLL ROLL TRIM

Roll feel forces are generated by a mechanical
spring unit with linear force characteristics. Non
linearities are induced with the stability
augmentation system engaged to provide low
sensitivity for small control inputs and high
sensitivity for large control inputs.

YAW

Pedal feel forces are generated by a spring unit
system with linear force characteristics. When the
gear is refracted, a hydraulic actuator adds
additional centering forces at airspeeds higher than
M 0.8 and rudder pedal displacements of more
than 24 mm, equivalent to 6° rudder deflection.

TRIM SYSTEM

The trim system is used to relieve control stick
pressure. Actuating a trim switch causes the
appropriate trim actuator to move either in yaw, roll
or pitch.

PITCH TRIM

Pitch tim is affected by a tim actuator
incorporating an electric motor. When operated,
the trim actuator varies the translation ratio of the
taileron linkages, which in turn provides a new
stick center position. Trim authority is 80 % of
available talleron deflection.

Roll frim is similarly affected by an electric motor
driving a trim actuator. Trim authority is 60 % of
available aileron deflection.

YAW TRIM

Yaw trim is similarly affected by an electric motor
driving the trim actuator. Trim authority is 60% of
the available rudder deflection.

CONTROLS AND INDICATORS

Trim Button Unit

The trim button unit on the control stick grip
consists of a pyramid cap which houses two toggle
switches. It provides trim control in the pitch and
roll axis. The trim button is springloaded to the
center and can be moved forward, aft, left and
right.

Rudder Trim Switch

The rudder trim switch is located on the left vertical
panel.

Trim Indicators

Three fights on the TLP indicate the neutral
position of the corresponding trim actuator.
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FEEL AND TRIM CONTROLS AND INDICATORS

RUDDER
TRIM

FEEL AND
TRIM INDIGATORS
ONTLP

FEEL UNIT
CONTROL SWITCH

TRIMBUTTON
ON CONTROL STICK GRIP

Figure 1-29
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. CONTROL STICK

The control stick consists of a grip with an 9. AFCS MODES OFF button

adjustable hand rest and the following functions: 10. Target acquisition symbol button
11. Break-lock button
1. Gun trigger 12. Rudder pedal adjustment handle
. 2. Missile trigger

3. AP cut-out lever The AFCS MODES OFF button interrupts the
4. Brake lever power supply to the automatic fiight control
5. Run-up brake lever system. The AP cut-out lever disables all
6. CL tank jettison button automatic flight modes of the AFCS as long as it
7. Trim button be pressed.

8. Levelling button

CONTROL STICK

Figure 1-30
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RUDDER PEDALS

Primary controls for the rudders consist of
conventional rudder pedals  mechanically
connected to hydraulic actuators.
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¢

During ground operation, differential braking is
controlled by the rudder pedals. The rudder pedals

can be adjusted by the ring-type rudder adjustment
handle on the control stick.

@
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AOA /G CONTROL SYSTEM

The AOA /G control system (COC) measures and
indicates angle of attack (AOA) and g-forces, it
controls automatic LEF operation and prevents
inadvertent stalls by moving the control stick
forward. The system is powered by 28.5 VDC and
2 phases 115 VAC.

The system consists of the AOA /G computer, the
combined AOA /G meter as well as warning and
indicator lights. It utilizes inputs from the AOA
vanes, Mach sensors, the g-sensor and the LEF
down limit switches to perform the following tasks:

- Display of actual and maximum g-forces

- Display of actual AOA

- Automatic LEF operation considering pitch
velocity

- Computation of the maximum AOA, considering
LEF position and pitch rate

- Operation of the pitch kicker considering pitch
rate and AOA

- Display of system malfunctions

The g-sensor measures g-forces between -2 g and
+10 g. The signals are amplified in the computer
and displayed on the g-scale of the combined
AOA / G meter at a rate of at least 5 g per second
with an accuracy of 0.3 g (0.4 g under extreme
weather conditions).

Actual AOA is measured by the LH and the RH
AOA vanes from -1.5° to +29°. The computer
selects the higher value, amplifies the signals and
displays the AOA on the AOA scale of the
combined AOA /G meter at a rate of at least 20°
per second with an accuracy of +1° (+1.5° under
extreme weather conditions).

AOA LIMITER

The AOA/G computer utilizes signals from the
AOA vanes and the Mach sensors to position the
LEF and to actuate the pitch kicker. The system is
disabled when the nose landing gear is not up and
locked.

The LEF extend at an AOA of 8.7° at Mach
numbers below M 0.8°3%.. Depending on pitch

rate, the LEF may extend prior to reaching
8.7° AOA.

The signals from the LEF down limit switches are
utilized to switch the AOA/G computer from the

low AOA value of 15° (GT: 14°) maximum to the
high AOA value of 26° (GT: 24°) maximum.

The pitch kicker is designed to prevent inadvertent
stalls by moving the control stick forward of neutral
when either pitch rate or AOA, or a combination of
both, reaches the critical value. The computer
triggers solenoid valves to operate the hydraulic
actuators, which cause the taileron to assume an
aircraft nose-down deflection and the control stick
to move forward. Thus the pilot is immediately
made aware of an approaching stall condition of
the aircraft. A force of 17 kp, in addition to normal
control forces, applied on the stick can override the
pitch kicker.

NOTE

Full aft pitch trim reduces the
forward force on the control stick
considerably. Under this condition,
caution should be used when
reapplying backstick pressure.

} CAUTION

AAAAAAAAAAAAA,

e Due to extremely reduced stability
margin at high AOA, an AOA
reduction of approximately 4° is

strongly recommended prior
initiating any roll maneuver.
e Overriding the pitch  kicker

intentionally is prohibited.

System redundancy is achieved by using dual
actuators operated by the main and the boost
hydraulic system and by duplicating the computer
channels.

The AOA limiter system contains continuos BIT. It
monitors the heating system of the AOA vanes,
AOA signal inputs and DC electrical power. The
heating system of the AOA vanes will operate with
reduced power when the pitot heat switch is
positioned to ON, however, full heating power is
automatically provided when weight is off the RH
main gear, regardless of switch selection.

A test button on the control and test panel can be

used for initiating an extended self test for
maintenance purposes.
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AOA /G CONTROL SYSTEM
ACA SIGNAL
i5- LOW AOA LIMIT CHANNEL 1
CONTINUOUS BIT i
LH AOA VANE |«
HIGH AOA LIMIT CHANNEL 1
HEATER SIGNAL >
»
A 15 VAC LOW AOA LIMIT CHANNEL 2
i PITCH
LH AOA HEATER
| | HIGH AOA LIMIT CHANNEL 2 o Kicker
GEAR RETRACTED _ COCFALSIGNAL
b £OC 3 STOP SIGNAL
RH AQA HEATER <
‘ MSVAC  AOA SIGNAL
CONTINUOUS BIT LEF CONTROL SIGNAL
RH AQA VANE [« P
HEATER SIGNAL
P AOA/G LEF FAILURE LEF CONTROL
G- SIGNAL & LEF DOWN SIGNAL
G- SENSOR COMPUTER [
LER
Wl . LEF DOWN SIGNAL
MACH SENSOR
M2 045
MACH SENSOR
Mz 08 o
MACH SENSOR >
COMBINED
AOA AOA /G METER
115 VAC/28.5VDC
POWER SUPPLY
115 VAC / 285 VDC COC FAILURE
POWER SUPPLY > g
S COC 3 STOP A
GEAR RETRACTED : > o EBHIE
LEF FAILURE AND
285VDC INFORMATION
GEAR RETRACTED B NOCOCRESERVE | EQUIPMENT
285VDC AOA HEATER FAILURE
CONTINUOUS BIT = P
Figure 1-30A
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. INDICATIONS AND WARNINGS

A complete COC failure is indicated on the TLP,
when both AQOA limiter channels of the AOA/G
computer have failed.

VYV

CAUTION

..... A

With a complete COC malfunction,
pitch kicker warning is not available.
Extreme care should be used when
operating near the allowable AOA
[imit.

INDICATION FAULT/EFFECT
MASTER LIGHT
CAUTION FLASHING
. TLP coc Complete AOA limiter failure
FAIL
A COC 3 STOP indication on the AEKRAN during
landing gear extension indicates a failure of the
pitch kicker hydraulic actuator. A forward force of
17 kp is added to normal control forces when the
landing gear is extended and airspeed is below
. M0.45.
INDICATION FAULT/EFFECT

AEKRAN || €OC 3 STOP

bt

Pitch kicker hydraulic actuator failure.

If the LEF down limiter switches do not signal LEF
down when an AOA of 12.5° is reached, the signal
LEAD EDGES NOT EXTEND is displayed on the

. AEKRAN. The extension signal for the LEF is
deleted in this case,

INDICATION

FAULT/EFFECT

AEKRAN | LEAD EDGES NOT EXTEND | z.g; 112:|) :E) Aextend, maximum AQA limited to 15°

A single AOA limiter channel failure of the AOA/G
computer is indicated on the control and test panel.

. INDICATION

FAULT/EFFECT
el NO coC Single channel AOA limiter failure, no effect on maximum
AND TEST RESERVE
PANEL allowable AOA.
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AUTOMATIC FLIGHT CONTROL
SYSTEM

The automatic flight control system (AFCS) is an
electro-hydraulic system designed to provide
automatic, semiautomatic and manual flying modes
without interfering with manual control. The system
requires DC power and 36 VAC power.

It consists of the AFCS computer, the stability
augmentation system, and the trim actuators, refer
to FO-13.

The AFCS computer receives signals from the gyro
platforms, the accelerometers, the g-meter, the
control stick position and the navigation system.
The signals are corrected for altitude, mach
number, AOA and pitot pressure.

The inputs are processed into control signals for
the dampers, the trim actuators and the flight
instruments.

The automatic flight control system is capable of
performing the following modes of operation:

- DAMPER (stability augmentation)

- ATT HOLD (attitude hold)

- AUTO RECOVER (level off mode)

- APPROACH

- ALT HOLD (altitude hold)

- Automatic landing approach control

- Levelling (automatic unusual attitude recovery)

OPERATING MODES
DAMPER

Stability augmentation is obtained for pitch, roll and
yaw by placing the AFCS switch to the ON position.
The AFCS computer controls electro-hydraulic
actuators within the mechanical control linkages to
compensate any tendency of the aircraft to oscillate
in roll, yaw and pitch. Aileron-rudder-interconnect is
provided at high AOA by the stab aug system to
improve lateral stability.

The automatic longitudinal stability control adjusts
the taileron actuator to counteract pitch moments
during LEF operation. The automatic longitudinal
stability control is disengaged when the LEF are in,
the flaps are down or the dampers are off.
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The dampers are disengaged if

- Hydraulic supply to the actuators fails

- Any phase of the 200 V, 400 Hz electric power
fails

- The AFCS computer fails

- The AFCS MODES OFF button on the
control stick is pressed

If the AFCS MODES OFF button is pressed less
than 3 sec, the stab aug system is reengaged
automatically upon release. If the button is pressed
more than 3 sec, the stab aug system disengages
completely. The DAMPER pushbutton on the
AFCS mode control panel must be pressed to
reengage the system.

ATTITUDE HOLD MODE

The Attitude Hold mode is designed to maintain the
airplane's attitude. At bank angles from 7° to 80°
and pitch angles of 180°, the aircraft attitude is
maintained. At bank angles below 7° and pitch
angles of +$40°, attitude and heading are
maintained.

GT: At bank angles from 7° to 70° and pitch
angles of £50°, the aircraft attitude is
maintained.

To engage the attitude hold mode, the ATT HOLD
button on the autopilot control panel is pressed. If
the damper system is off, it will automatically be
engaged. The ATT HOLD light will flash until the
autopilot AP cut-out lever is released. Releasing
the lever starts mode operation, and the light
becomes steady.

Aircraft attitude is changed by pressing the A/P cut-
out lever, attaining new attitude and releasing the
lever. Stick forces have to be trimmed to balance
prior releasing the lever.

Engaging the attitude hold mode automatically
disengages the levelling mode. The attitude hold
mode is automatically disengaged if the levelling
mode or auto recover mode are engaged.

Trim condition may be slightly out of balance when
disengaging the attitude hold mode.
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AUTO RECOVER MODE

Auto recover mode is designed to recover the
aircraft to a minimum altitude set on the radar
altimeter during flights below 3000 ft above
ground level. It is engaged by pressing the AUTO
RECOVER pushbutton on the AFCS control panel.
However, engagement should not take place when
flying below the preset minimum altitude.
Operation is indicated by illumination of the AUTO
RECOVER light.

If the aircraft descends below the preset altitude,
the low altitude warning light on the radar altimeter
iluminates. The AEKRAN displays ALT ALERT
and VIWAS says "Geféahrliche Hohe". The aircraft
starts an 8° climb, initiated with 1.5 to 5.0 g. The
wings are set level and the levelling button light on
the control stick illuminates simultaneously. Upon
reaching the preset altitude, the levelling mode is
engaged automatically. When the aircraft is in level
flight, ALT HOLD mode is engaged automatically.

If the AP cut-out lever is pressed, or trim is applied
during the descent, the aircraft does not recover
automatically. However, the low altitude warmings
are displayed and an aft stick force is applied
within 3 to 4 sec.

Auto recover mode is disengaged by pressing the
AUTO RECOVER button again on the AFCS
control panel or by pressing the AFCS MODES
OFF button for more than 3 sec. In this case the
dampers disengage simultaneously and must be
reengaged by pressing the DAMPER button on the
AFCS control panel.

NOTE

o The auto recover mode is restricted
to a minimum altitude of 600 ft
AGL, a max bank angle of 30° and
a max descent rate of 2 000 ft per
min.

e During AUTO RECOVER, flying
with the parameters mentioned
above, an altitude loss of up to
300 ft has to be anticipated.

At descent rates of less than 200 ft per min with
wings level, no altitude restrictions apply.

Due to radar altimeter restrictions,
the AUTO RECOVER mode is not
reliable at bank angles in excess of
30°.

APPROACH MODE

The approach mode provides ILS information and
command steering. It can be engaged by pressing
the APPROACH button on the AFCS control panel
as soon as reliable ILS signals are received for
course and glideslope.

Operation is indicated by the illumination of the
APPROACH light and the disappearance of the
pitch and course OFF-flags on the ADI.

VWYY VY

} CAUTION |

PAAAAAAL AAAA

To prevent (violent) control
transients, the AFCS mode ATT
HOLD must be disengaged prior to
engagement of the APPROACH
mode.

Bank and pitch commands are provided by the
course and pitch steering bar on the ADI and the
command circle in the HUD. Bank steering
commands are based on a roll rate of 5 to 8° per
sec. The pitch steering bar provides steering
towards the engagement altitude of the
APPROACH mode until glide path interception.
Centering the pitch and course steering bar, as
shown by the command circle in the HUD, ensures
proper steering.

Failure of the glide slope indication will cause a
level-off command by the pitch steering bar on the
ADI. The pitch OFF-flag on the ADI and the ILS
glide slope OFF-flag on the HSI will appear.

WARNING

When any OFF-flag on HSI or ADI
appears, level off immediately and
execute a missed approach.

Approach mode can be deselected by pressing the
AFCS MODES OFF button for less than 3 sec.
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ALTITUDE HOLD MODE

The altitude hold mode is designed to maintain the
aircraft at a specific barometric altitude. Altitude
hold is engaged by pressing the ATT HOLD button
first and then the ALT HOLD button on the AFCS
control panel. lllumination of both lights indicates
proper operation.

To engage the mode, the pitch attitude must not
exceed + 5° If the pitch angle exceeds 5°, the
aircraft stabilizes at the given angle and the ALT
HOLD light flashes until the angle is decreased
below 5°.

After correction to the engagement altitude, the
aircraft is stabilized in bank angle and altitude. If
the bank angle was less than 7° during
engagement, heading and altitude are stabilized.

Attitude hold can be cut out intermittently by
pressing the AP cut-out lever, which is indicated by
flashing of the ATT HOLD and ALT HOLD lights.
Pressing the AFCS MODES OFF button for less
than 3 sec disengages the altitude hold mode.

After recovery to level flight with the levelling
mode, ALT HOLD is engaged automatically.

NOTE

o Altimeter fluctuations while accel-
erating through the transsonic
range will produce transient fluc-
tuations, which, although not vio-
lent, may cause the reference
altitude to slip.

e Do not use ALT HOLD at altitudes
below 300 ft AGL.

AUTOMATIC LANDING APPROACH CONTROL

The automatic landing approach system can be
engaged after the approach mode has been
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selected and the pitch and course steering bars on
the ADI have been centered.

For smooth operation, airspeed should be below
215 KIAS. Automatic throttle adjustment is not
available.

To engage automatic landing approach control,
the ATT HOLD button has to be pressed in
addition to the APPROACH button on the AFCS
control panel. lllumination of the ATT HOLD and
the ALT HOLD lights as well as the disappearance
of the OFF-flags on the ADI/HSI indicate proper
system operation.

Level flight is maintained until glide slope
interception. Upon glide slope interception, the
ALT HOLD light extinguishes and the aircraft
begins the descent. Course corrections are
performed with bank angles up to 5°, glide slope
corrections with pitch angles up to 2°.

The automatic landing approach system can be
temporarily disengaged by pressing the A/P cut-
out lever and is automatically reengaged as soon
as this lever is released.

The automatic landing approach has to be
discontinued if the pitch or course steering bar on
the ADI indicate a difference to the course or glide
slope indication on the HSI, or the minimum
altitude of 150 ft is reached.

The automatic landing approach control is
disengaged by pressing AFCS MODES OFF
button for less than 3 sec or by engaging the
AFCS levelling mode.

The autopilot may trim the aircraft
considerably out of balance.
Therefore, when disengaging the
automatic landing approach mode,
be prepared to counteract large
control fransients.
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LEVELLING MODE

Levelling mode is designed to recover the aircraft
to straight and level flight in case of pilot's spatial
disorientation. Pressing the levelling button on the
right side of the trim button disengages all other
AFCS modes, and engages the levelling mode,
provided the AP cut-out lever is released. If the
dampers are OFF, they are automatically engaged.
Leveling operation is indicated by steady
illumination of the button light.

At bank angles below 80°, bank and pitch attitude
are recovered to level flight simultaneously. At
bank angles of more than 80° bank is recovered to
below 80° before simultaneous recovery. The
recovery rate varies from 10° to 45° per sec in
bank and -1g to +5g in pitch, depending on
altitude, attitude and airspeed.

Once the aircraft is recovered to £7° AOB and +5°
of pitch or below, the ALTHOLD mode is
automatically engaged within 3 to 4 sec as
indicated by the ALT HOLD light.

If the pilot interferes during levelling operations by
pressing the AP cut-out lever or using the trim
button, the levelling mode disengages momentarily
which is indicated by flashing of the levelling light.

Levelling mode is disengaged either by pressing
the AFCS MODES OFF button for less than 3 sec,
or by engaging the attitude hold mode.

NOTE

e During levelling operations, the
rudder pedals must be neutralized
and maintained in neutral position.

e Throttle adjustments may be
required according to airspeed and
altitude.

o If a forward trim condition exists
prior to engagement of levelling,
negative g may be experienced
momentarily before positive
recovery.

¢ During recovery from negative pitch
angles, or bank angles of 40° to
50°, bank may increase up to 70°,
not resulting in additional loss of
altitude.

AFCS BITE

Placing the AFCS switch to ON, initiates the BIT,
provided weight is on the nose gear, the inertial
platforms are ready and hydraulic pressure is
available.

Prior to engagement, the control surfaces must be
trimmed to neutral, as shown by the indicator lights.

During the BIT, controls must be released to allow
unrestricted movements. The DAMPER OFF light
illuminates on the TLP and the MASTER CAUTION
light flashes. The DAMPER light flashes
continuously at a rate of 1.5 to 2.0 cycles per
second and all other lights on the AFCS control
panel may illuminate temporarily, except for the
MISSED APPROACH light.

Upon completion of the BIT, the DAMPER OFF
light on the TLP extinguishes and the DAMPER
light illuminates steadily. It indicates satisfactory
BIT completion and the stab aug system engaged.
If the control stick is out of the neutral position it
must be trimmed back to neutral.

An AFCS malfunction is indicated by flashing of all
lights on the AFCS control panel, except for the
MISSED APPROACH light. If the malfunction is not
within the stab aug system, the dampers can be
engaged by pushing the DAMPER button. In this
case only the damper function is usable, none of
the other AFCS modes may be engaged.

A normal test cycle lasts 90 sec. However, the
dampers can be engaged after 40 sec. In this case,
the BIT is interrupted and none of the other AFCS
modes can be engaged. After neutralizing the
control stick the BIT may be reinitiated by pressing
the AFCS MODES OFF button momentarily.

NOTE

With the ICAO Il modification
implemented, the course pointer
must be set to a vertical position
before the AFCS self test is
initiated.
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CONTROLS AND INDICATORS

AFCS Switch

The AFCS switch is located on the system power
panel. Refer to figure 1-31. It is used to switch the
AFCS ON and OFF.

AFCS CONTROL PANEL

The AFCS control panel is located in front of the
left console and has five pushbutions to select the

AFCS modes. When a mode is selected, the
corresponding green light illuminates.

The button MISSED APPROACH is used fo obtain
steering information from the navigation system.

AFCD CONTROL PANEL

SYSTEM POWER PANEL

|

> §
ns)y)
€D

Figure 1-31

STICK CONTROLS

Refer to figure 1-30.

AP Cut-Out Lever

The AP cut-out lever is integrated into the control
stick grip and disables the AFCS flying modes while
pressed, The associated AFCS modes indicator
lights begin to flash.

AFCS MODES OFF Button

The AFCS MODES FF button on the left side of the
trim button disengages all AFCS modes. However,
the stab aug system will be reengaged if the button
is pressed for less than three seconds. If it is
pressed for more than three seconds, the
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system is switched off and the DAMPER OFF light
on the TLP illuminates. The AFCS is disengaged
completely.

Levelling Button

The levelling button with an integrated indicator
light located to the right side of the trim button is
used fo engage the unusual attitude recovery mode
of the AFCS.

WARNING .

When an AFCS mode is selected,
be prepared to manually counteract
any abrupt control movements in
the event of an AFCS malfunction.
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PITOT STATIC SYSTEM

Two pitot booms, a main and a emergency pitot
boom, supply impact and static pressures to
various flight instruments and aneroid switches.

The main pitot boom provides pressure to the
IASITAS indicator, the VVI, the ADC and the IFF.

The emergency pitot boom provides pressure for
the Mach transducer, the LEF controls, the ECU,

the AFCS, the engine intake ramp control and the
ejection seat.

If the main system fails, the emergency pitot boom
can be selected to provide pressure to the main
system users, for details see figure 1-32.

PITOT STATIC SYSTEM
MAIN  SYSTEM STBY SYSTEM
\* INTAKES INTAKES [
PITOT ]
- ECU SELECTOR @ ECU C
) VALY
Zil
H, \
é_ T AOA [
L FEEL
[ W ‘
FEEL
WNT |
- ECU
| AFCS [
AFCS
EJECTION EJECTION|_]
—| SEAT SEAT M
DELAY
|| PRESSURE CABIN ||
| SENSOR PRESSURE[
FDR
| ADC
— WI
I P07 PRESSURE
L IasiAs [ sTaTIC PRESSURE
— INDICATOR

Figure 1-32
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CONTROLS AND INDICATORS
Pitot Selector Lever

The pitot selector lever is located at the pedestal  heater elements are energized when the weight is I

panel with the positions MAIN and STBY. off the wheels and 115 VAC / 400 Hz power is
available.
Pitot Heat Switch CAUTIO
The pilot heat switch is located on the RH side
wall. It controls operation of the heating elements in Pitot heat should not be used for
I both pitot-booms, AOA probes and the windshield. more than one minute during
The heater elements are energized any time ground operations to prevent
| 28 VDC power is available and the pitot heat switch damage to the system.
is in the ON position. AOA probe and windshield

PITOT STATIC SYSTEM CONTROLS

CABINTENP|
W |

PITOT HEAT SWITCH

MAIN

——0 -4 — g

STBY

PITOT SELECTOR LEVER

Figure 1-33
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AIR DATA COMPUTER

The air data computer (ADC) is part of the pitot
static system and consists of:

- Air data system
- Pressure altimeter
- TAS indicator

It utilizes inputs of pitot and static pressure from the

- Pressure altitude
- Density altitude

Data are supplied fo the navigation system, the
AFCS, the fire control system and the fuel
indication system. The ADC utilizes DC power from
the generator or the batteries, 36 VAC and
115 VAC.

main pitot system and OAT.
A build in test is provided to check system
The computer provides electrical outputs  readiness during preflight preparation and check-
representing: out for maintenance purpose.
- TAS
- Mach number
AIR DATA COMPUTER

*

AEKRAN

ALTIMETER

&*
an
NAVIGATION
oD SYSTEM
HEIGHT
ABOVE 5L
— v
MAN
PITOT SYSTEM . o
DATA CONTROL
TRaNg. (1A SYSTEM
ALTITUDE DUCER
ENCODER
*
CODE_§ GND it
™ M
o P AFCS
‘w
PAT T TESTER
FAILURE
SIGNALS =
INDICATION
ST [ Navisarion AMETEN
QAT FAILURE
S‘MP%EPN * ADG OK SIGNAL
Figure 1-34
INDICATIONS AND WARNINGS
INDICATION FAULT/EFFECT

AEKRAN || AIRDATASYS |

Unreliability of airspeed, altitude and vertical velocity

"AUSFALL SWS"
"AP AUS, Viax 600"

VIWAS
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INSTRUMENTS
IAS INDICATOR

The IAS indicator USM-2AE displays indicated
airspeed. A single pointer indicates airspeed values
between 0 and 800 kts on a non-linear scale. Mach
number is indicated on the inner scale.

The pneumatic inputs for the indicator are impact
and static pressure supplied by the main or the
backup pitot tube.

Figure 1-35

NOTE

Since the indicator is directly driven
by the pneumatic outputs of one of
the pitot tubes, the indicated mach
number may differ from the real
value by as much as M 0.05 due to
non-linearities of those pitot tubes.
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TAS INDICATOR

The TAS indicator UMS-2,5-2U provides a
combined display of TAS and mach number.
Electrical power is supplied from the ADC, since it
is part of the system. The longer pointer rotates at
the linear outer scale to indicate values between
100 and 1400 kts. The shorter pointer traverses
the inner mach number scale. The input signals for
the indicator are supplied by the ADC and the
ambient air temperature sensor.

Figure 1-36

GT, R/C:

The TAS indicator UIS-1250 AE provides the
display of true airspeed between 100 and
1 250 kts.

NOTE

Since the indicator is directly driven
by the pneumatic outputs of one of
the pitot tubes, the indicated mach
number may differ from the real
value due to non-linearities of those
pitot tubes.

VN
/
\ \12 1 ////

7
]
-

\\H X100/ | KNOTS

2

Figure 1-37
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ALTIMETER

The altimeter is an electrically operated instrument,
indicating from 0 to 100 000 ft. Electrical power is
supplied by the ADC system, since the altimeter is
an integral part of this system.

An adjustable barometric scale is provided so that
the altimeter may be set at the corrected sea level
pressure.

Figure 1-38

GT,R/C:

The altimeter in the rear cockpit is a pneumatically
operated instrument, indicating from 0 to 100 000 f,
The altimeter incorporates a vibrator which reduces
mechanical friction of gear trains and linkages of
the mechanical assembly. The vibrator is powered
by 28.5 VDC from the generator, or in case of
failure by the batteries.

A barometric setting knob adjusts the barometric
sefting on the hPa counter of the altimeter between
700 and 1 080 hPa.

Figure 1-39

COMBINED AOA / G METER

The angle of attack and g meter is a combined
instrument with two different indicating systems.
Since it is part of the COC, it receives electrical
power via this system.

The AOA pointer, moving along the left scale, is |
electrically connected to AOA probes located at the
left and right forward section of the aircraft,

G-loads are indicated on the right scale by a main
pointer indicating instantaneous g-loads and an
index tab driven by the main pointer. The index tab
remains on it's maximum indication until resetted.
The g meter is electrically connected to an external
g-sensing transducer.

1. RESET BUTTON FOR G-INDEX TAB
2. AOA POINTER

3.15° MARKER (RED) I
4. RED REGION

5.7 G-INDEX (RED) I
6. MAX G-INDEX TAB

7.G POINTER

Figure 1-40
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ATTITUDE DIRECTOR INDICATOR

The atfitude director indicator (ADI) provides a
pictorial display of the aircraft's attitude in pitch, roll
and turn. It utilizes 36 VAC and 28.5 VDC received
from the gyro system. A slip indicator is integrated
at the bottom part of the instrument. Attitude is
indicated by the aircraft symbol in relation to the
horizon, pitch is indicated by the attitude sphere.

Q 0 L
Fee
Lk e
4 =3 =
LR =
3~ s -10-=
1 A B —8
2 —iB— =E
: hol o8
5 0| ¥ ~—10
% ®
1
G
CAGE
3 12
1. GYRO CAGE BUTTON/ GYRO FAIL LIGHT
2. GLIDE SLOPE DEVIATION INDICATOR
3. PITCH STEERING BAR
4, PITCH OFF FLAG
5. COURSE DEVIATION INDICATOR
6. AZIMUTH OFF FLAG
7. ATTITUDE SPHERE
8. CENTER DOT
9. AIRCRAFT SYMBOL
10. BANK SCALE

. AIRCRAFT SYMBOL SETTING KNOB
. SLIP INDICATOR
. COURSE STEERING BAR

@ o =

Figure 1-41

Pitch and Bank

The pitch angle of the aircraft is displayed by the
pitch scale on the spheroids surface and the center
of the aircraft symbol. The vertical position of the
aircraft symbol can be acjusted with the aircraft
symbol setting knob.

The bank angle is displayed by the aircraft symbol

rolling on the spheroids surface to indicate aircraft
its bank on the bank scale.
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Glide Slope Deviation Indicator

During the NAV mode RETURN, a 7 glide slope is
displayed on the glide slope deviation indicator for
a extended runway centerline interception at
2000 ft AGL.

During the NAY mode MISSED APPROACH,
deviation from an altitude of 2000t AGL is
displayed. In the AFCS mode LANDING, deviation
from the ILS glide path is displayed.

Course Deviation Indicator

During the NAY modes RETURN and MISSED
APPROACH, the index on the course deviation
indicator provides steering for extended runway
centerline intercept.

In the AFCS mode LANDING, deviation from the
ILS course is displayed.

Command Steering

During an ILS approach, with the AFCS mode
APPROACH  selected, command  steering
information is available by the pitch steering bar
and the bank steering bar. When the aircraft is
exactly on the desired flight path, the intersection of
the two bars coincide with the center dot. The bars
will be parked in the center also when the system is
not engaged. However, the pitch and azimuth OFF
flags will be visible.

OFF Flags

Two red flags are incorporated in the upper left and
right part of the instrument, The pitch OFF flag
marked T and the azimuth OFF flag marked K will
be visible when either channel of the ILS system is
failed or not activated. As soon as the AFCS mode
APPROACH is selected and no malfunctions exist,
both OFF flags will disappear.

NOTE

During an  automatic landing
approach, the appearance of either
OFF flag initiates an automatic level
off by the AFCS.
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Slip Indicator

Aircraft slip is indicated by a ball inside a tubular
case located at the lower part of the instrument
face.

HORIZONTAL SITUATION INDICATOR

The horizontal situation indicator (HSI) provides a
horizontal view of the aircraft with respect to the
navigation situation. The compass card rotates so
that the aircraft heading is always under the course
index. Three OFF flags provide warnings for course
and glide path indicator failures and navigation or
gyro/ platform  malfunctions. Depending on the
selection on the NAV panel, indications on the HSI
I vary. The HSI utilizes 36 VAC power.

. TESTBUTTON

. FIXED COMPASS CARD

. ILS COURSE OFF FLAG

. BEARING POINTER

BEARING (BRG) POINTER (YELLOW)
COURSE POINTER (WHITE)

RANGE (RNG) COUNTER

HSI OFF FLAG

COURSE INDEX

BRG COUNTER

10. ILS GLIDE SLOPE INDICATOR

11. ILS COURSE DEVIATION SCALE

12, ILS GLIDE SLOPE OFF FLAG

13. COMPASS CARD

14. COURSE SELECTOR KNOB

15. ILS GLIDE SLOPE DEVIATION SCALE
16. ILS COURSE DEVIATION INDICATOR

S TR

o

Figure 1-42

CLOCK

A mechanical clock allows determination of normal
daytime, elapsed (mission) time and has a
stopwatch feature. The indications as mentioned
may be read on three individual scales:

- Normal daytime is displayed on the outer scale
with an hour and & minute pointer.

- Elapsed time is displayed in hours and minutes
on the upper inner scale.

- Elapsed time is displayed in minutes and
seconds (stopwatch) on the lower inner scale.

A red winding and setting knob is provided on the
left lower corner of the clock. Rotating the knob
counter-clockwise winds up the clock. Pulling the
knob permits setting the clock. Pushing the knob
starts the small elapsed time scale on the upper
portion of the face, a small status indicator window
within the scale changes color from white to red.
Pushing the knob again stops the small clock, the
indicator turns red / white. Pushing the knob a third
time resets the elapsed fime and the status
indicator turns white.

A setting knob on the lower right corner of the clock
is used to start and stop the seconds peinter of the
normal daytime scale and to operate the stopwatch
on the lower portion of the clock face.

Rotating the knob clockwise stops the seconds
painter, rotating the knob counter-clockwise starts it
again. Pushing the knob starts the stopwatch
located at the lower part of the face, pushing it
again stops it and pushing a third time resets hoth
pointers to the zero position.

Figure 1-42A
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HSI INDICATION

MODE COURSE BEARING BRG COUNTER RANGE COURSE |ILS COURSE g‘fo(élgnﬁ
SETTING  |POINTER | POINTER COUNTER  |INDEX |INDICATOR
INDICATOR
NAV Course to Bearing to Course to Distanceto | Aircraft
selected navi- | selected selected selected HDG
gation point | TACAN/NDB | navigation point | navigation
point
NAV An offset Bearing to Aerodrome Distanceto  |HDG
RETURN pointto TACAN/NDB | reference point | aerodrome
intercept final
NAV Course to the | Unrefiable Coursetothe | Distance to the | HDG
RETURN aerodrome aerodrome aerodrome
without reference reference point | reference point
TACAN point
update
NAV landing  |Final course | Bearing to Final course Distanceto  |HDG Deviation from | Glide slope
approach selected NDB touchdown final course, daviation,
max deviation is | max deviation is
indicated 0.5° | indicated 0.5°
(4 dots) on the | (4 dots) on the
course deviation | glide slope
scale deviation scale
NAV missed | Coursefoan |Bearing to Coursetothe | Distance fo the | HDG
approach offset point to | TACAN/NDB | aerodrome aerodrome
intercept final reference point | reference point
approach
MANUAL Course set by | Bearing to Course selected | Distanceto  [HDG
TACAN/ the course | selected station selected
RSBN for non | selector knob station
programmed
aerodrome
BIT initiated | Will rotate Indicates Will rotate |-
by pressing [ 20° +5° CCW 43125NM | 20°45°
the TEST
button
Figure 1-43

VERTICAL VELOCITY INDICATOR

The vertical velocity indicator (VVI) indicates the
rate of climb or descent of the aircraft. The indicator
is connected to the static pressure system and
actuation of the pointer is controlled by the rate of
change of the atmospheric pressure. It can register
a rate of gain or loss of altitude which would be too
small to cause a noticeable change in the altimeter
reading.

TURN AND SLIP INDICATOR
A tum and slip indicator is incorporated in the VVI.
The turn needle indicates direction of turn but does

not provide accurate tun rate. The instrument
receives 3 phases 36 VAC from the gyro system.
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Figure 1-44
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RADAR ALTIMETER

The continuous wave radar aftimeter (RAD ALT)
measures height above surface. It supplies
information to the avionics equipment and the radar
altimeter indicator. The height marker may be set to
the desired minimum height. If the aircraft is below
this height, the radar altimeter forwards inputs to
AFCS, AEKRAN, VIWAS and the RADALT
indicator warning light. Accuracy of the min, height
selected is 1.5 1t from 0 to 60 ft and +3 % above
60 ft.

The radar altimeter is switched on with the ACFT
SYS switch. After the warm-up period, the indicator
OFF flag disappears and an altitude of 0 3 ft is
indicated.

The RADALT contains continuous BIT. It is
powered by 28.5VDC and 115 VAC. If the DC
generator fails, power is supplied from the aircraft
batteries and if the AC generator fails, from the
PTO.

The system provides height information from
01030001 AGL within bank angles up to 15°
The system accuracy is:

+3ftfrom 010 30 ft
+10 % above 30 ft.

WARNING

At bank angles above 30° or over
rough terrain, RAD ALT may give
false height information. At bank
angles from 15° to 30° system
accuracy decreases, above 30°
bank it should be considered
unreliable.

1. 45FT TEST MARK

2. OFF FLAG

3. MINIMUM HEIGHT SET MARKER

4. MINIMUM HEIGHT SET/ WARNING LIGHT
5. TESTBUTTON

6. BLACK SECTOR

Figure 1-45

At heights above 3 000 ft an OFF flag appears on
the indicator and the pointer rotates to the black
sector. Identical indications occur with a
malfunction.

A test button is provided to check the instrument.
When the button is pressed, the pointer moves to
the test mark at 45 ft.

INDICATIONS AND WARNINGS
INDICATION FAULT / EFFECT
AEKRAN | ALT ALERT | Descent below set minimum height.
VIWAS "GEFAHRLICHE HOHE"
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HUD /HDD

The HUD /HDD consists of the head up display
(HUD), the head down display (HDD), units for
image processing, synchronization and power
supply. The system is powered by 28.5 VDC and
115/ 200 VAC power,

It displays information originating from the
navigation system and the fire control system
(FCS). Signals from the AFCS, AOA and side slip
vanes, and from the radar altimeter are processed.

HUD

The HUD projects information in symbolic and
numeric form into the pilot's field of view. This

I source of information provides steering commands
in the navigation mode and constitutes the primary
source of information during attack phase.

The image processing unit receives inputs from the
navigation system, the FCS and additionally from
the AFCS, AOA and sideslip vanes and from the
radar altimeter. It generates symbols which are
displayed on a cathode ray tube (CRT) and
projected into the pilot’s line of sight by means of a
collimator and a combining glass. The collimator
focuses the HUD picture to infinity.

The combining glass projects the symbology within
a space of 13° in azimuth and 18° in elevation
resulting in a circular field of view of 24°. A light
filter may be raised to ensure readability of the
HUD display against a bright background.

HUD CONTROLS
Filter Operating Handle
The filter operating handle on top of the left mirror

unit of the helmet mounted sight is used to erect
the light filter to the vertical position.
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BRIGHTNESS Control Knob

The BRIGHT knob is used to adjust the brightness
of the HUD.

In addition, a light dependent resistor (LDR) on the
front side of the HUD display unit automatically
adjusts the brightness of the display depending on
ambient light conditions. The brightness of the
image as seen by the pilot is the result of the
sefting of the BRIGHT knob and the intensity of
ambient light.

HUD Selector
The HUD selector has three positions:

NIGHT  The color of the HUD image is amber.
DAY The color of the HUD image Is green.

RETICLE The HUD image is blanked off, a
fixed reficle is displayed for A/A
weapon employment.

TEST Button

A TEST button is provided for equipment test.
When pressing the button, the boresight cross
appears in a square on the HDD, on the HUD,
identical crosses appear in the center of each
quadrant of the display additionally, indicating
system readiness.

FILTER
OPERATING
HANDLE

1
[

=]

T
g

Figure 1-46
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HUD Display

Following navigational symbols can be displayed
on the HUD.

1 2\ /3
b \7 8 /
370 450p
10T
4
10
9 1y
i e
- — —0
8 ] ” b _—6
s \ﬁ’
7/ % i
/ \
2‘,5
7

1. INDICATED AIRSPEED

2. HEADING REFERENCE

3, PRESS ALT/RAD ALT

4. PITCH ANGLE

5. STEERING CIRCLE

6. BANK ANGLE

7. NAV RANGE

8. ARTIFICIAL HORIZON

9. AIRCRAFT SYMBOL
10. |AS TREND INDEXER

Figure 1-47

HUD Weapon Employment Display

For weapon employment see GAF T.0.
1F-MIG29-34-1.

HDD

The HDD is a TV monitor on the right side of the
instrument panel. It displays essentially the same
picture as the HUD. A light dependent resistor
(LDR) in the lower right corner of the front panel
automatically adjusts the brightness of the display
depending on ambient light conditions. In
combination with the setting of the CRT brightness
control knob, it renders the displayed information
readable even in direct sunlight.

e

\

)

Figure 1-48
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CANOPY

The canopy consists of a rigid curved front section,
the windshield, fixed to the fuselage and a section
that can be raised which is hinged aft.

CANOPY OPERATION

Normal canopy operation is controlled by the
canopy control handle and powered by the
pneumatic power supply system. Refer to
figure 1-49.

The pneumatic canopy operation system ensures:

- Raising and lowering of the canopy
corresponding to the canopy control handle
position.

- Downlock of the canopy in the closed position.

- Sealing of the canopy.

INTERNAL CANOPY CONTROL HANDLE

The internal control handle has three position
detents:

Open, taxi, and closed.

To open the canopy, first set the handle in the taxi
position and then in the open position.

When the handle is in the taxi position, the seal is
deflated and the canopy will be released and lifted
approximately two inches above the cockpit rim.

When moving the handle further into the open
position, the canopy will be raised and held by a
pneumatic actuator.

.............

e Taxiing with the canopy in the open
position is prohibited.

e Max speed for taxiing is 16 kts with
the canopy in taxi position.

GT:

Identical internal control handles are located in both
cockpits. The rear cockpit canopy control handle is

1-84 Change 4

safety wired to the close position, since normal
canopy operation is performed from the front
cockpit.

Opening the rear cockpit canopy control handle to
the taxi or open position overrides the front cockpit
canopy control handle and positions the front
cockpit canopy control handle accordingly.

When the canopy control handle in either cockpit is
moved from the open position towards the taxi or
the closed position, the other handle is
automatically positioned accordingly. The canopy is
lowered to the taxi position or the closed position
respectively.

EXTERNAL CANOPY OPERATING HANDLE

The external canopy operating handle is
mechanically linked to the internal handle and is
located on the LH front fuselage. It is used to open
or close the canopy from the outside.

CANOPY OPERATION WITHOUT PNEUMATIC
PRESSURE

To open the canopy without pneumatic pressure
available, the control handle has to be set in the
open position (to disengage the locks), the canopy
has to be raised manually and held in the open
position with the canopy retaining rod.

CANOPY JETTISON

The canopy emergency jettison system provides
release and separation from the cockpit:

- If the emergency jettison handle on the right
cockpit sill is pulled.
- Automatically, if ejection is initiated.

A pyro-mechanical system is used to jettison the
canopy. Explosive cartridges are used to open the
locks.

GT:

Canopy emergency jettison handles are located in
both cockpits on the right cockpit sill. Pulling either
handle jettisons the canopy.
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. INDICATIONS AND WARNINGS

INDICATION FAULT / EFFECT
MASTER @) LIGHT
CAUTION h FLASHING
. CANOPY
LOCK
LIGHT
Canopy downlock failure,
CANQPY ) ]
LOCK PIN Pin protruding

AEKRAN || LOCK CANOPY |
VIWAS  |"KABINENDACH SCHLIESSEN' (message will be paged twice)

. CANOPY INTERNAL AND EXTERNAL CONTROLS

PUSH {
Q:m Do 1l I

CANOPY EMERG
JETTISON

o [rErNG
________ o DRUECKEN, DREHEN

M NOTFALL . LPUShTURE

)
s RESCUE ' feerinee
g DRUECKEN, ANHESEN
PUSH, LIFT

1.INTERNAL CANOPY EMERGENCY JETTISON HANDLE
2.CANOPY CLOSED CONTROL PIN

3.EXTERNAL CANOPY OPERATING HANDLE

4.LOCK CANOPY CONTROL LIGHT

5. INTERNAL CANOPY CONTROL HANDLE

. Figure 1-49
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EJECTION SEAT SYSTEM

The K-36 DM ejection seat system provides the
pilot with a safe escape from the aircraft under
various combinations of aircraft altitude, speed,
attitude and flight path.

The seat is propelled from the aircraft by a
cartridge-operated twin barrel ejection gun assisted
by a rocket motor, both located at the back of the
seat. The ejection system is designed to function at
all altitudes at airspeeds up to 700 kts. However,
during ground operation, a minimum of 40 kts

I (80 kis for the trainer version) is required for safe
canopy separation.

Pulling the ejection handle initiates the ejection
sequence, causing the canopy to be jettisoned and
the ejection gun to fire. Caution should be used to
I maintain a continuous pull until full travel of the
ejection handle is reached and the seat fires.

The ejection sequence continuous until a normal
parachute descent of the occupant is
accomplished. After the initial firing of the seat, seat
operation is completely automatic and requires no
additional action by the occupant.

NOTE

Canopy jettison malfunctions will
not interfere with the seat firing
system. Should the canopy fail to
jettison after ejection has been
initiated, the seat fires through the
canopy after a delay of 1 sec.

SAFETY FEATURES

| WARNING

The escape system is a potential
source of danger and inadvertent
operation may cause fatal injuries.
Upon completion of the flight, the

| pilot must ensure that the seat is in
the 'safe for parking’ condition.

Safety pins are provided to various components of
the escape system to prevent inadvertent initiation.
I Refer to figure FO-18.
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EJECTION SEQUENCE

Ejection is initiated by pulling the seat firing handle.
The sequence is electrically controlied until firing of
the ejection gun. A mechanical backup provides
fail-safe operation. As the main cartridge of the
pyro-mechanical system is fired, gases are ducted
to the canopy lock-down mechanism to jettison the
canopy, to retract and lock the shoulder harness,
and lap belt by means of the retraction units, and to
activate both leg raisers and arm protectors.

Simultaneously, a backup system is activated to
open the canopy locks after 0.5 seconds in case of
a main breech unit failure. It allows the seat to fire
through the canopy after another 0.5 seconds.

As the canopy is jettisoned, the canopy firing cable
is pulled, allowing the twin barrel ejection gun to fire
and to accelerate to at least 13.6 m/s. As the seat
rises along the cockpit rails, the emergency oxygen
supply is tripped, a body windshield is activated
above 485 kis, and the leg restraint lines are
retracted. The rocket motor fires to propel the seat
to a greater height.

The seat is stabilized and decelerated by two
rotating drogues on telescopic struts during
descent through the upper atmosphere with the
occupant securely restrained in the seat.

Automatic operation of the delay-release-
mechanism occurs after reaching the barostat
altitude (16 000 ft) or, in ejections below this
altitude, when the seat is decelerated to parachute-
opening speed.

The headrest / parachute container is fired from the
seat to pull out the parachute. The recoil produced
is also used during the process of man/seat
separation.

EJECTION SEAT

The ejection seat is mounted on the guide rails and
the telescopic ejection gun. The firing handle is
connected to an electromagnetic ignitor unit which
starts the ejection sequence.

Electromagnetic ignitor cartridges are installed for
initiating the ejection gun, activating the retraction
units and raising the windshield.

Percussion cartridges are installed for the ejection
gun, the drogue gun and the firing mechanism of
the rocket motor.
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EJECTION SEQUENCE
EJECTION HANDLE ]
PULLED
AUTOMATIC SEQUENCER
0
! i P
AIRSPEED| (' TESTER RETRACTION TMEDELAYOSSEC] &
SENSOR [TESTER] PYROCARTRIDGE ' =
e
/ 0
RETRACTIONOF: |  ["oanopy E
HARNESS JETTISON [* s
v LAP BELT £
DEFLECTOR ARM PROTECTORS
INITIATOR LEGLIFT
TIME DELAY 0.5 SEC
Loy
A
EJECTION by
GUN__ | [BAROSTAT][BAROSTAT] <
6500 FT || 16000 FT
¥ DEFLECTOR 0
DROGUE GUN il °
INITIATOR 0 i z
& @ &
EMERGENCY 2 2 )]
OXYGEN Y o - <
LEG RESTRAINT el e i W
LINES v 0 2 M
DROGUE GUN N o o
FIRED £ + Ly
A
y
v TIMER 0.1 - 1.75 SEC
DROGUE CHUTE IF BELOW 6 500 FT £
DEPLOYED =
: :
PARACHUTE i
DEPLOYMENT n
UNIT m
i |
\4
RELEASE OF: SHOULDER|  [DEFLECTOR =
LAP BELT HARNESS RELEASE Sk z
ARM PROTECTORS RELEASE DEPLOYED 9
EJECTION HANDLE | CUTTER | i
w
-
2
I
Y A g
LOCATOR| [ SURVIVAL| [ DINGHY x
BEACON | | PACK Ky
Figure 1-50
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EJECTION GUN

The ejection gun provides the initial power for seat
ejection by means of a single percussion-fired
cartridge. The gun consists of three major
assemblies, which are the breech firing
mechanism, a fillet transition piece and a telescopic
launch tube.

The gun assembly is mounted to the seat structure,
except for the inner barrel of the launch tube, which
is mounted to the bulkhead of the cockpit.

1 After ignition, the gun develops thrust for 0.2 sec.
As the seat raises along the guide rails, it extends
an initiator cable which fires the rocket motor when
the seat has been raised between 104.5 and
107.5 cm.

ROCKET MOTOR

The thrust of the ejection gun will be sustained by
the rocket motor, located under the seat pan, and is
ignited as the seat leaves the ejection gun. A static
line, incorporated in the rocket firing unit, cocks and
triggers a firing pin to fire the ignition cartridge.

The gas pressure, generated by this cartridge
ignites the rocket propellant. The rocket motor
develops a thrust of 3 300 kg.

DROGUE GUN

| Two drogue arms are mounted on the right and left
side of the head rest. They consist of a firing
mechanism and a telescopic rod with built-in
drogue chute.

The unit is triggered as the ejection seat raises
along the guide rails. The gas pressure of the
cartridge extends each rod aft at an angle of 15°,
and deploys the drogue chute of 0.06 m®. The
drogue chutes are ribbon-type chutes with opposite
direction of rotation, thus actively stabilizing the
seat.

DELAY UNIT

Two independent time release mechanisms are
installed to the right and left side of the main beam
assembly. Their function is to delay deployment of
the personal parachute and separation of the
occupant from the seat until it has descended from
high altitude and/or slowed enough to prevent
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excessive opening shock of the personal

parachute.

A barostat assembly prevents operation of the time
delay above a preset altitude. The barostat of one
delay unit is set to an altitude of 16 000 ft MSL,
19 500 ft when flying above 13 000 ft mountainous
terrain. The associated time release unit is set to
4 sec.

The barostat of the second delay unit is set to an
altitude of 6500 ft MSL, 10000 ft when flying
above 18000ft mountainous terrain. The
associated time release unit is set to 0.7 sec.

Although both time delay units operate
independently, each unit triggers the parachute
deployment mechanism of both units.

At altitudes below 6500ft, the time release
mechanism of the second delay unit is adjusted for
the airspeed at time of ejection. Depending upon
the speed, the time is readjusted from 0.1 sec at
375 KTAS up to 1.75 sec at 750 KTAS.

HARNESS POWERED RETRACTION UNIT

The ejection seat contains a powered inertia lock
which provides a velocity (g-sensing) system
(inertia lock) and a power retraction system. The
inertia lock provides safe restraint during violent
aircraft maneuvers. Restraint is accomplished by a
g-sensing mechanism functioning in accordance
with acceleration (2 g). Manual locking of the inertia
reel lock can be accomplished by the shoulder
harness release handle on the left forward side of
the seat bucket. The powered retraction system
provides automatic retraction of the shoulder
harness for ejection. The device is gas-powered
and functions only when the ejection handle is
pulled.

LAP RETRACTION UNIT

A lap arrestment unit provides the pilot with a safe
hold in the seat during normal flight. Manual
adjustment can be accomplished by the lap
adjustment lever on the right side of the seat
bucket. A gas-powered retraction system is
automatically activated when the ejection handle is
pulled.



GAF T.0. 1F-MIG29-1

ARM PROTECTION SYSTEM

To prevent flailing injuries to the arms during
ejection, an arm protection system has been fitted.
The system consists of two metal blades mounted
to the side of the backrest. As ejection is initiated,
the arm protectors are rotated down to a horizontal
position. The device is gas-powered and operated
simultaneously with the shoulder harness and the
lap retraction.

WINDSHIELD

A windshield is mounted to the front of the seat
bucket to protect the pilot from the windblast during
high speed ejection. The unit consists of two
telescopic rods which extend and raise a shield of
Kopran ribbons in front of the pilot. The system is
designed to extend even when one of the
telescopic rods fails.

The windshield is activated above 485 KTAS only
and is raised by an electro-pyrotechnic charge.

LEG RESTRAINT LINES

The leg restraint lines are routed along the cockpit
sidewall, the instrument panel and the control stick
casing. The restraint lines are fixed into position
with clips.

Paddings are fixed to the section of the restraints
which actually retract the legs.

When the seat is ejected, the occupants legs are
firmly pulled against the seat bucket.
Simultaneously the thighs are lifted to optimize
body position during ejection.

PERSONAL PARACHUTE

A 60 m2 personal parachute is packed into the
headrest container, located on top of the seat
beam.

Upon release from the delay units, two cartridges
are fired to separate the container and pull out the
parachute.

The gases of the cartridge are also used to operate
cutters for simultaneous man / seat separation and
activation of the emergency locator beacon and the
survival pack.

The personal parachute is connected to both
shoulder harnesses by canopy quick release
connectors. The quick release connectors can be
opened by pressing the latches on both sides
simultaneously after a safety guard, located
between these latches has been pulled forward.
The purpose of the safety guard is to prevent
inadvertent operation of the quick disconnect.

EMERGENCY OXYGEN SYSTEM

An emergency oxygen bottle is installed in the
ejection seat bucket. Activation of the oxygen bottle
is accomplished automatically upon ejection. The
emergency oxygen can be activated manually by
pulling upon the emergency knob (red mushroom).

The pressure bottle contains 0.7 | of compressed
oxygen at a pressure of 180 kp/cm?2, indicated on
the pressure gage.

The bottle supplies 100 % oxygen for about 6 min
during emergency descent, 3 to 4 min during high
altitude ejection and 3 min at low altitude.

EMERGENCY OXYGEN KNOB (Red Mushroom)

The emergency oxygen knob is on the right side of
the seat bucket. Once the emergency oxygen knob
is pulled, it cannot be shut off.

SEAT POSITION SWITCH

The seat may be adjusted vertically only.
Positioning is accomplished by actuating a
momentary contact switch located on the right side
of the seat bucket. The seat can be adjusted (up or

down) through a total range of 135 mm. It is not ||

necessary to adjust the seat height before ejection.
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SURVIVAL PACK

The survival pack contains the survival equipment,
the emergency locator beacon, the emergency
ration, the first aid kit and the distress signaling kit.

It is stored in the seat pan, side by side with the
dinghy. A cushioned profile seating face, designed
and shaped to give maximum support to the
crewmember covers the equipment.

The survival pack will be released automatically
after man / seat separation thereby inflating the self
inflating floating device of the emergency locator
beacon and the dinghy automatically. Dinghy
bottom and the spray deflector can be inflated
through rubber tubes after landing.

The profile seating face will be retained, and the
dinghy, emergency locator beacon and survival
pack remain attached to the life vest by a lowering
line. If the dinghy fails to separate completely,
tearing up the sewed up portion of the dinghy
lowering line abruptly will cause the lowering line to
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extend completely separating the dinghy from the
seating face.

NOTE

e Should the dinghy fail to unfold
before landing, it can be inflated
manually by pulling a handle on the
CO> bottle.

e Should the self inflating floating
device of the emergency locator
beacon fail to inflate completely, it
can be inflated manually.

DUAL EJECTION

As soon as either the F/C or the R/C ejection
handle is pulled, the ejection sequence starts. The
rear seat always ejects first, followed by the front
seat after 1 sec.



GAF T.0. 1F-MIG29-1

AIR CONDITIONING AND
PRESSURIZATION SYSTEM

The air conditioning and pressurization system

| (refer to figure FO-14) consists of two major
systems, one for the cockpit and one for electronic
equipment compartments. The cockpit air is
conditioned so that it wil have a defined
temperature and pressure. The air conditioning
system for the avionics provides cooled air for the
various equipment compartments.

Engine bleed air for both systems passes through a
common line to a pair of identical pressure reducer
valves, arranged in series for fail-safe operation.

It is routed through a parallel arrangement of two
air-air coolers and an evaporator cooler. Behind the
evaporator cooler, the airstream is divided for
equipment cooling and cockpit air conditioning.

The air for equipment cooling is passed through a
turbo cooler, and as a cooling medium through a
heat exchanger / dehumidifier for the cockpit air
before being supplied to the equipment
compartments.

The air for the cockpit is passed through the heat
exchanger / dehumidifier and cooled down in a
second turbo cooler. After being mixed with hot air
from the pressure reducer valves, it enters the
cockpit through several manifolds.

Hot bleed air used for windshield defogging is
taken from the pressure reducer valves and routed
to a motor driven valve which remains open at
airspeeds below M 0.8.

CABIN TEMPERATURE CONTROL

The temperature of the air which is supplied to the
cockpit and / or canopy is regulated by regulating
the mixing ratio of cold and hot air. Normally the
ratio is adjusted automatically to maintain the
selected cockpit temperature. However, manual
adjustment is also possible. DG power is required
for temperature control.

CABIN PRESSURIZATION MIG-29G

Pressure in the cockpit is controlled by a cabin
pressure control valve. When the aircraft is below
6500 ft, the control valve automatically maintains a
pressure difference of 0.05 kp/em2 (50 hPa) or
less. From 6500ft up, differential pressure
increases up to 40 000 ft, The differential pressure
of 0.29 to 0.31 kp/cm2 (300 +10 % hPa) obtained
between 30000 and 40000ft is maintained
constant at higher altitudes. Refer to figure 1-51.

CABIN PRESSURIZATION SCHEDULE MIG-29G
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GAF T.0. 1F-MIG29-1

A safety relieve valve controls the cabin pressure
at a nominal 0.33 kp/cm2, 33 kPa above ambient
pressure in case the cabin pressure control valve
fails. If ambient pressure exceeds cabin pressure,
a vacuum valve opens fo allow pressure
compensation.

CABIN PRESSURIZATION MIG-29GT

Cabin pressure is controlled by a cabin pressure
control valve. Prior to takeoff and immediately after
landing, the cockpit is not pressurized. Inflight, the
cockpit is pressurized to a cockpit altitude
equivalent to an altitude below mean sea level
immediately after takeoff. As altitude increases,

differential pressure increases so that a cockpit
altitude equivalent to mean sea level is maintained
up to approximately 4 000 ft. From 4 000 ft up, the
pressure differential increases confinuously until a
differential pressure of 290hPa is reached at
12000ftMSL. Above 12000ft a differential
pressure of 290hPa is maintained. Refer to
figure 1-51A.

A safety relieve valve controls the cabin pressure
at a nominal 315 hPa to 340 hPa above ambient
pressure in case the cabin pressure control valve
fails. If ambient pressure exceeds cabin pressure,
a vacuum valve opens to allow pressure
compensation.

CABIN PRESSURIZATION SCHEDULE MIG-29GT
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WINDSHIELD DEFOGGING

Fogging of the windshield is prevented by heating
the inside surface of the glass with hot air. Air from
the pressure reducer valve is delivered through
defogging manifolds at airspeeds below M 0.8.

Cold air is automatically mixed with the hot air to
prevent inconvenient cockpit temperature. When

the mixing valve is fully open, windshield defogging
is automatically shut off to prevent an
overtemperature. Manual shut down is possible
with the CABIN AIR lever.

INDICATIONS AND WARNINGS
INDICATION FAULT / EFFECT
AEKRAN |CABIN LIMIT PRESS DESCEND] Cabin altitude above 42 650 ft £1 640 ft,

1-80B Change 4
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. ANTI G VALVE VENT SUIT VALVE

The anti g valve controls air delivery to the antig  The ventiation suit valve controls air delivery to a
suit. Air is tapped from downstream of the air-air  ventilation suit. Air is tapped from downstream of
coolers, passed through a regulator valve, anantig  the turbo cooler, passed through an ejector valve
valve, and delivered to the suit via the PEC. Below  and mixed with hot air, and delivered via the PEC.
2.5 no pressure passes through the suit. Above

2.5 g, the anti g valve controls the suit pressure in

proportion to the g-forces experienced.

NOTE

For proper inflation of the anti g suit,
the pressure regulator must be set
to min. Any position other than min
will  resut in premature
pressurization.
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CABIN TEMP SWITCH

The cabin temp switch is located on the RH side
wall. The four position switch permits selection of
automatic temperature control system or manual
adjustment of cockpit temperature.

The switch positions are:

AUTO Cockpit temperature is automatically
adjusted in accordance with the
setting of the cabin temperature
control knob on the main vertical

console.
Center It is the neutral position and
position removes the electrical supply from

the mixing valve and as a result
freezes the valve in it's last
position.

HOT/COLD The mixing valve is driven in the
appropriate direction. The switch
should only be bumped to the
position momentarily to prevent the
valve from driving to an extreme
temperature position.

CABIN TEMPERATURE CONTROL KNOB

The cabin temperature control knob permits
selection of the desired cockpit temperature,
provided the CABIN TEMP switch is in the AUTO
position.

CABIN AIR LEVER

The cabin air lever regulates the volume of air
delivered from the air conditioning system. In the
CLOSED position, windshield ~defogging is
manually shut down.

AIR LEVER

The air lever routes the air either to the manifolds
directed towards the pilot in the position pilot or the
ones towards the canopy in the position open.
PRESSURE REGULATOR

The pressure regulator controls volume and
pressure of the air used for inflation of:

- Anti g suitin MIN.

- Partial pressure suit in MAX.

SUIT VENT CONTROL KNOB

The suit vent control knob adjusts temperature and
flow of the air routed to the ventilation suit.
COMBINED OXYGEN INDICATOR

The utmost right scale of the combined oxygen
indicator displays differential pressure between

cockpit pressure and outside air pressure. See
oxygen system in this section.

INDICATIONS AND WARNINGS
INDICATION FAULT / EFFECT
Temperature of the air towards the equipment
AEKRAN | | NO COOLING | compartments exceeds +80° C.

VIWAS

"AUSFALL KUHLUNG GERATESEKTION"
'VERRINGERE TEMPERATURREGIME"

NOTE

A reduction of the temperature in
the equipment compartment can
only be achieved by reducing the
airspeed.

1-92
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° LIGHTING SYSTEM

The lighting system consists of the external and
internal lighting equipment. Refer to figure 1-53.

. LIGHTING SYSTEM CONTROLS

EMERG MSL @
JETT

LAND LIGHT / TAXI
SWITCH

AFT LIGHTING CONTROL PANEL

Figure 1-53
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EXTERNAL LIGHTING

The external lights include navigation lights, anti
collision lights, landing and taxi lights. All external
lights are powered by the DC system.

NAVIGATION LIGHTS

Two position lights are installed at the wing tips, a
green one right, a red one left and a white one at
the left vertical stabilizer.

All navigation lights are controlled by the NAV LTS
switch located on the forward lighting control panel.

The selectable modes are: OFF, 100 %, 10 %, and
FLASH.

On the ground, the navigation lights will be in the
10 % intensity mode regardless of mode switch
setting.

ANTI COLLISION LIGHTS

Anti collision lights are installed behind the cockpit
and on the left engine bay. These lights are
controlled by the ANTI COLL switch.

LANDING / TAXI LIGHTS

Two landing lights are installed, one on each main
landing gear door, and a single taxi light on the
nosewheel strut.

The light beam of the right landing light is angled
down 10° with respect to the horizon, and offset by
12° to the left with respect to the aircraft’'s center
line.

The light beam of the left landing light is angled
down 8° and offset 14° left.

The light beam of the taxi light is aligned parallel to
the horizon and to the center line of the aircraft.

The landing as well as the taxi lights are powered
by the DC supply system and are controlled by the
LAND LIGHT / TAXI switch located on the left side
of the instrument panel.

1-94 Change 4

With the switch in position TAXI, only the taxi light
is on, whereas both taxi and landing lights are on
when the switch is in the LAND LIGHT position.

The landing lights are disabled when the landing
gear is retracted regardless of the position of the
control switch.

INTERNAL LIGHTS

The internal lighting equipment comprises console
panel lights, instrument lights, console flood lights,
spot lights, map reading light and associated
controls. The control panels and indicators are
powered by the AC system, and the console
floodlights for the panels, instruments and the map
reading light, by the DC system.

The instruments are illuminated with shielded light
fixtures located adjacent to each indicator. The
major left and right console control panels are
indirectly illuminated. The lights are controlled by
rheostat-type switches located on the aft lighting
control panel.

The control knobs are assigned to the various
illumination systems as follows:

The PANEL control knob has a dual function. If
pushed in, it allows manual intensity control of all
cockpit information and warning lights except
AEKRAN. If pulled out, intensity is automatically
controlled by a photo diode according to ambient
brightness.

The MAP ILLUM control knob switches and dims
the map reading light located near this panel.

- The instrument illumination is switched and
dimmed with the INSTRUMENT control knob.
The CONSOLE control knob switches and
controls the intensity of the indirect illumination of
various switches and control knobs.

Two more control knobs are located on the forward
lighting control panel to control the floodlights and
the brightness of the landing system signal panel
illumination.
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OXYGEN SYSTEM

The oxygen system is a pressure demand system,
and consists of a main system, located in the
fuselage, an engine supply system and an
emergency system on the ejection seat. Refer to

| figure FO-15. The oxygen supply for the main
oxygen system and for the engine supply is
replenished  through  one  single  charging
connection. Emergency oxygen supply is charged
directly to the bottle.

MAIN OXYGEN SYSTEM

The main oxygen system supply consists of three
4liter high pressure gaseous oxygen bottles
I (MiG-29GT seven bottles), charged at 150 kpfem®.
Further components are a oxygen flow valve, a

pressure reduction valve, an oxygen flow regulator,

a PEG, a pressure regulator, the combined oxygen
indicator and the oxygen contral panel. The system |
is mechanically controlled, however, 115 VAC is
required for indicator operation.

ENGINE SUPPLY

Refer to ENGINE STARTING SYSTEM in this
section.

EMERGENCY OXYGEN SYSTEM

Refer to EJECTION SEAT SYSTEM in this section.

OXYGEN SYSTEM CONTROLS AND INDICATORS
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Figure 1-54
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OXYGEN FLOW VALVE

The oxygen flow valve is a rotary knob marked
OPEN / CLOSE on the LH console. It controls the
supply of oxygen to the system.

OXYGEN CONTROL PANEL
MIX - 100 % switch

The blue MIX - 100 % switch allows the selection of
either an oxygen / air mixture or pure oxygen.

EMERGENCY ON - OFF switch

The red EMERGENCY ON - OFF switch permits
selection of 100 % oxygen with positive pressure or
normal oxygen supply. The switch should remain in
OFF position at all times, unless an unscheduled
pressure increase is required. Moving the switch to
EMERGENCY ON provides 100 % oxygen with
continuous positive pressure to the face mask.

NOTE

When  EMERGENCYON s
selected, use of oxygen is 2 to 3
times higher than normal. Quantity
remaining must be continuously
monitored,

HELM VENT ON - OFF switch

The black HELMVENTON-OFF switch is
provided to activate the helmet ventilation system.

OXYGEN PRESSURE REGULATOR

The pressure regulator comprises an airmix and a
100 % oxygen demand type regulator. With MIX
selected, the air/ oxygen ratio is determined by an
alr inlet valve and thus varies according to cabin
altitude, Below 6 600 ft, pure cabin air is delivered.
Above 6600 ft, the air inlet valve reduces the air
percentage until 100 % oxygen is delivered at
26000 ft. Above 40000 ft, pressure breathing is

introduced with pressure increasing with altitude.
Between 0 and 40 000 ft, with 100 % selected, the
100 % regulator delivers 100 % oxygen. Above this
level, pressure breathing is introduced with
pressure increasing with altitude.

COMBINED OXYGEN INDICATOR
Operation of the oxygen system can be monitored

on the combined indicator located in the center of
the front panel.
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Figure 1-55

The instrument has three thermometer-type scales
with triangular pointers and cne rectangular pointer
for oxygen flow.

The following parameters can be monitored:

- Cabin altitude:
The scale is calibrated in km. As long as the
cabin is not pressurized, the pointer indicates
actual flight altitude.

- Oxygen quantity:
100 % is indicated with a pressure of 150 kp/cm?”
in the oxygen bottles. As the pressure decreases
indication drops proportionally.

- Oxygen flow:
During normal oxygen flow, the pointer moves
up during inhalation and moves down during
exhalation. A steady pointer indicates that no
oxygen is supplied (e.g. with MIX selected at low
altitucle).

- Cabin pressure differential.

INDICATIONS AND WARNINGS

INDICATION FAULT / EFFECT
AEKRAN | | EMERG OXYGEN RESERVE| | Oxygen quantity 15 %.
VINAS | "'SAUERSTOFFVORRAT MINIMAL'
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COMMUNICATION AND AVIONIC EQUIPMENT

ANTENNA SYSTEM

1. RADAR 5. RHAW 9. RAD ALT
2. IRSTS 6. UHF / VHF RADIO 10. MARKER BEACON
3. TACAN 7. XT-2000 11, NOT USED
4. ADF 8. IFF/SIF
Figure 1-56
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VHF / UHF RADIO

Voice communication is provided by the VHF / UHF
radio. 2 000 VHF and 7 200 UHF frequencies can
be used. 29 preset frequencies are available, with
UHF guard channel monitoring.

NOTE

Due to the wide-band antenna
location in the right fin-tip,
communication may be interrupted
momentarily during turns exceeding
45°A0B.

RADIO Switch

The radio switch is located on the right console.
Power to operate the VHF / UHF radio is supplied
by the DC generator or the batteries.

VHF / UHF FREQUENCY CONTROL PANEL

A VHF/UHF frequency control panel (refer to

figure 1-57) is installed on the LH console. The
function of each control is:

@ ADF
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Figure 1-57
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Communication Frequency Toggle switches

With the preset/manual switch on MAN., five
toggle switches are used to select the desired
frequency. Physically, frequencies from 100.000 to
399.975 MHz in increments of 0.025 MHz can be
selected. However only frequencies from 100.000
to 149.975 MHz and 220.000 to 399.975 MHz can
be used. The selected frequency is displayed on
the VHF / UHF radio indicator panel. However, the
last digit (0or5) is not displayed. If an unusable
frequency is selected, the indication flashes.

Preset / Manual Switch

This switch controls the frequency selection
method. In MAN., the frequency is selected with the
toggle switches , in PRE, frequency is selected with
the channel selector knob on the indicator panel.
VHF / UHF RADIO PANEL

A VHF / UHF radio panel (refer to figure 1-57) is

installed on the LH console. The function of each
control is:

Volume Control Knob

Clockwise rotation of the volume control knob
increases the communication receiver volume.

Guard Receiver Select Switch

With  GUARD RCVR
frequency is monitored.

selected, UHF  guard

Squelch Switch

The squelch switch enables and disables
communication receiver squelch,

Guard Receiver Control Light

The light illuminates when guard transmissions are
received even if the guard receiver is deselected.

ADF Switch

With ADF selected, transmissions on the selected
ADF frequency can be monitored.
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VHF / UHF INDICATOR CONTROL PANEL

I A VHF/UHF indicator control panel (refer to
figure 1-58) is installed on the instrument panel.
The function of each control is:

CHANNEL FREQUENCY DM |STORE
&) ] [l &1
" VHF /| UHF
Figure 1-58

Channel Selector Knoh

With the preset/ manual switch in PRE, 29 preset
frequencies can be selected.

Channel Display

The selected channel is displayed.

Frequency Display

With the preset/manual switch in PRE, the
frequency of the selected channel is displayed. In
MAN., the manually selected frequency is
displayed, except the last digit.

DIM Knob

The DIM knob is used to adjust the brightness of
the channel and frequency display.

Store Pushbutton

Pushing the store bution enters the frequency
selected with the toggle switches to the indicated
channel.

VHF [ UHF RADIO OPERATION

The VHF / UHF equipment is activated by switching
the RADIO switch to ON. Transmission is
accomplished by pressing the throttle-mounted
microphone button. The receiver signal can be
controlled with the volume knob on the control
panel.

Manual Frequency Selection

Set preset / manual switch to MAN. Enter a six-digit
frequency via the toggle switches. The last two
digits (00-25-50-75) are selected with one toggle
switch.

Channel Selection

Set preset/ manual switch to PRE. Select desired
channel with the channel select knob. Channel
number is displayed on the channel display, and
the corresponding frequency on the frequency
display.

Channel / Frequency Loading

If a stored frequency needs to be changed, select
the desired channel. Insert the new frequency via
the toggle switches. After pressing the STORE
button, the new frequency is displayed on the
frequency display and stored simultaneously.

EMERGENCY UHF RADIO (XT-2000)

The emergency UHF radio provides air-to-air and
air-to-ground communication on the UHF preset
distress frequency of 243.0 MHz, and two further
preset channels. The radio can also be used as
guard or auxiliary receiver in the airbome
communication system. The radio is powered by
28.5 VDC and utilizes the emergency UHF antenna
in the left vertical fin.
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CONTROLS AND INDICATORS

The emergency UHF control panel is installed on
the forward LH console.

Function Selector

The function selector is a rotary knob with positions
marked OFF, R and T/R.

OFF Electrical power is disconnected

R The system can only receive

T/R The system is able to transmit and
receive

Volume Control Knob

The volume control knob adjusts the audio level of
the receiver.

Channel Selector

The channel selector, which is labeled CHAN, is a
rotary knob with positions 1, 2 and G.

1,2 Select one of two preset channels
G Select the UHF distress frequency
(GUARD) of 243.0 MHz

Test Pushbutton and Indicator Light

The test pushbutton and indicator light is used for
performing built-in test to determine if the system is
operating properly.

Built-In Test

1. Function selector - T/R

2. Channel selector - To desired channel
3. Test pushbutton - Press and hold

1-100

The indicator light illuminates and remains
illuminated as long as the pushbutton is held, and a
short tone is heard if the system is operating
properly. If there is a system malfunction, the
indicator light flashes momentarily and then
extinguishes, and the audio tone is not heard.

EMERGENCY UHF RADIO OPERATION
Use as guard or auxiliary receiver :

1. Function selector -R

2. Channel selector - To desired channel

3. Test pushbutton - Press

4. Volume control knob - To desired audio level

Use as a transmitter / receiver :

1. Function selector -T/R

2. Channel selector - To desired channel

3. Test pushbutton - Press

4. Volume control knob - To desired audio level
5. PTT button - Press for transmission

INTERCOM SYSTEM

The intercom (I/C) system enables communication
between the ground crew and the pilot.

GT: The I/C enables additionally communication
between the two cockpits.

All audio warnings produced by various aircraft
systems and identification signals from radio and
navigation equipment are routed to the pilot’s
headset. Volume of the radio and navigation
equipment can be adjusted by the relevant volume
control. Aircraft warnings are transmitted at an
audio level high enough to attract attention. Ground
crew / pilot communication is adjusted at a level to
provide understanding. Audio signals which may be
heard over the I/C are listed with the relevant
system, VIWAS signals in section 3.
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RECORDERS
HUD CAMERA

Control signals from the fire control system triggers

camera operation, refer to GAF T.O.
1F-MiG29-34-1.
FLIGHT DATA RECORDER

The flight data recorder (FDR)/TESTER records
flight parameters and the operation of important
aircraft systems.

Conservation of recorded data is assured under
the following conditions:

- Impact with g-forces up to 1 000

- Temperatures up to 1 000° C during 15 minutes
- Exposure to sea water up to 5 days

- Exposure to fuel up to two days

I The recorder is powered by 28.5 VDC. The data

recording is made of the last three hours of the
aircraft operation.

Controls and Indications

The recorder is activated manually with a switch
labeled RECORD on the RH console.

If not activated manually, automatic operation
starts at or above 85 % engine RPM with the
trailing edge flaps down, or if the weight is off the
right main gear at any RPM.

Operation

Data from the flight data recorder are transferred to
the ground evaluation system without extracting the
tape, at a rate 8-12 times faster than the
recording. They are used to make an express
analysis of aircraft and system operation.

The express analysis contains following information
on a data sheet:

- Aircraft number

- Flight number

- Date of flight

- Sequence number of the malfunction

- Channel number for recorded data and extreme
values

- Start and end time of occurrences or
malfunctions

In addition, the following possibilities are available:

- Display in a graphical form of the coded values
as recorded by the FDR
- A print-out of all malfunctions

List of Recorded Parameters

Aircraft velocities, rates and control surface

positions:

- Aircraft velocity

- TAS

- Barometric altitude

- Altimeter setting

- G-forces in all axes

- True course.

- AOB

- Pitch angles

- AOA

- Deflection angle of tailerons
- Deflection angles of the rudders
- Control stick deflection

- Pedal position

- Aileron position

- Mach number

Change 2 1-101
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Engine parameters:

'

RPM of engine HP compressors

RPM of engine LP compressors

Air temperature at the intake of the engines

- Fuel pressure at the first stage of the engines

Fuel quantity

- Oil pressure in the ENG GBX

- QOil pressure of the engines

- Position of the exhaust nozzle flaps at the critical
cross section

- Pressure at the exhaust of both engines turbines

- Pressure at the intakes of both engines

- Temperature at the exhaust of the engine
turbines

- Throttle positions

- Vibration of the ENG GBX

- Vibration of the engine turbines

AFCS system:

- Stroke of the yaw damper actuator

- Stroke of the longitudinal damper actuator
- Stroke of the feel unit actuator

- Stroke of the aileron trim drive

- Stroke of the pitch trim drive

- Discrete signals of the AFCS system

Electrical power supply:

- AC bus voltage 115V, 400 Hz
- DC bus voltage 22 to 28.5 V

Discrete signals:

- Failure of the main hydraulic system
- Failure of the hydraulic booster system

1-102 Change 2

Backup system of the LH engine
Backup system of the RH engine
LH engine overheated

RH engine overheated

No fuel flow

Reduce RPM of LH engine
Reduce RPM of RH engine
Surge of RH engine

No oil pressure in the GBX
Fire

Speedbrakes out

Landing flaps down

Landing gear retracted

Eject

Engine surge LH

Engine surge RH

Jettison of the canopy
Louvers open/closed

AB of the LH engine

AB of the RH engine
Position of LEF

Signal of the marker receiver
PTT button depressed

550 kg fuel remaining
Trigger operation

External stores loaded

Service parameters:

Calibration voltage index for self-check

Mission time in seconds
Mission time in minutes

Initialization sequence number of the FDR

Overflow voltage
Aircraft number
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The aircraft navigation system consists of the gyro
platform reference system, navigation computer, air
data computer (ADC) and radio navigation
equipment. The gyro platform reference system
consists of a main and a standby platform, the

radio navigation system of TACAN, ADF and
marker beacon receiver. All systems are closely

interfaced

information throughout all flight phases.
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NAVIGATION SYSTEM CONTROLS
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GYRO SYSTEMS

The gyro systems are used to measure bank and
pitch angles, course and acceleration along the
axis of the platform. They supply the primary
azimuth and attitude reference, and additionally
supply direction, velocity, and distance inputs to the
navigation computer. The system utilizes DC power
from the generator or the batteries. 115 VAC and
3 phases 36 VAC are supplied by the AC generator
and the transformer, or by the PTO. However, the
PTO capacity is insufficient to supply heating power
to the gyro system.

The unit consists of the main and of the standby
gyros, an analog/digital computer, operating
controls for variation (behind the ejection seat) and
latitude, a flux valve and BITE.

Each system uses a gyro-stabilized platform upon
which three accelerometers are mounted. With the
platform stabilized in pitch and roll by gyros and
oriented along the aircraft axis, the accelerometers
sense acceleration in any direction. This
acceleration is processed by the analog/ digital
computer to provide course reference, attitude
information, main gyro platform stabilization and
signals for the navigation computer. A circuitry
corrects for apparent precession, based on preset
latitude.

GYRO ALIGNMENT

With the BAT-GND SUPPLY switch and the
generator and navigation switches placed to ON,
power is applied to bring the gyro platforms to
operating temperature. MAIN and STBY switches
are selected for stabilization of the platforms. Prior
to the alignment, the appropriate aerodrome has to
be selected.

Fast Alignment

The alignment cycle is started by placing the MAIN
and STBY gyro switches to ON,
PREPARE / OPERATE switch in PREPARE.

After approximately 30 to 40sec, heading
reference is inserted to the analog/ digital
computer by pressing the mag heading slave
button and COURSE CMPTR ZERO pushbutton
simultaneously for 10 to 15sec. The
PREPARE / OPERATE switch has to be placed to
OPERATE within 90 sec after switching both gyros
to ON. After a total time of 3 minutes, the fast
prepare light on the right console rear panel
iluminates, indicating completion of the alignment
and system readiness. The light distinguishes
during T/O when the weight is off the main landing
gear.

Long Alignment

The PREPARE /OPERATE switch is left in the
PREPARE position until the NAV READY light
illuminates on the right console rear panel after 15
minutes, indicating completion of the alignment.
Alignment may last up to 20 minutes at
temperatures between -30°C and -60° C. When
switching the PREPARE /OPERATE switch to
OPERATE, the light extinguishes, indicating system
readiness.

NOTE

If long alignment has been
selected, and circumstances dictate
switchover to fast alignment, at
least 5 minutes should elapse prior
switching from PREPARE to
OPERATE.
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GYRO OPERATION

The gyro system can be operated either with the
main gyro platform or in the standby gyro platform.
However, the main gyro platform is more accurate
since digital integration is provided to the main gyro

platform only. In case of a main gyro system failure,
switchover from main to standoy has to be
accomplished manually.

INDICATIONS AND WARNINGS

INDICATION FAULT/ EFFECT
MASTER ) e
CAUTION | %/ FLASHING

| MAIN DIR VERT GYRO |

or
AEKRAN || STBY DIR VERT GYRO | | Failure of corresponding gyro system(s).
or
[ TWO DIR VERT GYRO |
ADI Gyro fail light
NAVIGATION COMPUTER

The navigation computer is the central unit of the
navigation system. It processes data from the
inertial navigation unit and from the air data
computer (ADC) to compute the present position
and to correct it according to TACAN signals, to
compute azimuth and distance information to a
selected, programmed navigation point, and
altitude deviations as well as ground track
information.

Additionally, the navigation computer produces
discrete control signals for automatic control of the
complete navigation system.

The navigation computer is provided with
28.5VDC, 115 VAC and 3 phases 36 VAC.

To reduce required computational capacity, a
relative coordinate system, restricted in latitude and
longitude, is used. The zero point of the system is
in the lower left corner. Required navigation points
are entered into the navigation computer via the
navigation computer programming panel, located
on the left side of the nose section.

Two different types of navigation computers are

available, CWU A-340-071M version 2204 and
version 2205,
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Computational capability of the CWU version 2204

is restricted in latitude and longitude to an area of
36° and one set of coordinates, while the CWU |l
version 2205 is restricted to an area of 40° and two
sets of coordinates.

OPERATING MODES

Four operating modes are possible. Normal
operating mode Is dead reckoning with TACAN
update.

DEAD RECKONING Mode

This mode is available after fast alignment, only
analog integration of both gyro platforms is
performed. Accuracy is minimal: 4 % of distance
traveled per hour of circular error probability, 1.5°
precession per hour, However, since no aerological
wind information data are processed, large
computational errors may be present.
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INERTIAL NAVIGATION Mode

The inertial navigation (IN) mode is available after
long alignment with the main gyro platform. Since
precise alignment was performed, maximum error
is 4.5 NM per hour of circular error probability,
precession 1° per hour.

UPDATE Mode

Automatic continuous navigation computer update
is available in both operating modes. System
inaccuracy is reduced to +0,2NM +0,1% of
distance to the station used for update. Three
individual TACAN stations can be programmed
prior flight for update purposes. The channel select
switch must be. placed to AUTO, the REL
BEARING switch to RSBN, and the landing switch
to OFF. TACAN is selected on the RH console. The
CORR light illuminates if proper signals are
received and automatic update is performed. For
update with a TACAN station, the programmed
station must be selected on the TACAN control
panel additionally.

Visual Update

The navigation computer can be manually updated
by pressing the COURSE CMPTR ZERO
illuminated pushbutton and releasing it upon
overflight of a selected and programmed waypoint
(WP) or airfield.

NOTE

Update is not possible if a
discrepancy of more than 21 NM
exists between the present position
computed and the actual position.

NAVIGATIONAL OPTIONS

Various navigational options are operated
according to the setting on the navigation control
panel:

- Point-to-point navigation

- Return

- Landing approach

- Traffic reentry (missed approach)
- Manual station select

POINT-TO-POINT NAVIGATION

Six navigation points can be programmed and are
selected by setting the WP-A/D switch and
selection of one of the three WP-A/D illuminated
pushbuttons.

The course to the selected coordinate is displayed
by the course pointer and the course window,
distance is displayed by the range indicator on the
HSI and on the HUD. As the aircraft closes on the
selected coordinate the D < 21 NM light illuminates.
Passing the coordinate, the lost bearing indication
will be shown until exceeding 3.2 NM distance
outbound.

RETURN

Pressing the RETURN illuminated pushbutton
provides bearing information to a lead point for the
nearest 9.2 NM final intercept to the selected
airfield, provided the correct landing direction is
selected with the COURSE switch and the update
function is operating. Slant range is indicated to the
selected A/D coordinates.

If automatic navigation computer update is
inoperative, course and distance to the aerodrome
reference point are provided.

During the approach, glide path information is

displayed on the ADI for a 7° glide slope to the final
intercept point at 3 700 ft AGL or QFE.
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TRAFFIC RE-ENTRY (MISSED APPROACH)

If the missed approach button is pressed, the
navigation computer supplies steering information
for a traffic pattem, provided the landing select
switch is off and TACAN correction is operative.
Steering is provided for a 5.4 NM downwind leg
and final intercept.

Pattern direction left or right hand is selected by
placing the circle Ileft-right switch to the
corresponding direction. Glidepath information is
displayed for a pattern altitude of 2 000 ft AGL or
QFE.

. 1F-MIG29-1

MANUAL STATION SELECT

With the channels MAN. / AUTO switch in MAN.,
bearing and distance to a selected TACAN station
is displayed. Navigation computer update is not
provided.

NOTE

With the CHANNELS switch in
manual, the final course must be
dialed in on the HSI to receive
steering commands.

NAVIGATION CONTROL PANEL

GYRO D<21)  CHANNELS
MAIN_ = ) sTBY AUTO (AN
CORR

—_— B
‘ﬁ ‘ WP AID—— B
R oA
b [121[s]: 0
e Lap W
AlD 1 9 3 g ADF
[ BEACONS ——
COURSE
@ ’ﬂ @J {HESETJJ {CMFTH}
i = | ZERO
1 2 3
315‘/’;35? CIRCLE
RETURN u LEFT —_LRIGHT
R
— S
E 01790
LANDING
‘m NAVIGATION LANDING
| 30
© (0) ©
IDENT / N

Figure 1-62
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NAVIGATION CONTROL PANEL

GYRO Switch

A two position toggle switch, positions marked
MAIN-STBY, selects the appropriate gyro system.
CHANNELS Switch

A two position
functions:

toggle switch with following

AUTO- Beacon selected for NAV system update

MAN. - NAV system not updated

WP-A/D Switch

A two position toggle switch, marked WP-A/D,
selects appropriate function of the corresponding
pushbuttons.

REL BEARING Switch

A two position toggle switch, positions marked
RSBN-ADF, selects TCN/RSBN or ADF display
on the HSI.

COURSE Switch

A two position toggle switch, positions marked
0-179° and 180-359°, selects appropriate
hemisphere for RWY in use.

CIRCLE Switch

A two position toggle switch, positions marked
LEFT-RIGHT, selects direction of LDG pattern.
LANDING Switch

A two position toggle switch to select the ILS if not
automatically switched in.

IDENT Button

This button is not in use.

WP A/D Buttons

Three combined pushbutton and indicator lights,
marked 1, 2, 3, to select a navigation point or an
aerodrome.

BEACONS Buttons
Three combined pushbutton and indicator lights,

marked 1, 2, 3, to select a beacon for NAV system
update.

RESET Button

A combined pushbutton and indicator light to
deselect the previously selected BEACON.

COURSE CMPTR ZERO Button

A combined pushbutton and indicator light to reset
the NAV computer.

RETURN Button

A combined pushbutton and indicator light activates
RETURN.

NAVIGATION Channel Window

Manually selected RSBN channel is displayed.

RSBN Channel Selector Knob

Selects desired RSBN channel in MAN.

LANDING Channel Window

Manually selected ILS channel is displayed.

ILS Selector Knob

Selects desired ILS channel.
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NAVIGATION COMPUTER
PROGRAMMING

The navigation computer programming panel is
located on the lower left side of the nose section.
Refer to figure 1-62A. It is used to program
following data:

- Reference latitude for the coordinate square

- Relative coordinates for 3 airfields

- Relative coordinates for 3 waypoints

- Relative coordinates for 3 beacons

- RWY direction for 3 airfields between 0° to 179.9°

- Heading for 4 visual heading reference points
(not in use)

- Reference heading for parking spot (not in use)

- 3 RSBN channels

- 3 ILS channels.

A second set of data has to be programmed with
the computer CWU version 2205, restricted to a
40° area, however, it cannot be selected from the
cockpit.

Programming is performed with an eight-digit code,
consisting of a two-digit address number, a single-
digit prefix number and the five-digit programming
code. Refer to figure 1-62B.

REFERENCE LATITUDE

Reference latitude has to be entered into the
computer to adjust the relative coordinate system.
In  the Northern hemisphere, the Ilateral
geographical coordinate complemented by three
zeros. In the Southern hemisphere, the lateral
geographical coordinates is subtracted from 360
and the result complemented by two zeros.

HEADINGS

The programming code for headings consists of the
geographical heading with the arc minutes and arc
seconds expressed in hundredth of degrees.
For programming of runway directions, the value
between 0.00 and 179.99 has to be selected.

COORDINATES

For programming of coordinates, the relative
coordinate is calculated to an accuracy of four
decimals, rounded to the third decimal and
expressed as an unfragmented number.
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The relative coordinates are obtained subtracting
the reference coordinates of the relative
coordinate system from the geographical
coordinates.

Sample problem:
Geographical coordinate: 54°20'22"N, 07°34’56"E.

Reference coordinate for the relative coordinate
system: 30°N, 10°W.

Latitude: Longitude:
54°20'22"“N 07°34’56"E
- 30°00°00"'N - 10°00'00"“W
24°20'22" 17°34'56"

To receive the five-digit programming code, the
relative coordinate has to be converted to a
decimal number by the following formula:

arc min , are sec _ g - digit code

arc degrees + 60 3600

Sample relative latitude:

24 +0.3333 + 0.0061= 24.3394

Five-digit code 24339
Sample relative longitude:

17 +0.5666 +0.0155 = 17.5822
Five-digit code 17582

The five-digit code has to be combined with the

address and the prefix number listed in
figure 1-62B.

Sample:

Waypoaint 3, relative latitude 24°20°22”
Address number for waypoint 3 latitude 4
Prefix number 0
Five-digit code for 24°20°22" 24339
Programming code 41024339 |
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RSBN/ILS CHANNELS

RSBN and ILS channels are entered in coded
format for navigation computer update. Since
RSBN and ILS are presently not in use, the
appropriate code list is not published in GAF T.0.
1F-MIG29-1. However, a random code has still to
be entered to permit nav computer update by use
of TACAN stations.

ENTERING DATA SET

To enter the data set, DC and AC power must be
available and the NAVIGATION switch on the
system power panel has to be switched to the ON
position.

The navigation computer programming panel is
switched on with the BKJT OTKJT (ON) button,

lumination of the data input display indicates
system readiness.

Pressing the CBPOC (RESET) pushbutton on the
keyboard sets the data input display to zero.

Before entering the data set in random sequence,
the opening code 77127777 has to be entered.

After entering each eight-digit code, the 3AI
(ENTER) button has to be pressed for data input.

After resefting the system with the CBKPOC
(RESET) pushbutton, the next code can be
entered. The CEPOC (RESET) pushbutton can be
used to delete the displayed code in case of an
input failure. After input of the complete data set,
the closing code 77139999 has to be entered o
complete data input.

When the computer CWU version 2205 is in use,
the code 25100001 has to be entered after the
opening code for input of the first data set, and
code 25100002 has to be used for input the second
data set. The same code is used for switching sets
between two sorties.

The YTEH (READOUT) button can be used to
check out valid codes. After entering the two-digit
address number and the prefix number and
pushing the YTEH button, the valid code is
displayed on the data input display.

INDICATIONS AND WARNINGS
INDICATION FAULT / EFFECT
MASTER | @  LIGHT
CAUTION | % FLASHING
AEKRAN | |___NAVIG COMPUTER | |No NAV system update.
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NAVIGATION COMPUTER PROGRAMMING PANEL

f_
/f_/_

kone | || A

==
Lu

L BK!1

} s |

KOHTP
TABJIO

~BIOKN

A-312-001
A-312-002
A-317-003A
A-317-003A

A-340-062

A-340-071, 052, -053
A-323-006

N
1

2
3
4
5
6
7

0 Tl

3A

On

pea [§ A
01Kl

CHPOC

1-110B Change 4

~N O OB R =

. DATAINPUT DISPLAY
. REPEATER DISPLAY

BIT

. ENTERBUTTON

. LAMP TEST BUTTON
. ON/OFF BUTTON

. KEYBOARD

Figure 1-62A




GAF T.0. 1F-MIG29-1

ADDRESS AND PREFIX NUMBERS

Reference Address number|  Prefix Code
Reference latitude 07 0 latitude complemented
by zero's
AD 1 relative latitude 11 0 thousands of degrees
ADA1 relative longitude 12 0 i
AD2 relative latitude 31 0 F
AD?2 relative longitude 32 0 .
AD3 relative latitude 51 0 !
AD3 relative longitude 52 0 £
WP 1 relative latitude 01 0 -
WP 1 relative longitude 02 0 5
WP 2 relative latitude 21 0 ¢
WP 2 relative longitude 22 0 .
WP3 relative latitude 4 0 i
WP 3 relative longitude 42 0 t
BEACON 1 relative latitude 44 0 :
BEACON 1 relative longitude 14 0 ‘
BEACON 2 relative latitude 45 0 1
BEACON 2 refative longitude 15 0 y
BEACON 3 relative latitude 46 0 ‘
BEACON 3 relative longitude 16 0 3
RWY direction AD 1 | geographical heading 10 0 hundredth of degrees
RWY direction AD 2 | geographical heading 30 0 "
RWY direction AD 3 | geographical heading 59 0 !
Heading reference 1 | geographical heading 27 0 2
Heading reference 2 | geographical heading 37 0 ’
Heading reference 3 | geographical heading 47 0 )
Heading reference 4 | geographical heading 57 0 ‘
Parking position geographical heading 55 0 {
BEACON 1 channel | code 04 1 not published in
BEACON 2 channel | code 05 1 GAFT.0. 1F-MIG29-1
BEACON 3 channel | code 06 1
ILS 1 channel code 13 1
ILS 2 channel code 33 1
ILS 3 channel code 53 1
Figure 1-62B
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TACAN

The TACAN system provides magnetic bearing and
slant range to the selected ground station, or to a
suitably equipped cooperating aircraft (air-to-air). A
suitably equipped cooperafing aircraft is one
equipped with bearing transmitting equipment. The
TACAN system can transmit only distance
information when interrogated in the A/A, T/R
mode. The TACAN system determines the identity
of the transmitting station and indicates the
dependability of the transmitted signal.

The system utilizes radio navigation frequencies,
the propagation of which is virtually limited to line of
sight distances. In case of co-channel interference
in T/R mode, the interfering channel identifier is
garbled. When a temporary loss of signals occurs,
amemory keeps range tracking for 15 seconds and
bearing tracking for 3 seconds. The TACAN
automatically self-tests after a temporary signal
loss and displays its status on the control panel.
The TACAN is supplied with 115 VAC by the AC
generator or the PTO,

TACAN ANTENNAS

The TACAN system uses an upper and lower
antenna to receive TACAN signals. Antenna
switching to the antenna with greatest signal
strength is automatic. For antenna location, refer to
figure 1-56.

TACAN CONTROLS AND INDICATORS

1 2
\ CHANNEL s
'
¢ e ™ waRec
; @\ OFF, NATR
P |
8 7 6 5 4 3
1. NAV CHANNEL WINDOW
2. VOLUME CONTROL
3. TACAN FUNCTION SELECTOR KNOB
4, CHANNEL SELECTOR CONTROL KNOB
(XIY SELECTION)
5. CHANNEL SELECTOR CONTROL KNOB
(UNIT DIGIT SELECTION)
6. TEST INDICATOR LIGHT
7. TEST BUTTON
8. CHANNEL SELECTOR CONTROL KNOB

Figure 1-63
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REL BEARING Switch

A two position toggle switch on the NAV panel,
selects the appropriate system for navigational
display.

TACAN Function Selector Knob

OFF Power disconnected

REC In the receive mode, no interrogation
pulse is transmitted. The bearing
identification of a selected ground
station are received. Range
information is not available.

TR In the transmit/receive mode, the
transmitter and receiver are active,
generating range and bearing
information from a selected ground
station.

A/AREC In the A/A receive mode, the system

receives and decodes bearing

information from a suitably equipped
cooperating aircraft. The channel of

the receiving aircraft must be either 63

channels above or 63 channels below

the suitably equipped, cooperating
aircraft channel but must be within the

1 through 126 X or Y channel range.

Both aircraft must be either in the X or

Y channel.

A/AT/R In the A/A transmit / receive mode, the

TACAN system interrogates a

reference aircraft and the slant range

to the cooperating aircraft is displayed,
see A/A REC above for channel
selection. In this mode, the TACAN
system provides distance replies to
other aircraft when interrogated.

Bearing to a suitably equipped

cooperating aircraft is also displayed.

The TACAN AN/ARN-118 system

can transmit only distance information

when interrogated in the A/A, T/R

mode. The maximum number of

aircraft to receive range information

simultaneously is limited to 5.
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NOTE

e In the air-to-air modes, to prevent
possible interference from IFF or
transponder  signals, channels
1 thru 11, 58 thru 74, and 121 thru
126 should not be used.

e To reduce the possibility of DME
interference, the use of Y channels
is recommended if the suitably
equipped, cooperating aircraft is
equipped with Y channel capabilities.

Channel Selector Control

The two rotary knobs are used to set the desired
TACAN channel. The left knob selects the tens and
hundreds digits of the operating channel. The right
knob selects the units digits of the operating
channel and contains an outer knob which selects
the X or Y channel. Placing the knob to X provides
capability for 126 channel operation. Placing the
knob to Y adds an additional 126 channel capability
to the TACAN system. The dial system is
numbered 0 to 129, each number from 1 to 126
represents a specific pair (transmitting and
receiving) of frequencies. Number 0, 127, 128 and
129 on the channel dial are not usable.

Channel Window

The selected TACAN channel is displayed on the
NAV channel window, followed by a X or Y for the
corresponding channel.

Navigation Volume Control Knob

The VOL control knob controls the volume of the

audio identification signal received from the
transmitting station.
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TACAN Test Button

The TACAN test button may be used fo test the
TACAN as follows;

- TACAN / RSBN switch - TACAN

- REL BEARING switch - RSBN

- Function selector knob - T/R

- Allow 90 sec for warm-up

- TACAN test button - press and release

Observe the following:

- Test indicator light flashes momentarily

- (HSI) Distance indicates 0.0 £ 05 miles
(-0.5 miles indicated as 399.5 miles)

- Bearing pointer slew to 180° £ 3°

- After about 15 sec normal TACAN lock-on

This test does not check the antenna interface.
TACAN accuracy should be checked against a
ground check point.

Automatic Self-Test

If the TACAN bearing signal becomes lost or is
unreliable, the TACAN system switches to
automatic self-test. The indications of the self-test
correspond to the manual test. If there is a detected
malfunction in the system, the test indicator light
comes on steady. If the indicator light illuminates
steady during the test cycle in both the T/R and
REC modes, the bearing and distance information
on the HSI is invalid. The self-test can be
terminated any time by turning either the TACAN
function selector knob or any of the channel
selector knobs.

Inflight Confidence Test

If TACAN indicator readouts become suspect
during flight, perform an inflight confidence self-test
of the TACAN system by setting the TACAN
function selector knob to T/R and then pressing the
TACAN test button, the test indicator light flashes
momentarily. If the test indicator light illuminates
steady during the test cycle in both the T/R and
REC modes, the bearing and distance information
are invalid. If the test indicator light comes on in the
T/R mode but not in the REC mode, the distance
information is invalid and the bearing on the HSI is
valid.

ADAPTER ASSEMBLY TACAN / RSBN

The adapter assembly TACAN/RSBN converts
TACAN signals to match NAV  system
requirements. Since RSBN inputs to the NAV
system, refer to TRUE NORTH, TACAN signals
must be corrected for variation to simulate RSBN
signals. DC power is required for operation.

Adaptation is limited to three programmed TACAN
stations selected with the BEACON buttons on the
navigation panel, CHANNEL select switch in
AUTO.

Requirements for adapter assembly operation are:

TACAN / RSBN switch TACAN

CHANNEL select AUTO

BEACON 1,2 or 3 select

TACAN control panel Channel selected
corresponding to the
beacon.

CONTROLS AND INDICATORS

Figure 1-64

TACAN / RSBN Switch

A two position toggle switch on the RH console,
selects the appropriate system as reference for the
navigation system.

RSBN Light

The light illuminates when RSBN is selected.
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AUTOMATIC DIRECTION FINDING

The ADF provides direction finding or radio
monitoring in the HF frequency band (150 to
1299.5kHz). Eight different stations can be
channelized for inflight use. However, a standard
setting is normally programmed.

The system is powered with 28.5 VDC and 36 VAC
from a transformer. Battery and DC/ AC converter
supply the system with power in case of a
generator failure,

ADF CONTROLS AND INDICATORS

The controls consist of the ADF select switch on
the radio panel, the REL BEARING / ADF switch on
the navigation panel, the INNER/OUTER switch
and of the BEACON INNER light on the instrument
panel above the radar altimeter, as well as of the
ADF channel select knob, the VOICE / CW switch,
the  COMPASS/ANTENNA  select  switch,
VOL control knob and LOOP pushbutton on the
ADF panel.

GT:The INNER/OQUTER swich and the
BEACON INNER light are located on the LH
side wall
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Figure 1-65
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ADF Operation
The ADF operation is as follows:

- Setthe ADF select switch (radio panel) to off

- Set the RSBN/ADF select switch (navigation
panel) to ADF

- Set the COMPASS / ANTENNA select switch to
COMP

- Set the INNER/QUTER select switch to the
desired position (according to the required
channel), check that the BEACON inner light is
illuminated if INNER is selected

- Select desired channel with the ADF channel
select knob

- Set the VOICE / CW switch as required

The ADF radio receiver operation is as follows:

- Set the ADF select switch (radio panel) to ADF

- Set the RSBN/ADF select switch (navigation
panel) to ADF

- Set the COMPASS/ANTENNA switch to
ANTENNA

- Select the desired channel (INNER/OUTER
switch and ADF channel select knob)

- Set the VOICE / CW switch as required

ADF Self-Test
To initiate the self test;

- Setthe RSBN / ADF select switch to ADF.

- Set the ADF channel select knob to position P.
Check bearing pointer rotating to approximately
195°,

- Set the VOICE / CW switch to CW.

Check for 800 Hz tone transmission.

LOOP Pushbutton

To manually rotate the ADF loop antenna press the
LOOP button. The antenna will return fo its original
position upon release.



GAF T.0. 1F-MIG29-1

RADIO MARKER RECEIVER

The radio marker receiver indicates the overflight of
a marker beacon.

Frequency is 75 MHz in accordance with ICAO
standards.

Overflight of a marker beacon is indicated by
illumination of the MARKER BEACON light on the
TLP and by an audio signal of 3 000 Hz.

The marker beacon receiver is operated by
28.5 VDC from the DC generator or battery power.
It is switched on by placing the ACFT SYS switch
to the ON position.

NOTE

The marker beacon receiver wil
switch the ADF from a selected
OUTER channel to INNER channel
when passing a marker beacon
within  15° of the final course,
provided the gear is down.

IFF EQUIPMENT

The identification system STR700 provides
automatic identification of aircraft in which it is
installed when challenged by surface or airborne
IFF interrogation sets. It identifies the aircraft
position momentarily upon request, reports the
altitude of the aircraft and indicates an emergency.
Altitude is given from the air data computer. In
operation, the identification system receives coded
interrogation signals and transmits coded response
signals to the source of challenging. Five modes of
operation are provided for interrogation and
response to interrogation signals.

Mode 1 Security identification
Mode2  Personalidentification
Mode 3/A  Traffic identification
Mode C Altitude reporting
Mode4  Crypto identification

The codes for mode 1 (00-73) and 3/A can be set
in the cockpit during flight, but the code for mode 2
must be set on the ground. Mode 2 and mode 3/A
can be set from code 0000 to 7 777. When mode
C is selected, coded altitude information from the
altitude encoder is applied 1o the IFF system for
reply to mode C interrogation. The code represents
aircraft altitude. There are no provisions to
manually set mode C code.

Failure of mode 4 reply is indicated by an optical
and an audio signal. The system is supplied with
285VDC and 115VAC, 400 Hz for the altitude
encoder,

IFF CONTROL PANEL

The IFF control panel is located on the right
console (GT: front cockpit only).The controls on the
IFF panel are shown in figure 1-66. There is also a
MODE 4 light on the TLP.
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Figure 1-66

Change4 1-115



GAF T.0. 1F-MIG29-1

Master Function Selector Knob

A five-position rotary knob, marked MASTER, has
the following functions:

OFF Power disconnected.

STBY Full power supplied to the system, but
with interrogation replies blocked.

LOW System operates with reduced
sensitivity.  However,  transmitted

power from the transponder is the
same for both the LOW and NORM
positions.

NORM  System operates at full sensitivity.

EMER Allows the system to respond
interrogations in modes 1, 2, 3/A and
C. The reply for modes 1 and 2 is a
special emergency signal of the codes
selected on the applicable dials, while
mode 3/A replies a special emergency
signal of code 7 700, regardless of the
selected code.

MODE Selector Switches
The four mode selector switches are three-position
toggle switches for modes 1, 2, 3/A and C and

control the operations as follows:

M1-MC Enables respective mode (M1, M2,

M3/A, MC)

ouT Disables respective mode.

TEST Self-test position. TEST position is
springloaded to the center position.
The green TEST light illuminates when
the respective mode is operating.

Test Light

The test light is a green press-to-test light which
iluminates when the BITE check performs
satisfactorily.

Position Identification Switch
The position identification switch is a three-position

toggle switch used by the AC to provide momentary
identification of position upon request.
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P Enables the system to respond with
identification of position replies in
modes 1, 2, 3/A and C. The response
is continued for a 30 +10 sec duration
after the switch has been released.

ouT Disables identification of position
capability.
MIC Same as positioning the switch to I/P,

except that the microphone button
must be pressed.

Radiation Test Switch

The radiation test switch is a two-position toggle
switch used for the radiation test. The positions are
OUT and RAD TEST. This switch is presently
inoperative.

Mode 1 Code Selector

A rotary knob, incorporating two concentric wheels,
marked MODE 1 for setting one of 32 available 2-
digit codes.

Mode 2 Code Selectors

The four mode 2 code selectors are used to set the
code for mode 2 operation. Each switch can be set
from 0 to 7. The knob is removed upon completion
of the setting on the ground.

Mode 3/A Code Selector
Two identical rotary knobs, incorporating two

concentric wheels, marked MODE 3/A for setting
one of 4 096 available 4-digit codes.

Mode 4 Selector Switch
ON Enables replies to mode 4
interrogations.

ouT Disables mode 4 replies.
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Mode 4 Function Knob

This knob operates in conjunction with the master
function selector knob.

A four-position rotary knob, marked MODE 4, has
the following functions:

A Interrogations from an interrogator
using code A are answered.

B Interrogations from an interrogator
using code B are answered.

ZERO To erase mode 4 code settings,
provided the MASTER function
selector knob is not in the OFF
position. Both mode 4 codes are
automatically erased after landing
when the IFF system is switched off,
except if the mode 4 function switch is
placed to HOLD.

HOLD This position may be used to retain
mode 4 code settings, if another flight
is anticipated during the coded period.
HOLD must be selected at least 15
seconds before system shut-down.

Mode 4 Monitor Switch

A toggle switch with the positions
AUDIO / OUT / LIGHT which enables or disables
the audio / light monitor indications.
AUDIO Interrogation and reply of mode 4, is
indicated by an audio signal and the
lights REPLY and IFF.

ouT Disables all
indications.

mode 4 audio/ light

LIGHT  Audio disabled, mode 4 interrogation is
indicated by the lights REPLY and IFF

only.

Mode 4 Reply Indicator Light

The green mode 4 reply indicator illuminates when
mode 4 replies are transmitted, provided that the
mode 4 monitor switch is in AUDIO or LIGHT.
Filament press-to-test, turn-to-dim features are
incorporated into the indicator.

IFF Mode 4 Warning Indicator Caption

A green MODE 4 caption is installed on the TLP.
The indicator illuminates if the aircraft is
interrogated by a valid mode 4 signal, but does not

reply.

IFF NORMAL OPERATION
BIT Check

Prior to each flight the following check should be
performed with the built-in test equipment (BITE).
This will assure that the transponder system is
working properly.

Test light (press-to-test) - CHECK
Master knob - STBY
(allow 2 minutes warm-up time)

Master knob - NORM

Mode 1 selector switch - TEST and hold.

Test light should illuminate. If not, the selected
mode is at fault.

Test mode 1, 3/A and C respectively.

Before Takeoff
Master knob - NORM
BIT check - COMPLETED

Perform the test according to the requests of the
interrogating ground station.

The above check evaluates the IFF/SIF system
including the antennas.
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ARMAMENT SYSTEM

The armament system consists of:

- Fire control system
- Radar system

- IRSTS/LRF

- Associated weapons

It is described in GAF T.0. 1F-MIG29-34-1.

DEFENSIVE AIDS SUBSYSTEM

The defensive aids subsystem (DASS) consist of:

- RHAW system
- FLARE dispenser

It is described in GAF T.0. 1F-MIG29-34-1.

EXTERNAL STORES

A variety of stores can be carried on the seven
external stations. For stores configurations and
limitations refer to section 5 of this manual. For
information on armament and ECM equipment
loading and operation refer to the applicable
weapons delivery manual.

WARNING AND
EQUIPMENT

INFORMATION

To keep instruments cross-check to a minimum,
warning and indicator lights are incorporated
throughout the cockpit. Additional voice warning is
provided for abnormal conditions.

The warning equipment consists of
independent systems:

three

- TLP
- AEKRAN
- VIWAS

A MASTER CAUTION light flashes whenever a
warning light illuminates on the TLP (red lights) or
an AEKRAN warning signal is displayed.

NOTE

All warning equipment is operated
with 28.5 VDC from the generator
or battery power. Refer to
figure 1-67.
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MASTER CAUTION LIGHT

The MASTER CAUTION light is located on the
instrument panel. Whenever a warning signal is
displayed on the TLP or the AEKRAN, the
MASTER CAUTION light starts flashing. Brightness
of the light can be adjusted by rotating the light
case. Pressing the MASTER CAUTION light
extinguishes the light, warnings on the TLP turn
steady, AEKRAN displays are not affected.

TELELIGHT PANEL

The TLP provides immediate warning of the
existence of an abnormal condition, which could
affect the safety of the aircraft (red lights).
Additional information lights (green) indicate
system operation or condition. Refer to section 3.

A malfunction is indicated by a flashing warning
light in conjunction with the MASTER CAUTION
light flashing. After reset of the MASTER CAUTION
light, the warning light illuminates steady until the
problem is solved.

AFTER MODIFICATION WITH WING DROP
TANKS

Three previous spare captions have been modified
to read WDT NO PRESS, WDT TEST and FEEL
UNIT OK.

The WDT NO PRESS caption illuminates prior to
engine start when wing drop tanks are installed or
during a wing drop tank pressurization failure. After
engine start the caption extinguishes, indicating
wing drop tank pressurization.

lllumination of WDT TEST caption indicates a valid
system check when the TEST WDT button on the
control and test panel is pressed.

The FEEL UNIT OK caption replaces the identical
caption removed from the control and test panel.

Warning Light Controls

A photodiode automatically adjusts the brightness
of the lights according to environmental conditions.
A rheostat on the lighting panel provides for manual
adjustment of brightness.
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. WARNING AND INFORMATION EQUIPMENT
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FLARE CONTROL PANEL
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WEAPON AND ARMAMENT CONTROLS (LH / RH SIDE)
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AEKRAN

The AEKRAN system is part of the aircraft warning
and recording system. It monitors and controls the
operation of aircraft systems and self test
equipment, and  displays and  records
corresponding messages if malfunctions ocour,
After landing, additional information about aircraft
systems, equipment and exceeding of limitations
not relevant for the safety of flight and illumination
of red waming lights are recorded by discrete
signals.

AEKRAN OPERATION

The AEKRAN system is activated automatically
when the NAVIGATION switch is placed to on.
During engine start, both generators failure
indication may be displayed until external power is
disconnected.

After T/O, FLIGHT illuminates momentarily.

If a malfunction is detected, the corresponding
message s displayed. Refer to figure 1-69.
Simultaneously, the MASTER CAUTION light
flashes and the VIWAS gives the appropriate
message. If an appropriate message is not
available, VIWAS signals: 'Check AEKRAN'.

The AEKRAN indication is displayed until the
problem indicated is solved, a signal with higher
priority is received or the AEKRAN GALL button is
pressed. Pressing the AEKRAN CALL button
extinguishes the indication and the MASTER
CAUTION light however the signal is stored in the
memory circuit indicated by a memary light.

If two or more systems fail, the tum light
lluminates, the highest priority signal is displayed
first. Depressing the AEKRAN CALL button stores
the displayed signal in the memory circuit and
permits display of the next signal in the priority
sequence line. After all signals have been
displayed, the tumn light extinguishes. If required,
the signals in the memory circuit can be repeated
by pressing the AEKRAN CALL button. After
landing, all stored signals are copied to a control
slip, after engine shut-down, AC GEN is displayed
on the AEKRAN.

SELF-TEST
Self-test is initiated by pushing the AEKRAN CALL

button. The fail light must not illuminate. After
15 seconds, the SELF TEST followed by OK are
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displayed in the display window. A system failure
may be indicated by a fail light or by a distorted
SELFTEST and AEKRANFAIL in the display
window.

CONTROLS AND INDICATORS

I

TURN |MEMORY

e

:

® AEKRAN
. CALL

Figure 1-68

AEKRAN CALL Button

A triple use pushbutton initiates self-test, calls up
signals in the priority sequence line and recalls
signals in the memory circuit.

FAIL Light

llumination of the fail light indicates a system
failure.

TURN Light

llumination of the TURN light indicates, that signals
of lower priority are held in priority sequence line.
MEMORY Light

llumination of the memery light indicates signals in
the memory circuit.
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AEKRAN INDICATIONS
PRIORITY | SIGNAL PRIORITY | SIGNAL
1 | START TURB CRIT CONDITNS 31 | ACGEN
2 | EXTEND LANDING GEAR (in air) 32 | DISCON GEN DRIVE
L GEAR INDIK (on ground)
3 | ALT ALERT 33 | LEFT AIRINTK
4 | OVERHEAT LEFT 34 | RIGHT AIR INTK
5 | LEFT OVER SPEED 35 | UPPER INLET
6 | VIBRLEFT 36 | LOCK CANOPY
7 | FUEL PRESSURE LEFT 37 | LEFT ENG STBY SYS
8 | OIL PRESS LEFT 38 | RIGHT ENG STBY SYS
. 9 | OIL TEMP LEFT 39 | AIR DATA SYS
10 | CHIP LEFT 40 | FEEL CONT UNIT
11 | QVERHEAT RIGHT 41 | FEELUNIT SET EASY
12 | RIGHT OVER SPEED 42 | NO COOLING
13 | VIBR RIGHT 43 | SKIN OVERHEAT
14 | FUEL PRESS RIGHT 44 | COC3 STOP
15 | OIL PRESSURE RIGHT 45 | EMERG OXYGEN RESERVE
USE OXY (on ground)
16 | OIL TEMP RIGHT 46
17 | CHIP RIGHT 47
18 | OIL PRESS ACCRY GBX 48 | DROP TANK NO USAGE
19 | ACFT ACCRY GBX VIBR 49 | EXTEND FLAPS
. 20 | TWO GENER WATCH TIME 50 | LEAD EDGES NOT EXTEND
21 | NO BOOST 51 | NAVIG COMPUTER
22 | (FUEL RETURN) 52
23 | CHECK FUEL AMOUNT 53 | RADAR NOT READY
24 | CABIN LIMIT PRESS DESCEND 54 | RADAR
25 | BOOST HYD SYST 55 | OPT SIGHT NAV 8YS
26 | MAIN HYD SYST 56 | WEAPON CONT SYS (WCS)
. 27 | TWC DIR VERT GYRO 57 | GUN
28 | MAIN DIR VERT GYRO 58 | HELMET MOUNTED SIGHT
29 | STBY DIR VERT GYRO 59 | IR SEEKER
30 | DC GEN WATCH TIME

Figure 1-69
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VOICE INFORMATION AND WARNING
SYSTEM

The VIWAS provides voice waming to focus the
pilots attention to a problem indicated on the
warning light panel or AEKRAN. Depending on the
type of emergency, advisory for initial action to be
taken is added. The system is powered by
28.5VDC.

In case of multiple malfunctions, the voice warnings
are realized according to the priority list. Refer to
section 3.

Warnings No. 1, 2, 3 and 5 are simultaneously
transmitted over the radio.

Voice Warning Operation

The VIWAS is switched-on with the battery. Two
pushbuttons are provided for operation on the RH
console.

The CHECK VOICE WARN button is used fo

initiate a self-test. Pressing the REPEAT VOICE
WARN button repeats the last warning.

REPEAT

VOICE WARN

CHECK
VOICE WARN

@

Y

]
/ ANTI COLL

o

Figure 1-70
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WARNING LIGHT TEST .

To ensure utmost reliability of the warning system,
the light bulbs of all warning and indicator lights are
function tested. Pressing the LAMP TEST bution
on the lighting panel lluminates all lights. ‘
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SERVICING DIAGRAM
ITEM |ITEM DESCRIPTION SPECIFICATION
NO.
. 1 |ENGINEOIL IPM-10
2 |GEARBOX OIL [PM-10
3 |NITROGEN Degree of purity 98 %
Dew-point -65° C at 150 bar (15 MPa)
€0, <0.03 % total volume
Operating pressure 150 +5 bar (15 +0.5 MPa)
HYDRAULICFLUD ~ |AMG-10 or H515 (FH 51)
. 4 |RADAR COOLING LENA-65
5 |OXYGEN, GASEQUS GAF T.0. 15X-0-1-1000
Pressure 150 +5 bar (15 +0.5 MPa)
6 |GROUNDING CABLE Connected
7 |COMPRESSED AIR Pressure 150 +5 bar (15 +0.5 MPa)
Temperature max +40° C
Dew-point -65° C at 150 bar (15 MPa)
. Free of oil and grease
8 |EXTERNAL AC-POWER |117.5/202 VAG, 400 Hz, 3-phase
9 |EXTERNALDC-POWER |28.5+0.5VDC, 15 kW
FUEL SELECT Position
10 |ENGINE FUEL JP8/NATO F-34 |
RT I
TS-1 I
. T-1 [
11 |GUN COOLING H,0 (distilled water)

Figure 1-71
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SERVICING DIAGRAM

JvnolLiaay ~g

Figure 1-72
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SECTION 2

NORMAL PROCEDURES
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. PREPARATION FOR FLIGHT

FLIGHT RESTRICTIONS 2. CB DANEIS. vovvvvvrer Check
3. Bat GND supply ........ OFF
Refer to section 5 for detailed aircraft operating 4 ThrOtes .o OFF
limitations. | 5. Cameramagazine ..... Installed, if required
. 6. Safety wired switches ~ Check secured
FLIGHT PLANNING » Cabin emerg decomp PRESSURE and
BVBE s secured
: » Feel unit SW ............... AUTO and secured
! g:grtr‘n}aaﬁg [T,a?a1F MGz pganiinh * MRK emerg sw ......... ON and secured
+ Emerg hyd pump ... OFF and secured
+ AB emerg off ............ AB and secured
WEIGHT AND BALANCE + Air relight switches ..... OFF and secured

+ GEN drive emerg sw .. ON and secured

For maximum gross weight and CG limitations, * Fuel shut-off valves ... OPEN and secured

refer to section 5, Operating Limitations. For de- * Fire extinguisher ....... OFF and secured

S ; + Ramp emerg retraction LH/RH secured
tailed 0.1k -5,
. ailed information, refer to GAF T.0. 1F-MIG29-5 + EMERG gearhands N and secured

» EMERG BRAKE handle IN and secured

+ Emerg release button  Cover secured
PREFLIGHT CHECK + Canopy jettison handle Secured

T T « AM/FM selection sw  AM and secured
el e » APUmode W ........... START and secured
+ CL tank release button Covered and secured

BEFORE EXTERIOR INSPECTION

AFTER MODIFICATION WITH WING DROP
1. Ejection seat .............. Safe for parking TANKS

Check safety pin installed and connected through 7. BINGO fuel oo Set as required

safety line. 8. FUEl 1080 ... Check corect indication
Check ejection handle tipped forward in the safe

position and locked.
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EXTERIOR INSPECTION
NOTE

Be alert for loose fasteners, cracks,
dents, leaks and other discrep-
ancies.

A. FRONT FUSELAGE AND NOSE GEAR

I 1. ACAvanes ... Covers removed
2. Laser /infrared sys ..... Check
3. Radome ...........c.... Secured,
lockings flush
4. Pitot boom and
emerg pitot boom ....... Covers removed,
ports clear
Nose gear area
1. Ampere counter ........ Min 40 Ah
NOTE

For an engine start with battery
power, the ampere counter should
read min 42 Ah

24

Figure 2-1

2. Nitrogen press gage ... As required

3. NoSE gear .............. NO leaks,
wires connected
4. Tierod ........ .. Proper clearance
5, Tires ..... Condition
6. Wheel well . Condition
7. Gear door . . Check
8. Taxilight ......... Condition
Engine intake area

1. Intake ducts:

a. Ramps ...ooovvevenn Check

b. Intakes ... Clear of FOD

¢. ENG compressors ~ Check
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B. MAIN GEAR AND WHEEL WELL

1. Wheel and tire ............ Condition
2. Landing shock
detector plate ............. Check undamaged

E CAUTION °

AAAAAAAAAAAAA

A damaged shock detector plate
indicates a hard landing. The plate
must be replaced prior to flight.

3. Alllinks .......c.cccveennnen Connected
4. Gear strut ................... No leaks, wires
connected
5. Pneumatic sys gage
(RH side) ........ccccevenene Check 150 +5
6. Gear door
unlock cable ............... Condition
7. Wheel well doors ........ Free to move
8. Refueling panel
(LH side) .......cccoeeunen. Closed
9. Ext DC pwr access
(LH side) ......ccccueuun.en. Closed
] 10. Pneumatic sys gage.... Check 150 £5
11. Landing lights ............. Condition

C. CENTER FUSELAGE AND WING

General
1. Access doors Closed
2. CL tank Check
3. CL tank front dome .... Secure

4. APU exhaust door ...... Open

Wing
1. Louvers (upper inlets) Closed
2. LEF s Condition
3. Antennas ........cco.euen... Condition
4. Armament pylons ....... Condition
5. Wing tip:
a. Position light Condition
b. Antennas ............... Condition

l c. Static dischargers .. Condition

1 6. Aileron, flap ................ Condition

7. Chaff / Flare
dispenser cover .......... Installed

IF WING DROP TANKS ARE INSTALLED

8. Fillercap ......c.ccoceeneee. Closed and safety wired
9. Tank ... Properly attached
10. Safety pin .......c.o....... Installed
; CAUTION 9§

Wing tank safety pins should not be
removed prior to the last chance

position.
D. AFT FUSELAGE
1. Access doors ............. Closed
2. ENG static pitot tube ~ Cover removed
3. Drain pipes ................. Tubes removed

\AAa00a000 000

E CAUTION !

AAAA,

Dripping or puddled fuel or evi-
dence of recent leakage in the area
of these drains may indicate a fuel
cell leak and is sufficient cause for

abort.

4. Taileron ........ccceeeuvenenn. Condition
5. Static dischargers ...... Condition
6. Vertical stabilizers,

rudders, antennas ...... Condition
7. Inner / outer nozzies .. Check
8. Drag chute ................. Cover secure,

indicator pin retracted

9. Speedbrakes .............. Check
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INTERIOR CHECK

1. Seat initiator cable ..... Connected

WARNING

Exercise caution in the vicinity of
the seat initiator cable. Failure to
comply could result in premature
seat firing during ejection.

2. Canopy condition ....... Check

Check for cracks in the canopy and windshield.
Check condition of canopy pressure seals.

3. Cockpit .....coceeurreeenennns Check no FOD
4. oasissasessesiias Deleted
5. Leg restraints ............. Check proper pos

The leg restraints are properly installed in the
spring clips on the main instrument panel and
routed through the leg guards.

6. Canopy jettison handle Check secured

The handle is Ilabeled CANOPY EMERG
JETTISON. It should be safety wired and lead
sealed.

7. Combined harness ..... Fasten

Check quick-release box in position locked.
Recheck inertia reel unlocked.

Insert right shoulder harness with its fitting into the
upper anchor bolt of the quick-release box.

Route both leg loops through the rectangular
openings of the rings on the main suspension strap
and with a quarter of a turn to the quick-release
box. Insert fittings into respective anchor bolts and
tighten leg belts.
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Tighten leg loops with the lap retraction handle on
the right side of the seat bucket. Lock inertia reel
and tighten shoulder harness.

WARNING

The combined harness must be
fastened as tightly as compatible
with safe aircraft operation and
comfort.

8. Shoulder harness
release handle ........... Forward

Freedom to lean forward is obtained by moving the
handle forward. Violent movement brings the
inertia mechanism into operation, locking the
shoulder harness. Leaning back, the harness
mechanism reels in.

9. Shoulder harness
reel IockK ........cecreennene Check operation

Moving the shoulder harness release handie aft,
locks the reel mechanism.

10. Cockpit safety pins ..... Out and stowed
11. Pers service lines ....... Connected

* Radio cord

* Anti-g suit

* Dinghy lowering line
* Helmet mounted sight

12. PEC ..o Check connected
13. Pressure regulator:

GSUR wocesmsssussusnivasssss MIN

Pressure suit .............. MAX
14. Suitvent ........ccoocenenn As required

15. Oxygen flow valve ...... OPEN
16. Oxygen supply sys ..... Check and set

17. OxXygen ......ccceevvnennene MIXT

18. Emerg oxygen ............ OFF

19. Helmet vent ................ OFF

20. Cabin emerg decomp PRESSURE and
secured



21.
22.
. Emerg hyd pump ........

24.

25,
26.
27.
28.
29,
30.
31.

32.
Refer to GAF T.O. 1F-MIG29-34-1 for details.
33.

. Landing light sw .
. Master Arm ........

Feel unit sw ................
MRK emerg sw ...........

VHF / UHF Radio:
a. GUARD RCVR
b. ADF ...............

AB emerg off sw..........
Air relight switches .....
GEN drive emerg sw

Fuel shut off valves ....
Fire extinguishers .......

XT-2000 .......ccccovnunee

Weapon contr panels

Ldg gear handle .........

. Emerg release button

. Emerg brake handle ...
. Nose wheel brake .......
. Emerg gear handle .....
. Setcourse sw .............
. CloCK .o
. Pitotsel ........ccccoveunennes
. Cabin temp control .....
. Ramps pos indicator ...
. RHAW ...

. NAV panel:

. Gyrosw ......
. Channels sw ...
. WP-A/Dsw
. Rel bearing sw .......
. Course sw
Circie sw .....
. Landing sw
. Navigation channels
Landing channels ..

TSTQ T OOUTUD

. Cabin temp sw ............
. Pitot heat ....................
. NAV lights ......ccooceunnene
. Cockpit lighting ...........
. Anti coll light sw ..........
. Defog / footheat ..........
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AUTO and secured
ON and secured
OFF and secured

AB and sucured

OFF and secured
Fwd pos and secured
OPEN and secured
OFF and secured
Ramp emerg retraction LH/RH secured

Set as required

Set as required

EXTEND
OFF

Cover secured
IN and secured
ON

IN and secured
AUTO

Wind and set
MAIN

As required
Check 0 %
OFF

.... MAIN
. AUTO

As required
RSBN
As required

. As required

OFF
As required
As required

Set as required
Set as required
OFF

As required

54. ADF:
a. Channel ADF ......... As required
b. COMP / ANT sw .... COMP
c. VOICE/CWsw .... VOICE
§ 55. APUmodesw ............ START and secured
56. Start up sel sw ............ As required
57. RSBN/TACAN sw ..... As required
58. Cabin air lever ............ OPEN
59. TACAN .....ccocovvreennen OFF
60. IFF ...ooovrviirirrrererenene OFF
1 61. Electric pwr panel ....... All OFF
* BAT GND SUPPLY
« DC GEN
*« AC GEN
* PTO
* ENG SYS
* FUEL PUMP
¢ ANTI SURGE
| 62. System pwrpanel ....... All OFF
* RADIO
* ACFT SYS
¢ MAIN GYRO
« STBY GYRO
* NAVIGATION
¢ AFCS
« RECORD
« WEAPON
¢ ACS
I 63. FKPSW ..covvverrenenee. OFF
64. Operate / Prepare sw PREPARE
AIRCRAFT BATTERY CHECK
1. Bat GND supply ......... ON

Battery voltage is 27.6 V under unloaded

condition.

2. Fuel pump sw .............
3. PTOsw.............
I 4. Voltmeter

(N [0 ) - R ——
6. Fuel pump sw.............
7. Bat GND supply .........

Check min 22 V
for 2 sec

OFF
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BEFORE STARTING ENGINES
1. External DC pwr ......... ON

The battery GND supply switch must be in the
OFF position when connecting external power.

2. Canopy .....ccccceceerereenene As required
3. Bat GND supply ......... ON
4. Anti coll light sw ......... ON
5. Recorder sw ............... ON
6. Electric pwr panel ....... All ON
* DC GEN
« AC GEN
* PTO
* ENG SYS
* FUEL PUMP
» ANTI SURGE
7. ACFT sys sw ON

8. Navigation sw
9. Instrument check:
a. Speed indicators .... Check
IAS 0, M 0.2 to 0.29, TAS 110 to 190
b. Rad alt ................... Press to test

Check pointer to swing inside marker

¢. Hydraulic pressure Check P4y
d. Pneumatic pressure Check in the green

e. Fuel quantity .......... Check counter (2 500)
and quantity

f: Voltmeter ................ Check 28 V £0.5V

g. AEKRAN ................ Press to test

Check AEKRAN OK is displayed after 15 sec

h. Lamp test ............... Press to test
i. Throttles ................ Check full travel, no
bindings

Check for free movement throughout the entire
range from IDLE to MAX AB. Check stops in IDLE,
MIL, MIN AB and MAX AB. Adjust throttle friction
as required.

10. Seat position ............... Adjust
11. Rudder pedais ............ Adjust
12. Oxygen supply sys...... Check and set

» Check oxygen pressure 100 +10 %

* Fasten oxygen mask

* Inhale and exhale two or three times and check
for easy respiration.

2-8 Change 2

» Oxygen press indicator, check index not or
barely moving.

* Set the mixture switch to 100 %.
Inhale and exhale two or three times and check
for movement of the oxygen flow indicator.

* Set the mixture switch to MIXT and the Emer
gency switch to EMERG ON.
Check for continuous flow of oxygen into the
mask.

« Switch emergency oxygen to OFF.
Check cessation of continuous flow of oxygen
into the mask.

For flights above 48 000 ft, additional checks are
required:

« Set oxygen to 100 % and emergency switch

to EMERG ON.

Oxygen pressure should not increase within

15 to 20 sec.

Have ground crew press the oxygen test button

on the left side wall.

Check for a pressure peak in the pressure suit.

After pressure reduction, manually block off the

opening on the PEC.

Check for a pressure build-up of approximately

0.05 kg/cm?2 in the oxygen mask.

Inhale and exhale two or three times.

Check for movement of the oxygen flow indicator

and pressure build-up in pressure suit.

* Have ground crew release the oxygen test
button, release the opening on the PEC and
check for pressure relief.

» Set oxygen back to MIXT and emerg oxygen to

OFF.
I WARNING

Flying with a defective oxygen
system is prohibited.

IF WING DROP TANKS ARE INSTALLED
13. TEST WDT button....... Press

If the external wing drop circuitry test was
successful, the WDT TEST caption on the telelight
panel must illuminate. In case of failure, execute a
lamp test and report to maintenance.
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STARTING ENGINES

The engines can be started separately or in
sequence utilizing electrical power from an external
power source or the aircraft batteries. During
sequential start, RH engine is started first. For
single start, sequence is LH engine first.

During manual star, at least 40 sec
must elapse with the first engine
running in IDLE before starting the
second engine.

REPORT
1. Throttles IDLE
2. AEKRAN Checked
3. Recorder ON
4. Start up mode sw ....... START BOTH
B. Intakes usvisssvascsaia. Check clear

Ensure the wheels are chocked and the flaps,
speed brake and APU doors, engine intakes,
louvers and exhaust areas, cockpit and canopy rail
areas are clear of personnel and equipment, and
confirmed by ground crew. Refer to danger areas
illustration figure 2-2.

6. Fireguard .................... Posted

GROUND START

vvvvvvvvvvvvv

The engine start procedure should
be aborted when any of the
following  fail conditions are
observed:

RH/LH ENG START on the TLP fails to
illuminate.

RPM and EGT fail to increase within 10 sec after
pressing GND START button.

« EGT increases without RPM increase.

RPM of both engines increases simultaneously.

¢ EGT exceeds computed limit.

« Any of the following red captions on the TLP
iluminates:

GBX FIRE

LH/RH ENG FIRE
REDUCE RPM LH/RH ENG
OIL PRESS LEFT/RIGHT
OIL GBX

DOUBLE HYD SYS

» Any of the following warning signals are dis-
played on the AEKRAN:

START TURBO CRIT CONDITNS
ACFT ACCRY GBX VIBR

VIBR RIGHT/LEFT

OIL PRESS RIGHT/LEFT

OIL PRESS ACCRY GBX

1. GND START button ... Press

2. TLP sussessimsvssssmsns Check RH/LH
ENG START light on
3. RPM 15 %

AEKRAN signal .......... START TURB CRIT
CONDITIONS
check out

4. RPM 20 %

Hydraulic pressure ..... Check increasing
5. RPM 35 %

a. Ramp .....cccoceenennne Check closed

b. ENG START light .. Out

The light extinguishes between 34 % and 36 %
RPM.

6. RPM 50 %
EGQT .voosmenmammsnnss Check within limits
7. ldeRPM ..................... Check within limits

8. Second ENG start Monitor in accordance

with steps 2. thru 6.

...... AAAA,

During engine start cycle or when
engines are running, pressing the
GND START button is prohibited.

Change 2 2-9
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ENGINE COLD CRANK

If fuel fails to ignite during ground start, another
start may be attempted after cold cranking the
engine.

1. Throttles ........ccccoeee.e. OFF
2. APU mode sw ............. ENG COLD CRANK
3. Start up mode sw ....... As required

4. GND START button .... Press

VYV VYV VY

t CAUTION 3

..............

At least 3 min must elapse between
two consecutive starts or cold
cranking and start.
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DANGER AREAS
ENGINE INTAKE AND EXHAUST DANGER AREAS IN MAX AB
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DANGER AREAS
ENGINE INTAKE AND EXHAUST DANGER AREAS IN MIL
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DANGER AREAS
ENGINE INTAKE AND EXHAUST DANGER AREAS IN IDLE
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TAXI CHECKS
BEFORE TAXIING

1.
2.

6.
7.
8.
9.

2-12

External power ................... Disconnected

Voltmeter 28V05V

NOTE

With high outside air temperatures and/or
long ground times this step should be
delayed until just prior to takeoff.

. Gyro alignment:

a. GYROMAIN sw .............. ON

b. GYRO STBY sw ............. ON

c. WP-A/Dbutton............ Select as required,
check button light on

d: CIOCK .ivsamsmmssemvssnmes Hack

e. GYRO sel sw................. STBY

Check gyro fail light not illuminated.

After 30 - 40 seconds for gyro / HDG alignment:

f. MAG HDG SLAVE
button and
COURSE CMPTR

ZERO button .................. Press simultaneously
for 10 - 15 seconds
g. HSI - HDG ........cceevvennnn. Check correct
indication

h. Operate / Prepare sw ... OPER

. FAST PREP light

or NAVREADY light ........... Check on

CAUTION

Wait until gyro alignment is complete before
continuing with step 6.

WEAPON sys sw
Trim lights .......ccccccvernnnnnen
VoL ST T ————————

NOTE

e During the AFCS self test, no forces
should be applied to the control stick or
rudder pedals.

* Continuous flashing of all AFCS captions
except RETURN indicates a failed self
test. After neutralizing the control stick, the
self test can be reinitiated by pressing
the AFCS MODES button for less than
three seconds.

GAF T.0O. 1F-M1G29-18-37

During AFCS self test, complete the following checks: '

10. ANTI-SURGE sw................ Recycle to ON
11, 0FF e Check, STBY
12. <eenee.. Check, set as required
13. ADF / Radio compass....... Check
14. RHAW ..o On and set
15. Flaps /LEF ......ccocevvevurnennen. Check
If AFCS self test successful:
16. DAMPER OFF light ............ Out
17. DAMPER light .................... On
CAUTION
All flights have to be conducted with the
AFCS system in mode DAMPER.
18, TriM.crrereeneeeeeereene, Neutral, check trim

19.

20.
21.
22.
Check for illumination of the RDR ready light after

lights on

To prevent unintended stickforces during
takeoff, the following sequence must
strictly be adhered to.

Pitch trim full forward, check for corresponding
stick movement, trim aft untii STAB NEUTRAL

light on the TLP illuminates.

Aileron trim full right, check for corresponding
stick movement, left until AIL NEUTRAL light on

the TLP illuminates.

Rudder trim to the right untit RUD NEUTRAL light

on the TLP extinguishes.
Trim back to neutral.

Have ground crew confirm positions of flight

control surfaces.

LH / RH INLET CHECK

HGtS srosmmnmsmmessmssvass Out

NO COC RESERVE light... Out

GYRO select switch .......... Recheck STBY
Radarcaamsiasmsasiivisess DUMMY

three minutes.

To prevent possible RF radiation and
subsequent injury to personnel, the radar
must be switched to OFF immediately if
the indication PJI (RADAR) appears on
the HUD / HDD.
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23. Flight controls .......ccc.cone Check

» Cycle flight controls three to four times.
Movement should be smooth and free of
restrictions. Stick must return to the neutral
position upon release.

» Rapidly move control stick diagonally several
times.

24, Brake pressures ... Check 8.0£0.5
and 11.0£ 1.0

Upon brake release, check for pressure drop to zero
25. Ramps check:

a. LH/RH throttle ............ 80 - 90% RPM, check
b. LH /RH INLET CHECK
1] 0

CAUTION

The green captions STAB NEUTRAL,
AIL NEUTRAL and RUD NEUTRAL
should remain it at all times and no
warnings should appear on the AEKRAN.
Hydraulic pressure should not drop

below the Q,, marking.

26. AEKRAN ......cococonvnnnner ChECK

27, XT=2000 . csiisiissnn On, set as required
28. RADIO sw.....

29. Altimeter .. .. Setand check

30. Canopy ... As required

31 Flaps B svmsumsmonss Upandin

TURNING RADIUS AND GND CLEARANCE

RHWING

RHGEAR

NOSE WHEEL

LHGEAR _

10

-
E
5
L

s

PIVOT POINT

Figure 2-3
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TAXIING

Press LOCK-ON button and check for high
deflection mode available.

WITH WING DROP TANKS INSTALLED:

Particularly when taxiing on slightly uneven
surface, a noticeable oscillation may be set off by
the full WDT. The additional weight has a
significant effect on stopping distance, which is
approximately 20 % with 3 full external tanks.

VWYYV

E CAUTION !

......... AAAA,

With 3 full external tanks, stopping
distance is significantly increased
and extra caution must be used
during taxiing.

LAST CHANCE
1. Canopy ......cccceervererennnn Closed and locked
- T o] Ep— ... Flush
b. AEKRAN No signal

c. LOCK CANOPY light Out

2. NAV-panel:
a. Course sw .............
b. Channels sw

As required

Check MAN, then
back to AUTO

Select as required
Select as required,
check correct

BRG / RNG indication

c. Beacon buttons .....
d. WP - A/D buttons .

3. RADAR:
a. Radar ready light.... Recheck ON
b. Radar power sw ..... ILLUM
c. Four bar scan ........ Check
d. Radar power sw...... Dummy S

IF WING DROP TANKS ARE INSTALLED

4. WDT safety pins.......... Check removed

2-14 Change 2

BEFORE TAKEOFF

vvvvvvvvv

.............

Exercise care in positioning the
aircraft on the runway for the
engine check. Stagger the aircraft
positions so that no aircraft is
directly behind another. Recheck
canopy closed and sealed.

After rwy line up

1. Ejection seat .............. Armed
2. Pitotheat ........conenes ON
3. Flaps / LEF .....cccceuees Down and out
4. COMpass .....ccccveveenenens Check
NOTE
It a heading difference of more than
5° exists between HSI and actual
runway heading, abort the mission.
S IFF i As required
6. Feel unit TO /LD light Recheck on
7. Brake pressures ......... Check
8. Engines check:
a. Throttles ................ 90 % RPM
b. All warning fights ... Recheck out
c. AEKRAN ................ Blank, TURN light out
d: VIWAS oo No information
TAKEOFF
GENERAL

The decision whether a MIL power or an AB takeoff
is performed must be based on an assessment of
the actual circumstances (A/C, mass, OAT,
pressure altitude, winds, rwy, lenght, barrier
available). More than anything else, maximum
abort speed and minimum go speed will give an
indication whether AB should be used. The use of
AB will always lead to an increase in performance
and therefore constitudes a favourable effect on
safety reserves. Pilots must be aware, however,
that aircraft handling will be more difficult if an
engine fails during an AB takeoff as opposed to a
military power takeoff. Particularly in heavy weight
configurations, it is essential that the pilot be
mentally prepared for immediate action in case of
emergency during the takeoff phase, refer to
section 3, Takeoff Emergencies.
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AFTER TAKEOFF

When reaching safe altitude:
1. Gear ....cccocevveeevevennnnne Retract

Check the green indicator lights extinguish. The red
warning light illuminates while the gear is in transit
and extinguishes as soon as the entire gear is
retracted/locked and all doors are closed. In case
of one of the locks fail or one of the doors remain
open, the red light starts flashing.

............

¢ Landing gear and doors should be
completely up and locked before
the gear limit airspeed of 370 KIAS
(GT 320 KIAS) is reached.

e Yaw must not exceed 2 ball widths
on the slip indicator at airspeeds
between 270 and 370 KIAS. If
these limits are exceeded,
excessive air loads may damage
the landing gear doors, preventing
subsequent operation.

2. Flaps / LEF ................. Up and in

e T 1 1 ———— Check

4. Hyd / Pneum press .... Check

5. Brake pressure ........... Check zero

2-16 Change 1

AFTERBURNER TAKEOFF

If an AB takeoff is desired, smoothly advance
throttles to max AB after brake release. Maintain
directional control with the rudder pedals. Wheel
braking should not be used for directional control
during takeoff roll.

Due to a nose-lowering tendency during intake duct
opening delay rotation until it has occured. When
reaching safe altitude retract gear and thereafter
the flaps.

.............

¢ Rapid full aft movement of the stick
may result in the ext :ust nozzles
hitting the runway.

e Premature, aggressive rotation
leads to early liftoff \due to
significant vertical component of
thrust adding to aerodynamic lift. If
the gear is then raised too early, the
momentary loss of total lift
associated with lower intake duct
opening causes a momentary
descent and possible contact of the
A/C structure with the ground.

CROSSWIND TAKEOFF

Under crosswind conditions, the aircraft tends to
weather-vane into the wind. This weather-vaning
tendency can easily be controlled with nose gear
steering and rudder. As speed increases, weather-
vaning tendency decreases. Takeoff attitude
should be slightly lower than normal to increase
liftoff speed approximately 8 KIAS. After liftoff the
aircraft should be crabbed into the wind, wings
level, to maintain runway alignment.
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. CLIMB/CRUISE
1. Altimeter ......c..cceecueene Set
Climbing through the transition altitude, set the
altimeter to standard QNH.
' 2. Rad alt Set bug as required
3. Oxygen Check
4. Cabin pressure .......... Check
5. Fuel transfer .............. Check
6. Radar ............. ... As required
I 7. RHAW ..., As required
DESCENT/RECOVERY
1. Fuel quantity .............. Check
2. Cabin temp .... Set as required
. 3. Pitot heat ........ ... Recheck ON
4. NAV sys ...... .... Set as required
5. Altimeter ...... .o Set

Descending through the transition altitude, recheck
the altimeter setting set to local QNH/QFE.

6. Radalt .......ccoeevveeuenne Set bug as required
7. RHAW .......ccoorvrenenne As required

‘ l 8. GT - R/ C switches ... Recheck for Idg

BEFORE LANDING

As required
As required
.. SAFE

. Check
Extend

Check landing gear extended, red warning light off,
hydraulic pressure in limits.

6. Feel unit TO /LD light Check on
7. Flaps/ LEF ............... Down and out

When selecting the flaps, be
prepared for immediate action. In
case of a split flap condition, raise
the flaps and plan for no flap
landing.

8. Ldg / taxi light sw ....... LAND
9. Hydraulic pressure .... Check
10. Pneumatic pressure .. Check
11. Brake pressure .......... Check zero
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LANDING
NORMAL LANDING

For a normal landing, fly the pattern as illustrated
in figure 2-5. Enter the pattern as local procedures
dictate. Adjust power, as necessary, to attain
allowable gear lowering airspeed. Extend landing
gear and flaps/LEF on downwind leg.

Ensure flaps/LEF down and out prior to initiating
turn to base leg. Establish and maintain desired
airspeed on the base leg or final approach,
adjusting pitch attitude and power to maintain
desired glide slope/rate of descent. When the
aircraft reaches 20 to 30 ft altitude above ground,
initiate flare. Round-out from descent to an
acceptable touchdown sink rate requires nearly
full aft stick application.

Reduce power during late round-out or thereafter
to touchdown at approximately 140 KIAS at
11 °AOA. During touchdown do not exceed
13°AOA. For landing with maximum landing
weight add 5 to 10 kts to the touchdown speed. At
touchdown, reduce power to idle, maintaining stick
position and deploy chute. After nosewheel
touchdown maintain directional control with rudder
and NWS.

NOTE

At excessive touchdown speeds,
the aircraft has a tendency to
bounce. In this case, maintain/
attain landing attitude and deploy
chute immediately upon touchdown
to prevent further bouncing.

2-18 Change 1

CROSSWIND LANDING

Carefully compensate for crosswind in the traffic
pattern to guard against undershooting or
overshooting the final turn. At crosswinds up to
15 kts compensate with a 5 to 10 ° low wing and
crab. Above 15 kts, wings-level crab should be
used. Approximately 1° of crab is required per
3kts of crosswind. Since use of the chute
intensifies the weather-vane effect for any given
deployment condition, consider a no chute landing
at crosswinds near the limit. However for landing
on a wet runway, chute deployment is mandatory.

Prior to touchdown assume wings level flight. Crab
must be neutralized using rudder at touchdown.
After nosewheel touchdown, deploy chute. Apply
brakes upon reaching 115 KIAS. Counteract
weather-vane effect by use of aileron into the wind,
and rudder. If chute is used and excessive
weather-vaning is encountered, jettison chute.
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NORMAL LANDING PATTERN

ADJUST THROTTLES TO
MAINTAIN PATTERN AIRSPEED
300 KIAS MIN AND ALTITUDE
AS DIRECTED LOCALLY

—
200-220 KIAS
DOWNWIND LEG

140 KIAS 11° AOA
TOUCHDOWN

- GEAR EXTENDED S 175 KIAS MIN
, -FLAPS / LEF DOWN AND 0UT> S i FINAL APPROACH
- CHECK INDICATORS i : l

180 KIAS MIN; 15° AOA MAX
, BASE LEG

Figure 2-5
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TOUCH AND GO

After touchdown from a normal approach, maintain
sufficient back stick pressure to hold the
nosewheel off the ground. Advance the throttles to
military and allow the aircraft to fly off the ground.
When definitely airborne, retract the gear, followed
by flaps/LEF as the aircraft accelerates.

NOTE
e Do not allow airspeed to decrease
below 108 KIAS during touch and
go to prevent ramps closure.

o A maximum of four touch and go's
is permissible.

2-20

GO AROUND

The decision to go around should be made as
early as possible. When the decision to go around
is made, smoothly increase thrust to military. As
airspeed increases, establish normal takeoff
attitude, retract gear when a positive rate of climb
is established, and flaps/LEF at a safe airspeed,
and go around.

For a closed pattern, accelerate to 250 KIAS,
accomplish a climbing 180 ° turn to roll out on
downwind.
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GO AROUND

TO RE-ENTER THE VFR
OVERHEAD PATTERN :
ACCELERATE TO 300 KIAS ¢

ACCELERATE TO 250 KIAS
FOR CLOSED PATTERN .

\

FLAPS/LEFUPANDIN VP

AFTER POSITIVE RATE OF CLIMB ey
RETRACT LANDING GEAR

THROTTLES MIL gy

NOTE

Make decision to go around as early as possible.
Approximately 200 kg of fuel is used during typi-
cal go-around and elosed pattemn,

Figure 2:6
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LANDING ROLL
1. Drag chute ................. DEPLOY

Max deployment speed for the drag chute is
170 KIAS.

Max speed for braking is 120 KIAS, however, if
required, brakes can be engaged after touchdown.

VWYYV

} CAUTION §

ARAAA AAAA

Applying brakes must be delayed
until nosewheel is lowered to the
runway. If the brakes are engaged
prior to touchdown, a high pro-
bability exists for blown tires and is

therefore prohibited.
3. Landing light As required
4. Flaps/LEF ................ Up andin

[WARNING]

Nose wheel steering should not be
engaged until the aircraft is slowed
down to taxi speed.

5. AFCS modes ............. OFF (press < 3 sec)

ECAUHON?

To prevent damage to the AFCS,
ensure that all modes, except
DAMPER, are deselected during
taxiing.

2-22

ECAUHON{

Do not make sharp turns during
taxiing with the chute deployed to
prevent the chute from being
damaged.

Taxiing at high thrust settings with
the chute deployed leads to a
reduced service life of the chute.
Avoid taxiing over chutes
previously jettisoned to prevent the
chute from causing damage to the
tires.

The chute should be jettisoned
before taxiing downwind in winds
exceeding 15 knots because of the
possibility of the chute collapsing
and burning upon contact with hot
areas of the engine exhaust
nozzles.
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TAXIING BACK ENGINE SHUT DOWN
1. Drag chute ................. 1. Radio sW ...
2. Pitot heat .... 2. XT-2000 ....
3. Trim ..o 3. AFCS sw .....
4. Landing sw . 4. Weapon sw .
5. Canopy ......ccoeveruierenene 5. ACS SW ....coeuviniririnnnne
' 6. Navigation sw
7. MAIN gyro sw
8. STBY gyro sw
9. ACFT sys sW ...
Account for all loose items before }? ﬁ;?:eratelpreparesw (F;I;EPARE
opening canopy. If all known loose 12. TACAN ........... OFF
items cannot be accounted for, 13. Anti-Surge sw OFF
leave the canopy closed after flight "14. Fuel pump sw OFF
until the engine is shut-down. 15. PTO sw .......... OFF
] 16. DCGENsw............... OFF
6: RHAW .c.ccovasissisaisianas OFF
‘ Upon signal of crew chief:
SPRARAPAPPAPIY
E CAUTION 1

Do not move control stick and
rudder pedals during engine wind-
down.

17. Throttles in sequence
of >3 sec

Change 2 2-23
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GYRO ALIGNMENTS
FAST ALIGNMENT BEFORE ENGINE START
1. Interior check Complete
2. External AC/DC pwr ON
3. Bat GND supply ......... ON
4. Recorder sw ....... ... ON
5. ACFT sys sw ... . ON
6. Navigation sw .. . ON
7. MAIN gyro sw .. .. ON
8. STBY gyro sw ............ ON
9. WP - A/ D button ....... Select as required,
check button light on
LR e T2 FR————— Hack
11. Gyro sel sw ................ STBY GYRO check

After 30 - 40 sec for Gyro / HDG alignment:
I 12. Press MAG HDG SLAVE button

and
COURSE CMPTR ZERO button
simultaneously for 10 - 15 sec
13. HSI-HDG .................. Check correct indic
14. Operate / Prepare sw  OPER
15. FAST PREP light ........ Check on
16. Engines ...........cccoueuuee. Start
17. Taxichecks ................ As applicable
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FAST ALIGNMENT AFTER ENGINE START

O HhWN=

@ ~N

(No external power available)

. Interior check .............. Complete

. Before start eng check Complete

. LH engine start ........... Complete

. Main gyro sw .............. ON

. STBY gyro sw ............. ON

. WP - A/D button ....... Select as required,

check button light on

. Clock ........... Hack
. Gyro sel sw

STBY GYRO check

After 30 - 40 sec for Gyro / HDG alignment:

9.

10.
11.
12
13.
14.

Press MAG HDG SLAVE button
and

COURSE CMPTR ZERO button
simultaneously for 10 - 15 sec

HSI - HDG ........cceeneee. Check corect indic
Operate / Prepare sw  OPER

FAST PREP light Check on
RH engine .......... Start
Taxi checks ................ As applicable
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LONG ALIGNMENT BEFORE ENG START LONG ALIGNMENT AFTER ENG START

(No external power available)

l 1. Interior check Complete
2. External AC/DC pwr ON I 1. Interior check Complete
3. Bat GND supply ......... ON 2. Before start eng check Complete
4. Recorder sw ............... ON 3. LH engine start Complete
5. ACFT sys sw ... . ON 4. MAIN gyro sw ..... ... ON
‘ 6. Navigation sw ............. ON 5. STBY gyro sw............. ON
7. MAIN gyro sw ..... ... ON 6. WP - A/D button ....... Select as required,
8. STBY gyro sw ............ ON check button light on
9. WP -A/D button ....... Select as required, 7. CloCK .oovereveeeecnennneenne Hack
check button light on 8. Gyro sel sw ................. STBY GYRO check
10. ClIOCK ..ccvevervcrerncraennns Hack
11. Gyro sel sw ................ STBY GYRO check After 30 - 40 sec for Gyro / HDG alignment:
9. Press MAG HDG SLAVE button
After 30 - 40 sec for Gyro / HDG alignment: and
1 12. Press MAG HDG SLAVE button COURSE CMPTR ZERO button
and simultaneously for 10 - 15 sec
COURSE CMPTR ZERO button
. simultaneously for 10 - 15 sec 10. HSI- HDG ....covvevneen. Check correct indic
‘ ] 13. HSI-HDG ......conu...... Check correct indic After 10 - 20 min when NAV READY light is on:
11. Operate / Prepare sw  OPER, check
After 10 - 20 min when NAV READY light is on: NAV READY light out
14. Operate / Prepare sw  OPER, check
NAV READY light out 12. RH engine Start
15. Engines ...... Start I 13. Taxi checks As applicable
16. Taxi checks As applicable
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TRAINER VARIANT (GT) CHECKS

BEFORE EXTERIOR INSPECTION

1. Safety wired switches Check secured

2. LG systemsw ............ F / C and secured
3. Ldg gear handle ......... Neutral and secured
4. Throttles ........c.ccooe.... OFF

REAR COCKPIT INTERIOR CHECK

1. Seat initiator cable ..... Connected

| WARNING

Exercise caution regarding hand
movements in the vicinity of the
seat initiator cable. Failure to
comply could result in premature
seat firing during ejection.

2. Cockpit ....ccoevevveverennnne Check no FOD
3. Ejection handle .......... Check secured

Ejection seat handle tipped forward and locked,
safety pin installed.

4. Legrestraints ............. Check proper pos

The leg restraints are properly installed in the
spring clips on the main instrument panel and
routed through the leg guards.

5. Canopy jettison handle Check secured

The handle is labeled CANOPY EMERG
JETTISON. It should be safety wired and lead
sealed.

6. Combined harness ..... Fasten

Check quick-release box in position locked.
Recheck inertia reel locked.

Insert right shoulder harness with its fitting into the
upper anchor bolt of the quick-release box.

Route both leg loops through the rectangular
openings of the rings on the main suspension strap
and with a quarter of a turn to the quick-release
box. Insert fittings into respective anchor bolts.

2-26

Tighten leg loops with the lap retraction handle on
the right side of the seat bucket.
Tighten shoulder harness.

Insert safety pin.

WARNING

The combined harness must be
fastened as tightly as is compatible
with safe aircraft operation and
comfort.

7. Shoulder harness
release handle ........... Forward

Freedom to lean forward is obtained by moving the
handle forward. Violent movement brings the
inertia  mechanism into operation, locking the
shoulder harness. Leaning back, the harness
mechanism reels in.

8. Shoulder harness
reel lock ........ccccevneinee. Check operation

Moving the shoulder harness release handle aft,
locks the reel mechanism.

9. Cockpit safety pins ..... Out and stowed
10. Pers service lines ....... Connected

« Radio cord

» Anti-g suit

« Dinghy lowering line
« Helmet mounted sight

11: PEC sreswmmmmenns Check connected
12. Pressure regulator:

G-SUIt ..cocveereeeienns MIN

Pressure suit .............. MAX
13. Suitvent .......ccoeecenee As required

14. Throttle control lever .. F/C
15. Oxygen flow valve ...... OPEN

16. OXygen .......ceerernennan MIXT

17. Emerg oxygen ............ OFF

18. Helmet vent ................ OFF

19. Cabin emerg decomp PRESSURE and
secured



20.
. MRK emerg sw ...........
22,

23.

45,

46.
. RADIO EMERG sw ....

Feel unit sw ................

Emerg hyd pump ........

VHF / UHF Radio:

a. GUARD RCVR .......
b. ADF
c. Squelch .................

. AB emerg off sw..........
. Air relight switches .....
. Fuel shut off vaives ....
. Fire extinguishers .......
. Ramp emerg retraction
. EGT (temp) sw ...........
. Radio sel ....................
. Speedbrake sw ..........
L TrimMSW e,
. Feel unit control sw ...
. Rudder trim ................
. LG system sw ............
. Ldg gear handle .........
. Periscope sw ..............
. Emerg brake handle

. AFCS FSP sw
. NAV FSP sw ..............
. Emerg gear handle ....
. Ramps pos indicator

. NAV panel:

a. Gyro SW ......ccceeeeenes
b. Channels sw ..........
c. Rel bearing sw .......
d. Landing sw ............
€. NAV control sel sw

. Cockpit lighting ...........

ADF:

a. Channel ADF .........
b. ADF beacon sw .....
c. COMP / ANT sw ....
d. VOICE /CW sw .....

TACAN ....covevrereinnnnen

GAF T.0. 1F-MIG29-1

AUTO and secured
ON and secured
OFF and secured

AB and secured
OFF and secured
OPEN and secured
OFF and secured
LH / RH secured
F/C

As required

F/C

F/C

F / C and secured
Neutral

F / C and secured
Neutral and secured
Retracted

IN and secured
OFF

OFF

IN and secured
Check 0 %

MAIN
F/C
RSBN
Navigation
F/C

Set as required

As required
OUTER
COMP
VOICE

OFF
NORM

BEFORE STARTING ENGINES

1. Seat position .............. Adjust
2. Rudder pedals Adjust
3. Oxygen supply sys ..... Check and set

» Check oxygen pressure 100 £10 %.

» Fasten oxygen mask.

« Inhale and exhale two or three times and check
for easy respiration.
Oxygen press indicator, check index not or
barely moving.

» Set the mixture switch to 100 %.
Inhale and exhale two or three times and check
for movement of the oxygen flow indicator.

» Set the mixture switch to MIXT and the
Emergency switch to EMERG ON.
Check for continuous flow of oxygen into the
mask.

« Switch emergency oxygen to OFF.
Check cessation of continuous oxygen flow into
the mask.

For flights above 48 000 ft, additional checks are
required:

 Set oxygen to 100 % and emergency switch to
EMERG ON.

Oxygen pressure should not increase within
15 to 20 sec.

» Have ground crew press the oxygen test button
on the left side wall.

Check for a pressure peak in the pressure suit.

* After pressure reduction, manually block off the
opening on the PEC.

Check for a pressure build-up of approximately
0.05 kg/cm? in the oxygen mask.

+ Inhale and exhale two or three times.

Check for movement of the oxygen flow indicator
and pressure build-up in pressure suit.

» Have ground crew release the oxygen test
button, release the opening on the PEC and
check for pressure relief.

» Set oxygen back to MIXT and emerg oxygen to

OFF.
WARNING

Flying with a defective oxygen
system is prohibited.

4. RDR sim panel ........... Check

Change 2 2-27/2-28 blank
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SECTION 3

EMERGENCY PROCEDURES
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INTRODUCTION

This section contains procedures to be foliowed to
correct an emergency condition. These procedures
will insure maximum safety for the pilot and/or the
aircraft until a safe landing or other appropriate
action is accomplished. The procedures are
arranged in the most desirable sequence for the
majority of cases. Therefore, the steps should be
performed in the listed sequence unless the pilot
can determine a good cause for deviation. Multiple
emergencies, adverse weather, and other peculiar
conditons may require modification of these
procedures. The nature and severity of the
encountered emergency will dictate the necessity
for complying with the emergency procedure in their
entirety. It is essential, therefore, that pilots
determine the correct course of action by use of
common sense and sound judgement. As soon as
possible the other flight member and air traffic
control (ATC) should be notified of an existing
emergency and of the intended action.

Three basic rules are established which apply to
most emergencies. They should be remembered by
the pilot:

1. Maintain aircraft control
2. Analyze the situation
3. Take proper action

(ARG

e The canopy should be retained
during all emergencies(_that could
result in a crash or fire, 84 crash 1,2,
landings, aborted takeoffs, and
barrier engagements.

e The risk of becoming trapped due to
a canopy maifunction or oyerturn of
the aircraft is outweight
protection given to t
the canopy.

e All odors not identifiable by the pilot
shall be considered toxic.
Immediately go to 100 % oxygen.
Properly vent the aircraft and land
as soon as practical. Do not take off
when unidentified odors are
detected.

CRITICAL EMERGENCY PROCEDURES

The critical emergency steps (boldface type) in a
critical emergency procedure are the steps that
must be performed immediately without reference to
a written checklist. Critical emergency procedures
are presented in boldface letters. The pilot must be
able to apply correctly boldfaced procedures in the
published sequence without directly referring to the
checklist. Any other steps, when there is time to
consult a checklist, are considered noncritical and
are written in the standard type.

CRITERIA FOR DETERMINING CRITICAL
EMERGENCY PROCEDURES

The criteria for determining a critical emergency
procedure or step are as follows:

« it must be a serious emergency

« It must be acted upon immediately with no time
to refer to the printed checklist

« It must have a reasonable frequency rate

DEFINITIONS

The terms LAND AS SOON AS POSSIBLE (ASAP)
and LAND AS SOON AS PRACTICAL are used in
this section. These terms are defined as follows:

LAND AS SOON AS POSSIBLE (ASAP)

A landing should be accomplished at the nearest
suitable airfield, considering the severity of the
emergency, er conditions, airfield facilities,
ambient lig 8, aircraft gross weight and
command dlidagice. The abbreviation ASAP is to
be used onl

of as soon as possible.

LAND AS SOON AS PRACTICAL

Emergency conditions are less urgent, and
although the mission is to be terminated, the degree
of the emergency is such that an immediate landing
at the nearest adequate airfield may not be
necessary.

Change 1 3-5



ABORT

The decision to abort or continue the takeoff
depends on type of emergency, length of runway
remaining. Reference must be made to such factors
as runway condition, pressure altitude, OAT, winds
and barrier available. When external tanks are
carried (and particularly so with 3 full tanks), takeoff
abort criteria must be carefully considered.
Maximum abort speed and minimum go speed
should be the primary criteria for the abort decision.

If decision to stop is made:

1. Throttles ..., IDLE
2. Dragchute ........... Deploy
3: Flaps/ LEF .coinss Upandin

4. Prepare for barrier engagement

If barrier engagement expected:
1 TOrOHIBS «ocsissmmsassicivm OFF
2 ENGOYS) i omminsicn: QFF
3. Periscope (GT) .......... Relract prior barrier
engagement
4. Shoulder hamess ...... Recheck locked

RAMPS REMAIN CLOSED DURING TAKEQFF

UPPER INLET

If a ramp failure is indicated after gear retraction,
the faled ramp can be identified by the ramps
position indicator on the mark. If airspeed is
increased above MO8, engine surge and
subsequent failure may oceur.

VIWAS No.: 25

1. Airspeed ................... ‘Not above M 0.8
i As soon as practical
- /./r

A blown tire can be recognized by severe vibrations N
and/or yaw movement and wing dip to the side of -
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BLOWN TIRE DURING TAKEOFF ROLL

the blown tire. The decision to abort or continue the
takeoff will depend on the speed at the time of
failure, stopping distance required and barrier
available. Generally it is advisable to continue the
takeoff if the tire blows after nose wheel Iift off. A
blown tire often results in damage to the pneumatic
lines. Therefore, a pneumatic system failure should
be anticipated.

CAUTION !

IAAAAAAAAAA, AAAA,

In case of a blown tire, aircraft
directional control is  extremely
critical.  Therefore,  immediate
corrective action must be taken and
all available means must be used to
maintain directional control.

If decision to stop is made:
1o ABOR cocsaminmini Refer to ABORT checklist

If takeoff is continued:
1. GRErk Ry
2. Flaps / LEF

... Do not retract
... Do not retract

CAUTION

IAAAAA

If the flaps/LEF hinges have been
damaged as a result of a blown tire,
retracting the flaps will increase the

damage.
3. Wheel rotation .......... Stop with brakes
4. Aircraft weight .......... Reduce to min pract
5. Forlanding ............... Referto LANDING WITH A
KNOWN BLOWN TIRE
checklist
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AIRCRAFT ABANDONING

EMERGENCY GROUND EGRESS

The decision to abandon the aircraft through
manual egress or by ejection mainly depends on
the severity of the emergency situation and aircraft
speed. Generally, ejection should only be
considered if the pilot's life is in imminent danger.

WARNING

A minimum speed of 40 KIAS (
80 KIAS) is mandatory for saye

ejection.

1. Throttles ................ OFF

2. Ejection handle ...... Secure

3. Quick-release box .. Open

4. Pressure regulator

safety pin ... Pull

5. Dinghy lowering line Disconnect

6. Canopy ......ccceeene OPEN
If canopy fails to open:

1. Canopy ....ccevveennnnn. Jettison
GT:

Alert the other crewmember without any ms
early as possible by voice or visual signals. If the
order for an emergency ground egress cannot be
given over the intercom or the VHF/UHF radio due
to a failure, briefed or standard hand signals should
be used.

EJECTION PROCEDURES

Ejection can be accomplished on the ground above
40 KIAS (GT 80 KIAS). Airborne, the design limit of
the seat allows ejection at any altitude up to
700 KIAS.

The emergency oxygen equipment, the Ie'g-)and
arm restraint devices along with a reliable ejéction
seat stabilizing system will adequatly protect the
pilot during an ejection sequence.

An additional body wind blast protector will shield
the occupant against excessive windloads when
ejecting at airspeeds over 485 KIAS.

Before Ejection

WARNING

The risk of injury during ejection
increases at speeds above
500 KIAS when wearing the
HGU-55G helmet ,or 700 KIAS
when wearing the ZScha 5/ZScha 7
helmet.

If time and conditions permit:

e Speed ..., 215 to 325 KIAS during
climb or level flight.

DR (=170} ————— Climb to an aititude
between 6500ft and
10000 ft AGL, or de-
scend to an altitude
between 13 000 ft and

10000 ft, if possible
attain VMC. .

e Aircraft................o...l Head toward unpopu- )
lated area. -7

o JFF s s sonssmnis s cvsnstatonnnes EMERG

e Harness.............ocue... Tight and locked

e Oxygen mask.............. Tight

¢ VisOrs ...ccccooeviivnnnnnan, Down

e Radio......ccoceeirninnnnn, Call MAYDAY

» Throttles .................... OFF prior ejection /

"« Ejection position.......... Assume o

* Grasp the twinned ejection handle with both
hands from behind.

NOTE

¢ In case oh@ hand is incapacitated
caused by/njury, either side of the
twinned “ejection handle can be
operated to initiate ejection.

e To adopt the correct posture, sit
erect, buttocks back, shoulders
against seat back, head against
headrest, spine straight, feet off the
rudder pedals and thighs on the
seat.

GAF T.0. 1F-MIG29-1S-22 3-7




GT:

Time and circumstances permitting, the AC wil
make the decision to eject. If the executive order
for ejection cannot be given over the intercom due
to a failure, the VHF/UHF-radio can be used as an
alternate method. With both systems inoperative,
rapidly move the control stick from side to side to
gain the other crewmembers attention. Make hand
signals either side of the head box to indicate the
intention to initiate ejection. Either arm will be held
up with forearms vertical, fist clenched, then
moving the forearms briskly up and down three
times. At night signal with vertical wave of
flashlight over the left shoulder.

| WARNING
AR Y S

If sequenced ejection is initiated
from either cockpit without first
alerting the other crewmember,
incapacitation from improper body
position on ejection could result.

Figure 3-1
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Ejection G
1. Ejection handle ......... Pull
The ejection handle should be pulled and held

forcefully in the upward position until seat is
propelled up the guide rails.

Figure 3-2

When the handle is pulled, the powered retraction
units are activated to tighten the shoulder harness,
lap pelt, elbow guards )and leg restraints. The
canopy jettison system’is activated. Atter the
canopy has separated from the aircraft, the seat
firing cable will be pulled allowing the twin barrel
ejection gun to fire and raise the seat out along the
quide rails.

zanopy fails to separate:

Nen a failure of the canopy jetison mechanism
occurs, the shoulder harness, elbow guard and leg
restraint units are actuated.

2. Ejection handle ........ Hold without
applying tension
3, 0an0py i Jettison with ca/nﬁQ
ermerg jemsén handle
NOTE

+ Hold on tightly to the ejection
handle with left hand since high

~ wind loads might cause serious
difficulties reaching for the ejection
handle again.

« Rotate the emergency canopy
jettison handle until the grip paints
roughly towards the interior of the

.V-.U« aircraft  grd  pul  forcefully
downward " until full travel is
reached.

4. Ejection handle ........ Pull again
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If the canopy still fails to separate, a backup
system will be activated which opens the canopy
locks within 0.5 sec after the ejection handle is
pulled again. The seat will be fired through the
canopy glass after a delay of another 0.5 sec.

WARNING

Do not activate the ejection handle
and canopy emerg jettison handle
simultaneously.

The emergency oxygen system will be activated
automatically as the seat rises along the guide rail,

Ejection GT
1. Ejection handle .......... Pull

Upon the executive order for ejection, both crew-

2. Ejection handle ........ Hold without
applying tension
3. Canopy wu..vvecvenenns Jettison with F / C canopy

emerg jettison handle
4. Double system rescue... F/C pull

WARNING

After activation of the DOUBLE
SYSTEM RESCUE handle, the
front seat will eject after 1 sec, even
if the rear seat has failed to eject.

AFTER MAN/ SEAT SEPARATION
1. Canopy w..smmmremenes Check

Check correct deployment of chute canopy

members should initiate ejection simultaneously. 2 Mask v Remove
3. Pressure regulator
If seats fail fo eject safety pin .......c..... Pull
mmafailitonit 4. Survival pack ....... Check open
A failure of the rear seat to fire interrupts the : lc':"e vost k """"" Infiate
gjection sequence and prevents both seats from - d.anopy q"t'c boritoucid
firing, despite canapy seperation. Isconnect .......... Upon touchdown
open
EJECTION SEQUENCE

Ejection on the ground
at a speed of 40 kis
(GT: 80 kts)

Change2 3-9
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Medium-speed and
medium-altitude
ejection

215325 KIAS
6500 - 13 000 ft MSL

Wind blast
Protector
! % g

High-speed and
high-alfitude ejection
above 485 KIAS
above 16 000 ft MSL

Figure 3-3
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ENGINE FIRES
ENGINE FIRE ON THE GROUND
LH ENG RH ENG )
FIRE FIRE VIWAS No.: 1, 2
1. Throttles ................ OFF
2. Fuel shut off valve
bad engine ............... OFF
3, Fire extinguisher
bad engine ... . Activate

4, Bat GND supply OFF
5. Continue with the EMERGENCY
GROUND EGRESS checklist

vvvvvvvv

AAAAAAMAA

Exercise care positioning the fire
extinguisher selection switch, since
the entire foam supply is distributed
and only one extinguishing attempt
is possible.

ENGINE FIRE DURING TAKEOFF ROLL

LH ENG RH ENG

FIRE FIRE VIWAS No.: 1,2

If an engine fire is indicated, the takeoff should be
aborted if possible.

If decision to stop is made:

1. Abort ............ ... Referto ABORT checklist
2. Throttles w. QOFF
3. Fuel shut off valve
bad engine ............... OFF
4. Fire extinguisher
bad engine ............ Activate

5. Bat GND supply ........ OFF
6. Continue with the EMERGENCY
GROUND EGRESS checklist

|f takeoff is continued:
1. Throttles ... MIL

If refusal speed has been reached or exceeded, it is
advisable to continue takeoff. Should the fire result
in partial or total loss of thrust on one engine, the
advice and actions applicable to engine failure
should be followed.

When safe airborne:
2. Throttle bad engine ... OFF
3. Fuel shut off valve

bad engine ............... OFF
4. Fire extinguisher
bad engine ......ccc....... Activate

When the fire extinguisher bottle has been dis-
charged and the fire warning lights are out, it may
be assumed that the fire is extinguished. The fire
warning elements continue to detect an overheat
condition.

If fire is confirmed:
B THIOWBS <o OFF
6. Eject

If fire is extinguished:
BN et g ASAP
6. For single engine Idg .. Refer to SINGLE ENGINE
APPROACH AND
LANDING checklist

ENGINE FIRE DURING FLIGHT
LH ENG RH ENG ‘
e R VIWAS No: 1,2

Upon detection of a fire, immediately deselect
AB operation of both engines.

1. Throttles bad engine  OFF
2. Fuel shut off valve

bad engine ............... OFF
3. Fire extinguisher
bad engine ............. Activate
4. AFCS modes ............ OFF (press < 3 sec)
If fire is confirmed:
5. THrotles s OFF
6. Eject

If fire is extinguished:

Lo R oo ASAP
6. For single engine Idg .. Refer fo SINGLE ENGINE
APPROACH AND

LANDING checklist
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ENGINE FLAMEQUT
DOUBLE ENGINE FLAMEOUT
Engine flameout is indicated by loss of thrust, RPM

will drop rapidly. Counteract any rolling motions and
relight the engines.

WARNINGI

If neither engine relights passing
6500 ft AGL, an immediate ejection
is recommended.

1. Damper/ AFCS modes  OFF (press > 3 sec)
or AFCS SW ....cerene. OFF

After RPM drops below 45 %
2. Throttles ............... OFF
3. Both engines ............. Continue with the ENGINE
RELIGHT checklist

4. Throttles s Between IDLE and MIL
5. Engine relight .......... Monitor
6., Bnd wiimnsuman ASAP

SINGLE ENGINE FLAMEOUT

During takeoff roll

{

a. Gross weight below 16 500 kg

An engine failure during takeoff will lead to (5 loss i

total thrust, a yawing motion with subsequent
sideslip and a moderate rolling tendency of the A/C
away from the good engine. Usually, control
margins are sufficient for the pilot to counteract
adverse A/C motions if the aircraft remains above

stall speed, but the ability to climb depends on )

gross weight, configuration, altitude and temperature
Since both controllability and climb performance
improve drastically with airspeed, establish a single
engine climb rate of 200 ft/min to 400 f/min until
reaching 190 KIAS. Then increase the climb rate to
900 to 1500 ft/min. Flaps/LEF should not be raised
until an alitrde of 300 ft is reached. External stores
should be jettisoned  if required. If turns are
necessary, they should be made with minimum
angle of bank. Allgcomrol movements should be
made smoothly, g-ordinated.
;EL\

If decision to stop is made:
1. Abort ..., Refer to ABORT checklist
Takeoff should be aborted at airspeeds helow

10 KIAS/\T circumstances permit.

2. Throtle bad engine ... OFF
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If takeoff is continued:
1. Throtles .o MIL

If an engine fails immediately after becoming
airborne and the decision to continue the takeoff is
made, it may be necessary fo allow the aircraft to
settle back on the runway until takeoff speed is
attained.

2. Gear/Flaps ............ Upatsafe airspeed
and altitude

b. CARRYING WING DROP TANKS
(gross weight above 16 500 kg)

Since airspeed is very crifical at high gross weights,
use of AB is highly recommended for acceleration
However, yawing motion with subsequent sideslip
and rolling tendency of the A/C away from the good
engine are much more pronounced in AB than in
MIL power. Particularly foot loads are very high if
the yaw and sideslipfrom asymmetric AB thrust are
to be compensategp?rudder pressure is reduced
and some degree of sideslip accepted (at the
expense of climb rate), the heading can be held
constant with moderate bank into the good engine.
If a military takeoff was performed, the pilot should
not hesitate to select maximum AB on the good
engie

Both, ¢ontrollability and climb performance improve
drastféally with airspeed, therefore it is -mandato
to keep the airspeed above fpproximately.
190 KIAS. Control inputs should be matie-smeothly
and turns should be avoided. If single engine climb
performance is insufficient even in maximum AB,
the pilot must not hesitate to jettison the external
tanks.

If takeoff is continued:
s O 1111 -1~ Afterburner
2. External tanks . . Jettison if required
Up at safe airspeed
and altitude
4, Flaps I LEE wisinean: Up at safe airspeed
and altitude

WHEN ESTABLISHED AT SAFE ALTITUDE

After RPM drops below 45 %
1. Bad engine ........cccc.... Relight if practical
according to the ENGINE
RELIGHT checklist

2 LA oo e insssitissns SROAP
No relight

1. Throttle bad engine ... OFF

2 lendat L o mer s L ASAP
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During Flight

If an engine flameout occurs during flight, external
stores should be jettisoned if required. Turns should
be made with minimum angle of bank. Control
movements should be smooth and co-ordinated.

Airspeed should be maintained between 215 and
325 KIAS. Counteract yaw movement by smoothly
applying opposite rudder.

1o BB s OFF
2. AFCS modes .......... OFF (press <3 sec)

After RPM drops below 45 %

3. Bad engine ............... Relight according to the
ENGINE RELIGHT
checklist

4 Land ..o ASAP

ENGINE RELIGHT

If engine flameout occurs during flight, relight is
initiated automatically. However, if the automatic
relight fails, }l@’ semiautomatic and ,14‘1@ manual
relight are available as alternate methodes. After
successfull relight, check engine operation. If
engine is not controllable in the entire RPM-range,
retard throttle to OFF and relight at higher airspeed,

NOTE

Time required for engine relight
during flight must not exceed
70sec. When the time limit is
exceeded, an entry into form 781
has to be made.

AUTOMATIC RELIGHT (RPM < 50 %)

Automatic relight sequence is initiategf when engine
RPM drops below 50 %, provided the throttles are
set between IDLE and AB.

The corresponding green ENG START caption on
the TLP is illuminated and the EGT increases to
values corresponding to throttle position.

1. Throttle ................... Between [DLE and AB
2. ENG START light ...... Check on
3. RPMand EGT ......... Monitor

SEMIAUTOMATIC RELIGHT

Semiautomatic relight should be used if an engine
drops~pelow 50 % RPM and the automatic refight
fu has failed.

Upon execution of the procedure, the corresponding
green ENG START caption on the TLP is
iluminated and the EGT increases to values
corresponding to throttle position.

1, Throttle .......coeeeeri. OFF (for 2- 3 sec)
2. Throtle i Between IDLE and MIL
3. ENG START light ...... Check on
4, RPM and EGT ........... Monitor
MANUAL RELIGHT
b8
D#L,

Manual relight may be required if automatic and
semiautomatic relight functions have failed.

N THROMe s QOFF
2. AIR RELIGHT sw ....... ON (max 100 sec)

E CAUTION 3

To prevent damage to the ignition
coils, the AIR RELIGHT switches
must not be set to ON for more than
100 sec.

3. Throttle ...................... Between IDLE and MIL

After engine relight:
4. AIRRELIGHT sw ....... OFF

o If engine is not controllable in the
entire RPM-range, repeat engine
relight at higher airspeed.

o At least 5 relight attempts with Oz
are possible.

Relight envelope for all relight types

ALT KIAS RPM
below 40000ft | 220-540 >12%
40000-56 0001 | 300-M1.8 >50 %

GAF T.0. 1F-MIG29-18-32 313



ENGINE FAILURES OR
MALFUNCTIONS

AB FAILURE DURING TAKEQOFF

In case of an engine malfunction beyond minimum
go speed and before max abort speed, takeoff may
either be aborted or continued.

a. All gross weights

If decision to stop is made:
A BB o Refer to ABORT checklist

Takeoff must be aborted if an engine fails before
reaching minimum go speed.

Once the max abort speed is reached, takeoff must
be continued

b. Gross weight below 16 500 kg

If takeoff Is continued:

1 Throtles i MIL

2. Gear ... .. Up at safe airspeed
and altitude

3. Flaps /LEF ............. Up atsafe airspeed
and altitude

4. Throttle bad engine ... |DLE and monitor

¢. CARRYING WING DROP TANKS
(gross weight above 16 500 kg)

Since airspeed is very critical at high gross weights,
use of AB is highly recommended for acceleration.
Refer to single engine flameott this section.

If takeoff is continued:

1. Throtile bad engine ... MIL

2. External tanks .........., Jettison if reqired

% BRAF et Up at safe airspeed
and altitude

4, Flaps [LEF .............. Up at safe airspeed
and altitude

5. Throttle bad engine ...

IDLE and monitor
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ENGINE MECHANICAL FAILURE

An engine mechanical malfunction is usually
accompanied by engine vibrations, explosions,
surges, 0 engine seizure At the first indication of
: 5 WO 2 ¥
mechanjcal engine failure,shut down failed engine
and advance throttle of’trg good engine to obtain
the required thrust. Compensate roll and pitch
moments.

1. Throttle bad engine .... OFF

2. Land ..o ASAP
3. For single engine Idg .. Refer to SINGLE ENGINE
APPROACH AND

LANDING checklist

ENGINE VIBRATION
REDUCE RPM 'REDUCE Rem|
LH ENG RH ENG

VIBR LEFT

/A
When the preset vibration limit of an engine is
exceeded, the corresponding wamning signals
iluminate.

VIWAS No.: 19,20

(7}

AR e e OFF
2. RPM bad engine ........ Reduce

Reduce RPM until warning signals disappear.
SR As soon as practical

If warning light or AEKRAN still on:
3. Throttle bad engine ... OFF

G lanal s ASAP
5. For single engine Idg .. Refer to SINGLE ENGINE
APPROACH AND

LANDING checklist



ENGINE CHIPS

oL

| PRESS LEFT

SR

VIWAS No.:31, 32

GAF T.0. 1F-MIG29-1

f oL
| PRESS RIGHT

CHIP LEFT

CHIP RIGHT

If the oil pressure is low for more than 20 sec or a
magnetic sensor detects abbrasions in the engine
oil, engine chips are indicated.

talBmrsammsemmy OFF
2. RPM bad engine ........ Reduce

Reduce RPM until warning signals disappear.
3.Land ..o AS 500N a8 practical

If warning light or AEKRAN still on:
3. Throtlle bad engine ... OFF

the ramp system. Engine sur ay be sel-
clearing or may result in a lockgtHn-surge.
i

The engine surge can be recognized by the
simultaneous existence of high EGT, low RPM,
closed intake ramps, pulsating thrust or loss of
thrust, and lack of engine response to throttle.
Surges may be accompanied by bangs. The most
positive stall clearing procedure is to shutdown the
engine and perform a relight In the event of a
double engine locked-in-surge, shut down and
restart one engine at a time.

1. AB..... arsisi OFF
2. Throttle bad engine ... IDLE
3. ANTI SURGE .......... Recheck ON

If unsuccessful after 5 to 8 sec:

4. Throttle bad engine ... OFF

5 Ramp ... . Check

6. Bad engine ............... Continue with the ENGINE
RELIGHT checklist

7.Land ... A 800N a5 practical

OVERHEAT RIGHT

A LA i, ASAP [framp in 100 % and airspeed above M 1.15:
5. For single engine Idg .. Refer to SINGLE ENGINE 6. Airspeed ... BelowM 115
APPROACH AN[,) T RBIMD. e amnia < EMerg retraction
LANDING eneckist 8. Bad engine ............. Continue with the ENGINE
RELIGHT checklist
... As soon as practical
ENGINE SURGE
REDUCE RPM |REDUCE RPM ENGINE OVERHEAT DURING FLIGHT
LH ENG RH ENG
REDUCE RPM REDUCE RPM
LH ENG RH ENG
LHENG | RHENG S I
START | START
L IS VIWAS No: 6, 7 OVERHEAT LEFT
VIWAS No.: 6,7

OVERHEAT RIGHT

OVERHEAT LEFT

An engine surge is an aerodynamic disruption of
airflow through the compressor. It is caused by
subjecting the LP andfor HP compresser to a
pressure ratio above its capabilities at the existing
conditions.

The compressor capabilty may be reduced by
FOD, corrosion, missile or gun exhaust gases,
misrigged or malfunctioning IGV's. In addition, the
compressor may also be subject to abnormal
operating conditions as a result of a malfunction of

Engine overheat during flight occurs, if EGT of
LH/RH engine exceeds the scheduled value.

LB, OFE
2. RPM bad engine ........ Reduce
3.Land ..o As 00N a8 practical

[fwarning light or AEKRAN still on:
3. Throttle bad engine ... OFF

IR ——— ASAP
5. For single engine Idg .. Refer to SINGLE ENGINE
APPROACH AND

LANDING checklist
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ENGINE OIL PRESSURE LOW OR ENGINE OVERSPEED .

OVERTEMPERATURE
REDUCE RPM REDUCE RPM
15, L0IIS | on LH ENG RH ENG
{PRESS ~ LEFT {PRESS RIGHT
VIWAS No.: 8,9, 6,7 LEFT OVER SPEED
VIWAS No.:12, 13, 15, 16 OIL PRESSURE LEFT
RIGHT OVER SPEED
OIL PRESSURE RIGHT
and / or
OIL TEMP LEFT
OVERHEAT LEFT
OIL TEMP RIGHT
OVERHEAT RIGHT
o PR o - o, Mo
2. RPM bad engine ...... Reduce Engine overspeed and/or overheat indications on .
3.Land e As 500N @5 practical the AEKRAN indicate a failure of fuel control,

vibration andlor overtemperature.
If warning light or AEKRAN still on:

3. Throttle bad engine ... OFF 1 ABarsmasnsian. OFF

4.land ... ASAP 2. RPM bad engine ........ Reduce

5. For single engine ldg .. Refer to SINGLE ENGINE 3.Land ..o AS 00N @S practical
APPROACH AND
LANDING checklst If warning light or AEKRAN still on:

3. Throttle bad engine .... OFF
4, Land ... ASAP
ENGINE CONTROL SYSTEM FAILURES 5. Forsingle engine Idg .. Refer to SINGLE ENGINE
APPROACH AND
MAIN ENGINE CONTROL FAILURE LAHDI et

RIGHT ENG STBY SYS The green captions LH/RH ENG AB are not
iluminated on the TLP when the AB failes to light.

VIVWAS No:: 28,29 AB FAILS TO LIGHT

1. Throttle ..... MIL

v S S00N @S practical

1. Throttle bad engine ... No rapid movement
2. RPMand EGT ........... Monitor
3 Land ..o A 500N 28 practical
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AB FAILS TO SHUT DOWN
OR
BLOWS OUT DURING FLIGHT

If AB fails to shut down when retarding the throttles
out of the AB range, the corresponding ENG AB
light on the TLP remains on.

When an AB blow out occurs, the corresponding
ENG AB light on the TLP extinguishes with the
throttle in AB range. Sudden roll and/or pitch
movements are expierenced and loss of thrust is
noticeable.

YYVYYYYYYYYvY

CAUTIO

..... AAMA

Loss of AB or shut down failure
could be an early indication of an
engine failure. Do not recycle AB.

1. Throttles ... MIL

2. ABEMERG sw .......... Ifrequired, OFF

3 BB s DOMOESE

4.land .............ee....... AS SOON a8 practical
RAMP CONTROL FAILURE

VIWAS No.: 25, 26, 27 LEFT AIRINTK

RIGHT AIR INTK

UPPER INLET

Additional indications for a ramp failure are ramps
in the open position, failure of either ramp to move
during acceleration to M 1.6 or a difference of more
than 15 % between the ramps.

1. Throttle bad engine ... IDLE

2. Airspeed .................. Reduce fo subsonic
(430 - 480 KIAS)
If below 30 000 ft
3 Ramp s ... Emerg retraction
4. Land ... As soon as practical

If surges cccur:

4 RPM...oeeec. Increase

5. Airspeed . Subsonic

6. Land ...co....... As soon as practical
NOTE

Upon release of either RAMP
EMERG RETRACTION switch, the
ramp must not extend more than
8 %.

FUEL SYSTEM FAILURES

FUEL CONTROL FAILURE

REDUCE RPM REDUCE RPM
LH ENG RH ENG
VIWAS No.: 33, 34 FUEL PRESS LEFT

FUEL PRESS RIGHT

- e 0
2. RPM bad engine ........ Reduce till waming light

and AEKRAN off I
JoLand oo As soon as practical

If warning light or AEKRAN still on:
3. Throtlle bad engine ... OFF

41800 v ASAP |
5. For single engine Idg .. Refer to SINGLE ENGINE
APPROACH AND
LANDING checklist
FUEL BOOST PUMP FAILURE

Provision is made for gravity feed to the bad engine
in case of a boost pump failure. This provision
allows engine operation at low power settings at or
below 16 000 ft.

NOTE

Above 16000 ft at high power
settings or during near zero and
negative g-flights, engine flameout
or unstable RPM indications may
occur. Therefore, near zero and
negative g-flights are prohibited.

TodhB i
2.RPM ...

to min practicable
3. Altitude ..................... Descend < 16000 f
4. Zero/ negative g ....... Prohibited
BLARl s As soon as practical
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CENTERLINE TANK TRANSFER FAILURE

VIWAS No.: 42
1. Fuel T/PSW . T
2. Fuel contents ........... Monitor
L 1 o e —— As soon as practical

WING DROP TANK TRANSFER FAILURE

WDT
NO PRESS

If there is a pressure loss in the system, none of the
WDTs will be emptied. Therefore the pilot must be
aware of the actual fuel amount available, which is
indicated fuel minus external wing fuel (1 800 kg).
The BINGO waming will not reflect actual fuel
available. Caution should be used not to exceed the
maximum allowable landing weight.

VIWAS No.: 38

1: FUEI T R/SW cinnins T

2. Fuel calculation ......... Modify

3. Land ..., As 500N a3 practical
CAUTION

Consider jettisoning of the wing drop
tanks if range is the critical factor in
reaching the next suitable airfield.

NOTE

Although  unlikely , @ WOT NO
PRESS indication may be the first
indication for a single WOT transfer
failure and an impending weight
asymmetry.

GAF T.0. 1F-MIG29-1

ELECTRICAL SYSTEM FAILURES

BOTH GENERATOF§ FAILURE

Check | TURN |Ugh! 1 DC GEN WATCH TIME I

VIWAS No.: 21

AC GEN

GT: | TWO GENER WATCH TIME

A b generatof] {ail@ can be defermined by
ilumination of the DC"GEN WATCH TIME on the
AEKRAN, The failure of the AC GEN is
notindicated. lllumination of the TURN light is the
only hint for the AC GEN indication in store. DC
voltage drops to 2110 22 V.,

The fire control system, roll and pitch trim, the
speedbrakes, the drag chute and the anti skid fail
immediately. Ramp control becomes inoperative |
with the flaps remaining in the position at time of
failure. The fail flags on the HSI appear.

As batterie power decreases below 20V, lamp
brightness ~ decreases, engine intake ramps,
UHFIVHF radio become inoperative. Qther instru-
ments may fail already.

Below 18V, pitch, bank and HDG indications
become unreliable.

CAUTION ;

When total electrical failure_ /ii[/)L
experienced the ge&r has tofowered
pneumatically,asd Hue to the failure
of the main fuel control, rapid power
changes should be avoided. Be

) prepared for a possible no flap

f fanding.

o AECS.8W wu.icisiains OFF

C £ e 1"
(# %;L .+ 1. Damper/AFCS modes OFF (press > 3 sec)
o 0 ‘ A

3-18 Change 2

)< . OFF

3. Nav system Manual

4 P02 o Check ON

5. Voltmeter ... weeeee Monitor

B Land s ASAP
CAUTION

In case of both generator failure,
battery power will be available for 10
to 25 minutes.
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DC GENERATOR FAILURE

| DC GEN WATCH TIME |

A DC generator failure results in nonavailability of
the same systems as a both generator failure.
Since the AC generator is sfill available, PTO
(DC/AC converter) is not used, resulting in
increased battery power availabilty.

VIWAS No.: 21

1. Damper /
AFCS modes .......... OFF (press > 3 sec)

or AFCS sw ..... . OFF
2 BB OFF
3.PTO ..o Check ON
4, Nav system ............ Manual
5i Lang: s ettt ASAP

SERVICES LOST CHART
BOTH GEN OR DC GEN FAILURE,
BAT POWER>18V

Weapons:

- Opto electronic

- Weapon Control System
-IRSTS/LRF

- Helmet Mounted Sight

- RADAR

Navigation:
- Mode AUTO

SERVICES LOST CHART
BOTH GEN OR DC GEN FAILURE, BAT POWER <18V

vvvvvvvvvvvvvvv

...............

In case of DC generator failure,
battery power will be available for
15 to 35 minutes.

Flight Instruments: Engine:
-HUD /HDD = Inlet ramp control
- Attitude indicator :
y Airframe:
- Pressure altimeter
(exceptGT,RC) G
“HSI - Flaps / LEF
~Tum needle inthe \ry| - Speedorakes
-Rad alt - Aileron trim
- Stab trim
Navigation: - Artificial feel system
-MAIN /STBY GYRO - Anti-skid
- TACAN -NWS
- ADF
Weapons:
Communications: - Fire control system
- UHF / VHF Radio '
- Miscellaneous:
) !FFh 2 - Drag Chute
A - VIWAS
Fuel: - AEKRAN
- Fuel quantity -TLP
indication - MASTER CAUTION
¢ CAUTION
I total eleclrical failure s

experienced the gear has to be
lowerd pneumatically. Due to the
failure of the main fuel control, rapid
power changes should be avoided.
Be prepared for a possible no-flap
landing.
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AC GENERATOR FAILURE
or
AC GENERATOR DRIVE FAILURE

GAF T.0. 1F-MIG29-1

AC GEN

In case of a AC generator failure, the PTO supplies
AC power to the systems critical for flight.

\AAAAAAAAARALL,

¢ CAUTION

Do not reset AC GEN switch to ON.

DISCON GEN DRIVE

If the il pressure in the constant speed drive drops
below permissible values or the oil temperature is
to high or the AC frequency increases above limits
due to generator drive shaft overspeed, the
DISCON GEN DRIVE illuminates on the AEKRAN.
In case of a generator drive shaft overspeed, the
generator is disconnected automatically. Cut-off is
indicated by illumination of the AC GEN on the
AEKRAN. When the AC GEN does not illuminate,
proceed as follows:

1. Damper/
AFCS modes ... OFF (press > 3 sec)
or AFCS SW ..vcvvveenns OFF
2. GENDRIVE
EMERG OFF ........ Hold for max 25 sec
Check ON
ASAP

3-20 Change 4

SERVICES LOST CHART
AC GENERATOR FAILURE / DRIVE FAILURE
Flight Instruments:  Airframe:
-HUD /HDD - Aileron trim
- Stab trim
Weapons: - LH AOA
-RADAR probe heater
- Fire Control System  ~ AFCS
-MSL firing / release  Navigation:
-IRSTS / LRF - MAIN/STBY |
Weitond GYRO .
- Weapon Control heater elements .
System i
Communications:
fa; IFF altiud
- |FF altitude
- Hg!met Mounted afcoder
Sight
AC TRANSFORMER FAILURE .
ontrol and Test | TRANSFM
Control and Test Pane FAlL
SERVICES LOST CHART
AC TRANSFORMER FAILURE

Weapons:

i 8
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GEARBOX MALFUNCTIONS

GEARBOX FAILURE / VIBRATION

oiL
GBX

VIWAS No.: 10, 14 OIL PRESS ACCRY GBX

and / or

ACFT ACCRY GBX VIBR

A complete GBX malfunction results in total loss of
both hydraulic systems and subsequent loss of
aircraft control. Therefore, in the event of a GBX
fallure during any flight phase, be prepared for
immediate ejection. For this reason also, if the GBX
fails during takeoff roll, abort,

On the ground
1. Throttles ..v...vvvrveeeonnn, OFF

During takeoff or during flight

If decision to stop is made:

1. Abort .............cccooe. Referto ABORT checklist
2. Throttles ................... OFF

If takeoff is confinued and during flight;
1. Gear /flaps Do not retract
2. RPM cnnenn. Reduce if practical
3. Hydraulic pressure ... Check and moitor

If hydraulic pressure is in limits:
4 land......... R ASAP
5. Throttles after landing OFF
When hydraulic pressure depletes completely:
4 Thiottles o OFF
5, Fject

GEARBOX FIRE

GBX :
1 FIRE VIWAS No.: 3

On the ground / taxi

1. Throttles v....vvvvvevverinnns OFF

2. Fuel shut off valves ... OFF

3. Fire extinguisher GBX  Activate

4, Continue with the EMERGENCY GROUND
EGRESS checklist

During takeoff

If decision to stop is made:
1, ADOM oo Refer to ABORT checklist
2 ThroMles: s OFF

3. Fuel shut off valves ... OFF

4, Fire extinguisher GBX  Activate

5, Continue with the EMERGENCY GROUND
EGRESS checklist

If takeoff is continued:

1. Throttles ................... MIL
When safe airborne:
2. Gear/flaps ................ Do not retract

3. Fire extinguisher GBX Activate

If fire is extinguished:
4. Hydraulic pressure ... Check
5. AEKRAN ... Check
6. Land ... ASAP

If fire is confirmed:

4. Throttles .....oocvcinne OFF
5. Eject
During flight
¥ BBt OFF
2. AFCS modes ............. OFF (press < 3 sec)

3. Fire extinguisher GBX Activate

Iffire is extinguished
4. Hydraulic pressure ... Check
5, AEKRAN Check
6. Land ... ASAP

If fire is confirmed:
4. Throttles ..........ee.. OFF
5. Eject
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HYDRAULIC SYSTEM FAILURES

BOTH HYDRAULIC SYSTEM FAILURE

] DOUBLE | EMERG HYD
HYD SYS ! PUMP  ON
e
VIWAS No.: 17, 18 BOOST HYD §Y$

MAIN HYD 8YS

When the main hydraulic system and the boost
system fail, all flight control functions are lost unless
the emergency hydraulic pump is operating. The
emergency hydraulic pump is automatically
activated when hydraulic pressure drops below 100
kpicm? in both systems or when switched on
manually. Even at engine speeds above 85 % RPM
only severely degraded aircraft controllability is
available.

If time and conditions permit, proceed to a bailout
area and perform a controlled ejection.

1. Damper/AFCSmodes ~ OFF (press > 3 sec)
orAFCS sW ..., OFF
2. Emerg hydr pump ...... Recheck ON

If one hydraulic system is regained:
3. Throttles .................. Above 85 % RPM
4. Prepare controlled ejection

When hydraulic pressures deplete completely:
3. Throttles ...... . OFF:
4. Eject

MAIN HYDRAULIC SYSTEM FAILURE

If the main hydraulic system fails, all hydraulically
operated systems will be lost except the ailerons,
the rudders, the tailerons and the pitch kicker.

VIWAS No.; 18

. Damper/AFCS modes  OFF (press > 3 sec)
or AFCS sw ... OFF
Emerg retraction according
to RAMP CONTROL
FAILURE checklist
.......................... Continue with the
EMERGENCY GEAR
EXTENTION checklist
o) L O . ASAP
. Perform a no flap landing according the LDG WITH
FLAP/LEF SYSTEM FAILURE checklist

ro

w
@
5]
@
@

[ N

HYDRAULIC BOOST SYSTEM FAILURE

BOOSTHYD 8Y§

To prevent excessive strain on the double actuating
hydraulic cylinders and the main hydraulic system,
do not use speedbrakes, flaps and normal gear
extension.

VIWAS No.: 17

1. Damper/AFCSmodes ~ OFF (press > 3 sec)
of AFCS sW .............. OFF
2. Airspeed . Not above 320 KIAS

3. Speedbrakes ... . Do not use

4, Gear ....ccocouevinnnnens Gontinue with the
EMERGENCY GEAR
EXTENTION checklist

5: Land s ASAP

8. Perform a no flap Ianaing according to the
LDG WITH FLAP/LEF SYSTEM FAILURE checklist

SERVICES LOST CHART
HYDRAULIC SYSTEM FAILURES
Systems affected: Systems lost:
- Alleron - Ramps
- Rudder - Speedbrakes
- Taileron - NWS
- Flaps / LEF - Normal gear extension
- Pitch kicker - APU doors
- Artificial feel rudder
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FLIGHT CONTROL MALFUNCTIONS

FEEL CONTROL UNIT FAILURE

Stick forces easy

Stick forces easier than normal required for pitch
control indicate a feel control unit failure infor near
the takeoffllanding position. Since the feel control

unit remains in the TO/LD position at airspeeds up
to 215KIAS and altitudes below 3000ft MSL,
normal control stick feeling is regained for landing if
FEEL UNIT EMERG switch is positioned to EASY
and FEEL UNIT TO/LD light illuminates on the TLP.

1. Pull up to reduce airspeed below 270 KIAS
2. Stick movement ........ Minimize (PI0's!)

3. Damper/AFCS modes  OFF (press > 3 sec)
4, Feel unit emerg sw ... EASY

5. Feelunit TO /LD light Check on

6, Land ..., AS 5000 @S practical

Stick forces heavy

Stick forces heavier than normal required for pitch
control indicate a feel control unit failure in the
refracted position, equivalent to a stick feel force at
airspeeds of 470 to 670 KIAS. Following the stick
forces heavy procedure should result in normal
stick forces for landing.

1. Damper/AFCS modes  OFF (press > 3 sec)
2. Airspeed.................... Below 270 KIAS

3. Feel unit emerg sw ... EASY

4. Feelunit TO/LD light Check on

5 Land ... AS S0ON @S practical

NOTE

If feel unit TO/LD light stays off, fly a
shallow approach and add 25 kis to
the computed approach speed.

COC FAILURE

| COCFAIL

A complete COC failure is indicated on the TLP,
when both AOA limiter channels of the AOA/G
computer have failed. Automatic LEF operation is
disabled.
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A partial COC failure is indicated by a NO COC
RESERVE light on the right console.

I 1 ... As soon as practical

'é'AUTI'c')N:'

IARAAAA,

With a complete COC malfunction,
pitch kicker warning is not available.
Extreme care should be used when
operating near the allowable AOA
fimit.

COC ACTUATOR FAILURE

COC 3 §TOP

A COC actuator failure is indicated by pitch down
force on the control stick below M 0.45. After gear
extension, the AEKRAN signal is displayed. Pitch
down feel force cannot be trimmed away. During
deceleration, the pitch down force increases up to
17 kp.

1. TAM v, FUlly 3

2. Stick forward forces .. Override during
approach and landing

3. After touchdown ........ Stick maintain aft

To prevent a hard nosewheel touchdown, maintain
stick aft after landing.

TRIM FAILURE

A runaway trim condition exists, when stick forces
cannot be alleviated by trim. To reduce stickforces
required for aircraft control, fly 320 to 375 KIAS, at
or below MO8 with a nose-down out of trim
condition, and approximately 270 KIAS with a nose-
up out of trim condition. Stick forces increase with
decreasing airspeed. Therefore, transient forces
may require to fly the aircraft with both hands during
landing approach.

1. AFCS modes ............. OFF (press < 3 sec)
2. Airspeed ... ... Adjust as required
3. Land..... ... As soon as practical
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AVIONIC SYSTEM FAILURES
AUTOPILOT (AFCS) FAILURE

AFCS failures can be differentiated as trim motor or
damper faiures, automatic pitch control system
failure and AFCS computer failure,

Failures in the damper system may cause pitch
changes up to 2 g, roll rates up to 60° per sec or up
to 3° yaw. Feedback errors may cause aircraft
oscillations. Interference with the trim motors

causes slow down of aircraft reaction to control
inputs.

A failure of the automatic pitch control system can
cause pitch changes up to 2° AOA and 2 .

An AFCS computer failure can cause a drift in
aircraft attitude, sudden bank changes or pitch
changesupto 5¢.

To counteract the malfunction, apply the following
procedure

If aircraft oscillates or rotates around any axis:

1. Stick movement ......... Minimize (PIO's!)
2. Damper/ AFCS modes ~ OFF (press > 3 sec)
or AFCS sW ... OFF

When aircraft stops to oscillate or rotate:

3. Stick forces ..., Trim away

4.Land ..o As 5000 85 pracical
AIR DATA SYSTEM FAILURE

1. AFCS modes .......... OFF (press < 3 sec)

2. Airspeed .o Below 320 KIAS

d.Land ... As 800N a$ practical

CAUTION

PAAAAA,

With air data system failure, the pressure
altimeter and TAS indicator must not be
used. The following methods may be
used for altitude estimation:

Below 3 000 ft AGL - Use radar altimeter

3000-6500ft - Usecabin pressure
altimeter
Above 65000 ft - Double the cabin

pressure indication

MAIN OR STBY GYRO FAILURE

MAIN DIR VERT GYRO

STBY DIR VERT GYRO

A gyro system failure is additionally indicated by
appearance of the HS| OFF-flag and illumination of
the gyro fail light on the ADI. The fail indications
always indicate a failure of the selected gyro
system. The failure results in false attitude and
heading indications on ADI, HSI and HUD/HDD,

1. AFCS modes ........ OFF (press < 3 sec)

If MAIN gyro unreliable:
2. Gyro mode W ......... STBY gyro
3. Gyro cage button ...... Check light out

IFSTBY gyro unreliable:
2. Gyro mode s ........... MAIN gyro
3. Gyro cage button ....... Check light out
4. Arificial horizon ......... Check correct indic
S ) R ... OFF-flag away
6. HSI/STBY comp hdg  Compare

Ifin IMC:
AL ASAP
Ifin VMC:
7. land ................ Assoon as practical

If gyro still unreliable:
7. Gyro mode sw .......... MAIN gyro
8. Maintain straight and level unaccelerated flight
9. Gyro cage button ....... Press
10. Maintain straight and level unaccelerated flight
for 90 sec until AEKRAN light is out

11. Mag hdg slave button  Press 10- 15 sec

12. Nav system sw .......... Manual
13. Nav channels ........... Set as required
14. Gyro cage button ....... Check light out

15, HSI ..o, OFF-flag away
16. HSI/STBY comp hdg .. Compare
17. Attificial horizon ........ Check correct indic

If unsuccessful:
18. Follow above procedure

with gyro mode swin  STBY gyro
If still unsuccessful:
19 LA +.cisssiiesinssmarsssss - ASAP

Change2 3-23



BOTH GYRO FAILURE

TWO DIR VERT GYRO

1. Gyro switches .......... Recheck ON

2. AFCS modes ............ OFF (press <3 sec)

3. Follow the MAIN OR STBY GYRQ FAILURE
checklist from step 2. to 19. as required

NAVIGATION SYSTEM FAILURE

HSI RNG and BRG unreliable

1. Channels sw .......... Manual
2. Nav channels ............ Set as required
3 HSI i OFF-flag away

4. HSIISTBY comp hdg .. Compare
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APPROACH AND LANDING EMERG

An emergency landing pattern will be flown when
engine thrust is available and an emergency exists
or there is a malfunction which could result in an
emergency.

The primary objective of the pattern is to land the
aircraft safely in the first attempt with the least
amount of risk. Because of the many variables
involved, such as type of emergency, position, and
alfitude in relation to the field, gross weight, fuel
remaining, weather, populated areas, runway
length, availability of arresting gear, etc., a standard
pattern cannot be prescribed.

Depending on the circumstances it might be
desirable to utlize GCA, make a straight-in
approach, enter the pattern from downwind or
baseleg, or make a 360° overhead pattern.
Because of the various circumstances, the AC's
evaluation of all factors and his judgment wil
determine the type of landing pattern to be flown.

However, there are some general guidelines which
are applicable regardless of approach selected.
Reduce gross weight to minimum practical. Prior to
establishing the landing configuration, maintain
minimum  maneuvering airspeed. The pattem
should be planned to avoid abrupt, steep or hard
turns and large or abrupt power changes especially
with a flight control malfunction or a hydraulic
system failure. Circumstances permitting, a long
straight-in final should be planned and the landing
configuration established when on final.

If the pattern must be entered on downwind, base
or from an overhead pattern, the pattern should be
expanded, the landing configuration established
prior to final, and roll-out on final should be at least
2 fo 3NM out. A normal 2 to 3° glideslope should
be flown. For most emergencies, final approach
airspeeds are increased and AOA decreased to
provide adequate aircraft handling characteristics.
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SINGLE ENGINE APPROACH AND LANDING

During landing approach with single engine, fly a
normal final and landing. Correct for yaw with
rudder as required.

1. Gear ...ccccimnn. Extend
2. Flaps/LEF . . Downand out
3. Airspeed ... Maintain 175 KIAS

during final approach
NOTE

20 kts max crosswind are allowed
from the bad engine side.

LDG WITH FLAP | LEF SYSTEM FAILURES

A no flap landing has to be performed, if a split-fiap
condition exists during flap lowering, flaps fail to
extend, or if type of emergency dictates. Extend
final approach. Add 10 kts to normal final speed. Fly
a shallower than normal final. Delay power
reduction until overflying RWY threshold.

1. Aircraft weight ........... Reduce to min pract
2. Gear ..., Extend
NOTE

Add 10 kts to the normal approach
speed.

LANDING WITH ONE FULL WING DROP TANK

The effects of the weight asymmetry become rather
pronounced during approach and landing. As speed
decreases, an increasing amount of aileron and
rudder away from the heavy tank is required to
maintain straight and level fiight. Trim authority is,
however, sufficient to tim away control forces
during the appraoch. AOA during approach should
not exceed 10°. Considerable rudder and aileron
deflections are required during the landing flare.

1. Wind conditions at
Birfield. ..oviciniisiiiinis Consider

2. If feasible, plan approach so as to avoid significant
crosswinds from the side of the empty tank

\AAAAAS

'é'AUqur)[

o If crosswinds are present the
approach  direction  should be
chosen so as to avoid crosswinds in

excess of 10 kts from the side of the
empty tank.

o If landing conditions are critical,
consider jettisoning of the wing drop
tanks.

LANDING WITH A KNOWN BLOWN TIRE

A blown tire can be recognized by severe vibrations
andfor yaw movement and wing dip to the side of
the blown tire. After landing, shut-down engines if
necessary.

1. Aircraft weight ........... Reduce to min pract
2. Nose wheel brake ...... OFF
3..Gear ......iviseres . Extend

4. Flaps/LEF .. . Down and out

5. Drag chute....... . Deploy aft touchdown

6. Directional control ...... Maintain with
differential braking
and NWS

NOTE

o In case of extreme directional
control problems, consider
flaps/LEF retraction after touch-
down. This engages the high mode
of the NWS to improve directional
control.

e [n case of a blown fire during touch
and go, do not change aircraft
configuration.

NWS FAILURE AFTER LANDING

1. MRK emerg sw ......... OFF
2. Directional control ...... Maintain with
differential braking

WHEELBRAKE FAILURE

If the normal brake system fails, the emergency
brake is used, considering that the anti-skid system
is inoperative and NWS is not available. Differential
braking is not possible.

1. Emerg brake handle .. Pull
2. Prepare for Barrier Engagement according to the
BARRIER ENGAGEMENT checklist
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BARRIER ENGAGEMENT

For barrier engagement, a touchdown point should
be selected, based on enviromental factors such as
barrier location, runway condition, crosswind,
nature of emergency and anticipated difficulty in
high speed directional control. Consideration should
also be given to the barrier limit and the aircraft
configuration. See field arrestment gear data chart
below.

Utilize nose gear steering andfor brakes to engage
barrier at 90° angle on the RWY centerline. If
feasible, retard the throttles to OFF prior
engagement.

1. Throttles .................... OFF

2. ENGSYS ... v OFR

3. Periscope (GT) .......... Retract prior barrier
engagement

4. Shoulder hamness ...... Recheck locked

MAX BARRIER ENGAGEMENT GND SPEED (kis)

AIC |MK3 MK4 MK6 MK-12 BEFA Rolloar
Weight | AAE BEFAB 150ps AB 242
(k)

14000 | 165 145 90 115 145 165
14200 | 1685 145 80 15 145 165
15700 | - 135 85 10 140 155
17000 | - 135 80 105 135 -

MAX BARRIER ENGAGEMENT GND SPEED (kis)

AIC |F30 F40 F40 ATU  SAFELAND
Weight B2 B2 -GHA BAFA 123F
(kg)

14000 | 130 160 170 180 100 130
14200 | 130 180 170 180 - 130
15700 | 130 160 170 180 - 120
17000 | 130 160 170 180 - 115
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LANDING GEAR EMERGENCIES

LDG GEAR INDICATOR SYSTEM FAILURE

L GEAR INDIC

VIWAS No.44

One, two or three green gear down indications do .

not illuminate. The red light for intermeciate/unsafe
gear position is off

1. Indicator lights ........... Press to test

Tumn lights to full bright and press LAMP TEST
button to check fight bulbs.

2. Hydraulic pressure ... Check
NOTE
If main hydraulic pressure is within
limits, let another aircraft or tower

check the Idg gear down and locked.

If gear down configuration is confirmed:
3. Land ...... ... Ag s00n as practical

LDG GEAR RETRACTION FAILURE

Climb to a safe altitude while maintaining airspeed
below gear lowering limit.

L GBar ssiessssaniiniss, EXIENA
2. Ldg gear indicator ...... Check three greens
3. Land ..o, AS 500N 85 practical

LDG GEAR UNSAFE OR FAILS TO EXTEND
NOTE

In case of an all gear up or unsafe
configuration follow the main gear
unsafe or fails to extend
procedure first.
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Main gear unsafe or fails to extend

Main gear extension failure is indicated by a
flashing or steady gear unsafe indication and failure
of one or both main gear down light to illuminate.

If main hydraulic system pressure is within limits,
cycle gear two or three times at airspeeds below
370 KIAS (GT: 320 KIAS) allowing minimum 15 sec
in the EXTENDED position. If main gear still fails to
extend, heavily rock the wings with the landing gear
handle down. If the main gear is still unsafe, retract
all gear.

Refer to emergency gear extension for nose gear
emergency lowering only. After nose gear is down
and locked, refer to LANDING GEAR
EMERGENCY CHART for landing.

1. Hydraulic pressure .... Check

2. 'GOAK ssivesismrwmmsassmmsns Cycle
3. Various g-loads
and roll rates .............. Apply
If main gear remains up or unsafe:
4. Gear .....cccoevevererennann. Retract
5. Nose gear .................. Emerg extension,
refer to EMERGENCY
GEAR EXTENTION
checklist

6. Recommended action with final gear
configuration, refer to LANDING GEAR
EMERGENCY CHART

Nose gear unsafe or fails to extend

Nose gear extension failure is indicated by a
flashing or steady gear unsafe indication and
failure of the nose gear down light to illuminate.

if main hydraulic system pressure is within limits,
cycle gear two to three times at airspeeds below
370 KIAS (GT: 320 KIAS) allowing minimum
15 sec in the EXTENDED position.

If the nose gear still fails to extend, refer to
ermergency gear lowering.

In case the nose gear is down but not locked,
apply various g-loads.

If nose gear still fails to extend, refer to LANDING
GEAR EMERGENCY CHART for landing.

1. Hydraulic pressure .... Check

2. 1608F oo Cycle

3. Various g-loads ......... Apply

If nose gear remains up or unsafe:

4. Nose gear .................. Emerg extension,
refer to EMERGENCY
GEAR EXTENTION
checklist

If nose gear remains still up or unsafe:
5. Various g-loads ......... Apply
6. Recommended action with final gear
configuration, refer to LANDING GEAR
EMERGENCY CHART

EMERGENCY GEAR EXTENSION
1. Airspeed .................... Below 270 KIAS

For nose gear extension:
2. Emerg gear handle .... Pull
3. Nose gear .................. Check extended

For main gear extension:

|WARNING |

An emergency gear extension of
the main gear may result in a
configuration with one main gear
unsafe, making an ejection
unavoidable. See LANDING GEAR
EMERGENCY CHART.

4. Emerg gear handle .... Turn right and pull
5. Main gear .................. Check extended
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LANDING GEAR EMERGENCY CHART

FINAL GEAR RECOMMENDED
CONFIGURATION ACTIONS
- External load jettison
1 Up -Al C weight reduce to min prad!,
D - Land on a foamed rwy
After touchdown:
Up P - Deploy drag chute
0 0 - Throttles OFF
- Bat GND supply OFF
- Emergency ground egress
9 - External load jetlison
up -A! C weight reduce to min pract
D After touchdown:
- Stk full af
DOWN DOWN - Deploy drag chule after nose has
I I bean lowared
- Throtfles OFF
- B3l GNO supply OFF
- External load jetlison
3 DOWN -AT G weight reduce to min pract.
I ~Land on a grass or foamed rwy
- Deploy drag chute at louchdown
UpP up After touchdown:
D D - Throltles OFF
- Bal GND supply OFF
4 DOWN
l Try to achieve
all gear up - configuration
DOWN P olherwise
I 0 RIECT
] up
D Try lo achieve
all gear up - configuralion
DOWN P othenvise
l D EJECT
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MISCELLANEOUS EMERG PROCEDURES

OXYGEN SYSTEM FAILURE

EMERG OXYGEN RESERVE

If the oxygen supply system fails or depletes, or
symptoms of hypoxia are noted, activate the
emergency oxygen system. Perform an emergency
descent below 10000 #t MSL. When reaching an
altitude below 10 000 ft MSL and an airspeed below
380 KIAS, remove the oxygen mask.

1. Red mushroom .......... Pull
2. Emerg descent .......... Below 10 000 ft
3. Airspeed .......ooccivernn, Below 380 KIAS

Aslands e ASAR

RAPID DECOMPRESSION ABOVE 40 000 FT

Rapid decompression is accompanied by canopy
fogging and overpressurization in the pressure suit.

1. Emerg descent .......... Below 25000 ft
2. Air conditioning .......... Full forward (OPEN)
3. Oxygen system ......... Check

If oxygen contents is below 15 %:
4, Descent ,...vuvinnne.. Below 10000 ft
Sland. ... ASAP

AIR CONDITIONING SYSTEM FAILURE

WARNING |

Extreme cockpit temperatures due
to equipment malfunction may result
in pilot disablement and permanent

injury.

Try to solve the problem by bumping the spring
loaded temperature switch to the desired HOT or
COLD position. Allow the system to regain a
comfortable  cockpit  temperature. ~ When
unsuccessful, repeat the procedure.

Start a descend while increasing RPM to reach
warmer altitude layers if the temperature remains
cold.
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Abort the mission and land if cockpit temperatures
remain extreme.

1. Cabin temp sW........... Adjust temperature
If cockpit temp remains high:

2. Descent ......oumiini Below 20 000 ft

3. Air conditioning .......... Full back (CLOSED)

If cockpit temp remains still high:

4. Airspeed ... Reduce as required
5. Cabin ........ . EMERGENCY
DECOMPRESSION
6. Canopy ..e..cvvvemins Jettison
LOST CANOPY
1. Airspeed................... Below 250 KIAS
2. Ejection seat ............. Tolowest position
3 Land v gussessssmmsnsc ASAP
PNEUMATIC SYSTEM FAILURE
1. Emerg descent ......... Below 25 000 ft
2. Emerg pneumatic sys  Check
I B ———— ASAP

4. Emerg brake handle .. Pull after touchdown

If failure persists in both modes:

SERVICES LOST CHART
PNEUMATIC SYSTEM FAILURE

Systems lost:

- Normal brakes

- Anti-skid

- Canopy operation

- Cabin pressure

- RDR pressurization
- Fuel shut off valves

MAIN PITOT BOOM FAILURE

A main pitot boom failure can be recognized by
erroneous airspeed/mach indications, false WVI
and altimeter readings. Further symptoms can be
malfunctions of ramp schedule, ECU, feel control
unit, AFCS and navigation system.

To regain normal performance, proceed as follows:

1. Pitot heat .................. Recheck ON

2. Pitot boom sw . . EMERGENCY

3. Pitot boom sw . . MAIN after 2 - 3 min
4. Airspeed ................. Check

5, Damper / AFCS modes OFF (press > 3 sec)

or AFCS sw ... . OFF
B! ABY s pssinn . OFF
7. Airspeed .... Subsonic
8. Ramp Emerg retraction

9. Feelunitermergsw .. EASY
10. Feel unit TO /LD light Check on
1 BN snmiinnnniu As soon as practical

CAUTION

AAAAAAAAAAAAAA,

With pitot boom failure in both
modes the pressure altimeter /
speed indicators / VVI are not
usable. The following methods may
be used for:

Altitude estimation:
Below 3 000 ft AGL - Use radar
altimeter
3000-6500ft - Use cabin
pressure altimeter
Above 6 500 ft - Double the cabin
pressure indication

Airspeed estimation:
- RPM and AOA

Vertical velocity estimation:
- Flight Director

CABIN ICING
1. Cabin air lever ........... Full forward (QPEN)
2. Cabin pressure .......... Check
3. Airlever .... .. OPEN

4. Cabintemp sw ........... HOT

Bump temperature sw to HOT, if required repeat
several times.

Ificing is disappeared:
5, Cabin temp sw ........... AUTO

Ificing is not disappeared:
Il S —— Increase
7. Airspeed ................... Monitor
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SMOKE OR FUMES IN COCKPIT

WARNING

Al unidentified odors shall be
considered toxic. Smoke and fumes
in the cockpit may be the first
indication of a serious fire. Be alert
for a rapid deterioration in the
situation and catastrophic failures of -
aircraft  systems. Maintain safe
ejection altitude unti the situation is
under control,

To eliminate smoke and fumes from the cockpit
proceed as follows:

£ ——
2. Cabin airlever ...........
3. Emerg descent ......... Below 25 000 ft MSL
If smoke or fumes persist:
4. Land .. ASAP
5, Cabin < EMERGENCY
DECOMPRESSION
If smoke or fumes still persist:
6. Canopy .cccoovrereiivenns Jettison,
(consider E-38)
CAUTION

In case of an electrical fire, locate
and shut-down the effected system,
if possible.

WARNING

Be prepared for immediate ejection
when the canopy is jettisoned. The
wind blast and draft after the
canopy is jettisioned may cause
fumes or smoldering material to
ignite  with  catastrophic ~ and
incapacitating effect.

MOISTURE IN COCKPIT

1. Cabin temp sW ........... HOT
2. Cabintemp sw ........... Neutral

Bump cabin temp switch to HOT momentarily, if
required, repeat several times,
If moisture persists:

3. Repeat steps 1. and 2.

4. Cabin temp sw .......... AUTO
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CONTROLLABILITY CHECK

During any inflight emergency when structural
damage or any other failure is known or suspected
that may have an adverse affect on aircraft
handling characteristics, a controllability check
should be performed as follows:

1. Alttude ...covesrirrrens Min 5000 ft AGL

2. Aircraft weight ............ Reduce fo min pract
3. Flaps / LEF .............. Down and out

4. Gear ... . Extend

5, Aircraft .. Decelerate to
determine safe

appr and Idg speed

Slow aircraft to determine the airspeed, that
produces acceptable approach and landing
handling characteristics. Additionally check for
adequate roll capability.

NOTE

Do not exceed 15 AQA.
Do not fly slower than 175 KIAS,

OUT OF CONTROL / SPIN PREVENTION

If an out of control condition is experienced without
sufficient altitude to effect recovery, eject. The out
of control / spin prevention procedure will recover
the aircraft from nearly all out of control conditions
including spins with a non specific spin rotation. A
non specific spin rotation is characterized by
irregular oscillation around the longitudinal and the
horizontal axis with the aircraft swaying around the
vertical axis.

Unless at low altitude, retard the throttle to IDLE to
prevent engine flame out. If both engines flame out,
relight at least one engine to preclude loss of
hydraulic pressure.

When reaching 215KIAS initiate a normal dive
recovery with maximum allowable AOA. Use the
following procedure at the first indication of
departure from controlled flight:

1. Controls ........co...... Neutral

2, Throttles .............. IDLE
3. AFCS modes .......... OFF (press < 3 sec)

WARNINGl

f the aircraft is still out of control,
passing 7 000 ft AGL, eject.
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j SPIN RECOVERY / DEVELOPED SPIN SPIN RECOVERY / FLAT SPIN
. A developed spin is characterized by a rotation Although a flat spin is rather unlikely to occur,

around the vertical axis. Yaw rates, bank and pitch especially if no pro-spin inputs are applied, the

oscillations are unpredictable since the severity following method can be used to recover;

and magnitude of the oscillations depend upon the

entry conditions and the aircraft loading. Visual 1, THrottes e IDLE

cues oultside the cockpit and the turn needle should 2. Damper/ AFCS modes OFF (press > 3 sec) I

be used to verify a spin condition and spin directi- I (o] CO———— Ful aft

on. The following procedures will effectively reco- 4. Ailerons .. Neutral

ver the aircraft from most types of spin. 5. Rudders Full with spin (tumn needle)
1. Throttles .............. IDLE After 2 - § seconds: !
2. Damper/AFCSmodes OFF (press > 3 sec) 6. Rudders Full opposite spin

3uStick: v FUllaft T ABION .....coouiiunren Full with spin
4, Ailerons .. Neutral
5. Rudders .............. Full with spin (turn When spin rotation slowes down, or the nose is
needle) dropping further down:
B SHokY cinsuremaniin; Forward (aileron maintain
After 2 - 3 seconds: full with spin)
‘ 6. Rudders ............... Full opposite spin
T [[o] P Neutral When rotation stops;
9. Controls .......oo..e. Neutral
When rotation stops:
8. Controls ................ Neutral After recovery:
(111510l —— Engage

After recovery:

9. Damper ................ Engage WARNING
. HARRING o Ifthe aircraft is still in a spin, pass-

ing 7 000 ft AGL, gject.
+ Above procedure will not be effec-
tive to recover from a flat spin. + Engaging any AFCS mode (except
damper) may give pro-spin inputs.
+ If not recovered when passing
7000 ft AGL, eject. * In no case use aileron inputs op-
posite spin direction.

. o When using the normal spin recov-

ery procedure, transition to inverted
Spin is possible.
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CAPTION INDEX G/GT

Red Green
” GBX
E-19 FRE
: LH ENG RH ENG 5
Edn FIRE FIRE B4,
E-9,10 | REDUCE RPM REDUCE RPM | E-9, 10
E-12, 14 LH ENG RH ENG E-12,14
E9 11 OlL oL X
J PRESS LEFT PRESS RIGHT E-11
£ ol 550 KG o
18 GBX REMAIN ;
i DOUBLE coc
£l HYD SYS FAIL E-24
af DAMPER ol
/ ARMED OFF /
x LH ENG RH ENG -
E-10 START START E-10
S LH ENG RH O ENG | ..
AB AB
- RUD TRIM STAB TRIM 3
NEUTRAL NEUTRAL
5 AILTRIM FEELUNIT L
NEUTRAL TO/LD
i MARKER EMERG HYD 4
/ BEACON PUMP ON B2
MODE 4 /-
RADAR %
READY
AFTER MODIFICATION WITH ADDITIONAL CAPTION INDEX GT
WING DROP TANKS REAR COCKPIT
it WDT WDT o ATT AUTO
NO PRESS TEST HOLD RECOVER
ALT
HOLD APPROACH
SET COURSE MISSED
MAN APPROACH
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VIWAS REPORTS AND ADVICES
i
No. REPORT ADVICE
1| LEFTENGINE FIRE E-4
2 | RIGHTENGINEFIRE E-4
. 3 | GEARBOXFIRE E-19
4 | 550 KILOS REMAINING AB OFF
5| NOFUELBQOST AB OFF, E-14
6 | OVERHEATLEFT REDUCE RPM, E-10
7| OVERHEATRIGHT REDUCE RPM, E-10
8 | OVERSPEEDLEFT REDUCE RPM, E-12
9 | OVERSPEEDRIGHT REDUCERPM E-12
. 10 | GEARBOXVIBRATION E-18
11 | ALTITUDE, ALTITUDE
12 | LOWOIL PRESSURE LEFT REDUCERPM, E-11
13 | LOWOILPRESSURE RIGHT REDUCERPM, E-11
14 | OILPRESSURE GEARBOXLOW E-18
. 15 | HIGHOIL TEMPERATURELEFT REDUCERPM, E-11
16 | HIGHOIL TEMPERATURE RIGHT REDUCERPM, E-11
17 | BOOSTHYDRAULIC
SYSTEMFAILURE E-22 EMERGENCY GEAR
EXTENSION BELOW270
18 | MAINHYDRAULIC
SYSTEMFAILURE E-22 EMERGENCY GEAR
EXTENSION BELOW270
. 19 | VIBRATIONLEFT REDUCERPM, E-9
20 | VIBRATIONRIGHT REDUCERPM, E-9
21| DCGENERATOR FAILURE WATCH TIME REMAINING, E-16
22 | IFF FAILURE
23 | SWITCH IFF MODE
24 | LAUNCH, LAUNCH
25 | UPPERINLET OPEN AIRSPEED
BELOW .8 MACH, E-13

Figure 3-5 (Sheet 1 of 2)
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VIWAS REPORTS AND ADVICES
REPORT ADVICE

AIRINTAKE FAILURE LEFT E-13, RETRACT RAMPS
27| AIRINTAKE FAILURERIGHT E-13, RETRACT RAMPS
28| ENGINELEFT

INSTANDBY SYSTEM RPMANDEGTMONITOR, E-12
29| ENGINERIGHT

INSTANDBY SYSTEM RPMANDEGTMONITOR, E-12
30| AIRDATASYSTEMFAILURE AIRSPEED BELOW 320, E-26
31| CHIPSLEFTENGINE REDUCE RPM, E-9
32| CHIPSRIGHTENGINE REDUCERPM, E-9
33| FUELPRESSURELEFTHIGH REDUCERPM, E-14
34| FUELPRESSURERIGHTHIGH REDUCERPM, E-14
35| CHECKFUELAMOUNT SWITCHTO"TOP"
36| NOEQUIPMENT COOLING REDUCE AIRSPEED
37| CHECKGEAR
38| WINGDROP TANKS TRANSFER

FAILURE
39| SKINOVERTEMPERATURE REDUCEAIRSPEED
40| -
41| CANOPY, CANOPY
42| CENTERLINE

TRANSFER FAILURE SWITCHTO"TOP"
43| OXYGENSWITCH 100%
44| CHECKAEKRAN
45 AEKRANFAILURE
46| FEELCONTROLUNITFAILURE AIRSPEED BELOW 270, E-23
47| OXYGENLOW
48| BINGO, BINGO

Figure 3-5 (Sheet 2 of 2)
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AEKRAN SIGNALS
[AC GEN E-15,17] | OIL PRESS ACCRY GBX
[ ACFT ACCRY GBX VIBR E-18]  [OIL PRESSURE RIGHT / LEFT
[AIR DATA SY§ E-26] [ OIL TEMP RIGHT / LEFT E-11]
[ALT ALERT - | [OPTSIGHT NAV SYST v |
[BOOST HYD §Y8 E-21,22]  |OVERHEAT RIGHT/LEFT E-10, 12
| CABIN LIMIT PRESS DESCEND | [RADAR \
| CHECK FUEL AMOUNT | [RADARNOT READY \
[CHIP RIGHT / LEFT E9| |RECORD |
| COC 3STOP E24|  [RIGHT AIR INTK E-13)
| DC GEN WATCH TIME E-15]  [RIGHT ENG STBY SYS E-12]
| DISCON GEN DRIVE E17]  [RIGHT OVER SPEED E-12]
[ DROP TANK NO USAGE | [ START TURB CRIT CONDITNS -]
| EMERG OXYGEN RESERVE E:37]  [STBYDIR VERT GYRO E-27)
| [EXTEND LANDING GEAR (IN AIR) | [SKIN OVERHEAT 1) |
| EXTEND FLAPS - | [TWODIR VERT GYRO E28] |
[ FEEL CONT UNIT E23]  [TWO GENER WATCH TIME E-15]
[ FEEL UNIT SET EASY | [UPPERINLET E-|
[ FUEL RETURN - | [usEoxy -
| | FUEL PRESS RIGHT J LEFT E-4]  [VIBRRIGHT/LEFT E-S]
[ GUN |  [WEAPON CONT SYS (WCS) \
[ HELMET MOUNTED SIGHT |
|IR SEEKER | 1) Reduce airspeed i feasble
| L GEAR INDIC (ON GROUND) E-33]
| (LEAD EDGES NOT EXTEND |
| LEFT AIRINTK E-3]
[ LEFT ENG STBY SYS E-12]
[ LEFT OVER SPEED E12)
[LOCK CANOPY |
[ MAIN DIR VERT GYRO E27)
[ MAIN HYD §Y§ E-21,22]
[NAVIG COMPUTER =
[NO BOOST E-14]
[NO COOLING 1) |
Figure 3-6
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SECTION 4

CREW DUTIES
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GENERAL

This section covers the requirements for crew
duties which are characteristic for the MIG-29GT
trainer version. It includes the general aircrew
responsibilities and the simulation equipment for
training purpose.

GENERAL AIRCREW RESPONSIBILITIES

Both crewmembers are responsible for safe aircraft
operation. Each crewmember should have a
thorough knowledge of aircraft systems, normal
and emergency procedures, operating limitations,
and aircraft flight characteristics.

AIRCRAFT COMMANDER

The primary responsibility of the aircraft
commander is to ensure mission accomplishment
within safe limits. Specific responsibilities of the
aircraft commander are:

- Conduct adequate integral aircrew briefings to
ensure definite division of responsibility during
flight.

- Accomplish normal and emergency procedures
as outlined in this flight manual and flight crew
checklist.

PILOT IN CONTROL OF THE AIRCRAFT

The pilot actually in control of the aircraft is
responsible for flying the aircraft and operating
auxiliary equipment under his control in accordance
with this flight manual.

PILOT NOT IN CONTROL OF THE AIRCRAFT

The pilot not in control of the aircraft shares overall
responsibility for the safe accomplishment of the
mission. In addition, he is responsible for operating
auxiliary equipment under his control in accordance
with  this flight manual. Specifically, his
responsibilities are:

- Assist other crewmember in monitoring flight

progress.

Assist other crewmember in monitoring the

aircraft systems and detecting system

malfunctions.

Initiate required inflight checklist items when not

called for by crewmember in control of the

aircraft.

- Monitor instruments during all climbs and
descents and advise the other crewmember of
any deviations from established flight
parameters.

- Clear the flight area whenever possible.

SIMULATION PANELS
AFCS FAILURE SIMULATION PANEL

NOTE

The AFCS failure simulation panel
has been disabled and therefore
presently not in use.

The AFCS failure simulation panel (AFCS FSP)
allows to insert system malfunctions for training
purposes. Failures of the DAMPER system and the
ATT HOLD mode can be simulated.

This AFCS FSP is located at the upper LH corner
of the R/C instrument panel.

WARNING

e Failure simulation is prohibited
when flying in IMC and during night
flying.

e The IP is responsible to prevent the
development of a dangerous
situation when simulated failures
are introduced.

e |f necessary, that IP has to take

over control of the aircraft and
deactivate the simulated failures.

Change 2 4-3
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OPERATING MODES
Damper Failure

When this failure is introduced, the aircraft starts to
oscillate around the axis with steady or increasing
amplitudes. To introduce this failure, the aircraft
must be flown in the AFCS mode DAMPER or ATT
HOLD.

The damper failure simulation is selected with the
failure selector rotary knob in the FEEDBACK FAIL
sector. After recognition of the failure, the pilot is
expected to refer to the appropriate emergency
procedure in the flight crew checklist.

Runaway Trim

To introduce a runaway trim condition, the aircraft
must be flown in the AFCS mode DAMPER or ATT
HOLD.

Failure of the desired trim motor is selected with
the failure selector rotary knob in the RUN AWAY
TRIM sector.

The trim runaway direction is selected with the
LEFT/RIGHT-DESC/TOSS switch.

After recognition of the failure, the pilot is expected
to refer to the appropriate emergency procedure in
the flight crew checklist.

Damper Actuator Failure

To introduce a damper actuator failure, the aircraft
must be flown in the AFCS mode DAMPER or ATT
HOLD. A damper actuator failure or an automatic
pitch control system failure results in abrupt aircraft
attitude changes.

NOTE

If the aircraft is flown in the mode
ATT HOLD, the trim mechanism
tries to compensate the runaway
condition. Failure recognition is
therefore delayed.

The desired failure is selected with the failure
selector rotary knob in the RUN AWAY BOOSTER

4-4

sector. Failure direction is selected with the
LEFT/RIGHT-DESC/TOSS switch.

After recognition of the failure, the pilot is expected
to counteract aircraft movement and disengage the
AFCS completely.

NOTE

When a pitch failure is selected the
AOA must be decreased below 13°
before the AFCS is switched off.

Gyro Signal Failure

To introduce an gyro signal failure, the aircraft must
be flown in the AFCS mode ATT HOLD.

The desired failure is selected with the failure
selector rotary knob in the SWITCH OFF SIGNAL
sector. The type of the failed signal is selected with
the switch labeled ACT/NOM.

After the failure is inserted, the aircraft attitude
changes abruptly.

After recogpnition of the failure, the pilot is expected
to switch off the ATT HOLD mode.

FAILURE TERMINATION
The simulated failures can be terminated by:

- Pressing the AFCS MODES button on the R/C
control stick for less than 3 sec. The damper
mode is automatically reengaged.

- Pressing the RESET button on the simulation
panels. The AFCS modes that were active
previously are automatically reengaged.

- Switching the failure selector rotary knob to any
other position.

- Switching the LEF/RIGHT-DESC/TOSS sw to
the opposite position.

- Cycling the switch labeled IS/SHALL to the
opposite position.

- Switching the AFCS FSP operation sw to OFF.

- Deselecting the AFCS sw on the F/C system
power panel.



GAF T.0. 1F-MIG29-1

When the simulated failure has not
been terminated by the IP, the
same malfunction will reappear
when the AFCS modes DAMPER
and ATT HOLD are selected in the
FiC.

AFCS FSP

LEFT _ RIGHT
DESG@ ToSs

RUN AWAY BOOSTER | BOOSTER
BANKAW ek
PITCH,_ > + PIICHFAIL

b
ROLL STABY VBANK

SWITCH AW

.@ .% &

=2

ACT @NOM
RUN AWAY TRIM OFF,

OFF OVER.GA PIO-211
A
SBNALa . A
PITCH TANK

Figure 4-1

Failure Selector Rotary Knob

The failure selector rotary knob is used to select
the type of failure.

LEFT/RIGHT - DESCITOSS Switch

The switch is used to select a runaway frim
direction or a damper actuator failure.

ACT/NOM Switch

The switch is used to select, which signal fails
during a simulated gyro signal failure.

INPUT FAIL Button

The INPUT FAIL button is used to insert the
selected failure to the appropriate system. When
the button is selected, the INPUT FAIL button light
iluminates.

RESET Button

The RESET button is used to terminate the failure.

AFCS FSP Switch
The AFCS FSP switch, marked PIO-211, has the

positions ON and OFF.
Inthe ON position, power is applied to the system.

45
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NAVIGATION FAILURE SIMULATION
PANEL

NOTE

The navigation failure simulation
panel has been disabled and
therefore presently not in use.

The navigation failure simulation panel (NAV FSP)
is located at the upper center of the RIC
instrument panel. It allows implementation of
failures into the NAV system. The following errors
can be implemented:

- Pressure Alimeter failure

- TAS indicator failure

- ADI failure in bank or pitch

- Failure of TAGAN BRG or RNG

- Gourse/glide slope deviation indicator failure

OPERATING MODES
Pressure Altimeter Failure

Pressing the ALT pushbutton causes the pressure
atimeter and the altitude indication in the
HUD/HDD to freeze. The failure can be terminated
by pressing the SWS RESET or MAIN RESET
pushbutton.

 CAUTION

To prevent damage to the pressure
alimeter, altitude difference be-
tween introduction and termination
of the failure must not exceed
22000 ft.

TAS Indicator Failure

Pressing the SPEED pushbutton causes the TAS
indicator to fail to a position between 160 KTAS
and 190 KTAS. The failure can be terminated by
pressing SWS RESET or MAIN RESET
pushbutton.

4-6

CAUTION

To prevent damage to the TAS
indicator, airspeed difference be-
tween introduction and termination
of the failure must not exceed
215 KTAS.

ADI Failure

Pressing the PITCH or BANK pushbutton causes
the appropriate ADI indication to freeze without
illumination of the gyro fail light. Proper indication
can be regained by switching from MAIN to STBY
gyro on the NAV system control panel. The failure
can be terminated with the MAIN RESET
pushbutton.

Heading Failure

Pressing the AZIMUTH pushbutton causes the
HDG to freeze. Indication can be regained by
switching the CHANNELS switch on the NAV
system control panel to MAN. The failure can be
terminated with the MAIN RESET pushbutton.

TACAN Failure

The BRG or RNG failure can be selected by
pressing the COURSE or DISTANCE pushbuttons.
The selected indication freezes. RNG indication
can be regained by selecting MAN with the
CHANNELS switch. The failure can be terminated
with the MAIN RESET pushbutton.

Course/Glide Slope Deviation Indicator Failure

A course or glide slope indicator failure can be
selected with the GLIDEPATH READY or the
COURSE READY pushbutton. The appropriate
OFF-flag appears on the ADI. The failure can be
terminated with the MAIN RESET pushbutton.
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NAV FSP

GLIDEPATH
SPEED  peapy  AZMUTH COURSE

5 (6000

COURSE
oOFF AT pEADy DISTANCE PITCH

RADIO

EMERG

@ SWS MAIN
RESET RESET

NORM

Figure 4-2

NAV FSP Power Switch

The NAV FSP power switch has the positions ON
and OFF. In the ON position, power is applied to
the system.

Pushbutton Indicator Lights

When a failure is implemented, the appropriate
pushbutton light illuminates.

EMERGENCY RADIO Switch

It is a two position toggle switch with the positions
EMERG and NORM. When the position EMERG is
selected, all radio transmissions are made on
XT-2000 guard frequency overriding any other
radio selection.

RADAR SIMULATION PANEL

The radar simulation panel (RDR SP) is located at
the upper center of the R/C instrument panel.

The RH side of the panel shows captions which
monitor the actual radar operation and control
sequences performed in the front cockpit, while the
LH side provides several means to insert the
required radar simulation modes and HUD/HDD
failures.

The following Radar modes can be simulated:

- HEAD-ON

- PURSUIT

- AUTO

- CLOSE CMBT

Refer to figures 4-4 and 4-5.

The simulation includes the search and lock-on
capability, aiming and attacking a target during air
to air intercept with the deployment of missiles,
without the presence of a real target.

Before initiating a target simulation, the IP advises
the pilot about the program to be flown and
announces target airspeed, allitude, range, aspect
angle and the basic heading. When the pilot has
selected the appropriate radar mode, the IP inserts
the failure by pressing the INPUT pushbutton.
When the pilot has achieved single target track,
the IP can break lock-on by pressing the BCWM |
pushbutton. The HUD/HDD is switched to the NAV
mode until BCWM is deselected.

Change 1 4-7
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CONTROLS AND INDICATORS

RDR SP
U
(0]
2 10
e
IMITATION MODES
5

Figure 4-3

IMITATION MODES Selector

The rotary knob is used to select the desired
simulation program. Depending on the RDR mode
selected in the F/C, the program according to
figure 4-4 is initiated in HEAD-ON and AUTO or
according to figure 4-5 in PURSUIT and CLOSE
CMBT.

48

INPUT Pushbutton

The INPUT pushbutton is used to activate and
deactivate a radar simulation program.

HUD Pushbutton

The HUD pushbutton is used to implement a
complete HUD failure.

BCWM Pushbutton

The BCWM pushbutton is used to interrupt the
engagement.

Indicator Lights

The indicator lights illuminate in accordance with
the switch positions and modes selected in the
FIC.

&
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RADAR SIMULATION MODES
HEAD-ON and AUTO
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RADAR SIMULATION MODES
PURSUIT and CLOSE CMBT
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RIC NAVIGATION SYSTEM CONTROL
PANEL

L/H VERTICAL CONSOLE RIC

The LH vertical console in the R/C contains the
PERISCOPE switch, the gear handle, the RUD
TRIM switch, the EMERG RELEASE buttons and
the control switches for the LG SYSTEM, FEEL
UNIT, SPEED BRAKE, TRIM and EGT.

EXTENDED

P
3
R
I
@ s
c
0
P
RETRACTED|| E

/10

FIC G
0
T ;'

CONTROL 1

2
R
v A
L
FEEL o
UNT
[RETRACTED|
i =
RUD TRIM
\J

SPEED

swe [ | (o

W
B
RELEASE

Figure 4-6

Gear Handle

The landing handle has three positions:
RETRACTED, NEUTRAL and EXTENDED. The
neutral position is a safety feature to prevent
inadvertant gear operation in case of a control
switch malfunction. Additionally, the handle is
safety wired to the neutral position.

RUD TRIM Switch

See section 1, this manual.

EMERG RELEASE Button

The EMERG RELEASE button is pressed for
emergency firing of the missiles.

Control Switches

Five control switches are located on the left side of
the vertical panel, with a label F/C on top and a
label R/C at the bottom of the panel.

In the upward, the normal position, labeled with the
system name, the F/C is in control of all system
functions. In the unlabeled downward position, the
R/C controls the associated system.

4-11



R/C TELELIGHT PANEL

The RIC TLP provides the same warnings and
informations as the F/C TLP. Six additional
captions display informations about the AFCS

modes selected in the F/C.

LH ENG
START

L

RH ENG
START

LH ENG
AB

RH ENG
AB

RUD TRIM
NEUTRAL

STAB TRIM
NEUTRAL

AL TRIM
NEUTRAL

FEEL UNIT
TO/LD

GAF T.0. 1F-MIG29-1

ATT
HOLD

AUTO
RECOVER

EMERG HYD
PUMP  ON

ALT
HOLD

APPROACH

MARKER
BEACON

SET COURSE
MAN.

MISSED
APPROACH

4-12 Change 1

Figure 4-7

PERISCOPE SYSTEM

A periscope system is installed in the RIC to
provide forward view to the IP during ground
operations, takeoff and landing. The mirror system
is electrically controlled and  pneumatically
operated. It is controlled by the PERISCOPE
switch on the left vertical console, provided the
landing gear is down.

\AAAAAAARAL/

CAUTION

To prevent overheating of the elec-
tropneumatic periscope extension
control valve, maximum operating
time for the periscope is 30 min.

EXTERIOR MIRROR
INTERIOR MIRROR
ACTUATORS
PNEUMATIC VALVES
PNEUMATIC LINES
PILOTS VIEW

= S R R T

Figure 4-8
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DAMPER PUSHBUTTON

A rectangular pushbution labeled DAMPER is
installed beneath the radio on the instrument panel.
The button is illuminated whenever the dampers

are engaged. It can be used to engage or
. disengage the dampers from the R/C.

PANEL PRIORITY CHANGEOVER

Four pushbuttons to changeover the below
mentioned functions in relationship to priority of the
crewmembers are labeled

- ADF SEL

- TACAN RSBN

- TACAN SEL and
- RADIO SEL.

The pushbuttons are located in the F/C and R/C.
Pushing the required pushbution activates the
appropriate function in the relevant cockpit.

ADF
SEL

TACAN
RSBN

TACAN
SEL

4

RADIO
SEL

Figure 4-9
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INTRODUCTION

This section covers the aircraft operating
limitations, which must be observed during normal
operation.

Refer to other sections of the flight manual for
operating limitations that are characteristic of a
particular phase of operation; ie. emergency
procedures, engine starting procedures, etc.

Limitations are discussed for the normal power
mode (NPM) and the limited power mode (LPM)
where applicable.

Where applicable, different data for the MIG-29G
single seat version are marked G, for the
MIG-29GT trainer version GT,

NOTE

¢ The aircrew will make all necessary
entries in Form 781 to indicate any
limitations that has been exceeded,

o Refer to other sections of the flight
manual for operating limitations that
are characteristic of a particular
phase of operation; i.e., emergency
procedures, flight characteristics
etc.

CREW REQUIREMENTS

GT:  The crew requirement for normal fiight is
two. The rear seat may be occupied by a
passenger.

ENGINE LIMITATIONS
APU

Continuous APU operation is limited to 40 min.

At least 5 relight attempts with oxygen are possible.

ENGINE START/SHUT-DOWN

Time interval between cold cranking and engine
start or two consecutive engine starts is 3 min
minimum,

RELIGHT ENVELOPE

Relight envelope for all relight types

ALT KIAS RPM
below 40000ft | 220-540 212%

40000-56000ft [ 300-M18 | =250%

Figure 5-1

NOTE

o At 40000ft or above, engine
rotation above windmiling RPM
may be required fo achieve a
reliable relight.

o If engine is not controllable
through the entire RPM range,
repeat engine relight at higher
speed.

AFTERBURNER OPERATION
Use of AB is prohibited at fuel stages of 550 kg

remaining or less due to lack of fuel transfer to the
engines.

Change2 5-3
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ENGINE EXHAUST TEMPERATURE LIMITATIONS

CONDITION EGT - LIMIT REASON REMARKS
Engine start Up to the yellow marker | Continuous cooling of | Refer to figure 5-3/5-4
maximum engine turbine blades

IDLE / ground operaticn 450°C Thermal limit of engine
turbine blades
Continuous operation, | Notin, or above red Refer to figure 5-3/5-4
Inflight IDLE sector
Acceleration to 3 sec max within red
MIL or AB, sector
AB ignition / shut-down
Engine relight 600° C with windmilling
RPM
Preventive relight 750° C at 50 % RPM or During weapon
more employment
Figure 5-2

EGT INDICATOR

1. YELLOW MARKER
2. RED SECTOR

Figure 5-3

5-4 Change 2
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RPM LIMITATIONS

POWER SETTING
Steady IDLE, ground

GAF T.0. 1F-MIG29-1

; LIMIT

15 minutes maximum

REASON

Steady MIL/ AB, ground

10 minutes maximum

Cooling of engine turbine blades

Steady state between
IDLE and MIL, ground Unlimited time
Steady state, inflight Unlimited time Design limit of engine turbine blades
MIL/AB, ground, inflight 103 % RPM maximum
MIL/AB, steady operation | 4 % RPM maximum difference | Engine design limit
between engines
Figure 5-4

RPM FLUCTUATION LIMITATIONS

' POWER SETTING o FLUCTUATION LIMIT 11 REASON
Constant IDLE 11.5%RPM
Constant cruise between IDLE /MIL| £ 1.2 % RPM
Constant MIL and AB 106 %RPM
Acceleration and deceleration,
AB ignition and shut-down 13 % RPM up to 3 seconds | Stability of engine performance

All power settings, multiple g

Maximum 7 %,

not to exceed 103 % RPM

Figure 5-5

ENGINE G-LIMITATIONS
Due to limited oil distribution to the engines and the GBX during negative-g and near-zero-g flight, operation
is limited to:
POWER SETTING 'LOAD FACTOR
MIL Near-zero g (0£0.2) 10 seconds
Negative g 15 seconds
AB Near-zero g (0£0.2) 5 seconds
Negative g 5 seconds
All power settings Zerog 2 seconds max during transition
between positive and negative g.
Multiple negative and Movement into negative and / or near-
near-zero g (0£0.2) zero load multiples is allowed not more
than 5 times during a flight, with an
interval of at least 30 seconds.

Figure 5-6
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CG LIMITATIONS

CGis primarily influenced by aircraft configuration
and fuel consumption, Since the CG remains well
within permissible range in any configuration and
fuelload, it has virtually no effect on aircraft stability.
See Section 6 in this manual.

Configuration G GT

MaxfwdCG | 23.7 % MAC |23.3 % MAC

MaxaftCG | 30.5 % MAC |30.0 % MAC

Figure 5-7

PROHIBITED MANEUVERS

Intentional spins.

RUDDER MANEUVERING

It is strongly recommendéd not to override the
artificial stop.

CAUTION

To prevent overstress of the vertical
stabilizers it is prohibited to override
the rudder artificial stop at airspeeds
G >485KIAS,
GT. >432KIAS.

56 GAFT.0. 1F-MIG29-18-35

GROSS WEIGHT LIMITATIONS

Gross weight G GT
Max T/O 18480kg | 18210kg
MaxLDG 16760kg [15760kg
Figure 5-8
NOTE

o Maximum gross weight for a
touch-and-go landing is 14 200 kg.

» After each landing at weights above
14200 kg an
DD FORM 781A is mandatory.

entry into

» The number of landings at weights
between 14 200 kg and 15 760 kg
must not exceed 3 % of total number
of landings.

‘.



SYSTEM OPERATING LIMITATIONS

CONDITION MAXIMUM AIRSPEED REMARKS LIMITING FACTOR

GAF T.0. 1F-MIG29-1

Landing gear operation 370 KIAS | Maximum allowable Structural limit of the
GT: 300KIAS  |sideslipis 2 ballwidths | nose gear hydraulic
at airspeeds actuator
above 270 KIAS
Design limit of landing
gear, gear doors
LEF extended G M0.95 Structural limit of LEF
GT: M 0.85
Drag chute deployment 167 KIAS Strength of attaching
mechanism
Wheel brake operation 120 KIAS If necessary, the brakes | Energy absorbing limit of
may be engaged at any | wheels
speed, provided all gear
are on the ground
Engine air intake M0.8 Stability of engine
louvers open performance
Canopy taxi position, 16 kis Taxiing with the canopy | Mechanical strength of

gnd operation open is prohibited canopy hinges
Canopy jettison, G: between215and | Ator below 16 400 ft Safe separation of
inflight J75 KIAS MSL canopy above vertical
GT: between 215 and fins
270KIAS
Flight with canopy G: 647 KIAS Helmet visor(s) down  |Impact of airstream on
Jettisoned GT: 270 KIAS GT: Landing fromthe | the pilot
rear seat not
recommended
AFCS, Automatic Minimum altitude 150 ft Ability to land,
landing approach considering possible
control pitch oscillations.
AFCS, Altitude hold Minimum altitude 300 ft Accuracy of alfitude
stabilization

AFCS, levelling mode Prohibited with Exceeding of

external tanks full or | acceleration limits

partly full possible
AFCS, auto recover Minimum altitude 600 ft | Prohibited with Exceeding of
mode external tanks full or acceleration limits

partly full possible
Tire speed limit 200 kts Design limit
main landing gear

Figure 5-9
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SAFE EJECTION ENVELOPE

Although the ejection seat system has a zero
altitude capability, compensation for system
inherent time delays and various enviromental
factors require adherence to the following

GT:

NOTE
Al airspeeds above 270 KIAS the rear

parameters. seat should be lowered to the utmost
position to minimize the impact of
windblast to the rear seat occupant
during canopy separation.
CONDITION AIRSPEED ‘ MINIMUM HEIGHT ‘ REMARKS
Ejection, gnd Gt minimum 40 KIAS Not applicable
GT: minimum 80 KIAS
Horizontal flight <510 KIAS Any height
Horizontal flight 51010 645 KIAS 135 ft
Horizontal flight 645 to 700 KIAS 265 ft
Bank angles < 90° 330 ft No sinkrate permissible
Inverted flight 660 ft No sinkrate permissible
Descent G:  sinkrate/min Without considering time
divided by 15 required for decision and
GT: sinkrate/min preparation
divided by 12
Figure 5-10
AIRSPEED LIMITATIONS

MIG 296G |

ALTITUDE | MAXIMUM AIRSPEED
Range | KIAS | KTAS | MACH

MIG 29GT | ALTITUDE | MAXIMUM AIRSPEED

5-8 Change 4

| | Range | KIAS | KTAS | MACH
BasicA/C < 41 0001t | 810 BasicA/C | < 41 oot | 810
including including
AR oot 1005 [ 235 | |MA L aro0on 1270 | 21
missiles missiles
LEF out 0.95 LEF out 0.85
CL tank CL tank
(full / part. 485 1:5 (full / part. 485 15
Full Ful -
CL tank 595 15 CL tank 595 15
(empty) (empty) |
Wing drop e <09 | [Trevelpod | 450 09
tank e
Travel pod 450 09

Figure 5-11
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AOA LIMITATIONS CROSSWIND LIMITATIONS
Due to limited rudder effectiveness for sideslip
MAX AOA compensation and landing gear structural design
limit, T/O and landing are restricted to a
______ - maximum crosswind component for takeoff and
CAUTIO landing on a dry runway of 30 kis;
. - maximum crosswind component for landing with
Exceeding 13" AOA during T/O or an asymmetric load equivalent to one full wing
landing may cause the nozzles to drop tank of 10kts with the wind from the
contact the RWY. unfavorable side;
- maximum failwind component for takeoff and
NOTE landing of 12 kis.
Overriding the pitch kicker is not
ermissible.
P T/O AND LANDING LIMITATIONS
¢
LEF out %° o AIRSPEED
LEFi # g
i L MAXT/Ospeed: 200 KIAS
T/0, ldg cortig LA O MAX dg speed: 178 KIAS
Single engine 19¢ 19°
Damper / AFCS off 13° 13°
TOUCH-AND-GO LANDINGS
Wing drop tanks 20° NA
Travel pod 15° 15°
_ - NOTE
irpg\;ll\:gsymmetnc load 19° NA A maximum of four touch-and-go
landings per sortie is permissible.
Single asymmetric load - <
ARCHER Basic A/C | Basic A/IC
Multiple asymmetric load » ]
@ o e
Asymmetric load ALAMO 9
plus two ARCHER i3 WA
Figure 5-12

GAFT.0. 1F-MIG29-15-35 5-9
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INSTRUMENT MARKINGS

COMBINED PRESSURE INDICATOR

HYDRAULIC PNEUMATIC

1. PRECHARGE PRESSURE
2, ACTUAL PRESSURE

3. PRECHARGE PRESSURE
4, MAX, DELIVERY

5. ZERO DELIVERY

Figure 515

BRAKE PRESSURE INDICATOR

1. RH MAIN WHEEL BRAKE PRESSURE

2. MAX NORMAL BRAKE PRESSURE 8:0,5 kpfem*
3. MAX RUN-UP BRAKE PRESSURE 1121,0 kp/cm?
4. LH MAIN WHEEL BRAKE PRESSURE

Figure 5-16

COMBINED OXYGEN INDICATOR

Hogr 02 AP N\ 4

ok w- Sl {1
AT =/
5>@ESERVE %  FEED

’
~

1. OXYGEN QUANTITY IN %

2. CABIN PRESSURIZATION FAILURE

3. CABIN PRESSURE DIFFERENTIAL INDEX
4. OXYGEN FLOW INDICATOR

5. CABIN ALTITUDE INDEX x 1 000 m

6. CABIN ALT 0 to 7 000 m

7. CABIN ALT 7000 to 13 000 m

8. CABIN ALT ABOVE 13 000 m

Figure 517

COMBINED AOA AND G-METER

G-METER

1.7 G-MARKER

2. MAX G-INDEXER

3. G-POINTER

4. RESET BUTTON FOR MAX G-INDEX TAB

AOA
5. AOA POINTER

6 15° MARKER
Figure 5-18
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EXTERNAL STORES LIMITATION 0

STORE | SUSPEN- STATIONLOADING CARRIAGE
SN
ARSPEED ACCEL
§[ 3] 1] 712476 [wasT wacn
CLTANK | N £ EMPTY .
55| 15 | *
FULL/PARTLY FULL .

485' 1.5] +40t0- 1.5

wor ()O() EMPTY .

485| 09 l +6.0t0-1.0

FULL/ PARTLY FULL

485 1 09 | +40t0-10
AISPOD $) * * *
TRAVEL
By @ @ EB @ 485 | 09 | +40t0-15
e g
POD v, * *
ALAMO | APU470 :@i ﬁ } * +80t0-15
ARCHER | P-72-1D H :GZ H H H H NE | NE | +90t-15 .
APHD | P62-10B1 H Z:( d H H ﬁ * } NE

TRAINING
EQUIP

weer | p2an| () [ (D) [ () O1O|O] | % | +sot-15
DUMMY

APHID P-62-1D NE | NE
DUMMY O *
HOT MSL TRAINING MSL
l@i AA10ALAMO (R-27R1) TRAININGMISSILE
AA11ARCHER
H AA8 APHID (R-60MKMOD) O TRAININGMISSILE
AA 8 APHID
H AA11ARCHER (R-73A4) @ FLUGPROFILRECORDER POD .
Figure 5-19 (Sheet 1 of 2)
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o EXTERNAL STORES LIMITATIONS

EMERGENCY JETTISON/RELEASE | EMPLOYMENT

AIRSPEED ACCEL | SIDE | MN | MACH | ACCEL REMARKS
MN | MAX | WACH SP | AT
EMPTY EMPTY EMPTY CL tank jettisoning results in a shift of CG which

Increases with airspeed. Jettisoning the CL tank at o
240 I 510 | 0.85 NE | ZERO |300 FT| NA | NA | above 480 KIAS may resultin a g-reduction upto 1.5,

PARTLYFULL PARTLYFULL EATTLYROL, | st KAC g @SB
. During jetiisoning the CL tank wil ba released from the
240 | 510 | 0.85 157020 ZERO |300FT| NA | NA |aR suspension when the tank ip is 60° low. For this

FULL FULL FULL reason, do not release below 20 R AGL. I

In AUTO RECOVER, the loading limitations for a full
200 | 510 | 085 | NE | ZERO [300FT| NA | NA |paty hllCL tank can be exceded.

300 485 0.9 NE NE NE NA NA | Side slip must not exceed two ball widths. I

Wing drop tank jettisoning has to be performed inj
straight and level flight.

NA NA NA NA NA NA NA NA

Max AOA 15°, If MSL on stations 1 and 2, the travel pod
NA NA NA NA NA NA NA NA | can be camied on stations 3 and 4 (symmetr.).

NA NA NA NA NA NA NA NA | As an exception, the pod can be carried on station 1.

NE NE NE 1.0 [12BALL| NE |[0.6t0 | +35t0

WIDTH 2.25 0
. NE NE NE 2.0 (12 BALL NE Oto |+8.0to
WIDTH 226 | -5
NE NE NE 2.0 [1/2BALL| NE Oto |+7.0t0
WIDTH 225 | 15

NE NE NE NE NE NE NA NA

O cLtank () AsPoD * BASICAIRCRAFT

() WINGDROPTANK (D) TRAVELPOD ~ NA  NOTAPPLICABLE
¢ NE  NOTESTABLISHED
Figure 5-19 (Sheet 2 of 2)
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MINIMUM EQUIPMENT LIST

To ensure safe operation and mission completion,
this list details the minimum equipment which must
be servicable for VFR or IFR operation or ferry

are flown to home base or a maintenance facility
during daytime and in VMC only. Depending upon
the failed items, these flights may have to be
restricted to non-tactical maneuvering and / or to

flights. Ferry flights are defined as sorties which  defined limitations.

MINIMUMEQUIPMENT LIST VFR | IFR (Ferry

Navigation equipment:

Main gyro system ...
Stby gyro system ...........

Rad Alt

Navigation computer ....
TCN with adapter assembly ........

< M 3 —

GPS vy

o X X XX
i i S G i 5

ADI

Flight instruments and systems:

HSI

> >

HUD/HDD

IAS

Stby mag compass.......
Main pitot static system.
Emerg pitot static system

> = »x o 1

Pressure Altimeter..
Wi

MACH-meter .....oevvvvorvvsrsnns

>x > |

Turn and ship INICALON .uvvecervscmenmsssimsssscrines | K

>
3 B B X X X O X X X X

XT-2000

Communication equipment:
VHF { UHF Radio ..........

Intercom System ..
[ E—

o X X
w0 oo X X
o > X

Additional systems:

Engine anti-icing system ........... i -
COC System ....ocovervvvviersnns
Emergency warning equipment
Cockpit pressurization .
Stopwatch or pilot's wrist watch.
IFFSIF siiisisisisarinisis

N
OB N X o
o ~ < |

Lighting equipment:
Anti-collision lights ...
Navigation lights
Interior lights

Landing / taxi lights...
Hand-held torch

Emergency interior lighting....

> X > X X
(S |
=05

> X X

Either system operating

TACAN and main or stby gyro system

For low level flights from takeoff to landing
[CAO- Il ircraft only

Y B P =

Not required in formation flight if the other aircraft

NOTES

6 The aircraft may be flown IFR provided the flight s

conducted in VMC only
7 Ifflying above 25 000 ft MSL
8 GTonly
9 When leaving UHF / VHF coverage

is equipped with the respective system operating

5-14 GAFT.O.1F-MIG29-1S-36

Figure 5-20

-



GAF T.0. 1F-MIG29-1
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GENERAL

Handling qualities of an aircraft are measured by
the ease and precision at which the pilot can carry
out the maneuvers required by the role and mission
of the aircraft. They essentially consist of two
elements:

- The inherent stability characteristics which the
airplane displays without pilot interaction (open
loop)

- The closed loop control characteristics; e.g.,
control harmony, control power

Fighter aircraft like the MiG-29 which are designed
to cover a very large flight envelope with regard to
speeds, Mach numbers, altitudes, load factors,
AOA, require sophisticated augmented flight
controls to guarantee at least adequate handling
qualities throughout their performance spectrum.
The controls need to be hydraulically boosted due
1o the very high aerodynamic forces resulting from
high q (dynamic pressure).  Some ~ degree  of
augmentation is required to compensate for
adverse effects like shifts in center of pressure or
weakly damped oscillations. The design goal is to
provide maximum agility while simultaneously
giving the pilot the feel of a stable and predictable
aircraft.

In the MiG-29, hydromechanical devices are used
to achieve this goal.

The following section provides an insight into the
flight mechanical problems encountered and the
solutions found for the MiG-29.

STABILITY AND CONTROL

Stability describes the tendency of a system to
return to its original state after a disturbance. Three
options are possible;

- Positive stability; the system will be driven back to
its original state after a disturbance.

- Neutral stability; the system will remain in the
new state after a disturbance.

- Negative stability; the system will be driven even
further away once a disturbance occurs.

STATIC STABILITY
0
Y
o, 0O
POSITIVE NEUTRAL NEGATIVE
Figure 6-1

Static stability describes the inherent tendency to
retum fo the trimmed state. Dynamic stability
describes the way (oscillatory or dead beat) in
which the actual return takes place.

DYNAMIC STABILITY
w w
Q 0
r4 4
< F
q o
[ €
=) )
= =
@ a
=} TRIM @ TRIM
OSCILLATORY DEAD BEAT

Figure 6-2

Dynamic stability always requires static stability as
a prerequisite.

The man in the loop, the pilot, can usually cope
with marginally stable or even weakly unstable
systems. However, the more the stability is
degraded, the more compensation and attention is
required to maintain control.

Aircraft can translate and rotate about three axes,
., they have six degrees of freedom. The pilot
exercises control mainly by rotational inputs around
lateral, longitudinal and vertical axis. The
appropriate stabilities are:

- Longttudinal stability in pitch

- Lateral stability (= dihedral effect) in roll
- Directional stability in yaw

Change 4 6-3
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LONGITUDINAL STABILITY

There is a static and a dynamic element in
longitudinal - stability. Static longitudinal stability
describes the tendency of the aircraft to maintain or
return to its trim AOA. Dynamic longitudinal stability
describes the way the aircraft retums to the trim
condition and / or responds to pitch control inputs.

STATIC LONGITUDINAL STABILITY

The MiG-29 displays positive longitudinal stability
throughout the flight envelope. To improve agility, a
rather small stability margin was chosen by the
designers. The stability margin is defined as the
longitudinal distance between the aircraft center of
gravity (CG) and the neutral point (NP).

STABILITY EFFECTS

CENTER
OF CRAVITY (CG)

NEUTRAL POINT (NP)

—b} }47 STATIC MARGIN (POSITIVE)

5 ©
|
CG ‘
FWD AFT
STABILIZING " DESTABILIZING
FWD AFT
DESTABILIZING STABILIZING
CG NP CG/NP NP CG
m /70\ ﬁﬁN
POSITIVE STABILITY NEUTRAL STABILITY NEGATIVE STABILITY
SUPERSONIC NP

SUBSONIC NP

CcG
0 STATIC MARGIN
e
(=]
CG NP

STATIC MARGIN

Figure 6-3
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To create a reference measure, this distance is
usually referred to the average length of the airfoil,
the Mean Aerodynamic Chord (MAC), e.g., as
27 % MAC.

As either the CG wanders with fuel consumed,
stores dropped efc., or the NP shifts due to
aerodynamic effects, the static margin and along
with it longitudinal static stability changes during
flight.

While flight tests showed that all changes in CG
remain adequately controllable for the pilot, NP
shifts can be very dynamic and pronounced;
therefore special augmentation devices had to be
implemented in the flight control system.

Extension and retraction of the trailing edge flaps
leads to a pitching moment. Generally, flap

extension causes an aerodynamic pitch-down
moment. However, in the MiG-29 there is a strong
interaction (down wash) between flaps and taileron
which pulls the taileron down and overrides the
weaker pitch-down from the flaps alone. The result
is a pitch-up which becomes more pronounced as
speed increases.

Extension of the LEF causes a considerable
pitching moment. As LEF scheduling is automatic
in relation to AOA and occurs frequently during
maneuvering, it was decided to introduce a device
(automatic pitch control) which counteracts the LEF
pitching moment by simultaneous  opposite
deflection of the horizontal tail. Refer to figure 6-4.

AUTOMATIC PITCH CONTROL
TAIL. |DEFL.
FEEL UNIT
3 /. EASY
//25.6
2 / | FEEL UNIT
1 [ T Heavy
: 5/7|9 1 B *AOA
] ] {ad
2 0 ///7 v 10 720 2 30
/ | /
11/ ; i /
Ay ; /
/ 8

LEF DOWN

Figure 6-4
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In this way, more predictable AOA control through
the LEF actuation range was achieved.

As the AOA is increased through the medium
range, a phenomenon named tip stall occurs. The
airflow starts getting disrupted at the trailing edges
of the outer wings, and this disrupted airflow
wanders forward as AOA is further increased.
Thus, the wing center of pressure moves forward
and causes a strong pitch-up of the aircraft.

Again, the automatic pitch control is used to
schedule the taileron via the fast acting trim
actuators in opposition to this undesirable aircraft
movement. However, a moderate degree of
pitch-up tendency still remains and is felt by the
pilot as stick force lightening. Precise acquisition of
AOA and g requires good piloting technique. To
avoid overshooting the allowable AOA of 26°
(GT: 24°), a pitch kicker was added to the flight
control system. Depending on the rate at which the
limit AOA is approached, a hydraulic piston extends
and generates a kick-down input on the longitudinal
control (stick forward). The quicker the AOA rise,
the earlier the pitch kicker responds. Thus, unless
the kicker is overridden, the AOA limit of 26°
(GT: 24°) can only be achieved when the AOA is
increased extremely slow.

While the changes in longitudinal control force
remain moderate as speed changes (small static
margin), the shift of the NP in the transonic range
causes large pitching moments. In particular, when
the aircraft decelerates from supersonic to
subsonic speeds, a sudden dig-in occurs which will
lead to structural overstress unless the pilot
releases back stick pressure.

At low altitudes, changes in flow field combined
with decreased flight control gains (due to feel
control unit stick-to-taileron gear ratio alteration,
see next paragraph) cause a state where a
transient tendency of the MiG-29 to raise the nose
cannot be countered even with full forward stick;
the resultant climb cannot be stopped until higher
Mach numbers are reached and the neutral point
wanders further aft.

Due to the low thrust line of the MiG-29, an
increase in engine thrust may cause a rather
pronounced pitch-up and vice versa.

The speedbrakes, which cannot be used when a

centerline tank is installed, also have an effect on
the pitch characteristics; extension leads to pitch-up

6-6 Change 4

in the subsonic range and pitch-down at supersonic
Mach numbers. Under certain flight conditions, a
considerable change in g may result unless the
pilot adapts back stick pressure.

As airspeed increases above the threshold value
during takeoff, the lower engine air intakes are
opened while the upper louvers are closed. This
induces a noticeable pitch-down moment due to
transitory changes in the flow field around fuselage
and wings.

Jettisoning the centerline tank will cause a
noticeable forward CG shift which causes a
pitch-down moment that intensifies with increasing
airspeed.

MANEUVER STABILITY

Maneuver stability is inherently similar to static
longitudinal stability. The difference is that during
pull maneuvers (turns or pull-ups) there is a degree
of rotation around the lateral axis which increases
the AOA of the taileron and shifts the neutral point
which is now called maneuver point aft. There is
now an increase in (longitudinal) stability.
Maneuver stability is measured in stick force per g.

Ideally there would be a linear relationship between
stick force and load factor g. This would mean good
feedback and optimum predictability for the pilot
during maneuvering flight.

The actual stick-force-to-g characteristics of the
MiG-29 are far from linear due to these factors:

- Tip stall / stick force lightening
- FCS related changes in stick-taileron gearing

Particularly in areas of high AOA, an increase in g
requires very little additional stick force. This means
for the pilot that in this region good technique and
crosscheck is required to capture and maintain a
desired load factor, because very little tactile
feedback is available from the control column.

vvvvvvvvvvvvvv

............

Above corner speed and particularly
in the M 0.9 region, great care must
be taken not to exceed the
structural limits of the aircraft.
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DYNAMIC LONGITUDINAL STABILITY

The dynamic longitudinal stability characteristics of
any aircraft are defined by two characteristic
motions:

- The Short Pitch Period Oscillation (SPPO)
- The Phugoid

The SPPO basically determines the response of
the aircraft in pitch. The crisper and better it is
dampened, the more precise the pilot perceives the
pitch control to be. Due to the relatively small static
margin of the MiG-29, the SPPO frequency is
rather low. Thus the aircraft follows stick inputs in
pitch somewhat sluggishly. However, the long and
heavy control column balances this adverse
characteristic somewhat and randers it tolerable to
the pilot. Nevertheless, a certain sluggishness in
pitch becomes obvious in high gain tasks like close
formation flying. Large, quick pitch inputs should be
avoided and a degree of anticipation is required to
prevent PIO.

Natural SPPO damping is relatively low, but the
pitch damper increases it to the comfortable range
near dead-beat. However, careful pitch control is
required when the MiG-29 is flown with a failed or
disabled pitch damper. Any sudden changes in
pitch may then easily cause PIO. In such a case,
the pilot should attempt to freeze the stick in a
position slightly aft of neutral until oscillations
cease.

Other than the SPPO, the Phugoid is a very slow
oscillation which only comes to bear in trimmed,
straight and level flight (a perfectly trimmed aircraft
suddenly deviates from its cruising altitude). It is a
nuisance mode which can be particularly annoying
when it interferes with a poorly calibrated autopilot
and causes prolonged, slowly porpoising flight
paths in cruise. In such a case it is advisable to
disengage the ALT HOLD mode and trim the
aircraft manually.

LATERAL AND DIRECTIONAL STABILITY
AND ROLL

The main difference between lateral / directional
and longitudinal stability is, that the characteristic
motions of an aircraft around roll and yaw axis are
usually coupled and cannot be analyzed in
isolation. This means that when the pilot pulls on
the stick, a pure pitch motion will result. However,
an input with the rudder will induce both yaw and
roll.

Lateral stability is defined as the tendency of an
aircraft to roll into a sideslip (right rudder leads to
right roll).

Directional stability (= weathercock effect) is the
tendency of an aircraft to turn its nose into the
wind; i.e. reduce a sideslip when one is present.

The MiG-29 displays positive lateral stability. For
this reason it can be rolled predictably around the
longitudinal axis with the rudder. The higher the
AOA, the more pronounced this lateral stability is;
for this reason it is a good technique to use the
rudder for roll at slow speeds.

When sideslip is changed rapidly, a dynamic,
tumbling motion is initiated which consists of roll
and yaw coupled. This motion is called ‘Dutch Rolf’.
The MiG-29 yaw damper system dampens the
Dutch Roll well.

However, should the aircraft be flown with dampers
inoperative, careful use of the rudder is
recommended. Furthermore, a sudden yawing
motion as induced by the asymmetric thrust of an
engine failure at a high thrust setting will set off a
severe Dutch Roll with rapid and unexpected
rolling. At high AOA, the pronounced adverse yaw
of the MiG-29 is also prone to initiate the Dutch
Roll; this is most noticeable to the pilot at higher
altitudes where e.g. the rollrate becomes oscillatory
due to the low dampening authority in thin air.

The directional stability reserves of the MiG-29 are
good throughout the cleared envelope. Even
throughout most of the critical regimes (high AOA,
trans- / supersonic  flight, asymmetric engine
failure), the twin tails provide a strong weathercock
effect. In the MIG-29GT aircraft, due to its
increased fuselage area ahead of the CG, the
directional stability reserves are somewhat reduced
but also adequate. Due to the fact that the
departure AOA of an aircraft will decrease (i.e.
earlier departure) as sideslip increases, good
directional stability is a key feature at high AOA.

Change 4 6-7
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Here again, the pronounced adverse yaw of the
MiG-29 becomes important; as the ailerons deflect
at high AOA, they generate a sideslip due to high
differences in induced drag between upgoing and
downgoing side. Despite the powerful vertical
stabilizers, there is a point where the adverse yaw
effect overrides the roll power of the ailerons, and
the lateral control becomes ineffective, or worse,
reverses. This is why the AOA limiter of the MiG-29
has been set to 26° (GT: 24°). At these AQAs, the
alrcraft barely retains aileron effectiveness when a
centerline tank (which slightly degrades directional
stability) is carried. As mentioned earlier, roll
control under such circumstances is much
improved when rudder is used. It is also advisable
to use less than full aileron at high AOA. For
example, at 20° AOA, half lateral stick will provide
about twice the roll rate as full lateral stick.

The available roll rates of the MiG-29 vary
considerably with speed. Refer to figure 6-5.

At lower AOAs, the ftailerons are deflected
differentially in order to generate an extra rolling
moment. However, the adverse yaw of the
differential tailerons is even stronger than that of
the ailerons. Therefore, at the same AOA where
the LEF extend, movement of the differential
taileron is suspended.

At very high dynamic pressure, the hydraulic
actuation force of the ailerons no longer is sufficient
to reach full deflection. As a consequence, the roll
rate at high numbers becomes quite modest.

The response of the MiG-29 to a quick lateral
control input is characterized by some delay
followed by a noticeable acceleration in roll rate.
This renders the aircraft roll answer somewhat
unpredictable when aggressive inputs are made,
but there is, however, little tendency to overshoot
once the lateral stick input ceases. The higher the
altitude, the less pleasant the roll control
characteristics of the aircraft become.

ROLL RATE VERSUS MACH NUMBER
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Figure 6-5
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ROLL COUPLING

Roll coupling is an interaction of aerodynamic and
inertial forces which is encountered when
aerodynamic stabilities are low and high roll rates
are present.

A perfectly stable aircraft, when rolled, would
maintain its AOA due to longitudinal static stability

and keep any sideslip near zero due to directional
stability. Refer to figure 6-6.

PERFECTLY STABLE AIRCRAFT
1 2 3 4

Figure 6-6

A perfectly inert aircraft, in contrast, would maintain
its position in space. Consequently, any AOA would
become sideslip and vice versa during roll. Refer to
figure 6-7.

PERFECTLY INERT AIRCRAFT

T g

Figure 6-7

In the real world, stability tends to override inertia.
However, under certain circumstances, dangerous
changes can take place. For the MiG-29, the
transonic Mach range is critical. In this range, both
directional and longitudinal stability are somewhat
degraded. At the same time, Iift builds up quickly
even at moderate AOAs. If the pilot pulls on the
control stick aggressively while simultaneously
rolling the aircraft, a strong adverse yaw is present
which cannot be countered by the vertical tails. The
resulting large sideslip angle then changes into an
AOA due to roll, and a massive buid-up in g
results. Besides, a roll autorotation may be started.

In order 1o stop the hazardous coupling, the pilot
must immediately reduce the AOA and centralize
controls. Due to its lower directional stability, the
MiG-29GT is more prone to roll couplings and
departures.
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CG TRAVEL

CG s primarily influenced by aircraft configuration ~ loads in a typical configuration. Since the CG
and fuel consumption. Figure 6-8 depicts CG travel  always remains well within permissible range, it has
due to fuel consumption and dispensing of external  rather little influence on the stability of the MiG-29.

EXAMPLE FOR CG TRAVEL
% MAC MIG-29 WITH CL TANK, 2 EA. ALAMO (1/2) AND 4 EA. APHID (3/4/5/6)
29.0 T T
GEARRETRACT ] |
LAUNGHED 2 EA APHID (516]
28.0 A 50 ROUNDS FIRED
L___ﬁ.,).\;\' / L ROUNDS FIRED
210 —¥ N
F—CLTANK EMPTY / ‘l e A/ A
\ / e . e
26.0 ‘ 7 ;\‘ W \ ¥ *
L TANK JETTISONED / / ) \
20 1 7; LAUNCHED 2 EA. APHID (304 1
25 ROUNDS FIRED 7 |
24,
4 LAUNCHED 2 EA. ALAMO (STATION 12) GEAR EXTEND
230
220
210

16.5 16 155 15 145 14 13.5 13 125 12 1.5
TOTAL MASS - 1000 kg

Figure 6-8
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HANDLING

Large variations in handling characteristics and
qualities exist throughout the flight envelope.
Consideration must be given to AOA, Mach
number, indicated airspeed, external store loading
and CG position.

NORMAL FLIGHT
TAKEOFF

During takeoff roll, with the control stick in neutral,
the aircraft nose rises slightly when approaching
nose wheel liftoff speed. During lower intake duct
opening, a noticeable thrust increase and a nose
lowering tendency are experienced. Rotating the
stick aft to attain a takeoff attitude of approximately
10° allows the aircraft to fly off the runway;
however, an overly aggressive rotation may lead to
premature liftoff, especially during maximum
afterburner takeoff.

When the gear and the LEF / flaps are raised, the
nose drops slightly due to momentary loss of lift.
Further acceleration requires few trim changes to
relieve forward stick pressure.

Response to control inputs with gear and flaps
down is nearly identical to that of the clean aircraft;
however, if the AOA is increased above 15°,
longitudinal stability becomes marginal.

LANDING

During final approach, a noticeable nose lowering
tendency caused by reduced taileron effectiveness
during airspeed decrease is experienced. Nearly
full aft stick is required during flare.

. CAUTION 3

Premature power reduction on final
leads to a sudden loss of lift due to
the missing  vertical  thrust
component combined with a
simultaneous pitch-down tendency.
Tail scratches may result if the pilot
compensates with rapid aft stick.

Power reduction in the flare should be delayed until
a smooth touch-down is assured. Excessive sink
rates have to be countered primarily with power
and careful aft stick; yet, consideration has to be
given to engine spool-up time.

MANEUVERING FLIGHT

Below 9° AOA, stick force and control input are not
linear, resulting in small control transients which
impede e.g. accurate altitude control slightly. From
9° to 15° AOA, stick forces required increase
continuously; however, LEF extension causes an
uncommanded pitch-up to approximately 11° AOA
within half a second.

Beyond 15° AOA, the required stick force and
control input decrease rapidly to a degree where
the aircraft has an inherent tendency towards
uncommanded pitch-up at an AOA of
approximately 18°. This may lead to inadvertent
overshoot of the load factor limit due to stick force
lightening. Roll capability deteriorates with
increasing AOA, and lateral control stick inputs
must be kept at or below half the available stick
travel to avoid excessive yaw which is
accompanied by even lower roll rates.

Above 20°, stick forces and the required control
deflections increase rapidly and remain heavy.
Available roll rates deteriorate further.

WARNING

If exceeding the operational AOA
limit even momentarily, aileron
inputs must be avoided because the
risk of departure increases rapidly.

With the LEF retracted, the usable AOA range is
reduced considerably; however, buffet onset at 12°
to 13° gives a good warning of the LEF not being
extended. Stick force lightening will occur already
at 13° to 14° AOA, wing drop can be expected in
the region of 17° to 18° AOA. However, the pitch
kicker threshold is lowered to 15° AOA (GT: 14°)
with the LEF retracted.

Change 4 6-11
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TRANSONIC REGION

While accelerating in the high subsonic region, the
aircraft is subject to an uncommon nose-up
moment, especially at low altitude. Depending on
store loading, even full forward stick may not be
sufficient to maintain level flight beyond M 0.95.
The resultant climb cannot be stopped until higher
Mach numbers (above M 1.05) are reached.

vvvvvvvvvvvvv

] CAUTIQN b
With the dampers operating, SPPO
may occur between M 0.95 and
M 1.3 at altitudes below 13 000 ft.
Oscillations are more intense at low
altitude where the amplitude may
reach up to 1 g below 3 000 ft. The
oscillation frequency of 1.0 to
1.5Hz in combination with other
transient inputs, e.g., large thrust
changes or speedbrake extension /
retraction, contains an inherent risk
of PIO.

Intensity of the oscillation amplitude and also
severity of the nose-up tendency diminish with
increasing altitude and are barely noticeable above
30 000 ft.

SUPERSONIC FLIGHT

As Mach number increases to the supersonic
region, taileron  effectiveness  decreases.
Maneuvering stick forces are high. Maneuvering
capability is limited by taileron effectiveness at
higher Mach numbers and altitudes; for example,
full aft stick at M 2.0 at 50 000 ft will produce about
5.3 g while full aft stick at M 1.5 at 40 000 ft will
produce about 6 g. Roll rate, although decreasing
with Mach number, remains adequate up to the
limiting Mach numbers.

HIGH ALTITUDE

As altitude increases, damper effectiveness
decreases in all three axes, stabilization is slowed
and less effective than at lower altitudes. Aircraft
response to control inputs is slow, roll rates
develop hesitantly, but once a rate is established, it
takes longer to stop it.
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FLIGHT WITH ASYMMETRIC LOAD

On flights with one ALAMO and two APHIDs under
the same wing and the other wing clean, aileron
trim required to maintain wings level flight is
equivalent to 1/3 stick travel at 12° AOA.

As AOA increases, trim required to maintain wings
level increases, too; e.g., at 14° AOA, trim
equivalent to 1/3 stick travel is only sufficient to
balance one ALAMO missile or two APHID
missiles.

At 15° AOA, roll rate development is slow with a
delay of about 3 to 4 seconds.

At 20° to 22° AOA, the available roll
rate decreases to 10 to 15 °/sec, roll
rates become jerky and reversals
have to be expected. Above
22° AOA, lateral control is lost.

FLIGHT WITH WING DROP TANKS

As long as there are no asymmetries and the AOA
remains low, there is very little apparent influence
of the WDTs on the handling qualities. However,
measurements have given evidence of a
detrimental effect of the tanks, both on longitudinal
and lateral / directional stability characteristics.

In the region of 18° AOA, the aircraft has an
inherent tendency to pitch-up uncommanded. If
WDTs are carried, this may lead to inadvertent
overshooting of the 20° operational AOA limit of the
tanks. In such a case, aileron inputs must be
minimized to avoid the risk of a departure. A similar
effect applies to the load factor limit; due to stick
force lightening there may be a tendency of the
aircraft to increase g without the pilot increasing
backstick pressure. This becomes particularly
relevant when maneuvering near the operational
limit of the WDTs (4 g feeding/6 g empty) while
airspeed is decreasing.
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With the WDTs partially full (approximately 3 600 to
4 800 kg total fuel load), there is the possibility of
the fuel sloshing massively within the tanks. In
conjunction with rapid pitch inputs, e.g., during
formation flying or gun aiming, this causes sudden
CG changes which add up to the pilot's inputs and
therefore provoke PIOs. In this condition, flight with
damper failure requires particularly smooth control
inputs.

The WDTSs have a strong influence on buffet levels.
While buffet onset appears roughly at the same
parameters as with the basic aircraft, buffet
intensity is much increased. Buffeting gives good
warning of approaching AOA limits or g limits
throughout most of the envelope.

VYT v

p CAUTION 3

If an AOA of 18° is approached
slowly, the aircraft displays a
peculiar lateral divergence which
causes a sudden rolling motion to
the right. This effect becomes
significant in the landing pattern and
particularly so with a fuel
asymmetry (one WDT full, the other

empty).

EFFECT OF THRUST

Increasing thrust leads to a nose-up pitch moment
(e.g., acceleration from IDLE to MIL power requires
a forward stick movement of approximately 15 mm
at 325 KIAS and of up to 40mm at 160 to
190 KIAS).

SPEEDBRAKES

Speedbrake extension causes a pitch-up moment
at subsonic airspeeds and a pitch-down moment at
supersonic airspeeds. The load factor change may
reachupto1g.

DEPARTURE FROM CONTROLLED
FLIGHT

Departure is the loss of aircraft control that is
characterized primarily by uncommanded aircraft
motions or failure of the aircraft to react to control
inputs.

Departures are caused by an adverse combination
of AOA and sideslip and can be prevented only by
proper control of AOA. The loss of stability usually
causes a sudden wing drop (post stall gyration) in
either direction. Development of a departure varies
with configuration, airspeed and attitude. The
slower the airspeed, the slower the departure.

Even with small angles of sideslip, e.g., induced by
aileron deflection, the AOA at which a departure
occurs is reduced considerably. Aileron deflection
causes a wing drop in the direction opposite to the
control input. The MiG-29 is generally very benign
and highly departure resistant. Serious losses of
control result from extended application of
pro-departure control inputs.

| WARNING

With the LEF not extended, a
departure may occur at AOAs as
low as 18°.

The best method to break a stall is to neutralize
controls. Moving the control stick to a position
forward of neutral hampers recovery since taileron
effectiveness is reduced at high AOA and the
rudders are partially blanked out by the taileron if
the stick is moved forward of neutral.

’ WARNING

The normal tendency to counteract
the wing drop by applying opposite
aileron will aggravate the situation
and make the development of a
spin probable.
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DEEP STALL

A deep stall is characterized by irregular pitch and
bank oscillations with the yaw rate cycling back and
forth, best described as ‘like a falling leaf’, and
development of a high sink rate.

Recovery only requires neutralizing the controls.

NOTE

Moving the control stick to a
position forward of neutral hampers
recovery since taileron effectiveness
is reduced at high AOA and the
rudders are partially blanked out by
the taileron if the stick is moved
forward of neutral.

Recovery is generally characterized by the nose
pitching down, airspeed increasing, and AOA and
sideslip returning to the norma! range. The
airspeed should be allowed to increase to
190 KIAS, if altitude permits, prior to dive recovery
to prevent possible secondary departure.

SPIN

A spin is a stall with practically all forward motion
stopped and a sustained yaw rate in one direction.
Spins can be entered from level flight stalls and
tactical maneuvers including accelerated turns,
reversals, and vertical climbs and dives. Spins have
been entered through a wide airspeed range, but
are most likely to occur between 190 kts and
350 kts. However, development of a spin usually
results from applying pro-spin controls during
departure. Investigations have shown that altitude
has virtually no effect on spin characteristics.
Above 40 000 ft, protracted development simplifies
recovery, however, engine instabilities and possible
flameout are more likely than at lower altitudes.

STEEP SPIN

A steep spin is characterized by an AOA of 35° to
50°. The oscillation in yaw rate can vary between
30 and 40 °/sec. Pitch and roll oscillations are
rather moderate. A sinkrate of 21000 to
24 000 ft/min, approximately 3 100 to 4 800 ft per
rotation, will develop within 10 to 12 seconds.
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IWARNING

Engaging the Auto Recover Mode
(green button) will provide pro-spin
controls.

NOTE

Usually, recovery is initiated by
neutralizing the controls during
development, however, application
of full rudder in the direction of the
spin during recovery procedure
should effectively initiate recovery.

MODERATE FLAT SPIN

A moderate flat spin is characterized by an AOA of
50° to 60°. The oscillation in yaw rate can vary
between 40 and 65 °/sec. Pitch and roll oscillations
are rather violent. Severity and magnitude of the
oscillations depend on entry conditions and aircraft
loading. Recovery can be effectively initiated by
application of the recovery procedure.

FLAT SPIN

A flat spin is characterized by an AOA of 60° to 70°.
Oscillation in pitch and roll are very small and the
yaw rate stabilizes between 85 and 115 °/sec. The
flat spin is very smooth and there will be no
hesitations in yaw during each turn as the nose
wanders nearly along the horizon. However, the
rotation rate causes a forward acceleration to the
pilot which hampers control inputs. A sinkrate of
17000 to 20 000 ft/min, approximately 900 to
1400 ft per rotation will develop within 10 to 12
seconds.

Usually the flat spin results either from extreme
lateral control inputs during departure, or develops
from a steep spin during recovery attempt.

Recovery technique is initially identical to the steep
spin, however, it requires full aileron deflection in
the direction of the spin.

As soon as the yaw rate decreases or the nose
drops, the stick is moved forward to the neutral
position. When the yaw rate has ceased, ailerons
and rudders are neutralized, too.
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INVERTED SPIN

An inverted spin usually results from misapplying
the recovery technique used for recovery from a flat
spin. Tip over to the inverted position is
accompanied by considerable negative load
factors. In this case, all controls must be
neutralized immediately.

vvvvvvvvvvvv

A double engine flame out is highly
probable, because the engine air
intakes are not designed for high
negative g loads with high yaw
rates.
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This section provides information about the aircraft
operation under various conditions such as IMC,
turbulent air, extreme temperature and about
penetration and approach procedures. These are
procedures that differ from, or are in addition to
those contained in the normal operating
procedures covered in section 2 of this manual.

INSTRUMENT FLIGHT

The MIG-29G/GT generally has the capability to
comply with all ICAO regulations, some
modifications of the standard instrument
procedures may be required.

TAKE OFF

The instrument takeoff is accomplished by using a
combination of visual outside references and
instruments. The HUD/HDD should only be used
as secondary instrument. After brake release use
visual references to maintain runway alignment. As
the takeoff progresses the pilot should alter his
attention to the instruments readings, mainly
airspeed, AOA and pitch attitude. Apply takeoff
procedures and technique, as described for takeoff
in Section 2 of this manual.

CLIMB

After liftoff, approximately maintain 10° climb
attitude until gear and flaps/LEF are retracted. As
airspeed and altitude increases, cross check all
fight and engine instruments. When approaching
300 KIAS, adjust pitch as necessary to maintain
airspeed until reaching M 0.8 or cruise Mach/TAS.

To prevent overshooting the assigned altitude, use
approximately 10% of the VVI reading as a lead
point to initiate level off.

CRUISE

For maximum range or endurance data, refer to
Appendix A, Performance Data, of this manual.

HOLDING

Holding patterns are normally flown with 280 KIAS,
using standard rate turns, 30° AOB.

DECENT

For a typical TACAN penetration refer to figure 7-1.
If a descent through precipitation or clouds is
required, recheck pitot heat switch ON and AIR
lever to OPEN. The pressure altimeter should be
cross checked to confirm terrain clearance at low
altitude.

NOTE

During transiton to landing, in
heavy rain, forward visibility is
serverely limited. In order to better
determine sink rate and height
above touchdown the visual
crosscheck should include frequent
glances through the left and right
front quarter of the canopy.
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INSTRUMENT APPROACHES
TACAN APPROACH

A typical TACAN penetration and approach is
shown in figure 7-1.

Prior penetration, confirm HUD readings versus
instruments. To establish a constant descent with
300 KIAS reduce throttles to 75 % RPM and
extend speedbrakes as required.

Lower the landing gear, flaps/LEF and decelerate

to reach final approach speed at ieast one mile
prior to the final approach fix (FAF).

7-4 Change 1

TACAN APPROACH - SINGLE ENGINE

The single engine TACAN approach is identical to
the normal TACAN approach. .

CIRCLING APPROACH

Circling to land is a visual flight maneuver used to
align the aircraft with the landing runway when the
instrument approach is completed. Situation
permitting it should be flown at an altitude higher
than the circling MDA, up to normal VFR pattern
altitude. Recommended airspeed for circling is
190 KIAS minimum with gear and flaps/LEF
extended until established on final.
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TACAN APPROACH
TYPICAL

AR
@ B

o i ¥
) - o HOLDING 280 KIAS

DESCENT 300 KIAS

f

™ SPEEDBRAKES - AS REQUIRED ™y, ‘__ __
THROTTLES - APPROXIMATELY
- 75% RPM

———— " APPROACH
% PROCEDURE
-

~ PENETRATION TURN
30° BANK MAXIMUM

—  FAF APPROPRIATE
APPROACH SPEED

GEAR- EXTENDED
FLAPS/LEF - DOWN AND QUT

=

SPEEDBRAKES
RETRACTED

Figure 71

4 2000 FT ABOVE LEVEL OFF
REDUCE DESCENT
RATETO 2 000 FT/M

75
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GCA (PAR) APPROACH

A typical GCA approach is shown in figure 7-2.
Descend to GCA pattern altitude and maintain
230 to 250 KIAS. Establish landing configuration
on base leg or at 10 to 12 NM on final approach.
Maintain 190 KIAS until completion of turn on to
final approach. Rolling out on final reduce
approach speed to 175 KIAS.

SINGLE ENGINE GCA

The single engine GCA is flown basically as the
normal GCA. Correct for yaw with rudder, as
required.

7-6

MISSED APPROACH

At missed approach paint, advance the throttles to
MIL and rotate to climbing attitude. Retract the
gear as soon as a positive climb rate is
established. Maintain a climb rate of 1 500 to 2 500
ftYmin. Retract flaps/LEF and follow missed
approach procedure.
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[ ] GCA (PAR) APPROACH
TYPICAL

MAINTAIN GLIDE SLOPE
. RATE OF DESCENT

DOWNWIND AND BASE TURN
230 - 250 KIAS

| BASE LEG - GEAR EXTENDED ~ FINAL - MAINTAIN FINAL APPROACH
FLAPS/LEF-QUT ANDDOWN  SPEED 175 KIAS
SLOW TO 190 KIAS

Figure 7-2
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NIGHT FLYING
PREFLIGHT

The external and internal lighting should be
checked carefully. The internal white lights, except
those of the AEKRAN, may be adjusted to a
comfortable level using the dimmers. To reduce
the brightness of the AEKRAN lighting, a
transparent foil may be used.

FLIGHT

The takeoff will normally be performed with the taxi
light off. Techniques used for night flying do not
differ essentially from those used under instrument
conditions during daylight.

NOTE

Normally, the obstruction and
navigation lights should be selected
to steady and the anti-collision light
on. However, to avoid a vertigo in
IMC, the anti-collision light may be
switched off.

COLD WEATHER PROCEDURES
GROUND OPERATION

The entire aircraft should be free of snow, ice and
frost. Accretions may be removed by use of de-
icing fluid or hot air. Inspect the aircraft carefully
for possible fuel or hydraulic leaks. Ensure that
water does not accumulate in engine intakes or on
control surfaces where subsequent freezing may
cause FOD or binding. Check flight controls and
flaps/LEF for proper operation. Move controls fully
through several cycles to warm up the hydraulic
fluid.

TAXIING

Avoid taxiing in deep or rutted snow since frozen
brakes will likely result.

7-8

vvvvvvvvvvv

..........

Increase the spacing between
taxiing aircraft to maintain a safe
stopping distance and to avoid
damage caused by pieces of ice
thrown up by the jet blast of the
preceeding aircraft.

TAKEOFF

| WARNINGI

Takeoff in severe icing conditions is
prohibited.

Taxi the aircraft onto the runway to an ice free
area to perform the after line-up and engine run-up
checks. Rain has little or no appreciable effect on
the aircraft's flight performance. However,
substantial ice build-ups will cause distortions in
the shape of the airfoil surfaces, resulting in partial
loss of lift, higher stalling speed and degraded
overall handling characteristics.

FLIGHT, PENETRATION AND LANDING

[(WARNING]

When severe icing conditions are
encountered, an immediate diver-
sion is necessary.

Flight through areas of known icing should be
avoided. If required to climb or descend through
icing conditions, penetration time should be kept to
a minimum. Optimum penetration speed is above
380 KIAS or 430 to 490 KTAS. If icing is encoun-
tered, increase speed and descent rate if feasible.

If icing is encountered below 3 000 ft AGL, land
from a straight-in.
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HOT WEATHER/DESERT
PROCEDURES

VYT

t CAUTION

AAAAALA AAAA.

Do not attempt takeoff or engine
operation in a sand storm or dust
storm if avoidable. Park aircraft
crosswind and shut down engine to
prevent sand or dirt from damaging
engine.

TURBULENCE AND THUNDERSTORMS

The following factors, single or in
combination, could cause a degration
of engine performance:

e Penetration of cumulus clouds with
associated high moisture content.

e Engine icing of either engine intake
or inlet guide vanes.

e Turbulence associated with
penetration is likely to result in
extreme angles of attack which
may cause marginal engine
performance.

APPROACHING THE THUNDERSTORM

In view of the above, the pilot should avoid areas
of turbulent air, hail storms, or thunderstorms,
whenever possible. If a thunderstorm cannot be
avoided pentration should be accomplished at an
angle of 90° and an airspeed of 270 to 325 KIAS.

During day:
« Pitot heat switch......... Recheck ON
¢ AFCS modes.............. OFF (press < 3 sec)

* Lower ejection seat

Additionally at night:
« Cockpit lighting........... Full bright

t CAUTION 1

AAAAAAAAAAAAA

Do not try to top thunderstorms at
subsonic speeds above 40 000 ft.
The stall margin of both the air-
frame and engines is reduced in
this region. Flying through a thun-
derstorm at the proper airspeed is
much more advantageous than
floundering into the storm at a dan-
gerously slow airspeed while
attempting to reach the top.

IN THE THUNDERSTORM

Maintain a normal instrument crosscheck with
added emphasis on the ADI. Attempt to maintain
attitude, and accept altitude and airspeed
fluctuations.

LIGHTNING

When flying in or near a thunderstorm, the aircraft
is susceptible to strikes by lightning. If lightning hits
the aircraft, it is usually accompanied by a muffled
bang and a flash of light. Sometimes the pilot will
experience a light prickling sensation of the skin or
a definite static in the headset can be heard. In
any case, when a loud bang or a flash of light is
experienced, it should be assumed that the aircraft
has been hit by lightning.

Lightning usually hits the aircraft in the pitot boom
or in some other protruding parts in the front and
leaves the aircraft at the trailing edges of the
wings, tailerons, vertical stabilizers or any other
sharp edges. These parts can be severely
damaged. Damage of the aircraft tail section
cannot easily be determined by the pilot.

The built-in lightning protection is designed to
reduce the damage of the aircraft.

The pilot is well protected, but the avionic
equipments, especially the radios and the NAV
computer may be affected. The operation of the
magnetic compass may also be affected.

When a lightning strike is suspected:

» Check for correct instrument readings.

« Check aircraft handling.

* If possible, have aircraft checked by a chase
aircraft.

* Abort the mission and land as soon as practical.

* An entry into the FORM 781 has to be made.

7-9/7-10 blank
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PART 1

INTRODUCTION

SCOPE

The appendix A is divided into 8 parts to present
the performance data in proper sequence for
mission planning. Each part contains descriptive
text and sample problems for the applicable charts.

the applicable suspension equipment. The total
drag index may be used to enter other charts for
flight planning.

SAMPLE PROBLEM
AIRCRAFT LOADING "
The drag index (DI) and weights chart (refer to  Basic aircraft Tx 230
figure A1-1) contains the drag number and weight ~ ALAMO R-27R1 M2 2% 17
of each externally carried store and its associated ~ Launcher APU 470 2x 7
suspension equipment. ARCHER R-73A (3.4 2% 12
Launcher P-72-1D 2X s
Total DI 308
USE
The drag index for a specific configuration may be
found by multiplying the number of stores carried
by its drag number and adding the drag number of
DRAG INDEX AND WEIGHTS
DRAG / STORE | WEIGHT / STORE (KG) |  STATION NUMBER
Basic aircraft MIG-29G incl. 3 360 kg fuel 230 14 360
Basic aircraft MIG-29GT incl. 3 360 kg fuel 230 14300
Launcher P-72-1D for ARCHER 3 59 1,2,3,4,5,6
Launcher APU 470 for ALAMO 7 60 1,2
Launcher P-62-10B1 for APHID 3 45 1,2,3:4,5 8
ARCHER R-73A 12 105 1,2,3,4,5,6
ALAMO R-27R1 17 253 1,2
APHID R-60 MK MOD 8 45 1:2,8,4,5,6
ARCHER R-73 UB 12 7 1,2,3,4,5,6
APHID R-60 UB 8 25 1,2,3,4,5,6
CL TANK empty 22 116 7
CL TANK incl. 1500 | fuel 22 1316 7
TRAVEL POD NE 53 1,2
AIS POD NE 57 2
PYLON FOR WDT 3 59 1,2
WOT 37 83 1,2
WDT incl. 920 kg FUEL 37 1003 T
FLIGHT DATA RECORDER NE 862 2
NOSE GUN AMMO (150 ROUNDS) NA 125

NE = Not Established

Figure A1-1

Change 4 A1-1



GAF T.0. 1F-MIG29-1

AIRSPEED CONVERSION DATA

Airspeed conversion charts are presented for low
Mach in figure A1-2 and high Mach in figure A1-3.
Calibrated airspeed, true airspeed and Mach
numbers as a function of altitude and temperature
can be obtained.

Indicated Airspeed (IAS)

Indicated airspeed is the uncorrected airspeed read
directly from the indicator.

Calibrated Airspeed (CAS)

Calibrated airspeed Is indicated airspeed corrected
for static source error.

Equivalent Airspeed (EAS)

Equivalent airspeed is calibrated airspeed
corrected for compressibility.

True Airspeed (TAS)

True airspeed is equivalent airspeed corrected for
density altitude.

USE

To find true Mach number or TAS, enter these
charts at CAS (A), proceed vertically upwards to
intersect altitude (B), continue horizontally to the
left to read true Mach number (C). To determine
TAS proceed to the right towards the sea level
baseline (D), confinue vertically down to intersect
ihe temperature corresponding to flight level
temperature (E), then horizontally to the right to
read TAS (F).

The TAS for standard day may be obtained directly
by paralleling the curved dashed lines from the
intersection of CAS and altitude (B) to the sea level
baseline (G).

A1-2 Change 2

SAMPLE PROBLEM

KIAS = 300 kis
Pressure altitude = 25000 ft
Temperature =-20°C
True Mach =M0.72
TAS (Std Day) = 445 kts

SAMPLE AIRSPEED CONVERSION

PRESSURE ALTITUDE

TRUE MACH NUMBER

®

CALIBRATED AIRSPEED

TRUE AIRSPEED
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AIRSPEED CONVERSION
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AIRSPEED CONVERSION

HIGH MACH
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TEMPERATURE CONVERSION
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STANDARD ATMOSPHERE TABLE

STANDARD SEA LEVEL AIR: 1KNOT - 1,852 km/h
T=15C 1 KNOT - 1,688 fisec
P=hPa
DENSITY TEMPERATURE SPEED OF PRESSURE
ALTITUDE | "panio 1Yo SOUND
FEET RATIO
P/Po DEG.C DEG. F o hPA | RATIOP/Po
0 1,000 1.0000 15,000 59,000 1.000 101325 1,0000
1000 9710 10148 13019 55,43 997 977.18 9644
2000 9428 1,0299 1,038 51,868 993 942,12 9298
3000 9151 10454 9.056 48.301 990 908.07 8962
4000 8881 1.0611 7.075 473 986 875.24 8636
5000 3616 10773 5,094 41169 983 #4302 8320
6000 8358 10938 3113 37,603 979 812.02 8013
7000 8108 1.4107 1132 34,037 976 78187 716
8000 7859 1.1280 0850 30471 a7 752.63 427
9000 7619 1.1456 2,831 26.904 968 72427 147
10,000 7384 11637 4812 23,338 965 696,81 8876
11,000 J154 1.1822 6793 19.772 962 £69.16 8614
12,000 6931 12012 8774 16,208 958 644,43 8359
13,000 6712 12206 10756 12,640 954 619.40 8112
14,000 5499 1.2404 12737 9.074 950 595,28 5873
15,000 5291 1.2608 14718 5,507 9“7 571,78 5642
16,000 5088 12816 -16.699 1941 943 549.18 5418
17,000 5891 13020 18,680 1625 940 527.19 5202
18,000 5698 13247 20662 5,191 936 506,02 4992
19,000 5500 13473 22643 8757 ) 485.45 4790
20,000 5327 13701 24,624 12323 929 465590 4594
21,000 5148 13087 26,605 15,890 925 4644 4405
22,000 4974 14179 28,586 19456 922 42790 4000
23,000 4805 14426 30,568 23,002 917 40996 4045
24,000 4640 1.4681 32549 26,588 o4 392,74 3874
25,000 4480 14940 34530 30,154 910 37602 3709
26,000 4323 15200 36511 33720 906 350,91 3550
27,000 71 15484 38493 7287 903 34,30 3397
28,000 4028 15768 40474 40,853 899 320,31 3248
29,000 3879 1,606 42,455 44,419 895 314,82 3106
30,000 3740 16352 4443 47.985 891 300.94 2968
31,000 3603 16659 46417 51551 887 28746 2834
32,000 347 16971 -48.399 55,117 883 27449 2707
33,000 343 17295 50,379 58,684 879 262,03 2583
34,000 3218 17628 52,361 62.250 875 24997 2465
35,000 3098 17966 54,342 65816 871 238,42 235
3,000 2981 18315 56,323 69,362 868 2127 2043
3,089 2971 18347 56,500 69,700 867 22636 2234
37,000 2843 18753 56,500 69,700 867 21663 2138
38,000 210 19209 56,500 69,700 867 20650 2038
39,000 2583 19677 56,500 69,700 867 196,77 1942
40,000 2462 20155 56,500 69.700 867 187,55 1851
41,000 2346 20645 56,500 69,700 867 178.37 1764
42,000 203 21148 56,500 -69.700 867 17044 1681
43,000 2131 21662 56,500 69.700 867 16221 1602
44,000 2031 22189 56,500 89.700 867 15476 157
45,000 1936 22728 56,500 69,700 867 147,65 1455
46,000 1845 23281 56,500 69,700 867 14050 1387
47,000 1758 23848 56,500 69,700 867 133,90 1322
48,000 1676 24428 56,500 69,700 867 127,60 1260
49,000 1507 25022 56,500 69,700 867 121,60 1201
50,000 1522 25630 56,500 -69.700 867 115.90 1145
Figure A1-5

A1-6 Change 2
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WIND COMPONENTS CHART

A standard wind components chart (figure A1-6) is
included. It is used primarily for breaking a forecast
wind down into crosswind and headwind
compenents.

USE

Determine the effective wind velocity by adding one
half of the gust velocity (incremental wind factor) to
the steady state velocity; e.g, reported wind
050/20G30, effective wind is 050/25. Reduce the
reported wind direction to a relative bearing by
determining the difference between the wind
direction and runway heading. Enter the chart with
the relative bearing (A). Move along the relative
bearing to intercept the effective wind speed arc
(B). From this point, descend vertically downward
to read the crosswind component (C). From the
intersection of bearing and wind speed, project
harizontally to the left to read headwind component

(D).

SAMPLE PROBLEM

Reported wind 050/35, runway heading 030

Relative bearing = 40°

Intersect windspeed arc = 35 kis
Crosswind component = 22 kis
Headwind component = 27 kts

HEADING COMPONENT

SAMPLE WIND COMPONENTS

CROSSWIND COMPONENT

Change2 Ai-7
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WIND COMPONENTS
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PART 2

TAKEOFF

INTRODUCTION

Planning data for takeoff under various conditions
are presented in this part.

DEFINITION OF TERMS
TAKEOFF SPEED

The speed at which the main gear leaves the
runway.

NORMAL TAKEOFF

I This takeoff is carried out with throttles in MIL or AB.

MINIMUM GO SPEED

The minimum engine failure speed to continue the
takeoff within the remaining runway length, with the

TAKEOFF SPEED DATA

The chart in figure A2-1 provides takeoff speed for
MIL and MAX AB takeoff, For various gross
weights it is primarily to adjust takeoff distances
resulting from adverse weather conditions.

USE

To determine takeoff speed, enter the chart with
applicable gross weight (A), proceed vertically
upwards to AOA with MIL or MAX thrust (B),
project horizontally to pressure altitude (C),
proceed vertically downwards to temperature (D),
project horizontally to wind (E) and continue
vertically upwards to read takeoff speed (F).

SAMPLE PROBLEM

Normal Takeoff

failed engine windmiling and the operafing engine ~ Gross weight = 15000 kg
at MIL. The takeoff must be aborted if an engine ~ AOA = 12°, MIL thrust
fails before minimum go speed is reached. Pressure altitude =0ft
Temperature = +34°C
Wind = 25 kts tailwind
MAXIMUM ABORT SPEED Takeoff speed = 154 kis
The maximum speed at which an abort may be
| started and the aircraft stopped within the
remaining runway length.
SAMPLE TAKEOFF SPEED

INDICATED AIRSPEED

GROSS WEIGHT

Change 4 A2-1



GAF T.0. 1F-MIG29-1

TAKEOFF SPEED
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TAKEOFF DISTANCE DATA

These charts are used to determine the takeoff ~ SAMPLE PROBLEM (NPM)
distance. Separate charts are provided for aircraft

engines in NPM (figure A2-2), aircraft engines in  Normal Takeoff

LPM (figure A2-3) and for the GT (figure A2-4). A

simplified method to calculate liftoff speed is  Gross weight = 15750 kg
included. AOA = 12° MIL thrust
Liftoff speed = 148 kis
Pressure altitude = 45001t
USE Temperature =-20°C
Wind = 10 kts headwind
Enter these charts with gross weight (A), proceed  Takeoff distance = 2450 1t

vertically upwards to intercept the lower MIL or

MAX AB line (B), proceed horizontally to intercept

the appropriate pressure alfitude line (C). Proceed  SAMPLE PROBLEM (LPM)
vertically downwards to temperature (D) and

continue horizontally to relevant wind curves (E).  Normal Takeoff

Project vertically downwards to the required takeoff

distance baseline (F). To obtain liftoff speed,  Gross weight = 15750 kg
proceed with the gross weight vertically upwardsto ~ AQA = 12°, MIL thrust
the upper MIL or MAX AB line (G) continue left to | jfoff speed - 148 Kis
read lftof speed (H) Pressure altitude = 4500 ft
Temperature =-20°C
Wind = 10 kts headwind
Takeoff distance = 2700 ft
SAMPLE PROBLEM (GT)

Normal Takeoff

Gross weight = 15750 kg
AOA = 12°, MIL thrust
Liftoff speed = 148 kts
Pressure altitude = 4500 ft
Temperature =-20°C
Wind = 10 kis headwind
Takeoff distance = 2500t
SAMPLE TAKEOFF DISTANCE
/ AIR PRESSURE
TG /
/ ©
/@
GROSS WEIGHT
fﬁ// \ D) TEMPERATURE
i
WIND
®
TIO DISTANCE

Change 4 A2-3
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TAKEOFF DISTANCE (NPM)
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TAKEOFF DISTANCE (LPM)
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TAKEOFF DISTANCE (GT)
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MINIMUM GO SPEED DATA

The charts presented are used to determine the
minimum speed at which an engine failure can be
experienced but safe takeoff is sfill assured.
Separate charts are provided for aircraft engines in

SAMPLE PROBLEM (NPM)

Normal Takeoff

| NPM (figure A2-5) and in LPM (figure A2-6). Avail. RWY length = 4350t

Gross weight = 15500kg
Min go speed = 113kts

USE

Enter these charts with the available RWY length ~ SAMPLE PROBLEM (LPM)

(A), project horizontally to gross weight (B) and

proceed vertically downwards to the baseline to  Normal Takeoff

read the minimum go speed (C).
Avail. RWY length = 4350 ft
Gross weight = 14300 kg
Min go speed = 93 kis

SAMPLE MINIMUM GO SPEED

GROSS WEIGHT

BRWY LENGTH

&)

I
|
1
|
oly

MINIMUM GO SPEED

Change 4 A2-7
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MINIMUM GO SPEED (NPM)
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AVAILABLE RWY LENGTH - 1000 FEET
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MINIMUM GO SPEED (LPM)
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MAXIMUM ABORT SPEED DATA

These charts present the maximum speed at which
an abort may be started and the aircraft stopped
within then remaining runway length, Barrier
engagement is not taken into consideration. Brakes

SAMPLE PROBLEM (NPM)

Normal Takeoff

can be applied at or below the recommended  Avail. RWY length = 4350 ft
maximum braking speed. Separate charts are  Gross weight = 14300 kg
provided for aircraft engines in NPM (figure A2-7)  Max abort speed = 109 kis
and in LPM (figure A2-8).

SAMPLE PROBLEM (LPM)
USE

Normal Takeoff
Enter these charts with the available runway
length (A), project horizontally to gross weight (B)  Avail. RWY length = 4350 ft
and proceed vertically downwards to the baseline  Gross weight = 14300 kg
to read the maximum abort speed (C). Max abort speed = 106 kis

SAMPLE MAX ABORT SPEED

AVAILABLE RWY LENGTH

©

MAX ABORT SPEED

A2-10 Change 4
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MAXIMUM ABORT SPEED (NPM)
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MAXIMUM ABORT SPEED (LPM)
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PART 3

CLIMB

INTRODUCTION

The following charts contain information to
determine time, distance covered and fuel
consumption during military thrust climb and
combat ceiling. Data are based on a constant climb
speed of 460 KTAS,

TIME / DISTANCE REQUIRED TO CLIMB

The chart is used to determine time and distance
required to climb, corrected for drag index and
temperature deviation. Time required for takeoff
and acceleration to climb speed is incorporated in
the chart. Distance required to climb starts at a
point of 650 ft AGL.

USE

Enter the chart with the initial gross weight (A).
Project horizontally to the right to intersect the
assigned cruise altitude (B). Proceed vertically

downwards to intersect to applicable drag index
lines (C), then project horizontally to the left to the
temperature baseline (D) (corresponds to ICAQ
standard day °C). Parallel the guide line to intersect
a vertical grid line corresponding to the degree of
deviation between forecast flight temperature and
standard ICAQ day temperature (E). From this
point, continue horizontally to the left to read time
(F) and distance (G) to climb.

SAMPLE PROBLEM

Gross weight = 15800 kg
Pressure altitude = 37000 ft

DI =310

Temp deviation = +10°C

Time = 11 min 40 sec
Distance = 80 NM

SAMPLE TIME / DISTANCE REQUIRED TO CLIMB

4=
&£
0 ® ()
w
i .....’ bFeain
(%]
2
(0]
9
F
\@ DRAG INDEX
y B0 © //
= S—H-_._!__‘___q ---------------------------

DISTANCE
A

DRAG INDEX

Changed A3-1
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TIME / DISTANCE REQUIRED TO CLIMB 460 KTAS MIL THRUST (NPM)
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FUEL REQUIRED TO CLIMB

The chart is used to determine fuel required to
climb, corrected for DI and temperature deviation.
Fuel required for takeoff and acceleration to climb
speed is incorporated in these chart.

USE

Enter the chart with the initial gross weight (A).
Project horizontally to the right to intersect the
assigned cruise altitude (B). Proceed verfically
downwards to intersect to applicable drag index
line (C), then project horizontally to the left to the
temperature baseline (D) (corresponds to ICAO
standard day °C). Parallel the guide line to intersect

a vertical grid line corresponding to the degree of
deviation between forecast flight temperature and
standard ICAO day temperature (E). From this
point, continue horizontally to the left to read fuel
required to climb (F).

SAMPLE PROBLEM

Gross weight = 15800 kg
Pressure altitude = 37000 ft
DI = 310
Temp deviation = +10°C
Fuel 705 kg

SAMPLE FUEL REQUIRED TO CLIMB

T/O GROSS WEIGHT

PRESS ALT

FUEL

Change 4 A3-3
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FUEL REQUIRED TO CLIMB 460 KTAS MIL THRUST (NPM)

42,

\\NW
<
MW SSEEITEEETS NN PN
==
i s
S EEbacsEE. s TS
HWmnlnh e SN AR SR D AN
41 Raaa s
Kb > -
Ao SN amsy iaAs oSk pesaa

ok
1

B3 - IHOITIM SSOHD O/L

171

B 7 Ale) TR ) A

7

Sl

i

1000

300

200 et

100

+0
TEMP DEVIATION -°C

+20

Figure A3-2

A3-4 Change 4



GAF T.0. 1F-MIG29-1

MAXIMUM CEILING AFTER T/O MIL
THRUST

The chart presents the military thrust combat  applicable drag index line (B), continue horizontally

celling for two engines operating at various  lefttoread combat ceiling (C).

combinations of gross weight and drag index.

SAMPLE CHART
USE

Gross weight = 14550 kg
Enter the chart with takeoff gross weight (A). DI = 370
Proceed vertically upwards to intercept the  Combat ceiling = 37800 ft

SAMPLE MAXIMUM CEILING

ALTITUDE

DRAG INpEx

T/0 GROSS WEIGHT

Change 4 A3-5
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MAXIMUM CEILING AFTER T/0 MIL THRUST (NPM)
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PART 4

CRUISE

INTRODUCTION

The following charts contain information to
determine initial optimum cruise altitude, maximum
range / maximum endurance data, constant Mach
cruise data and constant aftitude cruise fuel flow.

INITIAL OPTIMUM CRUISE ALTITUDE

The chart presents initial optimum cruise altitude.
The chart depicts optimum cruise altitude
immediately after climb for all gross weights and
drag indexes.

USE

Enter the chart with takeoff gross weight (A) and
project vertically to intersect previously computed
drag index (B). Continue horizontally to the left and
obtain initial optimum cruise altitude (C).

SAMPLE PROBLEM

Gross weight = 15700 kg
DI =290
Initial optimum altitude = 37200

SAMPLE INITIAL OPTIMUM CRUISE

@A

INITIAL OPTIMUM ALTITUDE

A

\

®

T/O GROSS WEIGHT

Change 4 A4-1
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GAF T.0. 1F-MIG29-1

INITIAL OPTIMUM CRUISE ALTITUDE (NPM)
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OPTIMUM CRUISE SUMMARY

The chart presents optimum cruise and maximum

I endurance data since both are nearly identical. The
chart depicts Mach number and fuel consumption
for all gross weights and drag indexes. Optimum
cruise altitude can be obtained as well.

USE

Enter the chart with applicable gross weight (A) and
proceed horizontally to the right to intersect the
desired flight altitude (B). Continue vertically
upwards to the applicable drag index line (C) and
project horizontally right to the applicable gross

SAMPLE PROBLEM
Gross weight = 15500 kg
Cruise altitude = 36000 ft
lDi = 320
Mach number = M0.79
| Fuel = 48 kgNM

weight (D). Proceed vertically downwards to obtain
fuel required (E).

To obtain max range and / or max endurance Mach
number, proceed vertically upwards from the
altitude line (B) to the max range / max endurance
line (F), continue horizontally left to obtain the
Mach number (G).

To obtain the optimum cruise altitude, enter the
chart with the applicable gross weight (A) and
project harizontally to the right. Enter the chart with
the applicable drag index at the optimum alfitude
line (G) and project vertically downwards. Read the
optimum cruise altitude at the intersection of the
two lines (H).

SAMPLE PROBLEM

Gross weight = 15500 kg

] = 320 I
Optimum cruise altitude = 36000 ft

SAMPLE OPTIMUM CRUISE SUMMARY
(FUEL / NM, MACH NUMBER)

MAGH NUMBER

i

GAOSS WEIGHT

FUEL koM

SAMPLE OPTIMUM CRUISE SUMMARY
(OPTIMUM CRUISE ALTITUDE)

GROSS WEIGHT
[}
1
l
l
]
@

Change 4 A4-3
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OPTIMUM CRUISE SUMMARY (NPM)
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. FUEL INDEX NUMBER

The chart presents fuel index numbers for all gross
weights and drag indexes. The fuel index number is
required to figure engine RPM and fuel
consumption for cruising at a given altitude in a

. given configuration.

Enter the chart with the desired Mach number (D).
Proceed harizontally to the right fo intercept the
applicable drag index (E), project vertically
downwards. Receive the fuel index number (F) at
the intersection of the two projected lines.

USE SAMPLE PROBLEM
Enter the chart with the applicable gross weight (A). ~ Gross weight = 15400kg |
Proceed horizontally to the right fo intersect the  Pressure altitude = 26000 ft
desired altitude (B), continue vertically downwards — Mach number = M0.66
to the desired Mach number (C) and project DI = 300
horizontally right. Fuel index number =36

| . SAMPLE FUEL INDEX NUMBER

GROSS WEIGHT
M NUMBER

Change4 A4-5
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FUEL INDEX NUMBER
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CONSTANT MACH CRUISE

The charts presented are used to determining fuel
required per NM and RPM for constant Mach
cruise.

USE

Enter the charts with the previously computed fuel
index number (A), proceed vertically upwards to the
applicable Mach number (B), continue horizontally
to the right to intersect the applicable
altitude / temperature (C) and project vertically
downwards to obtain fuel required per NM or
RPM (D).

SAMPLE PROBLEM

Fuel index = 52.5
Mach number =M05
Altitude = 12000 ft
Temperature =-20°C
Fuel required = 9.7 kg/NM
RPM 84.5%

SAMPLE CONSTANT MACH CRUISE

FUEL INDEX

Change 4 Ad-7
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CONSTANT MACH CRUISE (FUEL CONSUMPTION)
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Figure Ad-5

GAF T.0. 1F-MIG29-1

CONSTANT MACH CRUISE (ENGINE RPM)
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CONSTANT ALTITUDE CRUISE
FUEL FLOW

The chart presented is used to calculate fuel flow in
kg/min for various RPM and Mach numbers at any
altitude and temperature. RPM must be obtained
from the constant Mach cruise chart before
entering this chart.

USE

Enter the chart with OAT (A), proceed horizontally
to the right to intersect the previously computed
RPM (B). Project vertically upwards to appropriate
constant altitude cruise Mach number (C). Continue
left to the desired press alt (D) and project vertically

downwards to the appropriate OAT (E). Proceed
horizontally to the right to obtain fuel required per
min (F).

SAMPLE PROBLEM

OAT =-7°

RPM = 82%
Mach number = M08
Pressure altitude = 10000 ft
Fuel required = 44 kg/min

SAMPLE CONSTANT ALT CRUISE FF
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Figure A4-6

GAF T.0. 1F-MIG29-1

CONSTANT ALTITUDE CRUISE FUEL FLOW (NPM)
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PART 5

ACCELERATION

ACCELERATION DATA

The following charts contain information about time,
distance and fuel required to accelerate in level
flight and for maximum thrust fuel flow. Separate
charts are provided for low and for high altitude
acceleration. All charts are valid for clean aircraft
with two APHID missiles loaded and throttles in
MAX AB.

LOW ALTITUDE ACCELERATION

These charts present data for low altitude
acceleration at an entry speed of Mach 0.5. To
obtain the time refer to figure A5-1, for distance and
fuel refer to figure A5-2.

USE

Enter the chart in figure A5-1 with final indicated

airspeed (A), proceed vertically upwards to

SAMPLE ACCELERATION TIME
M 0.5 TO SUPERSONIC

%
o
9.

©
e ’
0]

TIME

MACH NUMBER

intersect the pressure altitude (B) and project
horizontally left to the baseline to read time (C).

To obtain the required distance enter the chart in
figure A5-2 with the final indicated airspeed (A),
proceed vertically upwards to the pressure alfitude
(B) and project horizontally left to read the flight
distance. To obtain the required fuel, continue from
(B) vertically upwards to intersect the pressure
altitude (D) and project horizontally left to the fuel
baseline (E).

SAMPLE PROBLEM

Final Mach number =M13
Altitude = 16000 ft
Time = 46 sec
Distance = 8.7NM
Fuel = 440 kg

SAMPLE FUEL / DISTANCE REQUIRED
FOR ACCELERATION (MAX AB)
M 0.5 TO SUPERSONIC

FUEL

FLIGHT DISTANCE

MACH NUMBER

Change 4 A5-1
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ACCELERATION TIME M 0.5 TO SUPERSONIC

AIRCRAFT CONFIGURATION:
CLEAN OR 2 APHID
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Figure A5-1
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FUEL / DISTANCE REQUIRED FOR ACCELERATION (MAX AB)M0.5TO

SUPERSONIC
AIRCRAFT CONFIGURATION:
CLEAN OR 2 APHID
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HIGH ALTITUDE ACCELERATION

These charts present data for high altitude
acceleration at an entry speed of Mach 0.8, To
obtain the time refer to figure AS-3, for distance and
fuel refer to figure A5-4.

USE

Enter the chart in figure A5-3 with final indicated
airspeed  (A), proceed vertically upwards to
intersect the pressure altitude (B) and project
horizontally left fo the baseline to read time (C).

To obtain the required distance enter the chart in
figure A5-4 with the final indicated airspeed (A),
proceed vertically upwards to the pressure allitude

SAMPLE ACCELERATION TIME M 0.8
TO SUPERSONIC

(B) and project horizontally left to read the flight
distance. To obtain the required fuel, continue from
(B) vertically upwards to intersect the pressure
altitude (D) and project horizontally left to the fuel
baseline (E).

TIME

MACH NUMBER

A5-4 Change 4

SAMPLE PROBLEM

Mach number =M18

Altitude = 39000 ft
Time = 140sec |
Distance = 28 NM

Fuel =650k |

SAMPLE FUEL / DISTANCE REQUIRED
FOR ACCELERATION (MAX AB) M 0.8
TO SUPERSONIC

FUEL

FLIGHT DISTANCE

MACH NUMBER
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ACCELERATION TIME M 0.8 TO SUPERSONIC

AIRCRAFT CONFIGURATION:
CLEAN OR 2 APHID
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FUEL / DISTANCE REQUIRED FOR ACCELERATION TIME M 0.8 TO SUPERSONIC .

AIRCRAFT CONFIGURATION:
CLEAN OR 2 APHID
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FUEL CONSUMPTION DATA

The following chart may be used to determine fuel
consumption per second depending on mach
number and altitude. The chart is valid for ICAO
standard temperature (dashed lines for ICAQ
temperature +10 °C) and throttles in MAX AB.

USE

Enter the chart with airspeed (A), proceed vertically
upwards to intersect the applicable pressure
altitude and temperature  (B) and project

horizontally left to the baseline to read the fuel
required per second (C).

SAMPLE PROBLEM

Mach number = MO0.77
Temperature =0°C |
Pressure altitude = 10000 ft

Fuel consumption = 955kgisec |

SAMPLE MAX THRUST FUEL FLOW

FUEL CONSUMPTION

MACH NUMBER

Change 4 A5-7
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MAXIMUM THRUST FUEL FLOW
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PART 6
DESCENT
DESCENT DATA
The chart presented is used to determine distance, ~ SAMPLE PROBLEM
fuel used and time required to descent. Throttles
are in IDLE position. The chart is valid for all drag ~ Cruising altituce (A) = 275001t
indexes and gross weights. Indicated airspeed (B) = 243 kis
Distance (C) = 36NM
Incremental data may be obtained for distance, fuel  Fuel (D) = 86kg
and time by subtracting data corresponding to  Time (E) = 6min 50 sec
level-off altitude from the data for the original
cruising altitude,
USE
Enter the chart at cruising flight level (A), project
horizontally to the right to intersect the applicable
IAS (B) for distance, fuel required and time. From
the first intersection, project vertically downwards to
intersect and read the distance required (C). From
the second intersection, project vertically
downwards to intersect and read the fuel used to
descent (D). From the third intersection, project
vertically downwards to intersect and read the time
required for descent (E).
SAMPLE DESCENT
AIRSP
AIRSPEED AIRSPEED

©y

©y

DISTANCE

FUEL

TIME

Change4 A6-1
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PART 7

LANDING

INTRODUCTION

Planning data for landing under various conditions
are presented in this part.

reflector line (B), project horizontally to the left to
intersect the desired pressure altitude (C), proceed
vertically downwards to actual temperature (D),
project horizontally to the right to intersect the
present wind (E) and proceed vertically upwards fo
read the landing speed (F).

LANDING SPEED
The chart contains information about landing speed SAMPLE PROBLEM
depending on gross weight, AOA, pressure altitude, ;
temperature and wind. Gross weight = 13500k
ACA = 120
Pressure alfitude = 0ft
USE Temperature = +32°C
Wind = 25 kis headwind
Enter the chart with estimated gross weight ().  Landing speed = 141 ks
Proceed vertically upwards and intersect the AOA
SAMPLE LANDING SPEED
O
W
\FO
|
|
|
GROSS WEIGHT
INDICATED AIRSPEED

Change4 A7-1
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LANDING SPEED
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LANDING ROLL DISTANCE

These charts present information about landing roll
distance depending on gross weight, AQA,
pressure altitude, temperature and wind. Separate
charts are provided for landing roll distance with
drag chute (figure A7-2) and without drag chute
(figure A7-3). A simpliied method to calculate
landing speed is included.

USE

Enter these charts with gross weight (A), proceed
vertically upwards to intersect the lower touchdown
AQA line (B) and project horizontally right to the
applicable pressure altitude (C). From this point,
proceed vertically downwards to intersect
temperature (D), project horizontally left to the
actual wind (E), proceed vertically downwards to
the required landing roll distance (F).

To obtain touchdown speed, proceed with the
gross weight (A) vertically upwards to the upper
touchdown AQA line (G) and project horizontally
left to read touchdown speed (H).

SAMPLE PROBLEM

Landing with drag chute

Gross weight = 13700 kg
AOA =40°
Touchdown speed = 150 kis
Pressure altitude = 2500 ft
Temperature =.0%C
Wind = Okis
Landing roll distance = 2980t
SAMPLE PROBLEM

Landing without drag chute

Gross weight = 13100 kg
AOA =12
Touchdown speed = 138 kis
Pressure altitude = 2500 ft
Temperature =+82°C
Wind = 10 kis headwind
Landing roll distance = 4550 ft

SAMPLE LANDING ROLL DISTANCE

7

A

0

AIRSPEED

GROSS WEIGHT

10

LANDING ROLL

Change 4 A7-3
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LANDING ROLL DISTANCE WITH DRAG CHUTE
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LANDING ROLL DISTANCE WITHOUT DRAG CHUTE
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PART 8

TACTICAL / COMBAT PERFORMANCE

INTRODUCTION

This part contains information about zoom climbs,
sustained turn capability, turn radius and time of

angle (B). Continue horizontally to the left to obtain
the altitude gain (C).

tum, altitude loss for split S and durng dive ~ SAMPLE PROBLEM (NPM)
recovery.
Initial speed = 375 KIAS
Pitch angle = 60°
Z0OM CLIMB Thrust = MAX AB
Gain of altitude = 29500 ft
These charts present altitude gain during a zoom
climb starting at 650 ft with MAX AB, MIN AB or
MIL for NPM and MAX AB and MIL for LPM. Pitch ~ SAMPLE PROBLEM (LPM)
angles up to 45° are initiated with 3.5 to 5 g. Pitch
angles in excess of 45° are initiated with 5to 6 g Initial speed = 532KIAS
and terminated with an inverted recovery. Minimum  Pitch angle = 60°
entry airspeed is 320 KIAS for MAX AB, 375 KIAS  Thrust = MAX AB
for MIN AB and 400 KIAS for MIL. Separate charts  Gain of altitude = 99500 ft
are available for NPM and LPM.
USE
Enter these charts with entry airspeed (A) and
project vertically fo intersect the selected pitch
SAMPLE DESCENT

ALTITUDE
|
1
1
I

\
\
|
I
I
I
|

AB

®

TRUE AIRSPEED

Change4 Ag-1
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ZOOM CLIMB (NPM)
CONFIGURATION:
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. ZOOM CLIMB (LPM)
CONFIGURATION:
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SUSTAINED G TURN CAPABILITY

These charts present the maximum load factor for ~ SAMPLE PROBLEM (NPM)
various constant airspeed tums at altitudes from

sea level to 490001t with maximum thrust.  Gross weight = 13000 kg
Separate plots are provided for NPM and LPM. Airspeed = 366 KIAS
Altitude = 26000 ft
Load factor =44g
USE

Enter these charts with the applicable airspeed (A) ~ SAMPLE PROBLEM (LPM)
and proceed vertically upwards to intersect the

applicable altitude (B). From this intersection  Gross weight = 13250 kg

proceed horizontally to the left and read the load  Airspeed = 380 KIAS

factor attainable (C). Altitude = 260001t
Load factor =435¢g

SAMPLE SUSTAINED G TURN CAPABILITY

G - LOAD

TRUE AIRSPEED

A8-4 Change 4
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SUSTAINED G TURN CAPABILITY MAX AB (NPM)

AIRCRAFT CONFIGURATION:
CLEAN OR 2 ARCHER
GROSS WEIGHT 13 000 kg
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SUSTAINED G TURN CAPABILITY MAX AB (LPM)

AIRCRAFT CONFIGURATION:
CLEAN OR 2 ARCHER
GROSS WEIGHT 13 250 kg
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CALCULATED SUSTAINED G

These charts present the maximum calculated load
factor for constant speed turns at maximum thrust.
The charts are plotted for various constant
airspeeds, all types of configuration and altitudes
Up to 43000 ft. Separate plots are provided for
subsonic and supersonic airspeeds.

USE

Before entering these charts, calculate equivalent
altitude:

Divide the temperature deviation from ICAQ
standard temperature by 0.0065. Subtract the
number received from the desired altitude to
receive the applicable equivalent altitude.

Enter these charts with the applicable Mach
number (A) and proceed vertically upwards to
intersect the applicable equivalent altitude (B).
Proceed horizontally to the left to intersect the
applicable drag index line (C). Continue vertically

downwards to the applicable Mach number (D),
and project horizontally to the right to the applicable
pressure altitude (E). Proceed vertically upwards to
read the calculated g (F).

Refer to the chart calculated g versus available g to
receive sustained g available.

SAMPLE PROBLEMS

Mach number =073

DI = 280
Pressure altitude = 10000 ft
Calculated g =569
Mach number =7

DI = 280
Pressure altitude = 30000 ft
Calculated g =329

SAMPLE CALCULATED SUSTAINED G

MACH NUMBER

CALCULATED G

Change 4 A8-7
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CALCULATED SUSTAINED G MAX THRUST (SUBSONIC)
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CALCULATED SUSTAINED G MAX THRUST (SUPERSONIC)

Figure A8-6
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GAF T.0. 1F-MIG29-1

CALCULATED G VERSUS G AVAILABLE

The chart provides a means to convert the  Continue vertically downwards to receive
calculated sustained g to sustained g available fora  available g (C).
given gross weight.

SAMPLE PROBLEM
USE

Calculated sustained g = 475¢
Enter the chart with the previously calculated  Gross weight = 13500 kg
sustained g (A). Project horizontally to the right to  Available g =525¢

intersect the applicable gross weight line (B).

SAMPLE CALCULATED G VERSUS G AVAILABLE

CALCULATED G

©

AVAILABLE G

A8-10 Change 4
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CALCULATED G VERSUS G AVAILABLE

CALCULATED G
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TURN RADIUS

The chart presents the radius of turn for a constant ~ continue vertically downwards and read the turn
altitude, constant speed turn. Tum data is available  radius (C).

for various speeds and bank angles. Load factor is

also included for each bank angle.

SAMPLE PROBLEM
USE True airspeed = 820 KTAS |
Bank angle = 60°
Enter the turn radius plot with the true airspeed (A).  Load factor =2g
Proceed horizontally to the right to intersect the  Turn radius = 36800 ft |
desired bank angle (B). Note the load factor, then
SAMPLE TURN RADIUS

TRUE AIRSPEED

TURN RADIUS

A8-12 Change 4
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TURN RADIUS
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TIME OF TURN 180° .

The chart presents the time for a 180° tum at  continue vertically downwards and read the time of
constant aftitude and constant speed. Turn datais  tum (C).
available for various speeds and bank angles. Load

factor is also included for each bank angle.
SAMPLE PROBLEM .
USE True airspeed = B20KTAS |
Bank angle = 60°
Enter the time of furn plot with the true airspeed  Load factor £ 20
(A). Proceed horizontally to the right to intersect the  Time of turn = 81sec |

desired bank angle (B). Note the load factor, then

SAMPLE TIME OF TURN

TRUE AIRSPEED

A8-14 Change 4
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TIME OF TURN 180°
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SPLIT S RECOVERY

The chart presents allitude loss during split
S recovery from minimum altitude for various thrust
settings, AOA and load factors.

Continue left to read the applicable altitucle
loss (C).

SAMPLE PROBLEM
USE
Engine = [DLE
To determine the minimum alfitude loss for  Airspeed = 410KIAS
recovery, enter the chart with the split S entry  Load factor = 5g
airspeed (A). Proceed vertically upwards to  AOA = 12
intersect the desired recovery parameter line (B).  Altitude loss = 6600 ft
SAMPLE SPLIT S RECOVERY
IDLE \o\f’
4l DLE /
SIS T e —a
F oy WAA(B
Al S84
|
|
®
TRUE AIRSPEED
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. SPLIT S RECOVERY MINIMUM ALTITUDE LOSS
AIRCRAFT CONFIGURATION:
CLEAN OR WITH A/A MISSILES
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Figure A8-10
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DIVE RECOVERY .

The chart presents the dive recovery capability for  factor (C) and proceed vertically downwards to |
various speeds, dive angles and load factors,  read the corresponding alfitude loss (D).
engines in IDLE, speedbrakes retracted.

SAMPLE PROBLEM
USE

Entry speed = J75KIAS
Enter the chart with the airspeed at start of pull-out  Dive angle = 80°
(A). Proceed vertically downwards to intersect the  Load factor =69
applicable dive angle (B). From this intersection  Altitude loss = 32001t
project horizontally to the right to the desired load
SAMPLE DIVE RECOVERY
ENTRY AIRSPEED .

ALTITUDE LOSS
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. DIVE RECOVERY IDLE THRUST
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I INSTANTANEOUS G AVAILABLE

The chart depicts instantaneous g available from
sea level to 50 000 ft throughout the speed regime
of the aircraft. No measure of sustained
performance can be derived from this chart.

USE

To determine the maximum available load factor,
enter the chart with the applicable Mach number
(A) and proceed vertically upwards to intersect the

applicable altitude (B). From this intersection
project horizontally to the left to find maximum
g available.

SAMPLE PROBLEM

Airspeed =MO0.7
Altitude = 26 000 ft
Max load factor =5g

SAMPLE INSTANTANEOUS G

LOAD FACTOR

MACH NUMBER

A8-20 Change 4
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INSTANTANEOUS AVAILABLE AOA

The chart depicts instantaneous available AOA
from sea level to 50 000 ft throughout the speed
regime of the aircraft. No measure of sustained
performance can be derived from this chart.

USE
To determine maximum available AOA, enter the

chart with the applicable Mach number (A) and
proceed vertically upwards to intersect the

A8-22 Change 2

applicable altitude (B). From this intersection
project horizontally to the left to find the maximum
available AOA (C).

SAMPLE PROBLEM

Airspeed = M1.2
Altitude = 26 000 ft
Max AOA = 8.6°
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LIFT COEFFICIENT

The chart is plotted to depict the relation between ~ SAMPLE PROBLEM
airspeed, AOA and coefficient of [ift.

AOA = 4)®

Airspeed = M08
USE Lift coefficient =08
To determine the coefficient of lift enter the chart
with AOA (A), and project vertically to intersect the
applicable airspeed value (B). At this intersection,
read the value for equivalent lift coefficient (C).

SAMPLE LIFT COEFFICIENT

LIFT COEFFICIENT

AOA
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APPENDIX B ﬂ

COCKPIT MARKING REFERENCE LIST
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COCKPIT MIG-29G
AND

FRONT COCKPIT MIG-29GT
LH SIDE WALL
G/GT (FIC):
LABELS
AD-5A CHECK KONTROLLE DRUCKAUTOMAT AD- [TTPOBEPKA AL5-A

5A
MAX M MAXIMUM  MINIMUM MAK MIH.
ATTENTION ACHTUNG! BHAMAHVE
WITH SUITS WKK-6M, BEI DEN DRUCKANZUGEN WKK-6M,[TOJTOBKY J1A-5A
WKK-15, PPK-3, SET[TEM  |WKK-15, PPK-3 IST DAS OBERTEIL [CTABHTb HA MAK. G
AD-5A HEAD TO "MAX® WITH [DES AD-5A AUF "MAX'. ZU STELLEN|KOCTIOMAMH BKK-6M,
SUIT PPK-1U SET TO"MIN* * [UND BEI DEM DRUCKANZUG PPK- [BKK-15, TTTK-3

1U AUF "MIN' MIH. C KOCTIOMOM

K1Y

RPK-52 CHECK UBERPRUFUNG RPK-52 [POBEPKA PIIK52
KP-52M ATTACH BEFESTIGUNG KP-52M IOBECKA KIk52M
G/GT (FIC):
CABLE ORK ATTACH
CABLE ORK AUFHANGEVORRICHTUNG T10BECKA
ATTACH ORK-KABEL AVEKTPOKTYTA OPK
G/GT (FIC):

CABIN EMERGENCY DECOMPRESSION LEVER

CABIN EMERGENCY NOTENTHERMETISIERUNG ABAP. PASTEPMET.
DECOMPRESSION KABINE (DEKOMPRESSION) KABUHbI
PRESSURE HERMETISIERUNG SATEPM,

Change2 B-3
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GT (FIC):

THROTTLE STROKE

THROTTLE STROKE ANSCHLAGE DROSSELHEBEL F)IQAKJIOLIEHME YIOPOB

RIC - FIC 2. KABINE - 1.KABINE ,}ZyéABPHIA I KABHHA

G/GT (FIC):

THROTTLE FRICTION ADJUSTMENT

HEAVY DROSSELHEBEL FESTSTELLEN [TV

G:

THROTTLE

LOCK-ON BUGRADLENKUNG EIN MPK
ERFASSUNGSTASTE BAXBAT 13
SENDETASTE PALINA
BREMSKLAPPEN TOPM. LLIUTKH
DUPPEL/IR-TAUSCHKORPER B. Tl

GT (F/C):

THROTTLE
BUGRADLENKUNG EIN MPK
ERFASSUNGSTASTE BAXBAT 113
SENDETASTE PALIHA
BREMSKLAPPEN TOPM. [LIMTKH
DUPPEL/IR-TAUSCHKORPER B. 1.
AUFHANGUNGEN [10/IBECKH
INNERE AUSSERE BHYTP. BHELLIH.
BORDSPRECHANLAGE CITy

G/GT (FIC):

CHUTE DEPLOY BUTTON

CHUTE DEPLOY BREMSSCHIRMAUSWURF BLITYCK [IAPALLIIOTA

B-4 Change 2




G:

GAF T.0. 1F-MIG29-1

EXTERNAL STORES SELECTOR SWITCH

EXT STORES AUFHANGUNGEN M0/BECKH

INBD OUTBD  |INNERE AUSSERE  [BHYTP. BHELLH.
GT (FIC):

MARKER BEACON SWITCH

OUTER FERNFUNKFEUER (FFF) JATH.

INNER NAHFUNKFEUER (NFF) b. A,

BEACON INNER ARK NAHFUNKFEUER APK BIPC

G:

CANOPY OPERATING HANDLE

CANOPY KABINENDACH (DOHAPh

LOCK CANOPY SCHLIESSE KABINENDACH SAIPH DOHAPL

GT (FIC):

CANOPY OPERATING HANDLE

CANOPY KABINENDACH  OFFEN (DOHAPb  OTKPHIT

ROLLSTELLUNG [IPHOTKPHIT
GESCHLOSSEN SAKPHIT

LOCK CANOPY SCHLIESSE KABINENDACH SATIPH OOHAPD
LH CONSOLE
G/GT (F/C):

OXYGEN FLOW VALVE

OXYGEN FLOW 0o-VENTIL OFFNEN OTKPBITH KHCIOPOA

OPEN  |GEOFFNET OTKP.
CLOSED [GESCHLOSSEN SAKP.

PILOT'S OXYGEN 05-ZUFUHR DES LFF VOR KHCTOPOA JIETYHKA
OPEN BEFORE FLIGHT DEM FLUG OFFNEN UND NACH  [[IEPEA TIOJIETOM QTKP.
CLOSE AFTER FLIGHT DEM FLUG SCHLIESSEN [OCJIE T0JIETA 3AKP

Change2 B-5
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G/GT (FIC):
SUIT VENTILATION CONTROL KNOB
COLD HOT [KALT HEISS  |XO!1. [oP.
OPEN GEOFFNET OTKP.
CLOSED GESCHLOSSEN JAKP.
SUIT VENT. VENTILATIONSANZUG BEHTIL OJEA b
G/GT (FIC):
OXYGEN CONTROL PANEL
100% Op - MIXT 100% O5-GEMISCH IIOO % OgCMECh
EMERG ON NOT EIN ABAP, BKIT
EMERG OFF NOT AUS BBIK.T.
HELM VENT ON HELMVENTILATION EIN BYLLL BK.1
OFF AUS BBIK..
G/GT (FIC):
CONTROL PANEL
EMERG HYD PUMP HYDRAULIKNOTPUMPE ABAP. HACOCH. CTAHIL
CHUTE JETTISON ABWURF BREMSSCHIRM (CHOC TTAPAIITIOTA
MRK EMERG OFF NOTABSCHALTEN MRK ABAP. OTK.T. MPK
FEEL UNIT AUTO ARU AUTOMATISCH APY ABT.
EASY LEICHT JETKO
HEAVY SCHWER THKETO
OFF AUS OTK.1
GIGT (FIC):
VHF/UHF FREQUENCY CONTROL PANEL
VHF UHF VHF UHF
PRE VORABSTIMMBARE KANALE
MAN. FRE| WAHLBARE FREQUENZEN
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G/GT (FIC):
VHF/UHF RADIO PANEL
GUARD RCVR NOTEMPFANGER All
ADF FUNKKOMPASS PK
SQLCH RAUSCHSPERRE
G:
FLAP OPERATION CONTROL PANEL
FLAPS LANDEKLAPPEN JAKPBLTKH
DOWN STELLUNG LANDUNG TIOCAKA
DOWN STELLUNG START B3JIET
up STELLUNG EINGEFAHREN YBPAHEI
OFF STELLUNG AUS BHIK.T.
GT (FIC):
FLAP OPERATION CONTROL PANEL
FLAPS LANDEKLAPPEN SAKPBLIKH
DOWN STELLUNG START/LANDUNG BbIIl.
UP STELLUNG EINGEFAHREN VEP.

Change2 B-7
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G/GT (FIC):
ENGINE EMERGENCY PANEL
RAMP EMERG RETRACTION [NOTEINFAHREN DER KEILE ABAP. YBOPKA KJTHHA
LH RH LINKS RECHTS JIEB. [IPAB.
RETRACTION EINFAHREN YEOPKA
FIRE EXT GBX |FEUERLOSCHER  KSA OIHETYLUMTETb KCA
LH LINKESTW  [TEB.
RH RECHTES TW [[TPAB.
FUEL SHUT OFF BRANDHAHN ITEPRKP. KPAH
LHOPEN  |LINKS OFFEN JIEB. OTKP.
CLOSED GESCHLOSSEN SAKPLIT
FUEL SHUT OFF BRANDHAHN MMEPEKP. KPAH
RHOPEN  |RECHTS OFFEN [PAB. OTKP.
CLOSED GESCHLOSSEN SAKPIT
AB NACHBRENNER (NB) DOPCAK
EMERG OFF NOTAUSSCHALTEN NB ABAP. OTKI.
AIR RELIGHT LH |ANLASSEN IN DER LUFT SATYCK B BO3IYXE
LINKES TW JIEB.
RH |ANLASSEN IN DER LUFT
RECHTES TW MTPAB.
GEN DRIVE EMERG OFF  [NOTABSCHALTEN ABAP. OTKJT. TIPHBO/
GENERATORANTRIEB [FHEPAT.
G/GT (FIC):
EMERGENCY UHF RADIO
COOP  DRAG, ZUSAMMENWIRKEN GEBREMST  |B3M/ TOPMO3
N DRAG UNGEBREMST [BE3 TOPM.
GUID LEITEN HABEL
AR GROUND LUFT BODEN BO3LYX  JEMJA
OFF AUS
R EMPFANG
TR SENDEN/EMPFANGEN
VoL LAUTSTARKEREGLER
TEST KONTROLLTASTE,
KONTROLLAMPE
EMERG UHF UHF-NOTFUNKSTATION
1 RESERVEKANAL 1 (243,4 MHz)
2 RESERVEKANAL 2 (242,4 MHz)
G NOTKANAL GUARD (243,0 MHz)
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FRONT PANEL
GIGT (FiC):
RUDDER TRIM/IR VOLUME PANEL
IR VOLUME LAUTSTARKE ERFASSUNG SAXBAT TPOMYE
RUDDER TRIM SEITENRUDERTRIMMUNG TPIMM PIT
LEFT LINKS (IEB.
RIGHT RECHTS [1PAB.
G/GT (FIC):
AFCS CONTROL PANEL
DAMPER DAMPFUNG JEMIIO
AUTO RECOVER AUTOMATISCHE HERAUSFUH-  [YBOA
RUNG AUS GEFAHRLICHER
HOHE
ALT HOLD STABILISIERUNG BAROMETRISCHE|CTAE. BbIC.
HOHE
ATT HOLD STABILISIERUNG All
WINKELLAGEN
APPROACH STEUERUNG LANDEANFLUG ~ [TPAEK. YIIP.
MISSED APPROACH WIEDERHOLUNGSLANDEANFLUG [lIOBT. 3AX0/
G/GT (FIC):
RADAR CONTROL PANEL
AH 0,1,2,4,6,810  [AH 0,1,2,4,6810 AH 0,1,2,4,6,8,10
-6,-4,-2,-1 -6,-4,-2,-1 -6,74,-2,-1
RADAR MODES BETRIEBSARTEN RADAR PEAIMEI PIIC
AUTO AUTOMATISCH ABT.
CLOSE CMBT NAHLUFTKAMPF b.1. 5OH
HEAD ON GEGENKURS B
PURSUIT ABFANGEN AUS DER HIN- 1
TEREN HALBSPHARE
(LM ABSTRAHLUNG 3
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DUMMY AQUIVALENT KB,
OFF AUS
COMP KOMPENSATION KOMIT.
TWF FHS STORUNGEN VORDERE HALB-  [CHIT TTTIC
SPHARE
RHS STORUNGEN HINTERE HALB- 3
SPHARE
AJ AKTIVE STORUNGEN All
ECCM OFF STORUNGEN AUS OTKJL.
CAJ KOMPENSATION AKTIVER ATK
STORUNGEN
G/GT (FIC):
LANDING GEAR HANDLE
RETRACTED FW EINGEFAHREN VBPAHI
LG FW LLIACCH
EXTENDED FW AUSGEFAHREN BBITYLLEHD!
G/GT (FIC):
EMERG MSL JETT BUTTON AND LAND LIGHT TAXI SWITCH
EMERG MSL JETT NOTABSCHUSS PECEPB ITVCK
LAND LIGHT LANDESCHEINWERFER (DAPHI TOCAL
TAXI ROLLSCHEINWERFER PYIEXK
OFF AUS OTK1.
G/GT (FIC):
IAS INDICATOR
KNOTS KNOTEN
G/GT (FIC):
EMERGENCY BRAKE HANDLE
EMERG BRAKE NOTBREMSE ABAP. TOPM.
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GAF T.0. 1F-MIG29-1

ALTIMETER

FEET

FUSS

G/GT (FIC):

EMERGENCY LANDING GEAR HANDLE

EMERG GEAR NOTAUSFAHREN FAHRWERK ABAP. [IIACCH
G/GT (F/C):
MAG HDG/COURSE PANEL
MAG HDG SLAVE ABSTIMMUNG MAGNETKURS CONTAC. M. KYPCA
SET COURSE AUTO SOLLKURS AUTOMATISCH KYPC, 3AJAH ABTOM
MAN. HANDEINGABE PYYH.
G/GT (FIC):
HORIZONTAL SITUATION INDICATOR
NM NAUTISCHE MEILEN (Blende)
COURSE SOLLKURS (Blende) 3y
HDG KURS K C
C G KURS/GLEITEN (SCHAUZEICHEN) K T
TEST EIGENKONTROLLE TECT
G/GT (F/C):
ATTITUDE DIRECTOR INDICATOR
CAGE ARRETIERUNG APPETHP
LANGSNEIGUNG T
QUERNEIGUNG K
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G/GT (FIC):
WEAPON CONTROL PANEL
MASTER ARM HAUPTWAFFENSCHALTER
ARM EIN [TTABH.
SAVE AUS OTKIL
ZONE ZONE 30HA
IR GAINHELMBRIGHT. ~ |VERSTARKUNG WARMEPEILER  [VCILL TII, fIPK. [IL.
(IR-PEILER)HELLIGKEIT
HELMVISIER
ALL GESAMT (KOMPLEX) KOMILL
SINGLE 05 ALL EINZELN 0,5 GESAMT OHH 05 KOM.
PREPARE MAN. VORBEREITUNG HAND(MANUELL) |ITOAOT. PYUH,
AUTO AUTOMATISCH ABT.
SPAN BASIS (SPANNWEITE) bA3A
SMALL KLEIN M
LARGE GROSS b
MED MITTEL C
WCS MODES BETRIEBSARTEN PEKMMbI
T0SS BOMBENWURF AUS DEM HOCH- ~ [KBP
ZIEHEN
NAV NAVIGATION HBI
RADAR RADAR Pl
IR WARMEPEILER (IR-PEILER) il
cC NAHLUFTKAMPF bb
HELM HELMVISIER 11LTEM
OPT BETRIEBSART OPTISCH 01T,
BS STARRE WAFFENACHSE 9
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VHF/UHF INDICATOR PANEL

STORE SPEICHER

CHANNEL KANALANZEIGE

FREQUENCY FREQUENZANZEIGE

DIM HELLIGKEITSREGLER

VHF/UHF VHF/UHF STATION

G/GT (F/C):

MASTER CAUTION LIGHT

MASTER CAUTION ALLGEMEINES AUSFALLSIGNAL  [KCLI
G/GT (FIC):

COMBINED AOA/G METER

o ANZEIGE ANSTELLWINKEL, >

& LASTVIELFACHES "

GT (FIC):

RADIO SELECTOR

RADIO SEL FUNKSTATION R/C = FIC

G/GT (FIC):

EMERGENCY RELEASE BUTTON

EMERG RELEASE NOTABWURF ABAP. CHPOC
GIGT (FIC):

HUD

BRIGHT. HELLIGKEIT K
TEST UBERPRUFUNG TECT
RETICLE VISIERNETZ CETKA
DAY TAG JEHb
NIGHT NACHT HOh
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G/GT (FIO):
NOSE WHEEL BRAKE LEVER

NOSE WHEEL BRAKE BUGRADBREMSE TOPMO3 TTEPEAL KOTRCA
ON OFF  [EN AUS BKIL OTKL
G/GT (FIC):

VERTICAL VELOCITY INDICATOR

FTMIN FUSS PRO MINUTE
G/GT (F/C):

TAS INDICATOR

KNOTS KNOTEN

MACH MACHZAHL

G:

SWITCH PANEL

OUTER FERNFUNKFEUER (FFF) JATH.

INNER NAHFUNKFEUER (NFF) BIAH.
EMERG JETTISON NOTABSCHUSS DUPPEL/R- ABAP. OTCTPET

SCHEINZIELE

GROUND BODEN 3PK

FHS VORDERE HALBSPHARE [r1C

RHS HINTERE HALBSPHARE 3I1C

CARTS REMAINING SCHEINZIELVORRATSZAHLER (OCTATOK .1TL
BEACON INNER ARK NAHFUNKFEUER APK BIIPC
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G/GT (FIC):
COMBINED OXYGEN INDICATOR
Hoxpr KABINENHOHE Hcps
‘ 0, ATMUNGSANZEIGE 0y
AP DIFFERENZDRUCK AP
RESERVE % VORRAT IN PROZENT BATIAC %
FEED ZUFUHR 10/AUA
GIGT (FIC):
RADAR ALTIMETER
. FEET HOHENANZEIGE IN FUSS
RADIO ALT ANZEIGE RADARHOHENMESSER
GIGT (F/C):
COMBINED PRESSURE INDICATOR
HYDRAULIC HYDRAULIKANLAGE [YIPOCHT.
MAIN BOOST |ALLGEMEIN  VERSTARKER [OFLLL  BYCTEP
PNEUMATIC DRUCKLUFTANLAGE ['A3. CHCT.
MAIN EMERG  |HAUPT NOT OCH  ABAP
GIGT (FIC):
] RAMPS POSITION INDICATOR
RAMPS KEILE KT
KEILE VOLL AUSGEFAHREN BIl
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G/GT (FIC):
FUEL INDICATOR
TAC MOMENTANVERBRAUCH TEK
OPT OPTIMALER VERBRAUCH OInT
TANKS cL ZUSATZBEHALTER BAKH 1l
WING TRAGFLACHENBEHALTER Kp
3 BEHALTER 3 3
1 BEHALTER 1 1
KS-VORRAT T
KS-VERBRAUCH P
NM REICHWEITE IN NM JATHHOCTD KM
KRAFTSTOFF IN kg TOTTHBO KT
GIGT (FIC):
HDD
BRIGHT HELLIGKEIT fPK.
G/GT (FIC):
AEKRAN
FAIL AUSFALL OTKA3
TURN PRIORITAT, REIHENFOLGE OYEPEAD
MEMORY SPEICHER MAMATH
AEKRAN CALL AUFRUF AKRAN ZUR KPAH BbI30B
EIGENKONTROLLE
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GIGT (FIC):
RHAW DISPLAY PANEL
ANZEIGE OBEN B
ANZEIGE UNTEN H
MARKEN HAUPTTYP M3 XHTIC
SOUND OFF TONSIGNAL AUS 3BYK OTKIL
TEST MAN.  [KONTROLLE HAND (MANUELL)  |[KOHTP. PYUH.
AUTO AUTOMATISCH ABT.
BRIGHT. HELLIGKEIT (NACHT) HOb
G/GT (FIC):
NAVIGATION CONTROL PANEL
D <21 D (ENTFERNUNG) KLEINER ALS 21 |1 < 40 kv
NM (40 km)
GYRO MAIN  [lkw HAUPT WKB  OCH.
STBY NEBEN 3AIL
CORR KORREKTUR KOPP.
CHANNELS AUTO  [KANALE  AUTOMATISCH KAHAZH ~ ABT.
MAN HAND (MANUELL) PYUH.
WP WENDEPUNKTE (SCHALTER) 1Y
AD FLUGPLATZE (SCHALTER) AP
WP AD WENDEPUNKTE/FLUGPLATZE ~ [IIM-AJP (I, 2, 3)
(1,2,3) (1,2, 3) (LEUCHTTASTER)
RELBEARING ~ RSBN  [KURSWINKEL ZUM RSBN- Kyp PCBH
FUNKFEUER
ADF  |KURSWINKEL ZUM ARK- APK
FUNKFEUER
BEACONS (1,2, 3) FUNKFEUER (1, 2,3) MAPKH (I, 2, 3)
RESET LOSEN, ZURUCKSETZEN CHPOC
COURSE CMPTRZERO  |KOORDINATENPRAZISIERUNG AUF [BK / OBHY.1
0 ZURUCKSETZEN
RETURN RUCKKEHR BO3BPAT
COURSE ~ 180°-359°  |KURS 180°-359° KYPC  180° -350°
0°179° 0°-179° 0° 179°
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CIRCLE LEFT  |PLATZRUNDE LINKS KPYT JEB.
RIGHT RECHTS TIPAB.

LANDING LANDUNG (SCHALTER) [10CA/ZKA

NAVIGATION NAVIGATION HABHTALINA

LANDING LANDUNG (KANALEINSTELLUNG) ~ JTTOCAZKA

IDENT KENNUNG, IDENTIFIKATION Or103H.

GIGT (F/C):

TELELIGHT PANEL

(GBX FIRE FEUER KSA MOXKAP KCA

LHENG FIRE FEUER LINKES TRIEBWERK MOKAP [TEB.

RH ENG FIRE FEUER RECHTES TRIEBWERK  IIOZKAP [IPAB.

REDUCEDRPMLHENG ~ |DREHZAHLABFALL LINKES C5POC OFOP. JTEB.
TRIEBWERK

REDUCEDRPMRHENG  [DREHZAHLABFALL RECHTES C5POC OBOP. [1PAB.
TRIEBWERK

OlL PRESS LEFT ABFALL SCHMIERSTOFFDRUCK ~ [MACJTO JTEB.
LINKES TRIEBWERK

OIL PRESS RIGHT ABFALL SCHMIERSTOFFDRUCK  [MACJTO TTPAB.
RECHTES TRIEBWERK

OIL GBX ABFALL SCHMIERSTOFFDRUCK  [MACJIO KCA
KSA

550 KG REMAIN 550 kg KRAFTSTOFFREST-ANZEIGE [OCTATOC 550 ke

DOUBLE HYD SYS AUSFALL BEIDER OTKA3 JBYX. [WIP.
HYDRAULIKANLAGEN

COC FAIL AUSFALL COC OTKA3 COC

ARMED SCHARF B3PHIB

DAMPER OFF DAMPFER AUS JEMIMQEP BB,

LH ENG START ANLASSEN LINKES TW BAIVCK JTEB.

RH ENG START ANLASSEN RECHTES TW BAITYCK TIPAB.

LH ENG AB LINKER NACHBRENNER MOPCAK JTEB.

RH ENG AB RECHTER NACHBRENNER (DOPCA TTPAB.

RUD TRIM NEUTRAL SEITENRUDERTRIMMUNG TPUMMEP PIT
NEUTRAL

B-18 Change 2




GAFT.0. 1F-MIG29-1

STAB TRIM NEUTRAL HOHENRUDERTRIMMUNG TPUMMEP CTABHJINS.
NEUTRAL

AIL TRIM NEUTRAL QUERRUDERTRIMMUNG NEUTRAL |TPUMMEP 3JTEPOH

FEEL UNIT TO/LD ARU START/LANDUNG APY B3JIET TOCAJKA

MARKER BEACON MARKEREMPFANGER MAPKEP

EMERG HYD PUMP ON NOTHYDRAULIKPUMPE EIN ABAP. HAC. CTAHLHA

MODE 4 MODE 4 AUSFALL

RADAR READY HOCHSPANNUNG RADAR BHICOKOE PIIC

PEDESTAL PANEL

G/GT (FIC):

VOLTMETER

VOLTS BORDNETZGLEICHSPANNUNG  [AKKYM. TEHEP.

G:

CHAFF/FLARE DISPENSER

DISPENSE READY FLAREANLAGE BEREIT UCTIPABHOCTh CYBIL

DISPENSE CHECK KONTROLLE FLAREANLAGE KOHTPO.Th CYBIT
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GIGT (FIC):
WEAPON SYSTEM MAINTENANCE PANEL

BIT EIGENKONTROLLE BCK

INDIC ANZEIGE HHAUK.

BIT RESET EIGENKONTROLLE LOSEN BCK / C5POC
FAILURE BIT CONT AUSFALL/FORTSETZUNG OTKA3 / TIPOJ. BCK

EIGENKONTROLLE

READY BEREITSCHAFT [OTOB

PHASE ETAPPE 3TA

EXP. TEST ERWEITERTE EIGENKONTROLLE  [ITT

TEST VERKURZTE EIGENKONTROLLE  |IIB

AR LUFT BO31

531 531 (OPTO.-ELEKTR. ZIEL- C3l

GERATEKOMPLEX)

N-019 N-019 (RADAR) H019

1,2,3 ZEILENSTEUERUNG RADAR 123
OPERITP1...9,0 BETRIEBSARTENSCHALT. RADAR  [OITEP/TIBK 1.. 9, 0
GIGT (FIC):

CABIN TEMPERATURE CONTROL KNOB

CABINTEMPERATURE  [KABINENTEMPERATUR 3AATUHK TEMITEPAT.
G/GT (FIC):

PITOT SELECTOR SWITCH

PITOT MAIN  |HAUPTSTAUROHR MB] PABOY,

STBY  [NEBENSTAUROHR ABAP.

G/GT (FIC):

BRAKE PRESSURE INDICATOR

BRAKE PRESSURE BREMSDRUCKMANOMETER MAHOMETP
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G/GT (FIC):
CONTROL STICK
AFCS MODES OFF BETRIEBSARTEN SAU AUS BLIK.1. PEAHMOB CAY
PITCH, ROLL, TRIM TRIMMER TPYMM.
LEVELLING RUCKFUHRUNG ZUM [IPHBEAL K [OPH.
HORIZONTALFLUG
INTERR RESET LUFT-LUFT-ABFRAGE (NICHT BAIPOC (CHPOC)
GENUTZT) UND LOSEN
STEUERKNOPF ZIELZUWEISUNG  |¥TIP. CTPOBA
KANONE H. 0.
CL RELEASE NOTABWURF ZUSATZBEHALTER  |CKPOC 11
UNGELENKTE RAKETEN, PC, CC, B
GELENKTE RAKETEN
RH CONSOLE
GIGT (FIC):
RHAW CONTROL PANEL
SCAN UBERSICHTSBETRIEB 0530P
OFF AUS OTK!L.
SPOON SPO EIN (110
VOLUME LAUTSTARKE POMYE
G/GT (FIC):
AIR LEVER
AR OPEN  |BELUFTUNG KABINENDACH OBYB QOHAPH
PILOT  |LUFTZUFUHR LFF JETUHKA
G:
FLARE INDICATOR LIGHTS
FLARE DISPENSING IR-ABSCHLUSS OTCTPEN TTH
FLARE READY IR-BEREITSCHAFT T'OTOBHOCTD CYBIT
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G:

VOICE WARNING CHECK BUTTONS, ANTI COLLISION LIGHT AND AM/FM SWITCH
REPEAT WIEDERHOLUNG PH TIOBTOP.
VOICE WARN SPRACHINFORMATOR

CHECK KONTROLLE PH TPOBEP.
VOICE WARN SPRACHINFORMATOR

AM AMPLITUDENMODULATION AM

| FM FREQUENZMODULATION UM

ANTI COLL ZUSAMMENSTOSSWARNLEUCHTE

GT (F/C):

VOICE WARNING CHECK BUTTONS

REPEAT WIEDERHOLUNG PH TTOBTOP.
VOICE WARN SPRACHINFORMATOR

CHECK KONTROLLE PH TPOBEP.
VOICE WARN SPRACHINFORMATOR

GT (F/C):

ANTI COLL AND AM/FM SWITCH PANEL

ANTI COLL ZUSAMMENSTOSSWARNLEUCHTE

AM AMPLITUDENMODULATION AM

FM FREQUENZMODULATION M

GT (F/C):

ADF/TACAN PANEL

RSBN TACAN RSBN TACAN

TACAN SEL STEUERUNG TACAN

ADF SEL STEUERUNG ARK VIIPAB. L APK
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G/GT (FfC):

ADF CONTROL PANEL

CHANNEL ADF KANALE ARK KAHAJTH APK

1,23 4P 1,284, P 1,23 411

VOICE cw TELEFONIE ~ TELEGRAFE  |TVID T

COMP ANT KOMPASS ANTENNE KOMIL AHT,

VOLUME LAUTSTARKE POMK.

LOOP RAHMEN PAMKA

GT (FIC):

INTERCOM PANEL

IC MAIN BORDSPRECHANLAGE HAUPT-  |CTTV OCHOB.

STBY RESERVE PE3EPB

VOLUME LAUTSTARKEREGLER Iy TPOMYE
BORDSPRECHANLAGE

G:

ENGINE START PANEL

APU MODE ENERGIEVERSORGUNG HILFS-  |3/Y3ET
TRIEBWERK (HTW)

START NORM ANLASSEN SAIYCK

COLD CRANK ENG KALT ANLASSEN TW [IPOKPYTKA JBWT.

APU KALT ANLASSEN HTW TG
START BOTH ANLASSEN BEIDE TW BAIYCK ABYX
LH LINKES TW JIEB.
RH RECHTES TW [IPAB.

GND START ANLASSEN AM BODEN BAIVCK HA 3EMTIE

RSBN TACAN RSBN TACAN
RSBN

RSBN
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GT (FIC):

ENGINE START PANEL

APU MODE ENERGIEVERSORGUNG HILFS-  [3/Y3EIl

TRIEBWERK (HTW)
START NORM ANLASSEN BATYCK
COLD CRANK ENG KALT ANLASSEN TW MPOKPYTKA JIBHT.
APU KALT ANLASSEN HTW T
START BOTH ANLASSEN BEIDE TW BATIVCK JBYX
LH LINKES TW JIEB.
RH RECHTES TW TIPAB.

GND START ANLASSEN AM BODEN BAIVCK HA 3EMTE
G/GT (FIC):

TACAN CONTROL PANEL

CHANNEL NAVIGATIONSKANALE

TEST TEST-TASTE MIT ANZEIGELAMPE

VoL LAUTSTARKEREGLER

OFF BETRIEBSARTENSCHALTER AUS

REC BA-SCHALTER EMPFANG

TR SENDEN/EMPANG

/A REC LUFT-LUFT EMPFANG

A TR LUFT-LUFT SENDEN/EMPFANG
G/GT (FIC):

IFF CONTROL PANEL

REPLY SENDEKONTROLLE MODE 4 (ANTWORT)

MODE 2 KODEWAHLSCHALTER MODE 2

TEST KONTROLLTASTER

CODE ZERO KODE LOSCHEN

MODE 4 BETRIEBSARTENSCHALTER MODE 4

HOLD KODE ERHALTEN

A AKTUELLER KODE

B NACHFOLGENDER KODE

ON OuT EIN/AUS-SCHALTER FUR MODE 4
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|MASTEH HAUPTBETRIEBSARTENSCHALTER
MIC INDIVIDUELLE STANDORTBESTIMMUNG UBER
SENDEKNOPF
ouT STANDORTBESTIMMUNG AUS
. P INDIVIDUELLE STANDORTBESTIMMUNG M1; M2;
M3/A
OFF AUS
STBY BEREITSCHAFT
LOW VERRINGERTE EMPFANGEREMPFINDLICHKEIT
NORM VOLLE EMPFANGEREMPFINDLICHKEIT
® [ NOTBETRIEB
AUDIO AKUSTISCHE UND OPTISCHE ANZEIGE MODE 4
out KEINE ANZEIGE MODE 4
LIGHT NUR OPTISCHE ANZEIGE MODE 4
(LAMPE REPLY)
M1 MODEWAHLSCHALTER Mt
. (MILITARISCHE KENNUNG)
M2 MODEWAHLSGHALTER M2
(INDIVIDUELLE KENNUNG)
M3/A MODEWAHLSCHALTER M3
(ZIVILE FLUGSICHERUNGSKENNUNG)
e MODEWAHLSCHALTERMC
o (UBERTRAGUNG DER FLUGHOHE)
ouT MODEWAHLSCHALTER AUS
TEST KONTROLLTASTER
MODE 1 KODEWAHLSCHALTER M1
MODE 3/A KODEWAHLSCHALTER M3/A
RAD TEST ABSTRAHLUNGSTEST
. ouT AUS
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G/GT (FIC):
CABIN AIR LEVER

CABIN AR KABINENVERSORGUNG [IATAHHE KABHHbI
OPEN CLOSED  |OFFEN  GESCHLOSSEN  [OTKP.  3AKP.
G/GT (FIC):

SYSTEM POWER PANEL

RADIO FUNK PAJIHO

ACFT SYS BORDSYSTEM BOPT. CHCT.

GYRO MAIN IKW HAUPT KB OCH.

GYRO STBY KW NEBEN KB 311

NAVIGATION NAVIGATION HABHALIA

AFCS SAU (FLUGREGELANLAGE) CAY

SCHALTER (62D) NICHT BELEGT

RECORD AUFNAHMEGERAT PETICTP.

WEAPON BEWAFFNUNG OPYKIE

ACS SUW (WAFFENSTEUERANLAGE)  |CVB
G/GT (FIC):

CONTROL AND TEST PANEL

NAV READY NORM. VORBEREITUNG IKW [OTOB HABHTALIA
FAST PREP VERK. VORBEREITUNG IKW VCKOP. [OTOB
TRANSFM FAIL AUSFALL TRANSFORMATOR ~ |OTKA3 TPAHCDOPM.
LH INLET CHECK KONTROLLE LET LINKS KOHTPO.Th BXOZ .TEB.
RH INLET CHECK KONTROLLE LET RECHTS KOHTPO.Th BXOA [1PAB.
NO COC RESERVE KEINE COC-RESERVE HET PE3EPBA COC
FKP FKP (FOTOKONTROLLGERAT)  JIIPHCTPE.1 OKII

IS NAVIGATIONSKOMPLEX HBK

SWS TEST KONTROLLE SWS KOHTP. CBC

OPER PREPARE ARBEIT VORBEREITUNG ~ [PAOTA [I0ATOTOB.
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TEST coc KONTROLLE ~ COC KOHTPOITh COC-3
MARKER RPM M
FEEL UNIT ARU APY
AEKRAN AKRAN 9KPAH

LG SIMUL FW-IMITATION FUR VMATALIMA LLACCH

SYSTEMS SPEZIALAUSRUSTUNG 3/050PY 1.

ARM FW- IMITATION FOR MMUTALMA [IACCH

BEWAFFNUNGSANLAGEN CHCT. B

FEEL UNIT OK ARU INTAKT HCIPABHOCTh APY

RH SIDE WALL

G/GT (FIC):

PITOT HEAT/CABIN TEMP SWITCH

CABIN TEMP KABINENHEIZUNG (OBOTPEB. KABHHBI
AUTO AUTOMATISCH ABT.
HOT HEISS ['OP.
COoLD KALT X0l
PITOT HEAT HEIZUNG FRONTSCHEIBE OBOI'PEB. CTEKJIA
UND STAUROHRE 181
G/GT (FIC):

COCKPIT LIGHTING CONTROL PANELS

LTS ILLUM BRIGHT HELLIGKEITSREGLER CHTHATM3ATOPBI fIPUE
LAMP TEST LAMPENKONTROLLE KOHTP. JIAMII
FLOODLIGHT FLUTLICHT SATMBAIOLLIAI CBET
DUNKEL HELL SAKP. OTKP.
NAVLTS POSITIONSBELEUCHTUNG AHO TIPOB/1
FLASH BLINKT
100%  |100% 100 %
10% |10% 10 %
OFF AUS OTKL
LIGHTING BELEUCHTUNG (OCBELLEHKE
PANEL PANEELBELEUCHTUNG TAB10 APUE
MAP ILLUM KARTENBELEUCHTUNG NOJCBET KAPTHI
CONSOLE PULTBELEUCTUNG [1Y.T6Thl HAMICK APYE
WSTRUMENT GERATEBELEUCHTUNG [PHEOPBI APYE
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CANOPY EMERGENCY JETTISON HANDLE

PUSH AND DOWN VON SICH UND NACH UNTEN 0T CEBA 1 BHU3
DRUCKEN

CANOPY EMERG KABINENDACHABWURF ABTOHOMHBIA CEPOC
JETTISON (DOHAPA

PIN FLUSH STIFT VERSENKT [IThIPb YTOILIEH
CANOPY  CLOSED KABINENDACH VERSCHLOSSEN ~ {OOHAPh 3AKPLIT
GT (FIC):

CANOPY EMERGENCY JETTISON HANDLE

PUSH AND DOWN VON SICH UND NACH UNTEN OT CEBA W BHU3

DRUCKEN

CANOPY EMERG KABINENDACHABWURF ABTOHOMHbBIA CPOC
JETTISON (DOHAPA

DOUBLE SYSTEM DOUBLIERTER ANTRIEB AYBJIHPOBAHWE
RESCUE RETTUNGSEINRICHTUNG [IPHBOJA CATIC
PIN FLUSH STIFT VERSENKT [LITHIPb YTOILTEH
CANOPY CLOSED KABINENDACH VERSCHLOSSEN  [DOHAPB 3AKPHIT
G:

ELECTRICAL POWER PANEL

BAT-GND BORDAKKUMULATOR, AUSSEN-  |AKKYM. BOPT
SUPPLY BORDSTROMVERSORGUNG ASPOJPOM.

DC GEN GLEICHSTROMGENERATOR ['EHEP. = TOKA

AC GEN WECHSELSTROMGENERATOR ['EHEP. ~ TOKA
PTO UMFORMER (1TO

ENG SYS TRIEBWERKSANLAGEN JBHFAT. CHCTEMBL
FUEL PUMP KRAFTSTOFFPUMPE TOIJIMBH. HACOC
ANTI SURGE ANTIPOMPAGEANLAGE (I
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GT (FIC):

ELECTRICAL POWER PANEL

BAT-GND BORDAKKUMULATOR, AUSSEN-  [AKKYM. FOPT
SUPPLY BORDSTROMVERSORGUNG A3POIPOM.

LH RH LINKS RECHTS IEB.  TIPAB

DC GEN GLEICHSTROMGENERATOR [EHEP. = TOKA

AC GEN WECHSELSTROMGENERATOR  [TEHEP. - TOKA
PTO UMFORMER 7o

ENG SYS TRIEBWERKSANLAGEN IBUTAT. CHCTEMBI
FUEL PUMP KRAFTSTOFFPUMPE TOMHBH. HACOC
ANTI SURGE ANTIPOMPAGEANLAGE CIm

INTERNAL AND EXTERNAL REFUELING PANELS

GIGT (FIC):
REFUELING PANEL (BEHIND EJECTION SEAT)

SELECT FUEL EINSTELLUNG KRAFTSTOFF  |VCTAHOBKA P

| I [ T8 T4 [pr © T
AUT AUTOMATISCH ABT,

MAN. MANUELL PYUH,

TEST KONTROLLE KOHTPOITS

T A T A i A

p 77 P77 7

R D R D P 1
ADJUSTMENT REGULIERUNG T PLIY.THPOBKA T
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REFUELING PANEL (LH MAIN WHEEL WELL)

FUEL
50% 100% 130% CL

KRAFTSTOFF
50% 100% 130% ZB

TOILTHBO
50 100 130 b

STOP REFUEL UNTERBRECHUNG BETANKUNG  [[IPEKP. 3ATIPAB.
REFUEL COMPL BETANKUNG BEENDET SATIPABKA OKOHUEHA
POWER STROMVERSORGUNG [UTAH
oL SCHMIEROL MACJI0
N N H
LH GBX RH |LINKESTW KSA RECHTESTW [TEB  KCA TP
/1B B
LAMP TEST KONTROLLE DER LAMPEN KOHTPOJTH JTAMIT
HYDRAULIC HYDRAULIKANLAGEN [HIPO - CMECH
BOOST MAIN VERSTARKER- HAUPT- HYCT. OBl
ANLAGE ANLAGE
N N N N il 1

FILLER PIPE AND PRESSURE GAUGE, PRESSURIZATION SYSTEM (LH MAIN WHEEL WELL)

PRESS. AIR
REFILL

Auffillen
Druckluftanlage

3APAAKAOCHOBHON
[IHEBMOCHCTEMBI
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REAR COCKPIT MIG-29GT

LH SIDE WALL
GT (RIC):
LABELS
AD-5A CHECK KONTROLLE DRUCKAUTOMAT AD- [IPOBEPKA A154

5
MAX M MAXIMUM  MINIVUM MAK M,
ATTENTION ACHTUNG! BHIMAHIE
WITH SUITS WKK-6M,  [BEI DEN DRUCKANZUGEN WKK-6M, ["OIOBKY JA5A
WKK-15, PPK-3, SET ITEM  [WKK-15, PPK-3 ST DAS OBERTEIL [CTABHTb HA MAK. C
AD-5A HEAD TO "MAX" WITH [DES AD-5A AUF *MAX' U STELLEN [KOCTIOMANIH BKK 6,
SUIT PPK-1U SETTO"MIN' |UND BEI DEM DRUCKANZUG PPK-  [BKK15, K3

1U AUF "MIN"

MHH. C KOCTIOMOM
(K1Y

RPK-52 CHECK (JBERPRUFUNG RPK-52 MPOBEPKA PITK-52
KP-52M ATTACH BEFESTIGUNG KP-52M MOABECKA KI152M
GT (RIC):

CABLE ORK ATTACH

CABLE ORK AUFHANGEVORRICHTUNG TOJBECKA

ATTACH ORK-KABEL WIEKTPOKTYTA OPK
GT (RIC):

CABIN EMERGENCY DECOMPRESSION LEVER

CABIN EMERGENCY NOTENTHERMETISIERUNG ABAP. PASTEPMET

DECOMPRESSION KABINE (DEKOMPRESSION) KABHHH

PRESSURE HERMETISIERUNG BATEPM,

GT (RIC):

THROTTLE STROKE

THROTTLE STROKE ANSCHLAGE DROSSELHEBEL  [[I0.IKJIOUEHVEE, YTIOPOB
Pyl

RIC - FIC 2. KABINE - 1. KABINE 2 KABHHA - 1 KABHHA
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GT (RIC):
THROTTLE
SENDETASTE PALIMA
BORDSPRECHANLAGE Iy
BREMSKLAPPEN TOPM. LLIHTKH
GT (RIC):
CHUTE DEPLOY BUTTON
CHUTE DEPLOY BREMSSCHIRMAUSWURF BITYCK [TAPALLIOTA
GT (RIC):
MARKER BEACON SWITCH
OUTER FERNFUNKFEUER (FFF) JATTbH.
INNER NAHFUNKFEUER (NFF) BIIHAH.
BEACON INNER ARK NAHFUNKFEUER APK BITPC
GT (RIC):
CANOPY OPERATING HANDLE
CANOPY KABINENDACH  OFFEN (DOHAPL ~ OTKPBIT
ROLLSTELLUNG PHOTKPHIT
GESCHLOSSEN BAKPHIT
LOCK CANOPY SCHLIESSE KABINENDACH BATIPH OOHAP,
LH CONSOLE
GT (RIC):
OXYGEN FLOW VALVE
OXYGEN FLOW 02-VENTIL OFFNEN OTKPHTH KHCII0POA
OPEN  [GEGFFNET OTKP.
CLOSED |GESCHLOSSEN BAKP.
PILOT'S OXYGEN 02-ZUFUHR DES LFF VOR KHCJI0POA JIETHHKA
OPEN BEFORE FLIGHT DEM FLUG OFFNEN UND NACH [TEPEA TIOJIETOM OTKP.
CLOSE AFTERFLIGHT  |DEM FLUG SCHLIESSEN MOCJTE TIOTETA 3AKP.
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GT (R/C):
SUIT VENTILATION CONTROL KNOB
COLD HOT [KALT HEISS  |XO:1 TP,
OPEN GEOFFNET OTKP.
CLOSED GESCHLOSSEN 3AKP,
SUIT VENT VENTILATIONSANZUG BEHTHT OJEX bl
GT (RIC):
OXYGEN CONTROL PANEL
100% Oy - MIXT 100% O-GEMISCH 100 09CMECh
EMERG ON NOT EIN ABAP. BK.1
EMERG OFF NOT AUS BHIK.1
HELM VENT ON HELMVENTILATION EIN BYLLL. BK1
OFF AUS BhIKL
GT (R/C):
CONTROL PANEL
EMERG HYD PUMP HYDRAULIKNOTPUMPE ABAP. HACOCH, CTAHL
CHUTE JETTISON ABWURF BREMSSCHIRM CEOC TTAPALIIIOTA
MRK EMERG OFF NOTABSCHALTEN MRK ABAP. OTKIT MPK
FEEL UNIT AUTO ARU AUTOMATISCH APY ABT,
EASY LEICHT JETKO
HEAVY SCHWER THXETO
OFF AUS OTKL
GT (RIC):
VHF/UHF FREQUENCY CONTROL PANEL
VHF UHF VHF UHF
PRE VORABSTIMMBARE KANALE
MAN. FREI WAHLBARE FREQUENZEN
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GT (RIC):
VHF/UHF RADIO PANEL
(GUARD RCVR NOTEMPFANGER Al
ADF FUNKKOMPASS PK
SQLCH RAUSCHSPERRE
GT (RIC):
FLAP OPERATION CONTROL PANEL
FLAPS LANDEKLAPPEN BAKPBUIKH
DOWN STELLUNG STARTALANDUNG  [BbIlL
up STELLUNG EINGEFAHREN VEP.
GT (RIC):
ENGINE EMERGENCY PANEL
FUEL SHUT OFF BRANDHAHN TIEPEKP. KPAH
LHOPEN LINKS OFFEN VIEB. OTKP.
CLOSED GESCHLOSSEN 3AKPHIT
RHOPEN  [RECHTS OFFEN [1PAB. OTKP.
CLOSED GESCHLOSSEN SAKPHIT
FIRE EXT GBX |FEUERLOSCHER  KSA OTHETYLLMTETh KCA
LH LINKESTWK | TEB.
RH RECHTES TWK [[IPAB.
RAMP EMERG NOTEINFAHREN DER KEILE ABAP. YEOPKA K.TVHA
RETRACTION
LH RH |LiNKS RECHTS 1B, [PAB.
RETRACTION EINFAHREN YEOPKA
AB NACHBRENNER (NB) (OPCAX
EMERG OFF NOTAUSSCHALTEN NB ABAP. OTK.1
AIR RELIGHT LH  [ANLASSEN IN DER LUFT BAIIVCK B BO3AVXE
LINKES TWK B,
RH  |ANLASSEN IN DER LUFT
RECHTES TWK [TPAB.
GEN DRIVE EMERG OFF  [NOTABSCHALTEN ABAP. OTK.1. [IPHBOA
(GENERATORANTRIEB [EHEPAT,
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FRONT PANEL
GT (R/C):
LH VERTICAL PANEL
. PERISCOPE PERISKOP TTEPHCKON
EXTENDED AUSGEFAHREN BHIIVILL
RETRACTED EINGEFAHREN VEPAH
LG FAHRWERK lHIACCH
RETRACTED EINGEFAHREN VEPAHO
NEUTRAL NEUTRAL HEATPATTS
. EXTENDED AUSGEFAHREN BbIVILL
RUD TRIM LH SEITENRUDERTRIMMUNG LINKS ~ [TPHMMEP PI1 JIER.
RH RECHTS [IPAB.
EMERG RELEASE NOTABSCHUSS-ABWURF ABAP. CEPOC TIYCK
FIC 1. KABINE 1. KABYHA
LG CONTROL UMSCHALTER FAHRWERK [LACCH MEXAHM3ALL
‘ FEEL UNIT HEBELVERSTELLEINRICHTUNG  |APY
SPEED BRAKE BREMSKLAPPEN TOPM. LLIATKH
TRIM TRIMMER TPHMMEP
TEMP TEMPERATURANZEIGE TWK wr
' (UMSCHALTER)
RIC 0, KABINE 2. KABIHA
GT (RIC):
IAS INDICATOR
KNOTS KNOTEN
| . GT (RIC):
EMERGENCY BRAKE HANDLE
EMERG BRAKE NOTBREMSE ABAP. TOPM.
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GT (R/C):

ALTIMETER

FEET FUSS

GT (RIC):

EMERGENCY LANDING GEAR HANDLE

EMERG GEAR NOTAUSFAHREN FAHRWERK ABAP. LLIACCH

GT (RIC):

MAG HDG SWITCH

MAG HDG SLAVE ABSTIMMUNG MAGNETKURS (CONVIAC. M. KYPCA

GT (R/C):

HORIZONTAL SITUATION INDICATOR

NM NAUTISCHE MEILEN (Blende)

COURSE SOLLKURS (Blende) 3y

HDG KURS K i

C G KURS/GLEITEN (SCHAUZEICHEN) [K T

TEST EIGENKONTROLLE TECT

GT (RIC):

ATTITUDE DIRECTOR INDICATOR

CAGE ARRETIERUNG APPETHP
LANGSNEIGUNG T
QUERNEIGUNG K
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GT (RIC):
AFCS FAILURE SIMULATION PANEL
LEFT LINKS JIEBO
RIGHT RECHTS [PABO
DESC. SINKFLUG MHKHP
T0SS STEIGFLUG KABP
INPUT FAIL FEHLEREINGABE BBOJ OTKA3
RESET LOSEN, ZURUCKFUHREN ChPOC
PIO-211 ON AUSFALLSIMULATOR SAUEIN  [CAY THO
OFF AUS
BOOSTER RUDERMASCHINE APM
FEEDBACK PITCHFAIL  [VERLUST DER RUCKKOPPLUNG  [OBPbIB OC
RUN AWAY TRIM SELBSTANDIGES FAHRENDER  |BLICTP. YXOA MT
TRIMMER
SWITCH OFF SIGNAL ABSCHALTEN DES SIGNALS OTKIL CHIHAJL
ACT NOM IST SOLL TEK. AL
RUN AWAY BOOSTER SELBSTANDIGES FAHRENDER  |BBICTPHI YXOA
RUDERMASCHINE
PITCH LANGSNEIGUNG TAHT
BANK QUERNEIGUNG KPEH
YAW GIEREN PhICK
OVER-G UBERLAST (ny) [IEPEIP
ROLL STAB LANGSSTABILISIERUNGS- ALIYC
AUTOMAT
GT (RIC):
MASTER CAUTION LIGHT
MASTER CAUTION ALLGEMEINES AUSFALLSIGNAL  [KCII
GT (RIC):
DAMPER LIGHT
DAMPER DAMPFUNG EMIL
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GT (RIC):
COMBINED AO/G METER

o, n ANZEIGE ANSTELLWINKEL, i

S LASTVIELFACHES Y

GT (R/C):

RADIO SELECTOR SWITCH

RADIO SEL FUNKSTATION FIC - RIC
GT (R/C):

RADIO EMERGENCY SWITCH

RADIO EMERG FUNKSTATION NOT

NORM NORMAL

GT (RIC)

VHFIUHF INDICATOR PANEL

STORE SPEICHER

CHANNEL KANALANZEIGE

FREQUENCY FREQUENZANZEIGE

DIM HELLIGKEITSREGLER

VHFIUHF VHF/UHF STATION

GT (RIC):

NAVIGATION FAILURE SIMULATION PANEL

SPEED GESCHWINDIGKET (KOP.
GLIDEPATH READY BEREITSCHAFT GLEITPFAD ~ [TOT.T
AZIMUTH AZMUT AJMYT
COURSE KURS KyPC
ALT HOHE BHICOTA
COURSE READY BEREITSCHAFT KURSWINKEL  [TOT. K
DISTANCE ENTFERNUNG 1A TH.
PITCH LANGSNEIGUNG TAHMAK
SWS RESET AUSSCHALTEN SWS (BPOC CBC
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MAIN RESET ALLGEMEINES ABSCHALTEN ~ |OELL CGPOC

BANK QUERNEIGUNG KPEH

PO ON SCHALTER AUSFALLPULT [1Y/5T OTKA30B

OFF

GT (RIC):

RADAR SIMULATION PANEL

27V 2A 27V 2A 278 24

TEST SE| KONTROLLE SEl KOHTP. CEH

HUD FRONTSCHEIBENPROJEKTOR  [IUIC
ILS-31 (HEAD-UP-DISPLAY)

BCWM BORDRECHNER BCWM LIBM

INPUT FAILURE FEHLEREINGABE BBOJ OTKA30B

IMITATION MODES IMTATIONSBETRIEBSARTEN  [PEKUMbI HMHTALIMH

17011 1BIS 11 1.1

27V LIMIT 27V-BEGRENZER 278 0P

INPUT EINGABE BBO.

T0SS BOMBENWURF AUS DEM KoP
HOCHZIEHEN

NAV NAVIGATION HBI

RADAR RADAR 1

R WARMEPEILER (R-PEILER) i

BS STARRE WAFFENACHSE %

OPT BETRIEBSART OPTISCH o

HELM HELMVISIER [LLTE

e NAHLUFTKAMPF B

TWF BEGLEITEN IM CHI
UBERSICHTSBETRIEB

MASTER ARM ON HAUPTWAFFENSCHALTEREN |71 BKJL

AL GESAMT (KOMPLEX) KOMILL

SINGLE 0,5 ALL EINZELN 0,5 GESAMT OH 03KTA

ILLUM ABSTRAHLUNG 3.

HEAD ON GEGENKURS B
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GUIDE LEITEN HABEL
MAN PREPARE VORBEREITUNG HAND (MANUELL) |TTOAT, PYUH,
FHS VORDERE HALBSPHARE Mc:
FIRE TRIGGER KAMPFKNOPF BK
LOCK ON ERFASSUNG 3AXB.
PURSUIT ABFANGEN AUS DER HINTEREN (1
HALBSPHARE

RHS HINTERE HALBSPHARE 3
GUN KANONE HO
AIR LUFT BO3.
GROUND BODEN 3EMTA
GT (RIC):

VERTICAL VELOCITY INDICATOR

FTMIN FUSS PRO MINUTE

GT (RIC):

TAS INDICATOR

KNOTS KNOTEN

MACH MACHZAHL
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GT (RIC):

COMBINED OXYGEN INDICATOR

Hokpt KABINENHOHE HkAp

0y ATMUNGSANZEIGE 09

AP DIFFERENZDRUCK AP
RESERVE % VORRAT IN PROZENT BATIAC %
FEED ZUFUHR [10JAYA
GT (RIC):

RADAR ALTIMETER

FEET HOHENANZEIGE IN FUSS

RADIO ALT ANZEIGE RADARHOHENMESSER
GT (R/C):

COMBINED PRESSURE INDICATOR

HYDRAULIC HYDRAULIKANLAGE [HPOCHT.
MAIN BOOST  |ALLGEMEIN VERSTARKER |OBLLL  BYCTEP
PNEUMATIC DRUCKLUFTANLAGE I'A3. CHCT.
MAIN EMERG  [HAUPT NOT OCH.  ABAP.
GT (RIC):

RAMPS POSITION INDICATOR

RAMPS KEILE K. HH

KEILE VOLL AUSGEFAHREN BIl
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GT (RIC):
FUEL INDICATOR
TAC MOMENTANVERBRAUCH TEK
OPT OPTIMALER VERBRAUCH onr
TANKS CcL ZUSATZBEHALTER BAKH 1
WING  [TRAGFLACHENBEHALTER KP
3 BEHALTER 3 3
1 BEHALTER 1 ]
KS-VORRAT T
KS-VERBRAUCH P
NM REICHWEITE INNM JATTBHOCTD KM
KRAFTSTOFF IN kg TOILTHBO KT
GT (R/C):
AEKRAN
FAILL AUSFALL 0TKA3
TURN PRIORITAT, REIHENFOLGE OUEPED
MEMORY SPEICHER MAMATH
AEKRAN CALL AUFRUF AKRAN ZUR IKPAH BhI30B
EIGENKONTROLLE
GT (RIC):
RHAW DISPLAY PANEL
ANZEIGE OBEN B
ANZEIGE UNTEN H
MARKEN HAUPTTYP ;3. % H.FG
SOUND OFF TONSIGNAL AUS 3BYK OTK.1.
TEST MAN. KONTROLLE HAND (MANUELL) ~ [KOHTP. PYUH,
AUTO AUTOMATISCH ABT.
BRIGHT. HELLIGKEIT (NACHT) HOYb
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GT (RIC):

HDD

BRIGHT HELLIGKEIT K.

GT (RIC):

TELELIGHT PANEL

GBX FIRE FEUERKSA OKAP KCA

LH ENG FIRE FEUER LINKES TRIEBWERK T0KAP JTEB,

RH ENG FIRE FEUER RECHTES TRIEBWERK  [ITOJKAP TIPAB.

REDUCED RPMLHENG  |DREHZAHLABFALL LINKES CEPOC. OBOP. .TEB.
TRIEBWERK

REDUCEDRPMRHENG  [DREHZAHLABFALL RECHTES  [CEPOC OBOP. TIPAB.
TRIEBWERK

OIL PRESS LEFT ABFALL SCHMIERSTOFFDRUCK  [MACTO JTEB.
LINKES TRIEBWERK

OIL PRESS RIGHT ABFALL SCHMIERSTOFFDRUCK  [MACJTO TIPAB.
RECHTES TRIEBWERK

OIL GBX ABFALL SCHMIERSTOFFDRUCK  [MACJIO KCA
KsA

550 KG REMAIN 550 kg KRAFTSTOFFREST-ANZEIGE JOCTATOC 530 r

DOUBLE HYD SYS AUSFALL BEIDER OTKA3 JBYX. TUIP.
HYDRAULIKANLAGEN

COC FALL AUSFALL COC OTKA3 COC

DAMPER OFF DAMPFER AUS IEMIIOEP BbIK

LH ENG START ANLASSEN LINKES TWK BAIIYCK JIEB.

RH ENG START ANLASSEN RECHTES TWK BAIVCK TIPAB.

LH ENG AB LINKER NACHBRENNER (DOPCAX .TEB.

RHENG AB RECHTER NACHBRENNER (DOPCA [IPAB.

RUD TRIM NEUTRAL SEITENRUDERTRIMMUNG TPHMMEP P
NEUTRAL

STAB TRIM NEUTRAL HOHENRUDERTRIMMUNG TPHMMEP CTABH.TH3.
NEUTRAL

AIL TRIM NEUTRAL QUERRUDERTRIMMUNG NEUTRAL [TPHMMEP 3.TEPOH

FEEL UNIT TOLD ARU START/LANDUNG APY BJIET TIOCAKA

ATT. HOLD STABILISIERUNG WINKELLAGEN  [AT
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AUTORECOVER AUTOMATISCHES HERAUS- YBOL
FUHREN AUS GEFAHRLICHER
HOHE
EMERGHYDPUMPON  [NOTHYDRAULIKPUMPE EIN ABAP. HAC. CTAHLIVA
ALT. HOLD STABILISIERUNG BAROMETRISCHE [CTABITI3. BBICOTI
HOHE
APPROACH STEUERUNG LANDEANFLUG TPAEKTOP. YIIPAB.IEH.
MARKER BEACON MARKEREMPFANGER MAPKEP
SET COURSE MAN. SOLLKURS HANDEINGABE KYPC 34 PYYHOH
MISSED APPROACH WIEDERHOLUNGSLANDEANFLUG  JITOBTOP. 3AX0.1
GT (RIC):
NAVIGATION CONTROL PANEL
WP AD |WENDEPUNKTE/FLUGPLATZE  |IITIM-ADP
CORR KORREKTUR KOPP.
D <21 D (ENTFERNUNG) KLEINER ALS 21 |11 < 40 xu
NM (40 km)
BEACONS (1,2, 3) FUNKFEUER (1,2, 3) MAPKH (, 2, 3)
REL BEARING KURSWINKEL Kyp
CHANNELS KANALE KAHATbL
RSBN NAHNAVIGATIONSANLAGE PCHH
MAN MANUELL PYUH,
RESET LOSEN, ZURUCKSETZEN CEPOC
COURSE CMPTR KURSPRAZISIERUNG BK
COURSE KURS KYPC
CIRCLE PLATZRUNDE KPyT
GYRO IKW KB
RETURN RUCKKEHR BO3BPAT
LEFT LINKS TEB.
LANDING LANDUNG [10CAL
STBY RESERVE BATIAC
FIC - RIC 1. - 2 KABINE LK-2K
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REL BEARING RSBN KURSWINKEL ZUM RSBN- KYP PCBH
FUNKFEUER
ADF KURSWINKEL ZUM ARK- APK
FUNKFEUER
GYRO MAIN [KW HAUPT HKB OCH.
STBY RESERVE JANAC

NAVIGATION - LANDING

NAVIGATION - LANDUNG

HABUALIMA - NOCAKA

IDENT KENNUNG, IDENTIFIKATION OI03H.
PEDESTAL PANEL

GT (RIC):

REFUELING PANEL

SELECT FUEL EINSTELLUNG KRAFTSTOFF YCTAHOBKA P

[ I m [RT TS-1 T1 |PT TG T
AUT AUTOMATISCH ABT.

MAN. MANUELL PYYH.

TEST KONTROLLE KOHTPO. b

T A T A T A
P 77 P77 1177

R D R D i il
ADJUSTMENT REGULIERUNG T PEFY.TMPOBKA T
GT (R/C):

BRAKE PRESSURE INDICATOR

BRAKE PRESSURE BREMSDRUCK MAHOMETP
GT (RIC):
CONTROL STICK
AFCS MODES OFF BETRIEBSARTEN SAU AUS BBIK.1. PEAHVOB CAY
PITCH, ROLL, TRIM TRIMMER TPHVIM.
LEVELLING RUCKFUHRUNG ZuM MPHBELL K TOPH
HORIZONTALFLUG
CL RELEASE NOTABWURF ZUSATZBEHALTER  [CBPOC [1b
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RH CONSOLE

GT (RIC):

VOIGE WARNING CHECK BUTTONS

REPEAT WIEDERHOLUNG PH TIOBTOP.

VOICE WARN SPRACHINFORMATOR

CHECK KONTROLLE PU TPOBEP.

VOICE WARN SPRACHINFORMATOR

GT (RIC):

INTERCOM CONTROL

IC MAIN BORDSPRECHANLAGE HAUPT-  [CTTY  OCHOB.
STBY RESERVE PR3EPB
HOT "STANDIG" MOCTOAHHO
COLD MAUSII

CONTIN STANDIG MOCTOAHHO

VOLUME LAUTSTARKEREGLER Iy [POMYE,

GT (RIC):

ADF CONTROL PANEL

CHANNEL ADF KANALE ARK (LEUCHTTASTE) KAHA.THl APK

1,2,3 4P 1,284, P 1,2 3 4.0

VOICE cW TELEFONIE ~ TELEGRAFIE T.10 T

COMP ANT KOMPASS ~ ANTENNE KOMI. AHT,

VOLUME LAUTSTARKE POMK.

LOOP RAHMEN PAMKA

GT (RIC):

ADF/TACAN/RSBN CAPTIONS

ADF SEL STEUERUNG ARK VIIPAB.T. APK

RSBN TACAN RSBN TACAN

TACAN SEL STEUERUNG TACAN
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GT (RIC):

TACAN CONTROL PANEL

CHANNEL NAVIGATIONSKANALE

TEST TEST-TASTE MIT ANZEIGELAMPE

VOL LAUTSTARKEREGLER

OFF BETRIEBSARTENSCHALTER AUS

REC BA-SCHALTER EMPFANG

TR SENDEN/EMPANG

WA REC LUFT-LUFT EMPFANG

WATR LUFT-LUFT SENDEN/EMPFANG
GT (RIC):

CONTROL AND TEST PANEL

ILLUM CONSOLE PULTBELEUCHTUNG [0ACBET HATICHER
1395 1395 139 C

1408 1408 140 C

1415 1418 141 C

TEST COC KONTROLLE COC KOHTP. COC

ILLUM INSTRUMENT GERATEBELEUCHTUNG [IOACBET [TPHEOPOB
1425 1428 142 C

1438 1438 143 C

1445 1448 144 C

FLOOTLIGHT FLUTLICHT 3AJB. CBET BEJTHIA
FiC RIC 1.KABINE 2. KABINE LK 2K
NAV READY NORM. VORBEREITUNG IKW [OTOB HABUALIA
FAST PREP VERK. VORBEREITUNG IKW YCKOP. TOTOB

NO COC RESERVE KEINE COC-RESERVE HET PE3EPBA COC
PREPARE VORBEREITUNG MOATOTOBKA

TEST SWS KONTROLLE SWS KOHTP. CBC
UTILITY SPOTLIGHT HANDLAMPE (STECKDOSE) [1EPEHOCHAA JTAMITA
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COCKPIT LIGHTING CONTROL PANELS

LTS ILLUM BRIGHT HELLIGKEITSREGLER CHTHATHBATOPH AIPYE

LAMP TEST LAMPENKONTROLLE KOHTP. JTAMII

FLOODLIGHT FLUTLICHT 3AJMBATOLIMA CBET
DUNKEL  HELL BAKP. OTKP.

LIGHTING BELEUCHTUNG OCBELLIEHVE

PANEL PANEELBELEUCHTUNG TABO APUE

MAP ILLUM KARTENBELEUCHTUNG MOACBET KAPTH

CONSOLE PULTBELEUCTUNG [1V.16Tbl HAACH SIPYE

INSTRUMENT GERATEBELEUCHTUNG MPHEOPHI APYE

GT (RIC):

CANOPY EMERGENCY JETTISON HANDLE

PUSH AND DOWN VON SICH UND NACH UNTEN OT CEbAl 1 BHU3
DRUCKEN

CANOPY EMERG KABINENDACHABWURF ABTOHOMbIM CBPOC

JETTISON (OOHAPA

PIN FLUSH STIFT VERSENKT LITHIPb YTOITER

CANOPY  CLOSED KABINENDACH VERSCHLOSSEN  [DOHAPb 3AKPHIT
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EXTERNAL REFUELING PANEL

GT (R/C):

REFUELING PANEL (LH MAIN WHEEL WELL)

FUEL
50% 100% 130% CL

KRAFTSTOFF
50% 100% 130% ZB

TOILTHBO
50 100 130 TIb

STOP REFUEL UNTERBRECHUNG BETANKUNG  [ITPEKP. 3ATIPAB.
REFUEL COMPL BETANKUNG BEENDET 3AIPABKA OKOHYEHA
POWER STROMVERSORGUNG [ATAH
oI SCHMIEROL MACTO
N N H
. LH GBX RH [LINKESTW KSA RECHTESTW |JEB  KCA TP
1B 1B
LAMP TEST KONTROLLE DER LAMPEN KOHTPOITb JIAMIT
HYDRAULIC HYDRAULIKANLAGEN THIPO - CMECH
BOOST MAN  |VERSTARKER- HAUPT-  [BYCT. OB
ANLAGE ANLAGE
N N N N H H

FILLER PIPE AND PRESSURE GAUGE, PRESSURIZATION SYSTEM (LH MAIN WHEEL WELL)

PRESS. AIR
REFILL

Auffiillen
Druckluftanlage

SAPAIKAOCHOBHOU
ITHEBMOCHCTEMBI
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INDEX

ALPHABETICAL INDEX

A

AB Fails 0 Light....ummmmissiissmiseisiiien 316
AB Fails to Shut Down or

Blows out During Flight ......ccccoccccecrsccovvveirrnn 317
DD o ssssommstamsmss e ot a0
Acceleration Data.............eerivivieeninissisionn:
Acceleration Limitations
Acceleration Time, High Altitude............ A5-4, A5-5
Acceleration Time, Low Altitude............. A5-1, A5-2*
Accessory Gearbox suscinini 1208
Indications and Warnings............ccccoueviees 1-39
AC Generator Failure or
AC Generator Drive FailUre .......oo.ovvvvvvvevervveen, 3-20
AC Transformer Failure ...........eerriovvrsicerveens 3-20
Adapter Assembly TACAN / RSBN............... 1-113
Controls and Indicators :
Address and Prefix NUMDErS .......cc.vvvcciinns -

Controls and Indicators.... -
ABE ORBIation vty
ADESalfalast st i -
AEKRAN ....covvvvvvirieerins i

Controls and Indicators...............couenes -
AEKRAN INGICAHONS 1.vvvvvveverrvvversissersssrissenses -
AEKRAN Operation......
AEKRAN Self-Test..
AEKRAN Signals.....
AFCS Control Panel.........occcivevne:
AFCS Failure Simulation Panel (GT).........4-
Afterburner Control System...

Afterburner Fuel System .. .1-18
Afterburner Ignition........... . 1-18

Indications and Warnings...... w118
Afterburner Operation, Limitations ...........c....... 53

Afterburner Takeoff ......c..oovvvvvne.

After Man / Seat Separation..

After Takeoff......coccconnn.

Ailerons......
Roll...

Air Conditioning and

Pressurization SYStem ... 1-90A, FO-29°
Controls and Indicators.....
Indications and Warnings.

il 62
e 1-63

Alrotatt ABANAORING iicuiusiseniivsisrasmssissitits
Aircraft Battery Check
Aircraft, Description and Operation...............u... 1-1
Aircraft Dimensions MIG-29G..........coccccooer. 1+
Aircraft Dimensions MIG-29GT ... ... 1-4B*
Aircraft Fuel System ... 1-40, FO-17*

Indications and Wamings ....................... 1-46H

Transfer System......c....... e 141
Aircraft General Arrangement......................FO-2A*
Aircraft Gross Weight.......oevcensrisvesissesirseninns 1-4

Air Data Computer A1-75,1-75*
Indications and Wamings ... 1-75
Air Data System Failure...............c..coovesiiiin 3-23

Airspeed Conversion JA12 AL-3T, Af-4T
Airspeed Limitations .................cevescrnesnens. 587
All Weather Operation ..........ceesssuessssssssessssseessss -1
Antenna System ........ 97
Anti Collision LIghts .......ccocceesseresevnnrcscsrionee: 1-94
At Valighanssesmmanmmssmsnmnad 0]

Anti-Skid System .. ol
Altimeten s st s R =TT
Allimeter QT RICh s 1-77,1-17*
AOA /G Control System . 167, 1-67A*

Combined AOA / G Meter.......ccoo.o.... 377, 177"
AQA Limitations ........ouevveeeesenerssssssssssssssesssnanes 59
AQA Limiter ............. 167

Indications and Warnings .......
Approach and Landing Emergencies....
APU, Limitations .............veevevverrion
Armament System.....
Arm Protection SyStem ... iveevsisinssiinnnn 1-89
Attitude Director Indicator ...

Automatic Direction Finding..... s 15114
Automatic Flight Control System ........ 1-68, FO-27*
P S — e 1471
Altitude Hold Mode ... 170
Attitude Hold Mode... .1-68
Approach Mode ... .1-69
Automatic Landing Approach Control......... 1-70
Auto Recover Mode................... 169
Controls and Indicators.. 72
Damperas: s .1-68
Levelling Mode ..... A1
Automatic Pitch Control 64
Automatic Relight........... 313

Autopilot (AFCS) FailLE.........vmrireerrirerrrrenns 323
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Auxiliary Power System..........cccccou.... 1-37, FO-15*
Auxiliary Power Unit .........ccooovvrnrinncnenrenene. 1-37
APU / Engine Cold Cranking..........cccccou..... 1-38

APU Starting System.........c.cccocevcnirrcencnnnnne, 1-37
Indications and Warnings..........c..cceceevuenuene 1-37
Internal Power Supply Mode........................ 1-38
Avionic System Failures..........cccocveevirerrnnnee. 3-23
B
Barrier Engagement ...........ccoeovieiivivnencencnens 3-26
Before Ejection....................
Before Exterior Inspection
Before Exterior Inspection GT ..........cceceeuennenee. 2-26
Before Landing ....sumsmissmmassnsssassssossisins 2-17
Before Takeoff...........cccoiviemeniniieeeee 2-14

Before Taxiing ........ccceeereverrnencneencnceereeneenes 2-12
Before Starting Engines ..........ccococevoeevrveencencnnen. 2-8
Before Starting Engines GT .......cccccccevevvrnnnene 2-27
Blown Tire During Takeoff Roll...........c...cccccec.... 3-6
Both Generator Failure...........cccocoeureriereninennn 3-18
Both Gyro Failure
Both Hydraulic System Failure.......................... 3-21
Brake Pressure Indicator...........c.cccoconiicnnnen. 5-11*
Brake SYSIOM :xu:ommsmimssismsmsssmmasmasinaaviotenenne 1-57

Controls and Indicators .................... 1-58, 1-58*

C

Cabin ICING .....cooiiriiieeeieteeeeecer e
Cabin Pressurization MIG29G........
Cabin Pressurization MIG29GT
Cabin Pressurization Schedule MIG29G...... 1-90A*
Cabin Pressurization Schedule MIG29GT ... 1-90B*
Indications and Warnings............c.ccceuue.. 1-90B
Cabin Temperature Control........................... 1-90A
Calculated Sustained G............. A8-7, A8-8*, AB-9*
Calculated G versus G available........ A8-10, A8-11*
CANOPY svsswsismsisersaninsssssasassniassesinnsnerssensnsrasnorass
Canopy Internal and External Controls ..........
Canopy Jettison.........ccccvueveeceeceercee e
Canopy Operation ...................
Indications and Warnings
Centerline Tank Transfer Failure......................
CG LIMitations.........c.ccoevueeeivvirececeecceeseeeseeenne
CG Travel...................
Circling Approach
Climb / Cruise..............
Climb Data

Cockpit Layout MIG-29G
Cockpit Layout MIG-29GT, Front Cockpit ..... FO-5*

I-2 Change 4

Cockpit Layout MIG-29GT, Rear Cockpit ...... FO-7*
Cockpit Marking Reference List, R/C............... B-31
Cockpit Marking Reference List, G, GT ............. B-1
Cold Weather Procedures..................

Combined AOA and G-Meter
Combined Oxygen Indicator .......

Combined Pressure Indicator ............cccueeunen.. 5-11*
Communication and Avionic Equipment .......... 1-97
Constant Altitude Cruise.................... A4-10, A4-11*
Constant MACH Cruise.............. A4-7, A4-8*, A4-9*
Control and Test Panel
Controllability Check .........cccoccvecninnenincecnen
Control StICK.......coovvverireeerercreeierereeenes

Crew DULIES ....covecreeeecceeee et
Crew Requirements..........ccccceveeniennne
Crosswind Limitations..........ccc.oe.......
Crosswind Takeoff ..........ccceeeeveeeiciveeicieeeeee
Cruise Data......c.ccccveeveeeeeeeeceeee e

D

Damper Pushbutton (GT)........ccccvvvveveiecvnnnnnns
Danger Areas.............c........
DC Generator Failure...........ccccoeoeriiiiicnennnne,
Dead Reckoning Mode ............

Defensive Aids Subsystem
Departure from Controlled Flight ..................... 6-13
Descent Chart..........ccoocciriviinieniiieccieirceene A6-2*
Descent Data
Descent / Recovery..........cccoccorvvicecninceinennnnne 2-17
Dive Recovery........ccooeeevrcececnnennnn. A8-18, A8-19*
Drag Chute Operation....
Drag Chute System..............
Drag Index and Weights ........c.cceevcevicerncennnns A1-1*
Drogue GUN .......cccoeeereeecrinneeereeee e
Dual Ejection
Dynamic Longitudinal Stability .............cccceeeneee. 6-7

Ejection G .......coeeveeveeeeeeee e
Ejection GT
Ejection GUN ........cccccveereiciniieeniesnreneecreses e
Ejection Procedures..........c.coeoeviiinenenienenennen.
Ejection Seat ............. et tee et
Ejection Seat System........ccccceevieivvvervivinienenns
[BI=1F- 1V 1 4[| (U ——————
Safety Features ........cccocevvveeveieeneenanes
Windshield ...........ccccoevvniininnicceereeee
Ejection Sequence............. 1-86, 1-87*, 3-9*, 3-10*
Electrical Power Panel..........cccocvvenneninccnnen.
Electrical Power Supply ........
Controls and Indicators.......
Indications and Warnings
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Electrical Power Supply System ..........ccccecvunee. 1-47
AC Electrical Power ........c.cecvcunuaee 1-47, FO-19*
Batteries........cooviiiiniiee e 1-47
DC /AC Converter........c.cccvveeeecueeceeeieeennns 1-47
DC Electrical Power ......... 1-47, FO-21*

Electrical System Failures............ccccoceireeennnnen. 3-18

Emergency Brake System...........cccoevenecinennnen. 1-57

Emergency Gear Extension ...........cccoevevrveunnnns 3-27

Emergency Ground Egress........ccceovvcrinvrenanns 3-7

Emergency Oxygen System..........cccoceenen .1-89

Emergency Procedures...........c.ccoccvvvriennnerennnns 3-1

Emergency UHF Radio.......... ... 1-99, 1-99*
Controls and Indicators.............ccoecereeueneee. 1-100
Operation .........cccceeereeienceenineeceerecee e 1-100
Test Pushbutton and Indicator Light .......... 1-100

Engine Air Intake System.................... 1-22, FO-13*

Engine Anti Surge System ..........c.cccovceveeivennnen.
Indications and Warnings .

Engine Chips.....cccooereiiiniiiieceen,

Engine Cold Crank..........cccccoceveuennne.

Engine Controls and Indicators..............cccceuun.ne. 1-31

Engine Control System .................... 1-8, 1-9*, 1-10*
Control Unit.........ccoveevvereennee 1-11, 1-11*, 1-12*
Indications and Warnings.........ccccceeceeverceenne 1-12
NH Speed Controller.......... 1-12A, 1-12A*, 1-13*
] o @7 T§-1 o] 7=To [————————————

NL Speed Control .......................
NL Overspeed.......ccccocevemereennens

Steady State Control...................
Transients Control...................

Engine Control System Failures

Engine Emergency Panel....................... 1-34, 1-34*

Engine Exhaust Temperature Limitations ......... 5-4*

Engine Failures or Malfunctions

Engine Fault Detection Unit ....................
Indications and Warnings.....

Engine Fire Detection System...

Indications and Warnings....................

Engine Fire during Flight............ccooceiiiiinnennne

Engine Fire during Takeoff Roll............cccoceence.

Engine Fire on the Ground...........cccceoenineecnens

ENging Fires......ccovvvirenrcnrencecreeesesnens

Engine Flameout............ccoceveeeieviiiceecieseneeenns

Engine Fuel System

Engine Gearbox ........cc.cocvevevriennniecieninieeenens

Engine G-Limitations.........cccccccccieiniivnninnnine

Engine Ignition System ........c.ccccceeinenen.
Indications and Warnings

Engine Limitations.........c...........

Engine Mechanical Failure
Engine Oil Pressure low or Overtemperature ...3-16

Engine Operation...........c.ccocoiiiiiiiininniienns 1-36
Combat Mode ........cccoereeiveeee e 1-36
Limited Power Mode..............cccuueu...... ....1-36

Normal Power Mode.............cceveennnee ....1-36
Running Time Meters............... ....1-36
Engine or AB Failure during Takeoff................. 3-14

Engine Overheat during Flight........................... 3-15
Engine Overspeed
Engine Relight ..........cooemie e
Engine RPM Indicator........c..ccccocviennnnnne 1-32, 1-32*
15 To ] (- 1 ————— ssrssTRE TR 1-5

Bleed Air System.......c.cccecevnevnenvnnnieenienns 1-6

Ol System ......cccecevveecerverercerececieeen, 1-6, FO-9*

Indications and Warnings .........cccceueeeuuen. 1-6, 1-7
Engine Shut-Down...........ccceovievieveiinccnneeneene 2-23
Engine Start Panel..........c.ccccevvcvevincnnen. 1-31, 1-31*
Engine Start / Shut-Down, Limitations................ 5-3
Engine Starting System ..........ccccueuenee.

Automatic Relight .........cccccoevurneene.

Automatic Start of both Engines

Manual Relight...........ccccoevvveenennnee.

Manual Start .........ccoccoeeivicvieieiene

Preventive Relight ...

Relight Modes...........ccccoooiiiiniinieecree

Semi-Automatic Relight
Starting / Relight Modes
Engine Surge........ccceeceeveeceeennn.

Engine Vibration ........c.cccoveerenincnicnnennennne,
Exhaust Gas Temperature Indicator 1-32, 1-32*, 5-4*
Exhaust Nozzle System...........cccoevevieninnnes 1-19
Indications and Warnings ........c..ccccceeeeeenens 1-20
Nozzle Area Control ............. ...1-20, 1-21*
Exterior Inspection.........ccccocveivievvcveninnenns 2-4, 2-4*
External Lighting........cccooververiinnnncenerccneenn 1-94
External Stores........ccccveccveeeccieeieciiiee e 1-118
External Stores Limitations................... 5-12*, 5-13*
External Tank Jettison System ............... 1-46, 1-46*
F
Feel Control Unit Failure..........cccccecveevvrecnennnes 3-22
Feel and Trim Controls and Indicators............. 1-64*
Flight Characteristics ..........cccocevereercrinnnennnnenns 6-1
Flight Control Malfunctions .............ccceceveiiencnnne 3-22
Flight Controls.........ccccccevnnnen. ....1-61, FO-25*
Flight Data Recorder .........ccccceveeeveereeneeceenne 1-101
Controls and Indications.............. ... 1-101
List of Recorded Parameters.......
Operation e "
Flight Planning.........cccoceevninneeimnneenenneenercneeeenes
Flight Restrictions .........c.ccceeeirrenienvcneeeeineenns

Flight with Asymmetric Load
Flight with Wing Drop Tanks
Fuel Boost Pump Failure...........ccccoeveevvrevinnanes
Fuel Boost System
Active Fuel...........
Cooling FUEl ......cccovieveirriicrinceeee e
Starter Fuel Pump ......cccooovveevrevcnriecneen,
Fuel Consumption Data....................
Maximum Thrust Fuel Flow.........................
Fuel Control Failure....................
Fuel Index Number ........couvveeeveeieiiiinanen A4-5, A4-6*
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Fuel Indication System....................... 1-46D, 1-46E*
Fuel Indicator......... .1-46F, 1-46F*, 1-46G*
Fuel Pressurization and Ventilation System......1-45
Fuel Required for Acceleration

Low Altitude........c...oeesmemnrivrnriiensnnnnn AB-1, A5-3"
High AU .....cooooc e A5-4, A5-6*
Fuel Required to Climb........ ... A3-3, A3-4*
Fuel Signals Calibration Panel........... 1-46B, 1-46C*
Fuel System FailUres........coueervenerreessomrnnssns -
Fuel Tanks Arrangement
Fuel Transfer Sequence..........uuie. -
A TR T D | e O R -
G
GCA (PAR) Approach ......cueesueecessersssessvenne 1-6, 777
Gearbox Failure / VIBration ......c.uurveesssnerne 3-20A

Gearbox Fire ...
Gearbox Malfunctions ............eeessemsssssiernnns 3
Go Around...
Gross Welght L|mtat|0ns -
Ground Refuelling / De1ue|hng ....................... 1-46A
GHOUNT: Stat:s msivsummssiastivsssonits b st i2ed
Gyro Alignment. . 1-105

Fast Alignment .............ccocccccon. 1105, 224

Long Alignment ........ccccooevevveeriiecrer. 14105, 2-25
Gyro Operation..............

Indications and Wamings .............werererrrees 1-106
GYI0 SYStEMS...uvmemmeisssmsssessmnssssssnssssssenrens 1108

H

Handling .... SRR
Harness Powered Fletractlon Umt 188
Al 1-83, 1-83*
HoIdlng STty LSS LI o 7-3
Horizontal Snuat\on Indlcator 1-79, 1-79*

Hot Weather / Desert Procedures %
HSI Indication ..........c.vveeseissenes -80°
HUD/HDD..... W
U D s e L az 1-824
HUDIBOMBIS: et -82
HUD Display....
Hydraulic Accumulator w150
Combined Pressure Ind|ca10r v 1701,
Controls and Indicators .......
Indications and Warnings..............cceeeeeeee.1-51
Hydraulic Boost System Failures............vvvenrnrnn.3:21
Hydraulic Cooling..... -
Hydraulic Pumps..... ST 150
Hydraulic Power Supply Sys ,...1 50, FO 23"
Hydraulic System Failures.... 321

-4 Change 4

IASINAISATON o cuvscsmnssnssiinsssssssssisasssassonsia 171 By 0510
IFF Control Panel w0 1-115,1-115
IFF Equipment b 12115
IFF Normal Operatton L1117
Initial Optimum Cruise Amtude... Ad-1, Ad-2*
Instantaneous G Available.................A8-20, A8-21*
ISR oot ssnenssrersssesss iesassasssssesirsmmssisess hHD)
Instrument Approaches e
Instrument CMD........ov..ovenseeeersivseseessssesnsisssenns 17

Instrument DeSCent........coo...coervvveeeeeecesecrsiivenns -

Instrument Flight....... i
INSERUMENE MAKINGS vovvvvvvsssssssusisnissssissssssasssss O

Instrument TaKEOM .....c...c.cccmversssrsvvssssssssssnrinns 1
Inertial Navigation Mode ... i
Intarcom SYStem .amunansnimi 15
Interior Check

Internal Lights

VT 10 o O A M - -

L

1 | e e e 2-18
Landing Data ussusinmsmsAl ]
Landing Gear Controls...............ccoricn: 1-55, 1-55*

Landing Gear Emergencies ... .. 3-26
Landing Gear Emergency Chart.............ccoese0.... 3-28
Landing Gear Emergency Lowering System .... 1-55
Landing Gear Indicator System Failure ............ 3-26
Landing Gear Operation ............cccrevressrrcnnses 1-56
Landing Gear Retraction Failure......................3-26
Landing Gear System.............

Main Landing Gear ............ummmrmmsrsssssssens 1+

Nose Landing Gear...........cccmmmmsenmmserions 14
Landing Gear Unsafe or Fails o Extend...........
LanaRGIROIL sy et e e b B208
Landing Roll Distance.................A7-3, A7-4", A7-5*
Landing Speed.......c....coo.. o AT-1, AT-2F
Landing System Signal Panel .. 1-56, 1-56"
Landing / Taxi Lights............. o 1-04
Landing with a known blown Tire....
Landing with Flap / LEF System Failures
Landing with one full Wing Drop Tank.
Lap Retraction Unif...........c...ccooo.
Last Chance....
Lateral and Dlrectlonal STablllly and RoII

Leg Restraint Lines... X .. 1-89
Lift Coefficient ..... AB 24 A8 25
Lighting System ........ ... 193
Lighting System Controls .1-93
Lightning .... ; W79
Load Ciassiﬁcation 5-10

Longitudinal Stability :
EOS CAnOY Ao 20
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Main Engine Control Failure..........c.ccoceccinirenene 3-16
Main Gear unsafe or fails to extend................... 3-27
Main Hydraulic System Failure .............c.ccc...... 3-21
Main or STBY Gyro Failure.............cccccoceveninns 3-23
Main Oxygen System..........ccccoceeeercrrcrieenrencennns 1-95
Main Pitot Boom Failure.........cc.cooceeniencniiinnnne 3-29
Maneuvering Flight, Characteristics................... 6-11
Maneuver Stability.........ccccoveverirencnieninses
Manual Relight .........c.ccorrierecnnenne.

Master Caution Light

Maximum Abort Speed........... A2-10, A2-11, A2-12*
Maximum available AOCA................... A8-22, A8-23*
Maximum Ceiling after Takeoff ............. A3-5, A3-6*
Military Takeoff.........cccceveervcnevnnricennnns 2-15, 2-15*
Minimum Equipment List.........cccoceivineinncennne 5-14*
Minimum Go Speed ................... A2-7, A2-8*, A2-9*
Miscellaneous Emergency Procedures............. 3-28
Missed Approach ..........cccecceereerneercrcennnee

Moisture in Cockpit

N

NAV ArchiteClure . .osnemnsansussonsas
Navigational Options..........c..ceueuene
Manual Station Select.................
Point-to-Point Navigation
Return ...,
Traffic Re-Entry (Missed Approach)........... 1-108
Navigation Computer ............ccoceeveviiinniiinens
Indications and Warnings
Operating Modes
Update Mode .............
Visual Update.........c.cccoevneerencnennnnee
Navigation Computer Programming................ 1-110
Coordinates..........ccocereeneecirneenicnieeccenenns
Entering Data Set
Headings........ccccooceiiininiicnnnns
RSBN/ILS Channels .........cccocceevcveennn. 1-110A
Navigation Computer Programming
e 13- 1-110B*
Navigation Control Panel ................... 1-108*, 1-109
Navigation Failure Simulation Panel........... 4-6, 4-7*
Navigation Lights..........ccccoevrnerienrncnnieneenenns
Navigation System .........c..........
Navigation System Controls
Navigation System Failure ........
Night Flying ....c.ccccoveremvnrenenrns
Normal Flight, Characteristics............coocviencene. 6-11
Normal Landing::.s«cssssesssssmmsasasmsesmsmsenssesis
Normal Landing Pattern
Normal Procedures.........c.cccoccniiiicnncnnicinens
Nose Gear Unsafe or Fails to Extend ............... 3-27
Nose Wheel Steering Failure after Landing....... 3-25
Nose Wheel Steering System ..........cccoecvvceenee 1-54

o
Optimum Cruise Summary .............ce..... A4-3, A4-4*
Out of Control .....c.ccceeuriennen
Oxygen Control Panel......
Oxygen Flow Valve...........ccccocoeionninninnencnenns
Oxygen Pressure Regulator
Oxygen System ........cccceeeenenne.
Controls and Indicators.........
Indications and Warnings
Oxygen System Failure ..........ccccoevveceeinnennnes
P
Panel Priority Changeover (GT)
Periscope System (GT) .............
Performance Data ...........cc.......
Personal Parachute....................
Pitch Feel Control Unit............................ 1-62, 1-62*
Indications and Warnings ...........cccvuvveenceene 1-63
Pitot Static System..........cc.ec... ...1-73,1-73*
Pitot Static System Controls.................... 1-74,1-74*
Pneumatic Power Supply System........... 1-52, 1-63*
Pneumatic Reservoirs........c.cooveeercnvereninncnnenenes 1-52
Controls and Indicators..........c.cccceeerreernen. 1-52
Pneumatic System Failure.........cc.ccooeevnneenens 3-29
Power Distribution Panel MIG-29G .............. FO-33*
Power Distribution Panel MIG-29-GT ........... FO-35*

Preflight Check .......coccceeieineiiceeee
Prohibited Maneuvers

R
R/C Navigation System Control Panel....4-11, 4-11*
R/C Telelight Panel...........ccccevrerinnnninne 4-12,4-12*
Radar AImeter.....osamsssisssmmsssssasssssassnss 1-81, 1-81*
Indications and Warnings ...........c.cccceveerunes 1-81
Radar Simulation Modes (GT).........cceccerueernenne 4-9*
Radar Simulation Panel (GT) .... ....4-7,4-8*
Radio Marker Receiver............cccococciecinecnen. 1-115
Ramp Control Failure ........cccccoooeirevennnncnnienes 3-17
Ramps Remain Closed during Takeoff............... 3-6

Rapid Decompression .......c..cceneinieniinieinnne
Rear Cockpit Interior Check
RoCOrders . s s msonanss
Reference Latitude
Refuelling Panel...........

Relight Envelope..........cccocccnerinicicerinnen
Remaining Fuel Quantity .................

Rocket MOOr .......ccevvviiiiine e

Roll COUPlNG s=iwvsawsmmmsmmmnmssramssessmesss
Roll Rate versus Mach Number, Stability .......... 6-8*
RPM Fluctuation Limitations ...........c.ccccccoeenee.e.
RPM Limitations.........c.ccocevovirvenencnnnans

Rudder Maneuvering, Limitations

Change 4 |-5
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Rudder Pedals..........coueieveeieienieieeereeeeeeeene
Rudders......ccoovueveeeeereeeennnee.
Artificial Feel System
YaW oottt csee s

S

Safe Ejection Envelope ...........ccovveeimreeireieninnes 5-8*
Seat Position Switch......
Semiautomatic Relight
Services Lost Chart
AC Gen Failure / Drive Failure .......................... 3-20
Services Lost Chart

Both Gen or DC Gen Failure............................. 3-19
Services Lost Chart

Hydraulic System Failures............c.cocovvceeenennne
Servicing Diagram .........cccocecveererrnnene.
Simulation Panels (GT) ......ccocevvvvevierieenerenenennens
Single Engine Approach and Landing
Single Engine GCA ..........cccccevrereeenen.
Single Engine Flameout during Flight
Single Engine Flameout during Takeoff Roll.....3-12
Smoke or Fumes in Cockpit .......ccceveevevenvnnene. 3-30
Speedbrake System.................

SPIN .o

Steep Spin....cccceeeeveeeennees

Moderate Flat Spin

Flat Spin ..................

Inverted Spin..........

Spin Prevention.....

Spin Recovery...........
Stability and Controls.....
Stability Effects.....................

Stall ..o,

Deep Stall..........cccocervrirriiecnne.
Standard Atmosphere Table
Starting ENGINES .....cc.cccevverereeeiesiee st
Static Longitudinal Stability.................
Supersonic Flight, Characteristics
Survival PacK........ccceeveereersrecerennnee.

Sustained G Turn Capability ...... A8-4, A8-5*, A8-6*
System Operating Limitations.............cceceenenen. 5-7*

T

Inflight Confidence Test..........ccccecvvereeenene 1-113
TACAN Antennas..................
TACAN Approach.......c.cccceeeeeeeeeecerinvinnnennen. 7-4,7-5*
TACAN Approach, Single Engine........................ 7-4
TACAN Controls and Indicators.......... 1-111%,1-112

-6 Change 4

Tactical / Combat Performance Data................ A8-1
Tallerons ..o 1-61
TaKBOIf icivsissmisiamsssnen isiavicinemmmsemnnsensssrsrsossransares 2-14
Takeoff Data .........ccceeveeecreeverececceee e, A2-1
Takeoff Distance Chart ..... ...A2-3, A2-4*, A2-5*
Takeoff Speed Chart............ccccoecvennnen. A2-1, A2-2*
TAS Indicator........cccoovveeiccciriiiceire e 1-76, 1-76*
TAS Indicator GT, R/C........c.cccecreruenneee 1-76, 1-76*
Taxi CheCKS .......ccvevvieriicrenceree et 2-12
TaXHNG cvevveeereriecerestece et 2-14
Taxiing BackK ........cceeeeeerceniecciecee e 2-23
LU= o1 4 o1 = IR————————————————— ..1-118
Telelight Panel Caption Index...........ccuu.n..... 3-32
Temperature CONVersion ..........c.ccuveeveeeeenes A1-5*
Throttles........cccocereiinneeeec e 1-30
Throttle Assembly ...........ccccevervevrerecerenrenenee. 1-30*
Thunderstorm Penetration..............cccccceevveenenne.. 7-9
Time / Distance Required to Climb ........ A3-1, A3-2*
Time of Turn 180°.......ccceveeeveecreiens A8-14, A8-15*
Touch and GO .........cocevvennnnee [STPRT 2-20
Trainer Variant (GT) Checks...........ccvvererveneanen 2-26
Transonic Region, Characteristics.....................
Trim Failure.....c..cocoviverireeeecee e
Trim SystemM.....oocvvviiieeeeecce e

Controls and Indicators.....................
Turbulence and Thunderstorms
Turn and Slip Indicator............ccccveennnee 1-80, 1-80*
Turn Radius .......ccocvvveerieeiieieeereene, A8-12, A8-13*
Turning Radius and GND Clearance................ 2-13*
v
Variable Duct Ramp System

Air Intake Control.....................

Air Intake Louvers...................

Built-In Test Equipment.....................

Engine Air Intake System...........ccccovuuu...e. 1-24*

Indications and Warnings........ ...1-26

Manual Wedge Retraction ...... ....1-26

Preventive Ramp Extension......................... 1-25

Ramp Position Indicator.................... 1-26, 1-26*

Variable Ramps System Operation.............. 1-23

Wedge Travel Programs.........ccccceevveevrencnne 1-26
Variable Stator System ...........ccccccecvevrrveinennen. 1-27
Vent Suit Valve ..o 1-91
Vertical Velocity Indicator 1-80, 1-80*
VHF / UHF Frequency Control Panel..... 1-98, 1-98*
VHF / UHF Indicator Control Panel........ 1-99, 1-99*
VHF / UHF Radio........ccouvveereeencersinieceecenee 1-98
VHF / UHF Radio Operation ................cucu...... 1-99
VIWAS Reports and Advices .........c.ccceeueeerennne. 3-33
Voice Information and
Warning System........ccccocevivvicinnenen. 1-122, 1-122*
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Weapon and Armament
CoNtrols......cccveereennncenererrerenns
Warning and Information
Equipment..........cccoceniicininnaeeeree.
Warning Light Test.......ccccceciveiieciieieee
Weight and Balance...................
Wheelbrake Failure...................
Wind Components Chatrt....
Windshield Defogging .......c.ccoovevvieverieccncene.
Wing Drop Tank Transfer Failure....
Wing Flap System.........cccoovvrvvienneenecee,
Controls and Indicators......................
Maneuvering LEF
Selective Flaps........cccceeivevereeveeeieceeeee.

X, Y

z

Ao ol X 8[| o NERENRE———————— A8-1, A8-2*, A8-3*

Change 4 I-7/1-8



GAF T.0. 1F-MIG29-1

FOLDOUT PAGES

TABLE OF CONTENTS

General Arrangement ...
Cockpit Layout MIG-29G ........
Front Cockpit Layout MIG-29GT ...........
Rear Cockpit Layout MIG-29GT ...........
Engine Oil System .......cccovvevn.

Engine Fuel System
Engine Air Intake System .............erviunnee
Auxiliary Power SyStem ........cooeumvvesees
Aircraft Fuel System .....
AC Power System ........
DC Power System ...
Hydraulic Power System .............
Mechanical Flight Control System ...
Automatic Flight Control System ...........
Air Conditioning and

Pressurization SyStem ...........ue.uuusuiiennns
Oxygen Supply System ........ccuuenes
Power Distribution Panel MIG-29G .......
Power Distribution Panel MIG-29GT ...
Ejection Seat &anas amsmmsini

Figure

FO-0
FO-1
FO-2
FO-3
FO-4
FO-5
FO-6
FO-7
FO-8
FO-9
FO-10
FO-11
FO-12
FO-13

FO-14
FO-15
FO-16
FO-17
FO-18

Change2 FO-1/FO-2 blank



- WEAPONS, CHAFF / FLARE

FLIGHT CONTROLS, SPEEDBRAKES, DRAG CHUTE

- RADAR, IRSTS, LASER

| AVIONIC EQUIPMENT

ACCESSORY GEARBOX

MAIN / NOSE LANDING GEAR

TANKS

B
=]
B roverDISTRIBUTION
izl
=

ENGINE, AIR INTAKE

ENGINE GEARBOX




GAF T.0. 1F-MIG29-1

GENERAL ARRANGEMENT

Figure FO-0
Change 2 FO-2A/FO-2B blank
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PITOT HEAT/CABIN TEMP SWITCH
FWD LIGHTING CONTROL PANEL

. INTERNAL CANOPY EMERGENCY JETTISON HANDLE
. FLOODLIGHT BRIGHTNESS CONTROL KNOB

. AFT LIGHTING CONTROL PANEL
. CANOPY CLOSED CONTROL PIN
. ELECTRICAL POWER PANEL

. RHAW CONTROL PANEL

VOICE WARNING CHECK BUTTONS

. ENGINE START PANEL

. ADF CONTROL INDICATOR

. TACAN CONTROL PANEL

. IFF CONTROL PANEL

. SYSTEM POWER PANEL

. CONTROL AND TEST PANEL

. CABIN AIR LEVER

. AIRLEVER

. TELELIGHT PANEL (TLP)

. NAVIGATION CONTROL PANEL

RHAW DISPLAY PANEL

. RAMPS POSITION INDICATOR

. COMBINED PRESSURE INDICATOR

. COMBINED OXYGEN INDICATOR

. AEKRAN

. FUEL INDICATOR

. ENGINE RPM INDICATOR

. EGTINDICATOR

. EGTINDICATOR

. RADAR ALTIMETER

. CARTS REMAINING

. SWITCH PANEL

. HDD

. HUD

. VERTICAL VELOCITY INDICATOR (VVI)
. TAS INDICATOR

. CLOCK

. BRAKE PRESSURE INDICATOR

. CABIN TEMPERATURE CONTROL KNOB
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. SET COURSE SWITCH
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WEAPON SYSTEM MAINTENANCE PANEL
VOLTMETER

CHAFF/FLARE DISPENSER

PITOT SELECTOR LEVER

MAG HDG SLAVE BUTTON
HORIZONTAL SITUATION INDICATOR (HSI)

. ATTITUDE DIRECTOR INDICATOR (ADI)
. MASTER CAUTION LIGHT

COMBINED AOA/G-METER

. VHF/UHF INDICATOR CONTROL PANEL
. WEAPON CONTROL PANEL

. EMERGENCY BRAKE HANDLE

. IAS INDICATOR

. EMERG MSL JETT AND LAND LIGHT/TAXI SWITCH
. ALTIMETER

. LANDING GEAR HANDLE

. RADAR CONTROL PANEL

. LANDING SYSTEM SIGNAL PANEL

. AFCS CONTROL PANEL

. RUDDER TRIMAR VOLUME PANEL

. EMERGENCY UHF RADIO (XT-2000)

. ENGINE EMERGENCY PANEL

. VHF/UHF RADIO PANEL

. FLAP OPERATION CONTROL PANEL

. VHF/UHF FREQUENCY CONTROL PANEL
. CONTROL PANEL

. OXYGEN CONTROL PANEL

. SUIT VENT CONTROL KNOB

. OXYGEN FLOW VALVE

. PRESSURE REGULATOR

. CABIN EMERG DECOMP LEVER
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