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FOR TRAINING PURPOSES ONLY

NOTICE

The material contained in this training manual is based on information obtained
from the aircraft manufacturer’s Airplane Flight Manual, Pilot Manual and Mainten-
ance Manuals. It is to be used for familiarization and training purposes only.

At the time of printing, it contained then-current information. In the event of conflict
between data provided herein and that in publications issued by the manufacturer
or the FAA, that of the manufacturer or the FAA shall take precedence.

We at FlightSafety want you to have the best training possible. We welcome any
suggestions you might have for improving this manual or any other aspect of our
training program.
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CHAPTER 1

AIRCRAFT GENERAL

INTRODUCTION

This chapter is an overview of G150 systems and characteristics.

GENERAL

The Gulfstream G150 is a swept-wing, twin-
engine monoplane designed to accommodate
acrew of two and amaximum of eight to nine
passengers. The aircraft features alarge, op-
timized cabin, highly integrated avionics, and
exceptional performance capabilities. Itisa
pressurized transport-category aircraft uti-
lizing an all- metal airframe. Composite ma-
terialsare used in secondary structureswhere
appropriate (Figure 1-1).

Theaircraft incorporates alow-drag/high-lift
wing that has been optimized for both high-
speed/high-altitude flight and low approach

speeds. The aircraft's double-swept, varied |

Revision 2

dimensional airfoil allows excellent high-
speed performance. The leading-edge slats
combine with trailing-edge slotted fowler
flapsfor excellent low-speed characteristics.
Winglets provide drag reduction by control-
ling tip vortices, allowing higher takeoff
weights under high and hot conditions and
improving long-range cruise performance.

The custom design includes the cockpit, pas-
senger cabin, and lavatory. Ample allowance
for baggage stowage is provided in the 55
cubic foot baggage compartment with access
through a side opening door.

FOR TRAINING PURPOSES ONLY 1-1
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DIMENSIONS

Table 1-1 gives aircraft dimensions.

Table 1-1. DIMENSIONS

EXTERIOR DIMENSIONS

Overall Length 56 ft 9 in.
Overall Height 18 ft5in.
Overall Span 55ft 7 in.

CABIN DIMENSIONS

Length 17 ft 8 in.
Height 5ft9in.
Width 5ft9in.
Volume 465.0 cubic ft
Baggage Volume 25 cubic ft
BAGGAGE COMPARTMENT
Weight 1,100 Ib
Floor Loading 105 Ib/sq ft?
Volume 55 cubic ft

KEY AREA SIZE

Wing Area 337.2sqft
Flap Area 44.8 sq ft
Spoiler Area 12.7 sq ft
Aileron Area 12.9sq ft
Winglet Area 5.56 sq ft
Vertical Stabilizer Area 99.03 sq ft
Rudder Area 12.6 sq ft
Horizontal Area 150.67 sq ft
Elevator Area 21.7 sq ft

Figure 1-1. G150 Aircraft

1-2 FOR TRAINING PURPOSES ONLY
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AIR CONDITIONING

The air conditioning system provides condi-
tioned air for ventilation, cabin pressurization,
and cabin temperature control. The electron-
ically controlled system is designed to be
highly automatic. It usesLPand HP air from
engines, APU, or RAM air. The system con-
sistsof asingleair cycle machine (ACM), an
ozone filter, and cabin ducting.

APU

An auxiliary power unit (APU) is standard
aboardtheaircraft with in-flight start and use
capabilities. The APU provides electrical
power, air conditioning, and heating during
ground operations. These same capabilitiesare
availablein flight if required.

ENGINE INDICATING
AND CREW ALERTING
SYSTEM (EICAS)

The EICASistheinterface between the avion-
ics system and the aircraft systems. The
EICAS collects and concentrates engine and
other subsystem information for display onthe
adaptive flight displays (AFDs).

The EICAS is made up of one dual-channel
data concentrator unit (DCU), two radio in-
terface units (RIU), and two cursor control
panels (CCPs). The DCU accepts discrete,
analog, and serial digital inputs from the en-
gines, flight control surfaces, and other air-
craft subsystems and concentrates these inputs
onto high speed serial digital buses for de-
livery tothe AFDs. The DCU generatestheair-
craft EICASvoice messages, aural alertsand
controls aural alert prioritization (including
TCAS and TAWS). The RIUs receive com-
mands from the DCU to generate voice mes-
sages and aural alertsthat are broadcast over
theflight deck audio system. Processed EICAS
datais supplied to the cross-side DCU chan-
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nel, the AFDs, and the RIUs via the inter-
grated avionics processing system |APS and
system bus structure. Controlsonthe CCPsare
used to operate the EICAS message list.

ELECTRICAL

Each engineisequipped with a28V, 300AMP
starter-generator. The APU is equipped with
an identical 28V, 300 AMP starter-genera-
tor. The electrical system can be powered by
batteries (two nicad), external power, or with
any one of three 28V, 300 AMP generators
(two starter generators and one APU starter-
generator). Two 24V, 27 AMP-HR batteries
are in the baggage compartment.

FIRE PROTECTION

Fireprotectionisavailableto both engines as
well asthe APU through afixed fire fighting
system. Each engineisequipped with fire de-
tection and suppression equipment. Theright
fire bottle also protectsthe APU. The system
is constantly and automatically monitored.

The cabin is equipped with two portable fire
extinguishers: one Halon and one water.
Another Halon extinguisher isin the cockpit.

FLIGHT CONTROLS

Primary flight controls consist of ailerons,
rudder, and elevators. Rudder and elevators
aremanually actuated. Aileronsare manually
actuated with hydraulic assistance. The rud-
der and the elevator are protected against gust
damagewhileon theground. Trimisprovided
in all three axes.

Secondary flight controls consist of flaps,
slats, and airbrakes. Flaps and slats are el ec-
trically actuated while airbrakes are hy-
draulically actuated. Dual-channel autopilot
(elevator and aileron) and seriesyaw damper

FOR TRAINING PURPOSES ONLY 1-3



are standard. Autopilot must be disengaged
below 200 AGL enroute, 400 AGL during non-
precision approach, and 80 AGL on precision
approach with full flaps. Yaw damper must be
disengaged during takeoff.

FUEL

Fuel is stored in tanks contained in the fuse-
lage and wing sections of the aircraft. The
fuel system consists of fuel storage and tank
venting, distribution and feed, control and in-
dication, jettison, and pressure or gravity re-
fueling. Maximum capacity is 10,300 Ibs.

HYDRAULICS

The hydraulic system consists of a main and
an auxiliary system. Both systems operate at
3,000 psi.

An engine-driven pump on each engine pow-
ers the main system. The main system com-
ponents are as follows:

» Ailerons
* Normal brakes with anti-skid
* Landing gear
* Nosewheel steering
* Airbrakes
An electric pump powers the auxiliary sys-

tem. Theauxiliary system components are as
follows:

e Ailerons
* Emergency/parking brakes
e Thrust reverser

A high-pressure nitrogen bottle is available
to extend the landing gear should the main
hydraulic system fail. Additionally, a nitro-
gen charged accumulator isavailablefor ei-
ther emergency/parking brake operation or
thrust reverser deployment should atotal hy-
draulic failure occur.

1-4 FOR TRAINING PURPOSES ONLY
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ICE AND RAIN
PROTECTION

Ice and rain protection consists of pneumatic
deicing and bleed air or electrical anti-ice.
Deicing is provided for the inboard leading
edge of thewing, for the slats, and for the hor-
izontal stabilizer. Bleed-air anti-icing systems
are provided to prevent ice formation on the
critical areasof thenacelleair inlet. Electrical
anti-icing systemsare providedto preventice
formation on the engine Pr,T, probe, the
pitot probes, the static ports, the angle of at-
tack sensor, and the windshields.

LANDING GEAR
AND BRAKES

All landing gear have dual wheels for safety
and stability. Theaircraft iseasy to land with
its low-wing, leading-edge devices and tri-
cycle type with air/oil shock struts trailing
link gear. Aircraft main landing gear are
equipped with an anti-skid device on each
wheel. The nose landing gear is adirect tele-
scopetypeand isequipped with an electro-hy-
draulic steering system.

LIGHTING

Thelighting system providesinterior and ex-
terior lighting required for ground and flight
operations of theaircraft. Both systemsuse 28-
VDC power and are controlled by switcheson
the cockpit overhead panel, instrument pan-
els, and in the passenger compartment. An
emergency lighting systemisinstalled to pro-
videthe crew and passengerslighting in case
of an emergency.
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OXYGEN

Oxygen is provided for all occupants. Crew
positions are equipped with the EROS quick-
donning mask and oxygen is available at all
times. Passengers are provided with drop-
down masks, which can be deployed either
manually or automatically.

PNEUMATICS

The pneumatic system provides pressurized
bleed air for pressurization, deice, air condi-
tioning, anti-ice, door seal, and hydraulic tank
pressurization. Either or both engines or the
APU can provide pressurized bleed air.

Emergency pressurization isavailablefromthe
right engine LP bleed.

POWERPLANT

The aircraft is powered by two Honeywell
TFE731-40AR-200G advanced-technology,
turbofan engines that generate 4,420 pounds
of static thrust up to 76°F. Theaircraft engines
including thrust reversers are pylon mounted
on the upper aft fuselage.

PRESSURIZATION

The pressurization system regulates condi-
tioned-air outflow from the cabin at the rates
required to maintain cabin altitude pressure ac-
cording to preset schedules. The pressurized
space includes the flight compartment, and
passenger cabin. The system primarily oper-
ates in the automatic mode but may operate
manually as the situation requires.

Revision 2
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LIMITATIONS

PERFORMANCE

The Gulfstream G150 has been certified as a
transport category aircraft under FAA Part 25
as well as corresponding JAA, and CAAI
regulations.

Range 2,950 NM

Total usable fuel weight 10,300 Ib

Weight

Max ramp 26,250 1b
Max takeoff 26,100 1b
Max landing 21,700 1b
Max zero fuel 17,500 Ib
Min flight 13,200 Ib

Vmao/Mmo (Normal Ops, autopilot engaged or
Mach trim operative):

Sealevel-8,000 ft 310 KIAS
8,000-12,000 ft 310-330 KIAS
12,000-29,260 ft 330KIAS
Above 29,260 ft 0.85 M;

Vmo/Mmo (autopilot disengaged and Mach
trim becoming inoperative in flight):

Sea level—8,000 ft 310 KIAS
8,000—12,000 ft 310—330 KIAS
12,000—24,770 ft 330 KIAS
Above 24,770 ft 0.78 M;
Maneuvering Speed (V p):

Sea level—20,000 ft 272-287 KIAS
20,00 0—29,300 ft 287-330 KIAS
Above 29,300 ft 0.85 M;

FOR TRAINING PURPOSES ONLY 1-5



RVSM OPERATIONAL

LIMITATIONS
Altitude (ft) Speed Limits
29,000 TO 41,000 0.54 Mj-0.84 M;

The difference between pilot and copilot al-
timeter readings shall not exceed 45 ft.

Maximum dlats/flaps operating/extended

(Vse/VEp)

Slats 250 KIAS
Flaps 12° 250 KIAS
Flaps 20° 225 KIAS
Flaps 40° 180 KIAS

Do not operate slats and flaps above 20,000 ft.

Auto slats operation and manual retraction
are not altitude limited.

Maximum landing gear operating/extended
Vio/Vip) 180 KIAS

Do not operate landing gear above 20,000 ft.
Maximum tire ground speed 182 KTS

Minimum control speed/air (Vyca):
Flaps 0°, 12° and 20° 91 KIAS

Minimum control speed/ground (Vycc):

Flaps 0°, 12° and 20° 103 KIAS
Maneuvering flight load limits:

Flaps and landing gear up +2.77/-1.00 g
Gear or flaps extended +2.00/0.00 g
Slats extended +2.00/0.00 g
Maximum landing altitude 14,000 ft
Maximum operating altitude 45,000 ft

Maximum altitude for autopilot and yaw
damper inoperative 31,000 ft

1-6 FOR TRAINING PURPOSES ONLY
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PUBLICATIONS

» Airplane Flight Manual
e Operations Manual
e Training Materials

AIRCRAFT WALKAROUND

Refer to Aircraft Walkaround Video/
Presentation.
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CHAPTER 2
ELECTRICAL POWER SYSTEMS

INTRODUCTION

The Gulfstream G150 aircraft’s primary electrical power supply isa28-VDC system. A 60
Hz 115 VAC system is provided for passenger convenience items only.

GENERAL

The main power supply system includes: The APU starter generator can be connected
_ totheaircraft DC busesand will operatein par-
* Two28-VDC starter-generatorsdriven allel with the enginedriven starter generators.

by the engines The APU isnon-essential for the engine start
« Two nickel-cadmium batteries and flight operations.
e DC external power receptacle Thetwo batteries are used for aircraft engine

starting, APU starting, and for emergency

* Auxiliary power unit (APU) equipped flight operations.

with a starter generator

Revision 2 FOR TRAINING PURPOSES ONLY 2.1
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Themain electrical systemisdivided intotwo e External power relay
subsystems: No. 1 and No. 2. Each subsystem . .
includes a battery, a generator power source, 60 Hz 115 VAC inverter
and respective buses that supply power * EICASdisplay

throughout the aircraft.
DC POWER SYSTEM
GENERAL

* Oe\llneerlhead switch and circuit breaker The DC generators normally operate in par-

P allel. Each generator isconnected to a separate
* A Forward relay panel main bus (No. 1 or No. 2), through generator
line contactors (GLCs) (Figure 2-2).

The electrical system consists of the follow-
ing major components (Figure 2-1):

e Two 24 volt nickel-cadmium batteries

* An aft relay panel The starter-generators function primarily as
. generators, and al so starter-motors. They never

Two DC contactor boxes perform both functions simultaneously. The
* Three generator control units starter energizesthe starter function from the
. . . battery bus and through the respective gener-
Two engine driven starter-generators ator start contactors (GSCs).
* APU starter-generator

» External power connector

AFT RELAY PANEL

LEFT/RIGHT
DC CONTACTOR BOXES
STARTER ]
GENERATOR I
oy

|~
APU GENERATOR D sl @ < APU STARTER
CONTROL UNIT ( X GENERATOR
LEFT/RIGHT GENERATOR

\ "Q/\ CONTROL UNITS

’ EXTERNAL POWER
\ CONNECTOR

OVERHEAD SWITCH AND
CIRCUIT BREAKER PANEL

g
\a, X
70 5<
&// E%EmAF?ADNEL

-
m
m
=
Y
@
I
=
2
3
-
m
T
=<

EXTERNAL POWER
OVER VOLTAGE RELAY

EICAS DISPLAY

Figure 2-1. Electrical Component Locations
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Two batteries connected in parallel are the
secondary source of DC power and are avail-
able for engine and APU starting. They also
provide assistance to the generators or exter-
nal power during engine start.

An external power system with overvoltage
protection is available to charge batteries,
start engines, and energize the entire electri-
cal system.

Theauxiliary power unit (APU) hasa28-VDC
starter-generator whichiselectrically connected
to the DC buses, and operates in parallel with
the primary DC power system. The APU isnon-
essential for engine start and flight operations.

A network of busesinterconnected by circuit
breakers and contactorsdistribute DC power.
All components, controls and wiring are in-
stalled so that failure of one unit does not
adversely affect the operation of other units
essential for safe operation.
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Associated switches for the DC system are
located on the overhead panel (Figure 2-3).

Visual indications of the operating items are
displayed on the engine indicating and crew
alerting system (EICAS). These messages ap-
pear on the upper right corner of the multi
function displays (MFDs).

BATTERIES

GENERAL

Two 24-VDC, 20 cell, 27 AH nickel-cadmium
batteriesarelocated in aseal ed chamber inthe
forward LH side of the baggage compartment.
Thetop of the chamber actsasthefloor of the
baggage compartment and has the same floor
loading of 105 |bs/sq ft.

— CABINLTS — ———EXTERIOR LIGHTS ————
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= = PULSE | PULSE NAV WING
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Figure 2-3. Overhead Switch Panel
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The batteries vent overboard through hoses
connected to the battery case vent ports. The
vent system producesairflow through the bat-
teriesto aid in venting. Visual indications of
battery temperatures and voltages appear on
the secondary EICAS page (Figure 2-4).

OPERATIONS

When the BATT switch is selected to the ON
position, the battery line contactors (BLCs)
connect the batteries to the battery bus.
Operatingin parallel, the batteries supply power
to start the first engine. With the first genera-
tor on line, both batteries begin charging.

Assoon asthe generators start supplying power,
generator voltage output is reduced 1.5 volts
below normal VDC for two minutesto prevent
overheating of the batteries. After two min-
utes, generator voltageincreasesto the normal
output level of 28 +0.1 VDC.

The external power source may also be used
to charge the batteries.

A caution of battery discharge while the air-
craftisonthegroundisprovided by the beacon
(BCN) light asfollows:

* When one battery is connected to the
main bus AND

» External power or one of the generators
is not connected to the bus system.

This caution occurs regardless of the BCN
switch position.
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EMERGENCY POWER

The batteries provide the emergency power
supply to essential flight instruments and
emergency equipment.

Hot battery circuits for each battery are as |
follows:

No. 1 battery:

* Entrancelights

» Steplights

» Baggage lights

» Left battery voltage
No. 2 battery:

» Pressurerefueling test
* Right battery voltage

BATTERY
TEMPERATURE
MONITORING

The battery temperature monitoring system
displays dual temperature and a caution mes-
sage on the MFD display. Testing capability
is available through the MFD (Figure 2-4).
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ELECTRICAL
GEN VOLT
GEN AMP

APU VOLT
APU AMP

BATT VOLT
BATT TEMP °F

Figure 2-4. Electrical Visual Indications

The system consists of athermistor (temper-
ature sensor) in each battery and a circuit
breaker on the overhead panel. The thermis-
tor transmits the battery temperature to the
MFD display. The dual battery temperature
displays the temperature of each battery as
follows:

Normal—50 to 140°F (10 to 60°C)

Caution—140to 160°F (60 to 71°C). Battery
should be manually disconnected through the
appropriate (L or R) BATT DISC circuit
breaker. EICAS Message and temperature
readout will be amber.

Emergency—160to 200°F (71t0 93°C). Land
as soon as possible. Temperature readout will
turn red.
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EXTERNAL DC POWER
GENERAL

The external power system (Figure 2-5) con-
sists of a 28-VDC external power receptacle
beneath the left engine and an EXT POWER
switch on the overhead panel.

External power isavailableto chargethe bat-
teries, assist during engine start, or supply
power to the electrical systems. Overvoltage
and reverse polarity protection is also pro-
vided by the external power source. The unit
must furnish 28 VDC at a minimum rating of
1,000 amperes for engine starting.
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OFF OVRRD | RESET RESET
LOAD
REDUCT
OFF OFF OFF

ON ON ON ON

Figure 2-5. External Power Receptacle and Controls

OPERATION

When the aircraft is connected to an external
power source and the EXT switch is selected
to the ON position, external power flowsto the
battery bus through a 250-ampere fuse and
the external power contactor in the left DC
power box.

If the external voltageis 29.5 volts or above,
the overvoltagerelay disconnectsthe external
power. Battery line contactors open automat-
ically to prevent battery drain.

When external power is connected, external
voltage from the battery bus charges the bat-
teries through the battery line contactor. The
external power relay disables the line con-
tactor to prevent a conflict between
starter-generator power and external power
on the main buses.

Revision 2

CONTROL

The EXT POWER is a two position switch
(Figure 2-5):

ON—Connects the external power source to
the battery bus through the external power
contactor and prevents the generators from
coming on line.

OFF—Disconnects the external power cir-
cuit.
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DC POWER
DISTRIBUTION

GENERAL

During normal operation, the No. 1 and No. 2
generators supply DC power to the both main
buses (see Figure 2-2). Each main busthen sup-
plies respective power as follows:

» Battery bus

* Main bus

* Avionics and accessory bus
Utility bus
Priority bus

Distribution bus

BUSES

Battery Bus

Each battery isconnected through abattery line
contactor (BLC) to therespective battery bus.
The battery buses are also connected to each
other by a hard wire to form one battery bus.

The battery buses are connected to the main
buses through the main bus tie contactors.
External power is connected to the battery
busthrough the external power contactor. The
APU generator isconnected to the battery bus
through the APU generator line contactor.
The battery provides power directly to the
APU starter generator for APU engine start.
Thebattery bus provides power to the desired
engine for start through the generator start
contactor.

2-8 FOR TRAINING PURPOSES ONLY

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

Main Bus

TheNo. 1 and No. 2 main buses supply power
to charge the batteries through bus-tie con-
tactors (normally closed), and current sensors.
Since both generator systems are intercon-
nected through bus-tie contactors and the
battery bus, they operatein parallel and form
an integrated electrical system.

Each main bus al so supplies power directly to
its respective avionics and accessories bus
and to some high load consumers. This pre-
vents overloading of the distribution buses.

Avionics and Accessory Bus

The avionics and accessory buses are con-
nected to their respective avionics equipment,
and customer non-essential load. Each busis
connected to its main bus, respectively, viaa
remote controlled circuit breaker (RCCB).
The RCCBs are controlled by the L and R
avionics switches and control circuit break-
ers. The avionics switches operate in series
with the control circuit breakers. Selecting the
avionicsswitchto the OFF position or pulling
the control circuit breaker opens the RCCB
and removes power from the respective avion-
ics and accessory bus.

Theleft and right avionics (AV) and accessory
(ACC) switches are located on the overhead
switch panel.

Utilities Bus

The 28-VDC utilities bus powers non-essen-
tial equipment including the cabin power and
galley equipment. A RCCB protects the bus.

Priority Bus

A priority busintheelectrical system ensures
a continuous supply of electrical power to
certain critical equipment. Both distribution
buses power the priority bus through circuit
breakers and diodes.
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Distribution Bus

Each main bus supplies power to its respec-
tive distribution bus through three feeder
cables (Figure 2-6). Each feeder cableis pro-
tected by acircuit breaker at each end.

Therearethree (35 amp) feeder circuit break-
ers in the flight compartment overhead for
each distribution bus. The breakers are la-
beled DISTR BUSL FDRS and DISTR BUS
R FDRS (see Figure 2-2).

The feeder circuit breakers at the aft end of
each feeder are in the DC contactor box, and
are 50 amp circuit breakers. Thecircuit break-
ersonthe DC contactor boxesareinaccessible
in flight.

The 50 amp circuit breakers at the aft end of
each feeder contain a built in switch. The
switchesarewiredinparallel. If any of the aft
feeder circuit breakersopenit will illuminate
the respective DISTR FEEDER OPEN mes-
sage on the MFD.

L/R DISTR
FEEDER OPEN

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

Any unaffected feeder cable will continue to
supply power to the distribution bus.

Failure of two feeder cables will likely be
followed by afailure of thethird feeder cable.
When all feeder cablesfail (indicated by fail-
ure of all consumers of the affected
distribution bus), the respective distribution
busis disabled.

Closing the normally open DISTR BUS TIE
circuit breaker on the overhead panel allows
the operative busto repower the disabled bus.

CAUTION

All three DISTR BUS FDRS circuit
breakers of the affected bus must be
opened before closing the DISTR
BUSTIE circuit breaker toisolatethe
failure and avoid supplying power
to the failed bus. Do not reset any
tripped feeder circuit breaker when
the DISTR FEEDER OPEN message
is visible or while the DISTR BUS
TIE circuit breaker is closed.

BATT DISCON
© ©

1 2

I— GEN CONTR —I I— MAIN BUS TIE ?‘

3

Figure 2-6. Distribution Feeder Cables
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GENERATORS
GENERAL

Each engine has one starter-generator mounted
on the accessory gearbox center drive pad
(Figure2-7). Ambient air coolsthe generators
through ascoop located just below the engine
air inlet. Each generator produces 28 volts
DC and israted at 300 amperes.

Generator output and load paralleling are
automatically regulated. A generator con-
trol unit (GCU) protects each generator
against over-voltage and feeder faults (over-
excitation). These conditions trip the
respective GCU, thereby deenergizing the
generator magnetic field.

If thereisaloss of power from one of the gen-
erators, the main bus-tie contactor (BTC)
permits the opposite power source to supply
power to the buses. The aircraft structure is
used as the negative side of the aircraft elec-
trical system.

APU GENERATOR
CONTROL UNIT

LEFT/RIGHT
BATTERY

\ e
LEFT/RIGHT
A GENERATOR

CONTROL UNITS [ &
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GENERATOR CONTROL UNITS

Therearethree GCUs: onefor each engineand
the APU. Theengine GCUsarelocated above
the service compartment and APU access doors
and provide the following functions:

» Voltageregulation—Regulates genera-

tor output to 28.5 +0.1 volts during all
load and environmental conditions for
which the generator is designed.

Load division—L oad difference be-
tween the generators does not exceed
30 amperes(with both generators func-
tioning).

Over-voltage protection—An over-volt-
age sensing circuit continually monitors
the generator output voltage. When the
voltage exceeds a preset level, the re-
spective generator isdeenergized without
deenergizing the other generator.

Starter field current control (field weak-
ening)—The starter field current control
circuit controls the field flux of the
starter. Allows maximum output torque
at alow starter rpm while still permit-
ting the starter toreach arelatively high
rpm occurring at starter cutout.

Figure 2-7. Generator Location
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e Current limit (generator) control—
Regulates its generator to a load no
greater than 400 amps by controlling
the voltage output of the generator elec-
tronically.

e Overspeed (runaway) protection—
Prevents an unloaded unit from running
away (if ashaft breaks) during starting.

» Generator (line) contactor control—
Automatically connects the generator
output to the generator bus when the
control switchisinthe ON position and
the generator output voltage hasrisen to
within 0.3V DC of the main busvoltage.

* Reverse-current protection—Voltage
differential greater than +0.22 volts au-
tomatically trips the generator line
contactor, thereby removing the gener-
ator from the bus.

» Feeder (ground) fault protection—A
current flow to ground removesthat gen-
erator from the generator bus.

OPERATION

BATTERY CHARGING

External Power

With external power connected to the aircraft
and the EXT POWER switch selected to the
ON position, the external power contactor
closes to energize the battery bus. When the
BATT switch isin the ON position, the bat-
teries close the contactorsBLC-1 and BLC-2
to charge the batteries from the battery bus.

APU Generator

With the APU running and the generator switch
selected to the ON position, the APU LC (line
contactor) closes and energizes the battery
buswith 28 VDC. When the battery switchis
in the ON position, contactors BLC-1 and
BLC-2 close to charge the batteries from the
battery bus.
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Starter-Generators

With an engine running, the starter-generator
energizesthe main busthroughthe GLC. When
the BATT switchisinthe ON position, the bat-
teries close the contactors BLC-1 and BLC-2.
Thischargesthebatteriesfrom the battery bus.

LOAD OPERATING
CONDITIONS

With the BATT switch in the ON position,
BLC-1 and BLC-2 close to supply 24 VDC
from the batteries to the battery bus.
Simultaneously the BTC-1 and BTC-2 close.

With external power applied and the EXT
POWER switch ON, 28-VDC external power
is applied to the battery bus. Simultaneously
the BTC-1 and BTC-2 close.

Complete distribution of DC power is possi-
ble if both bus-tie contactors are closed.
Normally, they are automatically energized
when power is available on the battery bus.
However, a contactor deenergizesif:

» Opposite engineisbeing started during
battery only start

e Too much amperage goes through the
contactor (more than 200 amperes)

e |ts main bus-tie circuit breaker in the
overhead panel is open.

Automatic Load-Shed

Under normal operating conditions, the gen-
erators operate in parallel to share the entire
DC electrical load equally.

During single generator operation dueto gen-
erator failure or crew selection, an automatic
load-shedding circuit disconnects these non-
essential loads:

» Galley equipment
* Windshield heat
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* Baggage heat
* 60 Hz 115 VAC inverter

Opening of either generator line contactor
(GLC) resultsin loss of power to emergency
disconnect relay causing an automatic load-
shedding of non-essential systems.

Placing the battery switch in the OVRRD
LOAD REDUCT position bypasses the EDR
relay circuit allowing the crew to resel ect nec-
essary systems. In this manner, the crew may
override the load-shed system.

APU Starting

APU start power issupplied by theright bat-
tery only. A second power source must
provide power to the ECU for APU engine
control. The start sequence is as follows
(Figure 2-8):

* Select the APU master switchtothe ON
position.

* APU PRESS TO TEST Pushbutton,
press to test APU fire loop and squib.

NOTE

Completing the APU press to test
after the master switchisonwill lock
inan APU firefaultinthe ECU pre-
venting an APU start.

» Select the APU start switch momentar-
ily to START position

o When the APU energizes, it removes
power from theright battery line con-
tactor (BLC-R) causing it to openand
disconnectstheright battery from the
rest of the electrical system.

o APU start relay receives its ground
from theright battery relay, only if it
is deenergized.

o Right battery line contactor opens,
disconnecting it from the battery bus.
A secondary power sourceisrequired
for APU ECU operation.
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* When the APU start relay energizes, it
closesthe APU start contactor and starts
the APU.

» The APU electronic control unit (ECU)
provides starter cut-out at 77% rpm.

NOTE

APU start may also be terminated by
momentarily selecting the APU
START switch to the STOP position.

ENGINE START

Each engine is started with its starter-gener-
ator. The following can power the starter:

* Aircraft batteries
» External power
« APU
Thebattery bus powersthe enginestart control.

Engine Start Sequence—
Batteries

Figure 2-9 depicts the after engine start se-
guence as follows:

» Select right start switch momentarily to
START position—Switch returnsto OFF
position when rel eased.

e Select right GEN switch—Closes the
right generator start contactor (GSC)
which powers the right starter-genera-
tor (S/G).

» Digital engine electronic controller
(DEEC) starter cut-out is provided at
50% N, engine speed—Terminates the
start.

* Whenthe GCU receivesthe cut-out sig-
nal it depowers, which deenergizes the
engine start relay.

* When the relay deenergizes, it opens
the GSC and terminates the start.

* The opposite side main bus tie contac-
tor opens, deenergizing the opposite
sideto reduceload during battery start.

Revision 2



Z uoisinay

8 A
NO. 1 DISTRIBUTION BUS r——o o p( PRIORITY BUS o o— NO. 2 DISTRIBUTION BUS

25 25

/T\

® ©
35A 50A 35A
EACH DISTRIBUTION BUS TIE CB EACH

ATNO S3ISOddNd SNINIVHdL Jd04

eT-¢

AVION 60 Hz — AVION
Son AND AIC U AND Son
oL ACCES INVTR ACCES I YRdh YR
EACH EACH
RCB 50A RCB RCB
NO. 1 MAIN BUS D) ( NO. 2 MAIN BUS )
I I I
L.LC ’{ F R.LC
| 4 NO. 1 MAIN NO. 2 MAIN 4
Bus TIE | 200A 200A | BusTIE APS
GEN-START GEN-START
CONTACTOR CONTACTOR

BATTERYBUS  )——— A VOLTS

300A

VNNV ONINIVHL 1O7TTId 051D NVIHLSATND

|euoneussyul

Aejesiybl

Figure 2-8. APU Running/Right Engine Start
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NOTE

The start sequence may also be ter-
minated by momentarily selecting
the START switch to STOP position.

The second engine start is normally a cross
start. In this mode the operating engine and
APU, if running, will aid the batteriesin the
start. Both generator start contactors (GSCs)
will close on the second engine start. No buses
will lose power at this time as the operating
engine generator will continueto power itsre-
spective bus. The current limiting circuit of the
GCU will limit the operating generators out-
put to 400 amps.

AC SYSTEM

GENERAL

One KVA static inverter provides the 115-
VAC, 60 Hz power for optional customer
items.

SYSTEM OPERATION

Theleft main buspowersthe static inverter to
supply 115 VAC, 60 Hz.

AC power from the static inverter is supplied
to the electrical outletsin the cabin and lava-
tory areas.

CONTROLS AND INDICATIONS

Control Switches

The overhead switch panel (see Figure 2-3)
power section has the following switches:

EXT

OFF—Disconnects the external power cir-
cuit.

ON—Connects external power to the battery
busthrough an overvoltagerelay and prevents
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generator line contactors from closing.

BATT

OFF—Disconnects both batteries from the
battery bus.

ON—Connects both batteries in parallel to
the Battery bus, if the BATT DISCONNECT
circuit breakersare selected to the IN position

OVRRD LOAD REDUCT—Overrides auto-
matic load reduction resulting from an engine
generator off-line. Enables the windshield
heat, baggage heat, 115 VAC inverter, cabin and
the galley loads to operate with only one en-
gine generator off-line.

GENERATOR (L/R)

OFF—Disconnectsthe generator output from
the main bus. Illuminatestherespective CAS
message GEN OFF (does not deenergize the
generator).

ON—Connects the generator output to the
main bus. Extinguishes the respective CAS
message GEN OFF if its respective genera-
tor voltage is sufficient.

RESET—Momentary position spring-loaded
to OFF. Reflash the magnetic field in the
generator.

AVIONICS

OFF—Opens the RCBs between respective
main bus and avionics bus.

ON—Closesthe RCB and powersthebusfrom
its respective main bus.

UTILITIES—CABIN and GALLEY

OFF—Opens the RCBs between #2 main bus
and the utility bus, thereby depowering the
bus.

ON—Closesthe RCB and powersthe utility bus
from the #2 main bus.
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Engine Start

STOP—Opens the respective start circuit to
abort a start cycle below 50% N..

OFF—No electrical power.

START—Initiates a start cycle.

MFD INDICATIONS

Thefollowing indications appear on the elec-
trical synoptic page of MFD (Figure 2-10):

» Battery temperature and voltage

» Generator amps and voltage

* APU amps and voltage

ELECTRICAL
GEN VOLT
GEN AMP

APU VOLT
APU AMP

BATT VOLT
BATT TEMP °F

Figure 2-10. MFD Indications

CIRCUIT BREAKERS

DISTR BUS TIE—Normally open. When
closed, connects both distribution buses.
Ensureall threeDISTRBUSFDRS CBsof the
disabled bus are disconnected before closing
the DISTR BUS TIE (Figure 2-11).

DISTR BUS L/R FDRS—Each set of three
(Land R) DISTR BUS FDRS is used for dis-
connection of the distribution bus from the
respective main bus. There are no associated
EICAS messages for atripped CB.
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GEN CONTR and APU GEN—When tripped,
the field circuit opens, disabling the genera-
tor. Trips when GCU anti-cycle circuit fails.
Used to trip the generator manually.

MAIN BUS TIE—Trips when excessive cur-
rent flowsthrough the bustie contactor (from
main busto battery bus). Also used to open bus
tie contactors.

BATT DISCON—Disconnects the battery
from the BATTERY BUS when required.

OVERRD LOAD REDUCT—Provides the
control power tothe EDR operation. When the
EDR isdeenergized in case of an engine gen-
erator failure or the CB is pulled manually,
the non-essential loads automatically discon-
nect. CB connected to No.1 distribution bus.

ENGINE START—Provides the control for
the starting circuit relay.

AVIONICS BUS—Intended for control of
RCCBs from the overhead panel which con-
nect the L and R AV BUSES to L/R MAIN
BUSES accordingly.

PRIORITY BUS 1 and 2—Intended for pro-
tection of priority bus.

UTILITIES BUS—Controls the RCCB that
connects the utilities busto MAIN BUS 2.
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ELECTRICAL

DISTR BUS L FDRS DISTR BUS R FDRS
=y = =y

OVRRD LOAD PRIORITY pERELS BATT DISCON
0 ® @ Ts“ ©)

1 2 2

I— AVIONICS BUS _l '— GEN CONTR _l I_ MAIN BUS TIE _l
® ) © ©

Figure 2-11. Electrical Circuit Breaker Locations

LIMITATIONS

The limitations contained in Section One of
the Airplane Flight Manual (AFM) must be
complied with regardless of the type of oper-
ation. Consult the AFM for references to
specific pages or figures within this section.

DC STARTER-GENERATOR
LIMITS

Ground and flight operations—300 A maxi-
mum continous.

BATTERY LIMITS

Do not take off if battery temperature remains
above 140°F or BATT OVERHEAT (L/R) mes-
sage appears.

* Minimum voltage above 0°Cis 24 V
* Minimum voltage below 0°C is 23V

Revision 2

EMERGENCY AND
ABNORMAL
OPERATIONS

EICAS MESSAGES

All messages appear on the MFD primary
page. Caution messages are accompanied by
asingle-chime aural tone. All electrical sys-
tem messages appear asfollows (Figure 2-12):

CAUTION

« APU GEN OVERHEAT—APU over-
heat condition

* APU GEN OVERLOAD—Load isabove
300 amps for more than 40 seconds or
400 amps for more than 10 seconds.

« BATT DISCHARGE—Both main bat-
tery voltages are below 25 VDC when
at least one generator is active and one
battery is connected.

e« BATT OFF (L/R)—Indicates that left
or right battery isdisconnected from the
battery bus.

« BATT OVERHEAT (L/IR)—
Temperature above 140°F (60°C).

 DISTR FEEDER OPEN (L/R)—Oneor
more of the aft three distribution bus
feeder circuit breakers are open.
Normally accompanied by the respective
DISTR BUSFDRScircuit breaker trip.
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e GEN OFF—Generator not connected to
the appropriate main bus or the genera-
tor switch is selected to the OFF
position:

o Green—400 amps or less

o Amber—After 10 secondsif greater
than 400 amps

« GEN OVERHEAT—Overheat condi-
tion.

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

» GEN OVERLOAD—Loadisabove 300
amps for more than 40 seconds or 400
amps for more than 10 seconds.

STATUS

e APU GEN OFF—APU operating but
APU generator disconnected.

190.0 2.0000

SQ

A [
>

Loy 0| t

VIB —

R MAIN AUX

CABIN
DIFF RATE

APU
RPM EGT °C

126.100

— HYDPRESS —

131.725

APU GEN OVERHEAT
APU GEN OVERLOAD
BATT DISCHARGE

BATT OFF

BATT OVERHEAT

DISTR FEEDER OPEN
GEN LOAD UNBALANCE
GEN OFF

GEN OVERHEAT

GEN OVERLOAD

FLAPS

7

Figure 2-12. Electrical EICAS Indications
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QUESTIONS

1. Automatic DC load shed will occur if:

A. One battery is disconnected

B. The battery switch is at OVRRD
LOAD REDUCT

C. ABATT OVERHT light illuminates
D. One engine generator is off or failed

2. Which of thefollowing will cause agen-
erator to automatically trip?
A. Overvoltage
B. Feeder fault
C. Over excitation
D. All of the above

3. IftheBATTERY MASTER isleft ON or
OVRRD LOAD REDUCT and neither
external power nor any of the generators
are connected, what indication of battery
discharge will occur during ground op-
erations?

A. Warning CAS message displayed on
the MFD

B. Position lightsilluminate

C. Beacon light illuminates

D

. BATT DISCHG amber CAS message
appears on the MFD

4. If the battery temperature readout is
amber, the appropriate action is:
A. Land as soon as possible
B. Battery switch to OFF

C. Battery manually disconnected
through the L/R BATT DISC circuit
breaker

D. AandC

5.  Which of thefollowing electrical circuit
breakers on the overhead panel is nor-
mally in the OPEN position?

Galley

Utility

No. 2 main bus

Distribution bustie

oOow>
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CHAPTER 3
LIGHTING

INTRODUCTION

The Gulfstream G150 lighting system incorporates flight compartment, passenger, bag-

gage area, exterior and emergency lighting.

GENERAL

The G150 lighting system provides interior
and exterior lighting required for ground and
flight operations of theaircraft. Both systems
use 28 VDC and are controlled by switcheson
the cockpit overhead panel, instrument panels
and in the passenger compartment. An emer-
gency lighting system isinstalled to provide
the crew and passengerslighting in case of an
emergency.

Revision 2

SYSTEM DESCRIPTION

The lighting system (Figure 3-1) is divided
into five subsystems:

* Flight compartment (cockpit)

» Passenger compartment (cabin)

* Baggage compartment

» Exterior

* Emergency

FOR TRAINING PURPOSES ONLY 3-1



FLIGHT COMPARTMENT
LIGHTS (COCKPIT)

The flight compartment lights provide light-
ing for the flight crew. The DCU A provides
the crew with the capability to test the flight
compartment annunciators.

The overhead and pedestal lighting provides
dimming control of the edge light panels
and some instrument displays in the flight
compartment.

Pilot and copilot lighting system includes
controls for the cockpit floodlights, dome
lights, map lights and step lights.

Potentiometers

The COCKPIT LIGHTS—CONSOLES,
INSTRPNL, OVERHEAD and FLOOD poten-
tiometers (Figure 3-1) adjust the brilliance of
the equipment displays and overhead panels.

CONSOLES potentiometer illuminates the
following display devices:

» Passenger oxygen control panel—right
console

» Cockpit voicerecorder control panel—
left console

* Audio control panels—both consoles
» Selector switch—pedestal

» Nosewheel steering handle—Ieft console
» Audio options panels—both consoles
» Control display units— pedestal

COCKPIT LIGHTS

FlightSafety
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» Pedestal edge light panels
» Reversion switch panel—pedestal
e Cursor control panels—both pedestals

INSTR PNL potentiometer illuminates the
following display devices:

» Digital clocks—instrument panel

» Standby instruments—center instru-
ment panel

» Display control panel—glarescreen

» Display dimming panels—instrument
panel

* Flight guidance panel—center

OVERHEAD potentiometer illuminates the
cockpit overhead circuit breaker panel and
the cockpit overhead panel. The MASTER
switch on the cockpit overhead panel con-
trols the application of electrical power. The
panelsreceive 28 VDC from the No. 1 distri-
bution bus through VARIABLE DIMMING
circuit breaker.

FL OOD potentiometer on the overhead panel
controlstheflood lightswhich arelocated on
the lower surface of the instrument panel
glareshield.

MASTER Light

The MASTER light switch (Figure 3-1) illu-
minates the cockpit overhead panel. Whenin
the ON position, the switch supplies el ectri-
cal power to the OVERHEAD potentiometer
which illuminatestheinstrument, edgeandice
detection lights. The switch supplies28VDC
to the DC/DC converters.

— — CABINLTS — ——EXTERIOR LIGHTS

OO0 ) NN R NN NHHEGN

CONSOLES INSTR PNL OVERHEAD FLOOD MASTER

EMERG LTS NO SMOKE ~ BELTS TAXI L——LANDING—— NAV WINGILOGO BCN

Figure 3-1. Lights
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DC/DC Converters

Two DC/DC convertersarelocated intheleft
cockpit consoleand receive 28 VDC fromthe
No. 1 distribution bus. The convertersreceive
a variable resistance value from the CON-
SOLES, INSTR PNL, OVERHEAD and
FLOOD potentiometer to control the bril-
liance of instrument displays.

Dome Light

Onedomelight islocated above the | eft ceil -
ing panel above the pilot. This light is con-
trolled by the DOME Light switch located in
the cockpit overhead panel and receives 28
VDC power from the No. 1 distribution bus.

Pilot and Copilot Lights

Theflight compartment pilot and copilot light-
ing system includes controlsfor the step lights
and map lightswhichreceive electrical power
fromthe No. 2 distribution busthrough MAP
FLOOD-DOME/CMPSS circuit breaker.

Step Light

Two step lights are located on the face of the
step leading into the cockpit and illuminate
whenever electrical power isappliedtotheair-
craft.

Map Light

Two swiveling map lights are above the pilot
and copilot. Each map light is controlled by
a switch on the respective control wheel
(Figure 3-2).

Theintensity of each map lightiscontrolled by
adimming control located next to each light.

Emergency Lights

The EMERG LTS guarded switch (Figure 3-
1) on overhead panel operatesthe emergency
lightsmanually or armsthem automatically in
the event of electrical power loss.

FlightSafety
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Emergency Lighting Distribution
Unit (ELDU)

There are two emergency light distribution
units (ELDUs). The ELDUsare controlled by
the EMERG LTS switch on the cockpit over-
head panel.

* With EMERG LTS switch selected to
the ON position the ELDUs supply
emergency battery power to the inte-
rior and exterior emergency lights.

» With EMERG LTS switch selected to
the ARM position the ELDUs supply
emergency battery power to all the emer-
gency lightsduring electrical power loss.

* With EMERG LTS switch selected to
the OFF position the emergency light-
ing system is disabled.

Theforward ELDU supplies power to theright
overwing emergency light and the entrance
door emergency light.

MAP LIGHT SWITCH

LEFT CONTROL WHEEL

/ 22— MAP LIGHT SWITCH

Figure 3-2. Map Light Switch
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Theaft ELDU suppliespower to theleft over-
wing emergency light.

Both ELDUs supply power to the left and
right ground emergency lights.

Emergency Lights Battery

There are two four-ampere-hour emergency
light batteries designed to provide power for
aduration of ten minutes, one for each of the
ELDUs. The emergency light batteriesarelo-
cated adjacent to their associated ELDU. The
batteries are charged by aircraft power through
the ELDUs.

Inthe event theaircraft loses electrical power,
the ELDUs connect the emergency lights bat-
teries to the emergency lights. Each emer-
gency battery has a circuit breaker, battery
condition LEDs and a TEST SWITCH.

NOTE

Emergency batteriesare designed to
provide power for ten minutesonly.

PASSENGER COMPARTMENT
LIGHTING(CABIN)

The passenger compartment (cabin) lighting
system consists of the following:

* Instruction lights

* Reading lights

* Indirect lighting

o Airstair lights

3-4
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Instruction Lights

Theinstruction lights consist of seat belt and
no smoking lights. These lights, mounted on
the forward and aft cabin partition walls, are
controlled by the pilot control switch.

NO SMOKE and BELTS switchesprovide se-
lective control (see Figure 3-1).

Reading Lights and Indirect
Lighting

Reading lightsand indirect lighting are pro-
vided based on the individual operator’s
specified configuration.

Indirect lighting is supplied by fluorescent
tubes installed in the roof lining behind the
window frames.

Airstair Lights

Theaircraft entrance door airstair isprovided
with lighting on each step of the airstair for
safety and visibility at night (Figure 3-3).

There are two airstair light switches:

« Main entrance door
* Right side of the airstair

When the door isopened and either the airstair
switch or the entrance door switchis selected
to the ON position, lighting isprovided to the
airstair.

When the door is closed, the switch disconnects
the power fromtheairstair lightswithout plac-
ing either switch to the OFF position. Airstair
lights are powered by the No. 1 battery.

Revision 2



Figure 3-3. Airstair Lights

EXTERIOR LIGHTING

The exterior lighting (Figure 3-4) provides
aircraftidentification andisdivided into four
subcategories:

» Landing and taxi lights

* Navigation lights

» Exterior surface inspection lights

» Provisional lighting

EMERGENCY
LIGHTS
BATTERY
FUSELAGE
EXTERIOR

CABIN LIGHT LEFT AND RIGHT
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Landing and Taxi Lights

Thelanding and taxi lighting systems are used
for landing, takeoff and taxiing operations at
night and under conditions requiring enhanced
visibility.

Both landing and taxi lights are equipped with
adjustable sealed-beams. Thelandinglightis
installed in each wing root leading edge and
the taxi light is mounted on each side of the
nose landing gear strut (Figure 3-4).

LANDING Switches

The EXTERIOR LIGHTS-LANDING
switches are located on the cockpit overhead
panel (see Figure 3-1). These switches provide
control signalsto the pulselight control unit.

The LANDING switches havethree positions
asfollows:

* ON—Landing lightsilluminate

» PULSE—Enablethe pulselight control
unit to flash the left and right landing
lights alternately

* OFF—Landing lights off

CABIN WALL
LEFT AND RIGHT

>
7

=
3

INTERIOR
COCKPIT STEP

/D 00 pPY[[O
FUSEm
EXTERIOR LEFT

EMERGENCY
LIGHTS
BATTERY

Figure 3-4. Exterior Lighting
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Both L and R landing lights are supplied 28
VDC power. The left landing light is pow-
ered by the No.2 distribution bus through the
L LANDING & TAXI circuit breaker and the
right light is powered by the No. 1 distribu-
tion busthroughthe RLANDING & TAXI cir-
cuit breaker.

TAXI Switch

The EXTERIOR LIGHTS-TAXI switch (see
Figure 3-1) is located on the cockpit over-
head panel. Whenthe TAXI switchisON, the
switch applies electrical ground to the nose
landing gear down lock switch. When the
nosewheel is down and locked, the switch
closes enabling power to the PLCU, lighting
the taxi lights.

Both taxi lightsare supplied with28 VDC. The
right taxi light is powered by the No. 2 distri-
bution busthroughthe RLANDING & TAXI
circuit breaker. Theleft taxi light is powered
by the No. 1 distribution bus, through the L
LANDING and TAXI circuit breaker.

Pulse Light Control Unit

The pulse light control unit (PLCU) isadual
channel controller which receivescontrol sig-
nalsfromthe TAXI and LANDING switches.
These switches enable both taxi and or land-
ing lightsto flash on alternately.

The pulse light control unit also receives an
input from thetraffic collision avoidance sys-
tem transmitter/receiver which causes the
landing lightsto flash regardless of the land-
ing light switch position.

FlightSafety
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Navigation System Lights

The navigation, strobe and beacon lightsallow
the aircraft to be more visible in low light
conditions and provide the aircraft with re-
quired navigational lighting.

Navigation Lights

Thenavigation lights (see Figure 3-4) provide
the aircraft directional recognition at night
orinreduced visibility and arelocated in each
wing tip. Each NAV light is made up of an
array of fivegreen or red LED elements. The
tail cone housestwo (white) navigation lights
and a strobe light.

TheNAV switchreceives28 VDC fromthe No.
1 distribution bus through the NAV circuit
breaker. When the NAV switch is in the
NAV-STROBE position, 28 VDC is applied
to both wingsand tail cone Navigation lights.

The power supply provides high voltageto the
strobelight flash tubes, causing them to flash.
Each strobe assembly receives high voltage by
a separate power supply.

The EXTERIOR LIGHTS-NAV switch is a
three-position switch as follows:
* NAV—enablesthe Navigation lights
 OFF

* NAV-STROBE—enables the naviga-
tion and strobe lights
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Strobe Lights

Strobelights (see Figure 3-4) areinstalled in
each wing tip. A tail cone strobe light is also
installed and is housed in common with the
navigation light.

The NAV switch receives 28 VDC from the
No. 1 distribution bus through the STROBE
circuit breaker. When the NAV switchisinthe
NAV-STROBE position, 28 VDC is applied
to the strobe power supply. They are synchro-
nized by a SYNC signal connected between
them.

The power supply provides high voltageto the
strobelight flash tubes, causing them to flash.
Each strobe assembly is supplied high volt-
age by a separate power supply.

Beacon Light (BCN)

The red flashing beacon light (see Figure 3-
4) ismounted atop the vertical stabilizer. The
EXTERIORLIGHTS-BCN switchislocated
on the cockpit overhead panel (see Figure 3-
1). The BCN switchreceives28 VDC from the
No. 2 distribution bus through the BCN cir-
cuit breaker.

The BCN energizes automatically when the
BATT master switch is in the ON position
and the following conditions are met:

* Generators—OFF

« APU—OFF

« EPU—OFF

FlightSafety
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Wing Inspection and Logo
Lights

Thewing inspection lightslocated on each side
of the fuselage illuminate the wing leading
edges.

Thelogo lightsareinstalled in the upper sur-
face of each horizontal stabilizer and illumi-
nate both sides of the vertical stabilizer and
rudder .

TheWING/LOGO switch onthe cockpit over-
head panel is a two position switch as fol-
lows:

* WING INSPECT—Power applied tothe
left and right wing inspection lights

e LOGO—Illuminates both sides of the
vertical stabilizer

The switch receives power from the No. 2
distribution busthroughthe LIGHTS-WING
INSPECT circuit breaker.
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EMERGENCY LIGHTING

The emergency lighting system provides the
crew, passengersand ground crew lightingin
case of an emergency.

The interior emergency lighting system pro-
vides lighting in the entrance door exit sign
and the over wing emergency exit signs.
Escape path lighting is provided on the cabin
floor.

The exterior emergency lighting system pro-
vides lighting of the wing surface, the left
and right emergency exitsand below thewing
surface during emergency evacuation.

Main Entrance Door Exit Sign

The main entrance door exit sign (Figure 3-
5) is located above the main cabin door and
illuminates to indicate where the main cabin
door islocated.

Entrance Door Emergency
Light

The entrance door emergency light (Figure
3-5) islocated on thelower right corner of the

main entrance door and illuminates the main
entry door stairs.

LEFT AND RIGHT

EMERGENCY EXIT LIGHTS

EMERGENCY LIGHT
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Overwing Emergency Exit Sign

Theoverwing emergency exit signs (Figure 3-
5) arelocated over each overwing emergency
exit. They illuminate to indicate where the
overwing emergency exits are located.

Overwing Emergency Light

The overwing emergency lights (Figure 3-5)
arelocated on thelower right corner of theleft
and right emergency window exits. These
lightsilluminate the top portion of the wing.

Ground Emergency Lights

Theground emergency lights (Figure 3-5) are
located under the aircraft on each side of the
bottom fairing. These lights illuminate the
ground just in front of the forward wing root.

OVERWING
EMERGENCY
EXIT SIGN

MAIN ENTRANCE
DOOR EXIT SIGN

=l

= A
/

~-—7 |

EMERGENCY LIGHT

ON LOWER FUSELAGE

Figure 3-5. Emergency Lighting
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BAGGAGE COMPARTMENT
LIGHTING

Baggage compartment lighting provides gen-
eral illumination for baggage loading.

Baggage Dome Light

The baggage compartment dome light is lo-
cated in the ceiling of the baggage compart-
ment. Thelight iscontrolled by atwo position
toggle switch on the left side of the baggage
doorway.

A microswitch mounted in the door frame ap-
plies power to the baggage compartment light
switch and sends a signal to the integrated
avionics processor system (IAPS) that the
baggage compartment door is open.

Baggage Inspection Light

The baggage compartment inspectionlightis
located on the underside of the left engine
pylon. Thislight isconnectedin parallel with
the baggage compartment light. The inspec-
tion light illuminates whenever the baggage
compartment light is selected to the ON po-
sition.

The baggage compartment lighting is con-
trolled by two switches in series. The bag-
gage compartment door switch provides an
electrical ground to the baggage compartment
light and the baggage inspection light. The
baggage compartment switchreceives28VDC
from the battery bus through circuit breaker.

When the baggage compartment switch isin
the ON position, power is applied to the bag-
gage compartment and inspection lights. The
baggage compartment door switch removes
electrical power from the baggage compart-
ment switch when the baggage compartment
door is closed, preventing the baggage com-
partment light from draining the main battery.

FlightSafety
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ANNUNCIATOR LIGHTS

The annunciator lights test and dim systems
are actually two subsystems:

* Indication test subsystem
» Day/night subsystem

Indication Test Subsystem

IND/WARN/SYSTEST-IND LIGHTS switch
positions are as follows:

« DCUAANDLTS

o All pushbutton switches to illumi-
nate

o Integrated avionics processor system
(IAPS) initiates the left aural test

- DCUB
o IAPSinitiates theright aural test

Day/Night Subsystem

The day/night subsystem controlsthe common
supply voltage to the annunciator and switch
indicators. It also applies 28 VDC for full
brilliance or areduced voltage and controlsthe
brilliance of the lighted pushbutton switches
and annunciators.

PUSH DIM Switch

ThePUSH DIM switchispart of the day/night
subsystem and is located on the pilot side of
the instrument panel. The PUSH DIM switch
selectsfull brilliance or dim. When the PUSH
DIM switchisdepressed, it energizes control
relaysin the dimming box.
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"l
LIMITATIONS

Thelimitations contained in Section One of the
Airplane Flight Manual (AFM) must be com-
plied with regardless of the type of operation.

EMERGENCY AND
ABNORMAL
OPERATIONS

Refer to Figure 3-6 for the EICAS message
displayed on the MFD for this system. The
only EICA S message associated with the light-
ing systemis asfollows:

EMERG LIGHT SW—EMERG LTS switch
not in ARM position
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Figure 3-6. Lighting EICAS Indications
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QUESTIONS

An illuminated CAS message EMERG
LT SW indicates:

A. Emergency lightsswitchisinthe ON
position

B. Emergency lightsswitchisnotinthe
ARM position

C. Emergency lightsswitchisinthe ON
position and no generator ison line

D. Emergency lightsswitchisinthe OFF
position

The Emergency Lights can be armed by:

A. Pushingtheswitch onthelight panel
over the main entry door

B. Pushing the EMERG LT SW to ON

C. Pushingthe switch near the CEO seat

D. Pushingthe EMERG LT SW toARM

The EMERG LT SW CAS message will
illuminate on the MFD when:

A. DC power is available and the
EMERG LT switch isnot ARM

B. EMERG LT switch isin ARM and
one generator is off

C. Emergency batteries are discharged
D. DC power isnot available

The MASTER SWITCH located on the
overhead panel suppliespower to COCK -
PIT LTS-OVERHEAD potentiometer
which illuminates:

A. Instrument, console and panel lights
B. Instrument, console and ice detection

lights

C. Instrument, ice detection and edge
lights

D. Instrument, flood and console lights

5.

Inthe event of adual generator failureand

loss of DC power, the EMERG LT system

will activate. Therecommended practice

isto:

A. Positionthe EMERG LT switch from
ARM to OFF until landing isassured

B. Keep the EMERG LT switch in the
ARM position

C. Position the EMERG LT switch to
ON

D. Position the EMERG LT switch to
OFF
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CHAPTER 4

MASTER WARNING SYSTEM

MASTER
WARNING

INTRODUCTION

The master warning system for the Gulfstream G150 employs a multi-function display
(MFED) on the center instrument panel which illuminates all engineindicating and crew

alerting system (EICAS messages).

GENERAL

The individual warning, caution, advisory
and status messages onthe MFD (Figure4-1)
illuminate to provide a means of alerting the
crew to specific equipment failure, unsafe
system operating conditions, or operation of
a particular airplane system. A message can
be extinguished only by correcting the con-
dition that caused it to illuminate.

COMPONENTS
MASTER CAUTION lights (pilot and copilot)

illuminate when any warning (red) or caution
(amber) message appears (Figure 4-2).

Revision 2

When any message appears, confirm that the
appropriate switches and circuit breakers are
inthe correct configuration. Messages having
the horn symbol are accompanied by aural
alert. EICAS messages are inhibited during
takeoff and landing.

NOTE

On ground, with any warning mes-
sage on, takeoff is prohibited.

Advisory (green) or status (white) messages
do not causethe MASTER CAUTION light to
illuminate.
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Table 4-1 liststhe warning messages. Table 4-
2 liststhe caution messages. Table4-3liststhe
advisory messages. Table 4-4 lists the status

messages.
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Table 4-1 WARNING MESSAGES

MESSAGE

MESSAGE MEANING

ACTION/REFERENCE

Mechanical failure of one or both
servoactuators or main hydraulic
pressure loss

See AILERON FAILURES—
in the AFM

APU fire—APU enters automatic
shutdown sequence

APU FIRE pushbutton—PRESS
APU ARM/EMPTY pushbutton—PRESS

APU RPM too high—APU did not
enter automatic shutdown sequence

1. APU STARTER switch—STOP
When APU RPM drops below 9%:
2. APU GENERATOR switch—OFF
3. APU MASTER switch—OFF

APU excessive temperature—APU
did not enter automatic shutdown
sequence

1. APU STARTER switch—STOP
When APU RPM drops below 9%:
2. APU GENERATOR switch—OFF
3. APU MASTER switch—OFF

Excessive pressure or temperature
downstream of either bleed-air
switching valve

See BLEED LINE OVERPRESSURE/
OVER-TEMPERATURE—in the AFM

Cabin altitude above 15,000 ft—
Cabin pressure controller
malfunction

See CABIN UNDERPRESSURIZATION—
in the AFM

Cabin altitude above 10,000 ft—
Cabin pressure controller auto mode
malfunction

See CABIN UNDERPRESSURIZATION—
in the AFM

Cabin door is unlocked

Cycle door (if on ground)—See CABIN
DOOR UNLOCK in the AFM

Less than 35 Ib fuel in either
collector tank

FUEL INTERCONNECT switch—OPEN

Aircraft on ground, both engines
thrust beyond 70% N4 and airbrakes
are unlocked

Configure aircraft as required

Revision 2
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Table 4-1 WARNING MESSAGES (Cont)

MESSAGE

MESSAGE MEANING

ACTION/REFERENCE

Aircraft on ground, both engines
thrust beyond 70% N1 and flaps
position more than 22°

Configure aircraft as required

Aircraft on ground, both engines
thrust beyond 70% N1 and parking
brake engaged

Configure aircraft as required

Aircraft on ground, both engines
thrust beyond 70% N4 and slats
position less than 23° with SLAT
BYPASS pushbutton off

Configure aircraft as required

Aircraft on ground, both

thrust levers beyond 70% N1 and
horizontal stabilizer trim out of green
band for the selected flap setting

Configure aircraft as required

Excessive duct-air temperature
downstream of mixing plenum

See DUCT TEMPERATURE HIGH—
in the AFM

Engine limits exceeded:
N1, No, ITT

Affected engine—MONITOR
Affected engine thrust—Reduce to bring
within limits

Overheating or fire in zone 1—
accessories section

See ENGINE FIRE—
in the AFM

Overheating or fire in zone 2—
combustor section

See ENGINE FIRE—
in the AFM

If steady ON, boost jet pump has
failed and automatic changeover
to standby pump did not occur

See FUEL PRESSURE LOW—
in the AFM

Landing gear is not down and locked
with radio altimeter altitude less than
400 ft and one thrust lever at or
below maximum cruise or flaps
position more than 22°

Landing gear position—VERIFY
Configure aircraft as required

N
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Table 4-1 WARNING MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
Leak or rupture in bleed-air ducting ECS selector—R ENG
from left engine or APU See BLEED AIR LEAK—
in the AFM
Engine oil pressure above limit Thrust—Reduce as necessary to bring

pressure within limits

If still above limits—Idle engine for the
remainder of flight

Expect possible altitude driftdown

Engine oil pressure is low See ENGINE OIL PRESSURE LOW—
in the AFM

Engine oil temperature is high See ENGINE OIL TEMPERATURE HIGH—
in the AFM

Leak or rupture in bleed-air ducting ECS selector—L ENG
from right engine See Bleed Air Leak—in the AFM

Aircraft is approaching stall—Auto- AOA—DECREASE
pilot disconnects
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Table 4-2. CAUTION MESSAGES

MESSAGE MESSAGE MEANING ACTION/REFERENCE

A/B T/O NOT Ground airbrakes not armed GROUND A/B switch—T/O
ARMED for takeoff

A/P NOSE Excessive autopilot pitch trim See AUTOPILOT SYSTEM—

DOWN/UP in the AFM

A/P NOSE Excessive autopilot rudder trim See AUTOPILOT SYSTEM—
LEFT/RIGHT in the AFM

A/P PITCH Autopilot pitch trim failure See AUTOPILOT SYSTEM—

TRIM FAIL in the AFM

AIP WING Excessive autopilot ai i —

pilot aileron trim See AUTOPILOT SYSTEM

DOWN (L/R) in the AFM

AOA HEAT Discontinuity in power line PROBS HEAT switch—OVRRD, as applicable

FAIL

AOA PREHEAT

Discontinuity in power line to AOA

AOA PROBE HEAT CB (9Q)—Reset

FAIL transmitter/transmitter case
APU malfunction—APU APU MASTER switch—OFF
APU FAULT automatically shuts down

APU EXHAUST

Excessive temperature around APU
exhaust duct—APU automatically

APU MASTER switch—OFF

OVERTEMP
shuts down

APU GEN APU generator temperature high See APU GENERATOR FAILURE—
OVERHEAT in the AFM

APU GEN APU generator load above limits See APU GENERATOR FAILURE—
OVERLOAD in the AFM

APU OIL APU oil pressure too low—APU APU MASTER switch—OFF
PRESS LOW automatically shuts down

4-6
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
AUTO SLATS Slats automatic extension has Slats extended automatically due to high AOA
EXTENDED been activated
AUTO SLATS Failure in slats automatic extension | Airspeed and AOA—Monitor
FAIL system
AUX HYD Auxiliary hydraulic tank fluid 1. AUX HYD PUMP switch—OFF
LEVEL LOW level is low 2. MAIN HYD PRESS—Monitor
AUX HYD Hydraulic pressure above 3,500 psi | 1. AUX HYD PRESSURE and TEMP—
PRESS HI Monitor
2. AUX HYD PUMP switch—OFF, whenever
possible
AUX HYD Hydraulic pressure below 1,200 psi | 1. AUX HYD PRESSURE and TEMP—
PRESS LOW Monitor
2. AUX HYD PUMP switch—OFF, whenever
possible
AUX HYD Auxiliary hydraulic system 1. AUX HYD PRESSURE and TEMP—
TEMP HI temperature above 85°C Monitor
2. AUX HYD PUMP switch—OFF, whenever
possible
BAGG/FUEL Either baggage compartment or See BAGGAGE COMPARTMENT DOOR
DOOR refueling door is unlocked UNLOCKED—in the AFM
BATT Engine is running and voltage of See BATTERIES DISCHARGE—
DISCHARGE both batteries less than 25V in the AFM
BATT OFF Battery is disconnected from battery | See BATTERY DISCONNECTED—
(L/R) bus in the AFM
BATT OVERHEAT Battery temperature exceeds 140°F | See BATTERY OVERHEAT—
(L/R) in the AFM
CAB AUTO Automatic cabin pressurization 1. MODE SEL pushbutton—MAN
PRESS FAIL failure 2. CABIN ALT selector—Set desired cabin

altitude

FOR TRAINING PURPOSES ONLY
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
CAB AUTO Cabin automatic temperature 1. TEMP CONTR CABIN pushbutton—MAN
TEMP FAIL control malfunction 2. TEMP CONTR CABIN selector—SET
Data concentrator unit malfunction— | If all EICAS data is displayed, only one DCU
DCU FAULT EICAS operation not affected channel has failed
DEEC MAJOR Engine fuel controller malfunction See DEEC MAJOR (L/R)—
(L/R) in the AFM
DEEC MAN Engine fuel controller switched to See DEEC MAN MODE (L/R)—
MODE (L/R) manual mode either manually or in the AFM

automatically

DEEC MAN XFER
INOP (L/R)

Engine fuel controller cannot
automatically switch to manual mode

See DEEC MAN XFER INOP (L/R)—
in the AFM

DEICE LOW VACUUM

Insufficient deice boost selection

See SURFACE DEICE SYSTEM—
in the AFM

DEICE HIGH
PRESSURE

Overpressuring in deice boots system

See SURFACE DEICE SYSTEM—
in the AFM

DISTR FEEDER

One or more of three aft distribution

See DISTRIBUTION BUS FEEDER

OPEN (L/R) bus feeder CBs are open FAILURE—in the AFM
DOOR SEAL Cabin door seal is not inflated See CABIN DOOR SEAL FAILURE—
PRESS LOW in the AFM

EFIS COMPARE

EFIS comparator system malfunction

Messages and aural warning data—Monitor

INOP
EFIS EFIS data difference (heading, Compare data with other side and determine
MISCOMPARE attitude, LOC, G/S etc.) which system is accurate
EGPW SYSTEM EGPWS system failure. Ground
FAIL proximity, windshear and terrain
warnings unavailable
EMERG EMER LTS switch is not in ARM EMERGENCY LTS switch—ARM
LIGHT SW position
ENG FUEL Engine fuel temperature is high See ABNORMAL ENGINE FUEL

TEMP HI (L/R)

TEMPERATURE—in the AFM

FOR TRAINING PURPOSES ONLY
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
ENG FUEL TEMP Engine fuel temperature is low See ABNORMAL ENGINE FUEL
—i
LOW (L/R) TEMPERATURE—in the AFM
ENG MISCOMPARE Engine data channels difference Engine indications—Monitor
(L/R)
FDR INOP Flight data recorder has failed Optional system
Failure of flap system or asymmetry See FLAPS OR SLATS FAILURE—
FLAPS between left and right flaps is more in the AFM
UNBALANCE than 3°
FLT A/B Inboard flight airbrakes position Outboard flight A/B are used
INBD FAIL differs from switch command
EFLT A/B Outboard flight airbrakes position Inboard flight A/B are used
OUTBD FAIL differs from switch command
FQMC Fuel quantity measurement computer | See FOMC FAILURE—
FAIL (L/R) failed in the AFM
FUEL FILT Fuel filter is clogged See FUEL FILTER CLOGGED—
BYPASS (L/R) in the AFM
Fuel standby pump is operating— See FUEL PRESSURE LOW—
PSILVJIELO?\ITE_\/(R) Comes on when: in the AFM
e Fuel pressure drops, or

* STBY PUMP switch is ON, or
e FUEL JETTISON pushbutton

is pressed
FUEL Asymmetry between left and right See WING FUEL UNBALANCE—
UNBALANCE wing fuel quantity greater than 400 Ib | inthe AFM
GEN OFF Generator failure or generator off See FAILURE OF ONE GENERATOR—
(L/R) line in the AFM
GEN OVERHEAT Generator temperature high See FAILURE OF ONE GENERATOR—
(L/R) in the AFM
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE

MESSAGE MEANING

ACTION/REFERENCE

GEN OVERLOAD
(L/R)

Generator load above limits

See GENERATOR OVER LOAD—
in the AFM

GND BRK WOW

Ground brakes weight on wheels
switches miscompare

Do not arm GROUND A/B before touchdown

PRESS LOW (L/R)

MISCOMP
GROUND EGPWS system ground proximity
PROX FAIL warning failure
HYD PUMP Hyd pump failure See FAILURE OF ONE HYDRAULIC

PUMP—in the AFM

If both messages are on: See FAILURE OF
COMPLETE MAIN HYDRAULIC SYSTEM—
in the AFM

HYD TANK Hydraulic tank pressurization is Descend to 35,000 ft or below. Landing gear
PRESS LOW low (both systems) extension above 8,000 ft is not recommended
JETT AUTO Fuel jettison automatic stop See FUEL JETTISON—

STOP INOP unavailable in the AFM

MACH Autopilot Mach trim failure See MACH TRIM FAILURE—

TRIM FAIL in the AFM

MAIN HYD Main hydraulic tank fluid level Main and auxiliary hydraulic pressure—
LEVEL LOW is low Monitor (auxiliary hydraulic pump comes on

automatically)

MAIN HYD Hydraulic pressure above HYD PRESSURE and TEMP—Monitor

PRESS HI 3,500 psi

MAIN HYD Main hydraulic system See HYDRAULIC SYSTEM OVERHEAT—

TEMP HI temperature above limits in the AFM
NAC ANTI ICE Engine_t_)lged pressure insufficient| See ENGINE/NACELLE ANTI-ICE SYSTEM
for anti-icing or engine/nacelle FAILURE—in the AFM

FAIL (L/R) - .

anti-ice control has failed
Nose compartment blowers See NOSE COMPARTMENT TEMPERATURE
NOSE TEMP HI malfunction HIGH—in the AFM
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
Nosewheel is down and locked and NWS CONNECT/DISCONNECT switch—
NWS INOP nosewheel steering system is off or Check/Reset
not aligned If system stays off, use differential braking
OIL PRESS Engine oil pressure above limit 1. Thrust—Reduce as necessary to bring
HI (L/R) pressure within limits as soon as
practicable
2. If still above limits—Idle engine for the
remainder of flight
OIL PRESS Engine oil pressure is low Change engine thrust and/or altitude
LOW (L/R)
OIL TEMP Engine oil temperature is high Change engine thrust and/or altitude
HI (L/R)
OIL TEMP Engine oil temperature is low Heat engine prior to ground start
LOW (L/R)
OXY MASKS Oxygen pressure to crew and 1. OXYGEN SHUTOFF switch—Check ON
PRESS LOW passenger oxygen controller below 2. Oxygen pressure—Check
55 psi 3. Descend to 12,500 ft or below
Oxygen cylinder pressure is less Check time remaining at current oxygen
OXY QTY LOW than 800 psi consumption. See Figure 7-35-6 or
Figure 7-35-7 in the AFM
PITOT HEAT Power supply failure PROBES HEAT switch—OVRRD as
FAIL (L/R) applicable—If message still on, use
cross-side ADC
SAT/TAS Power supply failure PRQBES HEAT switch—OVRRD as
HEAT FAIL applicable

SIDE WDO HEAT

Failure in one side window heat
system

See SIDE WINDOW MESSAGE ON—
in the AFM

FAIL (L/R)
SLATS Failure of slat system or asymmetry See FLAPS OR SLATS FAILURE—
UNBALANCE between left and right slats is more in the AFM

than 3°

STALL WARNING
FAIL

Stall warning system has failed

Information only
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Table 4-2. CAUTION MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
1. Thrust reverser system failure 1. See THRUST REVERSER FAILURE—
T/R FAIL (L/R) 2. In flight—If both L and R messages in the AFM
simultaneously ON—weight on 2. If both L and R messages simultan-
wheel switch failure eously ON, do not arm GROUND A/B

before touchdown. See THRUST
REVERSER FAILURE—in the AFM

TERRAIN EGPWS system terrain warning
FAIL failure
WINDSHEAR EGPWS system windshear warning
FAIL failure
Low fuel quantity—approximately See FUEL LEVEL LOW—in the AFM

WING FUEL LVL 450 Ib in either wing tank

LOW (L/R)
WNDSHLD HEAT Failure in one windshield heat If CB tripped—Attempt reset
FAIL (L/R) system

4-12 FOR TRAINING PURPOSES ONLY Revision 2



FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

Table 4-3. ADVISORY MESSAGES

MESSAGE MESSAGE MEANING ACTION/REFERENCE

APU is on and running and ready
to load up

Successful cabin pressure control
system test

Takeoff configuration
setting of flaps—20° and SLATS
BYPASS selected

Flight (inboard) airbrakes extended

Flight (outboard) airbrakes extended

Ground airbrakes extended

Ground (outboard) airbrakes extended

Engine ignition is on Monitor appropriate engine

Parking brake lever is in the PARK
position and adequate hydraulic pressure
is sensed at the brakes

SELCAL datalink extablished.
Aural alert—SELCAL

Incoming SELCAL call on HF 1 or 2
Aural alert—SELCAL

Incoming SELCAL call on VHF 1, 2, or 3
Aural alert—SELCAL
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Table 4-4. STATUS MESSAGES

MESSAGE MESSAGE MEANING ACTION/REFERENCE
APU GEN OFF A_PU is operating and APU generator is _See APU GENERATOR FAILURE,
disconnected in the AFM
APU OIL APU oil quantity low
LEVEL LOW

APU OVERSPEED

APU overspeed—APU automatically
shuts down

APU MASTER switch—OFF

APU OVERTEMP

APU overtemperature—APU automatically
shuts down

APU MASTER switch—OFF

AURAL
DISABLE (A/B)

Aural alert channel is disabeled

AUX HEADSET
CONN

Maintenance headset connected

CAB
PRESS INTEST

Cabin pressure control system test is
in progress

Verify TEST OK message on at
end of test

CAB PRESS Malfunction in cabin pressure control Cabin altitude—Monitor
MONITOR monitoring
CABIN CALL Cabin call pushbutton pressed
Cabin door verified locked and cabin reset | See CABIN DOOR UNLOCKED,
CAUBI\IITODCO}?R pushbutton pressed after CABIN DOOR in the AFM

UNLOCK caution message

CAS MISCOMPARE

Difference in crew alert system channels
data

DCU FAN FAIL

DCU fan failure

4-14
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Table 4-4. STATUS MESSAGES (Cont)

MESSAGE MESSAGE MEANING ACTION/REFERENCE
DEEC COMM DEEC Arinc 429 communication failure
FAIL (L/R)

ECS BLEED OFF

ECS selector in RAM position or APU
position and APU not running

ECTM DOWNLOAD
(L/R)

Engine condition trend monitoring
download—to be performed on ground

See ECTM DOWNLOAD (L/R),
in the AFM

ENG CHIP
DETECT (L/R)

Metal particals found in engine oil

See ENGINE CHIP DETECTOR,
in the AFM

ENG COMPARE
INOP (L/R)

Engine data comparator inoperative
between DCU and DEEC

FUEL FILTER
BYPASS (L/R)

Respective fuel filter is clogged

See OIL FILTER CLOGGED,
in the AFM

FUEL QTY Fuel quanity indication degraded
COMPNS FAIL

GEN LOAD Unbalanced electrical load on generators | Check generators current
UNBALANCE

LAV CALL Lavatory call pushbutton pressed

MAINTENANCE

New maintenance information available
in MDC

MDC DATA ERROR

MDC data error

OIL FILTER
BYPASS (L/R)

Engine oll filter is clogged

See OIL FILTER CLOGGED,
in the AFM

PARKING BRAKE ON

Parking brake engaged

PHONE CALL

Cabin interphone call

Revision 2
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CHAPTER 5
FUEL SYSTEM
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INTRODUCTION

The G150 fuel system supplies fuel to the engines and the auxiliary power unit (APU). |
The fuel system consists of storage, distribution, refuel and defuel capability as well as
indicating, warning and control.

GENERAL

Fuel is stored in tanks located in the fuselage There is one standby electrical pump in each
and wing sectionsof theaircraft. Thefuel tanks collector box and isused for engine start, fuel
in the fuselage include the center tank, two jettison, and in the event of boost jet pump
collector boxes, and fuselage tank. The wing failure.
tanks are integral to each wing (Figure 5-1).

Motive flow is also supplied by either the
Fuel is supplied to each engine by two inde- boost jet pump or standby pump to two trans-
pendent systems. Two collector tanks (boxes) fer jet pumps located in the center section of
in the center most section of the center tank the center tank. Additional motiveflow ispro-
house boost jet pumpsthat directly feed the en- vided by two transfer jet pumpsat theinboard
gines. section of each wing.
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CENTER TANK
1,315LB
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\IQS/\.—. &

WING TANKS
1,787 LB EACH

\\ fé

COLLECTOR TANK
52 LB EACH

Figure 5-1. Fuel Tank Arrangement

Fuel shutoff valvesareinstalled inthe engine
feed linesjust aft of the center fuel tank inthe
wing carry-through structure. The auxiliary
power unit (APU) feed line branchesfrom the
right engine feed line with a separate fuel
shutoff valve.

Thetwo wing tanks can beinterconnected by
an electrically controlled interconnect valve
inthe center tank, which enables|ateral fuel
balancing. Thetwo collector tanks are linked
through an interconnect valvein theleft col-
lector tank that balances its fuel and allows
all usable fuel to flow to the engines.

The fuel distribution system transfers the
fuel automatically in a specific sequence by
either gravity or transfer jet pumps to main-
taining the center of gravity (CG) within the
desired envelope. Forward and aft electri-
cally controlled interconnect valves enable

FOR TRAINING PURPOSES ONLY

lateral fuel balancing.

The fuel vent system vents all tanks into a
common expansion space at the uppermost
part of the fuselage tank. The expansion space
drains overboard through two independent
outlets near the wingtips.

Theaircraft isrefueled by pressure or gravity
fueling. Total fuel load is reduced by 655 Ib
when using gravity refueling.

Thefuel jettison system reduces aircraft weight
by jettisoning fuel overboard during flight.

Fuel quantity indications in the flight com-
partment indicate and monitor the fuel status.

Revision 2



Drain valves |located at various low pointsin
the system facilitate drainage of fuel or con-
taminants. Flush mounted access panels on
thelower wing skin and fusel age surface pro-
vide access to each tank.

FUEL STORAGE
SYSTEM

FUSELAGE TANK

The bladder type, vapor tight fuselagetank is
located within the fuselage aft of the aft pres-
sure bulkhead. A stand pipe divides the fuse-
lage tank into an upper and lower section. The
fuel from the upper portion of the fuselage

FUSELAGE TANK
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tank constantly fills the center tank via grav-
ity whilefuel fromthelower portion constantly
fills the wing tanks (Figure 5-2).

Thefuselage tank containsthefollowing com-
ponents:

* Overflow standpipe

* Two fuel probes

* Ventlines

* Refueling shutoff valve
* Refueling pilot valve
» Gravity refueling valve

CENTER TANK

COLLECTOR BOX

INTERCONNECT
VALVE I
|
STAND-BY
JETTISON PUMP 14
VALVE ENGINE

ENGINE

LEGEND
[ vent

[ wortive FLow

I JET PUMP PRESSURE

[] coLLecTOR BOX

[] center Tank

[ GRAVITY/SUCTION FUEL PRESSURE
[ BOOST PUMP PRESSURE

B wiNG TANK

Figure 5-2. Engine and APU Feed System
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CENTER TANK

The center tank is a metal tank located in the
carry-through structure at the bottom of the
lowest point in the fuselage. The center tank
containstwo seal ed collector boxes, two trans-
fer jet pumps, the wing interconnect valve,
andtwodrainvalves. Thecenter tank isfilled
through the overflow standpipe from the fuse-
lagetank. Fuel isconstantly being transferred
to thewing tanks by thetwo transfer jet pumps
just forward of the collector boxes.

Collector Boxes

Theleft and right collector boxesarein the aft
center section of the center tank at its lowest
point. They aredivided by ametal partition that
houses an interconnect valve. The collector
box interconnect valveislocated in theleft col-
lector box. Each collector box suppliesfuel di-
rectly toitsrespective engine. Thereisnoway
to pump fuel from one collector box to the op-
posite engine.

Fuel is supplied to the collector box by grav-
ity and a transfer jet pump in the respective
wing. Each collector box contains a booster
jet pump, an electrically-driven standby pump,
drainvalve, float switch, check valves, flapper
valves, connecting pipes, and electrical wiring.
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WING TANKS

Each wing tank is divided into three com-
partmentswith flapper check valvesthat allow
the fuel to only flow inboard. The all metal
wing tanksareintegrated with the torsion box.
They extend outboard and are contained be-
tween the front and rear wing spars. Thewing
tanksareinitially filled by fuel from the cen-
ter tank, through the transfer jet pump. When
the center tank is empty, the wing tanks are
filled from the lower section of the fuselage
viathe overflow standpipe. A gravity-balance
line equipped with a motor operated inter-
connect shutoff valve connects the inboard
compartments of the two wings and allows
balancing of the fuel between the wings.

DRAIN VALVES

Fuel drains are used to drain all moisture and
foreign matter from thefuel system. Thedrains
are located at the lowest points of the wing,
center, collector box tanks as follows:

» Onefor vent drain plenum

» Each collector box

» Center tank left and right sides

» Each wingtank at the inboard compart-
ments
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FUEL TANK VENT
SYSTEM

Venting of the fuel system is accomplished
through internal pipes and vent lines (Figure
5-3).

All the tanks are vented into the common ex-
pansion space at the uppermost part of the
fuselage tank. The expansion spaceisvented
overboard through two independent vent lines
through non-icing NACA scoop outlets lo-
cated on the underside of each wing. Fuel ex-
pansion space is assured by the height
difference between the refueling shutoff pilot
valvelocation and theinletsto the overboard
vent lines. The outboard compartments of the
wing tanks are also vented through float valves
to the same NACA scoops.

Thevent system prevents overpressurein case
of failure of the refueling shutoff valve or
during climb. It also prevents excessive neg-
ative pressure during emergency descent.
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A small line is routed from the main wing
ventsto afuel vent plenum sump located at the
bottom of the fuselage forward of the left main
landing gear wheel well. Thisplenum collects
any moisture or fuel that accumulates in the
vent lines and should be drained during pre-
flight.

FUEL DISTRIBUTION
SYSTEM

SYSTEM DESCRIPTION

Thefuel distribution systemincludesfive sub-
systems.

* Enginefeed

APU feed

Fuel transfer

Refueling and defueling
Fuel jettison

3/8" O.D. TUBE, FOR THERMAL
AND OVER PRESSURE RELIEF

EXPANSION

L. WING TANK

SPACE \ A FUSELAGE TANK
—f \/

J

R. WING TANK

o

¥

/
7|

VENT OUTLET

\

CENTER TANK

COLLECTOR BOX

\ (NON ICING TYPE)

COLLECTOR BOX

Figure 5-3. Fuel Vent System
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ENGINE FEED

The separate collector boxes located in the
center tank, supply all the fuel to their re-
spective engines and are completely inde-
pendent (Figure 5-4). Fuel entersthe collector
boxes by gravity or from the transfer jet
pumps in the respective wing. Each supply
consists of one boost jet pump and one elec-
tric DC motor-driven standby pump in each
collector box. The boost jet pump and elec-
tric standby pump are separated by check
valves that ensure independent operation of
the two pumps.

Thetransfer system ensures availability of all
fuel to the collector boxes, providing a con-
tinuous fuel supply throughout the flight. An
interconnect valve connectsthe collector boxes
in case of one engine malfunction or fuel un-
balance.
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Theboost jet pump isactuated by motive flow
fed back from the engine-driven HP fuel pump.
The motiveflow, filtered by the enginefilter,
allowsvery reliable and trouble-free operation
of the boost jet pumps under all operating
conditions. The enginemotiveflow linesto the
collector boxes pass through check valves to
prevent any loss of fuel from the collector
box inthe event of amotiveflow linerupture.

Depending on the engine motive flow, the out-
put of the boost jet pump isapproximately 12
to 20 psig. This output pressure is sufficient
for all engine requirements and for actuating
the transfer jet pumps, except for jettison.
During jettison operations, the standby pump
supplies sufficient pressure.

CENTER TANK

RIGHT

WING TANK

RIGHT STANDBY

RIGHT JETTISON
VALVE

ENGINE-DRIVEN
FUEL PUMP

TRANSFER
JET PUMP

LEGEND
[ Vvent

] moTivE FLow
JET PUMP PRESSURE
COLLECTOR BOX

CENTER TANK

BOON

BOOST PUMP PRESSURE

Figure 5-4. Engine and APU Feed System (Aft Looking Forward)
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APU FEED =

The APU feed line branches off from theright Y ﬂ; L

engine main feed line through a motor-oper- Lo LerrvinG,

ated APU shutoff valve (SOV). The shutoff SRS L e

valve isinstalled as close as possible to the - N oS )

branch. Installing the APU SOV in thisloca- TR ‘_’/A{ oLerT

tion decreases the number of potential main ENGINE : A

engine feed line leakage points. The APU oo

SOV opens only during APU operation. The BOXES

APU feed line is routed directly to the APU ToSELAGE

firewall. A thermal relief valve, which is an TANK 1

integral part of the APU shutoff valve, allows %Y o A

for therelease of thermal expansion pressure. N " LeFTViNG,
RIGHT.WING - TANK S

TAEK\ :

FUEL USAGE g BN\ =i TO LEFT
TO RIGHT N HEYAN| ENGINE

Fuel usage sequenceisintended to keep the CG ENGING forge®]

within the envelope. The sequence is auto- coneerad

matically controlled by the center tank trans- BOXES

fer jet pumps, the fuselage tank overflow stand
pipe, the fuselage transfer lines, and by the
wing transfer jet pumps (Figure 5-5).

The fuel usage sequenceis as follows:
» Fuel isfirst used from the upper part of TO RIGHT

the fuselage tank through the stand pipe ENCING
to the center tank.

COLLECTOR
BOXES

* Then from the center tank to the wings

through the center tank transfer jet )
pumps. AN ;
. SN PR
« When the center tank isempty, the lower A LIS LG
part of the fusel age tank is depleted by SN N
constant transfer to the wings. o .
. . TO RIGHT N = |_ - J_ - -IIZZ?ICLEIIEI\TI.EI-
» Fuel is then depleted from the wing ENGINE panta
tanks. [ an
COLLECTOR
+ Collector box fuel burns last to the en- BOXES
gines.
FUSELAGE
TANK :
-\ ____F: . ,JI\
'__'_'\_‘: § LEFT WING
RIGHT.WING JRaS TANK S~
TANK\ :
= BN AN w0 S TO LEFT
TO RIGHT ~ R A ENGINE

ENGINE

COLLECTOR
BOXES

Figure 5-5. Fuel Usage Sequence
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Standby Pump

One standby pump (Figure 5-6) ismounted in
each collector box. Itisa28-VDC submerged,
centrifugal pump. Power for the left pump is
from the No. 1 main bus with automatic con-
trol from the No. 1 distribution busthrough a
3-amp circuit breaker. Theright pumpis pow-
ered from the No. 2 main bus with automatic
control through the No. 2 distribution busand
3-amp circuit breaker.

The pumps may be selected to the
AUTO-OFF-ON position by their respective
switch on the overhead panel as follows:

* AUTO mode—Pump activates auto-
matically if the fuel pressure at the en-
gineinlet drops below 6.0 psig.

» OFF mode—Pressure switch does not
activate the pump. The pump operates
regardless of switch position when jet-
tison system is activated.

* ON mode—Pump activatesregardless of
other conditions.

| RIGHT STANDBY
PUMP |

o

LEFT JETTISON
VALVE

RIGHT JETTISON
VALVE

INTERCONNECT
VALVE
(AFT)

Figure 5-6. Standby Pump (Typical)
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NOTE

If the standby pump automatically
activatesdueto adropinpressureto
the engine inlet, it is necessary to
cycletheswitchfrom OFFto AUTO
to reset the pump.

Transfer Jet Pumps

The transfer jet pumps are operated by motive
flow from the output of either the boost jet
pump or the standby pump respectively (Figure
5-7).

Check valves prevent reverse motiveflow into
the respective tanks. The check valves also
prevent suction of air through the jet pumps
when the engine operatesin the suction mode.

LEGEND
[ vent

] moTIvE FLow

Il JET PUMP PRESSURE

[ coLLecTor BOX

[ center Tank

[ GRAVITY/SUCTION FUEL PRESSURE

[ BOOST PUMP PRESSURE

Figure 5-7. Transfer Jet Pumps
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Interconnect Valves

Thefuel systemincludestwo motor-operated
interconnect valves (Figure 5-8):

» Theforwardvalveinterconnectstheleft
and right wing tanksin alinethat passes
through the center tank forward of the
collector boxes

» Theaftvalveintheleft collector box in-
terconnects the left and right collector
boxes

These valves provide lateral fuel balancing.
Both interconnect valves are controlled by a
two-position switch on the overhead panel la-
beled INTERCONNECT OPEN—-CLOSE.

Operation

Valve Position

Boththe FWD and AFT valves are monitored
by amber lights as follows:

* OPEN light remains illuminated when
associated valve is open

FlightSafety
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* IN TRAN light indicates that the asso-
ciated valveisin transit or isnot in the
same position asthe switch. Thelight ex-
tinguishes when the associated valve
completesitstravel to the selected po-
sition.

Fuel Unbalance

When the unbalance between the wing tanks
reaches or exceeds 400 |bs., the FUEL UN-
BALANCE EICAS message appears. To correct
the unbalance, select the INTERCONNECT
switch to the OPEN position which opens both
interconnect valves alowing fuel to flow to the
low side by gravity.

INTERCONNECT
| OPEN |

| CLOSE |
— JETTISON —

Figure 5-8.

Revision 2
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FUEL QUANTITY
SYSTEM

SYSTEM DESCRIPTION

The fuel quantity system comprises systems
for both measuring and indicating fuel quan-
tity (Figure 5-9).

FUEL (LBS)

CENTER
FUSELAGE

WING
FUEL TOTAL

8000 |

FUEL USED
FUEL TEMP

Figure 5-9. Fuel Indication EICAS
Display

MEASUREMENT SYSTEM

The fuel quantity measurement computer
(FQMC) isinthe aft left side of the cabin.

INDICATION SYSTEM

Onthe MFD, thefuel quantity indication sys-
tem provides the flight crew with fuel quan-
tity. The center tank, fuselage tank, wing tanks,
and total fuel quantities are displayed on the
secondary page of the MFD. The tank quan-
tities are displayed from the top down in the
order that the tanks are emptied.

The quantities are displayed as kilograms or
pounds depending on the system configuration.

Fuel temperature in degrees Celsius, and fuel
used are also displayed on the secondary page
of the MFD.
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REFUELING

The aircraft is refueled either by gravity or
through a single-point pressure refueling
(SPPR) adaptor.

The single-point pressure refueling (SPPR)
adaptor is inside an access door on the aft
right side of the fuselage aft of theright wing
(Figure 5-10).

Figure 5-10. Aircraft Fuel Panel

A microswitch in the door causes the
BAGG/FUEL DOOR caution message on the
EICASto illuminate when the refueling door
is secured. The refuel door must be securely
latched.

The pressure refueling system is designed to
refuel the tanks at a maximum pressure of 55
psi with automatic fuel level control. Pressure
refueling allows partial refueling or complete
refueling.

A decal inside the refueling panel door pro-
videsthe proceduresfor refueling the aircraft.

The gravity refueling port is located on the

upper right side of the fuselage forward of the
right engineinlet and provides another means
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to fill thetanks. Thetanksfill in the same se-
guence aswith the pressurerefueling system,
thereby ensuring the aircraft remains within
its CG.

Maximum fuel capacity is 655 Ibs less when
using gravity refueling over pressure refuel-

ing.

The refueling sequence allows the aircraft to
be ready for immediate takeoff with any fuel
guantity. Thetank filling sequenceisasfollows:

» Wings and collector boxes
» Fuselage tank lower part
» Center tank

» Fuselage tank upper part

During refueling, fuel entersthe fusel age tank
through the refueling shutoff valve at the bot-
tom of the fuselage tank and flows by gravity
to the remaining tanks. The refueling shutoff
valveisoperated using theincoming fuel pres-
sure and is controlled by afloat valve at the
top of the fuselage tank. The float valve con-

FlightSafety
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trols the maximum fuel level and establishes
the expansion space at the top of the fuselage
tank (Figure 5-11).

Operation
Thefloat valve operation is as follows:

* The tank has a drain port with an at-
tached el ectrical solenoid and atubeto
the shutoff valve.

» Withfull tank, thefloat risesand closes
the port to the shutoff valve to causein-
coming truck pressureto force the shut-
off valve closed.

* The solenoid allows partial fueling.
When the solenoid isenergized, it closes
the drain port. This causes the float to
closethe port to the shutoff valve, which,
inturn, causesthe shutoff valveto close.

* The solenoid receives its electrical
power from theright hot battery bus and
is controlled by the refuel TEST/NOR-
MAL switch located at the refueling
panel.

OFF/TEST
SOLENOID

FUSELAGE
TANK

GRAVITY
FILLER

| .

PRESSURE REFUELING
SHUTOFF VALVE

FUEL

CENTER TANK

COLLECTOR
D Box

WING TANK

Figure 5-11. Pressure Refueling System
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The solenoid may also be energized by the
REFUEL OFF switch on the center console

(Figure5-12).

REFUEL

Figure 5-12. Center Console Refuel

Switch

DEFUELING

Thejettison system provides defueling of the

aircr

Theguarded DEFUEL switch ensures there-
fueling door cannot be closed with the switch

aft (see Figure 5-10).

selected to the DEFUEL position.

5-12

NOTE

For maintenance purposes only, the
600 Ib switchesin the wings may be
bypassed by placing the NOR-
MAL/DEFUEL switch on the pres-
surerefueling panel inthe DEFUEL
position.

FOR TRAINING PURPOSES ONLY
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Fuel Jettison System

Fuel jettison during flight is possiblefrom ei-
ther one or both wings simultaneously. Each
jettisonvalvecircuit hasafloat switch that au-
tomatically closes the valve to stop the jetti-
son when fuel level in the respective wing
reaches 600 Ibs of fuel remaining. This al-
lowsthe other wing to continue until it reaches
the 600 Ib fuel remaining level.

The motor-operated jettison valvesare in the
jettison line. Thejettison outlets are between
the outboard flap and aileron on each wing.

Control

Each jettison valveiscontrolled by asplit-lens,
alternate-action type switchlight (Figure 5-
13) labeled JETTISON, OPEN-IN TRAN.

 OPEN—IIluminated when the associ-
ated jettison valveis open

* IN TRAN—IIluminated when valve
travels to the selected position

[ LEFT ENGINE —r— o RIGHT ENGINE ——

IGNITION DEEC DEEC IGNITION

" EHH H - E "

FUEL
rL SHUTOFF+ —— R SHUTOFF —

OPEN
IN IN IN
TRAN TRAN J|_TRAN

INTERCONNECT
FWD [ oPEN | AFT
OPEN OPEN
L TANK N — _ RTANK
CLOSE

OPEN

W JETTISON

TRAN

Figure 5-13. Overhead Fuel Panel
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Operation

» Selecting fuel jettison switchlight on
overhead fuel panel:

o Opens the respective jettison valve
and the amber IN TRAN light illu-
minates

o IN TRAN light extinguishes and the
OPEN light illuminates when jetti-
son valvereachesfully open position.

o Selecting jettison button automati-
cally activatesthe standby fuel pump
regardless of its switch position.

o The jettison circuit may be deacti-
vated, either by pushing the jettison
pushbutton or automatically when the
fuel level in that wing reachesthe 600
Ib fuel remaining setting, the standby
pump deactivates

CONTROLS
AND INDICATIONS

OVERHEAD PANEL

Figure 5-13 shows the fuel switches on the
flight compartment overhead panel and all re-
lated switches.

STBY PUMP Switches

The STBY PUMP switches have the follow-
ing three positions:

* ON—The standby fuel pump runs con-
tinuously.

* OFF—The standby pump is off unless
the jettison system has been activated.

e AUTO—The standby pump is off ex-
cept for the following conditions:

o Jettison valve selected
o Engineinlet pressure 6 psi or less

o During engine start

Revision 2
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INTERCONNECT Switch

The INTERCONNECT switch has the fol-
lowing two positions:

» OPEN—Both the wing and collector
box interconnect valves are open.

» CLOSE—Both the wing and collector
box interconnect valves are closed.

FWD and AFT Lights

 OPEN—Lightsilluminate when there-
spective interconnect valve is open.

* INTRAN—Lightsilluminatewhenthere-
spective interconnect valveisin transit.

JETTISON Switchlights

There are two jettison switchlights, one for
each side:

 OPEN—IIluminates when the respec-
tivejettison valve is powered open.

e IN TRAN—IIlluminates when the re-
spective jettison valveisin transit.

APU MASTER Switch

The APU MASTER switch (Figure 5-14) has
two positions:

* ON—Opensthe APU fuel shutoff valve
» OFF—Closesthe APU fuel shutoff valve

APy————

MASTER  STARTER

—— FIRE ——

GEN
——— TEST RESET STOP.
5 OFF OFF
ON START

Figure 5-14. APU Control Panel
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APU FIRE Switch

The APU FIRE switchlight closesthe APU fuel
shutoff valve. Pushing the APU FIRE switch-
light asecond time reopensthe APU fuel shut-
off valve.

CENTER PEDESTAL

REFUEL OFF

The REFUEL OFF switchlight islocated onthe
pedestal. It illuminates OFF when pushed to
stop pressure refueling from the flight com-
partment. This light receives its electrical
power from the right hot battery bus.

INSTRUMENT PANEL

FIRE-OVERHT Switchlights

Figure 5-15 shows the engine and APU fuel
shutoff valve switches.

Figure 5-15. Engine and APU Fuel
Shutoff Switches

The FIRE-OVERHT switches located on the
center instrument panel control the position of
the engine fuel shutoff valves which default
to the OPEN position.

Selecting the pushbutton closes the valve,
which stops fuel flow to the engine. Pressing
the pushbutton a second time reopens the
valve, allowing fuel flow to the engine.

Each valve hasa CLOSE/IN TRAN light lo-
cated on the flight compartment overhead
fuel panel (see Figure 5-13).

ThelN TRAN light illuminatesonly when the
valvetravel isbetween the open and closed po-
sition. The CLOSE light illuminateswhen the
valveis powered to the closed position.

5-14 FOR TRAINING PURPOSES ONLY

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

Fire Shutoff Valves

The fire shutoff valves are installed on the
engine feed lines at the engine firewall. The
fire shutoff valves are actuated by the flight
crew through the FIRE-OV ERHT switchlights
to stop the fuel flow to the engine in case of
fire.

LIMITATIONS
APPROVED FUELS

Approved fuel types are:

» Commercial Kerosene per specification
(Jet A and Jet A-1)

» Commercial wide turbine fuel (Jet-B)
o JP-4
* JP-5
« JP-8

FUEL TANK CAPACITIES

Wing tanks (each) 1,787 Ibs
Collector box (each) 52.51bs
Center tank 1,315 Ibs
Fusel age tank 5,306 Ibs
Total fuel capacity 10,300 Ibs

at 6.7 Ib/U.S. gallon
1,537 US gallons

FUEL UNBALANCE

Maximum lateral unbalance:

Takeoff 400 Ibs
Cruise and landing 600 Ibs
Revision 2
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EMERGENCY AND
ABNORMAL
OPERATIONS

FUEL EICAS MESSAGES

Figure 5-16 depictsthe fuel messages asthey
appear on the multifunction display (MFD).

2.0000
SQ

190.0

Lo ¥ |

VIB — — HYDPRESS —
R MAIN AUX

CABIN

DIFF RATE

APU

RPM EGT °C
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Warning Messages

COLLECTORLVL LOW (L/R)—Lessthan 35
pounds of fuel isin the respective collector
box.

FUEL PRESSLOW (L/R)—Indicatesadropin
fuel pressure to the engine fuel pump. If the
message remainsilluminated, it indicates that
the boost jet pump hasfailed and the automatic
changeover to the standby pump did not occur.

126.100 131.725

BAGG/FUEL DOOR
ENG FUEL TEMP HI
ENG FUEL TEMP LOW
FQMC FAIL

FUEL FILT BYPASS
FUEL STBY PUMP ON
FUEL UNBALANCE
JETT AUTO STOP INOP
WING FUEL LVL LOW

FLAPS

7

Figure 5-16. Fuel EICAS Indications
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Caution Messages

BAGG/FUEL DOOR—Either the baggage
compartment or refueling door isnot secured.

ENG FUEL TEMP HI (L/R)—Engine fuel
inlet temperature is above 275°F.

ENG FUEL TEMP LOW (L/R)—Engine fuel
inlet temperature is lower than 50°F.

FOMC FAIL (L/R)—Therespectivefuel quan-
tity measurement computer (FQMC) failed.

FUEL FILT BYPASS (L/R)—Both fuel fil-
ters are clogged.

FUEL STBY PUMPON (L/R)—Illuminates
when the respective standby fuel pump is
operating.

FUEL UNBALANCE—Asymmetry between
left and right wing fuel greater than 400
pounds.

JETT AUTO STOP INOP—Fuel jettison au-
tomatic stop is unavailable.

WING FUEL LVL LOW (L/R)—Respective
wing tank is approximately 400 |bs.

Status Messages
FUEL FILTER BYPASS (L/R)—Respective
fuel filter is clogged.

FUEL QTY COMPNS FAIL—Fuel quantity
monitoring degraded.
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QUESTIONS

1. Enginefuel issupplied from the:

A

B.

C
D

Associated collector box
Fusel age tank
Associated wing tank
Center tank

2.  When the standby pump switch is at
AUTO, the pump will run when:

A.

The interconnect switch is CLOSED

B. Line pressure dropsto 12 psi
C.
D

Wing tank fuel level depletesto 450
pounds

. Fuel pressure to the engine inlet is

low

3. Maximum allowable lateral fuel unbal-
anceis:

ooOw>

600 pounds for all conditions
370 pounds for landing
Not limited for cruise

400 poundsfor takeoff and 600 pound
for cruise and landing

4. WINGFUEL LVL LOW (L/R) CASmes-
sage indicates:

A.

B.

C.

Collector box has 35 pounds of fuel

remaining

}./Rl wing tanks contain 600 pounds of
ue

Asymmetry between the L/Rwingis

more than 450 pounds

Respective wing tank is approxi-

mately 450 pounds

FOR TRAINING PURPOSES ONLY

5.

Fuel usage sequenceis:

A.

Upper fuselage tank through the
standpipe, center tank, lower fuse-
lage tank, wing tank, collector box
Fuselage tank, wing tank, center tank,
collector box

Center tank, fuselage tank, wing tank,
collector box

Lower fuselage tank, center tank
upper fuselage tank, collector box
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CHAPTER 6

AUXILIARY POWER SYSTEM

INTRODUCTION

This chapter covers the general information about the G150 auxiliary power unit.

GENERAL

The Gulfstream G150 is equipped with the
Honeywell RE100 auxiliary power unit
(Figure6-1). The purpose of the airborne aux-
iliary power system, essentially a self-
contained power source, is to provide an
alternate source of pneumatic power for the
environmental control system and shaft power
to drive the auxiliary direct current (DC)
starter/generator. It isafully automatic, con-
stant speed gas turbine engine designed to
provide power while on the ground or in the
air.

Revision 2 FOR TRAINING

SYSTEM DESCRIPTION

TheAPU isagasturbineenginethat startswith
aircraft or ground DC power, and then oper-
ateson aircraft-supplied fuel. Itiscertified as
anonessential system and provideselectrical
power to the battery bus and bleed air to the
ECS ducting when necessary. The APU is
mounted in theaircraft tail section with access
provided through the equipment bay door in
the left aft fuselage.
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APU AIR INLET

STARTER-GENERATOR

COOLING INLET

Figure 6-1. APU Components

Theengineiscomputer controlled by sensors
that measure the APU operating parametersto
control the engine. Thisensuresthat the APU
and all of its subsystems operate correctly in
response to all environmental and load con-
ditions. It is approved for unattended
operation.

COMPONENTS
APU Enclosure

TheAPU isenclosed within afire-protecting
shield made of titanium sheet metal that al so
servesas ashield for APU debris containment
should rotor disc failure occur.

Intake Duct

Theair inlet system consists of an intake duct
mounted between the top of the APU and the
top right aft side of the fuselage. The intake
duct is made of 0.6-inch thick titanium. The
air intake with a screened inlet is above the
right pylon abeam the leading edge of the ver-
tical stabilizer. A fireproof gasket separatesthe

intake duct from the aircraft skin.

Cooling Duct

A NACA scoop style cooling air inlet duct is
below the right engine pylon abeam the right
HP blowout disc. The duct is divided into
two paths as follows:

» Upper—Cools starter-generator
* Lower—CoolsAPU enclosure

Exhaust Duct

The exhaust duct is on theright rear fuselage
directly below the horizontal stabilizer. It is
made of metal and ventsthe APU exhaust over-
board. Thereisa chrome heat shield mounted
with asmall air space between it and the fuse-
lage to protect the skin from overheating.
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Starter-Generator

The APU isequipped with a28-VDC starter-
generator mounted on the accessory gearbox.
The starter-generator iscooled by ambient air
drawninfrom aninlet on theright side of the
empennage, forward of the APU tail cone. The
starter-generator is identical to the power-
plant starter-generator.

Air System

APU bleed air is supplied via the APU air
valve that operates two solenoids. Selecting
the APU position on the ECS selector switch
(Figure 6-2) energizessolenoid #1. Thisopens
the valve and supplies|ow-pressure bleed air
to the air conditioner.

HOT

PILOT
DEFOG AIR COND

INCRS INCRS

APU CABIN
AIRFLOW TEMP

HI
FLow ||| MAN

DCRS DCRS

Figure 6-2. APU ECS Panel

Selecting theAPU AIRFLOW switchlight en-
ergizes solenoid #2. With both solenoids
energized, the APU air valve operatesin the
high-pressure mode. Under these conditions
the APU AIRFLOW switch illuminates the
words HI FLOW within the switch.
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Selecting the APU AIRFLOW switch asecond
time:

* Deenergizes solenoid # 2
» Extinguishes the words HI FLOW
» Returnsvalvetothelow-pressure mode

Electronic Control Unit

APU operationiscontrolled through the el ec-
tronic control unit (ECU). The ECU operates
on 28-VDC power. Itisan electrically-driven,
digital computer based controller that is pro-
grammed to control all APU electrical
functions. The APU isfully dependent on the
ECU for its electrical inputs.

The ECU performs four primary functions:

» Sendssignalsfor engine start and timed
acceleration to 100% speed

» Controls the fuel control unit (FCU)
torque motor current, and thusfuel sup-
ply, to maintain the APU at governed
Ispe((jad for all electrical and pneumatic
oads

» Continually monitors engine parame-
tersto ensure the APU operates within
specified limits

» Safely shutsdownthe APU whenanor-
mal or protective shutdown signal is
received

+ Performs shutdown for overspeed,
overtemp, or low oil pressure

The ECU receives electrical inputs from the
APU, flight compartment switches, and some
aircraft subsystems. Theinputsare crew com-
mands, datafrom the APU sensors, conditions
of main engine operation, and APU electrical
and pneumatic load demands. The ECU ana-
lyzes the signals and, as necessary to agree
with the system logic, sends a control signal
output or ignorestheinput. The ECU automat-
ically adjusts control parameters for APU
nonessential mode (aircraft on ground) and
APU essential mode (aircraft airborne) to
agree with the status of the essential mode
hardwire discrete that islinked to weight-on-
wheels (WOW).
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OPERATION
CONTROLS

APU controlsconsist of switches, relays, and
el ectronic equipment to control starting, stop-
ping, and operation of the APU. The APU
controls are on the overhead panel (Figure 6-
3) and center pedestal (see Figure 6-2) in the
flight compartment .

APU indication and monitoring are provided
on the MFD display.

APy ——————

GEN MASTER

STARTER

Figure 6-3. APU Panel

Generator Switch

The APU GEN switch is a three-position
switch spring-loaded to the OFF position. It
operates as follows:

* RESET—Restoresmagneticfieldinthe
generator

» OFF—Disconnects generator output
from aircraft DC buses without ener-
gizing the generator

» ON—Connectsgenerator'soutput to air-
craft DC buses

FOR TRAINING PURPOSES ONLY
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MASTER Switch

The APU MASTER switch is a two-position
rocker switch that functions as follows:

* OFF—Turns off power to ECU, closes
APU fuel valve and disables APU dis-
playson EICAS

» ON—Provides electrical power to the
APU ECU and energizes the APU cir-
cuits. It also initiates the APU displays
on the MFD, and opens the fuel feed
valve.

Start Switch

TheAPU STARTER switchisathree-position
switch spring-loaded to the OFF position. It
operates as follows:

o STOP—Inserts a false overspeed sig-
nal into the speed sensing circuit to cause
the APU to shut down; theinlet door re-
mains in the open position

» OFF—Nosignal issuppliedtothe APU
ECU

 START—Initiates the start cycle

Revisiion 2



ECS Selector

The environmental control system (ECS) se-
lector is on the center pedestal. The control
knob has an APU position that is used to se-
lect APU bleed air for air conditioning or
pressurization (see Figure 6-2).

APU AIRFLOW Pushbutton

TheAPU AIRFLOW pushbuttonison the cen-
ter pedestal and selectseither high or low flow
fromthe APU for air conditioning or pressur-
ization. When the button light is off, the APU
is providing low airflow. When the button is
pushed and the light comes on, the APU pro-
vides high airflow.

APU FIRE PROTECTION

For moreinformation about the APU fire pro-
tection system, see Chapter 8, "Fire
Protection.”

IGNITION/STARTING

When the APU MASTER switch is placed in
the ON position, the ECU performsacircuitry
check prior to start. A built-in-test (BIT)
checks the state of the electronics while a
built-in-test-equipment (BITE) test checks
thelinereplaceable units (LRUSs). If the ECU
findsproblemswith the LRUs, the ECU issues
a start inhibit command. If no problems are
found, the ECU transmits its ready status to
the cockpit so the APU can be started. The
ready status is when the numbers associated
with RPM and EGT are displayed.

Upon receiving a signal to actuate the APU,
the ECU provides power to the starter-gener-
ator to commence rotating the APU turbine
engine. When the engine speed reaches approx-
imately 5%, the ECU completesacircuit tothe
fuel shutoff valve and ignition unit. The fuel
shutoff valve opens, allowing fuel flow to the
fuel nozzles. Theignition unit commandsthe
igniter plugtofireandignitetheair-fuel mix-
ture in the combustion chamber.
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NORMAL OPERATION

The engine has four basic operating modes:

» Ready-to-load (full rpm with no shaft or
bleed load)

* Environmental control (bleed load)
» Electrical power generation (shaft load)

» Combination operation (simultaneous
shaft and bleed loads)

At engine-governed speed, the fuel control
assembly controlsfuel flow and automatically
controls turbine discharge temperature and
rpm within safe, set limits.

During engine operation, the ECU monitorsen-
gine speed, oil temperature, exhaust gas
temperature (EGT), and oil pressure. At engine
speeds above 95%, the ECU records engine op-
erating time and number of engine starts.

NORMAL SHUTDOWN

Under normal conditions, the APU is shut
down by positioning the STARTER switch on
the overhead panel to the STOP position. This
inserts afalse overspeed signal into the speed-
sensing circuit causing the APU to shut down.

Terminate APU operation at the existing op-
erating condition. If the APU is operating in
the loaded condition, shutdown is accom-
plished from theloaded condition. If the APU
is operating in the unloaded condition, shut-
down is accomplished from the unloaded
condition.

If the APU does not shut down as noted above,
an alternate shutdown may be caused by plac-
ing the MASTER switch to OFF. When the
MASTER switch is positioned to OFF, the
APU shuts down.

The APU may be shut down without damage
while starting or operating by either of the
two methods described above. Electrical power
then is removed from the APU and aircraft
fuel solenoid valves, andthe APU ECU isdis-
armed. No idle speed running isrequired prior
to APU shut down.
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"l
LIMITATIONS

The limitations contained in Section One of
the Airplane Flight Manual (AFM) must be
complied with regardless of the type of oper-
ation.

e Maximum altitudefor APU start 20,000
ft

* Maximum altitude for APU operation
35,000 ft

» Do not operate APU if right fire extin-
guisher has been activated

* Allow five-minute cool-down periods
between APU starts or between shut-
down and subsequent APU start. Allow
30 minutes for cool down period after
three start attempts

» Donot operate APU if right standby fuel
pump isinoperative

* Approved fuels:
o EMS 53111 (Jet A)

o EMS53112 (Jet A-1 and JP-8)
o EMS 53113 (Jet B and JP-4)
o EMS 53116 (JP-5)

» Approved oils:
o Aeroshell/Royce 560

Esso/Exxon 2380 Turbo Oil

o}

Castrol 5000

o}

Mobil Jet Oil 11

o}

Mobil Jet 254

o}

* APU generator load limits:
o On ground—300A

o In flight below 25,000 ft—300A
o In flight above 25,000 ft—250A

6-6 FOR TRAINING PURPOSES ONLY
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» Exhaust gas temprature:
o Maximum at governed speed—690°C

o Maximum transient during start-up
to 50% rpm—3870°C
* Rotor speed:
o Normal operations—100% +1%

o Overspeed—108%

EMERGENCY AND
ABNORMAL OPERA-
TIONS

INDICATING

The indicating system supplies the aural and
visual APU operational datanecessary for the
crew.

The APU system status is available on the
flight deck on the engineinstrumentsand crew
alerting system (EICAS) and multi-function
display (MFD).
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EICAS MESSAGES

There are several warning/caution (red/amber)
and advisory/status (green/white) messages
associated with the APU. Messages having ™
symbol are accompanied by an optional aural
alert (Figure 6-4).

Warning Messages (Red)
APU FIRE— ™ APU fire; APU enters auto-
matic shut-down sequence.

APU OVERSPEED—APU rpmtoo high; APU
did not enter automatic shutdown sequence

APU OVERTEMP—APU excessive temper-
ature; APU did not enter automatic shutdown
sequence.

L ENG/APU BLEED LEAK—Leak or rupturein
bleed air ducting from | eft engine or APU.

Caution Messages (Amber)
APU FAULT—APU malfunction; APU auto-
matically shuts down.

APU EXHAUST OVERTEMP—Excessive
temperature around APU exhaust duct; APU
automatically shuts down.

APU GEN OVERHEAT—APU generator tem-
perature high.

APU GEN OV ERLOAD—APU generator load
above limits.

APU OIL PRESS LOW—APU oil pressure
too low; APU automatically shuts down.

Advisory Messages (Green)

APU READY —APU on and running and ready
to load up.
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Status Messages (White)
APU GEN OFF—APU operating and APU
generator disconnected.

APU OIL LEVEL LOW—APU oil quantity
low.

APU OVERSPEED—APU overspeed; APU
automatically shuts down.

APU OVERTEMP—APU overtemperature;
APU automatically shuts down.
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Figure 6-4. APU EICAS Indications
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QUESTIONS

1. Theairborne APU provides:

A.

B.

C.
D.

An alternate source of pneumatic
power for the ECS (environmental
control system)

Shaft power to drive the DC starter-
generator

Power on the ground or inthe air

All of the above

2. TheAPU should not be operated when:

A.

B.
C.
D.

Right STBY fuel pump in inopera-
tive

Aircraft de-icingisin progress
Right fire bottle has been activated
All of the above

3. TheAPU loadlimit onthe ground and in-
flight below 25,000 feet is:

A.
B.
C.
D.

200 Amps
275 Amps
250 Amps
300 Amps

4. TheAPU generator and aircraft genera-
torswill runin parallel:

A.
B.

True
False

5. Maximum altitude for operation of the
APU generator is:

A.
B.
C.
D

Revision 2

20,000 feet
35,000 feet
25,000 feet
For ground only
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CHAPTER 7
POWERPLANT

INTRODUCTION

The Gulfstream G150 is powered by two aft fuselage-mounted Honeywell TFE731
medium-bypass turbofan engines. Early research and design was done by Garrett
AiResearch when they initially developed the engine as an APU for the DC10 aircraft.
Shorty after introduction, the engine was adapted for use on the Learjet 35/36, the
Falcon 10sand 20s, and is used extensively on many corporate aircraft today. Corporate

mergers have resulted in the TFE731 being branded by Honeywell Corporation.

GENERAL

TheHoneywell TFE731-40AR-200G isatwo-
spool, geared front fan, medium bypass ratio
turbofan engine (Figure7-1). The low-pres-
sure spool (N;) consists of afour-stage axial
flow compressor coupled through the center
shaft to a three-stage axial turbine. It drives
the fan through a planetary gearbox.

The high-pressure spool (N,) consists of a
single-stage centrifugal compressor driven by
asingle stage axial turbine through the outer
concentric shaft. It drivesthe accessory gear-
box through a tower shaft.

Revision 2

A reverse-flow annular combustor provides
heated high-energy air to the turbines. Each
engineisenclosed in a nacelle assembly and
mounted on an engine pylon by means of afor-
ward and aft mount.

Thedigital electronic engine control (DEEC)
and ahydromechanical fuel control unit (FCU)
provide operational control of this engine.
Standard equipment includes automatic power
reserve (APR), manual power reserve (MPR),
engine synchronization, and thrust reversers.
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POWERPLANT CONTROLS

Engine thrust is controlled from the throttle
quadrant with two main thrust levers (Figure
7-2). Motion is transmitted from the throttle
guadrant by a control cableto the enginefuel
control unit.

The throttle quadrant in the pedestal com-
prises main thrust levers, thrust reverser
levers, and main thrust lever latches. Themain
thrust levers control forward and reverse en-
gine thrust from IDLE to T/O thrust.

e Forward thrust—Thrust reverser levers
retained in the stowed position; move-
ment of thrust leversforward or aft con-
trols engine power

— TEMP CONTR —

DEFOG  AIR COND CABIN
TEMP

APy
ARFLOW
Hi
FLOW [{| MAN
oces _|_oce

CABIN PRESS
EMERG

NOSE DN

FIELD ELEV

ARM

REFUEL ENG
EVENT SLAT BYPASS

RETRACT AUX HYD PUMP TAKEOFF

OVRRD
oureo () @) o

OUTBD & INBD @ LAND

»wUorXrrm

FLIGHT GROUND
RUDDER AB AB

Figure 7-2. Center Console Throttle Quadrant
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* Reverse thrust—
o Main power leversin IDLE position

0 Thrust reverser levers in DEPLOY
detent position deploysthethrust re-
verser buckets

When the thrust reverse buckets are fully de-
ployed, alock solenoid in the throttle quad-
rant isenergized, enabling thethrust reverser
leversto functioninreversethrust modefrom
IDLE to MAX reverse.

Each main thrust lever hasthree positive stops:

 CUT OFF
 IDLE
« T/O

Additionally, two intermediate ranges deter-
mined by thrust lever position are labeled
CRZ (cruise) and CLB (climb).

Moving themain thrust lever forward from the
IDLE and T/O thrust position and back through
tothe IDLE position isanon-obstructed move-
ment.

To move the thrust power lever aft from the
IDLE position to the CUT OFF position and
back through to IDLE position, the thrust
lever latch must be raised to prevent inadver-
tent engine shutdown. A thrust lever retarder
automatically retardsthe main thrust lever to
IDLE position during an inadvertent deploy-
ment of thrust reverse buckets.

Switches controlling the ignition system,
DEEC, starter, and standby pump are in the
center of the overhead panel.
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Switches controlling fire protection, APU,
and reverse thrust are on the center instru-
ment panel.

DIGITAL ELECTRONIC
ENGINE CONTROL
(DEEC)

The TFE731-40AR-200G iscontrolled by an
engine mounted DEEC. Each receives power
from its respective main bus. The DEEC re-
duces pilot workload during engine opera-
tion. It provides spool speed and temperature
l[imiting, surge-free acceleration and deceler-
ation, engine synchronization, automatic per-
formancereserve, and engine condition trend
monitoring.

Additionally, the DEEC providesfor fully au-
tomatic engine startswith automatic termina-
tion for parameter exceedances. Required
control inputs are N4, N, ITT, P,T,, and
power lever angle (PLA).

A three-position switch on the overhead panel
controlselectrical power tothe DEEC asfol-
lows (Figure 7-3):

* AUTO—DEEC has full authority over
engine operation through PLA inputs
from the cockpit

» MAN—DEEC provides only supervi-
sory control for the engine ultimate
overspeed protection

o Parameter monitoring remainsavail-
able

o Overspeed protection fully functional

——— LEFT ENGINE —— s RIGHT ENGINE ——

IGNITION DEEC

STOP
AUTO AUTO START AUTO

Figure 7-3. Engine Start Panel
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DEEC IGNITION

STOP ON
AUTO START AUTO AUTO
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» OFF—Engine operation controlled
through mechanical linkage to the fuel
metering system of the FCU

o Only ultimate overspeed protection
through the FCU remains available

IGNITION SYSTEM

Theignition system for each engineincludes
the ignition exciter, two igniter plugs, and
two high voltage shielded output cables. The
ignition switch on the overhead panel is la-
beled AUTO and ON (Figure 7-3).

In the AUTO position, the DEEC commands
ignition on for three modes of operation as
follows:

* Normal engine start—N, between 6.8%
and 45%

* Uncommanded deceleration—N;
below the PLA set point and N, not
accelerating

» Excessive deceleration—physical de-
celeration of the engine exceeds the
commanded deceleration by the PLA.
This mode protects the engine in the
event of flameout

Inthe ON position, the ignition system oper-
ates continuously.

START SYSTEM

A three-position switch on the overhead panel
controlseach starter-generator asfollows (see
Figure 7-3):

« START—Momentary position that

latchesthe starter relay and energizesthe |

starter

o« STOP—Momentary position that un-
latchesthe starter relay and securesthe
starter

» Neutral position—Normal, default po-
sition
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Under normal conditions, the starter isactuated
by the pilot, and thereafter, controlled by the
DEEC. The starter will be secured either as
commanded by the DEEC or by selecting the
STOP position of the starter switch.

ENGINE FUEL SYSTEM

Theenginefuel system provides clean fuel to
the engine in aform suitable for combustion
(Figure 7-4).

It controlstheflow intherequired quantity for
easy starting, acceleration, and stable run-
ning in all operating conditions.

A high-pressure fuel pump delivers fuel to
the fuel spray nozzles, injecting the fuel into
the combustion chamber in the form of an at-
omized spray. Theflow rate must vary in order
to maintain a constant sel ected engine speed.
This is accomplished by the controlling de-
vicesthat arefully automatic with the excep-
tion of power selection, which isachieved by
the thrust lever.

Fuel flows from the fuel pump to the hydro-
mechanical metering unit (HMU) that con-
trolsthe amount of fuel suppliedtothe engine.
In normal operation, the metering section of
the fuel control isfully open, and fuel meter-
ing is controlled by the DEEC through the
torque motor.

In manual operation, the governor limitsrpm
to 105% and acts as an onspeed governor. The
shutoff (rotary) valve in the fuel control is
operated by throttle position (between IDLE
and CUTOFF) to facilitate engine start and
shut down.

Thefuel then passesthrough the fuel heater/oil
cooler and flow divider before going to the fuel
nozzles. Fuel from the HMU in excess of the
enginerequirementsflowstothereturntothe
fuel filter inlet.

Metered fuel is delivered to 12 fuel nozzles
divided between the primary and secondary
fuel circuits. The primary fuel circuit initiates
enginestarting. Beforereaching groundidle,
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Figure 7-4. Engine Fuel System

fuel flow divider allowsfuel to the secondary
circuit and returns the system to normal op-
eration. To prevent fuel accumulation in the
combustion section after engine shutdown, a
fuel dump valve purges remaining fuel from
both the primary and secondary fuel mani-
folds. The purged fuel flows to a fuel waste
ejector tank on the outer bypass duct.
Occasionally, a small amount of fuel may be
pooled in the bypass duct.

A mechanical fuel shutoff valve mountson the
dump valve. This shutoff valve provides au-
tomatic engine shutdown if the low-pressure
(LP) compressor fan separates from the LP
turbines.

Engine operation is controlled by the FCU,
which containsfuel shutoff and metering sec-
tions. This unit provides the throttle linkage
connection point and N, overspeed protec-
tion (flyweight manual mode governor) when
the DEEC isin use.

During normal operation, the DEEC performs
the functions of thrust setting, speed govern-
ing, and acceleration and deceleration limit-
ing through electrical inputsto aservo motor
on the fuel control unit. In the event of DC
electrical or DEEC failure, thefuel control me-
tering valve assumes control of the engine.
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ENGINE OIL SYSTEM

The TFE731-40AR-200G lubrication system
isadry sump, high pressureregulated system
designed to provide cooled, clean oil at a
nearly constant pressure to the engine bear-
ings and the gears and bearings in the plane-
tary gearbox, transfer gearbox, and accessory
drive gearbox (Figure 7-5).

The lubrication system on each engineisself-
contained and suppliesoil that lubricatesand
cools the engine bearings and other rotating
parts. The system consists of storage, distri-
bution, and indicating systems.

Theengineoil iscontained in afive quart oil
tank on the engine right side but the overall
engine capacity is 7.3 quarts. The tank has a
sight gauge to check oil quantity.

The pressure element on the lube and scavenge
pump supplies pressurized oil for lubrication
to the accessory drive and transfer gearbox as-
semblies, the planetary gear assembly and

NO. 4 AND NO. 5
BEARINGS
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high and low pressure shaft bearings. A four-
element scavenge pump scavenges the oil
from the bearing cases, fan planetary gear
case, accessory drive gear case, and transfer
gear case. The scavenged oil isthen returned
through a common scavenge line to the oil
tank.

A filter removes impurities from oil beforeit
isrouted for lubrication. Thefilter is protected
against clogging by abypassvalve adjacent to
theoil filter. The bypassvalve openswhen oil
pressure drop across the filter is excessive,
and to bypass oil around the filter to avoid
possible bearing starvation. The impending
bypassindication (but not actual bypassfunc-
tion) isinhibited by athermal lockout mech-
anism when the oil temperature is less than
approximately 100°F (38°C). Thisfeaturedis-
plays EICAS indications on the MFD during
engine start due to high oil viscosity at cold
temperatures. A thermal lockout deviceonthe
indicator preventsactuationin cold oil condi-
tions although the bypass valve bypasses oil
under these conditions.

ACCESSORY DRIVE

TRANSFER

GEARBOX ASSEMBLY - GEARBOX ASSEMBLY

FAN REDUCTION
GEARBOX

(1)

NO. 6 BEARING

Figure 7-5. Engine Oil System
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An oil temperature regulator (fuel heater/oil
cooler) and threefinned surface oil (air/oil)
heat exchangers provide temperature control
of fuel and oil. A fuel heater provides oil-to-
fuel heat exchanging to prevent ice forma-
tioninthefuel system from clogging thefuel
filter and other components. Thermostatic by-
pass valves in the air/oil and fuel heater/oil
coolers maintain the oil at the desired mini-
mum temperature during operation.

The breather pressurizing valve vents the oil
system at low altitudes, and increases the in-
ternal enginevent and tank pressureto ensure
proper oil pump operation.

SYNCHRONIZING

The primary purpose of the synchronization
system is to reduce the cabin noise level for
passenger comfort by synchronizing the speed
of the engines. The sync system consists of the
DEEC, data crosslink communication lines,
and a three-position cockpit switch labeled
SYNC switch (Figure 7-6).

The factory sets the master/slave identifi-
cation with theleft enginegenerally identified
as the master engine. The synchronizer will
function from flight idle to the maximum
power rating, with an authority of +5% N4
during mid-range operations.

ENGINE
SYNC

N1

Figure 7-6. ENGINE SYNC Switch
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ITT SYSTEM

| The interstage turbine temperature (ITT) is

sensed by thermocouples arranged between the
high and low pressure turbines. These thermo-
couples supply signalsto the EICAS system
data concentrator unit (DCU) and on to the
MFD or PFD display. Thel TT for each engine
isdisplayed in degrees centigrade (°C). This
indication is in digital and analog format
(Figure 7-7).

(5 (5
(& (5

FF (PPH)

OIL PRESS
OlL TEMP °C

WING
WING

FUEL TOTAL (LBS)

Figure 7-7. Engine Indications

FOR TRAINING PURPOSES ONLY 7-7



AUTOMATIC POWER RESERVE
(APR)

APR providesadditional thrust inthe event of
an enginefailure. Pressing the APR buttonin
the cockpit, arms the system (Figure 7-8).
Once armed, the system compares N, speeds
of both engines. If areduction of 15% N, is
detected on one engine during takeoff, the
system will allow both DEECsto deliver ad-
ditional thrust.

L R
APR APR

ARM ARM

Figure 7-8. APR Controls

Theincreased thrust is achieved by allowing
the ITT limit to increase from 1,004°C to
1,022°C. As such APR will only yield addi-
tional thrust if the engines are operating in a
temperature limited regime. At sealevel this
occurs at 76°F.

ENGINE INDICATING

The engine indicating system gathers infor-
mation from different monitoring systems and
displays them on the engine indicating and
crew alerting system (EICAS) and adaptive
flight displays (AFDs) in the pilot and co-
pilot front instrument panel as primary flight
displays (PFDs) and multifunction displays
(MFDs) (see Figure 7-6).

Primary engine indications are N1 and N,
rpm, ITT temperature, and engine vibration.
Other engine indications are engine oil pres-
sure and temperature, and fuel flow.

Thelow pressure rotor speed (N,) for each en-
gineisdisplayedin analog and digital display
and calibrated in percentage rpm. A dual mono-
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pole transducer at the rear end of the engine
low pressurerotor shaft suppliesN4 input sig-
nal to the EICAS system DCU and on to the
MFD or PFD. Sincethe N isdirectly propor-
tional to thethrust, the N, indication isthe pri-
mary thrust indication.

The high pressure rotor speed (N,) for each
engineisdisplayed in digital format and cal-
ibrated in percentage rpm. A dual monopole
transducer on the transfer gearbox supplies N
input signalsto the EICAS system DCU ané
on to the MFD or PFD display.

VIBRATION MONITORING

The vibration indication (VIB) display con-
sistsof two analog scalesfor right and left en-
gines (Figure 7-9). A special test pushbutton
isprovided on the overhead panel. Thevibra-
tion accelerometer ison the enginefront frame.
The accelerometer supplies signals to the
EICAS system DCU and on to the MFD and
PFD display.

Figure 7-9. Engine Vibration Indicator
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THRUST REVERSERS

The aircraft is equipped with the model TR
5040A Sthrust reverser systemto aid in slow-
ing the aircraft upon landing. Engine thrust
isredirected inaforward direction using tar-
get-type clamshell doorsdesignedto stow in
two seconds and deploy in one second.

The system is hydraulically actuated from
the auxiliary system and electrically con-
trolled using 28 VDC from the priority bus.
Each thrust reverser includes dual primary hy-
draulic actuatorsto ensure symmetrical door
actuation. Each system includes latch moni-
toring circuitry that initiates an automatic
stow (AUTOSTOW) sequenceif door latches
inadvertently move to an unlocked position.
If athrust reverser isinadvertently deployed,
throttle retard actuators automatically reduce
the respective throttle to IDLE thrust if the
TR is not in the fully stowed or fully de-
ployed position.

COMPONENTS

The main structural components of the thrust
reverser are the following:

» Jetpipe afterbody
Two thrust reverser door assemblies
Tailpipe assembly
Inner fan duct assembly
Fixed afterbody

The primary hydraulic and electrical compo-
nents of the TR system are the latchbox assem-
blies, thrust reverser control box (TRCB),
and throttle retard actuator.

Latchbox Assemblies

Each thrust reverser assembly is equipped
with two latchbox assemblies mounted on the
inboard and outboard sides of the tailpipe.
Thefunction of the latchbox isto latch and un-
latch the doors.
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The latchbox consists of a support bracket, a
fitting assembly, a hydraulic actuator, a pair
of latch hooks, leaf springs, and two switch
assemblies.

Thrust Reverser Control Boxes

There are two thrust reverser control boxes
(TRCB) per aircraft with each thrust reverser
electrically isolated. The box receives input
from the throttle quadrant position switches,
landing gear squat switches, and thrust re-
verser assembly in order to determinethe po-
sition of the reverser.

Based on thisinformation, the thrust reverser
control box signals positioning commandsto
the hydraulicisolation valve and the hydraulic
control valveto producethrust reverser over-
stow, deploy, and stow actions. Thrust re-
verser position signals are al so simultaneously
sent to the engine DEECs and cockpit annun-
ciators.

Throttle Retard Actuator

The throttle retard system is designed to re-
tard or keep the enginesin idle whenever the
thrust reverser is not in the fully stowed or
fully deployed position. This safety feature
prevents damageto the aircraft and thrust re-
verser.

Although it is possible to overcome throttle
retard forcibly, damageto related components
isprobable. Thethrottleretard assembly isin-
stalled on the underside of the afterbody, in-
side an access panel. The unit consists of a
hydraulic actuator and a crankshaft/lever as-
sembly mounted inside a housing.

The FCU has been modified as part of the
throttle retard installation. An arm added to
theteleflex control box isdesigned to contact
thethrottleretard assembly lever, preventing
engine acceleration.

In order to use the thrust reverser system, it
must first be armed. Depressing thethrust re-
verse (L/R) buttons on the pedestal arms the
thrust reversersif aircraft electrical power is
available and STOW and DEPLOY circuit
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breaker are closed. If these conditions are
met, the EICAS displays a white thrust re-
verser (T/R) icon inside the left and/or right
N, scalesand each thrust reverser switchlight
ilfluminates.

Deploying either or both thrust reversers re-
quirestherespectivethrust reverser systemto
be armed and the aircraft to be on the ground
(both main landing gear weight on wheels
signals present).

CONTROLS AND INDICATIONS

System Controls

Thethrust reverser systemisarmed using the
left and right thrust reverse ARM switchlights.

They are located on the pedestal between the
FMSs and are marked THRUST REVERSE.
When pushed, the button illuminatesindicat-
ing electrical power isavailabletothe TRCB
(Figure 7-10).

THRUST REVERSE

MICROPHONE

Figure 7-10. Thrust Reverser Indicator
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Piggyback leverson thethrottle quadrant con-
trol the system. Raising each respective pig-
gyback lever to the idle detent initiates the
deploy sequence. Aninterlock will prevent the
lever from being raised unless the respective
power lever is at IDLE. An additional inter-
lock preventsraising the piggyback lever past
the IDLE detent unlessthethrust reversersare
fully deployed.

System Indications

Cockpit indications consist of an amber CAS
message (L or RT/RFAIL) andaT/Ricondis-
played within each respective N, display
whenever the system is armed. The L or R
T/R FAIL CAS messageindicatesafailure of
theleft or right thrust reverser system. The T/R
icon can be displayed in green, white, or
amber.

e Green indicates thrust reverser is de-
ployed on the ground

» White indicates thrust reverser system
isarmed

» Amber displays whenever the L or R
T/R FAIL CAS message is displayed.

OPERATION
Deploy Cycle

Oncethe system is armed, both main mounts
areontheground and thereversethrust levers
aremoved to theidle deploy position, the de-
ploy sequencewill beinitiated. The deploy se-
guence begins with pressure being routed to
the stow side of the actuator. This pressure
places the thrust reversers in the overstow
position, retracts the latches, and activates
the latch switches. This causes the TRCB to
deenergizethe stow valve solenoid and ener-
gize the deploy valve solenoid routing pres-
sure to the deploy side of the actuator. The
deploy actuators will remain pressurized for
aslong asthethrust reversersare commanded
to the deploy position. Asthe thrust reverser
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reachesfull deployment, the TRCB detectsthe
signal from the full deploy switch on the out-
board primary actuator, signaling that the
thrust reverser doors are deployed.

Thissatisfiesthe TRCB requirementsthat ac-
tivate the thrust reverser deployed output
which causes the T/R icon to switch from
whiteto green. Simultaneously, the TRCB re-
versethrust schedule output signalsthe DEEC
that the thrust reverser is deployed. This ac-
tivates the reverse thrust via the power lever
angle (PLA) schedule.

Stow Cycle

Movement of the piggybacks from reverse
thrust position to the stowed position initiates
the stow sequence. Hydraulic pressure is
routed to the stow side of the actuator that
causes the thrust reversers to move toward
the overstow position. Thiswill terminate the
deployed signal tothe TRCB causing the T/R
icon to switch from green to white.
Simultaneously, stow pressure will fully re-
tract the latch hooks allowing the thrust re-
versersto reach the overstow position. Once
inoverstow, pressurewill beremoved from the
actuator. Thiswill release the latch hooksand
allow thelatches and thrust reversersto return
to the stowed position.

Overstow

Pressurizing the stow side moves the thrust
reverser doors into the overstow position.
This door position removes the interference
of the latch hook barbs with the door recep-
tacles and allows the latch hooksto fully re-
tract with the pressurization of the latch
actuators. Thethrottleretard actuator and the
primary actuators receive the stow pressure
simultaneously. The throttle retard actuator
alwaysretards the enginetoidle (regardless
of throttle lever position) during the over-
stow sequence.

Deployment of the thrust reverser outside the
overstow envelope (power setting, altitude, and
airspeed constraints) cannot be accomplished.
The thrust reverser doors must overstow prior
to unlatching thethrust reverser. Overstow will
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requirethat thethrust reverser doors overcome
theforcesthat result fromthedifferential of in-
ternal and external pressures.

Autostow

During forward thrust operation (power on
aircraft, thrust lever in forward quadrant),
electrical power through the stow circuit
breaker isalways present in the stow array of
thethrust reverser control. Thisfeature assures
that an autostow sequence isinitiated in the
event that any two unlock switches are de-
tected to be unlocked (or one switch unlocked
and hydraulic pressure is detected). An elec-
trical ground to the airframe, through the com-
mon terminal of poleA of each unlock switch,
ensuresthat the unlocked condition described
above causes activation of thethrust reverser
unlocked output of the TRCB resulting inthe
UNSAFE indication.

Movement of two unlock switches from their
unlocked position (or one switch plus hy-
draulic pressure) advisesthe TRCB to energize
the isolation and stow valve solenoids. This
opensthevalvesand directshydraulic pressure
to the stow sides of the primary actuators and
the throttle retard actuators. Thisreduces the
thrust of the affected engine to idle thrust.

When the engineisthrottled toidle, theforce
of the primary actuatorswill exceed the thrust
that resultsfrom thedifferential pressuresex-
erted on the doors. This will overstow the
thrust reverser doorsand allow thelatch hooks
to return to their locked positions. Theisola-
tion and stow valve sol enoids are subsequently
deenergized depressurizing the primary actu-
atorsand allowing thethrust reverser to return
to the normally stowed position.
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LIMITATIONS

The limitations contained in Section 1 of the |

Airplane Flight Manual (AFM) must be com-
plied with regardless of the type of operation.

GENERAL

Oil Temperature
Starting, minmum continous operation:

* Upto 30,000 ft—30°C to 127°C
* Above 30,000 ft—30°C to 140°C

* Transient—149°C (two minutes at any
operational altitude

NOTE

At temperatures below —40°C for ex-
tended periods, preheat engine be-
fore attempting start. During cold
oil temperature starts, oil pressure
may exceed maximum allowable
transients.

Ambient Temperature and
Altitude Envelope

For normal operation and ground starts, refer
to the AFM, Figure 5-19.

For air starts, refer to the AFM, Figure 3-1.

ENGINE OPERATING
LIMITATIONS
Setting and control of engine thrust is based

upon N4 (fan) speed. N, ishigh pressurerotor
speed.
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Rotor Speeds

Takeoff and maximum continous set per

Figures 5-1 through 5-6 in the AFM.
Do not exceed:

e Maximum N1—100%

e Maximum N> APR off—100.4%; APR
on—101.0%

» Transient Ny—100% to 100.8% for 10
seconds

e Transient No APR off—100.4% to
102.5% for 10 seconds; APR on—
101.0% to 102.5% for 10 seconds

» Overspeed N1—Red indications (log
overspeed durationin aircraft logbook)

» Overspeed No—Red indications (log
overspeed durationin aircraft logbook)

» Shutdown—Operate two minutes at 38%
N1 or below before shutdown (includ-
ing taxi time)
interstage Turbine Temperature
e Starting—990°C

¢ Takeoff—1,004°C (1,022°C with APR
on) for five minutes maximum

* Maximum continuous—990°C

e Maximum climb—974°C (recom-
mended)

e Maximum cruise—949°C (recom-
mended)

Start Times

o Light-off frominitial fuel flow—10 sec-
onds maximum

» From light-off to idle—60 seconds max-
imum

o Airstarts(frominitial fuel flow to 60%
N»)—45 seconds maximum

» Clearing engines (motoring or restart)—
15 seconds on; two minutes off for three
cycles, then 20 minutes off
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Oil Pressure Approved Fuels
At normal operating temperature: Fuelsconforming to Honeywell specifications:
» Engine start—Indication within 10 sec- e EMS53111 (JetA)

onds after light-off

« EMS53112 (Jet A-1 and JP-8)
* |dle—50 to 150 psi when oil tempera-
ture below 30°C « EMS53113 (Jet B and JP-4)

* |ldle—62 to 83 psi when oil tempera- * EMS 53116 (JP-5)

ture above 30°C
» Takeoff, climb, and cruise—62to 83 psi
* Transient—100 psi maximum (three
minutes maximum)
NOTE

At temperatures below —40°C for ex-
tended periods, preheat engine before
attempting start. During cold oil tem-
perature starts, oil pressure may ex-
ceed maximum allowabl e transients.

POWERPLANT LIMITATIONS

Manu- No. of Model Takeoff and Maximum
Facturer | Engines And Continuous Thrust
Type Rating, Static, ISA
Honeywell 2 TFE-731-40AR With and without
APR 4,420 Ib

Approved Oils
Lubricating oils conforming to Honeywell
specification, EMS 53110, Type Il

» Aeroshell/Royce 560

» Esso/Exxon 2380 Turbo Oil

» Castrol 5000

* Mobil Jet Oil Il

* Mobil Jet 254

NOTE

Thelisted brands of oil may be mixed.
Other types of oil are not approved.
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EMERGENCY AND
ABNORMAL
OPERATIONS

POWERPLANT SYSTEM EICAS
MESSAGES

Following is a ready-reference guide which
briefly outlines the message meaning and ac-
tion to be taken when a message appears on
the MFD (Figure 7-11).

WARNING Messages

ENG EXCEEDANCE (L/R)—Engine limits
exceeded: N1, No, ITT

ENG FIRE— ™ Overheating or firein Zone
1 (accessories section)

ENG OVERHEAT—™ Overheati ngorfirein
Zone 2 (combustor section)

OIL PRESS HI (L/R)—Engine oil pressure
above limit

OIL PRESS LOW (L/R)—Engine oil pres-
sureislow

OIL TEMP HI (L/R)—Engine oil tempera-
tureis high

CAUTION Messages

DEEC MAJOR (L/R)—Enginefuel controller
malfunction.

DEEC MAN MODE (L/R)—Enginefuel con-
troller switched to manual mode either man-
ually or automatically

DEEC MAN XFER INOP(L/R)—Enginefuel
controller cannot automatically switch to man-
ual mode

ENG FUEL TEMP HI (L/R)—Engine fuel
temperatureis high
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ENG FUEL TEMP LOW (L/R)—Engine fuel
temperatureislow

ENG MISCOMPARE (L/R)—Engine data
channels difference

OIL PRESS HI (L/R)—Engine oil pressure
above limit

OIL PRESS LOW (L/R)—Engine oil pres-
sureislow

OIL TEMP HI (L/R)—Engine oil tempera-
tureis high

OIL TEMPLOW (L/R—Engine oil tempera-
tureislow

ADVISORY Messages
IGNITION ON (L/R)—Engineignitionison

STATUS Messages

DEEC COMM FAIL (L/R)—DEECArinc 429
communication failure

ECTM DOWNLOAD (L/R)—Engine condi-
tion trend monitoring download. To be per-
formed on ground

ENG CHIPDETECT (L/R)—Metal particles
found in engine oil

ENG COMPARE INOP (L/R)—Engine data

comparator inoperative between DCU and
DEEC

FUEL FILTER BYPASS (L/R)—Respective
fuel filter isclogged

OIL FILTERBYPASS (L/R)—Engineoil fil-
ter is clogged
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Figure 7-11. Powerplant EICAS Indications
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QUESTIONS

1. Theratedthrust of the TFE 731-40AR en-
gineis:
A. 4,420 pounds, takeoff and max con-
tinous thrust, static, ISA
3,500 pounds, sealevel to 20,000 feet
4,250 pounds, static, sealevel to 75°F
755 pounds at .8 M4 and FL 400

OCoOw

2. Thrust setting for takeoff, climb, and
cruise are based on:
A. DEEC operation
B. N;rpm
C. ITT and fuel flow
D. Norpmand ITT

3. Theplanetary gear determinestherpm be-
tween the:
A. LPand HProtors
B. HP compressor and HP turbine
C. LPcompressor and LP turbine
D. LProtor and the fan

4. The maximum allowable N; under all
operating conditionsis:
A. 101% to 103% maximum continuous
B. 105% for one minute
C. 100%
D. 103% for five minutes

5.  When operating above FL 300, the max-
imum allowable oil temperatureis:

A. 127°C continuously

B. 140°C continuously

C. 120°at 55 psi

D. 149°C for five minutes
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CHAPTER 8
FIRE PROTECTION

INTRODUCTION

The Gulfstream G150 aircraft providesfor fire detection and protection for each engine, |
and the APU compartment.

GENERAL

Thefire protection system providesthe pilots two containers and tubing system located in
with asimple, quick and reliable means of de- the aft fuselage, APU compartment fire ex-
tecting and responding to hazardous over- tinguisher (and detectors) and warning and
heat conditions and/or firesin either engine indicating system with continuous monitoring
nacelle or in the area of the APU. The sys- for failures. Three separate portable fire-ex-
temincorporatestwo overheat/fire detectors tinguishersare provided for the occupied areas
routed inside fire Zone 1 (accessory and com- of the fuselage.

pressor section) and Zone 2 (core section),
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SYSTEM DESCRIPTION

The fire protection system incorporates
detection, warning, fire extinguishing and
testing devices for each engine and APU.

Each engine nacelle has two designated de-
tection zones with each zone having a dedi-
cated sensor tube and responder switch. Zone
1 (forward part of the nacelle) includesthe ac-
cessories and compressor section of theengine.
Zone 2 (aft part of the nacelle) includes the
combustor, turbine and tail pipe section of the
engine.

A continuous fire detector element is routed
through Zone 1 and Zone 2 at each nacelle to
providefire and overheat signalsto a cockpit
warning light. Two warning lights, one per
engine, are provided and atest button enables
testing of the detector integrity. Even though
the detector element is continuous, Zones 1 and
2 are separated by afire seal.

FIRE DETECTOR
SENSING TUBE

FIRE DETECTOR,
RESPONDER —
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The APU fire detector issimilar to the engine
fire overheat detectors with the exception of
the length and factory set alarm temperature.

DETECTION

Engine

Two independent detection systems, fire and
overheat, areinstalled on each engine. Each sys-
tem consists of two units: sensing element and
pressure switch (responder). The sensing ele-
ment isaseal ed gas-filled tube which activates
the alarm. The systems are operated through
power from the No. 1 and No. 2 distribution
buses, through theL and R DET circuit break-
erslocated on the overhead panel (Figure 8-1).

Zone lincludesthe accessory and compressor
sections of the left and right engines. Zone 1
is protected by the fire extinguishing system.
If afire or an overheat condition is sensed in
the zone, aFIRE pushbutton light illuminates,
an EICA S message appears and an audio alarm
sounds.

FIRE DETECTOR
SENSING TUBE

[ RN
H AN
\! \
\\ |
\,
\\
AN\,
AN /
NS £
NSimaG ENGINE NACELLE
el
b ZONE 2
FIRE DETECTOR
RESPONDER
ENGINE NACELLE
ZONE 1
Figure 8-1. Engine Fire/Overheat Detection
Revision 2
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Zone 2 includes the combustor sectionand is
not protected by the fire extinguishing system,
sincefireinthissectionisself-controlled due
to the limited amount of flammable fluidsin
thissection. If afire or an overheat condition
is sensed in this section, the OVERHT push-
button light illuminates, an EICAS message
appears and an audio alarm sounds.

The detection assembly consists of two major
subassemblies: a sensor loop assembly and a
responder assembly. The detector loop and
responder are joined to form a single unit.
The hermetically sealed responder assembly
containstwo pressure switches, thealarmre-
sponder, and the integrity monitor responder.

The detector sensor element tube contains a
fixed volume of helium gas. When the sensor
detects an overall ambient temperature of
300°F in Zone 1 or 450°F in Zone 2, itsinter-
nal pressureis proportionally raised. When a
pressure responding to the preset temperature
isreached, the pressure-actuated alarm switch
closes and sends a signal to the fire warning
light (Zone 1) or overheat warning light (Zone
2).

To detect and warn of alocalized high-intensity
temperature condition, such as a fire or
ruptured combustion chamber, a capability
for discrete sensing is built into the detector.
The sensor element contains an absorbent core
of halogen gas along its entire length. The
hal ogen-charged core hasthe unique property
of releasing an extremely large volume of gas
when any finite section of the sensor is heated
above atemperature setting of 950°F. The gas
avalanche raises the internal pressure of the
helium "averaging gas," activating the alarm
switch. Thus, the sensor is capable of detect-
ing two temperature hazards. It can provide
alarm signalsfor both general overheating of
the entire areaand/or ahigh temperature con-
dition resulting from alocalized fire or com-
bustion gas | eak.

The PRESS TO TEST pushbutton works two
ways. When the buttonispushed it checksthe
integrity of the respective discharge cartridges.
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The temperature-sensitive characteristic of
both gases providesfor automatic resetting of
their detection qualities when temperatures
decrease into the normal range.

Should the detector lose integrity (loseinter-
nal gas pressure) theintegrity responder con-
tactswill open, resulting in one of the PRESS
TO TEST pushbutton lights to come on. The
PRESS TO TEST pushbutton lightswill also
come on, along with the associated FIRE/
OVHT lights, if afault occursin the detection
system electrical circuit.

APU

The APU compartment isequipped with afire
detector, which is similar to the engine de-
tector, except for length and factory set alarm
temperature.

EXTINGUISHING

Thefire extinguishing system provides atwo
shot fire extinguishing capability for each of
the main engines and aone shot capability for
the APU compartment.

The left (forward) bottle has two outlets and
provides extinguishing agent to the left or
right engine through one of two dedicated
outlets. Theright (aft) bottle hasthree outlets
and provides extinguishing agent to the left or
right engine or APU compartment through the
corresponding dedicated outlet. Fire extin-
guishing agent expels through distribution
piping into the appropriate compartment.

FOR TRAINING PURPOSES ONLY 8-3



FIRE EXTINGUISHING
BOTTLES

Two spherical steel bottles (Figure 8-2) made
of corrosion resistant steel areinstalled onthe
upper left side of the aft fuselage section.
Access is through the baggage compartment
and through the equipment bay. Each bottle
is filled with 4 pounds of Halon (CBrF3-
Bromotrifluoromethane) and charged with
dry nitrogen at 600 psi at 70°F.

ADVANCED TECHNOLOGY

MONROVIA. CA 91016
FIRE EXTINGUISHER
HTL P/IN |

SERIAL NO | ]

AGENT (CBrF3) [ ]LBS NOM.
| |
CHARGE DATA  GROSS WEIGHT

PAN. NO. 3,552,495
PAT. NO. 3 129,765

DETAIL A
IDENTIFICATION PLATE

CAUTION

DO NOT LOOSEN
FILL/RELEIF OR
OUTLET VALVES
WHEN CONTAINER
PRESSURIZED

DETAIL B
CAUTION PLATE
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Each bottle hasadirect-reading pressure gauge
which indicates the propellant charge rela-
tive to ambient temperature, acombined fill-
ing and safety (thermal) relief valve and two
outlet terminals to left (forward) bottle and
three outlets to right (aft) bottle. Each outlet
contains an electrically initiated pyrotechnic
cartridge.

IHTLI

DATA PLATE

TEMP-PRESSURE RANGE \
[/ F° 40 | -40| o | -20] +40 '\
292 | 320 | 355 396| 449
370 | 400 | 437 486] 540
F° +60 | +70 | +80|+100] +120
518 | 555 | 593| 670| 755
618 | 660 | 702] 784| 885 /

PRESS 600 PSIG @70°F
AGENT: HALON 1301
(CBIF3)

DETAIL C
DATA PLATE

Figure 8-2. Fire Extinguisher Container Plates
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TWO-WAY CHECK VALVE

There aretwo two-way check valvesinthefire
extinguishing system, onein each of the com-
mon discharge lines between the fire extin-
guisher bottles. Each check valve has three
ports, two inlets and one outlet. One check
valvejoinstheleft outlet lines of both bottles
to adischargeline and the second check valve
joinstheright outlet linesto both bottlesto the
second dischargeline. Thisallowseither bot-
tleto dischargeits contentsinto either engine
and prevents extinguishing agent from back
flowing from afull bottle to an empty one.

THERMAL RELIEF VALVE

A fusible check valve isincorporated in the
safety (thermal) relief valve. If the ambient
temperaturerisesabnormally, the check valve
melts and the bottle discharges its contents
through itsthermal relief valve into the com-
mon line between the bottles and overboard by
bursting thethermal dischargeindicator disk.
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THERMAL RELIEF DISC

A thermal relief valve on each bottle is con-
nected in a common line terminating at a red
frangibledisc (Figure 8-3) ontheleft side of the
aft fuselage skin. Thethermal relief valveini-
tiates a discharge of the bottle contents over-
board if internal thermal conditions cause
excessive pressure.

CAUTION

If the frangible disc is not in place
during preflight, it indicatesthat one
or both bottles have thermally dis-
charged, but does not identify which
one. Thebottle pressure gauges must
be checked and the disc and/or bot-
tlereplaced before flight.

A 4

i
>/

THERMAL RELIEF |
| FIRE EXTINGUISHER |

Figure 8-3. Thermal Relief Disc
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PORTABLE FIRE
EXTINGUISHERS

There are three portablefire extinguisher bot-
tles (Figure 8-4) in the aircraft; one in the
flight compartment and two in the cabin on the
aft partition.

The extinguishing agent, Halon 1211 (BCF)
(Chemical formulaof CBrC1F2) isusedfor the
following types of fire:

e Class A carbonaceousfires
* Class B flammable liquid fires
e Class C electrical fires

i SPRAY
: NOZZLE
" = RED SAFETY
QUICK N CATCH
RELEASE ~ h ~LEVER
CLAMP = " N~
: ; INDICATOR
. 5 DISK
SUPPORT 2 B

BRACKET =

) N—

% FLIGHT COMPARTMENT
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The third bottle is filled with H,0. Since the
location of these extinguishers may vary with
each customized interior aircraft configura-
tion, pilots should determine the specific lo-
cations for each aircraft.

DISK
INDICATOR RED SAFETY
CATCH

STRAP BRACKET
PASSENGER CABIN

Figure 8-4. Portable Fire Extinguishers
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OPERATION
ENGINE CONTROLS

The engine fire detection and extinguishing
controls consist of lighted pushbuttons and
circuit breakers (Figure 8-5).
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Five lighted pushbuttons are mounted on the
center instrument panel: two FIRE/OVERHT
pushbuttons (one for each engine), two
ARM/EMPTY discharge pushbuttons (onefor
each extinguishing bottle) and a PRESS TO
TEST pushbutton.

Thecircuit breakers are mounted on the over-
head circuit panel with controls for FIRE
DETECT (L/R) and EXTING (L/R).

AIR LEAK

PRESS
TO
EMPTY TEST EMPTY

Figure 8-5. Engine Fire Extinguishing Controls
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FIRE/OVERHT Pushbutton

Therearetwo FIRE / OVERHT pushbuttons,
one for each respective engine. The pushbut-
tonsaredivided into two parts and guarded to
prevent inadvertent activation.

FIRE—L ocated on the upper part of the push-
button, it illuminates (red) to indicate afire
or overheat conditionin Zone 1 of the engine.

OVERHT—Located on the lower part of the
pushbutton, itilluminates (red) to indicateafire
or overheat condition in Zone 2 of the engine.

ARM/EMPTY Pushbutton

Therearetwo ARM/EMPTY pushbuttons, one
for each respective fire extinguishing bottle.
The pushbuttons are divided into two parts.

ARM—L ocated on the upper part of the push-
button, it illuminates (green) to indicate that
the discharge cartridges for the selected fire
extinguishing bottle have been armed.

EMPTY —Located on the lower part of the
pushbutton, itilluminates (yellow) to indicate
that an electrical charge has been sent to the
squibs. Thelightissolely afunction of switch
activation after system arming.

PRESS
TO

FlightSafety
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PRESS TO TEST Pushbutton

Primary testing of the fire protection system
is achieved by the white PRESS TO TEST
pushbutton. Pressing this button checks the
integrity of the electrical circuits, the sensor
(detector) tubes, and the fire bottle discharge
cartridges. When the pushbutton is pressed
and held, the fire protection system is tested
asfollows:

» Both FIRE lightsilluminateto indicate
the integrity of the detectorsin Zone 1
for each respective engine.

e Both OVERHT lightsilluminate to in-
dicate the integrity of the detectorsin
Zone 2 for each respective engine.

» Boththegreen ARM andyellow EMPTY
lights (Figure 8-6) illuminateto indicate
continuity of the electrical circuits.

« APU EMPTY light illuminates

» Thewhitelightsinthefour cornersof the
PRESS TO TEST pushbutton (Figure 8-
7) should illuminate when pressed, in-
dicating electrical continuity of the
squibs through the fire control panel to
the respective discharge cartridges on
thefirebottles. If any of thelightsinthe
pushbutton fail to illuminate, the cause

=

Figure 8-6. ARM/EMPTY Pushbutton

Figure 8-7. PRESS TO TEST Pushbutton
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may be a discharged squib or simply a
failed bulb. Releasing the PRESS TO
TEST switchlight, placethe IND TEST
switch on the overhead panel tothe DCU
A & LTS position. If the lamps illumi-
nate, aproblem existswith the discharge
]E:la_rtrr]idge and must be corrected prior to
ight.

e TheaudibleENGINE FIRE will activate.

CAUTION

Pressing the fire PRESS TO TEST
switchlight and the DCU A & LTS
switch simultaneously will result in
squib activation.

NOTE

When the PRESSTO TEST buttonis
pressed, the L ENG/APU BLEED
LEAK and R ENG BLEED LEAK
warning messageswill appear on the
EICASdisplay verifying theintegrity
of the low pressure bleed leak de-
tector loops.

FIRE PANEL OPERATION

Overheat

If an OVERHT light illuminates during engine
start, it indicates excessive temperature or
fire in zone 2 of the associated nacelle. The
affected engine should be shut-down (thrust
lever to cutoff), the FIRE/OVERHT switch-
light pressed to close the fuel and hydraulic
shutoff valves, and the engine should be
motored using the START switch until the
OVERHT light is out.

Revision 2

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

Fire

If a FIRE light illuminates, normal engine
shutdown (by moving the power lever to cut-
off) should be accomplished. Pushing the
affected switchlight illuminates both ARM
lights. Pushing the associated discharge switch
actuates adischarge head, and the contents are
discharged to zone 1 of the selected engine.
At the same time, the ARM light for the
associated switch extinguishes and the
EMPTY lightilluminates. If the FIRE light re-
mainsilluminated or if visual evidenceof fire
exists, discharge the second bottle.

NOTE

[llumination of the EMPTY lightis
not an indication that the selected
bottle hasdischarged. Thisissimply
adischarge switch function.

APU CONTROLS

The APU fire detection and extinguishing con-
trolsconsist of lighted pushbuttonsand circuit
breakers (Figure 8-8).

Threelighted pushbuttons are mounted on the
overhead panel for the APU FIRE warning
indication: an APU FIRE pushbutton, an
ARM/EMPTY discharge pushbutton and a
PRESS TO TEST pushbutton.

Thecircuit breakers are mounted on the over-
head circuit panel with controlsfor FIREDET
and EXT.
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APU FIRE Pushbutton

The APU FIRE pushbutton illuminates (red)
if afire or overheat condition occurs in the
APU compartment. When pressed, the APU
FIRE pushbutton (Figure 8-9) arms the right
fire bottle’s APU discharge cartridge. The
pushbutton is guarded to prevent inadvertent
activation.

ARM/EMPTY Pushbutton Figure 8-9. APU Fire Pushbutton
The ARM/EMPTY pushbutt Fi 8-6
isc(ieivided/into two ',?,L;rts_” on (seeFigure8-6) EMPTY —Located on the lower part of the

pushbutton, it illuminates (yellow) to indi-

ARM—L ocated on the upper part of the push- I cate that the right switch has been depressed.
button, it illuminates (green) to indicate that

the APU discharge cartridge for theright fire

extinguishing bottle has been armed.
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PRESS TO TEST Pushbutton

Testing of the APU fire protection system is
achieved by thegreen PRESS TO TEST push-
button (Figure 8-9). Pressing this button
checkstheintegrity of the electrical circuits,
the sensor (detector) tubes, and the fire bot-
tle discharge cartridges. When the pushbutton
ispressed and held, thefire protection system
istested as follows:

» Thered FIRE lightsilluminate to indi-
cate the integrity of the APU compart-
ment fire detector.

* The green ARM and yellow EMPTY
lightsilluminate to indicate continuity
of the electrical circuits.

*» The PRESS TO TEST pushbutton illu-
minates to indicate the integrity of the
right fire bottle’s discharge cartridge.

* On the main panel, the right EMPTY
light illuminates

 APU FIRE audible activates
e Horn in nose wheel well activates

NOTE

When the PRESS TO TEST buttonis
pressed, the APU FIRE warning
message and APU EXHAUST
OVERTEMP caution messagewill
appear on the EICAS display.
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ADDITIONAL CONTROLS
IND TEST Rocker Switch

AnIND TEST switchismounted on the over-
head panel. When the IND TEST rocker switch
is placed in the DCU A & LTS position, the
integrity of thefour whitelampsin theengine
PRESS TO TEST pushbutton and the APU
PRESS TO TEST pushbutton light are tested.
This tests whether an unlit lamp is due to a
lamp failure or to theloss of continuity tothe
discharge cartridge (Figure 8-10).

IND LIGHTS

Figure 8-10. Additional Controls

|_WARNING |

Do not pressthe IND TEST and fire
PRESS TO TEST switches simulta-
neously. Discharge of the four fire
bottle cartridges may occur.
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DETECTION

The detection system consists of gas-filled
sensor tube (Figure 8-11), pressure-operated
diaphragm alarm responder switch and de-
tector integrity responder switch. The sensor
tube encirclesthe engineat all critical points
to provide large area overheating detection
and concentrated, small area, spot detection
of fire.

Each sensor tube consists of stainless steel,
hermetically sealed housing with permanently
attached sensor element forming asingle unit.
Electrical connector and two pressure (re-
sponder) switchesare enclosed in the housing.
The sensor tube al so containsacore (discrete
element) which releases halogen gas when
heated above a preset operating point. The
sensor tube is also precharged with helium
gas, which surrounds the core and provides
arithmetic average gas response feature, en-
abling detection of general overheating con-
dition within the nacelle when heated to a
preset operating point. Therefore, increased
pressure caused by general overheating or fire
causes the FIRE or OVERHT light come on,
aswell asan EICA S message and aural warn-
ing, by closing the normally open contacts of
alarm (responder) switch. Both average and
discrete functions are reversible, therefore,
when the sensor cools, averaging gas pres-
sure lowers, halogen is reabsorbed into the
discrete core and with the resulting pressure
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drop, it causes the alarm switch contacts to
open and extinguish the warning lights.

Theintegrity responder switch isconnected to
the PRESS TO TEST switch and isinstalled
in the sensor tube to check integrity of the
sensor tube. It issimilar to the alarm respon-
der switch but operates at lower pressure and
contacts are normally closed. If the sensor is
ruptured and gas pressure is lost, contacts
open, thus when the PRESS TO TEST push-
button is pressed, FIRE / OVERHT warning
lights, for affected side, will not comeon, in-
dicating sensor failure. Warning for overheat
or fireconditionin Zone 1 or Zone2intheen-
gine nacelle, is indicated by the FIRE or
OVERHT warning lights coming on in the
fire control panel located at top center in-
strument panel.

The APU FIRE warning light on the overhead
panel comesonindicating afireor overheat con-
dition and stays on as long as the temperature
is above its rated setting. Simultaneously, the
APU FIRE warning message isdisplayed onthe
EICAS and the aural warning is activated.

Thefiredetection systemiscontinuously self-
monitored for failures. The monitoringisin-
dicated by continuous dim glowing of the
FIRE/OVERHT lights. If a system failureis
detected, one of the four lightsin the switch-
light illuminates.

ALARM RESPONDER
NORMALLY OPEN)

INSULATOR

.
CES
B cJ

DETECTOR
RESPONDER

DIAPHRAGM

CERAMIC
ISOLATOR SENSOR
CORE

GAS LEGEND

B ocPrower
[ GAs PRESSURE

INTEGRITY RESPONDER
(NORMALLY CLOSED)

Figure 8-11. Detector Sensor Element
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NOTE

Under some failures, FIRE or
OVERHT may illuminate simulta-
neously with one of the PRESS TO
TEST lights.
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EXTINGUISHING

Engine

Theenginefireextinguishing system (Figure
8-12) ispowered from the priority busthrough
theL and R ENG FIRE EXT circuit breakers.

FRONT
® RELAY ®
BOX
EICAS |
TO LIGHTS
14 IND TEST
SWITCH
ARM PRT%SS FIRE
OVERHT|| [EMPTY TEST EMPTY| [|OVERHT
TO L HYD TORHYD
AND FUEL AND FUEL
SHUTOFF SHUTOFF
VALVES VALVES
{ i< bt THERMAL
¢ ¢ RELIEF
[ 4 I ™ ‘ i ' DISK
PRESSURE | |
GAGE FILLER
RELIEF AND
VALVE RELIEF
AGENT VALVE
CONTAINER
TOAPU
RESPONDER RESPONDER RESPONDER
| |
I I
TOTEST I | TOTEST TOTEST [ I | TOTES
CIRCUIT : CIRCUIT CIRCUIT : CIRCUI
FIREDET | OVERHT DET OVERHT DET | FIRE DET
ZONE | : ZONE II TWO-WAY ZONE Il : ZONE |
CHECK
TWO-WAY
I CHECK VALVE I
: VALVE :
L ENGINE R ENGINE

Figure 8-12. Engine System Operation
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If a FIRE light comes on, the guard over the
FIRE/OVERHT pushbutton will belifted for
depressing the pushbutton. Pressing the but-
ton has two functions:

|t armsboth extinguisher discharge car-
tridges for the affected engine while
lighting both ARM (green) lights

* |t operates the relevant relays to close
the shut-off valvesin the affected engine
fuel and hydraulic supply lines, which
shut down the engine.

An ARM/EMPTY (discharge) pushbutton is
depressed, firing the pyrotechnic cartridge on
the side selected by the FIRE switch, dis-
charging the contents of the bottleinto the af -
fected engine. The ARM (green) light goes off
andthe EMPTY (yellow) light illuminates. If
the fire is not extinguished (FIRE light stays
on), the action isrepeated on the second ARM/
EMPTY pushbutton. After the fire is extin-
guished, the FIRE light goes off. The FIRE/
OVERHT pushbutton must be depressed again
toreleaseit.

The EMPTY light remainson aslong as elec-
trical power is provided to the system. If the
right engine bottle button has been pressed, the
EMPTY and APU EMPTY lights illuminate
simultaneously.

If the FIRE pushbutton is pressed again, the
ARM lightsilluminate even if abottleisempty.
Therefore, a system check is performed
through the PRESS TO TEST pushbutton
which hasfour lights, one for each cartridge,
asfollows:

* IND TEST switch is pressed. All four
PRESS TO TEST lights should illumi-
nate, indicating the test system is ser-
viceable

» PRESSTO TEST pushbuttonispressed.

Whichever light doesnot illuminateindicates
that its respective cartridge has been fired,
and therefore, the bottle is empty
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APU

The APU fire extinguishing systemispowered
from the priority bus through the APU EXT
circuit breaker.

If a FIRE light comes on, the guard over the
APU FIRE pushbutton will be lifted for de-
pressing the pushbutton. Pressing the button
has two functions:

* Arms the system for the APU while
lighting the ARM (green) light

» Operatestherelevant relaysto closethe
shut-off valve to the APU fuel supply
line, which shut down the APU.

An ARM/EMPTY (discharge) pushbutton is
depressed, firing the pyrotechnic cartridge on
theright sidefire bottle, discharging the con-
tents of the bottleinto the APU compartment.
The ARM (green) light goes off and the
EMPTY (yellow) light illuminates. After the
fireis extinguished, the FIRE light goes out.
The APU FIRE pushbutton must be depressed
againtoreleaseit.

The EMPTY light for the APU as well asthe
right EMPTY light for the engine remain on
aslong as electrical power is provided to the
system.
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If the FIRE pushbutton is pressed again, the
ARM lightsilluminate even if abottleisempty.
Therefore, a system check is performed
through the PRESS TO TEST pushbutton, as
follows:

* IND TEST switchispressed. The PRESS
TOTEST light not should illuminate, in-
dicating thetest systemisnot serviceable

If during unattended ground operation the
APU entersan over temperature situation, the
APU fire system automatically shutsthe APU
down and an external horn sounds.

An APU OVERTEMP EICAS message illu-
minatesto indicate excessive temperature and
the APU did not enter the automatic shut-
down sequence.

Portable Fire Extinguishing

To use portable extinguishers, remove from
quick-release bracket, hold upright by gripping
hand grip with spray nozzle pointing away
from operator. Slidethered safety-catch down
with the thumb and point nozzle to direct the
spray at base of fire. Squeeze the lever in the
hand grip with palm of hand to discharge the
spray. Releasing the lever closes a secondary
seal insidetheoperating head. A ruptured red
indicator disk in the fire extinguisher indi-
cates a partial or total discharge of extin-
guisher and should be replaced.
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INDICATION
ENGINE

If thereis afire or overheat in Zone 1 of an
engine, pushbutton indicating and warning
lights illuminate and action is taken, as fol-
lows:

 FIRE/OVERHT: FIRE light (red) illu-
minates and the audio alarm sounds. If
feasible, shut down engine. Lift trans-
parent guard over pushbutton and press
pushbutton. This closesthe fuel and hy-
draulic shut-off valvesto the respective
engine and arms the extinguishing sys-
tem.

« ARM/EMPTY: ARM light (green) illu-
minates. Pressthe pushbutton, firing the
cartridge of the respective bottle to dis-
chargethe extinguishing agent into the af -
fected engine. Thereafter, EMPTY light
(yellow) illuminates. If fire light stays
on, discharge the second bottle by the
second ARM/EMPTY pushbutton.

* FIRE/OVERHT: FIRE light (red) goes
out and audio alarm stops, after fire or
overheat in Zone 1 is remedied.
Pushbuttonispressed againtoreleaseit
and put out the EMPTY lights.

If thereis afire or overheat in Zone 2 of an
engine, pushbutton indicating and warning
lightsilluminate and actionistaken asfollows:

e« FIRE/OVERHT: OVERHT light (red)
illuminates and the audio alarm sounds.
If feasible, shut down engine.
Transparent guard over pushbutton is
lifted and the pushbutton is pressed.
Thisclosesthe fuel and hydraulic shut-
off valvesto the respective engine (both
ARM lightsilluminate).
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« ARM/EMPTY: ARM light (green) illu-
minates. The pushbutton is pressed, fir-
ing the cartridge of the respective bottle
to discharge the extinguishing agent into
the affected engine. Thereafter, EMPTY
light (yellow) illuminates. If fire light
stayson, the second bottleisdischarged
by the second ARM/EMPTY pushbutton.

 OVERHT light (red) goes out and audio
alarm stops, after fire or overheat in
Zone 2 is remedied. Pushbutton is
pressed againtoreleaseit and put out the
ARM lights.

il e
(OO0 i l—r
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When the PRESS TO TEST pushbutton is
pressed, four white lights in the pushbutton
should illuminate and audio alarm sounds to
indicatetheintegrity of thefour cartridgesin
the bottles. If alight does not illuminate, it
indicates that the respective cartridge has
been fired.

If adetector losesintegrity (losesinternal gas
pressure) or if afault occursin the detection
system electrical circuit, the respective light
of the PRESS TO TEST pushbutton will illu-
minate (Figure 8-13).

LEFT FIRE RIGHT FIRE
DETECTOR DETECTOR
LEFT SQUIB LEFT SQUIB

FRONT BOTTLE REAR BOTTLE

LEFT OVERHEAT RIGHT OVERHEAT,
DETECTOR DETECTOR
RIGHT SQUIB RIGHT SQUIB

FRONT BOTTLE REAR BOTTLE

PRESS
TO
EMPTY TEST EMPTY

Figure 8-13. Engine Indication
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APU

The APU FIRE pushbutton condition indicator
light (red) illuminateswhen afire or overheat-
ing condition occursinthe APU compartment.
When pressed, the right container discharge
cartridges are armed and the ARM/EMPTY
pushbutton illuminates.

The upper half of the ARM/EMPTY push-
button ARM light (green) illuminates to in-
dicatethe APU discharge cartridgein theright

[ COCKPIT LIGHTS
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bottle is armed. The ARM light goes off and
the EMPTY light (yellow) illuminates when
the ARM pushbutton is pressed and the right
bottle has been discharged.

The lower half of the ARM/EMPTY push-
button EMPTY lightilluminatesto indicatethe
right bottle has been discharged. The right
EMPTY and APU EMPTY indicator lights
come on simultaneously (Figure 8-14).

— CABINLTS — ———EXTERIOR LIGHTS ————

OO"@

Lexsprose s certe) L— wwoswero —I  pros

Figure 8-14. APU Indication
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SMOKE DETECTOR
SYSTEM

The cabin entertainment smoke detector sys-
tem isinstalled in production aircraft begin-
ning with S/N 227.

A fan and asmoke detector is below the aft end
of the copilot side panel. The fan draws air
from the outboard side of the entertainment
system forward through the smoke detector,
then blowsit out under the cockpit floor to the
outflow valve. The system also has an over-
heat warning system set at 125°F. The OV ER-
HEAT switchlight illuminates at 125°F and
extinguishes at 115°F.

WARNING SYSTEM

ENT SMOKE and ENT O’ HEAT switchlights
along with apushbutton test switch are below
the Davtron clock on each side of the cockpit
(Figure 8-15).

Theamber O’ HEAT switchlight illuminates at
125°F. Thislight may illuminate on ahot day
until the fan starts.

The red SMOKE switchlight flashes when
smokeisdetected. When the SMOKE switch-
light is pushed, it stops flashing and illumi-
nates steady as long as smoke is detected. If
the smoke stops, the light extinguishes after
it is pushed.
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ENTERTAINMENT

SMK

ENT ENT
() SMOKE O’HEAT

PTT
PRESS TO CANCEL

PILOT SIDE

ENTERTAINMENT
SMK

ENT ENT 7

O’HEAT SMOKE

PTT
PRESS TO CANCEL

COPILOT SIDE

Figure 8-15. Cabin Entertainment
Smoke Detector System

EMERGENCY AND
ABNORMAL
OPERATIONS

Following is a ready-reference guide which
briefly outlines the message meaning and ac-
tion to be taken when a message appears on
the MFD (Figure 8-16).

M essages having L symbol are accompanied
by an aural alert.

WARNING MESSAGES

APU FIRE ™ —APU fire. APU enters auto-
matic shut-down sequence

ENG FIRE ™ —Overheating or firein Zone
1 (accessories section)

ENG OVERHEAT ™ —Overheating or firein
Zone 2 (combustor section)
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190.0 2.0000 126.100 131.725

Lo ¢ |

VIB — — HYDPRESS —

R MAIN AUX

CABIN
DIFF RATE

SLATS FLAPS

- APU —— up j
RPM  EGT°C

DN

Figure 8-16. APU FIRE EICAS Indications
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QUESTIONS

1. OVERHT annunciationis provided for:

A. OVERHEAT in zone 1

B. OVERHEAT in zone 2

C. FIREinzonel

D. Zones 1 and 2 of each nacelle

2. Whenthe FIRE/OVERHT switchlightis
pushed, the ARM lightswill come on to
indicate:

A. Closing of thefuel and hydraulic shut-
off valves

B. Fully charged fire extinguishers

C. Integrity of thefire/overheat elements

D. Fire-extinguishing arming

3.  Thermal overpressuredischarge of afire
extinguisher isindicated by:
A. EMPTY lightilluminatedin the cock-
pit
FIRE light not illuminated
Thereis no cockpit indication

Onebulbinthe PRESS-TO-TEST but-
ton would not be illuminated

COow

4. If afireconditionissensedinZonel, the
crew will have the following indication:
A. ENGINE FIRE CAS message

FIRE pushbutton, CAS message and
audio alarm

B.

C. Audio alarm and illumination of the
FIRE pushbutton

D.

FIRE/OVERHT pushbutton illumi-
nates

5. Thefireextinguishing system providesa
two shot fire extinguishing capability for
each of the engines and a one shot capa-
bility for the APU:

A. True
B. False
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CHAPTER 9
PNEUMATICS

INTRODUCTION

The pneumatic system for the G150 includes the air sources, conditioning, control, and
distribution. In addition, related systems such as nacelle anti-icing, surface deicing, hy-
draulicreservoir pressurization, and cabin pressurization air sourcesareincluded. A backup
air supply isincorporated in the system for aircraft pressurization in the event of primary
system or controller failure.

GENERAL

The pneumatic system provides the sources, The ECS selector panel has controls for se-
control, and warning systems associated with lecting the source of ECS air, controlling the
the use of bleed and ram air. cabin temperature and secondary (backup)

controlsin the event of system degradation.
BothHPand LPair issupplied from each en-
gineor the APU to asingleair cycle machine
(ACM). The ACM coolsthe hot bleed air for
use in the cabin and cockpit.
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PNEUMATIC SYSTEM

Thefollowing subsystems comprise the pneu-
matic system:

* Engine bleed-air supply

* APU bleed-air supply

* Nacelle anti-icing air supply
» Surface deicing air supply

» Emergency air supply

* Ozone converter

» Hydraulic reservoir and cabin door air
supply

* Indicating and warning system

* Ram-air supply

BLEED-AIR SOURCES
DESCRIPTION

Engine Bleed-Air Supply

Bleed air isextracted from both the high pres-
sure HP and low pressure LP ports on each
engine. LPbleed air issupplied fromthefourth
stage of thelow pressure compressor, and the
HPbleed air is supplied from the single stage
high pressure compressor of the engine. Each
of these portshave aventuri at the point where
the air leavesthe engine. The purpose of these
venturiesisto prevent excessiveair extraction
from the engine if one of the ducts should
rupture (Figure 9-1).

Both the HP and L P air ducts of each engine
are routed to a bleed switching valve (BSV)
which controlsthe amount of bleed air enter-
ing the environmental system.

HP bleed air from each engineis used for na-
celle inlet anti-icing. HP bleed is tapped off
the bleed-air duct before the bleed switching
valve.

LPbleed air from each engineisused for sur-
facedeicing. It istapped off the bleed-air duct
before the bleed switching valve.
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LP bleed air, from the right engine only, is
tapped off the bleed-air duct before the bleed
switching valveto provide an emergency source
of bleed air for the pressurization system.

APU BLEED AIR SUPPLY

APU bleed air is available for use on the
ground or airborne. Two modes, low flow and
high flow, supply air to the pneumatic system
when the air source selector switch on the
ECS control panel isin APU, located on the
top right side of the center pedestal. (Figure
9-2) Selection of any other bleed source will
close the APU bleed-air valve.

Since bleed air for the deice system is tapped
off the LP bleed air prior to the bleed-air
switching valves, APU bleed air is not avail-
ableto operate any of the deice or anti-ice sys-
tems on the G150.

HOT

PILOT
DEFOG AIR COND

INCRS INCRS
DCRS DCRS

Figure 9-2. ECS Selector Panel

CABIN
AIRFLOW TEMP

rrow |[|| maN
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AIR SELECTION

Air source selectionisaccomplished by theair
source selector switch on the ECS control.
The switch has the following positions:
* RAM
- APU
L ENG
BOTH ENGINES
R ENG
« EMERG

When the switchisplacedin one position that
valveisopen and all other valves are closed.
OneexceptiontothisistheBOTH ENGINES
position which opens both engine bleed
switching valves (BSV) and closes all other
valves. This is the normal position of the
switch in flight.

The other exception is the RAM position.
Thereisno ram-air shutoff valve. Theram- air
inlet has a check valve. When RAM is se-
lected it closes all other valves. When the
pressure in the duct falls below the ram-air
pressure, the check valve opensand allowsram
air to enter the duct and ventilatethe aircraft.

The switch hasadetent for theL ENG, BOTH
ENGINES, and R ENG positions. Thisisdone
to prevent accidental selection of one of the
other positions. To sel ect one of the other po-
sitionsitisnecessary to pull up onthe switch
and then make the selection.
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COMPONENTS
BLEED SWITCHING VALVES

Two bleed switching valves, onefor each en-
gine, are in the upper aft fuselage. The bleed
switching valves control the normal source of
air to thecommon manifold of the temperature
control system (see Figure 9-1).

Air from the high pressure inlet to the bleed
switchingvalve (BSV) isused to pressurizethe
hydraulic reservoirs and the cabin door seal.
Thehydraulic systemiscovered in Chapter 13.

Thisair is also used for the service pressure
regulator valve, which in turn provides the
working pressurefor thetrimair valve (hot air
valve).

The bleed switching valves are electrically
controlled and pneumatically actuated. Inthe
event of a loss of electrical control power,
they fail-safe to the open position.

The valves incorporate LP and HP air-inlet
ports, amixing chamber, HPair pressurereg-
ulator, LPair-inlet check valve, solenoid valve,
and apneumatically actuated modulating and
shutoff valve.

Control of the bleed switching valvesisby the

air selector switch located on the top right
side of the center pedestal (see Figure 9-2).
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OPERATING MODE

The bleed switching valve is sensitiveto LP
and HP air inlet pressure. The best air source
isselected from either theLPor HPinlet pres-
sures. Whenever LPinlet pressureislessthan
approximately 21.5 psi, the HP pressure reg-
ulator opens the HP poppet valve and the LP
check valve closes. HPbleed air becomesthe
sole source in this condition (Figure 9-3).

The HP regulator modulates to maintain the
HP bleed air pressure through the BSV to ap-
proximately 21.5 psi, regardless of the HP
pressure available from the engine.

As engine power increases the LP bleed-air
pressure also increases, along with arelative
increasein HPair pressure. When the LP bleed

RELIEF
VALVE

PNEUMATIC
ACTUATOR
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air from the engine reaches approximately
21.5 psi the venturi action acrossthe HP pres-
sure regulator valve induces the LP check
valveto open. Thisallowsbleed air from both
the LPand HPto passthrough the BSV at ap-
proximately 21.5 psi.

As the engine power continues to increase
eventually the LPbleed-air pressurefromthe
engine exceedsthe 21.5 psi setting and the HP
pressure regul ator closes and stopsthe use of
the HP bleed air.

Eventually there could betoo much L Pbleed-
air pressure. At this point the pneumatically
operated modulating and shutoff valve regu-
lates the BSV output pressure to a maximum
of 27.5 2 psig.

LEGEND
[l HP BLEED AIR

[J LPBLEED AR
[ HP-LP MIX
[ conTROL AIR
[J AMBIENT AIR
_X— ELECTRICAL

HYDRAULIC
RESERVOIR
PRESSURIZATION
AND DOOR SEAL

HP PRESSURE
REGULATOR

Figure 9-3. Bleed Switching Valve Open
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If at any time during the flight the LP bleed
air pressuredropstolessthan 21.5 psi the HP
regulator will open and limit the minimum
output pressure of theBSV to 21.5 psi. At this
point the check valve at the LP input will
close and prevent reverse flow to the engine.

CLOSED MODE

Both electricity to the solenoid and bleed-air
pressure arerequiredto closethe BSV (Figure
9-4). A loss of either bleed air or electricity
causesthe shutoff section of the valveto open.

In the event of one engine shutdown, reverse
airflow to the shutdown engine is prevented
by the check valve at L P bleed port and the fact
that the HPregulator closesif the pressure at
theinlet to the BSV exceeds 21.5 psi.
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APU AIR VALVE

TheAPU air valveisapneumatically operated
electrically controlled valve.

When thevalveisopenit allowsair from the
APU to enter the common air duct to the tem-
perature control system.

TheAPU air valve hastwo solenoids, solenoid
No. 1 and solenoid No. 2.The APU air valve
iscontrolled by two switcheson the ECS con-
trol panel (see Figure 9-2).

When theair selector switchisinthe APU po-
sition it energizes solenoid No. 1, which opens
the valve and operates in the low-pressure
mode. If the APU AIRFLOW switchlight is
also selected, it energizes solenoid No. 2.

SOLENOID

m—

RELIEF
VALVE

PNEUMATIC
ACTUATOR

0 CLOSE

FILTER

LEGEND
[l HP BLEED AIR

[ LP BLEED AIR

O HP-LP MIX

[l CONTROL AIR

] AMBIENT AIR
X ELECTRICAL

HYDRAULIC
LP AIR RESERVOIR
INLET PRESSURIZATION

AND DOOR SEAL

HP PRESSURE
REGULATOR

Figure 9-4. Bleed Switching Valve Closed
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With both solenoids energized, the APU air
valve operates in the high-pressure mode.
Under these conditions, the APU AIRFLOW
switch illuminates the words HI FLOW.

When the APU AIRFLOW switchispressed a
second time, it deenergizes solenoid No. 2 and
extinguishesthewordsHI FLOW. This causes
thevalveto operatein thelow-pressure mode.

PNEUMATIC SYSTEM
OPERATION

When the air selector switchisplacedinthe
L ENG, BOTH ENGINES, or R ENG posi-
tion the respective BSV opens and all other
valves close. (Figure 9-5)

TO NACELLE
ANTI-ICE

y
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Air passes through the mixed bleed-air ven-
turi to the common bleed-air manifold for the
temperature control system.

When the air selector switch is placed in the
APU position it closes the bleed switching
valvesand opensthe APU air valve. Bleed air
can come from either the APU or engines but
never both.

AirfromtheAPU air valve passesthrough the
APU check valve and providesair to the com-
mon bleed-air manifold. The purpose of the
check valveisto prevent reverseairflow when
the BSV isopen and the APU isnot operating.

The APU airflow is sufficient to provide full

§ HP BLOWOUT
DIsC

N
a

TO
EMERGENCY
PRESSURIZATION

TO

SERVICE PRESSURE
REGULATOR

TO DOOR SEAL
PRESSURIZATION

TO HYDRAULIC

TO
AIRFRAME
DE-ICE K
[«

ENVIRONMENTAL
CONTROL SYSTEM

HYDRAULIC RESERVOIR
PRESSURE REGULATOR

RESERVOIR PRESSURIZATION

BLEED
SWITCHING
VALVE

BLEED
SWITCHING
VALVE

I

TO NACELLE

ANTI-ICE

HP BLOWOUT
DISC

Figure 9-5. Pneumatic System Operation
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heating, cooling, and pressurization, either
on the ground or in flight.

Bleed air for the hydraulic reservoir and cabin
door seal pressurization system is tapped off
the APU bleed-air duct between theair valve
and the check valve.

To provide more control of theairflow into the
cabin, theAPU air valve can be selected to ei-
ther high or low flow. This is done with the
APU AIRFLOW push button onthe ECS con-
trol panel.

When it is selected to HI FLOW, the push-
button illuminates the words HI FLOW. With
the APU selected and the button not pushed,
the air flow islowered and the light is extin-
guished.

The HI FLOW isespecially beneficial in pro-
viding more rapid heating or cooling of the
cabinwhiletheaircraftisonthe ground. Once
the cabin hasreached the desired temperature,
selecting low flow provides a quieter cabin.

Emergency Air Supply

Inthe event of afailure or malfunction of the
normal cabin pressurization air supply, an
emergency air sourceisavailable. The emer-
gency bleed air comes from the right engine
low-pressure bleed-air outlet upstream of the
right bleed switching valve (BSV).

The emergency bleed-air supply consists of a
pneumatically operated electrically controlled
shutoff valve, air orifice, and a separate duct
that goes directly to the aft pressure bulk-
head. Thisduct bypassesall the normal ducts
in the unpressurized area of the fuselage.

The emergency air shutoff valveisasolenoid
controlled valve.

Placing the air selector switch tothe EMERG
position energizesthe solenoid. Thisallows
the LP bleed air from the right engine to
overcome the spring and open the valve.
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Selecting any other position of the air selec-
tor switch deenergizesthe solenoid and aspring
closesthevalve.

Since the emergency bleed-air duct bypasses
the temperature control ducts, the only way to
control the emergency bleed air temperature
isby adjusting theright engine power setting.

Use of windshield defog should be limited to
lower engine power settings when emergency
bleed air is selected. Thisisto avoid the pos-
sibility of damaging the windshield due to
the potential of excessive bleed air tempera-
ture while in emergency.

WARNING AND
PROTECTION

OVERPRESSURE SWITCH

An overpressure switch is installed in the
mixed-air duct to warn the flight crew of an
overpressure condition.

OVERTEMPERATURE SWITCH

Two temperature switches are installed in
the mixed-air duct just prior to entering the
air-cycle machine. Either of these switches
warn the flight crew of an over temperature
condition.

Both temperature switches and the pressure
switch are wired in parallel. If any of the
switches close, they supply a ground to the
DCU, which illuminates the red BLEED
PRESS/TEMP HI warning message on the
EICAS. When the condition is corrected, the
switch(es) open and the message is extin-
guished.
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HIGH PRESSURE DUCTING

The high pressure (HP) ducts from the en-
ginestothebleed switching valves (BSV) are
double-wall ducts. Essentially they are ducts
within ducts.

TheHPDbleed air flowsthrough theinner duct.
Theouter duct isvented to atmosphere through
aholein ablow-out disc.

The blow-out disc is on the bottom of the en-
gine pylon and must be inspected prior to
flight.

If the inner duct ruptures, the hot bleed air is
contained withinthe outer duct. If the pressure
inthe outer duct reaches40 psi or more, it rup-
turesthedisc and safely ventsthe hot air away
from the fuselage.

Sincethehot bleed air issafely directed away
from the fuselage, thereisno flight compart-
ment indication that this duct has ruptured.

Bleed-Air Leak
Sensing Elements

Thelow pressure (LP) ductsfrom the engines
and the APU bleed-air supply duct have over-
heat sensing elementsthat provide visual warn-
ing messages on the EICAS when the
temperature surrounding the bleed duct exceeds
a predetermined temperature.

Each sensing element consists of acenter and
outer conductor separated by a semiconduc-
tor that does not normally conduct el ectricity
unless it reaches a preset temperature.

Mounting clipsand insulated grommets mount
the sensing element to the bleed-air ducts,
maintaining a minimum clearance between
the sensing element and the surrounding ducts
to avoid false alarms.
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Bleed-Air Leak Controller

The bleed-air |eak detectors are connected to
controllers, which energize an internal relay
when an overtemperature condition exists.
The controller, in turn, sends a signal to the
DCU toilluminate the CAS message.

The right bleed-air leak detection system is
routed along the right engine bleed-air ducts
up to the air cycle machine. If an overtem-
perature occurs along this duct, it causes the
controller on that side to illuminate the R
ENG BLEED LEAK message

The left bleed air-leak detection system is
routed along the left engine and APU bleed-
air ducts. If an overtemperature occurs along
either of these ducts, it causes the left con-
troller toilluminatethe L ENG/APU BLEED
LEAK message.

[lTumination of the L ENG/APU BLEED
L EAK message automatically shutsdown the
APU. It is important to remember that per-
forming a FIRE PRESS TO TEST with the
APU running also shuts down the APU.

Theleft APU bleed-air leak detection systemis
powered by 28 VDC fromtheNo. 1 distribution
bus. Theright bleed-air leak detector systemis
powered from the No. 2 distribution bus.

Thecircuit breakersthat protect the systemsare
labeled BLEED AIRLEAK L, Rrespectively,
and are under the ENGINE section of the cock-
pit overhead circuit-breaker panel.

Thetest circuit for the systemispowered from
the No. 1 distribution bus and is activated by
pushing thefire PRESSTO TEST pushbutton.

Bleed-Air Leak System
Operation

The bleed-air leak detection system provides
bleed-air |eak detection for thefollowing zones:

Right engine bleed-air ducts
Left engine and APU bleed-air ducts
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Each zone consists of one or more sensing el-
ements and a controller. When an overheat
condition impinges on any portion of a sens-
ing element, raising its temperature above
sensor temperature setting, the semiconduc-
tor conducts the electricity from the center
conductor to the outer conductor which goes
to ground.

This completes the circuit, which causes the
warning relay inthe controller to energize and
trigger thealarm signal. When the sensor cools
below the preset temperature setting, the semi-
conductor stops conducting, causing therelay
to deenergize and stop the alarm signal. This
causes the warning message to extinguish.

The sensing elements connect to the control unit
in a continuous 1loop arrangement with both
ends of the center conductor going to therelay
in the controller and both ends of the outer
conductor going to ground. Thisinstallation en-
sures that a single break in the 1oop does not
cause the system to become inoperative.

If morethan one break occursintheloop, only
the portion of the sensing element between
the breaksislost. The remaining sections con-
nected to the control unit retain the ability to
detect and signal an overheat condition. A
falsewarning does not occur asaresult of one
or more breaksin the sensing element circuit.

Atest circuitisprovided to ensure continuity
of the center conductor. When the fire PRESS
TO TEST pushbutton is pressed it energizes
the bleed-air leak test relay.

This external relay energizes another relay
within the controller. The relay in the con-
troller disconnects one end of the center con-
ductor from the warning relay, also in the
controller, and connects it to ground. This
way the center conductor must have good con-
tinuity to energize the warning relay and il-
luminate the respective CAS message.
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RAM-AIR SYSTEM

Ram comes from three separate inlets. One
inletisat the base of the vertical stabilizer and
providesram air for therefrigeration unit (air
cycle machine).

The second ram-air inlet is a flush-mounted
scoop near the top right side of the fuselage.
Thisinlet providesram-air circulation for the
cabin and flight compartment. Thisram-air en-
tersenvironmental ductsthrough acheck valve
forward of the water separator.

There is no ram-air shutoff valve. When the
air selector switch on the pedestal is selected
to RAM, it simply closes all other air valves.

Aslong astheductsare pressurized by ableed-
air source, the check valveisclosed. If there
is aloss of bleed air, the ram air opens the
check valve and provides air circulation for
the cabin and flight compartment. Thissystem
also preventsnegative pressuredifferential in
the cabin in the event of apressurization sys-
tem malfunction. There is no temperature
control of ram air.

The third ram-air inlet is a flush-mounted
scoop on top of thefuselage just aft of the bag-
gage compartment. The ram-air duct outlet
faces the aft wall of the baggage compart-
ment. The air deflectsfrom the aft wall of the
baggage compartment to ventilate the aft fuse-
lage area except for the APU compartment.

TEMPERATURE
CONTROL SYSTEM

Thebleed air from the engines or APU enters
the common duct. From there it goesthrough
the precooler or bypasses the precooler de-
pending on the bleed air temperature going to
the refrigeration unit.

From the precooler, all the bleed air goes

through the ozone converter to remove ozone
from the air entering the cabin.
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After the bleed air |eavesthe ozone converter,
it branches off to go either through the re-
frigeration unit (air-cycle machine) or to the
trim air valve.

Thetrim-air valve serves as a hot air control
valve. When thetrim-air valveisfull open, it
provides maximum heating of the cabin. If
thevalveisclosed, all theair isforced through
therefrigeration unit and changed to cold air.
Thiscondition resultsin maximum cooling of
the cabin.

With the trim-air valve partially open, some
hot and cold air entersthe mixing chamber and
provides conditioned air for temperature con-
trol of the cabin and flight compartment.

Ozone Converter

The ozone converter isessentially acatalytic
ozone converter that removes ozonefrom the
air entering the cabin and flight compartment.

The ozone converter isto theright and slightly
forward of the refrigeration unit.

Thisunit contains asubstancethat is capable
of breaking down the ozonein the air supply
from the engines or APU.

Bleed-Air Precooler

The precooler lowers the temperature of the
bleed air from either the enginesor APU. The
precooler is an air-to-air heat exchanger
mounted just aft of the refrigeration unit.

The ram air exiting the refrigeration unit is
used to cool the bleed air beforeit entersthe
refrigeration unit.

There is a temperature sensor and a bypass
valve associated with the precooler.

The precooler bypass valve is a pneumati-

cally operated valve controlled by atemper-
ature sensor.
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TEMPERATURE
CONTROL SYSTEM

OPERATION

Cabin and flight compartment temperatureis
normally preset for automatic control. The
temperature is set by positioning the TEMP
CONTRknob on the ECS panel to thedesired
temperature. The temperature control system
may be operated in either the automatic or
manual mode (Figure 9-6). Cabin tempera-
tureisdisplayed on the secondary page of the
EICAS.

— TEMP CONTR —

EMERG Q

COLD

PILOT
DEFOG AIR COND

INCRS INCRS AIRFLOW TEMP
rlow |[|| MAN
DCRS DCRS

Figure 9-6. ECS Control Panel

CABIN

AUTOMATIC MODE

In the automatic (normal) mode the tempera-
tureis set by positioning the TEMP CONTR
knob to the desired temperature. Thereareno
numbers on this knob. You can see the se-
lected temperature by going to the mainte-
nance diagnostic system and sel ecting system
parameters.
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Limited temperature control isprovided by a
temperature selector located in the cabin. The
cabin temperature control only operates in
the automatic mode, and can only vary the
temperature afew degreeson either side of the
temperature called for by the TEMP CONTR
knob in the flight compartment.

The temperature controller receives inputs
fromthe TEMP CONTR knob, the cabin tem-
perature sensor, and the duct temperature sen-
sor. It uses these signalsto develop thedrive
signal to position trim air valve.

The trim air valve mixes hot and cold air to
providethedesired temperature. Power for the
automatic temperature control systemisfrom
the No. 2 distribution bus.

MANUAL MODE

The manual temperature mode is selected by
pressing the CABIN TEMP switchlight. When
sel ected to manual operation, thisswitchlight
illuminates the word MAN.

In the manual temperature mode, only the
crew members can control the cabin and flight
compartment temperature. The passenger tem-
perature selector, cabin temperature sensor,
and duct temperature sensorsare inoperative.

In manual mode positioning, the TEMP
CONTR knob utilizes the second poten-
tiometer on the common shaft and separate cir-
cuitry inthetemperature controller, to directly
position the trim air valve.

Power for the manual temperature system is
from the No. 1 distribution bus.
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EMERGENCY AND
ABNORMAL
OPERATION

ENVIRONMENTAL SYSTEM
EICAS MESSAGES

The environmental system messages
WARNING, CAUTION, ADVISORY, and
STATUS aredisplayed on the EICAS section
(Figure 9-7) of the upper right portion of the
primary page.

WARNING MESSAGES

BLEED PRESS/TEMP HI—Excessive pres-
sure or temperature downstream of either bleed
switching valve.

L ENG/APU BLEED LEAK—Leak or rup-
ture in bleed air ducting from left engine or
APU. APU automatically shuts down.

R ENG BLEED LEAK—Leak or rupture in
bleed air ducting from right engine.

STATUS MESSAGES

ECSBLEED OFF—The ECS selector switch
iseither inthe RAM position or the APU po-
sition and the APU is not running.
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Figure 9-7. Pneumatic EICAS Indications
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QUESTIONS

BLEED PRESS/TEMPHI CAS message

The pneumatic system extracts bleed air
from:

A.
B.
C.
D.

First stage of the LP compressor
Single stage HP turbine

Both LPand HP ports on each engine
All of the above

The amount of HP/LP bleed air entering
the environmental systemiscontrolled by
the:

A.
B.
C.
D.

Mixing chamber

Bleed switching valve (BSV)
HP pressure regul ator

LPair inlet check valve

HP bleed air becomes the sol e source of
pressure when:

A.
B.

C.
D.

LPinlet pressureislessthan 21.5 psi

HP pressure regulator opens the HP
poppet valve

LP check valve closes
All of the above

APU airflow isselected and APU airflow
switchlightilluminatesHI FLOW onthe
ECS selector panel, thisindicates:

A.

B.

C.

APU air valves operate in the high
pressure mode

APU air valvesoperateinthelow and
high pressure mode

APU air valves operate in the low
pressure mode

. Rapid cooling for the cabin only

FOR TRAINING PURPOSES ONLY

5.

indicates:

A.

Temperaturearound the L/R bleed air
or APU air duct is above pre-set lim-
its

Temperature in the duct upstream of
the bleed switching valve (BSV) istoo
high

Pressure or temperature in the duct
downstream of the bleed switching
valve (BSV) istoo high

All of the above
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CHAPTER 10
ICE AND RAIN PROTECTION

(1] L]
ENG 1 ENG 2 WINGS |
ORIDE ORIDE o ORIDE g
AUTO AUTO AUTO
OFF ] OFF OFF

0 ANTI-ICE

INTRODUCTION

The G150isequipped for anti-ice of pitot, SAT/TAS and AOA probes, static ports, wind-
shields and engine nacelles. Additionally, wings and horizontal stabilizers are deiced
with pneumatically powered boots. Rain removal from windshieldsisaccomplished with-
out mechanical wipers by arain repellant coating.

GENERAL
Ice and rain protection consists of deiceand | Anti-icing systems are provided to prevent
anti-ice. Deicing is provided as follows: ice formation as follows:

* Inboard wings * Nacelleair inlet

* Outboard slats e P,T, probes

* Horizontal Stabilizer. » Pitot probes

» Static ports
¢ AOA sensor
e Windshield
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SYSTEM DESCRIPTION

The ice and rain protection system (Figure
10-1) isdivided into four major areas:

e Airframe Deice
* Nacelle Anti-lce
Pitot and Static Anti-lce

e Windshield and Window Anti-lce

Airframe de-icing isachieved by mechanical

means. Electronically controlled pneumati-

cally operated boot deicers, installed on the

wing leading edge, slats|eading edge and hor-

Lzog}(al stabilizers cause any accumulation to
reak.

ProT— [ jlj

WINDSHIELD
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Nacelle anti-ice utilizes hot engine bleed air
to prevent the formation of ice on the engine
inlet. The P, T, probe on the engineis heated
electrically.

The pitot and static ports, angle of attack sen-
sor and total air temperature (TAT) probesare
heated electrically.

Windshields are heated el ectrically, with pro-
vision for rain removal by means of a rain
repellent coating on the windshields.

PITOT

WINDSHIELD

STATIC PORTS

DEICER
BOOT

AOA PROBE

b ————— SAT/TAS PROBE

STATIC PORTS

DEICER
BOOT

DEICER

NACELLE

DEICER
BOOT

DEICER

NACELLE

DEICER
BOOT

Figure 10-1. Ice and Rain Protection System
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AIRFOIL DEICING High pressure, low vacuum and inflation

SYSTEM

Airfoil de-icing (Figure 10-2),

pressure indication switches are provided in
the system to warn of excessive pressure, in-
sufficient vacuum and boot inflation status.

utilizing engine

bleed air, providesair pressure and vacuum to

the de-icing boots. The boots

areinstalled on

the leading edges of the wings (fixed and
zer.

slatted) and horizontal stabili

INFLATION
PRESSURE
INDICATION

SWITCH

i

MONITOR LIGHTS
AND TEST SWITCH

HEATED

VALVE INBOARD

BOOT

OUTBOARD
(SLAT) BOOT

Figure

LEGEND

HIGH PRESSURE
s REGULATED PRESSURE
VACUUM

1 REGULATED PRESSURE/
VACUUM

—_——————— e — ELECTRICAL LINE

HORIZONTAL
STABILIZER BOOT

10-2. Airfoil Deicing Protection Control
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COMPONENTS

Deicer Boots

Deicing of the wing and horizontal stabilizer
leading edges are by pneumatically inflated
boots. The boots are installed on the leading
edges of the wings, slats, and horizontal sta-
bilizer.

Distributor Valve

Thedistributor valve alternately supplies pres-
sure and vacuum to the air lines of the wing
and horizontal stabilizer deicer boots. When
the deicing system is not in use, the spring-
loaded solenoids position the valves to apply
constant vacuum to the boots.

Pressure Regulator/Relief Valve

The pressureregulator maintainstheair pres-
sure in the deicing system within safe limits.

Air Ejector

Theair ejector createsthe vacuum used to de-
flate the deicer boots so they conform to the
leading edges when the system is not in op-
eration or between periods of inflation when
the system is operating.
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Drain Valve

The drain valve provides drainage from the
air lineto thewing deicer boots. An electrical
heating blanket, incorporating athermostat, is
installed on the valve. Power for the blanket
inflightisfromtheNo. 1 distribution busand,
on the ground, through the right main gear
oleo switch. The blanket receives power on
theground or inflight with the system activated
and atemperature of 40 +5°F or less. Selecting
the DE-ICE MONITOR TAIL-WING push-
button switchlight bypasses the thermostat so
that operation of the heating blanket can be
checked on the ground. The TAIL portion of
the pushbutton switch light illuminates when
system check isnormal.

High Pressure Switch

The high-pressure switch sensesthe regulated
air pressure at the air ejector inlet. An amber
DE-ICE HI PRESSURE message appearson the
MFD to indicate afailure in the system if the
switch closes.

Low Vacuum Switch

Thelow vacuum switch sensesthe vacuumin
theair ejector vacuum outlet. Thelow vacuum
switch closesif vacuum in the boots becomes
too low and sends asignal to display an amber
DE-ICE LOW VACUUM message on the
MFD.

Inflation Pressure Indication
Switch

Theinflation pressure switch inthewing and
horizontal stabilizer supply linessendsasig-
nal tothe WING / TAIL lightsin sequence on
the overhead panel confirming inflation of
deicing boots.
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OPERATION

Controls

Electrical control of the airfoil deice system
(Figure 10-3) islocated in the ICE PROTEC-
TION area of the overhead circuit breaker
panel. The NORM circuit breaker ispowered
fromthe No. 1 distribution buswhilethe ALT
circuit breaker is powered by the No. 2 dis-
tribution bus.

[ COCKPITLIGHTS —M8MMMMM
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System Operation

Redundancy is provided in the deiceing sys-
tem (Figure 10-4) by installation of two iden-
tical timers, each of which can control boot
inflation and deflation when selected.
Actuation of either timer is by selecting the
NORM or ALT position on a three-position
switch on the overhead panel.

ICE PROTECTION

AOA SAT/TAS

PROBE HEAT PROBE HEAT
ENG PROBE, PITOT STAT\C

L R
SURFACE ACELLE ANT|
ICE I

NORM L R

—

s et
=weE— = “Jsﬁ'r'”—|
© © (1? @

— CABINLTS — ——— EXTERIOR LIGHTS ————

@@ @@ NN B NN NEEHEN

CONSOLES INSTRPHL OVERHEAD. FLOOD. MASTER zmm us NOSMOKE ~BELTS

—— IND/WARN/SYS TEST ——

INDLIGHTS ~ VWOMMO  STBY GYRO ENGVIB IGNITION

sop
Test || TEST
Test || TesT
smaRr MONITOR

L wneame —l

s Aon

—— AVIONICS — = UTILITIES
caem  GaLLEY

WER —— ———————APU

— esuswow —_ INTERCONNECT

PO
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——— LEFT ENGINE —r— - RIGHTENGNE———  — DEICE —

——RSHUTOFF ——|| [~ ANTIICE q—————HEAT————
L R

Lo rmosesncauel L—wnosweio —1 - promes  eacance

TAXI L——LANDING— NAV WINGLOGO =~

MONITOR

| NORM _J
I—WlNG & TA||_—I

GEN  WASTER STARTER

Figure 10-3. Airfoil Deicing Controls
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Bleed air from both aircraft engines’ low pres-
sure portsisused for system operation. High
pressure and low vacuum switches warn of
excessive pressure or insufficient vaccum. A
check valveisinstalled on each engine bleed
linewhich allowsfor single engine operation.

Thebleed air pressureiscontrolled by means
of apressure regulator equipped with arelief
valve so that a failure of regulator does not
overpressurethe boots. From the pressurereg-
ulator, theair isfed into adistributor valve and
an ejector. Thedistributor valveis connected
to the boot deicer aswell asto the ejector and
high pressure supply in order to providethem
with pressure or vacuum. The ejector evacu-
ates air from the boot deicers and operates
continuously during engine operation inde-
pendently of the surfaceice protection system
operation.

In order to prevent freezing due to any con-
densation within the system, a drain valve
with heating blanket isinstalled at the lowest
point of the system. Thedrainvalveisclosed
while vacuum is available to the wing boots
deicer and isopen when pressureisavailable
to the boots. With the system in the OFF po-
sition, vacuum iscontinuously supplied to the
wing and empennage boots through the dis-
tributor valve by the gjector.

INDICATIONS

Indication of adequate boot inflation pressure
during system operationisprovided by a split-
lensswitchlight TAIL-WING MONITOR (see
Figure 10-3). The TAIL light isoperated by a
pressure switch installed in the supply lines
to the horizontal stabilizer boots while the
WING light is operated by a switch in the
wing boot supply lines. When selecting the
switchto NORM or ALT, thelightsilluminate
momentarily in sequenceto indicate adequate
inflation pressure for that system. All lights
extinguish when the timer cycles the distrib-
utor valveto the next system and the pressure
in the supply linesisreduced.
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The switchlightsinclude a push-to-test func-
tion. When depressed, the TAIL lens illumi-
nates, indicating that the drain heating element
IS operating.

Do not prolong the tail-wing test function as
power is applied to the heating element dur-
ing the test.

High-pressure and low vacuum indication
switches are provided in the system to warn
of excessive pressure and insufficient vac-
uum (Figure 10-4). The high pressure switch
senses the regulated air pressure at the air
gjector inlet. An amber DE-ICE HI PRES-
SURE message appears on the MFD to indi-
cateafailureinthesystemif the switch closes.
The DE-ICELOW VACUUM messagealso in-
dicates insufficient vacuum. Momentary il-
lumination of the WING/TAIL switchindicates
inflation.

The EICASmessageiscontrolled by either of
two pressure switches, one located on the
motive-flow line from the regulator to the air
gjector and onelocated on the ejector suction
line to the distrbutor valve.

NACELLE ANTI-ICE
SYSTEM

Each engine nacelle air intake (nose cowl)
has an anti-ice system using hot engine bleed
air to prevent formation of ice in and around
theair intake. Unmanifolded hot engine bleed
air from the HP compressor is supplied to an
electropneumatic valve for each nacelle.
Unused anti-icing air is exhausted overboard
viaaduct and an exit in the nose cow! outer
skin. The nacelle anti-icing valve and P,T,
inlet air probe are electrically controlled.

Nacelleanti-ice system indicationisprovided
by pressure switcheswhichrelay signalstothe
cockpit.
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COMPONENTS

Nacelle Anti-ice Valve

Nacelleanti-icevalveisaspring-loaded, nor-
mally open, fail-safe valve which openswhen
electrical power fails or isremoved, thus en-
abling continuous heat supply to the nacelle.

Thermal Anti-icing Pressure
Switch

Pressure switches illuminate the NAC P,T,
light on the overhead panel to show proper
pressureinthe nacelle anti-ice system during
system operation.

Inlet Probe

Theinlet P, T, probe heaters (Figure 10-5) re-
ceive power from distribution buses through
the ANTI ICE ENG PROBE & NACELLE L
and R pushbutton switches.

Theengineinlet P,T, probesuppliesair pres-
sure and temperature information to the engine
fuel computer. The P, inlet of the probe is
susceptible to ice formation and is therefore
protected by an electrical anti-icing heating el-
ement. The power for the element is routed
through the associated engine oil low-pressure
switch. This switch is open when the engine
is not operating, or if it is operating and oil
pressure drops below the engine idle value.

Figure 10-5. Nacelle P,T, Probe
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CONTROLS

The nacelle anti-icing system is controlled
by a push-on/push-off splitlens switchlight
labeled L and R ENG PROBE & NACELLE.
(Theterm probe appliesto the P,T, probein
theengineinlet). The switchlight lenses are
labeled NAC and P,T,. The power supply for
nacelle anti-ice is supplied from the asso-
ciated distribution bus.

Depressing an ENG PROBE & NACELLE
switchlight (Figure 10-6) routes power to the
associated engine oil pressure switch. If the
engine is operating, the switch opens and re-
moves power from arelay, completing acir-
cuit from the associated distribution bus to
the P, heating element of the probe.

System Operation

Ice protection is provided by ducting high
pressure, hot engine bleed air through a
solenoid-controlled shutoff valve. Airisdis-
tributed around the O chamber by means of a
spray ring. Hot engine bleed air is directed to
apiccolo tubeinsidethe engine nose cowl. The
air isdistributed inside the nose cowl through
holesinthe piccolo tubeand then discharged
overboard through louvers. Thebleed air flow
is controlled by the nacelle anti-ice valve,
whichisspring-loaded open ensuring contin-
uous anti-ice protection in case of electrical
failure.

Control of the P,T, probe anti-icing is com-
mon with the associated nacelle anti-icing.

NOTE

No indication is provided for P,T,
probe heat failure.

The top switchlight segment labeled NAC
(Figure 10-6) receives 28-VDC power from the
ENG ANTI-ICE circuit breaker. Pressing the
NAC-P,T, switchlight lenses opensthe engine
anti-ice valve, allowing HP air to flow to the
nacelle anti-ice duct. The anti-ice pressure
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ICE PROTECTION
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I. ENG PROBE & NACELLE ]

Figure 10-6. Nacelle Anti-Icing Controls

switch monitors anti-ice air pressure. When
bleed-air pressure greater than 5 psi is present
downstream of the engine anti-ice valve, the
NAC light illuminates. A amber CAS mes-
sage: NAC ANTI-ICE, illuminates whenever
nacell e anti-ice has been sel ected but anti-ice
air pressureislessthan 5 psi.

During a groundcheck of the engine anti-ice
system, engine N; speed will decrease ap-
proximately 2.4% dueto bleed air extraction.
During flight, the engine digital electronic
enginecontroller (DEEC) increases N, speed
approximately 2.0%, never exceeding thrust
or rpm limitations.

INDICATIONS

Nacelle and probe anti-ice is controlled by
the ANTI ICE ENG PROBE & NACELLE
pushbutton switches. The switchesilluminate
when the system is activated and sufficient
pressure is sensed in the system for flight or
ground operation, respectively. The amber L
NAC ANTI ICE FAIL or R NAC ANTI ICE
FAIL message appearsonthe MFD if the sys-
tem activates and one or both NAC lights on
the overhead panel failsto illuminate.
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PITOT AND STATIC
SYSTEM

Iceformationisprevented ontheair datasens-
ing probes which include the pilot and copi-
lot pitot probes, the angle-of-attack (AOA)
probe, the static air temperature/total air tem-
perature probe (SAT/TAT), and the pilot and
copilot static ports. Typical heated sensors
are shown in Figure 10-7.

Left and right pitot probes, threeleft and three
right static ports and the TAT probe are elec-
trically heated to prevent ice formation. A
current sensor in each heating element circuit
detectsany interruption of current to the heat-
ing element and operates the appropriate mes-
sage on EICAS.

Thereis afourth static port on the right side
of the fuselage which is not heated and is
available for cabin pressure.

-T""

STATIC
SOURCES
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COMPONENTS

Static Ports and Probes
Heaters

Static ports heater, pitot probes heater, TAT
probe heater and AOA heaters are used to pre-
vent ice formation. All heaters are electri-
cally heated and are controlled by a single
PROBES HEAT switch located on the over-
head panel.

STATIC
SOURCES

ROSEMONT (SAT/TAS)

Figure 10-7. Pitot and Static System Heated Sensors
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OPERATION

Controls

Probe and static port anti-icing is controlled
by atwo-position (OVRRD and AUTO) switch
labeled PROBES (Figure 10-8). When the
switchisinthe AUTO position and the aircraft
isontheground, the pitot probes, static ports,
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and SAT/TAT systems are deactivated; how-
ever, power is provided to the AOA probe.
The OVRRD position of the switch applies
power directly to all heating elements.

| TheOVRRD position of the PROBES HEAT
switchislimited tolessthan 30 secondson the
ground.
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Figure 10-8. Pitot and Static System Controls
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System Operation

Power isprovided for theleft pitot probe, one |

left and one right static port heaters from the
No. 1 distribution bus through the L PITOT
STATIC HEAT circuit breaker. Theright pitot
probe, two right and two | eft static port heaters
receive power fromthe No. 2 distribution bus
through the R PITOT STATIC HEAT circuit
breaker. The nose landing gear WOW switch
interrupts power to the heaterswhen the switch
isin AUTO position and the aircraft ison the
ground.

The angle of attack (AOA) probe, on the air-
craft right side, is electrically heated. The
system is controlled by the PROBES HEAT
switch, located on the overhead panel.
Whenever No. 2 distribution busis powered,
the aircraft is on the ground and PROBES
HEAT switch is in the AUTO position, the
AOA probe is heated with low current
(preheat). There are two heating elementsin
the AOA system, onefor the probe and one for
the case. The case heater is powered directly
from the No. 2 distribution bus. A thermal
switch will cyclethissysteminthe 95° range.

The SAT/TAS probeis electrically heated in
flight from the No. 2 distribution bus. The
system is controlled by the PROBES HEAT
switch on the overhead panel.

Following takeoff, an air-ground relay is en-
ergized by the airborne position of the nose
gear ground contact switch, automatically ap-
plying power to all probes and static heaters.

INDICATIONS

The heating power linesto all probesand static
heaters incorporate current sensors that con-
trol afailurerelay. If sufficient power isbeing
transmitted to the heaters, the current sensors
will hold thefailurerelaysopen. Loss of power
or reduced flow will illuminate the affected
(L/R) PITOT HEAT FAIL, SAT/TAS HEAT
FAIL or AOA HEAT FAIL EICAS messages.

The(L/R) PITOT HEAT FAIL EICAS message

illuminates if the respective probe heat has
failed in flight or unheated on the ground.

10-12
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Anadditional current sensor isinstalledinthe
AOA systemto provide aground indication of
AOA case heater failure by illuminating the
AOA PREHEAT FAIL message.

During ground operation with the PROBES
HEAT switch in AUTO, the (L/R) PITOT
HEAT FAIL, the SAT/TAS HEAT FAIL, and
the AOA HEAT FAIL EICAS messages will
not illuminate. The AOA PREHEAT FAIL
EICA S message extinguishesif power isavail-
ableto the No. 2 distribution bus.

Interruption of power to the case heater will
illuminate the AOA PREHEAT FAIL mes-
sage. Thisis separate and distinct from the
AOA HEAT FAIL message which indicates a
failure of the high power AOA probe heat.
The AOA HEAT FAIL messageisonly active
airborne and inhibited on the ground.

Each heating element has a current sensor. If
any heating element failsto draw current when
the system is operating, the associated current
sensing relay closes and an amber L PITOT
HEAT FAIL or R PITOT HEAT FAIL mes-
sage illuminates on the MFD.

If the case heater heating element fails AOA
PREHEAT FAIL messageilluminates. If AOA
probe heat fails in flight, AOA HEAT FAIL
message appears. On ground, the message is
inhibited.

| If the SAT/TAS heat fails in flight, the

SAT/TAS HEAT FAIL message appears.
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WINDSHIELD AND
WINDOWS

The windshield heat control prevents accum-
ulation of ice on both windshields and the side
windows (Figure 10-9). It comprises two in-
dependent and identical systems, pilot and
copilot. Each system includes a windshield
temperature sensor and control unit, relays
and WINDSHIELD HEAT switches (L and R)
located on the overhead panel.

The pilot and copilot windshields and side
windows incorporate multiple layer trans-
parencies. Electrical heating elements are em-
bedded between |layers of each windshield and
side window.

Each windshield is equipped with atempera-
ture sensor (and two spares) which monitor
windshield temperature. Thetemperature sen-
sors supply their output to the temperature
control units.

Power for the windshield heating elements
and the temperature control unitsis supplied
by theleft and right main busesthrough remote

Figure 10-9. Windshields and Windows
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control circuit breakersand cockpit overhead
panel circuit breakers from the distribution
buses respectively. Remote control circuit
breakers are located in the DC control boxes
in the aft equipment bay control power to the
heating elements.

Theaircraft isnot equipped with awindshield
wiper or rainremoval system; however, wind-
shieldsare coated with rain repellenttoaidin
rain removal.

COMPONENTS

Windshield Temperature
Control Unit

Thewindshield temperature control unit mon-
itorsthewindshield temperature through sen-
sors embedded in the windshield and
automatically regulates and maintains con-
stant temperature.

The windshield heat control units receive
dataon windshield temperature from the tem-
perature sensor and, if the temperature is
below the 90°F limit, activates arelay to sup-
ply power to the heating element. If thetem-
perature is above the 110°F limit, the
temperature control unit activates a relay
which removes power to the heating element.

Defog Valve

The defog valve is manually controlled and
routes air from the mixing plenum to the
glareshield defog and the side window defog.
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CONTROLS

Thewindshield heat system (Figure 10-10) is
controlled by athree-position HI-OFF-L OW
switch located on the overhead panel for each

GULFSTREAM G150 PILOT TRAINING MANUAL

in the IND/WARN/SY S

windshield (L and R). The WINDSHIELD
HEAT switch controlsthree zonesfor the left
and right windshields. In the LOW position,
all three zones are powered by afixed current.
In the HI position the central zone will re-
ceive higher current.

10-14
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The W/S HEAT TEST, alighted push switch

TEST section of the

overhead panel, isused to test and indicate sys-
tem failures by displaying the WNDSHLD
HEAT FAIL message on the MFD.

ICE PROTECTION
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Figure 10-10. Windshield Heating System Controls
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System Operation

Positioning the WINDSHIELD HEAT left
and/or right switch to HI or LOW powersthe
temperature control unit. The temperature
control unit continuously monitorsthe wind-
shield temperature and cyclesthe power on and
off asnecessary to maintain therequired tem-
perature range.

Thepilot sidewindshield ispowered from the
No. 1 main busand itstemperature controller
by the No. 1 distribution bus. The copilot side
ispowered fromtheNo. 2 main busand itstem-
perature controller by the No. 2 distribution
bus. Each side has a temperature sensor em-
bedded in thewindshield, connected to atem-
perature controller behind the instrument
panel, and L and R WINDSHIELD HEAT
switch on the overhead panel.

On the ground, when the BATT MASTER
switch selected to the ON position and WIND-
SHIELD HEAT switchesareinthe LOW or HI
position, both side windows are electrically
heated.

INDICATIONS

The temperature control unit contains a test
circuit that monitors power input and tem-
perature control functions whenever that wind-
shield control switch is selected to the ON
position. With power applied to the wind-
shield heat system, pressing the W/S HEAT
TEST switch performsacomplete system test.
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Automatic load shedding through the DC power
emergency disconnect relay (EDR) will prevent
windshield heat test or operation if both gen-
erators are not on line. To test the windshield
heat system, select battery switch position
OVRRD LOAD REDUCT whenever both gen-
erators are not operating and connected to the
main buses. Monitor the operating generator
for excessive generator |oad.

If the power supply to the system or the tem-
perature control unit fails, the amber EICAS
message (L/R) WNDSHLD HEAT FAIL and
(L/R) SIDEWDO HEAT FAIL illuminateson
the MFD. Themessage also illuminatesto in-
dicate correct system operation when the W/S
HEAT control switch is positioned to HI or
LOW and the W/SHEAT TEST pushbuttonis
depressed.
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LIMITATIONS

ANTI-ICE SYSTEM
LIMITATIONS

Anti-ice systems must be ON during all ground
and flight operations when icing conditions
exist or are anticipated.

ON GROUND:

Use engine anti-icing when OAT is10°C or less
and visible moisture in any form is present
(such as: clouds, fog with visibility of one
mile or less, rain, snow, sleet or ice crystals)
or when operating on ramps, taxiwaysor run-
ways where surface is with snow, ice, stand-
ing water or slush that may be ingested by the
enginesor freeze on engines, nacelles or sensor
probes.

INFLIGHT:

With TAT below 10°C (or SAT below 5°C if
TAT isinoperative) and visible moisturein any
formispresent (such as: clouds, fogwith vis-
ibility of one mile or less, rain, snow, sleet or
ice crystals) that may be ingested by the en-
gines or freeze on engines, nacelles or sensor
probes, ice may form on windshield, wing and
empennage |l eading edges and engine nacel | es.

Operation of anti-ice is required during all
ground and flight operation when icing con-
ditions, as listed above, are imminent or im-
mediately upon detection of ice formation on
wings, winglets, near windshield center post
and by ice detector light.

Engine/Nacelle Anti-Ice

ENG PROBE & NACELLE ANTI-ICE push-
buttons must be actuated for ice protection.
NAC light should be on whenever icing flight
conditions exist.

De-Ice System Limitations

Do not operate surface de-ice system when
SAT is below —40°C.
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EMERGENCY AND
ABNORMAL
OPERATIONS

The ice and rain messages as they appear on
the multifunction display(MFD) are as fol-
lows (Figure 10-11):

Caution Messages
AOA HEAT FAIL—Discontinuity in power line

AOA PREHEAT FAIL—Discontinuity in
power line to AOA transmitter/transmitter
case

DE-ICE HI PRESSURE—Overpressure in
boot pressure line

DE-ICELOW VACUUM—L ow vacuum pres-
sure in boot deflation line

NAC ANTI ICE FAIL (L/R)—Engine bleed
pressure insufficient for anti-icing or en-
gine/nacelle anti-ice control has failed

PITOT HEAT FAIL (L/R)—Power supply
failure

SAT/TASHEAT FAIL—Power supply failure

SIDE WDO HEAT FAIL (L/R)—Failurein
one side window heat system

WNDSHLD HEAT FAIL (L/R)—Failurein
one windshield heat system

Revision 2



FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

ADF1 HF1 Ccom3 COM2 ——

190.0 2.0000 | 126.100 | 131.725
SQ

TRIM AOA HEAT FAIL

AOA PREHEAT FAIL
DE ICE HIGH PRESSURE
DE ICE LOW VACUUM
NAC ANTI ICE FAIL
t PITOT HEAT FAIL
SAT TAS HEAT FAIL
SIDE WDO HEAT FAIL
VIB — —— HYDPRESS — | WNDSHLD HEAT FAIL

L+ X 1 |

R MAIN AUX

CABIN
DIFF RATE

FLAPS

S— - | R — 97
RPM  EGT°C

Figure 10-11. Ice and Rain EICAS Indications
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QUESTIONS
1. The air for surface deicing is supplied 4. Which of the following statements is
from the: correct:
A. A manifold interconnecting the LP A. L/R pitot probes, seven static ports
COmMpressors and TAT are electrically heated
B. The mixing chamber in each bleed B. L/R pitot probesand TAT are electri-
switching valve cally heated
C. Theair-conditioning bleed manifold C. Sevenstatic portsand L/R pitot probes
D. A manifold interconnecting the HP are electric
COmMpressors D. Threeleft andthreeright static ports,
L/R pitot probe, SAT/TAS and AOA
2. The nacelle anti-icing air is supplied are electrically heated.
from the:
A. Manifold interconnecting the bleed 5. Donot operate surface de-ice equipment
switching valve mixing chambers at ambient temperatures below:
B. LPbleed port of the associated engine A. =37°C
C. Manifoldinterconnecting the L P com- B. 40°C
pressors C. -40°C
D. HP bleed line of the associated en- D. -56°C

gine

3. Airfoil de-icesystem operateson an elec-
tric timer to provide:

A.

10-18

One minute de-ice boot inflate to the
leading edge wing and horizontal sta-
bilizer

Four second inflation to the leading
edgewing, six second inflationto the
horizontal stabilizer

Six seconds inflation to the leading
edgewing, four second inflation to the
horizontal stabilizer, 50 seconds off

. Ten second inflation to the LE wing,

50 second inflation to the horizontal
stabilizer
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CHAPTER 11
AIR CONDITIONING

e _'//
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INTRODUCTION

ducting, control air valves, and cockpit controlsfor the cabin and cockpit air. Additionally,
this chapter covers nose compartment cooling.

Theair conditioning system on the G150 encompasses an air cycle machine, trimair valve, ‘

GENERAL

The air conditioning section covers how the |

bleed air is conditioned and controlled to pro-
vide heating or cooling for the cabin and flight
compartment.
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along with EICA S messages associated with

Normal and abnormal operations are covered ‘
the system.
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AIR DISTRIBUTION
SYSTEM DESCRIPTION

CONDITIONED AIR

Conditioned air isdistributed to the cabin and
flight compartment via a single supply duct
(Figure 11-1)

The duct is routed from the mixing plenum,
above the main landing gear wheel wells, di-
rectly into the aft pressure bulkhead. The
conditioned air entersthe cabin at floor level,
circulates through the cabin to the return
ducts. The return ducts run along the top of
the cabin, above the panels on each side.

GASPER AIR

COCKPIT SIDE
PANEL HEAT

DUCT
TEMP HI
— SWITCH

T DUCT

PILOT AC

VALVE SENSOR

ANTICIPATOR
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The flight compartment conditioned air
branches to two separate paths. Each branch
is equipped with an electrically controlled
valve. Onebranchisfor windshield defog. The
other isfor the foot warmers and side panels.

The amount of air going to the windshield
defog and the foot warmers is controlled by
the DEFOG and PILOT AIR COND switches
on the ECS control panel (Figure 11-2).

The switches are momentary-type switches
that are spring loaded to the center off position.
The switches are labeled INCRS, and DCRS.

The defog and foot warmer valves are motor
driven valves that remain where they are if
power islost.

RAM AIR
(AFT FUSELAGE)

<| EMERGENCY
PRESSURIZATION

MIXING
PLENUM

ACM AIR
[ ]
[ W1 TRIMAIR VALVE

WINDSHIELD
DEFOG

CABIN AIR
CABIN

RADIO RACK

—
CABIN

TEMP CONTROL

TEMPERATURE 4}
SENSOR
PASSENGER
TEMPERATURE
SELECTOR
O O O [ 0

GASPER AIR

AFT PRESSURE
BULKHEAD

Figure 11-1. Air Distribution System—Conditioned Air
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FLow || MAN

DCRS DCRS

Figure 11-2. ECS Control Panel

Thedefog valvereceives power from the No.
1 distribution bus.

The pilots conditioned air valve receives
power from the No. 2 distribution bus.

GASPER AIR

Cold air from the air-cycle machine branches
off before the mixing plenum, and enters the
aft pressure bulkhead through a separate duct.
Gasper air iscold air only.

The gasper duct in the cabin runs up the in-
side of the aft pressure bulkhead then branches
off to each side.

Gasper outlets are provided in both the cabin
and flight compartment.

EMERGENCY AIR

The emergency air has a separate duct that
branches from the low pressure duct of the
right engine only. The emergency air duct by-
passes all the normal ducts and enters the aft
pressure bulkhead through a separate inlet.
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While in the EMERG position, the only way
to control cabintemperatureisby varyingthe
right engine rpm.

CHECK VALVES

Each of the air ducts entering the aft pressure
bulkhead pass through a check valve. These
check valves prevent a rapid decompression
of the cabin if any of the air ductsin the un-
pressurized area of the fuselage rupture or
become disconnected.

BLEED AIR ROUTING

Thebleed air from the engines or APU enters
the common duct. From thereit goesthrough
the precooler or bypasses the precooler de-
pending onthebleed air temperature going to
the refrigeration unit.

All of the bleed air from the precooler and the
turbine bypass is routed through the ozone
converter.

Bleed air then branches off to either the re-
frigeration unit (air cycle machine) or the
trim air valve.

Thetrim-air valve serves as a hot air control
valve. When fully open, it provides maximum
heating of the cabin. If thevalveisclosed, all
theair isforced through therefrigeration unit
and converted to cold air. This condition re-
sults in maximum cooling of the cabin.

With the trim-air valve partially open hot and
cold air enter the mixing chamber and provide
conditioned air for temperature control of the
cabin and flight compartment.
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OZONE CONVERTER

The ozone converter isessentially acatalytic
ozone converter that removes ozonefromthe
air entering the cabin and flight compartment.

Itislocated to theright and slightly forward
of the refrigeration unit.

This unit breaks down the ozone in the air
supply from the engines or APU.
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| BLEED-AIR PRECOOLER

The precooler lowers the temperature of the
bleed air from either the enginesor APU. The
precooler is an air-to-air heat exchanger
mounted aft of the refrigeration unit.

Theram exiting the refrigeration unit is used
to cool the bleed air before it enters the re-
frigeration unit.

The precooler bypass valve is a pneumati-
cally operated valve controlled by atemper-
ature sensor (Figure 11-3).

When the temperature switch senses that the
bleed air entering the refrigeration unit is
300°F (148°C) or higher, it commandsthe by-
pass valve to close which forces the air to
pass through the precooler.

e o N conTrOL
PRESSURE
ol lo N REGULATOR
CALIBRATION
OUTPUT LOCKNUT
‘ / METERING
CONTROL / VALVE
ORIFICE CONTROL
ORIFICE ]
INCREASING
N, 4 TEMPERATURE
© CLOSE()
(@) ﬁ (@)
O @) DECREASING
N
(@) OPEN O VALVE SEAT == TEMPERATURE
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Figure 11-3. Precooler Bypass Valve
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Temperatures cooler than 300°F, cause the
bypass valve to open, allowing the air to by-
pass the cooler.

The precooler bypass val ve does not maintain
a particular temperature; it simply opens or
closesasthe bleed-air temperature fluctuates
above or below 300°F.

REFRIGERATION UNIT
AIR CYCLE MACHINE

The three-wheel, air-bearing air-cycle ma-
chine consists of acompressor wheel, turbine
wheel, and cooling fan mounted on acommon
shaft. The shaft is supported by foil-type air
bearingsthat operate without scheduled main-
tenance. There are two journal bearings, one
between the compressor and the turbine and
the other between the compressor and the
cooling fan. One double-acting thrust bearing
isin the turbine-end cavity to accommodate
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axial loads. Both journal and axial bearings
are self-acting. A small amount of air is sup-
plied to both bearing cavitiesfrom the turbine
inlet scroll through areverse pilot pickup that
minimizes dirt buildup.

Cooling of the bleed air is achieved by pass-
ing the air through heat exchangers, the air
cycle machine compressor, and finally through
the turbine section. The combination of com-
pression and expansion of the bleed air by the
air cycle machine compressor and turbine,
along with the cooling effect of the heat ex-
changers, results in production of a cold air
supply to the cabin environmental system.

The air cycle machine is considered a sepa-
rate component of the refrigeration unit and
may be replaced as such.

Figure 11-4 depicts various components of
the refrigeration unit.
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N R\ o\ '
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RERESSURE . (PNEUMATIC UNIT (HOT AIR)
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Figure 11-4. Refrigeration Unit
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ANTI-ICING

Anti-icing of the air cycle machine turbine
and water separator is accomplished with the
normally closed turbine bypassvalve (Figure
11-5) and a 35°F (1.7°C) temperature sensor.

The 35°F sensor isimmediately downstream of
the water separator. When the temperature of
the air leaving the water separator drops to
35°F, the sensor sends a signal to the cabin
temperature control unit, which modulatesthe
turbine bypass valve open.

The turbine bypass valve is a pneumatically
operated electrically controlled valve, located
in a branch duct from the compressor dis-
charge duct to the turbine outlet.

When the temperature of the air leaving the
water separator rises above 35°F, the tem-
perature controller will position the torque
motor to close off the vent line of the turbine
bypass valve.

This will increase the pressure on top of the
diaphragm and close the turbine bypassvalve.

Thebypassvalveisafully modulated valve and
will open only enough to mix the warm air
from the compressor with the turbine output
to keep the air from getting colder than 35°F.

WATER SEPARATOR

The water separator consists of a condenser
unit, a separator shell, and a duct assembly.
The condenser unit consists of abypassvalve
and a conical fiberglass cloth condenser.

A drain fitting and strainer are in the duct as-
sembly. The drain tubeis electrically heated
to prevent water from freezing in the tube.
Power for the drain tube heating element is 28
VDC from the No. 1 distribution bus.

Anaspirator, using asmall amount of air from
the compressor section, is used to draw the
water from the water separator and spray it on
the secondary heat exchanger.
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Figure 11-5. Turbine Bypass Valve

This water is used as an additional heat sink
to help cool the bleed air going through the sec-
ondary heat exchanger.
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TRIM-AIR VALVE

Thetrim-air valve allows bleed air to bypass
the air cycle machine and enter the cabin ducts
as hot air.

The trim-air valve isin a branch duct of the
air entering the air cycle machine. Thisis a
fully modulating valvethat either diverts some
of the bleed air from air cycle machine into
the cabin or forcestheair through theair cycle
machine.

The hot bleed air from the trim air valve en-
ters the mixing chamber where it is mixed
with the cold air from the air cycle machine
to providethe conditioned air for the cabin and
flight compartment.

The position of thetrim-air valveiseither au-
tomatically controlled by the temperature con-
troller or directly controlled by acrewmember
when operating in the manual temperature
control mode.

SUPPLY

SUPPLY
PRESSURE
FROM SERVO
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Operation

Thetrim-air valveisapneumatically operated
valve positioned by a built-in torque motor
(Figure 11-6).

In the automatic temperature mode, the tem-
perature controller operates the torque motor
to manipulate the trim air valve. In the man-
ual temperature mode, acrewmember directly
positionsthetrim-air valvethrough aseparate
circuit of the temperature controller.

To prevent a malfunctioning trim-air valve
from overheating the air ducts, a pneumatic
duct temperature limiter isin the conditioned
air duct. Theduct temperaturelimiter isinthe
duct after the mixing plenum.

If the temperature of the duct reaches or ex-
ceeds approximately 200°F (93°C), it opens,
dumping some of the working pressure from
the trim-air valve.

Thisloss of working pressure causesthetrim-
air valve to modulate closed, preventing the
duct from getting too hot.
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Figure 11-6. Trim-Air Valve
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TEMPERATURE
CONTROL SYSTEM

DESCRIPTION

The temperature controller provides asingle
temperature control system for both the cabin
and flight compartment.

It islocated on the left inside of the aft pres-
sure bulkhead.

The cabin and flight compartment temperature
is normally preset by positioning the TEMP
CONTR knob, which consists of two poten-
tiometers on a common shaft.

One potentiometer isused in the automatic tem-
perature mode, and the other is used when op-
erating in the manual temperature control mode.

The TEMP CONTR knob is on the ECS con-
trol panel at thetop right side of the pedestal.

COMPONENTS

Thetemperature control system consists of the
following components:

» Temperature controller

» 35°F cold-air low-limit sensor

* Turbine bypassvalve

» Cabin temperature sensor

» Cabin temperature sensor fan

» Duct temperature sensor

e Trimair (hot air) valve

* TEMP CONTR temperature selector
« TEMP SELECT temperature selector
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NOSE COMPARTMENT
COOLING DESCRIPTION

The nose compartment has electronic equip-
ment requiring ventilation on the ground and
during flight.

Inflight, thecoolingisprovided ram-air inlets
on each side of the nose section of the aircraft.

On the ground, the nose compartment cooling
consists of two cooling fans and two thermal
switches. One switch is for cooling and one
for warning. Circuit breakerson the overhead
panel and relaysintheforward relay panel pro-
vide electrical power and control of the fans.

A thermal switch controls both fans and be-
gins operation when the nose compartment
temperature exceeds 113°F (45°C) regardless
of whether the aircraft is on the ground or in
flight.

If the nose compartment temperature reaches
140°F (60°C), the second thermal switch
sendsasignal to the DCU, which illuminates
the amber NOSE TEMP HI message on the
EICAS.

The left and right cooling fans and relays re-
ceive electrical power from the left and right
avionics and accessory busses respectively.

The circuit breakers are in the SERVICES
sectionin thetop left section of the overhead
panel. Thecircuit breakersarelabeled NOSE
BLOWERS1and 2. Theseare 10-amp circuit
breakers.

LIMITATIONS

The limitations contained in Section One of
the Airplane Flight Manual (AFM) must be
complied with regardless of the type of oper-
ation.
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EMERGENCY AND
ABNORMAL
OPERATIONS

AIR CONDITIONING SYSTEM
EICAS MESSAGES

The environmental system messagesWarning,
Caution, Advisory, and Status are displayed
on the EICAS section of upper right portion
of the primary page of the MFD (Figure 11-
7). The messages associated with the air con-
ditioning system are as follows:
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WARNING Message

DUCT TEMP HI—Indicates the temperature
in the ducts under the cabin floor istoo high.
CAUTION Messages

CAB AUTO TEMP FAIL—The automatic
cabin temperature system has malfunctioned.

NOSE TEMP HI—The temperature in the
nose compartment has reached or exceeded
140°F (60°C).

STATUS Message

ECSBLEED OFF—The ECS selector switch
is either in the RAM position, or the APU is
selected and the APU is not running.

COM2 —

131.725

Revision 2
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Figure 11-7. Air Conditioning System EICAS Messages
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QUESTIONS

1. The temperature is controlled in emer- 5. For ECSoperation, bleed air is supplied
gency operation by: from:
A. Manipulating right engine power A. LPbleed air from one or both engines
B. Recirculating cabin air B. LPbleed air augmented by HP bleed
C. Ram air flow through the primary air from one or both engines

heat exchanger C. HPbleed air from one or both engines

D. Manipulating left engine power D. All of the above

2. Automatic cabin temperature control is

overridden when:

A. Cabinpressurizationisin MAN mode

B. CABIN TEMPMAN is selected

C. Either BLEED LEAK warningisdis-
played

D. BLEED PRESS/ITEMPHI warningis
displayed

3. In order for the automatic temperature
control system to work you must:
A. Select the ground cooling button on

B. Select APU, L ENG, BOTH EN-
GINES, OR R ENG on CABIN AIR
selector

C. Ensurethat the CABIN TEMPMAN
pushbutton is desel ected

D. BothBand C

4. Theenvironmental control system (ECS)
provides conditioned air for:
A. Ventilation
B. Cabin pressure
C. Temperature control
D. All of the above

FOR TRAINING PURPOSES ONLY Revision 2
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CHAPTER 12
PRESSURIZATION

INTRODUCTION

Thischapter describesthe pressurization system of the G150 seriesaircraft. The description
includes the air sources, control, and distribution.

GENERAL

The pressurization system describes how the
conditioned air is used to pressurize the air-
craft.
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PRESSURIZATION
SYSTEM DESCRIPTION

The cabin pressure control system (CPCS)
regulates conditioned air outflow from the
cabin at the rates required to maintain cabin
altitude pressure according to preset sched-
ules. Figure 12-1 shows the component loca-
tions of the pressurization control system.

The pressurized spaceincludesthe flight com-
partment and passenger cabin. The system
primarily operatesin the automatic mode but
may operate manually asthe situation requires.

COMPONENTS

Digital Cabin Pressure
Controller

The digital cabin pressure controller posi-
tions and monitors the operation of an elec-
trical outflow valve (OFV) that controls the
outflow of air from the cabin. The cabin pres-
sure controller is below the left side panel.
Access to this unit is through the left side
console panel.

Outflow Valve

A dual DC electrical motor-operated outflow
valve can be positioned anywhere between
full open to full closed. The outflow valve
operates in either the automatic or manual
mode and is designed so that no one mal-
function disables both modes.

The speed of the OFV from full open to full
closed (90°) in automatic is approximately
12 seconds, while in the manual mode the
speed from full open to full closed (90°) is
approximately 55 +1 seconds.

The outflow valve is on the lower right skin
of the flight compartment, below the copilot
seat.

Pneumatic Safety Valve

A pneumatic safety valve on the inside of the
forward pressure bulkhead forward of the

12-2 FOR TRAINING PURPOSES ONLY
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copilot rudder pedalsreleases cabin pressure
to prevent the cabin from overpressurizing.
The safety valve startsto open when the cabin
pressure differential equals 8.95 psid. If the
cabin pressure reaches 9.5 psid, the safety
outflow valveisfull open and allows no fur-
ther buildup of cabin pressure.

CONTROLS AND INDICATIONS

A cabin pressure control panel isin the
pedestal just above the flap/slat selector.
(Figure 12-2).

The landing field elevation knob (FIELD
ELEV) knob enableslanding field altitude se-
lectionin theautomatic (AUTO) mode. It has
arangefrom—1,000 feet (—304.8 m) to +14,000
feet (4267.2 m). Rotating the FIELD ELEV
knob clockwiseincreasesthelandingfield al -
titude. Rotating the FIELD ELEV knob coun-
terclockwise decreases the landing field
altitude. Landing altitudeisin 50 feet (15.2 m)
detent increments.

The MODE SEL pushbutton enables selec-
tion of manual modein both flight and ground
operations. It illuminatestheword MAN when
selected to the manual mode.

The switchlight also indicates system faults
during system built-in-test (BIT) functions. It
illuminatestheword FAULT if the system de-
tectsasystem fault. When the system goesto
manual, the outflow valve remains where it
was until the manual CABIN ALT selector
switch repositionsit.

The CABIN ALT switch is spring-loaded to
center and increases or decreases cabin alti-
tude during manual mode operations.

The DUMP switchlight opens the outflow
valve and dumps cabin pressurein AUTO and
MAN modesto 13,500 feet £1,500 feet. It il-
luminates the word DUMP when selected.
Thisisaguarded switch.

The DITCH switchlight fully closes the out-
flow valve in AUTO or MAN modes. This
switch closesthe outflow valve prior to ditch-
ingtheaircraft. Itilluminatestheword DITCH
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Figure 12-1. Pressurization Schematic
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when selected. It is also a guarded switch.

OPERATION

Cabin Pressure Control System

Automatic Mode

The inputs and outputs of the cabin pressure
controller areshownin Figure 12-2. Switches
or selectors in the CPCS system supply dis-
crete inputs and outputs.

Thecontroller hasthree redundant channelsand
oneinternal aneroid: the automatic channel, the
monitor channel and the manual channel. The
three channel sindependently generate thefol -
lowing modes of operation. The channelscon-
vert the data and transmit it to the EICAS.

Ground Mode

When operating in the ground mode, the out-
flow valveisfull open, which limitsthe max-
imum cabin differential. If the takeoff altitude
ishigher than sealevel, the differential pres-
sure may increase proportionally. The dis-
crete signals to tell the cabin pressure
controller to go to the ground mode comes
from theright main landing gear WOW switch,
left throttle switch at |essthan max cruise, air
speed less than 100 kts, and aircraft altitude
at or below 15,000 ft.

CABIN
DIFF RATE

PRESS/CABIN

LDG ELEV
CABIN TEMP
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Takeoff Mode

When the left throttleis advanced for takeoff
while operating on the ground, the system en-
tersthetakeoff (prepressure) mode. Thismode
eliminates any discernible pressure bumps
during takeoff rotation by allowing the out-
flow valve to control cabin pressure prior to
lift off. (Figure 12-3).

During the takeoff mode, the cabin descends
at a maximum rate of 1,000 fpm to 250 +50
feet below thetakeoff field altitude. The cabin
altitude remains in the prepressurized mode
until the throttles are retarded, the aircraft
becomes airborne, or the airspeed of the air-
craft exceeds 100 knots.

Takeoff Abort

If the throttles are retarded prior to liftoff,
the controller aborts the prepressurization
process. In thiscondition, the cabin becomes
unpressurized at the rate of 500 fpm for a
maximum of 60 seconds. If after the 60 sec-
onds the cabin is not fully depressurized, it
continues to depressurize at 200 fpm.

Climb Mode

During normal takeoff conditions, the CPCS
automatically switchesfrom the takeoff mode
to the climb mode. This occurswhen the CPCS
receives either an airborne signal from the
right WOW switch or aircraft airspeed reaches
or exceeds 100 kts.

CABIN PRESS

Figure 12-2. Pressurization System Component Location
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Theinitial transition into the climb mode de-
pends on the takeoff field elevation and the se-
lected landing field elevation. Based on these
conditions, the cabin either climbs or descends
until it reaches the built-in climb schedule.
After the cabin reaches the built-in climb
schedule, it pressurizesthe cabin asafunction
of aircraft altitude. With the aircraft at the
maximum approved altitude of 45,000 feet, the
maximum cabin altitudein either the climb or
cruise mode isless than 8,000 feet.

Cruise Mode

Whentheaircraft altitude stabilizes and does
not change more than +100 feet for one minute,
the CPCS automatically switchesto the cruise
mode, also known as the cabin clamp. The
aircraft altitude must change more than £200
feet from the altitude at which the cruise mode
was entered before the cabin altitude is al-
lowed to change. This prevents cabin pressure
oscillations due to small changes in aircraft
altitude and ensures amore comfortableflight.

Descent Mode

FlightSafety
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When the aircraft altitude descends 500 feet
or more from maximum aircraft altitude that
was achieved during flight, the CPCS enters
the descent mode. Once the CPCS enters the
descent mode it remains in that mode unless
theaircraft climbs above the maximum aircraft
altitude at which the cruise mode was started.
At that point the CPCS returns to the climb
mode.

In the descent mode the cabin altitude normally
descends at the maximum rate of 300 fpm.
When the aircraft descends to 25,000 feet of
aircraft altitudethe CPCSdrivesthe cabin al-
titude to the selected landing field elevation.
If the cabin altitude is already below the se-
lected landing field altitude, it bringsthe cabin
up totheselected landing field altitude at arate
of 500 fpm. If the cabin altitude is above the
selected landing field altitude, it continues
to descend the cabin altitude to the selected
land-ing field altitude at a rate of 300 fpm.

45,000
45,000— ’
AIRCRAFT ALTITUDE
40,000— CABIN ALTITUDE (NORMAL)
CABIN ALTITUDE (LDG ELEV TOO HIGH)
CABIN ALTITUDE (LDG ELEVTOO LOV
35,000—] \ { .
30,000—
25,000—
20,000—
18,000—
10,000—
§,000
5,000— - — 2
e 500
Sea Level £8 LEVE

B ——
<250 (50)

Figure 12-3. Cabin Altitude Profile
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Landing Mode

Under normal conditionsthe CPCS entersthe
landing mode from the descent mode when the
aircraft airspeed dropsto 90 kts, theleft throt-
tleisreduced to below max cruise, or theright
WOW switch detects weight-on-wheels. The
outflow valve drives full open, putting the
system in the ground mode.

If, on landing, the cabin altitude is different
than the field elevation, the CPCS brings the
cabin altitude to the field elevation at a con-
trolled ratefor 60 seconds. The maximum rate
of cabin altitude decreaseis 300 fpm, and the
maximum rate of cabin altitude increase is
500 fpm. After the 60-second controlled rate,
the CPCS goesinto the ground mode wherethe
outflow valve is driven full open. This en-
sures the cabin fully depressurizes within 60
seconds of landing.

The landing mode may also be entered from
the climb mode where the 60 second of rate
control appliesthe same aswhen entered from
the descent mode.

Touch and Go

If at any time after touchdown but before
ground mode initiation, the throttles are ad-
vanced to takeoff, the CPCS enters the take-
off (prepressure) mode as described above. I f
the aircraft becomes airborne during landing
mode but beforethethrottlesare advanced to
takeoff, the CPCS enters the descent mode.
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CPCS Output Functions

The CPCS also controls discrete functions
such as cabin altitude warnings and signalsto
the oxygen system that activate the oxygen
mask drop function. The CPCS allows a nor-
mal cabin differential pressure of 8.79 psid.
Thisprovidesacabin altitude of 7,960 feet at
FL 450.

Positive differential pressurerelief isafunc-
tion of both the outflow valve and safety pres-
sure-relief valve, resulting in redundant
overpressurization protection. The maximum
overpressurization electrically provided by
the CPCS is from 8.806 to 8.892 psid. The
maximum overpressurization provided pneu-
matically by the safety outflow valveisfrom
8.951t0 9.5 psid.

The CPCS provides the following outputs:

e Cabin altitude, cabin differential, and
cabin rate of climb—These are displayed
on page one of the EICAS The display
is yellow dashes when there isinvalid
data. (Figure 12-4).

* ALT—Numbers under the ALT legend
indicate the current cabin altitude. The
yellow box M indicator after the num-
bers indicates the pressurization sys-
tem is operating in the manual mode.

» Cabin altitude of less than —2,100 feet
or greater than £8,200 feet, the altitude
indication is yellow. From —2,100 feet
to +8,200 feet, the indication is green.
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Figure 12-4. EICAS Display
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DIFF—Thevalue shown under the DIFF
representsthe current cabin-to-ambient
pressure differential.

A cabindifferential from—-0.5t0 8.9 psid
is green. From 8.9 to 9.0 psid, the indi-
cationisamber. Anindication of lessthan
—0.50r 9.0 psid or greater isred.

RATE—Thecurrent cabin altituderate-
of-change displaysunder the RATE leg-
end. An arrow to the left of the value
points up or down to indicate increas-
ing or decreasing cabin altitude re-
spectively. All cabin rates, positive or
negative, display ingreen. Cabinrateis
intherange of from 0to 9950 fpmin 50
feet increments.

Landing field elevation selection has a
rangefrom—1,000to +14,000 feet. Itis
displayed in green under the PRESS/
CABIN legendinthelower right corner
of the EICAS secondary page.

CABIN TEMP—The cabin temperature
is displayed under the PRESS/CABIN
legend below the LDG ELEV areain
the lower right corner of the secondary
page of the EICAS. The temperatureis
displayed °C next to the C/ and °F next
to the F. The cabin temperature is dis-
played in green.

The CPCSprovidesacabin altitude lim-
iting control that preventsthe cabin al -
titude from exceeding 15,000 feet inthe
event of any reasonably probable mal-
function in the pressurization system
or when the dump switch activates.
Electronically closing the outflow valve
accomplishes this. If for any reason
thereisnot enough air entering the cabin
to maintain that altitude, the cabin alti-
tudewould climb based on theleak rate
of the cabin.
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The CPCS provides a discreet output
from both channels that automatically
activates the passenger oxygen mask
dropout at 13,500 +500 feet. If the take-
off or landing field selection is greater
than 8,000 feet and the aircraft is below
25,000 feet, thedropout occursat 14,750
feet.

Selection of the DITCH pushbutton sig-
nals the CPCS to electrically drive the
outflow valveto thefull closed posi-tion
and illuminate the word DITCH in the
switch.

Selection of the DUMP pushbutton sig-
nals the CPCS to electrically drive the
outflow valve full open and illuminate
theword DUMPIintheswitch. Thiscon-
dition causes the cabin to depressurize
up to the cabin altitude limit of 13,500
feet +1,500 feet.

If the CPCSreceivessignalsfrom either
of the two switches on the cabin door in-
dicating that the door is not closed, it
prevents the cabin from pressurizing if
the aircraft is below 15,000 feet. If the
aircraft altitude is above 15,000 feet,
the CPCS ignores the door switches.
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Manual Pressurization Mode

Manual mode is available for use during ei-
ther flight or ground operations. To select
manual mode press down on the MODE SEL
switch light on the CABIN PRESS control
panel. This illuminates MAN in the switch
(Figure 12-5).

Selecting MAN stopsthe outflow valveinthe
last commanded position and allows the
CABIN ALT switch, also on the CABIN
PRESS control panel, to position the outflow
valve. Cabin altitude rate of change depends
on the changes in aircraft altitude and varia-
tions in cabin-air inflow if no adjustment is
made to the outflow valve position.

o — )
1 B P
(@) EL][I:“’

CABIN PRESS

DITCH DUMP

CABIN ALT

FIELD ELEV

Figure 12-5. Cabin Pressure Control
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Positioning the CABIN ALT switch to either
INCR or DCRS uses the manual motor to po-
sition the outflow valve through a separate cir-
cuit inthe pressurization controller. The switch
is spring-loaded either way back to the cen-
ter position. In the center position thereisno
command signal sent to the outflow valve;
therefore, it remainsin thelast commanded po-
sition.

INCR drivesthe outflow valve open, causing
the cabin altitude to climb. Selecting DCRS
drives the outflow valve closed, causing the
cabin altitude to descend.

Asthe CABIN ALT switch movesfurther from
center, the speed of the manual motor in-
creases the speed to open/close the outflow
valve. The maximum speed of the outflow
valve from full opento full closed is approx-
imately 55 seconds.

Asthe CABIN ALT switch operates the out-
flow valve, it causes the MODE SEL switch
light to pulse. Two pulses of the mode select
pushbutton are equal to approximately 200
fpm cabin rate of change.

Thealtitudelimiting circuit of the CPCS also
operates in the manual mode. Therefore, the
maximum cabin altitude while operating in the
manual mode is 15,000 feet, assuming there
is enough airflow entering the cabin to hold
this altitude. The maximum cabin pressure
differential in the manual mode islimited to
9.0 psid by the pneumatically operated saf ety
outflow valve.
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LIMITATIONS
CABIN PRESSURIZATION

Maximum cabin differential pressureis8.9 psi.

Maximum cabin differential pressurefor take-
off and landing is—0.2 psi.

EMERGENCY AND
ABNORMAL
OPERATIONS

PRESSURIZATION SYSTEM
EICAS MESSAGES

The pressurization system EICAS messages
are displayed on the upper right portion of
the MFD (Figure 12-6).

WARNING Messages

CAB ALT 15000 { —Cabin pressure con-
troller malfunction and the cabin altitude is
above 15,000 feet.

CAB ALT HI ®{ —Cabin altitude is above
10,000 feet.

CAB DOOR UNLOCKED—Main entrance
cabin door is not properly locked, or the
cabin door microswitch has failed.

CAUTION Messages

CAB AUTO PRESS FAIL—The automatic
cabin pressurization system has malfunctioned.

DOOR SEAL PRESS LOW—Indicates that
the main entrance cabin door seal is not in-
flated.

ADVISORY Messages

CAB PRESS TEST OK—The cabin pressur-
ization system has successfully completed
the verify mode test.

12-10
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STATUS Messages

CAB PRESS IN TEST—The cabin pressure
control isin the verify mode test mode.

CABIN PRESS MONITOR—The monitoring
section of the cabin pressure controller has
malfunctioned.

ECSBLEED OFF—The ESC selector switch
is either in the RAM position, or the APU is
selected and the APU is not running.

CAB DOOR UNLOCKED—Main entrance

cabin door is not properly locked, or the
cabin door microswitch has failed.
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Figure 12-6. Pressurization System EICAS Indications
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QUESTIONS

1. The air source used for pressurization
may be from the:

A.
B.
C.
D.

L P compressors

LP and HP compressors
HP compressors

Any of the above sources

2. Thenormal differential pressureiscon-
trolled by the:

A.

B.

C.
D.

Altitude limiters on each outflow
valve

Isobaric valve on the secondary out-
flow valve

Automatic controller logic

Differential limiterson each outflow
valve.

3. The ground unpressurized mode of op-
eration is determined by:

A.

B.

C.

D.

Selecting an altitude below field el-
evation

Selecting an altitude above field el-
evation

A dump solenoid opened by the
ground contact switch

Ground contact switch and power
lever position

4. Innormal operationsthe automatic pres-
surization system istested by:

A.
B.

C.
D

12-12

Momentarily turning the airflow off
Initial application of electrical power
to the system

Increasing or decreasing the selected
altitude

. A constantly run self test with abuilt

in test

FOR TRAINING PURPOSES ONLY

5.

If the preselected altitude is higher than
the destination field, the:

A.

The normal and safety valves open
prior to landing

B. Aircraft will land pressurized
C.
D

Maximum differential will be ex-
ceeded

. The aircraft will land unpressurized
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CHAPTER 13

HYDRAULIC POWER SYSTEM

INTRODUCTION

This chapter describes general information about the G150 hydraulic system.

GENERAL

The G150 has two hydraulic systems (Figure
13-1), referred to asthe main and auxiliary sys-
tems. Hydraulic power from the two systems
is used for actuation of the landing gear re-
traction and extension system, nose wheel
steering, wheel brakes, airbrakes, thrust re-
versers and aileron servoactuators that assist
in aileron control.

Revision 2

MAIN HYDRAULIC SYSTEM

The main hydraulic systemisusedto provide
hydraulic pressure for the following:

e Landing gear retraction and extension
Wheel brakes

Nose wheel steering

Flight and ground airbrakes

» Aileron servoactuators
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If the main hydraulic system fails, compressed
nitrogen isused to provide the necessary pres-
sure to extend the landing gear.

The main hydraulic system is pressurized by
two engine-driven hydraulic pumps. Either
of the pumps can supply adequate pressure
and volume to operate all of the accessories
that are operated by the system.

AUXILIARY HYDRAULIC
SYSTEM

The auxiliary hydraulic system provides hy-
draulic pressure for the following items:

e Thrust reversers
e Aileron servoactuators

MAIN SYSTEM

RESERVOIR

FLUID RETURN FROM
AUXILIARY RESERVOIR
TO MAIN RESERVOIR
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» Parking brake
* Emergency Brake system

A single hydraulic pump that is powered by
an electric motor pressurizes the auxiliary
system.

Control circuit logic regul atesthe operation of
the pump. Operating criteria for the pump is
determined by the position of athree-position
switch in the cockpit and the availability of
electrical power. Normally, the pump will op-
erate whenever the landing gear is not up and
locked. This provides continuous auxiliary
system pressure during takeoff and landing.
However, there are other eventsthat will cause
the pump to operate, discussed later in thetext.

AUXILIARY SYSTEM

RESERVOIR
1]

-

ENGINE-
][
PUMPS

ELECTRICAL
PUMP

[ #1 AUX MANIFOLD

BRAKE
ACCUMULATOR

D

‘. #2 AUX MANIFOLD

NITROGEN
BOTTLE
(EMERGENCY
EXTENSION)

LEGEND

B MAIN SYSTEM PRESSURE

[ AUXILIARY SYSTEM PRESSURE
] SUCTION

I NITROGEN

Figure 13-1. Hydraulic Pressure Distribution
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The auxiliary system is equipped with an ac-
cumulator. The accumulator is provided to
store asmall amount of hydraulic fluid under
operating pressure so that it may be used in
casetheauxiliary system hydraulic pumpfails.
This will allow the emergency brake system
to operate and will keep the parking brake ap-
plied for some time after the aircraft is shut
down.

HYDRAULIC FLUID

Thetype of hydraulic fluid that isused to ser-
vicethehydraulic systemsiscritical. Thepre-
ferred fluidis SKYDROL LDIV.

SENSOR

TEMPERATURE
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COMPONENTS
MAIN HYDRAULIC SYSTEM

The main hydraulic system components
(Figure 13-2) except for the engine driven
pumps, are installed on the left side of the
service compartment and consist of the fol-
lowing:

* Two engine-driven hydraulic pumps
(EDPs)

* Hydraulic reservoir assembly

* Two hydraulic fire shutoff valves

» Two filtersin the high pressure lines

» Onefilter inthereturnline

* Hydraulic manifold assembly

* Fluid temperature sensor

LEGEND

B PRESSURE HYDRAULICS
[] RETURN HYDRAULICS
[ sucTion

I cAsEDRAIN

B BLEEDAR

[] REGULATED BLEED AIR

CHECK

SHUTOFF |
VALVE

, SHUTOFF
VALVE

ENGINE-
DRIVEN
PUMP

ENGINE-
DRIVEN
PUMP

PRESSURE
FILTER

PRESSURE
RELIEF
VALVE

PRESSURE
FILTER

MANIFOLD
1

00| = PRESSURE
o| SwITCH

Figure 13-2. Main Hydraulic System
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Engine-Driven Hydraulic
Pumps (EDPs)

A single hydraulic pump(Figure 13-3) isdriven
by the accessory gearbox of each engine. The
pumps are variable displacement, constant-
pressure type pumps. The pumps utilize a se-
ries of pistons and cams, rather than
intermeshed gearsto produce hydraulic pres-
sure. They internally regulate their operating
pressure, nominally producing 3,000 psi. As
system demand increases, the volume of fluid
pumped will increase and the pressure of the
fluid will decrease slightly. Maximum pump
output is approximately 6.8 gpm.

The pumps operate whenever the high-pres-
sure (N,) spool of the associated engine is
operating. A small amount of fluid is contin-
ually passed through each pump, to facilitate
cooling and lubrication.

Figure 13-3. Engine Driven Hydraulic
Pumps

Main Hydraulic System
Reservolir

Themain hydraulic system utilizesareservoir
(Figure 13-4) located on the left side of the

fuselageinthe service compartment. The ser-
vice compartment is just aft of the baggage
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compartment. The reservoir holds approxi-
mately one-half gallon of hydraulic fluid. The
reservoir isdesigned so that amomentary neg-
ative-g loading of the aircraft will not cause
aloss of fluid supply to the hydraulic pumps.

The reservoir features a non-vented, locking
filling cap (Figure 13-4). Thisis designed to
prevent fluid leakage when air pressureis ap-
plied to thereservoir, asdescribed later inthe
text. A glass sight gauge that is visible from
outsidetheaircraftislocated on the side of the
reservoir to enabletheflight crew to determine
hydraulic fluid quantity prior to flight. The
proper fluid level isindicated by the surface
of thefluid at the midpoint of the sight gauge.
Other featuresinclude alow-level switch, an
over-pressurerelief valveand amagnetic drain
plug. The plug is magnetized so that certain
metal particles will attach to it and their
sources can beidentified by maintenance. For
servicing, thereservoir is also equipped with
an air pressure release valve.

Figure 13-4. Main Hydraulic System
Reservoir
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Fire (Hydraulic) Shutoff Valves

Two fire (hydraulic) shutoff valves (Figure
13-5) are located at the base of the reser-
voir, one for each engine-driven pump. These
are used to stop hydraulic fluid from fueling
an engine fire and are controlled by the
FIRE/OVERHT switchlights (Figure 13-5) in
the cockpit. Theleft switch controlsthevalve
for theleft engine, theright switch controls
the valve for the right engine.

Each valvefeaturesareversible el ectric motor
that positions the valve either OPEN or
CLOSED.

There are no intermediate positions on these
valves and the motorsare controlled by internal
l[imit switches that stop operation when the
valvesreach the desired position. It takes ap-
proximately one second for avalveto open or
close. Power is supplied from the respective
No. 1 or No. 2 distribution bus. Generator
power is not required to operate the valves.

Figure 13-5. Fire (Hydraulic) Shutoff Valves
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High-Pressure Filters

A high-pressurefilter (Figure 13-6) islocated
in the hydraulic line that comes from each
EDP. Thesefiltersareinstalled to prevent any
debrisfrom afailed pump to contaminate the
remainder of the hydraulic system. To per-
form this function properly, the filters must
pose a complete barrier to foreign material
that exceedsacertain size. Therefore, thereis
no provision for fluid to bypass these filters
in case the filter element becomes blocked.

A differential pressure (pop-out) indicator is
located at the top of each of thesefilterstoin-
dicateif an excessive pressure difference has
occurred across the filter element. The indi-
cator will extend from the top of the filter
housing if the element becomes contaminated
and acertain threshold of pressureisexceeded.

Figure 13-6. High-Pressure Filters
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Low-Pressure Filter

The main system is also equipped with a hy-
draulicfilter toremove contaminantsfrom the
hydraulic fluid after it has been utilized in the
aircraft accessories. It is located in the com-
mon low-pressure return line to the hydraulic
fluid reservoir. This filter is also equipped
with adifferential pressureindicator that will
extend if filter contamination occurs.

Thelow-pressure filter has the capability of
bypassing fluid around the filter element in
case the element becomes completely
blocked. Thisisto allow the main hydraulic
system to continue operation until a safe
landing can be conducted. If the filter could
not bypass, the hydraulic system would fail
very quickly after a return filter blockage
because of fluid starvation of the hydraulic
pumps. However, if the bypass mechanismis
being used, any contaminants in the fluid
will beintroduced to the hydraulic reservoir
and then be able to reach the remainder of the
hydraulic system.

Hydraulic Manifold

The main hydraulic system is equipped with
a single hydraulic manifold (Figure 13-7) to
distribute hydraulic pressuretoitsassociated
accessories. The manifold is used to connect
the various components of the hydraulic sys-
tem to each other. It islocated in the service
compartment on the left side of the fuselage,
just aft of the main reservoir.

The manifold contains two check valves, two
pressure switches, a pressure transmitter and
apressurerelief valve. The check valvesallow
fluid to passin only one direction, each asso-
ciated with one of the engine-driven pumps. If
a pump or engine should fail, the associated
check valve will prevent fluid from back-
flowing through the pump. Thiswill enablethe
remaining pump to maintain pressureinthe hy-
draulic system. Each of the hydraulic pumps
isassociated with one of the pressure switches,
aswell. If apump failsor apressurefilter be-
comes blocked, an EICAS caution message
(L/R) HYD PUMP PRESS LOW will be pre-
sented. If both of these switchesare activated
simultaneously, system logic will cause the
auxiliary hydraulic system pump to operate.

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

CHECK
VALVES

]

2>

\

PRESSURE
TRANSDUCER

OUTLET
‘ PORT

PRESSURE

/7 SWITCHES

Figure 13-7. Hydraulic Manifold
Components

The pressuretransmitter isused to signal sys-
tem pressure to the primary and secondary
EICAS pages. Normal indications are pre-
sented in green. Abnormal pressure values
are presented in amber. If the pressurewithin
the system becomes excessive, the MAIN
HY D PRESS HI caution message will appear
on the MFD.

The pressure relief valve isinstalled to pre-
vent afailure of ahydraulic pump pressure reg-
ulator from causing an over-pressurization of
the main hydraulic system. Itsfunction is au-
tomatic. If the pressure limit is exceeded, the
valvewill open. It will re-close when the pres-
sure returnsto normal.

Fluid Temperature Sensor

The temperature of the hydraulic fluid in the
system must be maintained within limits. A
temperature sensor |ocated in the low-pressure
return hydraulic lineto thereservoir. Thetem-
perature of the hydraulic fluid is continuously
monitored and is available on the secondary
EICAS page. If thetemperature reaches 85°C
or higher, a MAIN HYD TEMP HI caution
message will be displayed.
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AUXILIARY HYDRAULIC
SYSTEM

The auxiliary hydraulic system (Figure 13-
8) components are located primarily on the
right side of the aft fuselage and include the
following:

» Electrically powered hydraulic pump

» Hydraulic fluid reservoir

* Hydraulic accumulator

* Two manifolds

» High-pressurefilter

* Low-pressurefilter

* Fluid temperature sensor

» Control switch

RESERVOIR
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Theauxiliary hydraulic system does not share
hydraulic fluid with the main system during
normal operations. They are separate systems.

Hydraulic Pump

Theauxiliary systemispressurized by an el ec-
trically powered hydraulic pump (Figure 13-
9). The motor that drives the pump operates
on 28 VDC and hasanintegral cooling fan. The
pump operates continuously under certain
conditions and can be powered by engine or
APU generatorsor by battery power. Pump op-
erating time with battery power only should
be limited because of the high electrical draw
of the pump. The pump is a variable-dis-
placement type pump with a nominal operat-
ing pressure of approximately 3000 psi. and
operationally similar to the main hydraulic
system pumps. Volume of fluid pumped is

FILTER'

LEGEND
. PRESSURE HYDRAULICS

D RETURN HYDRAULICS

ELECTRIC
PUMP

FILTER

PRESSURE 655
SWITCH &2

PRESSURE
RELEASE PRESSURE [656
VALVE SWITCH B2

PRESSURE |
RELIEF !
VALVE 1

I sucTion
[ cASE DRAIN
[ ] REGULATED BLEED AIR

88| - PRESSURE
SWITCH

TO AILERONS

PARKING BRAKE

THRUST REVERSERS

#2 MANIFOLD

EMERGENCY BRAKE

Figure 13-8. Auxiliary Hydraulic System
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é —— PRESSURE SWITCH
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FILTER\ = - ! PRESSURE
)

I TRANSMITTER
| NO. 1 MANIFOLD

| PRESSURE
| RELEASE
. VALVE

PRESSURE
FILTER

HYDRAULIC ELECTRIC
PUMP MOTOR

Figure 13-9. Auxiliary Pump

proportionate to system demand. The pump has
amaximum rated flow of 2.9 GPM. Itiscon-
trolled by the 2,000 psi pressure switch in
manifold #2. Just as occurs in the engine-
driven pumps, a small amount of hydraulic
fluidiscontinuously pumped through the case
drain and back to the reservoir to facilitate
cooling and lubrication of the hydraulic pump.
The pump and motor assembly are located on
theright side of the service compartment bel ow
and aft of the auxiliary hydraulic reservoir.

Auxiliary Hydraulic Reservoir

The auxiliary hydraulic reservoir (Figure 13-
10) islocated on theright side of the fuselage
inthe service compartment. Itissimilar to the
reservoir of the main system, but hasasmaller
capacity. It features alocking cap, fluid level
sight gauge, air pressure relief and release
valvesand alow-level switch. Thereservoiris
designed to maintain positivefluid flow to the
hydraulic pump under a negative-g load for a
short period of time. Thereservoir isdesigned
to cause returned fluid to circulate withinitin
order to facilitate cooling.

Figure 13-10. Auxiliary Hydraulic
Reservoir
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The reservoir cap and sight gauge are acces-
sible through a hinged door on the right side
of the aft fuselage. Fluid level should be main-
tained to approximately the mid-point of the
sight gauge. The low-level switch will cause
the AUX HYD LEVEL LOW caution mes-
sage to be displayed on the EICAS.

Auxiliary Hydraulic
Accumulator

The auxiliary hydraulic system is equipped
with an accumul ator to store a small amount
of hydraulic fluid under normal operating
pressure. Thisisto allow the auxiliary system
to be used for emergency or parking brakes or
for thrust reverser deployment in case the aux-
iliary hydraulic pump fails. It is also used to
maintain pressure on the parking brake when
the auxiliary pump is not operating.

Theaccumulator ispressurized with nitrogen
to approximately 1,500 psi., depending on the
ambient temperature. This is referred to as
the precharge. When the auxiliary hydraulic
pump is activated, hydraulic pressure of ap-
proximately 3,000 psi is applied to the accu-
mulator. The hydraulic fluid under pressure
enters the accumulator and acts against the
nitrogen, which undergoes additional com-
pression. The compressed nitrogen then acts
like aspring to keep the fluid under pressure.
The pressure gauge in the pressure refueling
compartment will indicate normal hydraulic
system pressure of approximately 3,000 psi.
under these conditions.

The number of emergency brake or parking
brake applications available depends on the
state of charge of the accumulator. Each time
abrakeisapplied and released, fluid isdrawn
from the accumulator and sent to thereservoir.
Once this occurs, this hydraulic fluid is no
longer under pressure and is unavailable for
use. A fully-charged accumulator can give a
maximum of ten brake applications or one
thrust reverser deployment. If the precharge
is insufficient, there will be fewer available
operations of these systems.
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During the exterior inspection, any fluid that
is under pressure in the accumulator must be
depleted in order to check the pre-charge.
This is accomplished by manually depress-
ing the pressure release valve (Figure 13-11)
located in the pressure refueling compart-
ment. This will release hydraulic pressure
from the accumulator by sending the pres-
surized fluid back to the auxiliary reservoir.
The precharge can then be read directly from
the pressure gauge.

Figure 13-11. Pressure Refueling
Compartment

Auxiliary Hydraulic Manifolds

There are two manifolds (Figure 13-12) in the
auxiliary hydraulic system, referred to asthe No.
1 and No. 2 manifolds. The No. 1 manifold in-
cludes a pressure transmitter and a pressure
switch. The pressuretransmitter provides aux-
iliary hydraulic system pressure indication on
the primary and secondary pagesof the EICAS.
The pressure switch activates the AUX HYD
PRESS L OW caution message onthe EICASif
aileron system pressure fallsto 900 psi for 2.5
secondsand theauxiliary hydraulic pump should
berunning. Manifold No. 1islocated ontheright
side of the service compartment, just at of the
auxiliary hydraulic system reservoir.
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PRESSURE
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Figure 13-12. No. 2 Manifold Assembly

TheNo. 2 manifold directs system pressure to
the thrust reversers and the emergency brake
system andislocated just aft of the main land-
ing gear wheel well. It contains two check
valves, two pressure switches, and a relief
valve. One check valve prevents pressureloss
fromthe auxiliary accumulator and the thrust
reverser system; the other check valve prevents
pressure loss from the emergency brake sys-
tem.

Thetwo pressure switches have different pres-
sure settings. Onewill closewhen the pressure
in the auxiliary hydraulic system accumula-
tor fallsbelow 2,000 psi to signal thelogic cir-
cuitry to switch on the auxiliary pump. The
second switchwill close when the pressurein
the accumulator falls below 1,200 psi to illu-
minate the AUX HYD PRESS LOW caution
message on the EICAS.

13-10
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The relief valve opens to the return line if
auxiliary system pressure becomes excessive.
It will automatically close again when pres-
sure returns to normal.

High-Pressure Filter

The auxiliary hydraulic system is equipped
with a single high-pressure filter to remove
contaminants that may originate within the
hydraulic pump. Its construction and opera-
tion are similar to those of the high-pressure
filtersinthemain system, described earlier in
thetext. Thefilter featuresadifferential pres-
sureindicator to provide visual evidence of el-
ement blockage. There is no fluid bypass
provision on the high-pressure filter.

Low-Pressure Filter

A single low-pressure filter removes sus-

pended particulates from the hydraulic fluid

beforeitisreturnedtotheauxiliary hydraulic

reservoir. Itisalsoequipped with adifferen-

'gall pressure indicator and has bypass capa-
ility.

Fluid Temperature Sensor

A temperature sensor is installed in the re-
turn line to the auxiliary hydraulic reservoir
to provide temperature information to the
EICAS. Hydraulic fluid temperature is con-
tinuously available on the secondary page of
theEICAS. The AUX HYD TEMPHI caution
message on the EICASwill appear if thefluid
temperature exceeds 85°C.

Auxiliary Hydraulic Pump
Control Switch

Operation of the auxiliary hydraulic pump is
controlled by logic circuitry and depends on
the selection of the three-position control
switch (Figure 13-13) that is located on the
pedestal, near the thrust levers. The switch
positionsare OFF, AUTO and OVRRD. Pump
operation in each of these switch positionsis
discussed in the Operations section of this
chapter.
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OTHER COMPONENTS

Reservoir Air Pressurization
System

Both of the hydraulic reservoirs share acom-
mon air pressurization system (Figure 13-
14). This system is necessary to prevent the

AUX HYD PUMP
OVRRD

®

Figure 13-13. AUX HYD PUMP Switch
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formation of bubbles within the fluid of the
hydraulicreservoirsat high altitude or at high
operating temperatures. If bubbles are al-
lowed to form in the reservoir, fluid flow to
the hydraulic pumps would be interrupted
and loss of hydraulic pressure could result.

To pressurize the reservoirs, bleed air is ex-
tracted from the engines and APU. A com-
mon manifoldisshared by these three sources.
Check valvesareinstalled to allow any one of
the sources to maintain required pressure.
Pressurization of the reservoirs is indepen-
dent of the cabin air selector setting.

An air pressure regulator within the system
maintainsthe air pressure between 25 and 30
psi. If pressuredropssignificantly below this
value, apressure switch on the regul ator will
cause the HYD TANK PRESS LOW caution
message to be displayed on the EICAS. Check
valves are installed in the system to prevent
this message from appearing unnecessarily at
low engine power settings. Theregulator also

FROM RIGHT BLEED
SWITCHING VALVE

FROM APU
AIR VALVE

PRESSURE
SWITCH

AIR PRESSURE

RELEASE VALVE

AIR
PRESSURE

MAIN RESERVOIR

Figure 13-14. Reservoir Air Pressurization System
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features a vacuum relief valve to prevent a
negative pressure from developing within the
reservoirs.

The air that pressurizes the reservoirsiis fil-
tered to remove any foreign material. To pre-
vent over-pressurization of the system, each
reservoirisfitted with apressurerelief valve.
If excessive pressure buildsin the system, the
valves open automatically and re-close when
the pressureisreduced to within limits.

Each reservoir isequipped with apressurere-
lease valve, allowing maintenance personnel
to deplete the air pressure in the reservoirs
prior to opening the capsfor servicing the hy-
draulic system. There is also a provision to
allow the system to be pressurized with com-
pressed shop air for maintenance purposes.

Reservoir Crossover Plumbing

When normal brakes are applied, fluid from
the main hydraulic system is pushed into the
wheel brake assemblies. If the aircraft is
stopped and the parking brakeis subsequently
applied, only asmall amount of auxiliary hy-
draulic systemfluid iscapable of entering the
brake assemblies. If the normal brakes are
held firmly whilethe parking brakeis selected
off, the fluids will tend to remain in their re-
spective systems. However, if the normal
brakes are not held during the release of the
parking brake, fluid in the brake assemblies
from both systemswill bereturned to the aux-
iliary hydraulic system reservoir. This can
cause the auxiliary reservoir to exceed its
fluid capacity, resulting in the excess fluid
being vented overboard.

To keep thefluid from beinglost fromtheair-
craft as a result of this process, a crossover
plumbing system is installed to return fluid
from the over-serviced auxiliary reservoir to
the main reservoir. Thisiscomposed of atube
that connects the auxiliary reservoir and the
main reservoir with a one-way check valve.
Fluid can only flow from the auxiliary reser-
voir to the main reservoir.

13-12
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OPERATION
MAIN HYDRAULIC SYSTEM

The main hydraulic system becomes opera-
tional as soon as either engine is started. As
soon as bleed air pressure becomes sufficient,
theHY D TANK PRESS L OW caution message
will extinguish. Bleed air for reservoir pres-
surization can also be provided by the APU.

The operating engine’s hydraulic pump will
draw fluid from the main reservoir throughits
respective open fire (hydraulic) shut-off valve.
Fluid is pressurized to its operating pressure
by the pump and itsinternal pressure regulating
mechanism. The pressurized fluid is then
passed through one of the high-pressure fil-
ters and to the main system manifold. If the
filter is blocked, the fluid has no ability to
bypass it and will not reach the manifold.

Within the manifold, the pressure of the fluid
opens one of the pressure switches which
causes the (L/R) HYD PUMP PRESS LOW
caution message to extinguish onthe EICAS.
The fluid then flows past a check valve to
enter the common plumbing of the main hy-
draulic system. The check valve functionsto
prevent back flow into a failed pump or the
pump of an enginethat isnot operating. At this
point, the pressure transmitter signalsthe ac-
tual system operating pressuretothe EICAS.
If the pressureislow, the indication will ap-
pear in amber. If normal, the pressure indica-
tion will be green. If the pressure regulating
function of the pump has failed and an ex-
cessive pressureis applied to the system, the
indicationwill turn amber again andthe EICAS
will generateaMAIN HY D PRESSHI caution
message. The system pressure relief valve
will also open, returning fluid to the main
reservoir and reducing the pressure to an ac-
ceptable level.

When the second engineis started, the process
isrepeated. The other pressure switchwill be
opened, extinguishing the other HYD PUMP
PRESS L OW caution message. Only one pump
IS necessary to operate the system.
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Oncethefluid from either pump passesthrough
the main system manifold, it is available for
use in the aircraft accessories. Main system
pressure is used to operate the nose wheel
steering, normal braking system, landing gear
extension and retraction mechanisms, air
brakes and part of each aileron servoactuator.

Once the main system fluid has been utilized
intheaircraft, it passesthrough the low-pres-
sure filter before being returned to the main
reservoir. Should thisfilter become completely
blocked during operation, fluid can bypass
thefilter and returntothereservoir. Thispre-
ventsthe main system fromfailing dueto fluid
starvation. The temperature of the fluid is
continuously monitored as it returns to the
reservoir and is indicated on the secondary
EICASpage. AMAINHYD TEMPHI caution
message will appear on the EICAS if the re-
turned fluid exceeds 85°C.

If aleak developsinthe system, thelow-level
switch within the main system reservoir will
close. Thiswill causethe MAINHYD LEVEL
L OW caution message to appear onthe EICAS.
It will also cause activation of theauxiliary hy-
draulic pumpif the control switch is selected
to AUTO.

If an engine fails or if one of the hydraulic
pumps fail, the associated pressure switch
within the main system manifold will close,
activating the appropriate HY D PUM P PRESS
LOW caution message on the EICAS. The
check valveinthe manifold will prevent pres-
sure from being lost through the failed pump
so that the system can continue to operate. If
pressure from both pumps is lost, the other
pressure switch will close. The other HYD
PUMP PRESS L OW caution message will ap-
pear. System logic will cause the auxiliary
hydraulic pump to operate when both of these
pressure switches are closed and the control
switchisset to AUTO.

If reservoir air pressurizationislost or drops
below limits, the HYD TANK PRESS LOW
caution message will appear. There is only
one message because both reservoirs share a
common system.
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Because many of the aircraft systemsrequire
hydraulic pressure to operate, a provision is
made so that the main system can operate with
an external hydraulic pressure source. It is
connected to the left engine hydraulic pump
assembly to allow maintenance personnel to
operationally check these systems.

AUXILIARY HYDRAULIC
SYSTEM

The auxiliary hydraulic system is designed
for part-time operation. It is the source of
pressure for systems that are normally used
during takeoff, landing and ground opera-
tions; such asthrust reversers and the parking
brake. It al so serves as aback-up source of hy-
draulic pressure for the brake system and for
the aileron servoactuators. As a result, con-
tinuous operation of the system is not neces-
sary except during takeoff, landing, ground
operations, and during abnormal system con-
ditionsthat affect the operation of the main hy-
draulic system.

When the auxiliary hydraulic pump is oper-
ating, fluid is drawn from the auxiliary hy-
draulicreservoir by the pump. After the pump
pressurizesthefluid, itissent through ahigh-
pressure filter.

If thisfilter becomesblocked, thereisno pro-
visionto allow fluid to bypassit. Oncethefluid
leavesthefilter, it proceedsto thefirst of two
hydraulic manifolds.

The No.1 manifold contains a pressure trans-
mitter and a pressure switch. It has attach-
ments for hydraulic lines that lead to the
aileron servoactuators and to the No. 2 man-
ifold, discussed shortly.

The pressuretransmitter will send pressurein-
formation to the EICAS primary and secondary
pages.

Display logicisconsistent with the main sys-
tem, with green being a normal indication.
When thelanding gear isretracted and all sys-
tems are functioning normally, an auxiliary
pressure indication of zero is presented in
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green because thisisanormal operating con-
dition. If the pressure regulating mechanism
within the pump fails and excessive pressure
isproduced, the AUX HY D PRESS HI caution
message will be displayed on the EICAS.

The pressure switch in the No. 1 manifold is
used to generate the EICAS message AUX
HYD PRESS LOW if the pressure is below
l[imits and the pump should be operating ac-
cording to system logic. This switch incor-
porates a 2.5 second delay to prevent the
unnecessary appearance of this message due
to momentary fluctuationsin system pressure.

The No.2 manifold has fittings for hydraulic
linesto thethrust reversers, accumulator and
emergency/parking brake valve. It contains
two check valves, has a pressure relief valve
and two pressure switches.

Asfluid entersthe No. 2 manifold from the No.
1 manifold, it passes through a check valve.
The purpose of thisvalve isto keep pressure
in the accumulator during periods of pump
inactivity. Pressurized fluid isavailablefor the
thrust reversers after passing the check valve.
Theaccumulator is pressurized and both pres-
sure switches are opened. These switcheshave
two different settings. One switch will activate
the auxiliary hydraulic pump if it senses that
the accumulator haslost aportion of its pres-
sure. The other switch activates at a lower
pressureand will causethe AUX HY D PRESS
L OW caution message to be displayed on the
EICAS.

Pressurized fluid then proceeds, as needed,
through the second check valve to the emer-
gency/parking brake valve and the pressurere-
lief valve. The check valveislocated so that
parking brake pressure will be maintained
after the accumulator has been depleted for the
purpose of checking the pre-charge. The pres-
surereleasevalveutilized inthisprocedureis
also connected to the No. 2 manifold by sys-
tem plumbing and located in the pressure re-
fueling compartment near the pressure gauge.

Thepressurerelief valve servesthe samefunc-

tion as the one on the main system. If an ex-
cessive pressure develops within the system,
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this valve will open and return fluid to the
auxiliary reservoir until the pressureiswithin
l[imits.

Oncetheauxiliary system hydraulic pressure
hasbeen utilized inthe aircraft, thefluidisre-
turned to theauxiliary reservoir. Before reach-
ing the reservoir, the fluid is passed through
alow-pressure filter to remove any contami-
nants. Fluid may bypassthisfilter, in casethe
element isblocked, to prevent fluid starvation
of the pump. The temperature of the fluid is
al so continuously monitored prior to entering
thereservoir. Thetemperatureisavailableon
the secondary EICAS page. The AUX HYD
TEMP HI caution message will be displayed
if the temperature exceeds 85°C.

Operation of the auxiliary hydraulic pumpis
controlled by the position of the AUX HYD
PUMP control switch inthe cockpit and by the
occurrence of certain system conditionswithin
the aircraft. This switch has three positions:
OFF, AUTO and OVRRD. During normal op-
erations, the switchisin AUTO.

If the switch isin OFF, the pump will not nor-
mally operate. There is one exception. Each
aileron servoactuator is equipped with a mi-
croswitch that will be closed if thereisame-
chanical failure within that servoactuator. If
thisoccurs, the auxiliary hydraulic pump will
be activated regardless of the position of the
control switch. To deactivate the pump, DC
power must be removed from the pump circuit.

If the switchisin AUTO, the pump will op-
erateif any of thefollowing conditions exist:

» Either main landing gear not up and
locked.

» Activation of both main system low
pressure switches.

* Low fluidlevel inthe main system reser-
voir.

» Depletion of auxiliary system accumu-
lator hydraulic pressure.

 Lossof hydraulic pressureto anaileron
servoactuator or mechanical failure
within a servoactuator.
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The main landing gear uplock switch logic
ensures that the pump will operate as soon as
the landing gear is extended for landing and
will remain operating for all ground opera-
tions. After take-off, the pump will continue
to operate for approximately 10 seconds after
the gear isup and locked in order to ensurefull
pressurization of the accumulator.

If both of the pressure switchesin the main sys-
tem manifold are activated, insufficient pres-
sure is available from the main system. This
could have resulted from both engine-driven
pumpsfailing, both main system high-pressure
filtersbecoming blocked, or aloss of main sys-
tem fluid. The auxiliary pump is activated to
ensure that there is pressure available for
aileron servoactuator operation.

When the pump has been activated as aresult
of one of the above conditions, the pump will
continue to operate as long as that condition
exists. If the condition that activated the pump
iscorrected, pump operation will cease unless
it has been caused by one of the servoactua-
tor microswitches. If the pump has been acti-
vated because of a loss of main system
hydraulic pressure within one of the servoac-
tuators, the pump will remain operating if hy-
draulic pressure is restored. A holding relay
will keep power applied to the pump until the
control switchisselected OFF. If the pump has
been activated by amechanical failurewithin
one of the servoactuators, the only method of
de-activating the pump is by removing power
fromtheaircraft or opening the appropriate cir-
cuit breaker. In this case, power to the pump
bypassesthe switch logic circuit. Thisensures
that hydraulic assistance will be available to
aid in aileron control.

With the switchin OVRRD, the pump operates
continuously regardless of other conditions.

If the auxiliary hydraulic pump fails or aux-
iliary system pressure is lost, the accumula-
tor ischarged with hydraulic pressureto allow
alimited amount of braking or thrust reverser
operation. A fully charged accumulator pro-
vides one deployment of the thrust reversers
or 10 emergency brake applications after loss
of the auxiliary system pressure. Thereisno
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way to directly assessthe state of charge of the
accumulator from the cockpit.

LIMITATIONS

Thelimitations contained in Section One of the
Airplane Flight Manual (AFM) must be com-
plied with regardless of the type of operation.

APPROVED HYDRAULIC
FLUIDS

Preferred fluid: SKYDROL LD IV—
Monsanto Co.

Alternative fluids:

» Typell SKYDROL 500B—Monsanto Co.

e Type Il CHEVRON HYJET W—
Chevron International Oil Co. Inc.

» Typelll AERO SAFE 2300 W—Stauffer
Chemical Co.

e Type IIl CHEVRON HYJET Ill—
Chevron International Oil Co. Inc.

The above mentioned fluids may be used and
mixed without restriction.

EMERGENCY AND
ABNORMAL
OPERATIONS

The EICAS displays both the main and auxil-
iary system pressure on both the primary and
secondary pages of the MFD (Figure 13-15).

Caution messages display as amber EICAS
messages on the MFD, and are accompanied
by aMASTER CAUTION light. Thereareno
WARNING messages associated with
Hydrualics (Figurel3-15).

AUX HYD LEVEL LOW—Thisindicatesthat
the fluid level in the auxiliary reservoir has
dropped to approximately 0.14 gallonsor less
(530 cc) remaining in the reservoir.
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AUX HYD PRESS HI—This indicates the
pressure in the auxiliary hydraulic system is
above 3,500 psi. This signal comes from the
AUX PRESS transmitter.

AUX HYD PRESSLOW—Thisindicatesthe
pressureintheauxiliary accumulator isbelow
1,200 psi. as sensed by pressure switch 43C
inthe No.2 manifold of the auxiliary system.
This message may also be illuminated if the
auxiliary system pressure to the ailerons is
below 900 psi for more than 2.5 seconds and
the auxiliary pump should be operating.

AUX HYD TEMP HI—The temperature in
the return line to the auxiliary reservoir is
above 85°C (185°F).

L/R HYD PUMP PRESS LOW—This indi-
cates that the pressure output of this pump
has dropped to 1,500 £100 psi as sensed by
switch in the main system pressure manifold.
When the pressure from the pump rises to
1,800 psi or more this message extinguishes

HYD TANK PRESS LOW—Output from the
hydraulic reservoir air pressureregulator has
dropped to 8.5 £1 psi. When the pressurerises
to 10.5 £1 psi this message extinguishes.

MAINHYD LEVEL LOW—Level inthemain
hydraulic level hasdroppedto 0.079 (300 cc).
Whenthelevel risesto 0.147 gallons (556 cc)
the message extinguishes.

MAIN HY D PRESS HI—Pressure transmitter
senses that the main hydraulic pressure is
above 3,500 psi. When the main hydraulic
pressure decreases to 3,200 psi this message
extinguishes.

MAINHYD TEMP HI—Fluid temperature at
thereturnlinetothemain hydraulic reservoir
exceeds 85°C (185°F).

If both systems are operating normally, there
will be no messages displayed on the EICAS.
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Figure 13-15. Hydraulic EICAS Indications
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QUESTIONS

1. Thepumpsinthe main hydraulic system
are:
A. Electrically driven, variable pressure
B. Enginedriven, constant pressure
C. Enginedriven, variable pressure
D. Electrically driven, constant pressure

2. With the AUX HYD PUMP switch in
AUTO, the auxiliary pump operatesif:

A. Thereisacompletelossof main sys-
tem pressure

B. The auxiliary system accumulator
pressureislow

C. Themainsystemreservoir fluidlevel
islow

D. Any of the above

3. The AUX HYD PUMP automatically
stops operation if all failures are cor-
rected except after:

A. HYD PUMPPRESSLOW L/R
B. MAINHYD LEVEL LOW

C. Brake accumulator pressure loss
D. Aileron failure

4. Inthe event the auxiliary pump fails or
pressureislost, afully charged accumu-
lator provides:

A. Up to ten emergency brake applica-
tions

. One deployment of the thrust re-
versers

B
C. Eight emergency brake applications
D

. Up to ten emergency brake applica-
tions or one deployment of thrust re-
versers

5. The preferred hydraulic fluid for usein
the systemis:

SKYDROL 500B

SKYDROL LD IV

AERO SAFE 2300 W

CHEVRON HY JET Il

oOow>
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CHAPTER 14

LANDING GEAR AND BRAKES

INTRODUCTION

Thischapter coversgeneral information about the G150 landing gear and brake systems.

GENERAL

The G150 has amechanically controlled, hy-
draulically operated fully retractable tricy-
clelanding gear system (Figure 14-1). Features
of the system include:

Revision 2

A steerable dual-wheeled nose gear
Two dual-wheeled main gear
Mechanically actuated gear doors
Hydraulic retraction and extension
Emergency gear extension subsystem

Position indicating and warning sub-
systems

The hydraulic wheel brake system incorpo-
rates the following:

FOR TRAINING PURPOSES ONLY

Hydraulic wheel brake assemblies for
each main landing gear wheel

Parking brake
Normal brakeswith antiskid protection

Emergency brakeswithout antiskid pro-
tection
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LANDING GEAR DOWN

Figure 14-1. Landing Gear

SYSTEM DESCRIPTION

Normal landing gear extension and retrac-
tion is hydraulic and controlled by the land-
ing gear control lever on the center instrument
panel. The main hydraulic system supplies
pressure.

Emergency extension is pneumatic and con-
trolled by the emergency extension control
handle on the | eft side of the center console.
Pneumatic pressure for emergency gear exten-
sion issupplied by stored compressed nitro-
gen.

The nose gear has an oleo-pneumatic shock
strut made of forged aluminum with asteel pis-
ton. A hydraulic actuator extends and retracts
the nose landing gear through operation of the
drag brace. The nose landing gear is held in
the down position by a spring-loaded lock
within the drag brace.

A spring-loaded lock within the nose gear
well, inaddition to hydraulic pressurewithin
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the actuator, retains the nose gear in the re-
tracted position. The locks are released by
hydraulic pressure during retraction or ex-
tension, asappropriate. The uplock pneumat-
ically releases during emergency gear
extension.

Four doors fully enclose the nose gear when
it is retracted. During gear extension, gear
door sequenceis as follows:

» Thetwo forward doorsopen and re-close
during gear extension.

* Theaft two doorsremain openwhenthe
gear is extended.

All of the nose gear doors are actuated by
mechanical linkage to the drag brace.

Each main gear consists of an aluminum
forged strut longitudinally hinged to thewing
structure for inboard retraction. Two doors en-
close each main gear assembly when retracted.
Inboard door is operated by mechanical link-
age to the hydraulic landing gear actuator. It
opensfully during gear extension and remains
partially open when gear is down and locked.
Theoutboard door ismechanically linked to the
support strut and moves to the fully open po-
sition when gear extends.

Themainlanding gear downlocks arelocated
within each hydraulic actuator and are spring-
loaded in alocked position. During retraction,
hydraulic pressure releases the locks and al -
lows the actuators to operate. Uplocks lo-
cated on each inboard gear door maintain the
main gear intheretracted position if hydraulic
pressureis|ost.

Nosewheel steering is provided by two hy-
draulic actuatorslocated at the top of the nose
landing gear assembly. Pressure to these hy-
draulic cylinders is controlled by an elec-
tronic control unit that receivesinput from a
tiller in the cockpit. The unit also receives
electrical signalsfrom the rudder pedals, al-
lowing either pilot to have a limited amount
of nosewheel steering through the pedals.
Hydraulic pressure for steering is supplied
by the main hydraulic system. Thereisno me-
chanical linkage from the cockpit to the nose-
wheel steering system.
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Position and warning systems consist of vi-
sual position indicators, CAS message and
aural warning.

The brake system consists of normal and emer-
gency operating subsystems, parking brake,
and anti-skid subsystem.

LANDING GEAR
NOSE LANDING GEAR

The nose landing gear consists of the follow-
ing components (Figure 14-2):

» Shock Strut Assembly, including wheels
and tires

* Drag Brace and Trunion

» Actuator Assembly

e Doors

NOSE LANDING
GEAR ACTUATOR
ASSEMBLY

TOWING
ADAPTOR

Figure 14-2. Nose Landing Gear
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Shock Strut Assembly

The nose landing gear shock strut assembly
is a dual-wheel system that retracts forward
into the nose gear well. It is comprised of an
oleo-pneumatic shock strut and torquelink as-
sembly. A spring-loaded cam on the forward
part of the shock strut engages the uplock in
the nosewheel well when the gear isretracted.

Thetorque link (scissor) assembly transmits
steering forces to the nosewheel axle. A ball
lock pin connects the upper and lower arms
of thetorquelinksand isremovableto permit
unlimited nosewheel steering angles during
towing. A towing adapter assembly is in-
stalled on the nosewheel axle torsion shaft
for aircraft towing.

NOTE

Towing with the nose gear torque
links connected is prohibited

Drag Brace and Trunnion

Thenoselanding gear drag brace and trunnion
provide structural support to the nose landing
gear. Thetrunnionis mounted to the fuselage
on a pivot axis permitting retraction of nose
strut forward and up into the nosewheel well.

The drag braceisatwo piece assembly. The
upper arm contai ns aspring-loaded downlock
that engages the lower arm to create arigid
brace that holds the nose gear in the down
position. The lock automatically engages
when the landing gear is fully extended and
is mechanically released by the hydraulic
downlock actuator during gear retraction. The
downlock actuator islocated within the drag
brace and receives hydraulic pressure when-
ever thelanding gear handleis selected UP and
main hydraulic system pressureis available.
This retracts the downlock and allows the
drag brace to fold in response to actuator
force.

Actuator Assembly

The nose landing gear actuator assembly isa
conventional two-port hydraulic cylinder that
provides the force required for nose landing
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gear extension and retraction. Once the nose
gear downlock isreleased by hydraulic pres-
sure, the actuator applies force to the drag
brace on one end and the trunnion on the other.

This causes the drag brace to fold upward,
resulting in gear retraction. Once the gear is
up, hydraulic pressure is maintained contin-
uously on the actuator and the nose gear up-
lock engages by spring pressure. These events
keep the nose gear in the retracted position.
During extension, hydraulic pressure (or pneu-
matic pressure in event of an emergency ex-
tension) is applied to the uplock to release it
and to the actuator to extend the gear. The
downlock isengaged oncethe gear isextended
and hydraulic pressure is continuously ap-
plied to the actuator.

CONTROL

S
5

[l
o

g

e —J

FORWARD

DOOR HINGE FORWARD NOSE

LANDING GEAR
DOOR
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Doors

The nose landing gear is enclosed by four
doors;

e Two forward
 Two aft

During landing gear extension all four doors
open with thetwo forward doorsreturning to
the closed position and the two aft doors re-
maining open. All four doors fully open for
landing gear retraction, then close over there-
tracted nose gear. (Figure 14-3).

This leaves a smooth contour over the wheel
well inflight. Both theforward and aft doors
are actuated mechanically by control rods
connected to the nose landing gear drag brace.

CONTROL
ROD

AFT DOOR
PIANO HINGE

Figure 14-3. Nose Landing Gear Door Attachment
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MAIN LANDING GEAR

Themain landing gear consists of thefollow-
ing components:

» Shock strut assembly, including wheels
and brakes

e Actuator assembly
e Doors

Shock Strut Assembly

The main landing gear shock strut assembly
has three main components (Figure 14-4):

» Hydraulic shock absorber
* Support strut
e Trailing arm

The air-oil hydraulic shock absorber com-
presses in response to loads applied during
taxiing, takeoff and landing. It isasteel piston

SHOCK
ABSORBER

SUPPORT
STRUT

TRAILING
ARM

Figure 14-4. Main Landing Gear Shock

Strut Assembly
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riding in acylinder that utilizes ring seals to
prevent fluid |eakage between the piston and
the outer cylinder. The shock absorber is
mounted on the aft side of the support strut and
attaches to the upper end of the support strut
and the trailing arm.

The noncompressible support strut assembly
is trunnion mounted to the wing structure. It
islongitudinally hinged to allow inboard re-
traction of the main gear. The lower end at-
tachesto the pivoting trailing arm with ahinge
pin that isreferred to as the knee pin.

The forward end of the trailing arm is pin-
mounted to thelower end of the support strut.
The aft end of the trailing arm attachesto the
shock absorber and contains the axle assem-
bly, brakes and wheels. The shock absorber is
compressed when thetrailing arm isdeflected
upward, pivoting about itsforward mounting
pin. Thetrailing armissometimesreferred to
asthedrag link.

An electrical harness and hydraulic lines are
attached to the gear structure. The electrical
harness provides a means for wheel speed to
be transmitted for the antiskid system and for
ground contact to be signaled to the Integrated
avionicsprocessing system (IAPS). Hydraulic
lines provide pressure to the hydraulic brake
assemblies on each wheel.

Actuator Assembly

The main landing gear side brace actuator
provides structural support to thewing aswell
as hydraulic extension and retraction of the
main landing gear (Figure 14-5). The side
brace actuator consists of adouble acting hy-
draulic cylinder with an internal downlock
mechanism. The actuator also contains the
electrical switch that signals that the gear is
down and locked. It operates in conjunction
with the downlock mechanism.

The downlock mechanism containskey locks
and a locking ram that engage whenever the
actuator reaches its fully extended position.
Spring pressure within the locking mecha-
nism operatestogether with hydraulic pressure
(or pneumatic pressure during an emergency
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extension) to automatically engage the lock.
The locking mechanism maintains the gear
inthelocked position when all hydraulic pres-
sureisremoved .

During retraction, hydraulic pressure is ap-
plied to the retract side of the actuator. This
pressure overcomes the spring force in the
downlock mechanism, disengagingit. The hy-
draulicramisthen ableto moveintothecylin-
der and the gear is retracted by hydraulic
pressure within the actuator. Hydraulic pres-
sure is always required to unlock the down-
lock mechanism.

SIDE BRACE
ACTUATOR

Figure 14-5. Main Landing Gear
Actuator Assembly
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Gear Doors

Each main landing gear has mechanically ac-
tuated outboard and inboard wheel well fair-
ing doors. The doors fully enclose the wheel
wells when the landing gear is retracted and
form a smooth, flush fit with the contours of
the airframe. Seals around the doors seal the
wheel wells during flight.

Each outboard door is hinged to the wing
structure and is operated by mechanical link-
age connected to the support strut assembly.

Each inboard door is attached to the fuselage
structure by dual hinges and is mechanically
operated when the main landing gear isretract-
ing or extending. Linkageto the side brace ac-
tuator operates the door. Because of the
geometry of this system, the inboard gear
doorsare partially open when the gear isdown
and locked (Figure 14-6).

Two spring-loaded latches arelocated on each
inboard door. These engage uplockswithin the
wheel well when the gear isretracted. By act-
ing through the door actuating mechanism,
the uplockson theinboard gear door will keep
themain gear fully retracted if hydraulic pres-
sureislost. Theselocksare hydraulically re-
leased for normal gear extension and
pneumatically released for emergency gear
extension.

Main Gear Doors

Figure 14-6.
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OTHER COMPONENTS

Selector Valve

The four-port, two-position selector valveis
mechanically operated by the landing gear
selector handle on the forward instrument
panel via cable linkage. The landing gear se-
lector valveroutes hydraulic pressure from the
main hydraulic system to the landing gear ac-
tuatorsand locking mechanisms. Thevalveis
arotary typewith two positions; one for gear
extension and onefor gear retraction (thereis
no intermediate position).

Selector Panel

The landing gear position is selected by the
landing gear control handle located on the
landing gear selector panel (Figure 14-7).
Landing gear position is indicated by three
greenlightsonthepanel. Aredlightislocated
in the control handle.

<
LANDING GEAR CONTROL

e Jose I

DOWNLOCK
OVERRIDE

Figure 14-7. Landing Gear Control Handle

A plunger prevents inadvertent landing gear
retraction when the aircraft is on the ground.
The plunger is operated by a solenoid which
is activated when aircraft weight is off the
left main landing gear. The solenoid is over-
ridden by pressing the DOWNLOCK OVER-
RIDE switch on thelanding gear control panel.
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A button is located on the selector panel to
allow the landing gear warning system to be
tested. It islabeled HORN and will cause an
aural warning GEAR to be sounded and an
EICASwarning message GEARNOT DOWN
to be displayed.

Control Cable

Thelanding gear control cableisapush-pull
cable that provides the mechanical interface
between thelanding gear control handle onthe
selector panel and the landing gear selector
valve.

Uplock Actuators

A single nose landing gear uplock actuator is
mounted in the forward portion of the nose
gear wheel well. Dual main gear uplock ac-
tuators are located in each main gear well.
They areall functionally identical and spring
loaded in the engaged position and engage
automatically without hydraulic assistance
during gear retraction (Figure 14-8). When
landing gear extension is selected, hydraulic
pressure is applied to the uplock actuators
which causes the plunger within the actua-
tors to extend and push the corresponding
latches off the rollers. The uplock actuators
are pressurized whenever the gear selector
handleisselected DOWN and main hydraulic
pressureisavailable.

Figure 14-8. Main Landing Gear
Uplock Assembly
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Uplock Rollers
and Uplock Latches

Thelanding gear uplock rollersarelocated on
the ends of the uplock actuator assemblies.
When the gear isretracted, the uplock rollers
engage the spring-loaded uplock latches on the
nose gear shock strut and the main gear inboard
doorsto retain the landing gear in the up and
locked position. Therollersreducefriction be-
tween the actuators and latchesto ease engage-
ment and disengagement of the uplocks

Hydraulic Flow Regulator

Thehydraulic flow regulator isahydraulicre-
strictor that controlsthe actuation speed of the
landing gear.

It limitstherate of hydraulic fluid that enters
the actuators, keeping operation of the gear
from becoming excessively abrupt.

EMERGENCY LANDING GEAR
EXTENSION SYSTEM

In the event of amain hydraulic system mal-
function, theaircraft isequipped with aland-
ing gear emergency extension system.
Compressed nitrogen gasisused to providethe
pressure necessary to lower the gear. The
emergency extension system is comprised of
apressurevessel, pressure gauge, filler valve,
dump valve, and a landing gear emergency
control handle with acable connecting itto a
landing gear emergency extension valve.

The emergency landing gear extension system
isprimarily composed of the following com-
ponents:

* Emergency selector valve

* Emergency handle/cable

» Emergency extension nitrogen blow-
down bottle

» Emergency extension dump valve
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Emergency Selector Valve

The emergency selector valve hasthree ports
and two positions. During normal operations,
the port to the nitrogen supply bottleis closed.
An open port is vented to prevent hydraulic
pressure from building in the emergency gear
extension system due to small amounts of hy-
draulic fluid that normally seeps around var-
ious components of the landing gear actuating
system. Thisport isalso used to depressurize
the system by maintenance after the emer-
gency extension system has been used.

Thisvalveisoperated by acablethat connects
to the emergency gear extension handleinthe
cockpit. Once selected for emergency exten-
sion, thevalvewill opentheport tothenitro-
gen supply bottle which allows nitrogen
pressuretoreleaseall of the uplocksand pres-
surize the extension side of each of the gear
actuators. Nitrogen pressureisalso applied to
the emergency extension dump valve, dis-
cussed later.

Emergency Handle/Cable

The emergency landing gear extension handle
islocated on theleft side of the pedestal, near
the pilot’s right knee. It is connected to the
emergency selector valve by acablethat trans-
mits the mechanical motion of the handle to
the valve. A spring-loaded latch must be re-
leased in order to operate the handle.
(Figurel4-9).

Figure 14-9. Emergency Gear

Extension Handle
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Emergency Extension Nitrogen
Blow-down Bottle

A high-pressure bottlelocated in the aft fuse-
lage isused to store compressed nitrogen that
isused for emergency gear extension (Figure
14-10). The bottleisnormally charged to ap-
proximately 3,000 psi, depending on ambient
temperature. The pressure within this bottle
isindicated directly on agaugelocated inthe
pressure refueling compartment and is checked
by the flight crew during the exterior inspec-
tion. A blowout disk isfitted to the bottle. If
asignificant over-pressurization of the bottle
occurs, the disk will be blown from its port.
Thiswill also be evident during the exterior
inspection.

BLOW-OUT
DISC

EMERGENCY
BLOW-DOWN
BOTTLE

Figure 14-10. Landing Gear Emergency
Extension Blow-Down
Bottle
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Emergency Extension Dump
Valve

The dump valve is pressure operated by the
emergency extension system. Thereisno me-
chanical linkage between the dump valveand
the emergency gear extension handle. When
nitrogen pressure enters the dump valve dur-
ing an emergency extension, normal hydraulic
pressure is shut off and a return path for hy-
draulic fluid within the actuatorsisopened to
themain hydraulic fluid reservoir. Thisaction
prevents a hydraulic lock in the landing gear
extension system.

POSITION AND WARNING

Thelanding gear position and warning subsys-
tem provides landing gear position sensing
and indication. This system also provides
weight-on-wheels (WOW) signals that are
used by various other aircraft systems.

Landing gear position is indicated visually
on the flight deck by lights on the selector
panel. Basic indicationsare either UP, DOWN,
or UNSAFE. Under certain circumstances, an
UNSAFE indicationwill also include aural and
EICAS warnings.

Thelanding gear position and warning subsys-
tem includesvarious switches and associated
electrical circuitry. When contacted, each
switch provides a path to electrically ground
itsassociated circuit, causing theillumination
of the various annunciators and the transmis-
sion of electrical signalsto various systems.

Nose Landing Gear Uplock
Sensing Switch

The nose landing gear uplock sensing switch
is located in the upper part of the nose gear
well, near the nose gear uplock. When con-
tacted by the nose gear strut, the nose land-
ing gear uplock switch providesanindication
inthe cockpit that the nose landing gear isup
and locked.
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Nose Landing Gear Downlock
Sensing Switch

When the nose landing gear downlock en-
gages, the noselanding gear downlock switch
provides an indication in the cockpit that the
nose landing gear is down and locked. This
switchislocated inthelower arm of thedrag
brace. This switch also completes the circuit
to thetaxi lights, extinguishing them prior to
gear retraction.

Main Landing Gear Uplock
Sensing Switches

Onemain landing gear uplock sensing switch
islocated in each main gear wheel well, near
theforward inboard door uplock. When con-
tacted by the uplock latch, the switch will
giveacockpitindication that themaingearis
locked in the retracted position. When both
main gear uplock switches have been con-
tacted, the logic circuit of the auxiliary hy-
draulic system will terminate hydraulic pump
operation after 10 seconds.

Main Landing Gear Downlock
Sensing Switches

When contacted by the internal mechanisms
on the side brace actuator, the main landing
gear downlock switches provide an indica-
tioninthe cockpit when the main landing gear
is down and locked. One switch is located
within each side-brace actuator and operates
in response to downlock engagement.

Weight-on-Wheels Sensing
Switches

Two weight-on-wheels sensing switches are
located on the nose gear and one on each main
gear. They provide various systems of the
aircraft with asignal that it iseither in flight
or onthe ground. Theseinclude the thrust re-
verser system, nosewheel steering, airbrakes,
and many others.

14-10
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Gear Indicator Lights

The lights are controlled by downlock mi-
croswitches on the nose landing gear drag
brace and main landing gear sidebrace actu-
ators. If thered light in the gear handleisil-
luminated, it indicates that the gear is in
neither adown and locked nor an up and locked
position. It isreferred to asan unsafe light and
sometimes as a disagreement light. Thisis
because the landing gear is not in asafe con-
dition for landing and the handl e position dis-
agrees with the locked gear position.

At the beginning of the gear retraction cycle
thethree greenlightsin the gear selector panel
will be illuminated. They are labeled LEFT,
NOSE and RIGHT and indicate that the gear
is down and locked. These lights are illumi-
nated by the completion of electrical circuits
when the downlock switches are contacted
by the downlocks (Figure 14-11),

After take off, the weight-on-wheel s switches
will signal that the aircraft isin flight and a
solenoid located within the landing gear se-
lector panel will be energized, allowing the
handle to be placed in the UP position. If the
handle cannot be moved and gear retraction
is necessary, the DOWNLOCK OVERRIDE
button may be pressed to energize this sole-
noid. The signal that the aircraft isin flight
will also deactivate the nose wheel steering so
that the nose gear will automatically center
prior to retraction.

When the gear handle israised, thered light
within it (the unsafe light) will illuminate,
indicating that the handle is in the UP posi-
tion with the gear not yet up and locked.
(Figure 14-12). At approximately the same
time, thethree greenlightsinthelanding gear
selector panel will extinguish, indicating that
the downlocks have been released. Once the
gear reachesitsfully retracted position, the up-
locks will engage and the uplock switches
will close. When all three of the landing gear
areretracted and locked in the UP position, the
light inthe gear handlewill extinguish (Figure
Figure 14-13). In keeping with the concept of
having no indicator lightsilluminated in cruise
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Figure 14-11. Gear Down and Locked
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Figure 14-12. Gear in Transit
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Figure 14-13. Gear Up and Locked
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Figure 14-14. Main Gear Not Down
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flight under normal circumstances, all of the
landing gear indicators are extinguished if
the gear is up and locked.

Ten seconds after the main gear are retracted
and the uplock switches are contacted, the
auxiliary hydraulic pump will stop operating.
Thetimedelay isestablished to fully pressur-
izethe auxiliary hydraulic system accumula-
tor beforethe pump isdeenergized. Auxiliary
hydraulic system pressure will indicate zero
and will be presented in green on the EICAS
because thisis anormal flight condition.

Under certain conditions, a warning that the
gear isunsafefor landing will be presented if
all three of the gear are not down and locked.
These warnings will occur whether the gear
was inadvertently not extended or if the gear
extension was unsuccessful (Figure 14-14).
Thelanding gear position warning istested by
pressing the HORN button on the landing
Gear selector panel.

The first condition occurs at any altitude on
theradio altimeter if flaps are selected to 40°
(anything morethan 30°). The visual and aural
warningswill be presented as described above.

The second condition occurs if the radio
altimeter reaches an indicated altitude of 400
feet or below and either thrust lever is re-
tarded. All of the warnings will be presented
as above. The aural warning cannot be si-
lenced, however.

Thethird condition occurswhen either thrust
lever isretarded and the airspeed decreases to
below 158 KIAS (radio altimeter inopera-
tive). The red light in the gear selector han-
dle will illuminate, a red warning message
GEARNOT DOWN will appear onthe EICAS,
and an aural warning GEAR, GEAR will be
announced. In this situation, the aural warn-
ing is silenced by pressing either CAU-
TION/WARNING switchlight on the
glareshield panel. Thevisual warnings, how-
ever, will remain.
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WHEELS AND BRAKES

The nose and main wheels provide the abil-
ity of movement for the aircraft while on the
ground. The landing gear incorporates dual
wheels on the nose landing gear and on each
main landing gear.

The nose wheels are free to rotate with no
braking system installed. The main wheels
are fitted with a hydromechanical braking
system controlled by the cockpit rudder pedal
tips. The pedals are mechanically connected
to valvesthat apply hydraulic pressureto the
brakesin direct proportionto the brake pedal
pressure.

The brake assemblies provide for normal brak-
ing, emergency braking and locked wheel
parking. An antiskid system provides anti-
skid control, locked wheel protection, touch-
down/hydroplane protection and landing gear
retraction braking.

The wheel and brake system is composed of
the following:

* Wheel and tire assemblies for nose and
main gear

* Wheel brake assemblies on the main
gear

* The normal brake system
* The antiskid system
* The emergency/parking brake system

Nose Wheels and Tires

The nosewheelsand tires support the nose of
theaircraft during takeoff, landing, taxiing and
parking. (Figure 14-15). They are mounted
on the axle fitting assembly. The aluminum
alloy nose wheels are mounted with 10-ply
rated high-pressure tires.

14-12
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The nose wheel assembly and the tire are
balanced as a unit to correct out-of-balance
conditions.

The nose wheels each rotate on two tapered
roller bearings. The bearings are protected
against dirt, moisture, contamination and loss
of lubricant by rubber bearing seals. The bear-
ingsareheldin placeby axlenutsand washers.

BEARING

> \

INBOARD
WHEEL HALF

OUTBOARD
WHEEL HALF

Figure 14-15. Nosewheels and Tires
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Main Wheels and Tires

The main wheels and tires support the midsec-
tion of theaircraft during takeoff, landing, taxi-
ing and parking (Figure 14-16). They are
mounted on the axle fitting assemblies. Each
main wheel is in two halves for tire removal
and installation.

Thewheel halves may be assembled in any po-
sition relative to each other and may be inter-
changed without rebalancing. If severebraking
causes the wheel to overheat so that a tire
blowout could occur, fusible plugsintheinboard
wheel half melt and releasetire pressure. Each
main wheel assembly is fitted with a 12-ply
rated, high-pressuret tire.

DRIVE CAP

Figure 14-16. Main Wheels and Tires
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Main Wheel Brake Assemblies

Themainwheel brake assembliesarebolted to
the axlefitting assemblies. The braking system
has a normal hydraulic subsystem, parking/
emergency brake subsystem and an antiskid
subsystem. The normal hydraulic brakes oper-
atewith main hydraulic system pressurethrough
valves within the power brake valve assembly
that are actuated by the rudder pedals. Hydraulic
pressureisadmitted through antiskid valves, hy-
draulic fusesand shuttle valvesto the multi-disk
brake assemblies.

Each brake consists of a housing, a one piece
back plate and torquetube, apressure plate, three
rotating disks, two stationary disks, six pis-
tons, hydraulic fittings, seals, bolts, washers
and self-locking nuts. assembly (Figurel4-17).

OUTBOARD
WHEEL HALF ROLLER
BEARING
— INBOARD
WHEEL HALF

DISC
DRIVE KEY

14-13



Figure 14-17. Main Wheel Brake Assembly

The brake housing contains two separate hy-
draulic systems. Each system activates three
of the six pistonsincorporated into the housing
through passagesinterconnecting the threepis-
tons. Each system has one inlet port and one
bleeder port, which permit the brake assembly
to be usedinterchangeably for either right or left
installation.

Hydraulic pressure applied to the brake causes
the pistons to contact the pressure plate and
compressthe disk stack against the back plate.
Theresisting torque caused by friction created
between the rotating and stationary partsinthe
disk stack is transmitted to the wheel by the
rotating disks. When the brake pressureisre-
leased, four return springs pull the pressure
plate from the stack, forcing the pistonsinto
the cylinders and allowing the rotating disks
and wheel to turn freely.

Self-adjusting mechanisms compensate for
wear inthebrakes. Four self-adjusting mech-
anisms are installed in openings around the
perimeter of the housing. Each mechanism
consistsof apin, spring, retaining ring, swage

14-14
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tube, spring guide and spring housing.
Application of the brake causes compression
of the (return) spring by the pin and the swage
tube. The movement of the swage in the tube
compensates for brake wear. When brake pres-
sure is released, the pressure plate is pulled
back adistance equal to the preset brake clear-
ance. The preset clearance is maintained
throughout the life of the brake. Brake wear
is checked during the Exterior Inspection by
theflight crew. It isindicated by the position
of the pins within the self-adjusting mecha-
nisms (Figure 14-18).

Each wheel brake assembly is hydraulically
divided into two sections that normally sup-
ply pressure to the brake simultaneously.
However, either system is capable of supply-
ing adequate pressureto the brake independ-
ently of the other, providing a dual system.

Figure 14-18. Brake Wear Indicator Pins
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NORMAL BRAKE SYSTEM Some components of the normal brake system
are (Figure 14-19):

The normal brake system utilizes main hy-

draulic system pressure to apply force to the » Power brake valve

disks in the main gear brake assemblies. An

antiskid system operatesin conjunction with * Shutlevalves

the normal brake system to prevent wheel « Hydraulic fuses

lockup and allow maximum braking under _ _

varied conditions. As described bel ow, some of theseitems func-
tion in the parking/emergency brake system
aswell.

FROM :
LANDING GEAR |

EMERGENCY
MAIN -I PARKING BRAKE
—
RETURN VALVE . AUXILIARY
FROM MAIN RELIEE ? RETURN
HYDRAULIC SYSTEM
VALVE BRAKE
POWER BRAKE —— ACCUMULATOR
VALVE FROM
[{J=$ AUXILIARY
SYSTEM
b} Ll
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Figure 14-19. Brake System Components
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Power Brake Valve

The power brake valve assembly contains
valves that are manually actuated by deflec-
tion of the rudder pedal tips, metering
hydraulic pressureto the brake assembliesin
direct proportion to pedal deflection.
Releasing toe pressure on the pedal returnsthe
valvesto neutral, rel easing the brakes by vent-
ing braking pressure and returning the hy-
draulic fluid to the reservoir.

Shuttle Valves

Two shuttle val ves separate normal and park-
ing/emergency brake systems. Thevalvesare
automatic in operation, directing either nor-
mal or emergency pressure to the brakes, de-
pending on which pressure is applied to it.

Hydraulic Fuses

Two hydraulic fuses, installed near the shut-
tle valves in the normal brake system, sense
quantity flow during brake application. If
flow exceeds a predetermined value, the fuse
closes. This prevents excessive fluid lossin
the event of aruptured brakeline or seal on a
wheel brake assembly. Thefusewill automat-
ically reset when the brakes are released.
These fuses are only installed on the aft hy-
draulic lines of each brake assembly, as the
shuttle valves ensure brake availability in
case of aleak inaforward line or brake.

PARKING/EMERGENCY
BRAKES

The parking/emergency brake system (Figure
14-20) consistsof aparking/emergency brake
selector, control cable, parking/emergency
brake valve, power brake valve and parking/
emergency brake shuttle valve.
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Brake Selector

The parking/emergency brake selector islo-
cated on the left side of the pedestal and has
three operating positions: PARK, OFF and
EMERG. The parking brake is set when the
control handleispositioned in PARK. With the
control handleinthe OFF position, normal air-
craft braking isselected. Emergency braking
is engaged by setting the control handle to
EMERG.

Control Cable

The parking/emergency brake cable provides
the mechanical connection between the park-
ing/emergency brake selector and the parking/
emergency brake valve.

Brake Valve

The parking/emergency brake valve is con-
trolled by the parking/emergency brake selec-
tor handle on the pedestal through a control
cable. If the parking/emergency brake handle
is selected to OFF, the parking/emergency
brake valvewill not allow auxiliary hydraulic
system pressure to enter the power brakevalve.
The brakes will only respond to main system
hydraulic pressure as modul ated by pedal de-
pression through the power brake valve.

If the parking/emergency brake handle is set
to EMERG, auxiliary hydraulic system pres-
sure is admitted to the power brake valve by
the parking/emergency brake valve. Pressure
and return pathways are opened to the auxil-
iary hydraulic system to allow it to substitute
for themain hydraulic system for brake appli-
cation. Depression of the pedalswill modulate
the power brake valve and control brake pres-
sure. Because of the design of the power brake
valve and associated plumbing, only the aft
three pistons of each brake assembly will re-
ceive pressure during brake application.
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Figure 14-20. Parking Brake Operation

When the parking/emergency brake handleis
selected to PARK, both the supply and return
ports of the power brake valve are supplied
with auxiliary hydraulic system pressure by
the parking/emergency brake valve. Thiselim-
inates the modulating function of the power
brake valve and supplies full auxiliary
hydraulic system pressure the aft three pistons
of each brake assembly.
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Parking/Emergency Brake
Shuttle Valves

In the event of a main hydraulic system fail-
ure and with the parking/emergency brakehan-
dle in the EMERG or PARK positions,
auxiliary hydraulic pressure is directed
through shuttle valves into two of the four
hydraulic blocks on the brakes on each main
landing gear. This allows pressure to be ap-
plied to three of the six brake pistons on each
wheel brake. Operation of the shuttle valves
occurs automatically with selection of the
emergency brake system.
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ANTISKID SYSTEM

Maximum braking effectiveness is obtained
when all wheel sdecel erate at amaximum rate
without skidding. The antiskid system pre-
vents wheel skids by automatically limiting
application of pressure to the brakes, result-
inginashorter landing roll with minimumtire
wear.

In flight and until ground contact is estab-
lished, the antiskid system is inoperative
(Figure 14-21). With both main gear down
and locked and an ANTI SKID switchlight
pressed ON, the antiskid system is operable.
Electrical power for the systemisfromthe No.
1 and No. 2 distribution buses through the
left and right ANTI SKID circuit breakers.
The system is controlled by two ANTI SKID
switchlights on the glareshield, one for each
pilot. Thelast switch that has been pressed has
control over the system. If the pilot’s switch
has been pressed to deactivate the system, the
pilot’sswitch will haveto be pressedin order
toreactivateit. The copilot switch will not af -
fect the system in this case. All ANTISKID
switchlightsand theleft and right OFF annun-
ciators are illuminated when either switch-
light has been pressed off. If the antiskid
system is operating normally, there will be
no lightsilluminated.

OFF | OFF

("] — )

M\ M\

Figure 14-21. ANTISKID Switchlight
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The antiskid system includes the following:

* Antiskid control unit
e Antiskid valves
* Wheel speed sensors

Antiskid Control Unit

The antiskid control unit compares wheel
speed information and regul ates brake appli-
cation with the antiskid valves. Inside the
control unit are two identical plug-in circuit
boards. One board contains the control and
monitoring circuitry for the two left gear
wheels while the other board serves the two
right gear wheels.

Each board has its own power source. A l0ss
of power to one side does not disable the other
side. Theleft sidereceives power fromthe No.
1 distribution bus, and the right side is pow-
ered fromtheNo. 2 distribution bus. Either bus
can power both OFF circuits, so abusfailure
does not disable the warning circuits.

Antiskid Valves

Two antiskid valvesareincorporated into the
brake system plumbing upstream of the hy-
draulic fuses, one for each main gear. The
valves are controlled by electrical signals
from the anti-skid control unit, which inturn
receives signals from speed sensors in each
wheel. During normal braking, the valves
have no function. During antiskid braking,
the valves modul ate, reducing brake pressure
to prevent wheel skidding. When an antiskid
valve operates, it ports hydraulic pressure
away from the brake assemblies and sends
thereturn fluid back to the hydraulic reservoir.
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Wheel Speed Sensors

Four wheel speed sensors, one for each wheel,
provide wheel speed information to the anti-
skid control unit.

A wheel speed sensor in the axle of each main
gear wheel isdriven by a cap mounted on the
wheel hub. The sensor generates electrical
signalsrelativeto wheel speed, providing that
information to the antiskid control unit for
modulation of theantiskid valvesasrequired.

NOSEWHEEL STEERING

Nosewheel steeringiscontrolled by thetiller
and/or the rudder pedal and powered by two
hydraulic actuators which are controlled and
monitored by an electro-hydraulic servo sys-
tem. The system is controlled by electrical
signals only, with no mechanical interface.
The mechanical commands are converted to
electrical signals and processed through the
electronic control unit (ECU).

The nose wheel steering system is composed
of the following:

* Tiller assembly

Toggle switch

Rudder pedal transducer

Steering control valve

Steering actuators
e Electronic control unit

Tiller Assembly

Steering control inputs originate from the
tiller assembly or from either set of rudder ped-
als. The tiller assembly allows the pilot to
control the steering angle 60° left or right of
center whiletherudder pedals provide asteer-
ing angle of up to 3° either direction from the
centerline of the aircraft.

Pressing the PEDAL SDISC buttonin the cen-
ter of thetiller assembly disables rudder pedal
steering capability. When not in active steer-
ing mode, thetiller isreturned to the neutral
or straight ahead position by acentering spring
and cam when it is released.
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Toggle Switch

When the nose wheel steering toggle switch
is placed in the NWS CONNECT position,
the steer-by-wire system usesinputsfromthe
tiller assembly to allow the pilot nose wheel
steering capability. Selecting DISCONNECT
the nose wheel return passive mode, respond-
ingtothetracking forcesof differential brak-
ing or engine power settings. Shimmy damping
is provided by trapped hydraulic fluid in the
system and hydraulic flow restrictorswhen the
system is not powered.

Rudder Pedal Transducer

Steering the nose wheel with rudder pedal
commandsisfunctionally identical to opera-
tion of thetiller. A rudder pedal transducer is
located on a connector rod beneath the cock-
pit floor on the copilot side. Displacement of
the rudder pedals left or right prompts the
transducer to signal the steering command to
the ECU.

Steering Control Valve

The steering control valve is an electro-
hydraulic unit. It controls steering by direct-
ing hydraulic pressure to the hydraulic
actuatorsintherequired direction. The steer-
ing control valve is mounted on the strut and
is controlled from the flight compartment by
asteeringtiller and therudder pedal sthrough
an ECU to provide powered directional con-
trol of the aircraft.

Steering Actuators

Thenoselanding gear is steered on the ground
by means of two hydraulic actuatorsthat push
or pull the steering collar on top of the nose
landing gear strut.
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Electronic Control Unit

The nosewheel steering system isan electro-
hydraulic servo system controlled by the ECU.
The ECU receiveselectrical power if the nose
landing gear isdown and locked and the nose
wheel steering toggle switch isin the NWS
CONNECT position. The ECU consists of
three main independent functional circuits:

* Two identical control channel circuits
* One monitoring channel circuit

The control channels perform closed loop
steering control. The monitoring channel per-
forms continuous system protection. The mon-
itoring function is automatically self-tested
whenever the nose wheel steering isswitched
on, by means of a built-in-test (BIT). Nose
wheel steering ECU control and monitoring
sections aretotally separate circuits and they
do not have common components. No single
point or common mode failure will lead to
failure of thefunctional circuitsalong with its
protecting system, which guaranteesfail-safe
operation.

OPERATION

LANDING GEAR NORMAL
OPERATION

The landing gear normal extension and re-
traction system uses main system hydraulic
pressure for movement of the landing gear to
either the up or down position. The emer-
gency extension system provides nitrogen
pressure for landing gear extension in the
event of hydraulic pressurefailure. Theland-
ing gear cannot beretracted if hydraulic pres-
sureislost.
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Retraction

During retraction, when the landing gear se-
lector isset to UP, it actuatesthe landing gear
selector valveto admit pressurefromthemain
hydraulic system to the main and nose land-
ing gear actuators and the nose landing gear
downlock cylinder.

Mechanical downlocksinthemain gear actu-
ators and in the nose gear drag brace are hy-
draulically disengaged. This hydraulic
pressure is maintained within the downlocks
whenever the gear is selected UPand main sys-
tem hydraulic pressureisavailable. All three
landing gear assemblies then retract and are
held in place by constantly applied hydraulic
pressure within the actuators. The uplocks
(onefor the nose gear and two for each main
gear) automatically engage by spring force
when each gear assembly reachesitsfully re-
tracted position. These uplocks keep the gear
retracted in the event of main hydraulic sys-
tem pressure | oss.

During the retraction process, all of the gear
doorswill open as necessary to allow theland-
ing gear to retract.

Asthegear isfully retracted, all of the doors
close over their respective gear assemblies.
Each door is mechanically actuated by link-
age to the respective gear retraction mecha-
nism. Return hydraulic pressureisalso applied
to the brakes to stop wheel rotation during
retraction.

Extension

Innormal hydraulic extension when the land-
ing gear selector is set to DOWN, it actuates
the selector valve to admit pressure to the
main and nose uplock cylinders and to the
main and nose gear actuators. The uplock
cylinders release the main landing gear in-
board doors and nose landing gear strut and
the landing gear actuators extend the landing
gear to the down and locked position.
Hydraulic pressure is continuously applied
to the uplock actuators whenever the gear is
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selected DOWN and main hydraulic system
pressure is available. The downlocks within
each main gear actuator and the nose gear
drag brace automatically engage when the
gear isfully extended (Figure 14-22).

During extension, the two outer main gear
doorswill openin conjunction with the exten-
sion of the main gear assemblies. They re-
main fully open with the gear down. Themain
gear inner doors will open as the actuators
move the gear assembliesto their extended po-
sition. As the tires and wheels pass the open
doors, the inner doors will start to reclose.
When the main gear is fully extended, the
inner doorswill remain partially open.

The nose gear doors will operate in response
to movement of the drag brace. The forward
doors will open for gear extension and then
fully close once the gear is down. The aft
doorswill open fully as the gear extends and
will remain open once the gear is down.
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LANDING GEAR EMERGENCY
EXTENSION

When emergency extension is required, the
landing gear selector should be set in the
DOWN position. Actuation of the emergency
landing gear extension handl e causesthe emer-
gency gear selector valve to open. This dis-
tributes the stored high pressure nitrogen to
the four main landing gear uplock actuators,
two main landing gear side-brace actuators,
nose landing gear uplock actuator, nose land-
ing gear actuator and dump valve.

Nitrogen isdirected to the dump valve which
allows it to provide areturn path for the hy-
draulic fluid from the gear actuators to the
reservoir. Thisreturn flow bypassesthe main
selector valve, allowing emergency extension
even if the gear control handle is jammed or
the main selector valve has malfunctioned.
However, if possible, the handle should be
placed inthe DOWN position and remain there
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Figure 14-22. Landing Gear Extension

Revision 2

FOR TRAINING PURPOSES ONLY

14-21



to prevent aninadvertent disengagement of the
downlocks after the extension is complete.

Shuttlevalvesand floating pistonsareusedin
the emergency extension system to keep the
hydraulic system and nitrogen blowdown sys-
tem separated. The uplock actuators are
equipped with floating pistons. These act upon
hydraulic pistons within the actuators when
the nitrogen pressure is applied, which re-
leases the uplocks. Shuttle valves for each
gear actuator allow nitrogen pressure to ex-
tend the gear while also preventing it from es-
caping through the hydraulic system.
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LANDING GEAR POSITION
AND WARNING

On the ground, with main hydraulic system
pressure applied, an electrical circuitiscom-
pleted through apressure switch and the nose
gear ground contact switch to energize the
bypass valve closed. (Figurel4-23).

Command signals from the pedal and tiller
transducers are sent by the control channels
to the ECU. The resultant command is com-
pared with the signal from the feedback po-
tentiometer installed on the steering actuator
assembly that is being received through the
monitoring channel. If the command signal dif-
fersfrom the feedback signal, hydraulic pres-
surewill be applied to the appropriate steering
actuator until the signals are in agreement.

CENTERING
SPRING

STEERING
ACTUATOR

NOSE GEAR
GROUND CONTACT
SWITCH

o FLT
GND

Figure 14-23. Nosewheel Steering System
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Therate of steering iscontrolled by the amount
of rotation force applied tothetiller. Low ro-
tation force produces slower steering than
highrotation force. When steering isnot being
actuated, flow through restrictorsin the con-
trol valve damps nose wheel shimmy.

During touchdown and taxi, the nose landing
gear WOW switches trigger the time circuit
of the ECU which generates a three second
timedelay. During this period the nose wheel
iscentered. After the three second time del ay,
the closed loop system will start to operatein
its active steering mode, enabling the nose
wheel steering system.

During takeoff the nose wheel steering con-
trol system operationissimilar tothelanding
process, but in the opposite sequence. The
active steering mode is switched off and the
nose gear automatically centersimmediately
after lift-off, as signaled by the nose landing
gear WOW switches.

L oss of main hydraulic system pressure actu-
ates a pressure switch, opening the circuit to
the bypass valve, which spring-loads open.
Thishydraulically connects both steering ac-
tuators. Theaircraft can then be steered by dif-
ferential braking.
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To extend the gear, the selector handle is
placed in the DOWN position. The red light
inthe handlewill onceagainilluminate. When
the gear is down and locked, the associated
green annunciator on the landing gear Sel ector
Panel will illuminate, indicating LEFT, NOSE
or RIGHT. Thered light inthe handlewill ex-
tinguish when gear position matches handle
position. If an emergency landing gear exten-
sion is performed successfully, the indica-
tions will remain the same.

Oncetheaircraft lands, the weight-on-wheel s
switcheswill signal that the aircraft isonthe
ground. Thiswill allow the nose wheel steer-
ing, ground airbrakes, thrust reversers and
several other systemsto be enabled.

Thesolenoidinthelanding gear selector panel
will also deenergize, allowing spring pres-
sure to return the locking mechanism to its
locked position.
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NORMAL BRAKING—ANTISKID

When main hydraulic system pressureisavail-
able, this pressure is metered through the
power brake valveto the wheel brake assem-
blies The hydraulic pressureisrouted through
the anti-skid valves, hydraulic fuses and shut-
tle valves before reaching the wheel brakes
(Figurel4-24).

At wheel spin-up during landing or take off,
each circuit board inside the antiskid control
unit receivesan electrical signal fromthetwo
wheel speed sensors on the main wheelsitis
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controlling. At awheel speed above 35 knots,
signals from the wheel-driven speed sensors
are matched with areference rate in the anti-
skid control unit.

If sufficient brake pressureisappliedtoinduce
atire skid, adifference in rotation speed de-
velops between wheels. The difference is
sensed by the antiskid control unit which then
signals the applicable antiskid control valve
toreduce brake pressureto slightly below the
skid level. This is accomplished by porting
some of the hydraulic pressure away from the
brake assemblies and returning the hydraulic
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Figure 14-24. Normal Brake Operation
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fluid to the main reservoir. Thereisone anti-
skid valve for each main landing gear.
Therefore, if one wheel enters a skid, brake
pressureto both wheels on that main gear will
be reduced simultaneously. Once wheel rota-
tion speed iswithin the parameters of the an-
tiskid controller logic, theantiskid valves will
cycleback to normal, allowing brake pressure
to increase once again.

Brake pressure is cyclic when the antiskid
systemisutilized, reducing to slightly below
skid level, then building again to incipient
skid level, and then reducing again. Inthisway,
maximum effective braking is maintained
under all runway conditions.

Locked Wheel Protection

Unusual runway conditions such as hydroplan-
ing can sometimes cause deep wheel skidsto
occur. To compound the problem, wheel spin-
up forcesmay bevirtually nonexistent, so the
affected wheel will spin up very slowly even
with all the braking pressure removed. In ex-
treme skidding situations, when most wheel
rotationisgone, the control unit will causethe
control valvesto dump all hydraulic pressure
toreleasethe brakes. L ocked wheel protection
removes brake pressure on both paired wheel s
when the wheel speed on one or both of the
wheels drops below 30% of the aircraft
groundspeed (such asintire burst). This pro-
tection isavailable when the ground speed is
30 knots or greater.

Low-Speed Dropout

The system is designed to remove antiskid
control when the wheel velocity is below 10
knots. Sincethisisanormal feature of the sys-
tem, no INOP lightsilluminate. When wheel
speed increases above 10 knots, the antiskid
system is automatically armed if it has been
selected to the ON position.

Touchdown Protection

To prevent landing with the brakes applied, the
systemincorporates atouchdown feature that
removes all brake pressure until the aircraft
isfirmly onthe ground. The touch-down mode
isterminated 2.5 to 3.5 seconds after making
ground contact with either main gear or when
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wheel spin-up above 35 knots occurs. This
system will not prevent wheel lockup if brakes
are applied by the emergency brake or park-
ing brake systems prior to touchdown.

OPERATION—WITHOUT
ANTISKID

If the antiskid system isinoperative or deac-
tivated, the brake system worksinthenormal
manner except that no automatic reductionin
brake pressure will occur if a skid occurs.
Brake pressure will be proportional to the
amount that the brake pedals are depressed.
Differential brakingisavailableto assistin di-
rectional control, if necessary.

If antiskid protectionisnot available, careful
application of the wheel brakes by the flight
crew isrequired in order to prevent a wheel
skid. If a skid or lockup occurs, the pilot or
copilot must reduce the amount of toe pres-
sure that is applied to the pedals to release
brake pressure and allow the wheelsto turn at
an appropriate speed.

PARKING/EMERGENCY BRAKE
OPERATION

Parking Brakes

The parking brakes are set by moving the
parking/emergency brake handle to PARK.
This positions the parking/emergency brake
valve to apply auxiliary hydraulic system
pressure, either from the hydraulic pump or
the accumulator, through the power brake
valveto the shuttle valves and three of the six
pistonsin each brake assembly. Pedal s do not
haveto be applied to engage the parking brake.
The parking brake is either fully engaged or
disengaged, brake pressure is not modulated
withir; the parking brake system (see Figure
14-20).

Returning the parking/emergency brake han-
dle to OFF permits return flow through the
power brake valve and the parking/emergency
brakevalveto theauxiliary hydraulic system
return, releasing the brakes.
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Emergency Braking

If themain hydraulic system fails, emergency
braking is accomplished using pressure from
the auxiliary hydraulic system and is initi-
ated by moving the parking/emergency brake
handle to the EMERG position. This causes
the parking/emergency brake valve to direct
auxiliary hydraulic system pressure to the
power brake valve, as described above.
Depressing the brake pedal sthen actuatesthe
Power brake valve to meter pressure, in pro-
portion to pedal deflection, through shuttle
valves to three pistons in each brake assem-
bly. Reduced braking efficiency should be
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anticipated. The hydraulic fuses are not in
theflow circuit during emergency braking. As
the pedals are relaxed, pressure from the
brakesreturnsthrough the shuttle valves and
the power brakevalvetoreturn, releasing the
brakes (Figurel4-25).

If the auxiliary hydraulic pump is inopera-
tive and the accumulator is being used for
emergency braking, braking should be ac-
complished with one steady, constant appli-
cation of the pedals. Pumping depletes the
accumulator because hydraulic fluid is re-
turned to the auxiliary hydraulic reservoir,
not the accumul ator.
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Figure 14-25.
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The antiskid system does not function during
emergency braking. Although the antiskid
valveswill modulate, they do not reduce brake
pressure becausethevalvesareonly installed
in the normal brake system hydraulic lines.
However, differential and portional braking
are available to assist with directional and
speed control.

LIMITATIONS

Thelimitations contained in section one of the
Airplane Flight Manual (AFM) must be com-
plied with regardless of the type of operation.

The maximum speed which is safe to operate
the landing gear or fly with the landing gear
extended (V| o/V | g) is180 KIAS.

NOTE

Do not operate landing gear above
20,000 feet.

EMERGENCY AND
ABNORMAL
PROCEDURES

EICAS INDICATIONS

Following is a ready-reference guide which
briefly outlinesthe EI CAS message meanings
and corrective action for associated messages.

Messages having ® symbol are accompanied
by an aural alert.

Warning Messages

CONFIG PARKING M —Theaircraftisonthe
ground with both engines beyond 70% N,
thrust and the parking brake is engaged.

In order to extinguish the message, configure
aircraft asrequired.
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GEARNOT DOWN o —Thelanding gear is
not down and locked with aradio altimeter al -
titude less than 400 ft and one thrust lever at
or below maximum cruise or flaps position
more than 30°.

Verify landing gear position and configure
the aircraft.

Caution Messages

Caution messages display as amber EICAS
messages on the MFD, and are accompanied
by aMASTER CAUTION light (Figure 14-26).

GND BRK WOW MISCOMP—Ground
brakes weight on wheels switches miscom-
pare.

NWS INOP—The nosewheel is down and
locked and the nosewheel steering system is
either off or not aligned. To correct the prob-
lem check and/or reset the NWS CONNECT/
DISCONNECT switch. If system stays off,
use differential braking to steer the aircraft.

Advisory Messages

PARKING BRAKE ON—If the message is
green, the aux hydraulic system is supplying
pressure to the brake system and adequate
pressureis sensed at the brake.
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126.100 131.725

GND BRK WOW MISCOMP
NWS INOP
PARKING BRAKE ON
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VIB — — HYDPRESS —
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RPM EGT °C

Figure 14-26. Landing Gear and Brakes EICAS Indications
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QUESTIONS

1. Themainlanding gear downlock is:

Mechanically engaged, hydraulically
disengaged

Hydraulically engaged, mechanically
disengaged

Hydraulically engaged, and disen-
gaged

Mechanically engaged and disen-
gaged

2. The nose landing gear uplock is:

A.

B.

C.

D.

Hydraulically engaged and disen-
gaged
Hydraulically engaged, mechanically
disengaged
Mechanically engaged, hydraulically
disengaged

Hydraulically engaged, pneumati-
cally disengaged

3.  With the aircraft fully loaded, the mini-
mum visible chromed piston on the struts
should be:

A.
B.
C.
D.

2 inches, all struts

1.6 inches, all struts

1.6 inches (nose), 2 inches (mains)
2 inches (nose), 1.6 inches (mains)

4. The landing gear aural warning GEAR
NOT DOWN sounds when:

A.

B.

C.

Revision 2

One or more gear are not down and
locked

Oneor both power leversareretarded
toIDLE

Radio altitude is below 400 feet

. All of the above

FOR TRAINING PURPOSES ONLY

During landing gear emergency exten-
sion, pneumatic pressure from the gear
blow down bottle:

oOow>

Releases the uplocks
Extends the landing gear
Actuates the dump valve
All of the above
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CHAPTER 15

FLIGHT CONTROLS

INTRODUCTION

This chapter covers general information about the G150 flight control system.

GENERAL

The Gulfstream G150 flight control system
consistsof primary and secondary flight con-
trols. Primary flight control of the aircraftis
provided by aileron, elevator and rudder con-
trol surfaces. The elevator and rudder con-
trol surfaces are mechanically operated. The
aileron control surfaces are hydraulically
boosted with mechanical inputs.

Revision 2

Secondary flight control of theaircraftispro-
vided by wing trailing edge flaps, leading
edgeslatsand airbrakes (two inboard and two
outboard per wing) (Figure 15-1).
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SYSTEM DESCRIPTION

PRIMARY FLIGHT CONTROLS

Control Columns

Each control column mounts a control wheel
that transmits the pilot input forces for oper-
ation of the elevators and ail erons. Mechanical
linkage transmits the input forces to the ap-
propriate control surfaces.

Rotation of either control wheel moves the
aileron control surfaces to provide roll con-
trol. Hydraulic assistance reduces control
force. Forward or aft movement of the con-
trol column moves the elevator control sur-
faces to provide pitch control.

‘ AILERON

INBOARD AND OUTBOARD
AIR BRAKES (4)

OUTBAORD
FLAP

INBAORD

Ui
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Rudder Pedals

The left and right rudder pedal assemblies
areinterconnected by mechanical linkage that
transfers pilot inputs to the rudder control
system. Force applied to a rudder pedal is
transmitted through the linkage, causing the
rudder to deflect. An independent rudder pedal
adjustment mechanism is provided at each
pedal assembly to facilitate fore and aft ad-
justment for each pilot.

Ailerons

Two ailerons are installed for roll control.
Each aileron is mounted on two outer hinges
and one double center hinge attached to the
wing rear spar. The center hingeisalso the at-
tachment for the aileron servoactuator.

ELEVATOR

RUDDER

Z

\ I ELEVATOR

HORIZONTAL
STABILIZER

INBAORD

FLAP
OUTBAORD
FLAP INBOARD AND OUTBOARD

0 [
\ / AIR BRAKES (4) o
‘./ ~'\ /

>/

SLAT

Figure 15-1. Flight Controls
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Travel limits are set by mechanical stops on
the wing structure. The aileron control link-
age (Figure 15-2) incorporates an autopil ot ac-
tuator with disengaging clutch to prevent the
system from jamming during an autopilot ac-
tuator failure, aswell asan artificial feel unit
and an aileron trim actuator.

Servoactuators

The aileron servoactuators (Figure 15-3) pro-
vide hydraulic assistance to reduce the amount
of control wheel force necessary for roll con-
trol of theaircraft. The servoactuators are sep-
arately and simultaneously pressurized by both
the main and the auxiliary hydraulic systems.

Each servoactuator is a dual hydro-mechan-
ical moving-body type and is comprised of:

Two cylinder actuators—Each actuator in-
corporates a piston rod (travel limit) striker.
Thecylinder installed ontheinboard sidein-
cludes two mechanical stops to limit move-
ment of the input lever mechanism.

Two spool main control valves (MCVs)—
The valves control the hydraulic flow in
each respective cylinder. The actuating
levers of the control valves are mechani-

BELLCRANK
LEVERS

AFU & TRIM
ACTUATOR

DISCONNECT
ROD

CONTROL
WHEEL

Figure 15-2.
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cally interconnected and actuated by the
pilot through the control linkage.

The MCVs are linked by alever to an exter-
nal centering spring. This causes centering
of the aileron surface in case crew control
input is disconnected.

Each MCV spool is centered by an internal
spring. Inthe centered position, thevalve al -
lows arestricted interflow between the two
sides of the piston, thus preventing jamming
of the actuator if one spool separates from
the input lever.

A microswitch is installed between the two
ends of the piston rods of each servoactuator.
This activates an AILERON FAIL caution
message on the EICA S display and causesthe
auxiliary hydraulic pump to operate when-
ever there is unequal movement of the piston
rods. In this case, auxiliary hydraulic pump
operation isindependent of pump switch po-
sition.

If thereisatotal loss of hydraulic pressure to
the actuator, bypass valves bridge the pistons
and the actuator functionsasarigid part of the
flight control mechanism operation system,
enabling direct manual operation of theaileron.

AUTOPILOT
SERVO

/\

LINEAR

BEARINGS HYDRAULIC
SERVOACTUATOR

Aileron System
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CHECK VALVE PRESSURE FROM INBD
AUX HYDRAULIC SYSTEM
FWD
FILTER | RETURN TO AUX
HYDRAULIC SYSTEM
‘ MAIN
PILOT W//// CONTROL VALVE
INPUT
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— AND FLUTTER
INPUT DAMPER
MECHANICAL |_|j =\ PISTON
STOPS i e 1 s MICROSWITCH
— — — e N AILERON
V [

1 k\
ae——==

CENTERING %
SPRING

=L

&\ & I
J l 7 \’ /

STRUCTURE 7 =

MAIN CONTROL
VALVE CENTERING
SPRING

RETURN TO MAIN
HYDRAULIC SYSTEM

ANTICAVITATION
VALVE 5 (
COMPENSATOR

PRESSURE FROM MAIN
HYDRAULIC SYSTEM

BLEED FITTING

Figure 15-3. Aileron Servoactuator

Artificial Feel Unit

Because of the hydraulic servoactuators, aero-
dynamic forces are not transmitted back to
the control wheels from the ailerons to pro-
vide the pilot with tactile reference asto how
much aileron deflection is occurring.

The artificial feel unit (AFU) provides this
feedback, using physical tension and com-
pression of springs to simulate aerodynamic
forces. The AFU is installed in the control
linkage to the right aileron assembly in the
lower part of the fuselage.

Aileron Trim Actuator

The aileron trim actuator relieves control
loads by shifting the neutral position of thear-
tificial feel unit. Thisisaccomplished through
the use of an electric motor that is controlled
by athree-position electric trim switchinthe
cockpit.

The aileron trim actuator features limit
switches to stop motor operation when it
reaches either end of its operating travel. An
internal brake is applied whenever the actu-
ator control switch isreleased.

Interconnect Rod

The interconnect rod connects the left and
right assemblies of the aileron control system.
If one aileron control becomes jammed, the
connection between left and right aileron sys-
tems can be broken by the pilot and copilot
simultaneously rotating their respective con-
trol wheelsinboard, applying sufficient pres-
sure on the system to break the interconnecting
rod. The unaffected aileron can then operate
independently. If the left aileron is operable,
the autopilot isavailable. If theright aileron
isoperable, theartificial feel and ailerontrim
are available.
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Rudder

Rudder control is mechanical, operated by ei-
ther pilot through the rudder pedals (Figure
15-4). Control rods, bellcrank levers, linkages
and torque shafts convey mechanical inputs
from the rudder pedalsto the rudder. The rud-
der control linkageincorporates an autopilot ac-
tuator with disengaging clutch to prevent the
system from jamming during actuator failure.

Therudder control surfaceincorporatesasin-
gle tab (Figure 15-5) which operates as both
aservotab and atrim tab. When therudder is
deflected from centerline, the geometry of its
attachment linkage causes the tab to deflect
1° in the opposite direction for every 3° of
rudder movement. This aerodynamically as-
siststhe pilot and reduces the amount of pres-
surerequired at the rudder pedal to deflect the
rudder.

In addition to its servo action, the tab can be
displaced as a trim tab by two electric actua-
tors interconnected by a flexible shaft. The
actuators areinstalled in the upper and lower

GUST LOCK
MECHANIS)

RUDDER PEDAL &
BRAKE LINKAGES

RUDDER CONTROL
LINKAGES
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portions of the rudder structure and are at-
tached at theforward end to the rear spar of the
vertical stabilizer. The upper actuator incor-
porates a potentiometer to provide trim posi-
tion information on the MFD.

Elevators

Theelevator control systemisan all-mechan-
ical system (Figure 15-6). Control rods, bell-
crank levers, linkages and torque shafts convey
mechanical inputs from the pilot control
columns to the elevators. Each elevator is
provided with a servo tab to reduce control
forces during flight.

When the elevators move up or down, thetabs
deflect in the opposite direction and aerody-
namically lighten the elevator control forces.
The elevator linkage incorporates an autopi-
lot actuator with disengaging clutch to prevent
the elevators from jamming during an actua-
tor failure.

ELECTRICAL TRIM
ACTUATORS

g
Y L

5

SERVO/TRIM
TAB

4

==
‘ v_x!i/
0

;/

AUTOPILOT
SERVO MOTOR

Figure 15-4. Rudder Control System
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’ UPPER
ACTUATOR \\\\\\
) § < < ~ N
FLEXIBLE ——L )/

SHAFT

\

LOWER
ACTUATOR

Figure 15-5. Rudder Trim Tab System

ELEVATOR TORQUE

-
TUBE ASSY. VARIABLE
GEAR RATIO
TAB
/ 5
TORQUE SHAFT ASSY. = \
PRESSURE BULKHEAD %7 2
ELEVATOR CONTROL
LINKAGES ELEVATOR

AUTOPILOT SERVO

CONTROL
COLUMN

Figure 15-6. Elevator Control System
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Horizontal Stabilizer

The horizontal stabilizer is located in the
lower portion of thevertical stabilizer. Therear
spar of the horizontal stabilizer is hinged to
allow the stabilizer incidence angle to be
changed for longitudinal trim adjustment. The
front spar is attached to the horizontal stabi-
lizer trim actuator. A scissor assembly provides
additional strength whileallowing flexibility
for horizontal stabilizer movement.

Horizontal Stabilizer Trim
Actuator

Thehorizontal stabilizer trim actuator (Figure
15-7) isan electromechanical unit used to po-
sition the horizontal stabilizer for pitch trim.
The actuator hasdual jackscrewsandislocated
in the base of the vertical stabilizer.

Theactuator incorporatesthree electric motors
that are powered by different buses and oper-
ate through different switches, each driving
both jackscrews. One motor is used during
normal operation (two if the airspeed isbelow
250 KI1AS), another during override mode,
and all three during emergency pitch trim.

FlightSafety
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Limit switches in the normal and emergency
systems prevent actuator damage dueto over-
travel. Thereareno limit switchesintheover-
ride system. If the elevators become jammed
or disconnected, all three motors operate in
unison and the horizontal stabilizer servesin
place of elevator for longitudinal control. A
thermostatically controlled heating blanket
protects the actuator from freezing at alti-
tude. The heating element, is powered from the
No. 1 main bus.

SECONDARY FLIGHT
CONTROLS

Flap/Slat System

Two Fowler flap panels are located on each
wing. Each flap section runs on three curved
track railsand issupported onroller carriages.
Linear actuators, which are powered by acen-
trally mounted actuator through flexibledrive
shafts, position the flaps as needed.

POSITION
TRANSMITTER

Figure 15-7. Horizontal Trim Actuator
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The aircraft is equipped with leading-edge
slats, which reduce aircraft stall speed and
improve aircraft handling characteristics at
high angles of attack. The slats deploy auto-
matically at high angles of attack to provide
stall protection for theaircraft. Theslat instal-
lation and drive system are similar to those of
the flaps.

Trailing Edge Flaps

Theaircraft hasoneinboard and one out-board
trailing-edge flap on each wing (Figure 15-8).

Figure 15-8. Wing Flaps

SLAT

SURFACE FLAP
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The flaps are driven by a single power drive
unit (PDU) through a series of flexible drive
shafts and linear actuators (Figure 15-9).

A link interconnecting the two flap panelson
each wing provides secondary support and
drivefor theinboard flap. The flaps extend aft
from the trailing edge of the wing as well as
down when extended. The flaps can be se-
lected to 0°, 12°, 20° or 40°. Therearenoin-
termediate positions that can be selected.

Leading Edge Slats

The leading edge slats provide high lift and
low drag on takeoff and maximum lift on ap-
proach and landing but their main functionis
toimprovethe stall characteristics of theair-
craft. Theaircraft hasoneleading edge slat on
each wing. Each slat section runson six curved
track railsby meansof rollers (Figure 15-10).
Linear actuators, which are powered by acen-
trally mounted power drive unit (PDU)
through span-wise flexible drive shafts, po-
sitionthe slatsalong thetrack rails. The slats
can be selected either UP or DN; equivalent
to 0° or 25°.

SURFACE

ACTUATOR

“\{ . ACTUATOR \

\ INBOARD
¢
FLAP RAIL BLAP

Figure 15-9. Flap Drive System
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ACTUATOR

ACTUATOR SLAT

TORQUE LIMITER AND
BRAKE UNIT

POTENTIOMETER
Figure 15-10. Slat Drive System

.

Flap/Slat Electronic Control
Unit (FSECU)

The FSECU (Figure 15-11) is an electronic
unit that governs and controls operation of
theflap and slat mechanical drive systems. It
receives signals from the flap/slat control
lever, air data computer, and sensors to con-
trol and monitor all flap and slat operations.

The FSECU performs many functions. It
processes the commands from the flap/slat
control lever in the cockpit for flap and slat
position and causes the power drive units
(PDUs) to operate as needed. Asit causesthe
flaps or slats to operate, it also provides flap
and slat positioninformationtothe EICASdis-
play in the cockpit.

The FSECU monitors the electrical current
and temperature of the PDUs. It monitorsthe
position of the flaps and slats and stops flap
or slat operation if an asymmetry condition de-
velops. It alerts the flight crew to the asym-
metric condition viathe EICAS. In the event
of aslat system malfunction, the FSECU will

FlightSafety
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Figure 15-11. Flap/Slat Electronic

Control Unit (FSECU)

allow theflapsto operate with the SLAT BY -
PASS function. It also provides an interface
for maintenance troubleshooting of the flap
and slat system.

The FSECU controlsthe automatic extension
function of the slat system by monitoring air-
speed, Mach number, angle-of-attack and
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A OA probe heat function. Under certain con-
ditions, it will causethe slatsto extend with-
out selection by the flight crew as discussed
later in the text.

Flap Power Drive Unit (PDU)

Aflapdriveunit (Figure15-11) isinstalled in
the fuselage behind the left landing gear wheel
well. Theelectrical unit comprisesasingle 28-
VDC electric motor, clutch, brake, reduction
gearbox, two torque limiters (each to an out-
put shaft), and aswitch for stopping thedrive
motor at thedesired position. Thetorquelim-
iterslimit the torque available for each wing
and prevent full actuator torque from overload-
ing a single linear actuator or damaging the
drive unit housing. The PDU also includes a
potentiometer to provide position informa-
tion to the FSECU.

Slat Power Drive Unit (PDU)

Theslat drive unit (Figure 15-12), located in
thefuselage, comprisesasingle 28-VDC elec-
tric motor, clutch, brake, reduction gearbox,
two torque limiters (each to an output shaft),
and a switch for stopping the drive motor at
the desired position. The drive unit incorpo-
rates a potentiometer for transmitting slat
angle information to the FSECU. The unit is
operationally similar to the Flap PDU, as de-
scribed above.

FlightSafety
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Flap/Slat Actuators

Both the flap and slat systems have threelin-
ear ballscrew actuators (Figure 15-13) on each
wing that convert rotary input motion fromthe
flex shafts into linear output to drive the re-
spectiveflap or slat surface. Theflapsor slats
can only be positioned by action of the actu-
ators through their rotary input shafts. Each
actuator features a high-ratio worm gear
arrangement that makes the actuators irre-
versible. They will not move in response to
aerodynamic loading, even in the event of
drive shaft failure. The most outboard actua-
torsof theflap and slat systemsfeatureinter-
nal brake mechanisms and potentiometers to
detect asymmetry conditions. If an asymme-
try develops, theelectric brakeslock the slats
or flaps as necessary.

Airbrake System

There are four airbrake panels installed on
the upper surface of each wing upper surface,
forward of the outboard flap (Figure 15-14).

Each panel is attached at its leading edge.
They areelectrically controlled and hydrauli-
cally actuated using main hydraulic system
pressure. Individual hydraulic actuators ro-
tate each panel upward at a 45°angle. The
inboard pair of panels act as either flight or
ground air brakes and the outboard panels
act as ground air brakes only.

Figure 15-12. Slat Power Drive Unit (PDU)

15-10
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FLAP UP (0° POSITION)

TWO-AXIS MOUNTING GIMBAL TRACK RAIL |~

CENTERLINE S

Figure 15-14. Airbrakes Deployed

Airbrake Actuators

Eight actuators operatethe airbrakes, onefor
each panel. All actuators are double-acting,
single-rod hydraulic cylinders with internal
mechanical locking devices that lock the ac-
tuators in the retracted position. When hy-
draulic pressureisapplied to the actuators, the
lockswill release and hydraulic pressurewill
extend the airbrakes. All the actuators havethe
sameinstallation geometry, the cylinder body
is trunnion mounted to the wing and the air-
brake panel is moved by its attachment to the
hydraulic piston.

FOR TRAINING PURPOSES ONLY

Gust Lock

Aninternal gust lock mechanism (Figure 15-
15) isinstalled, enabling ground locking (in
neutral) of the elevator and rudder control
systems, thus preventing damageto these sys-
tems when the aircraft is parked in strong
wind conditions. An operating handle on the
thrust lever quadrant i s used to engage plunger
assemblies in the control linkage below the
cockpit floor. It isdesigned so that thrust can-
not beincreased aboveidlewith the gust lock
engaged. Gust locking for the aileron control
systemisnot required, dueto the damping ac-
tion of the aileron hydraulic servo actuators.

15-11



Figure 15-15. Gust Lock

OPERATIONS

PRIMARY FLIGHT CONTROLS

Ailerons

Theailerons of the G150 are actuated through
control wheel (Figure 15-16) rotation by ei-
ther pilot. Control linkage then transmitsthis
force to the ailerons and is assisted by hy-
draulic pressure within the servoactuatorsthat
are attached to each aileron. An artificial feel
unitisinstalled in the control linkage to pro-
videtactile feedback to the flight crew asthe
ailerons are deflected from their neutral po-
sition. Each servoactuator can receive hy-
draulic pressure from the main and auxiliary
hydraulic systems and receives pressure from
both systems simultaneously under certain
conditions. Hydraulic fluid from the main and
auxiliary systems does not mix within the ser-
voactuators. The servoactuators each contain
two piston and valve assemblieswithin asin-
glehousing. Either hydraulic system can pro-
vide hydraulic assistance through the full
range of aileron movement. If the pressure
from one of the hydraulic systemsisremoved,
abypassvalve within the servoactuator allows
fluid to flow through the mechanism, pre-
venting hydraulic lock. When all hydraulic
pressureisremoved, acompensator inthere-
turn hydraulic line provides hydraulic resist-
anceto protect the aileronsfrom gust damage.

Each servoactuator has two microswitches
that monitor hydraulic pressure and mechan-
ical position of the internal mechanisms. If
hydraulic pressure is lost from the main hy-

15-12
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LEFT CONTROL WHEEL

RIGHT CONTROL WHEEL
Figure 15-16. Control Wheels

draulic system, the auxiliary hydraulic pump
will be activated if the control switch isin
AUTO. If there is amechanical failure of the
servoactuator, the auxiliary hydraulic pump
will be activated regardless of control switch
position. In either case, the AILERON FAIL
warning message will be displayed on the
EICAS.

If there has been a main system hydraulic
failure, the auxiliary pump will continue to
operateeven if pressureisrestored. The pump
can be deenergized by selecting the control
switch to OFF and then back to AUTO. If
there has been amechanical failure of a ser-
voactuator, the only means of deactivating the
auxiliary hydraulic pump is by removing
power from its electrical circuit.

A centering spring within each servoactuator

will position its respective aileron 3° up in

case the control linkage to that servoactuator

:‘? disconnected. This prevents aerodynamic
utter.
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If both hydraulic systemsarelost, theailerons
can be actuated manually. The servoactuators
become rigid and provide the required link-
age to the control system.

If one of the ailerons becomesjammed because
of amechanical failure or ice accumulation,
thelink between theleft and right aileron con-
trols can be broken. If sufficient forceis ap-
plied by both pilots by rotating the control
wheelsinboard, the interconnect rod between
the subsystems will be disconnected. This
will allow the pilot with the operable aileron
to assume control of the aircraft. If the pilot
has an operabl e aileron, the autopilot will be
available. However, the artificial feel and
aileron trim will not be available. The oppo-
site is true if the copilot has the operable
aileron.

Aileron Trim

Aerodynamic forces are simulated at the con-
trol wheels by an artificial feel unit (AFU)
consisting of aspring box attached tothe aileron
control linkage. Asthe aileron control system
isdeflected fromitsneutral position, oneof the
springs within the AFU is compressed. This

AILERON

RUDDER
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causes an increase in the amount of force re-
quired by the pilot to deflect theailerons. The
electrically powered aileron trim actuator is
connected to the AFU. Operation of the aileron
trim actuator causes the neutral point of the
AFU to bedisplaced to favor either left wing
down or right wing down. The AFU has max-
imum authority of about 1/3 aileron displace-
ment. The aileron trim setting is continuously
displayed on the primary EICAS page. Green
bands indicate the proper range of aileron
trim for takeoff when the aircraft is on the
ground.

Theailerontrim actuator iscontrolled from the
spring loaded AILERON trim switch on the
lower |eft of the center pedestal (Figure 15-17).

Momentary displacement of the switch to the
LW DN or RW DN position causes operation of
the actuator to reset neutral feel intheleft wing
down or right wing down direction respectively.
When released from either operating position,
the switch returnsto the neutral position and the
trim actuator will stop operating at its present
position.

Figure 15-17. Aileron/Rudder Trim Switches and Indications
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Rudder

Therudder ismanually actuated by either the
pilot or copilot through the rudder pedals.
Whenforceisappliedto arudder pedal by the
pilot or copilot, the motion is transmitted by
aseries of pushrods and bellcranksto therud-
der. The rudder trim tab also acts as a servo
tab and aerodynamically relieves some of the
control force necessary to deflect the rudder.
Thismakes hydraulic assistance unnecessary.

Rudder Trim

Therudder trimis controlled from the spring
loaded RUDDER trim switch knob on the
lower left of the center pedestal (Figurel5-17).

Turning the RUDDER trim switch knob to ei-
ther the NOSE L or NOSE R position energizes
both trim actuators, which are mechanically
linked in the rudder, to position the trim tab.
When released, thetrim switch automatically
returnsto the neutral position and the actua-
tors stop operating in its current position.
Trim tab positionisindicated on the primary
EICAS page with a green band showing the
proper range for takeoff while the aircraft is
on the ground.

Elevators

During flight, the elevators provide aircraft
pitch control. A series of bell cranks, torque
tubes and control rods mechanically trans-
mitsthe control column input to the elevators.
Servo tabs attached to each elevator aerody-
namically relieve some of the control force,
making hydraulic assistance unnecessary.
Elevator movement isin unison. Thereis no
provision for independent operation if one of
the elevators becomes jammed because pitch
control can be regained through operation of
the horizontal stabilizer trim system.

15-14
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Horizontal Stabilizer Trim
System

The variable incidence horizontal stabilizer
provides longitudinal (pitch) trim. There are
two electrically independent drive systems;
with separate switches, wiring and three motors.
All three motors are incorporated into asingle
drive unit that mechanically positions the sta-
bilizer leading edge. Stabilizer trim positionis
continuously displayed onthe primary EICAS
page. During ground operations, a green band
will appear on the trim indicator to show the
proper rangefor takeoff, depending on the cur-
rent flap setting. The horizontal stabilizer trim
operates in one of three modes—NORMAL,
OVRRD (override), and EMERG (emergency),
as described below.

Normal Trim

Pitch trim switches, on the top of the out-
board grips of the pilot and copilot control
wheels, control normal operation. Each is a
three position switch spring loaded to the cen-
ter (OFF) position. The forward momentary
position (NOSE DN) provides nose down trim,
and the aft momentary position (NOSE UP)
provides nose up trim. The autopilot al so uses
the normal system for pitch trim. The Mach
trim function operates when the autopilot is
disengaged in theflight regimeinwhich trim
adjustment for Mach effects is needed (0.79
M| and above) as received via air data com-
puter Mach data. At normal cruising airspeed,
one el ectric motor within the actuator positions
the stabilizer. Toincrease pitch trim response
at low airspeed, the emergency motor is also
activated if the airspeed is below 250 KIAS.
Thetrim actuator incorporates|imit switches
that restrict stabilizer travel. A pitch trim tone
soundsinthe cockpit when the normal system
operates and hasamomentary delay to prevent
the tone from sounding for small trim adjust-
ments.
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Mach Trim

Mach trim inputs are made by the integrated
autopilot/flight instrument system. As speed
increases, the autopilot uses the pitch trim
system to adjust the horizontal stabilizer.
When the autopilot is not engaged and the
aircraftiswithinthe.79t0 .87 M speed range,
input signals are generated to overcome a
nose down tendency asthe center of lift moves
aft on the wing with increasing speed.

There are no inputs from the flight station
into this system nor can the system be turned
onor off. Thereisasingle caution lever mes-
sage generated by the system when it is not
functioning properly. The only limitation as-
sociated with thissystemisto limit the speed
of theaircraft to.78M with themach trim and
autopilot inoperative. Notify maintenance
that the message occurred in flight.

Yaw Damper

The yaw damper is controlled by a single
pushbutton on the flight guidance panel. The
only control the pilot hasisto turn the system
on or off. A green YD is displayed on the
Flight Mode Annunciator (FMA) on the
Primary Flight Display (PFD) when the sys-
temisactive. Theyaw damper putsautomatic
signalsinto the rudder actuator servo to con-
trol Dutch roll tendencies exhibited by swept
wing aircraft and to aid in turn coordination.
The yaw damper will disengage with the AP
disconnect switch when full flaps are sel ected.
The yaw damper will also disengage when
the YD/AP disconnect bar is lowered, when
the nose gear touches down, or when a yaw
damper failure is detected by internal moni-
tors.

The yaw system is automatically turned on
when the autopilot is engaged.

Thelimitations associated with the yaw damper
systemisthat it must be turned off for takeoff
and the maximum altitudeislimited to 31,000
ft with both the yaw damper and autopilot in-
operative. If theyaw damper isinoperative, the
autopilot alone will provide satisfactory lat-
eral-directional dampening.
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Override Trim

If the normal system failsto operate, the pilot
can regain pitch trim capability by pressing the
PITCH TRIM REL switchlocated on theright
(inboard) grip of the pilot control wheel. This
deenergizes the normal (primary) pitch trim
system and energizes the override system.
The light in the OVRRD switchlight illumi-
nates (Figure 15-18).

When the override system is energized, pitch
trim adjustment isaccomplished by actuating
the three-position HORIZ TRIM switch on
the pedestal. This switch operatesin a simi-
lar manner to the normal trim switchesonthe
control wheels. When thisswitchisactivated,
the override (secondary) trim motor is ener-
gized to reposition the stabilizer. This sys-
tem does not incorporate electrical limit
switches. Theflight crew must monitor stabi-
lizer trim position to prevent the actuator from
reaching its mechanical limits of travel.

Theflight crew can reengage the normal trim
system by pressing the illuminated OVRRD
switchlight. The light will extinguish and
power is removed from the override system
and restored to the normal system.

NOSE DN

EMERG
ARM

NOSE UP

S HORIZ TRIM S

Figure 15-18. Override Trim Engaged
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Emergency Trim

The emergency pitch trim system enables the
crew toregain pitch control if the elevators be-
come jammed or disconnected. It may also
be used to restore pitch trim functionality if
both the normal (primary) and override (sec-
ondary) pitch trim systems fail. The emer-
gency trim system isenergized by pressing the
guarded EMERG ARM switchlight on the
pedestal (Figure 15-19). Thelight inthe switch
illuminates and control of pitch (or pitch trim)
is then accomplished through the EMER-
GENCY TRIM switch located on theleft (out-
board) grip of the pilot control wheel. This
switch features a guard that must be lifted in
order to operateit. Oncethisisaccomplished,
the switch operates like the normal trim
switches.

NOSE DN

EMERG
a m

NOSE UP

S HORIZ TRIM —

Figure 15-19. Emergency Trim Engaged

OVRRD

The system operates three el ectric pitch trim
motors simultaneously (normal, override, and
athird emergency motor). The trim operates
at threetimesthe normal ratewith limit switch
protection. Emergency trim, however, should
not be used for normal trim adjustment.
Pressing EMERG ARM pushbutton once again
deenergizesthe emergency system. Thelight
in the switch will extinguish, the emergency
trim system is deenergized and power is re-
stored to the normal trim system.
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SECONDARY FLIGHT
CONTROLS

Flaps and Slats

Flap and slat operation is consecutive. Slats
extend first and retract last. The slats nor-
mally will be fully extended prior to flap ex-
tension and will retract only after full
retraction of the flaps.

Theslatsand theflapsare controlled with the
slats/flaps control lever (Figure 15-20). The
lever has five positions: UP, DN, 12°, 20°,
and 40°. If thelever isin the UP position, all
flapsand slatsarefully retracted. Moving the
lever to the DN position fully extends the
slats (25°), while leaving the flaps fully re-
tracted. If the SLATS/FLAPS control leveris
moved farther aft, the flaps will be extended
to the selected position with the slats remain-

Figure 15-20. Slats/Flaps Control Lever
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inginthefully extended position. During re-
traction, thelever isused to select the desired
flap or slat position. The slatswill remain ex-
tended until the flaps are fully retracted. It
takes approximately 30 seconds to fully ex-
tend the flaps and slatsif they are retracted.

Thereisno requirement to stop at intermedi-
ate settings of thelever when extending or re-
tracting the flaps and slats, provided that the
airspeed iswithin limits. However, if revers-
ing thedirection of travel (selecting flapsUP
from 12° and then reselecting 12°, for exam-
ple), itisrecommended that the flaps or slats
be allowed to reach the selected position and
stop before selecting the new position.

Theslats extend automatically at high angles
of attack to provide stall protection. Theslats
will automatically extend when all of thefol-
lowing conditions exist:

» Angleof attack at or above 0.82 normal -
ized AOA

» Airspeed at or below 250 KIAS
 Mach number at or below 0.55 Mi

If the slats automatically extend for any of the
above conditions, the AUTO SLATS EX-
TENDED caution messagewill bedisplayed on
the EICA Sand an aural warning will sound. The
AUTO SLATS FAIL caution message appears
if afailureinthe automatic extension circuitry
occurs, indicating that the system isinoperative.
After automatic slat extension, retraction can
be achieved by placing the lever DN and then
UP, provided angle of attack isbelow 0.6° nor-
malized AOA.

If 250 KIAS/0.55 M1 is exceeded with slats
extended, the V,o/M o aural warning
(clacker) sounds.

A slat asymmetry of 3° isindicated by illumi-
nation of an amber SLATS UNBALANCE
EICAS message and a flap asymmetry of 3°
by an amber FLAPS UNBALANCE EICAS
message. In either case, surface actuation is
automatically terminated.
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If the flaps and slats do not extend when se-
lected by the cockpit control, the SLAT BY -
PASS ARM switchlight can be pressed to
allow flap extension with the slats retracted.

Flight Airbrakes

Moving the FLIGHT A/B switch to the
OUTBD position energizes a solenoid-
operated selector valve to direct main hy-
draulic system pressure to the two airbrake
hydraulic actuators. The internal locking
mechanisms are rel eased, and the airbrakes ex-
tend (45°). Therate of extensioniscontrolled
by hydraulic flow restrictors. A green advisory
FLT A/B OUTBD OUT message will appear
on the EICAS as the airbrakes extend.

Movingthe FLIGHT A/B switchtothe INBD
& OUTBD position energizes two solenoid-
operated selector valves to direct hydraulic
pressure to the four innermost hydraulic ac-
tuators. Green advisory FLT A/B OUTBD
OUT and FLT A/B INBD OUT messages will
appear on the EICAS asthe airbrakes are ex-
tended. Theflight airbrakes may be deployed
at any airspeed.

Microswitches connected in series and actu-
ated by airbrake panel movement detect air-
brake asymmetry. If a panel does not extend,
amber FLT A/B OUTBD FAIL and FLT A/B
INBD FAIL EICAS caution messageswill ap-
pear. Moving the FLIGHT A/B switch to the
RETRACT position deenergizes the circuit,
repositionsthe selector valve, allowsall pan-
elsto retract and resets the system.

Movingthe FLIGHT A/B switchto RETRACT
deenergizesthe selector valveto theretract po-
sition, directing pressure to the actuators for
retraction. As the airbrakes lock in the re-
tracted position, the EICA S messages disap-
pear.

The airbrake control switches are shown in
Figure 15-21
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TAKEOFF

LAND

GROUND
A/B

GROUND AIRBRAKE
CONTROL SWITCH

Figure 15-21. Airbrake Control Switches

Ground Airbrakes

Ground airbrakes only operate when the air-
craft ison the ground. They dump excess lift
from thewing when aborting atakeoff or dur-
ing landing. The ground airbrakes are com-
prised of all four of the airbrake panelson each
wing and also operate with main hydraulic
system pressure. The ground brake extension
rate is faster than that of the flight airbrakes
because an additional selector valveis ener-
gized, bypassing the flow restrictor. To pre-
vent erratic extension or retraction of ground
airbrakes during a bounced landing, a hold-
ing relay bypassesthe ground contact switches
and maintains the selector valves in the ex-
tended position. Ground airbrake deployment
is indicated by messages on the EICAS, de-
pending on the specific condition of the sys-
tem. When all of the panels are locked down,
the messages are removed.

With the GROUND A/B switch inthe TAKE-
OFF position, ground airbrake deployment
will occur if thefollowing conditions are met:
nose weight on wheels (as signaled by both
switches), both thrust leversat | ess than 80%,
airspeed more than 80 KIAS and one main
landing gear weight on wheels signal.
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FOR TRAINING PURPOSES ONLY

With the switchinthe LAND position, ground
airbrake deployment will occur if both thrust
leversareat lessthan 80% and one main land-
ing gear signals weight on wheels.

If theswitchisinthe OFF position, the ground
airbrakes will not deploy.
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Gust Lock

The elevator and rudder gust lock should be
engaged as soon as both engines are shut
down. Engaging the lock (Figure 15-22)
places mechanical interferencein the surface
control linkage beneath the cockpit floor.
Placing the control column and the rudder
pedal assemblies in mid (neutral) position
aligns the locking detents on the rudder and
elevator bellcranks, with the spring loaded
locking plungersin the gust lock system.

With both power leversin the CUT OFF po-
sition, thegust lock isengaged by pressing the
button on theleft of the operating handle and
pulling the handle aft to the lock ENGAGED
position. When the gust lock is engaged, en-
gine thrust lever movement is automatically
restricted to the IDL E power setting, prevent-
ing takeoff with flight controls locked.

The gust lock is disengaged by pressing the
button on the operating handle and | etting the
internal spring movethe handlefully forward,
thus unlocking the rudder and elevator con-
trol surfaces. With the operating handle placed
fully forward (controls unlocked), operation
of the thrust leversis possible.

Figure 15-22. G
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LIMITATIONS

Thelimitations contained in section one of the
Airplane Flight Manual (AFM) must be com-
plied with regardless of the type of operation.

SLATS/FLAPS

The maximum safe speed for operating/
extended slats/flaps (V gg/V ) isasfollows:

Slats 250 KIAS
Flaps12° 250 KIAS
Flaps20°  225KIAS
Flaps40° 180 KIAS

Do not operate slats and flaps above 20,000
feet.

Auto slats operation and manual retraction
are not altitude limited.

TRIM SYSTEM

Takeoff is prohibited with either normal,
override, or emergency stabilizer trim system
inoperative.

-
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EICAS INDICATIONS

Thefollowingisaready-reference guidewhich
briefly outlinesthe EICAS message meanings
and corrective action for associated messages.

Messages having ™ symbol are accompa-
nied by an aural alert.

Warning Messages

Warning messages display asred EICAS mes-
sages on the MFD, and are accompanied by a
MASTER WARNING light (Figure 15-23).

AILERON FAIL—Mechanical failure of one
or both servo-actuators or main hydraulic
pressure |oss.

CONFIGAIRBRAKE ™ —Aircraftisonthe
ground with both engines thrust beyond 70%
N, and air brakes are unlocked.

CONFIG FLAPS o —Aircraft on ground,
both enginesthrust beyond 70% N, and flaps
position more than 22°.

CONFIG SLATS ™ —Aircraft on ground,
both engines thrust beyond 70% N, and slats
position less than 23° with SLAT BYPASS
pushbutton off.

CONFIGTRIM ™ —Aircraft on ground, both
thrust levers beyond 70% N, and horizontal
stabilizer trim out of green band for the se-
lected flaps setting and engines running.

STALL = —Aircraft is approaching stall.

Caution Messages

Caution messages display as amber EICAS
messages on the MFD, and are accompanied
by aMASTER CAUTION light.
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A/B T/O NOT ARMED—Ground air brakes
not armed for takeoff.

AUTO SLATSEXTENDED—SIlats automatic
extension has been activated. Slatswill extend
automatically due to high AOA.

AUTO SLATS FAIL—Failure in slats auto-
matic extension system.

FLAPS UNBALANCE—Failure of flap sys-
tem or asymmetry between |eft and right flaps
is more than 3°.

FLT A/B INBD FAIL—Inboard flight air
brakes position differsfrom switch command.
Outboard flight airbrakes should be used.

FLT A/B OUTBD FAIL—Outboard flight air
brakes position differsfrom switch command.
Inboard flight airbrakes should be used.

GND BRK WOW MISCOMP—Ground brakes
weight on wheels switches miscompare.

MACH TRIM FAIL—Autopilot mach trim
failure.

SLATS UNBALANCE—Failure of slat sys-
tem or asymmetry between left and right slats
ismore than 3°.

STALL WARNING FAIL—Stall warning sys-
tem has failed.

Advisory Messages

Advisory messages display as green EICAS
messages on the MFD, and do not illuminate
the MASTER CAUTION light.

CONFIG SLATS BYPASS—IIluminates due
to take-off configuration setting of flaps—20°
and SLATS BY PASS selected.

FLT A/B INBD OUT—Flight (inboard) air-
brakes extended.

FLT A/B OUTBD OUT—Flight (outboard)
airbrakes extended.
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ADF1 COM3

com2 ——
190.0 yA 126.100 131.725

A/B T/O NOT ARMED
AUTO SLATS EXTENDED
L | AUTO SLATS FAIL
FLAPS UNBALANCE
FLT A/B INBD FAIL
VIB—  — HYDPRESS — | pL7TA/B OUTBD FAIL

R MAIN AUX GND BRK WOW MISCOMP
MACH TRIM FAIL

- SLATS UNBALANCE
STALL WARNING FAIL

CABIN
DIFF RATE

SLATS FLAPS

—_— AP ——— up j
RPM EGT °C
DN

Figure 15-23. Flight Controls EICAS Indications
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QUESTIONS

1. The primary flight control surfaces that
are manually actuated are the:

A.
B.
C.
D.

Rudder and ailerons

Ailerons and horizontal stabilizer
Horizontal stabilizer and rudder
Rudder and elevators

2. The hydraulically boosted ailerons are
pressurized by:

A.

Main and auxiliary hydraulic pres-
sure

B. Main hydraulic pressure only
C.
D. Mainor auxiliary hydraulic pressure,

Auxiliary hydraulic pressure only

but never by both simultaneously

3. Thehorizontal stabilizer pitch trim sys-
temis:

A.

B.

C.

D.

Hydraulically powered and actuates
in two modes

Electrically powered and actuatesin
one mode

Manually actuated with ahandwheel
in the cockpit

Electrically powered and actuatesin
three modes

4. Theleading-edge slats:

A.
B.

15-22

Are hydraulically actuated

Areelectrically actuated, extend 25°,
and are sometimes extended automat-
ically

Can be extended manually

. Extend after flap extension and re-

tract before flap retraction

5.

If slats operation has been terminated by
an asymmetric condition:

A.
B.

C.
. All of the above

TheSLATSUNBALANCE CASmes-
sage illuminates

The SLATS BYPASS will allow
FLAP operation

The aircraft is still controllable
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Figure 16-1. Cockpit Instruments and Displays
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The information normally contained in this chapter can
be found in the Pro Line 21 and FMS 6100 manuals.
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CHAPTER 17
OXYGEN SYSTEM

INTRODUCTION

The G150 oxygen system includes the crew, passenger, and therapeutic subsystems. The
cabin oxygen supply is controlled by an oxygen supply valve.

OXYGEN SYSTEMS
GENERAL

The G150 aircraft isequipped with high-pres-
sure and portable oxygen systems capabl e of
supplying supplemental oxygen for all occu-
pants in compliance with applicable Federal
Air Regulations. Provisions are also made for
atherapeutic oxygen system.

Revision 2

Oxygen is available to the crew masks under
all operational conditions. The passenger oxy-
gen supply is available under automatic or
selective conditions. Therapeutic oxygen is
available under selective conditions only.
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SYSTEM DESCRIPTION left and right side consoles of the flight com-

partment. The mask supply line has an inte-
gral oxygen flow indicator.

CREW OXYGEN SYSTEM _ _ _
Themask includes an inflatable and adjustable

Crew oxygen is controlled by the OXYGEN harness, which allowsacomfortablefit to the
SUPPLY toggle switch located on the forward head.

right consolein theflight compartment (Figure
17-1). Thisvalve must be in the ON position
for flight. Oxygen for the crew is continu-
ously available at any altitudein thisposition.

The crew masks are pressure-demand, quick-
donning with a mask-mounted regulator that
allows one-hand donning within five seconds.

Each mask is located in a storage box in the

OXYGEN SUPPLY

COPILOT RH CONSOLE VALVE

SUPPLY LINE

PASSENGER
OXYGEN

PRESSURE REDUCER CONTROLLER

70 PS| = 10 PSI
C

LOW PRESSURE
[N O— (94 PSI) RELIEF

SHUT-OFF VALVE
~T———WIRE LOCKED
“ON” POSITION

~_CHARGING PRESSURE
GAUGE

I FILLER VALVE

~——__ OXYGEN CYLINDER
(77 CU FT)

FRANGIBLE
DISC

COPILOT
MASK

OXYGEN
CHFA,S%NG PRESSURE
COLOR GREEN >800 PSI
AMBER <800 PSI
OXY OTY LOW
CAUTION MESSAGE
LEGEND IF CYL PRESS <800 PSI
=== OXYGEN CYLINDER PRESSURE
@ 70 + 10 PSI SUPPLY [ OXY MASK PRESS LOW }
=== OVERBOARD DISCHARGE CAUTION MESSAGE

IF LINE PRESS <50 PSI
EICAS

Figure 17-1. Oxygen System

=== E| ECTRICAL LINE
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Crew Mask Controls

Oxygen flow is available to the crew masks
whenthe OXY GEN SUPPLY valveisselected
to the ON position and the bayonet fitting in
the crew mask supply lineis connected.

The percentage of oxygen to cabin air is se-
lectable with adiluter selector on the bottom
of theregulator. The selector hastwo positions
N (normal) and 100%.

The crew oxygen masks havethree sel ectable
modes as follows:

* Normal selection

o During normal operation, the mask
regulator suppliesdiluted oxygen, in-
creasing oxygen ratio as cabin altitude
increases

o At 30,000 ft and above, the regulator
automatically supplies 100% oxygen

o At cabinaltitudes of 35,000 to 40,000
ft, 100% oxygen is supplied with a
positive pressure. Above 40,000 ft
cabin altitude, the pressure signifi-
cantly increases

Revision 2
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e 100% selection

o Provides 100% oxygen

» Emergency selection

o A rotary knob on the bottom of the
regulator selects emergency; turning
the knob counterclockwise provides
100% oxygen and pressure breathing
at any cabin altitude

TEST mode supplies pressurized oxygen to the
mask to check the pressure breathing per-
formance on theground. Thisensuresthereare
no leaks to the mask.
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Crew Mask Operation 4. Position mask over nose and mouth; re-
|ease red tabs
1. Remove head set

» Masks then deflates and tightens com-

2. Firmly grasp mask red tabs and compl etely fortably and securely around the head
pull mask from stowage box (Figure 17-2 (Figure 17-2 Detail D).
Detail A). .
|  Select crew comm switches to mask
3. Pressredinflation tabsto fully inflate the Smoke goggles are stored beneath either pilot
harness seat. In apressurized mode, some of the oxy-

S genisdiverted to the gogglesto prevent con-
 Allowsdonning in five seconds or less tamination from entering the goggles.
(Figure 17-2 Detail B and C).

Detail A

Detail D

Figure 17-2. Crew Oxygen Mask
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CREW OXYGEN MASK
STOWAGE

To stow the crew mask, ensure the pneumatic
and electrical connections of the mask regu-
lator are properly connected with the mating
receptacles of the panel.

Ensurethe harnessisproperly positioned be-
hind the face piece (Figure 17-3, Detail A).

FlightSafety
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Coil the hose and position it on the bottom of
the stowage box and positionit to the middle
(Figure 17-3, Detail B).

Fold the deflated harness into the face piece,
and lower it into the stowage box. Make sure
the mask is properly positioned when the doors
are closed (Figure 17-3, Detail C).

Figure 17-3, Detail D shows the mask prop-
erly stowed and the doors of the crew oxygen
storage box closed.

Detail A

Detail C

Detail B

OXYGEN

TS0 C78, C89 .

QAC 151, 150 a
DILUTER DEMAND, PRESSUI 6

1040,000ft

000
SUPPLY PRESSUREI
WEIGHT (PR

Detail D

Figure 17-3. Crew Oxygen Mask Stowage
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PASSENGER OXYGEN
SYSTEM

The OXYGEN SUPPLY valve controls pas-
senger oxygen.

With the OXY GEN SUPPLY in the ON posi-
tion, low pressure oxygen (70+10 psi) isavail-
able and controlled by the passenger oxygen
control panel.

The passenger oxygen control panel consists
a selector knob, an oxygen control solenoid,
OXYGEN ON indicator light, and a thera-
peutic selector switch (Figure 17-4).
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The flow of oxygen to the passenger com-
partment masks is controlled by a normally
closed solenoid within the passenger oxygen
control panel. The solenoid receives electri-
cal power from the No. 2 distribution bus.

COMPONENTS

Passenger Oxygen Control
Panel

The passenger oxygen control panel contains
a normally de-energized (closed) solenoid
that controls the flow of oxygen to the pas-
senger masks and is controlled by the OFF-
AUTO-BY PASS selector knob (Figure 17-5).

LEGEND
OXYGEN SUPPLY
OVERBOARD ® wmmmes GROUND (ACTIVE)
DISCHARGE e IVNERE - GROUND (INACTIVE)
AND INDICATOR VALVE mmm OXYGEN SUPPLY (HIGH PRESSURE)

CYLINDER
SHUTOFF
VALVE

— OXYGEN SUPPLY (REGULATED MEDIUM PRESSURE)
— OXYGEN SUPPLY (REGULATED LOW PRESSURE)

/ o
CYLINDER ™ SHUTOFF
PRESSURE  [U12 VALVE PASSENGER OXYGEN THERAPEUTIC
GAUGE [oi= on
O z') ¢‘
MASKS : THERAPEUTIC
T : SHUTOFF VALVE , THERAPEUTIC
{ OXYGEN
OXYGEN OUTLET
SYSTEM LOW
PRESSURE PRESSURE
GAUGE SWITCH ALTITUDE 0
CONTROLLED
REGULATOR PASSENGER

PRESSURE H 5.8-36.5 PSIG MASKS
REDUCER SOLENOID . .

70 + 10 PSI VALVE O

SURGE
ALTITUDE VALVE
PRESSURE
SWITCH BYPASS
VALVE

Figure 17-4. Passenger Oxygen Supply
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Figure 17-5. Passenger Oxygen
Control Panel

The control knob on the passenger control
panel hasthree positions as follows:

» OFF—Solenoid closes, stopping the
flow of oxygen to the masks

» AUTO—Solenoid remainsclosed until
it receivesasignal from the cabin pres-
sure control system (CPCS) asfollows:

o Landing field elevation below 8,000
ft—CPCS opens sol enoid when cabin
altitude reaches 13,500 +250 ft

o Landing field elevation 8,000 ft or
above and aircraft altitude below
25,000 ft—CPSC opens solenoid
when cabin altitudereaches 14,750 —
+250 ft

*» BYPASS—Oxygen bypasses the sole-
noid to flow directly to the passenger
masks at any altitude in the event of a
solenoid failure, loss of electrical power,
or at cabin altitudes below 13,500 ft.

Surge Valve

All oxygen flows to cabin masks through a
surgevalve. It supplies oxygen to thedrop out
boxesat 70 psi for five seconds. Thisensures
that the masks deploy from their storage boxes.
After five secondsthe oxygen pressureis|ow-
ere%lto the normal pressure based on cabin al-
titude.

Revision 2
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Oxygen Pressure Switch

When oxygen is sent to the passenger masks,
it closes a pressure switch in the passenger
oxygen control panel and illuminates the
OXY GEN ON light in thelower inboard sec-
tion of the passenger oxygen control panel.

CAUTION

Ensure the passenger oxygen con-
trol panel isinthe OFF position when
the OXYGEN SUPPLY switch se-
lected, or it may cause aninadvertent
deployment of the passenger oxy-
gen masks.

After the masks have deployed, oxygen is
available to the drop out boxes proportional
to cabin altitude. Oxygen flow to the mask is
initiated by pulling the lanyard attached to
the mask.

The masks contain a bag that receives the
oxygen and acheck valvethat allows breath-
ing cabin air aswell asthe oxygen. Since the
amount of oxygen available to the mask is
proportional to cabin altitude the bag may not
fully inflate. The mask, however; isreceiving
the correct amount of oxygen.

THERAPEUTIC OXYGEN

For passenger medical use, amask calibrated
for therapeutic use is located in the cabin.
Thetherapeutic plug port ison theright upper
side panel, just aft of the right emergency
exit. It is clearly labeled THERAPEUTIC
OXY GEN.

When the therapeutic oxygentoggle switchis
selected to the ON position, it provides oxy-
gen flow to asingle point in the cabin next to
the aft seats (Figure 17-5). Plugging the ther-
apeutic mask into the outlet startsthe flow of
oxygen to the mask.

Therapeutic oxygen isaconstant line pressure

of 70 £10 psi to arestrictor. Therestrictor re-
duces the pressure further.
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The therapeutic oxygen mask has a 98 inch
flexible hose to accommodate any seat in the
cabin. Thetherapeutic oxygen mask and flex-
ible hose are stored in a sealed plastic bag
(see Figure 17-4).

COMPONENTS
OXYGEN CYLINDER

Gaseous oxygen for the flight crew and pas-
sengersis stored in a 77 cu ft high pressure
light-weight cylinder. An optional 115 cu ft
cylinder may be installed.

FlightSafety
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The cylinder is on the right side of the nose
compartment below the shelf. (Figure 17-6).

Theoxygen cylinder isequipped with thefol-
lowing:

* Over pressure discharge valve

» Pressure transducer

* Pressure reducer

* Oxygen filler valve

e Charging pressure gauge

» Shutoff valve

* Pressurerelief valve

OXYGEN
CYLINDER

\

PRESSURE
TRANSDUCER
AND PLUG
PRESSURE Q
GAUGE CHARGING \\
VALVE
OVERBOARD
DISCHARGE

INDICATOR

LS =4 g

Figure 17-6. Oxygen Cylinder
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OVERPRESSURE DISCHARGE
VALVE

The overpressure discharge valve defaults to
the OPEN position when the cylinder reaches
a pre-determined pressure. The exit port for
this valve is equipped with a green blowout
disk to indicate cylinder overpressure dis-
charge. Thisdisk isonthelower right side of
the nose compartment and should be checked
during preflight inspection.

Thevalveisdesigned to open between 2,500
and 2,775 psi. If thedischargevalve opens, it
will completely empty the cylinder. If this
occurs, the cylinder must be sent out toaFAA
authorized service facility to be re-serviced.

PRESSURE TRANSDUCER

The pressure transducer sends electrical sig-
nalsto the EICAS proportional to the cylin-
der oxygen pressure. Oxygen cylinder pressure
isdisplayed on thelower right side of the sec-
ondary page of the MFD.

Oxygen cylinder pressureisdisplayedingreen
for pressures above 800 psi and changes to
amber if the pressure dropsto lessthan 800 psi.

PRESSURE REDUCER

The pressurereducer lowersthe cylinder oxy-
gen pressure to system pressure of approxi-
mately 70 +10 psi.

The pressure reducer also incorporates a re-
lief valve set to open at 94 psi to limit the
oxygen pressure in the cabin to a safe value.

OXYGEN FILLER VALVE

The oxygen filler valveislocated behind the
door on the lower right side of the nose com-
partment. (Figure 17-6). This valve services
the oxygen cylinder to 1,850 psi at 70°F
(21°C).
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CHARGING PRESSURE
GAUGE

The pressure gauge shows cylinder pressure
only. The charging pressure gauge eliminates
the need to have electrical power on the air-
craft while servicing the oxygen system.

SHUTOFF VALVE

Thecylinder shutoff valve allows manual iso-
lation from the rest of the system for mainte-
nance. Thisvalve must be safety wired in the
OPEN position for flight. When the cylinder
shutoff valveisclosed, the low pressure line
is vented to atmosphere.

PRESSURE RELIEF VALVE

The pressure relief valve prevents cylinder
over pressure even with the shutoff valve
closed.

This valve must be safety wired in the open
position prior to flight.

The low pressure oxygen is routed from the
pressure reducer to the SUPPLY valve.

A low pressure switch in the right side con-
sole illuminates the OXY MASKS PRESS
L OW amber caution message on the EICAS.
This switch is set to close when the system
pressure drops to 50 psi or less.
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\
A\
\
\
>

CONTROL AND
INDICATIONS

OXYGEN SUPPLY VALVE

The OXY GEN SUPPLY valve controls oxy-
gento the crew and passenger compartments.
(Figure 17-7).

OXYGEN SUPPLY
ON

Figure 17-7. Oxygen Supply Valve

CREW OXYGEN MASK

* N—Normal position putsthe mask into
a diluter demand mode. In this mode
the percentage of oxygen supplied to
the crewmember is a function of cabin
altitude up to acabin altitude of 30,000
ft. Above 30,000 feet of cabin altitude
the mask automatically switches to
100% oxygen.

* 100%—In this position, 100% oxygen
is supplied to the mask supplies at any
cabin altitude.

* N/100% diluter switch—Movable se-
lector on the crew mask that selectsthe
percentage of oxygen supplied to the
mask (Figure 17-8).

o When rotated counterclockwise sup-
plies 100% oxygen and pressure
breathing.

17-10
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Figure 17-8. Crew Mask and Mask
Mounted Regulator

« EMERGENCY/TEST button

o When button depressed supplies pres-
surized oxygen to the mask. This
checks the pressure breathing per-
formance on the ground as well as
checks for any loose or |eaking con-
nections.

VENT VALVE

This valve allows pressurized oxygen from
the crew mask to enter the smoke goggles to
alleviate vapor formation in the smoke goggles.

OXYGEN PRESSURE
INDICATION

The oxygen cylinder pressureisdisplayedin
the lower right side of the secondary page of
the MFD (Figure 17-9).

The pressure transducer on the oxygen cylin-
der sendselectrical signalstothe DCU, which
in turn, sends the information to the second-
ary page of the MFD.

The oxygen pressureisdisplayedingreen for

pressures above 800 psi. If the pressureinthe
cylinder drops, the indication turns amber.
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OXYGEN (PSI)

Figure 17-9. Oxygen Pressure
Indication

PASSENGER OXYGEN
CONTROLLER

The passenger oxygen control panel has a
three position rotary knob to control the flow
of oxygen to the passenger masks:

» OFF—Solenoid closes, stopping the
flow of oxygen to the masks

* AUTO—Solenoid remains closed until
it receivesasignal fromthe cabin pres-
sure control system (CPCS) asfollows:

o Landing field elevation below 8,000
ft—CPCS opens solenoid when cabin
altitude reaches 13,500 +250 ft

o Landing field elevation 8,000 ft or
above and aircraft altitude below
25,000 ft—CPSC opens solenoid
when cabin altitude reaches 14,750
+250 ft

 BYPASS—Oxygen bypasses the sole-
noid to flow directly to the passenger
masks at any altitude

Revision 2
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OXYGEN ON LIGHT

The OXY GEN ON light on the passenger oxy-
gen control panel illuminates any time oxy-
gen is sent to the passenger masks.

THERAPEUTIC OXYGEN

This switch isan ON/OFF toggle switch that
supplies oxygen to the therapeutic plug in the
cabinwhenitisturned ON (see Figure 17-5).

LIMITATIONS

There areno specificlimitationsrelating to the
oxygen system.
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| OXY MASKS PRESS LOW—Caution
EMERGENCY EICAS message illuminates when the pres-
AND ABNORMAL sure downstream of the OXY GEN SUPPLY
OPERATIONS | valvedropsto 55 psi.

OXY QTY LOW—Caution EICAS messageil-

EICAS MESSAGES luminates when the oxygen pressure in the

cylinder dropsto less than 800 psi.
There are two EICAS messages associated
with the oxygen system (Figure 17-10).

190.0 2.0000 126.100 131.725
SQ

OXY MASKS PRESS LOW
OXY QTY LOW

L X |

VIB — — HYDPRESS —
R MAIN AUX

CABIN
DIFF RATE

FLAPS

- AU —
RPM EGT°C v‘;’

Figure 17-10. Oxygen EICAS Indications
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QUESTIONS

Electrical power for automatic deploy-
ment of the passenger masksis supplied
from:

A. No.1 distribution bus

B. Theleft and right main buses

C. No. 2 distribution bus

D. The priority bus

A normal oxygen cylinder pressure at
70°Fis:

A. 1,780 psi

B. 1,870 psi

C. 1,700 psi

D. 1,850 psi

Following a decompression at 45,000
feet, an emergency descent to 20,000 feet
is executed. The oxygen duration (77 ft
cu cylinder) time for two crewmembers
and four passengersif oxygen pressure on
reaching 20,000 feet is 1,380 psi is:

A. 1 hour 50 minutes

B. 2 hours 25 minutes

C. 2 hours 13 minutes

D. 1 hour 27 minutes

An amber CAS message OXY MASKS
PRESS LOW illuminates when:

A. Oxygen mask supply pressure is 60
psi or less

B. Oxygen mask supply pressure is 55
psi or less

C. Oxygen bottle pressureis below 800
psi

D. Oxygen bottle pressure is below 60
psi

5.

FOR TRAINING PURPOSES ONLY

The cockpit indication that passengers
arereceiving oxygenis:
A. OXY GEN ON status CAS message

. Yellow OXY GEN ON indicator light
|ocated on the passenger oxygen panel

B

C. Green OXYGEN ON indicator light
located on the passenger oxygen panel

D

. An amber OXY GEN ON CAS mes-
sage
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MANEUVERS AND PROCEDURES

BEFORE TAKEOFF
FLIGHT PLANNING

In the early stages of aclient’s training, em-
phasis should be placed on determination of
takeoff and landing distance, balanced field
length, second segment limitations, and V1,
VR, Vo, and Vg speeds. The client should
understand the use of charts published in the
Airplane Flight Manual (AFM) for this pur-
pose and should understand the uses and
limitations of quick reference charts devel oped
by the manufacturer.

WEIGHT AND BALANCE

Although covered in general terms during
ground school, weight and balance computa-
tions from the client’s own AFM should be
emphasized due to variations in aircraft.
Proficiency intheuse of theloading sliderule
or other appropriate means of weight and bal -
ance computations will be required.

FOR TRAINING PURPOSES ONLY

PREFLIGHT INSPECTION

Preflight inspections should be carried out
using methods described in the approved AFM.
The instructor should lead the client through
thefirst few preflight inspections, and then ob-
serve them on subsequent flights.

The following items must be aboard the air-
plane beforeit may be used for flight training:
* Airplane Flight Manual

» Aircraft registration or pink copy of ap-
plication for registration

e Airworthiness certificate
e FCClicense
e First aid kit

» Flashlight with minimum of two size
D cells

» Navigational enroute, terminal area, and
approach and letdown chartsfor areain
which flight is to be conducted

e Minimum of one headset

MAP-1



MANEUVERS

TAKEOFF PROFILE

Figure MAP-1isarepresentation of the stan-
dard takeoff profile recommended by
FlightSafety International.

NORMAL TAKEOFF

This maneuver provides practice in the pro-
cedures and techniquesemployed in anormal
takeoff (Figure MAP-2).

Prior to takeoff, the pilot should ensure that
all checklists are completed and the airplane
isin asafe configuration for departure.
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Pilot’s Procedures During
Takeoff

The pilot aligns the airplane with the center-
line of the runway and holdsthe wheel brakes.
The pilot’s left hand should be on the nose-
wheel steering and the right on the thrust
levers. The pilot then smoothly advances the
thrust leversand setsthe computed N1 on both
engines prior to brake release. The pilot
smoothly releases the brakes and maintains
centerline with nosewheel steering. As the
rudder becomes effective, the pilot continues
the takeoff roll with hishand monitoring nose-
wheel steering until the copilot calls “80
knots.” The pilot crosschecks airspeed and
acknowledges, moving hisleft hand from nose-
wheel steering to the yoke not later than 90
knots. As the pilot takes control of the yoke,

TAKEOFF FLIGHT PATH ——Pp]
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REFERENCE
ZERO
(FIG. 5-39)

BRAKE
RELEASE

Vi Vr Vior

v ¥y

V2

— «—
(FIG. 5-28 THROUGH 5-33) —— FIG. 5-39 — B (ACCELERATION) (FIG.5-42)

€~ 2ND SEGMENT —p

3RD SEGMENT .4 FINAL SEGMENT

A

(FIG. 5-40, 5-41)
- L

—————C

A

1500 FEET
MINIMUM

400 FEET
GEAR MINIMUM

UP

ENGINES [4-BOTH-p}

THRUST [«

AIRSPEED [¢——— VARIABLE

\4
A

ONE INOPERATIVE

TAKEOFF THRUST
(FIGURE 5-2 OR 5-3)

Vp —————| 4~ VARIABLE | €¢— SEE FIG. 5-42—

| qMAX CONT THRUST
™" (FIG. 5-4 OR 5-5)

RETRACTION

LANDING | ¢ DOWN >le > |« RETRACTED >
GEAR ! !

< TAKEOFF SETTING >|< >|< >

FLAPS 14 "TT RETRACTION ~ I RETRACTED

SLATS | EXTENDED >|< >|< >

RETRACTION RETRACTED

< TAKEOFF PATH (TOTAL DISTANCE) P>

NOTE
REFERENCES ARE TO FIGURES IN AFM MANUAL

Figure MAP-1. Takeoff Path Profile (One Engine Inoperative)
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he states “Pilot’syoke” and maintainsforward
pressure with cross wind correction as nec-
essary. When the copilot calls“V1” thepilot’s
right hand goes to the yoke.

When the copilot calls “rotate,” the pilot
smoothly rotatesthe airplane (not greater than
3° per second) toward a pitch attitude of 15°
for aflaps 12° takeoff (14° for flaps 20°, 16°
for flaps 0°).

Astheairplanereachesthe desired pitch atti-
tude, the flight director command bar may be
“pitch sync’d” to assist in maintaining that
attitude. When the copilot calls“ positiverate,”
the pilot will confirm the aircraft is airborne
and call “gear up, thrust reversers off” to re-
tract the landing gear. At a minimum of 400
feet (or obstacle clearance altitude) and an
airspeed of V2+10 knots minimum, direct the
copilot toretract theflaps. Continue the climb,

FlightSafety
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adjusting the power and pitch attitude. Retract
theslatsat Vs, set climb power, then call for
the “ After Takeoff” checklist.

Above 3,000 feet AGL, with climb power set,
accelerate to 250 knots.

NOTE

If an enginefailureoccursaboveVi,
follow the “Engine Failure During
Takeoff Above V1 ” procedures.

CAUTION

Ensurethat your feet arelow enough
on the rudder pedals to prevent un-
wanted application of brakesduring
takeoff, especially if an enginefails,
and full rudder isrequired.

ROTATE

ATTITUDE

1. VR—ROTATE SMOOTHLY
TO APPROPRIATE PITCH

BRAKE RELEASE

1. SET CALCULATED Nq
2. SMOOTHLY RELEASE BRAKES

BEFORE TAKEOFF
1. COMPLETE CHECKLISTS

AFTER TAKEOFF

1. POSITIVE RATE OF CLIMB

2. GEAR—UP

3.V, TO 400' AGL OR CLEAR OF
OBSTACLES

4. ACCELERATE TO V, + 10 KT

5. FLAPS—UP

6. ACCELERATE TO Vgg

7. SLATS—UP

8. COMPLETE AFTER TAKEOFF
CHECKLIST

Figure MAP-2. Normal Takeoff
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Copilot’s Procedures During
Takeoff

Once takeoff clearanceisreceived, the copi-
lot completes the lineup check. On takeoff
roll, maintain forward pressure and crosswind
correction on the yoke. Monitor engine in-
struments, annunciators, and airspeed. Asthe
airspeed reaches 80 knots, the copil ot calls* 80
knots.” When the pilot calls“pilot’syoke,” the
copilot relinquishes control and continues to
monitor engine instruments, annunciators,
and airspeed. When the airspeed reaches V1,
the copilot calls “V1.” When the airspeed
reaches VR, the copilot calls“rotate.” Monitor
therotation, and when the V SI, altimeter, and
visual indications show a positive rate of
climb, call “positiverate.” Whenthe pilot di-
rects*” gear up, thrust reversers off” the copilot
repeatsthecall “ gear up, thrust reversers off”
placesthe landing gear handle to the up posi-
tion, and ensures the landing gear retracts.
Monitor theinitial climb profileand notify the
pilot of any deviations. At 400 feet on the
radar altimeter, the copilot calls “400 feet.”

FlightSafety
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When the pilot calls for “flaps up,” the copi-
lot ensures that the airspeed is V2 + 10 knots
minimum and retractstheflaps. Ensuretheflap
indicator indicates flaps 0°. When Vgs is
reached, the pilot calls for “slats up”. The
copilot ensuresthat airspeedisV s minimum
and retracts the slats. Ensure the slat indica-
tor indicates slats 0°. When the pilot directs,
accomplish the “ After Takeoff” checklist.

Acceptable Performance
Guidelines
» V-speeds are considered as minimum

and should be controlled within +10/-0
knots.

TAKEOFF WITH ENGINE
FAILURE AT OR ABOVE V1

This procedure provides practice in proce-
dures and techniques employed in operating
with an engine that fails at or above V1
(Figure MAP-3).

SECURE AND RETURN
1. MAINTAIN 180 KIAS

oy

ROTATE

1. VR—ROTATE SMOOTHLY TO
APPROPRIATE PITCH ATTITUDE

BRAKE RELEASE

A=
’ AFTER TAKEOFF

1. POSITIVE RATE OF CLIMB
2. GEAR—UP
3. SPEED—V;, TO V, + 10 KT UNTIL
400' AGL AND CLEAR OF OBSTACLES

1. SET CALCULATED N4 - 4. AT V5 + 10 KT (MIN)—FLAPS UP
2. SMOOTHLY RELEASE BRAKES 22 ~ [ E 5. ACCELERATE TO Vgg
~ 6. SLATS—UP, CLIMB PWR SET
’f / [/\ 7. COMPLETE EMERGENCY CHECKLIST
’¢’ 8. COMPLETE AFTER TAKEOFF
> ENGINE FAILURE CHECKLIST
-
’¢’ 1. ABOVE V;—CONTINUE
-

1. COMPLETE CHECKLISTS

’¢
BEFORE TAKEOFF

Figure MAP-3. Takeoff—Engine Failure At or Above V;
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Aircraft

Inthe aircraft, the instructor pilot will retard
thethrust lever of either enginetoidleat amin-
imum of 100 feet AGL.

Simulator

The simulator instructor will fail an engine at
or above V1.

Procedures and Techniques

Normal takeoff procedures will be followed
until V1. Theenginefailure may be announced
by either pilot. The pilot flying (PF) will main-
tain directional control and forward pressure
on the control column. The PF will ensure
that the thrust levers are advanced to maximum
thrust. Accelerate to Vr. When the pilot not
flying (PNF) calls “rotate,” the PF will
smoothly rotate the aircraft to an attitude of
approximately 10° (G/A command bar may
be used as a guide). Retract the landing gear
when positively airborne. Accelerate to, and
maintain Vo minimum until 400 feet AGL
and clear of obstacles.

-

~

EXIT

1. 250 KIAS = 10 KT
2. HEADING = 5°
3. ALTITUDE = 100 FT

T~

ENTRY

1. 250 KIAS = 10 KT
2. BANK—45°
3. ALTITUDE = 100 FT

Figure MAP-4. Steep Turns
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At 400 feet AGL minuimum, accelerateto Vs
+ 10 knots and retract the flaps (see note bel ow
onthispage). Continue accelerationto Vgsand
retract the slats. With final segment climb es-
tablished and climb power set above 400 AGL,
identify the failed engine and accomplish the
appropriate emergency checklist. After the
engine is secured, accomplish the “After
Takeoff” checklist.

Common Errors
» Rotating early, i.e: at V1 instead of VR
e Qverrotation

* Applying brake with rudder while on
the runway (feet too high on the rudder
pedal)

» Not maintaining desired pitch attitude
after takeoff, allowing the aircraft to
descend

NOTE

If an engine failure occurs after V1,
but prior to Vo, maintain Vo, until
400 feet AGL or obstacle clearance
altitude.

If an engine fails above V5 but less
than or equal to V2 + 10 knots, main-
tai P t(;le airspeed at which the engine
failed.

If an engine fails above V5 + 10
knots, increase pitch to reduce speed
and maintain V2 + 10 knots.

Acceptable Performance
Guidelines

* Maintain positive aircraft control.

STEEP TURNS

Thismaneuver affords practicein controlling
theaircraft with greater than normal bank an-
gles(Figure MAP-4). These are accomplished
at all grossweightsand altitudes above 5,000
feet AGL. Stabilize speed at 250 KIAS and
make a smooth entry to a 45° bank. Turns
should exceed 180°, but need not be greater
than 360°. Use stabilizer trim to counteract

MAP-5



pitch down moment to maintain altitude. The
IV SI should be used in conjunction with the
altimeter during this maneuver.

NOTE

Practice at other speeds may be uti-
lized at the instructor pilot’'s
discretion.

Acceptable Performance
Guidelines

o Altitude = 100 feet
» Airspeed £ 10 knots
e Heading £ 5°

* Bank Angle = 5°

APPROACHES TO STALL

These procedures provide practiceinthenor-
mal procedures and techniques used in stall
recognition and recovery (Figures MAP-5
through MAP-7). Use of engine ignitersis
recommended during the maneuver.

Procedures and Techniques

In the aircraft, the approach-to-stall proce-
dures should be practiced at a minimum
altitude of 10,000 feet aboveterrain. The ma-
neuver should begin insuring the autopilot is
disconnected at 180 knots decel erating. Initiate
recovery by advancing the throttles to maxi-
mum power. Approaches to stall should be
practiced inthe clean configuration, with par-
tial flaps, and in thelanding configuration, but
not neccessarily in that order. They should
also be practiced with wingslevel and during
turns. Some altitude loss may be experienced
during the stall buffet recovery; however, keep
the loss to a minimum. In addition, keep in-
creases in altitude to a minimum.

MAP-6
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Clean Configuration

This maneuver should be started with the
power at idle. Maintain a constant altitude
and trim the aircraft as speed decreases.
Trim may be used until stall buffet onset.
Beginthestall recovery at thefirst indication
of buffet onset by advancing thethrust levers
to maximum power while allowing the pitch
attitude to decrease not more than 1 or 2°,
maintaining a minimum of 10° noseup. Do
not rel ease back pressure on theyoke. Roll the
wingslevel, if applicable. Thismaneuver shall
be considered complete when stabilized at the
original altitudeat not lessthan VVgsor greater
than 180 knots.

Flaps 20°, Bank 15-30°

Configure the aircraft with flaps 20° and es-
tablish bank in either direction. Start this
maneuver with the power reduced to approx-
imately 50%-60% N1. Maintain a constant
altitude and trimmed aircraft as speed de-
creases. Trim may be used until stall buffet
onset. Begin the stall recovery at thefirst in-
dication of buffet onset by advancing the thrust
leversto maximum power while allowing the
pitch attitude to decrease not more than 1 or
2°, maintaining a minimum of 10° noseup.
Do not release back pressure on the yoke.
Simultaneously, roll thewingslevel. Confirm
flapsat 20°. Establish apositiverate of climb.
Once a positive rate is confirmed, accelerate
to Vrer. Retract the flaps to 12°. Upon re-
turning to the original altitude and accelerating
to VReg + 10 knots, retract the flaps to 0°.
Accelerate to Vgg and retract the slats. This
maneuver shall be considered completewhen
stabilized at the original altitude at not less
than Vs or greater than 180 knots.

Landing Configuration

Configuretheaircraft with flaps 40° and gear
down. Accomplish this maneuver straight
ahead. Start this maneuver with the power re-
duced to approximately 60% N41. Maintain a
constant altitude and trim the aircraft as speed
decreases. Usetrim asrequired until stall buf-
fet onset. Begin the stall recovery at the first

FOR TRAINING PURPOSES ONLY
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COMPLETION OF MANEUVER

BEGINNING OF MANEUVER APPROACH AND RECOVERY

1. MAINTAIN ALTITUDE
2. BUFFET ONSET—MAX POWER
3. PITCH—MAINTAIN MINIMUM OF 10° NOSE UP

1. SLATS—UP
2. AIRCRAFT RETURNED TO
STARTING ALTITUDE

[
[
|
[
1. SPEED—180 KIAS, NOT LESS :
[
I 3.NOTLESS THAN Vg OR
[
[
[
[
[
[
[

THAN Vggg + 30 KT
2. POWER—IDLE
3. TRIM—AS REQUIRED
> 180 KIAS

BUFFET
Figure MAP-5. Approach to Stall—Clean Configuration
BEGINNING OF MANEUVER

APPROACH AND RECOVERY COMPLETION OF MANEUVER

| |
| |
| |
| |
¥ ¥
| |
| |
. FLAPS—20° I 1 MAINTAIN ALTITUDE I 1 Vves—sLATS UP
. GEAR—UP | 2 BUFFET ONSET—MAX POWER | 2. AIRCRAFT RETURNED TO
. SPEED—Vgg OR 180 KIAS I 3. PITCH—MAINTAIN MINIMUM OF 10° NOSEUP | STARTING ALTITUDE
. POWER—60% N; I 4. ROLLWINGS LEVEL | 3. NOTLESS THAN Vgg OR
. BANK ANGLE—15° TO 30° | 5. AT Vgg—FLAPS 12° I  >180KIAS
. TRIM—AS REQUIRED | 6. Vrer + 10 KT—FLAPS UP l

| |

| |

| |

| |

oOghWNR

BUFFET

Figure MAP-6. Approach to Stall—Flaps 20°, 15-30° Bank

BEGINNING OF MANEUVER APPROACH AND RECOVERY COMPLETION OF MANEUVER

2. FLAPS—40° BUFFET ONSET—MAX POWER 2. AIRCRAFT RETURNED TO
3. SPEED—VEg PITCH—MAINTAIN MINIMUM OF 10° NOSE UP STARTING ALTITUDE

FLAPS—20°

. POSITIVE RATE—GEAR UP
. Vrgr—FLAPS 12°

. VRer + 10 KT—FLAPS UP

4. POWER—60% Ny
5. TRIM—AS REQUIRED

No AN R

| |
| |
| |
| |
¥ ¥
| |
| |
1. GEAR—DOWN : MAINTAIN ALTITUDE : 1. VEs—SLATS UP
| |
| |
| |
| |
| |
| |

BUFFET

Figure MAP-7. Approach to Stall—Landing Configuration
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indication of buffet onset by advancing the
thrust leversto maximum power. Do not all ow
the pitch attitude to decrease more than 1 or
2°. Maintain aminimum of 10° noseup. Do not
release back pressure ontheyoke. Retract the
flapsto 20°. Establish apositiverate of climb.
Once a positive rate is confirmed, retract the
gear and accelerate aircraft to VReg. Retract
theflapsto 12°. Returntotheoriginal altitude
and accelerateto VReg + 10 knots. Retract the
flapsto 0°. Accelerate to Vs and retract the
slats. Thismaneuver shall be considered com-
plete when stabilized at the original altitude
at not lessthan Vs or greater than 180 knots.

NOTE

The angle-of-attack indicator may
be used as avisual reference for ap-
proaching stall speed.

Common Errors

» Not using noseup trim during decelera-
tion

» Allowing pitch attitude to decrease ex-
cessively during recovery

» Excessive altitude gain during recov-
ery

FlightSafety
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Acceptable Performance
Guidelines

e Maintain positive control of theaircraft.

MANEUVERING AT MINIMUM
SPEED (SLOW FLIGHT, FAA
BALLET)

These maneuvers demonstrate the degree of
controllability available whilein close prox-
imity to the prestall buffet. They provide the
opportunity to practice control techniques
which arebeneficial inthelow-speed regimes
encountered during takeoffs and landings.

Intheaircraft, these maneuvers should be ac-
complished at aminimum of 5,000 feet above
the terrain at any gross weight. Various con-
figurations and power ranges are also utilized.
Table MAP-1 shows some recommended set-
tings for practice purposes.

The following are recommended slow flight
practice maneuvers which develop control
touch and feel:

» Turnsto specific headings, using bank
angles of not more than 15°

» Climbing or descending turnsto speci-
fied headings and altitudes

» Banksof 10to 15° while turning alter-
nately to a point 20° either side of a
specified heading

Emphasisisplaced upon coordinated flight and
use of controls, aswell as prompt, corrective
action in response to undesired airspeed or
altitude trends.

Table MAP-1. SLOW FLIGHT MANEUVERING SPEEDS

CONFIGURATION

AIRSPEED

POWER

CLEAN
SLATS
FLAPS 12°
FLAPS 20°

FLAPS 40°, Gear Down

Vger + 40 Knots
VRreg + 30 Knots
VRee + 20 Knots
VRree + 10 Knots
FLAPS 20°, Gear Down VREr

Vrer — 10 Knots

As Necessary
As Necessary
As Necessary
As Necessary
As Necessary

As Necessary

MAP-8
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Acceptable Performance
Guidelines

e Maintain positive aircraft control
e Altitude = 100 feet

» Airspeed +5 to —0 knots

» Heading £ 5°, when appropriate

MANEUVERING WITH ENGINE
FAILURE

This maneuver provides practice in properly
maintaining aircraft control during one of the
more critical in-flight emergencies. It devel-
ops a knowledge of aircraft characteristics
under adverse conditions, together with con-
trol applications necessary to achieve a
maximum margin of safety.

This maneuver is practiced at aminimum al-
titude of 5,000 feet above theterrain until the
pilot has demonstrated ability to apply rudder
control forces during partial power maneu-
vering and has satisfactorily accomplished
the “Engine Failure” checklist.

Enginefailureissimulated by reducing power
to flight idle. The pilot should request that
the “Engine Failure” checklist be read and
ensure that all items are accomplished.

The pilot demonstrates knowledge of the min-
imum aircraft speeds appropriate to the
configuration of the aircraft.

Turnsinto and away from thedead engineareprac-
ticed to demonstrate proper control technique.

Acceptable Performance
Guidelines

* Maintaining positive aircraft control
* Proper use of checklists

Revision 2
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TRIM AND PITCH CHANGE
CHARACTERISTICS

These maneuvers are practiced to acquaint
the pilot with aircraft trim and pitch charac-
teristics. They aid in understanding and
properly anticipating trim changes made nec-
essary by the pitch effects of thrust, landing
gear movement, flaps, and airbrakes.

The aircraft should be trimmed for straight
and level flight (hands off) at approximately
160 KIAS. Thismaneuver demonstrates the ef-
fects of:

* |ncreased and decreased thrust

» Extension and/or retraction of landing
gear

» Extension and/or retraction of flaps
» Raising and lowering of airbrakes

For each of these conditions, the pilot inputs
no control resistance and observestheir effects
on aircraft pitch. Subsequently, these same
maneuvers are accomplished with the pilot
mai ntaining a constant altitude so that control
force changes may be experienced. The fol-
lowing should be noted:

» Rapidincreasein power....... Nosedown
» Extension of landing gear.....No change
» Extension of theflaps............. Noseup

» Extension of airbrake (may be extended
at speedsup to Vpmo/Mmo..... Nose up

Placement of the enginesin arelatively high
position with regard to the center of gravity
givessignificant nose up or nose down pitch-
ing moments. With arapid decrease in powetr,
thereisanose up tendency. Conversely, rapid
increases in power induces nose down ten-
dencies.

Longitudinal or stabilizer trimisexplained and
demonstrated, using both the normal and over-
ride systems.
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Acceptable Performance
Guidelines

No specific degree of proficiency isrequired.

UNUSUAL ATTITUDES (JET
UPSET)

These procedures provide training in recog-
nizing unusual attitudes, and in recovery
procedures and techniques.

Procedures and Techniques

In the aircraft, unusual attitudes are accom-
plished at least 10,000 feet above the terrain,
but not above 18,000 feet pressure altitude. The
attitude should not be allowed to exceed 90°
of bank. The airspeed should not be allowed
toincreaseto morethan Vo minus 20 knots
or decrease to less than VReg . There will be
no flight instrument failures or simulated fail-
ures before or during practice recoveries. In
the aircraft, theserestrictions are designed to
protect the aircraft in the event of misappli-
cation of control pressures or improper
analysis. The aircraft should be placed in ei-
ther a nose-high attitude toward an
approaching stall with power reduced or a
nose-low diving attitude with speed increas-
ing and power increased. Turn as desired. In
the simulator only, at | east onerecovery should
be from a bank of greater than 90°.

Nose High

Upon confirming a nose-high decreasing air-
speed unusual attitude using primary and
performance instruments, the pilot should si-
multaneously increase power to maximum and
roll thewingsinthe shortest direction toward
a60to 90° bank. Do not use control pressures
whichwouldresult in negative g-forcesin ex-
cess of aircraft limits in order to prevent
damage to the aircraft and reduce the possi-
bility of engine flameout. Maintain the bank
until the nose of the aircraft isapproaching the
horizon. Roll thewingslevel and allow theair-
speed to build. Recovery is complete when
theaircraft isreturned to level flight at Vreg
+ 30 knots.

MAP-10
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Nose Low

Upon confirming a nose-low increasing air-
speed unusual attitude using primary and
performance instruments, the pilot should si-
multaneously reduce power toidleandroll the
aircraft in the shortest direction (towards the
sky pointer) to establish upright, wings level
flight. Deploy theairbrakes (if inverted, delay
airbrake deployment until thewingsarerolled
through the 90° position). Increase the air-
craft attitude until the nose of the aircraft is
on the horizon. Do not use control pressures
which wouldresultin g-forcesin excessof air-
craft limits. Retract the airbrakes when the
airspeed is safely reduced. Recovery iscom-
plete when the aircraft is returned to level
flight and airspeed isreduced to Vo or lower.

Acceptable Performance
Guidelines

» Maintain positive control of theaircraft.

» Recovery should be sufficiently positive
with minimum g-forces employed.

» Recovery should be quickly and safely
executed.

HOLDING

This maneuver provides training in holding
pattern procedures. Within three minutes prior
to the holding fix, initiate a speed reduction
to arrive at the fix at or below the maximum
holding airspeed. One-minute legs will be
flown at or below 14,000 feet, one-and-one-
half minutelegsabove 14,000 feet. Maximum
holding airspeeds for civil turbojet aircraft
are contained in the Airman’s Information
Manual (AIM).

Recommended holding procedures and air-
speeds:

* Maintain 180 knots or maximum en-
durance holding airspeed from the
holding chart inthe clean configuration

Letdown in the holding pattern while main-
taining adequate power for anti-icing may be
accomplished by lowering the landing gear
and/or extending the airbrakes.
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Acceptable Performance
Guidelines

» Adheringto holding proceduresaslisted
inthe AIM

* Altitude £100 feet while holding
» Airspeed £10 knots

ILS APPROACH—TWO
ENGINES

This maneuver provides practice in terminal
area arrival using the ILS for the final ap-
proach portion (Figure MAP-8).

FlightSafety
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Front-Course ILS

Complete the “Before Landing” checklist
down to “Landing Gear—Down.” Conduct
the approach briefing prior to entering the ap-
proach pattern.

The crew may becleared for afront-courselLS
approach from any specified position.
Determine if the ILS approach is to be con-
ducted using the FM S or raw data NAV, then
configure accordingly.

APPROACH CHECKLISTS

OUTSIDE IAF PROCEDURE TURN OUTBOUND
1. SLATS—DOWN 1. FLAPS—12°
2. SPEED—180 KIAS 2. SPEED—160 KIAS (Vrgr +30 KT MIN)
3. COMPLETE DESCENT AND

LOCALIZER INTERCEPT

1. FLAPS—20°
2. SPEED—VRgp + 20 KT

APPROACHING THE FINAL APPROACH FIX

1. AFTER GLIDESLOPE ALIVE, BUT NO LATER THAN
ONE DOT BELOW GLIDESLOPE—GEAR DOWN /
BEFORE LANDING CHECKLIST

2. GLIDESLOPE INTERCEPT—FLAPS 40°

3. START CLOCK AT THE FAF

4. SPEED—Vgeg + 10 KT

Figure MAP-8. ILS Approach—Two Engines
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During theinitial phase of the approach main-
tain 180 knotswith slats extended. During the
procedure turn, or base leg, extend the flaps
to 12° and maintain 160 knots. When cleared
for the approach and within 90° of the in-
bound course, select APPR on the flight
fuidance panel.

After localizer interception, extend the flaps
to 20° and reduce the airspeed to VRer + 20
knots. After glide slope alive (but no later
than one dot below the glide slope), extend the
landing gear and continue the “Before
Landing” checklist. At or before glide slope
intercept, extend the flaps to 40°. Stabilize
theairspeed at V rgg + 10 of the gust factor for
the existing weight.

Upon leaving the final approach fix inbound,
the pilot monitoring (PM) calls “Final ap-
proach fix and altimeters checked.” At 500 ft.
above decision altitude (DA), the PM calls
“500 feet above DA, instrument check, no
flags.” At 100 ft above DA, the PM calls
“Approaching minimums.” At DA the PM
callseither “.... In Sight” or “No Contact.”

At decision altitude, the pilot flying (PF) re-
sponds “Landing” or “Go Around” and lands
or executesamissed approach. If landing, the
PM should continueradar altitude callsand air-
speed deviations until touchdown. Raw data
(without the flight director system) ILS ap-
proaches are introduced and practiced to
simulate the loss of any component of the
flight director system.

Acceptable Performance
Guidelines

At decision altitude
» Airspeed £ 5 knots

» One quarter scale maximum deflection
glide slope and localizer

 Manually fly the approach to a safe
landing

Never go below the glide slope.

MAP-12
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ILS APPROACH—SINGLE
ENGINE

Thismaneuver provides single-engine practice
interminal area arrivals utilizing the ILS for
the final approach portion (Figure MAP-9).

In the aircraft, prior to the procedure turn or
on base leg if being vectored, the instructor
pilot reduces thrust to idle on one of the en-
gines, simulating an engine failure.

Front-Course ILS

Complete the “Before Descent” and “Before
Landing” checklistsdown to“Landing Gear”
and conduct approach briefing prior to enter-
ing the approach pattern.

The crew may be cleared for a Front-Course
ILS Approach from any specified position.
Determine if the ILS approach is to be con-
ducted using the FM S or raw data NAV, then
configure accordingly.

During theinitial phase of the approach main-
tain 180 knotswith slats extended. During the
procedureturn, or on baseleg, extend the flaps
to 12° and maintain 160 knots. When cleared
for the approach and within 90° of the in-
bound course, select APPR on the FCP.

After localizer interception, extend theflapsto
20° and reduce airspeed to VReg + 20 knots.
After glide slope alive, but not later than one
dot below the glide slope (one dot above onthe
indicator) extend the landing gear and com-
plete the “Before Landing” checklist. Fly the
approach with flaps at 20°. Asthe glide slope
isintercepted, stabilize airspeed at VRgg + 10
knots. When landing is assured, select flaps
40°. Cross the threshold at VRgg + 1/2 gust.
Rudder trim may be neutralized before landing.

Upon leaving the final approach fix inbound,
the pilot monitoring (PM) calls, “Final ap-
proach fix and altimeters checked.” At 500 feet
above decision altitude (DA), the PM calls,

Revision 1



“500 feet above DA, instrument check, no
flags.” At 100 feet above DA, the PM calls,
“approaching minimums”, and at DA, calls
either “in sight” or “no contact.”

At decision altitude, the pilot flying (PF) re-
sponds“Landing” or “Go-Around” and lands
or executes amissed approach as appropriate.
ThePM continuesradar altitude callsand air-
speed deviations until touch down.
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Acceptable Performance
Guidelines

At decision altitude

» Airspeed £ 5 knots

» One quarter scale maximum deflection
glide slope and localizer

Never go below the glide slope.

OUTSIDE IAF

PROCEDURE TURN OUTBOUND

1. SLATS—DOWN
2. SPEED—180 KIAS

1. FLAPS—12°
2. SPEED—160 KIAS (Vrgr + 30 KT MIN)

3. COMPLETE DESCENT AND
APPROACH CHECKLISTS

LOCALIZER INTERCEPT

1. FLAPS—20°
2. SPEED—VReg + 20 KT

APPROACHING THE FINAL APPROACH FIX

1. AFTER GLIDESLOPE ALIVE, BUT NO LATER THAN
ONE DOT BELOW GLIDESLOPE—GEAR DOWN /
BEFORE LANDING CHECKLIST

2. GLIDESLOPE INTERCEPT—FLAPS REMAIN AT 20°

3. START CLOCK AT THE FAF

4. SPEED—Vger + 10 KT

LANDING ASSURED

1. THRESHOLD SPEED—
VRer + 1/2 GUST
2. FLAPS—A40’, IF DESIRED

Figure MAP-9. ILS Approach—Single-Engine
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NONPRECISION APPROACH—
ONE OR TWO ENGINES

This maneuver provides practice in non-
precision terminal area arrivals. Emphasisis
placed on the proper technique in tracking to
or from a VOR/NDB or other approach aid
(Figure MAP-10).

Procedures and Techniques

Completethe“Before Descent” checklist and
the “Before Landing” checklist down to the
“Landing Gear.” Conduct the approach brief-
ing prior to entering the approach pattern.

FlightSafety
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When beginning the approach, tune the cor-
rect frequencies. Set the course in the course
windows. ldentify all radio aids necessary
for the approach. Check for warning flags.
When flying an NDB approach in the
Gulfstream G150 using the EHSI, it is not
necessary to monitor the aural identification
throughout the approach. Some older Astra
models utilizing RM 1 equipment for approach
require monitoring the aural identification
throughout the approach. If thesignal islost,
the “needle” is no longer visible in the in-
strument. Select HDG or NAV as appropriate
on the FCP/MSP for the nonprecision ap-
proach in use. Place the mode sel ector of the
flight director in heading mode (or NAV mode
if using FMS Heading). During the initial

OUTSIDE IAF

PROCEDURE TURN OUTBOUND

1. SLATS—DOWN
2. SPEED—180 KIAS

1. FLAPS—12°
2. SPEED—160 KIAS (Vrgr + 30 KT MIN)

3. COMPLETE DESCENT AND
APPROACH CHECKLISTS

MINIMUMS

COURSE INTERCEPT
\ 1. FLAPS—20°

2. SPEED—VREF + 20 KT

AT, OR BEFORE,
THE FINAL APPROACH FIX

1. GEAR—DOWN / BEFORE
LANDING CHECKLIST

2. FLAPS—20° OR 40°

3. START CLOCK AT FAF

4. DESCEND TO MDA (MIN)

5. SPEED—Vger + 10 KT
FOR STRAIGHT-IN

6. SPEED—VRgg + 20 KT
FOR CIRCLING

IF FLAPS ARE 20°
WITH LANDING ASSURED

1. FLAPS—40°
2. COMPLETE BEFORE
LANDING CHECKLIST
3. RECHECK GEAR AND FLAPS
4. THRESHOLD SPEED—
VRer + Q GUST

Figure MAP-10. Nonprecision Approach—One or Two Engines
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phase of the approach maintain 180 knotswith
the slats extended. When cleared for the ap-
proach, not later than within 90° of the inbound
course, ensure HDG or NAV is selected on
the FCP. During the procedure turn, or on base
leg, extend the flaps to 12° and maintain 160
knots. When cleared for the approach and
within 90° of the inbound course, select NAV
mode on the flight director (if using FMS
Heading, select “Intercept” onthe FMS).

Intercept the final approach course inbound.
Extend the flapsto 20° and reduce airspeed to
VRer + 20 knots. At or before the final ap-
proach fix extend the landing gear, maintain
flaps 20° single engine, or circling two en-
gine, and flaps 40° two enginelanding straight
in. Continuethe “Before Landing” checklist.
Upon leaving the final approach fix inbound,
the pilot monitoring (PM) calls “Final ap-
proach fix, altimeters checked.” After thefinal
approach fix inbound, stabilize airspeed at
VReg +10. Descend tothe MDA. At 500 feet
above MDA, the PM calls “500 feet above
MDA, instrument check, no flags.” Track to
the airport. At 100 feet above MDA, the PM
calls “Approaching minimums,” and at the
missed approach point (MAP) calls “... In
Sight” or “No Contact”. At the MAP the PF
responds, “Landing” or “Go-around” and ei-
ther lands or executes a missed approach.
When landing is assured, if flaps 20°, select
flaps 40°. Cross the threshold at VRgg + 1/2
gust. If single engine, rudder trim may be neu-
tralized before landing.

FOR TRAINING PURPOSES ONLY
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Refer frequently to the DME if DME infor-
mation isapart of the approach procedure. If
applicable, usetime between the final approach
fix and missed approach point at stabilized
airspeed as noted on the approach chart. The
FAA has approved the use of FM S overlay on
nonprecision approaches. The PF may usethe
FM S approach mode provided the PM displays
and monitors appropriate navaid raw data.
Proper autopilot procedures must be used to
avoid descending below MDA.

Acceptable Performance
Guidelines

» Altitude = 100 feet
» Airspeed + 10 knots
At minimum descent altitude
* Altitude +50/-0 feet
* One quarter scale maximum deflection

* Deviation £+ 5° RMI or HSI bearing
pointer
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CIRCLING APPROACHES

This maneuver is used to provide training in
circling approach procedures with weather at
or near circling approach minimums (Figure
MAP-11). A circling approach may be made

OUTSIDE IAF
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from variousinstrument approaches. Whenit
isknown that the aircraft hasto be maneuvered
through morethan 30° of turnto align with the
landing runway, aclearance for aninstrument
approach with acircle to land isissued.

1. SLATS—DOWN

PROCEDURE TURN OUTBOUND

2. SPEED—180 KIAS
3. COMPLETE DESCENT AND

1. FLAPS—12°
2. SPEED—160 KIAS (Vggr + 30 KT MIN)

APPROACH CHECKLISTS

ABEAM TOUCHDOWN POINT

1. SPEED—Vgeg + 20 KT

A/COURSE INTERCEPT

1. FLAPS—20°
2. SPEED—VRgp + 20 KT

AT OR BEFORE FINAL
APPROACH FIX

1. GEAR—DOWN / BEFORE
LANDING CHECKLIST

. FLAPS REMAIN AT 20°

. START CLOCK AT FAF

. DESCEND TO MDA (MIN)

SPEED—VRgr + 20 KT

ORWN

LANDING ASSURED

1. FLAPS—40°

2. COMPLETE BEFORE
LANDING CHECKLIST

3. SPEED—VRgr + 1/2 GUST

FINAL TURN

1. SPEED—VRgr + 20 KT

Figure MAP-11. Circling Approach—One or Two Engines
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Procedures and Techniques

Complete “Before Descent” checklist and
“Before Landing” checklist down to the line
“Landing Gear Down” prior to entering the ap-
proach pattern.

Aircraft configuration and approach pattern
airspeeds are the same as for a straight-in ap-
proach until the final approach fix. Extend the
landing gear at or before the final approach fix
and continue “ Before Landing” checklist.
Extend flaps 20° and maintain V rgg +20 knots
throughout the circling maneuver until in apo-
sition to start a descent to the landing runway.
Extend flaps to 40° when landing assured.
Establish VReg + 1/2 the gust factor and com-
plete the “Before Landing” checklist. These
procedures are the same for single engine op-
erations.

The type of circling approach to be flown is
normally left to the pilot. Theaircraft must re-
main within the protected circling area.
Maintain circling MDA until in position to
descend for landing. Crew coordination should
consist of, but not be limited to, the pilot fly-
ing (PF) theaircraft primarily by instruments

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

and the pilot monitoring (PM) maintaining
visual reference with the runway environment
and calling any deviationsin airspeed, angle
of bank, and altitude.

NORMAL LANDING

This maneuver provides training in flying a
normal traffic pattern and landing. It is used
to develop proper techniques in power and
control usage at relatively low speeds during
the critical phases of final approach and touch-
down (Figure MAP-12).

The “Before Descent” and “Before Landing”
checklists (down to “Landing Gear Down”)
should be accomplished prior to entering the
traffic pattern. The angle of bank should not
exceed 30° while in the traffic pattern.
Maintain 180 knots with the slats extended.
Extend flaps to 12° and maintain 160 knots
prior to downwind. Maintain Vg traffic pat-
tern altitude (normally1,500 feet above airport
elevation). On downwind, extend the flapsto
20°, and decrease the airspeed to VRgr + 20.
When abeam the touchdown point, extend the
gear, and continue the “Before Landing”

TOUCHDOWN AND ROLLOUT

1. THRUST LEVERS—IDLE
2. BRAKES—AS REQUIRED
3. THRUST REVERSERS—AS REQUIRED

PATTERN ENTRY

1. FLAPS—20°
2. SPEED—Vpggr + 20 KT

ABEAM NUMBERS

1. GEAR—DOWN / BEFORE
LANDING CHECKLIST

LANDING ASSURED

1. FLAPS—40°

2. COMPLETE BEFORE
LANDING CHECKLIST

3. AIRSPEED—Vjger + 1/2 GUST

FINAL TURN
1. SPEED—Vpggr + 20 KT

Figure MAP-12. Normal Landing

Revision 1
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checklist.

The base leg may be flown as a straight path
or continuing turn to final, depending on the
position of thedownwind leg. During theturn
to final, make adjustments to establish the
airplane on the proper glide angle as early as
possible to avoid high rates of descent close
to the ground. Vertical speed should be con-
trolled with the elevator while airspeed is
controlled with power.

When landing is assured, extend flaps to 40°
and complete the “Before Landing” check-
list. Maintain a constant rate of descent, and
stabilize the airspeed at VRgg + 1/2 gust.
Power is reduced to idle before touchdown.
Stabilizer trim may be used during the land-
ing flare. Lower the nosewheel to the runway
before elevator control is lost. Use reverse
thrust, ground air brakes, and brakes as nec-
essary to bring the aircraft to a stop.

At approximately 80 knots, the pilot trans-
fers control of the yoke to the copilot and
positions the left hand to use the nosewheel
steering when required. A verbal command
and response by the pilot and copilot should

APPROACH PREPARATIONS

1. SET 0° FLAP Vger
2. COMPLETE DESCENT AND
APPROACH CHECKLISTS

7

DOWNWIND

1. GEAR—DOWN / BEFORE
LANDING CHECKLIST

2. SPEED—160 KIAS OR
0° FLAP Vggr + 20 KT (MIN)

FlightSafety
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be used to effect transfer of theyoke. Keep the
aircraft straight with rudder until rudder ef-
fectiveness is lost. Thereafter, use small,
smooth corrections with nosewheel steering.
After taking control of the yoke, the copilot
will hold the yoke forward to help provide
positive nosewheel steering and maintain
aileron deflection into crosswind, if required.

Acceptable Performance
Guidelines

» Altitude + 100 feet on the downwind leg
* Airspeed +10/-0 knots

VISUAL APPROACH WITH NO-
FLAP/PARTIAL-FLAP LANDING

This maneuver provides training in no-flap
(FigureM AP-13) and partial-flap landings.

Because of the low drag and higher speed of
theaircraft, the pattern should be made slightly
larger than normal. A new VReg will be de-
termined from the “VRrgg for Abnormal
Flaps/Slats Configuration Chart” inthe AFM.
Set the airspeed bug for the new VREgE.
Maintain VRrgg + 20 knotswhile maneuvering

FINAL

1. COMPLETE BEFORE
LANDING CHECKLIST

2. REDUCE SPEED TO

0° FLAP Vper + 1/2 GUST

BASE

1. START DESCENT
2. SPEED—O0° FLAP
Vrer + 20 KT (MIN)

Figure MAP-13. Visual Approach—No Flaps
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prior to final approach. The landing gear
should be extended prior to turning base leg.
Onfinal approach, speed should be reduced to
thenew VRreg + 1/2 gust. Bank anglesarelim-
ited to 15° while at the new VRgg. A higher
deck angleand aslightly greater rate of descent
will be required to maintain a normal glide
path. Reduce power to idle approaching the
threshold. Do not flare. Maintain pitch attitude,
and allow the airplane to touch down. After

touchdown, use thrust reversers and brakes |

as necessary.

Landing distances are approximately 10%
(50% No flap/No slat) greater when making a
no-flap landing due to higher touchdown
speeds and the absence of drag. An instru-
ment approach may be accomplished in
conjunction with this maneuver.

CAUTION

Do not deploy thrust reversers until
the nose gear is on the runway.
Reversers tend to pitch the noseup
after landing.

NOTE

Refer to the AFM “Abnormal
Flaps/Slats Configuration Chart” to
determine the new Vgge for any
flaps/slats abnormality.

Acceptable Performance
Guidelines

e Altitude + 100 feet on the downwind leg
» Airspeed +10/-0 knots on final
* Maximum bank angle of 15° on final

CROSSWIND TAKEOFFS AND
LANDINGS

Thismaneuver providestraining in controlling
the aircraft during takeoff and landing with

Revision 1
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crosswind conditions.

Procedures and Techniques

Takeoff

Duringtheinitial phase of the takeoff, the pilot
maintainsdirectional control with rudder pedal
nosewheel steering (and tiller control nose-
wheel steering if needed). Thepilot not flying
(PNF) should hold aileron into the wind until
the pilot assumes control of the yoke at ap-
proximately 80 knots. The pilot maintainsthe
aileron input into the wind for the remainder
of the takeoff roll. Asboth aileron and rudder
control become more effective during accel-
eration, adjust inputs as necessary. The control
inputs must be maintained during rotation.
Rotation should be sufficiently positiveto pre-
vent any skipping tendency. After becoming
airborne, allow the aircraft to crab into the
wind and maintain required drift correction.

Landing

During the early stages of afinal approach, the
aircraft may be turned or crabbed into the
wind to compensate for the effects of cross-
wind. However, atransition to the wing-low
method should be initiated so as to cross the
threshold with a stabilized wing-low correc-
tion. Use bank angle into the crosswind to
stop thedrift and opposite rudder to maintain
desired heading for runway alignment. The
flight controls should be adjusted as necessary
to compensate for any changesinwind direc-
tion or velocity.

Astheflare and landing progress, the pilot may
need additional control deflection as control
effectiveness tends to diminish. The pilot
should be alert for possible shiftsin wind di-
rection just above ground level which may
require rapid flight control changes. After
touchdown, required aileron deflection should
be maintained by the pilot or copilot through-
out the landing roll.
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NOTE

Extreme caution should be exercised
while landing on wet runways be-
cause of thetendency of thisaircraft
to hydroplane. This speed may be
computed by thefollowing formula:

Hydroplaning speed/knots = 9 x
square root of tire pressure

NOTE

Touchdown should ideally be 1,000
feet down therunway. Minimum use
of reversethrust aidsin maintaining
aircraft control.

Acceptable Performance
Guidelines

» Maintain positive aircraft control.
* Avoid side loads on landing gear.

LANDING WITH SIMULATED
ENGINE FAILURE

This maneuver provides practice in control-
ling, maneuvering, and landing the aircraft
with one engine inoperative.

Inflight, engine failureis simulated by plac-
ing the throttle of the affected enginetoidle.

The"“Descent, Approach, and Before Landing”
checklists should be completed at the appro-
priate times.

Aircraft configuration and airspeed are the
same as for a two-engine approach until the
final approach fix. Thelanding gear islowered
at the normal position, but flaps should not be
extended beyond 20° until the landing is as-
sured. Airspeed should beV ger + 10 knots. No
special techniques are required during ap-
proach and touchdown. Consideration should
be given to landing with 20° flaps under ad-
verse weather conditions (low ceilings, high
crosswinds).

MAP-20
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Acceptable Performance
Guidelines

e Altitude + 100 feet on downwind

» Airspeed minimums controlled within
+10/-0 knots

* Maintain positive aircraft control
e Positive directional control of aircraft

MISSED APPROACH
PROCEDURES

These procedures provide training in execut-
ing missed approaches (Figure MAP-14).

Procedures and Techniques

When a missed approach is initiated, simul-
taneously apply takeoff thrust, select
go-around mode on the flight director, in-
crease the pitch attitude to the flight director
command bar, and confirm that flaps are at 20°.
When a positive rate of climb is established,
retract the landing gear. At 400 feet above
field elevation and clear of obstacles, accel-
erate to Vo + 10 knots, retract flaps to 0°.
Accelerateto Vgsand comply with published
missed approach procedures. Complete the
“Missed Approach” checklist. If diverting to
an alternate airport, raise slats and accel erate
to cruise speed.

Acceptable Performance
Guidelines

» Maintain positive control of theaircraft.

» Aircraft is not permitted to descend to
below MDA (nonprecision approach).

ABORTED TAKEOFF

This maneuver provides training in positive
aircraft control and crew coordination if the
takeoff is aborted (Figure MAP-15).
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- MAXIMUM THRUST p1@—— MAXIMUM CONTINUOUS
CLIMB
GO-AROUND 1400 AGL AND VRer + 10 KT 1. COMPLETE MISSED
2 FLAPS—UP ' APPROACH CHECKLIST
1. TAKEOFF THRUST 3. SLATS—UP (IF DEPARTING
2. SELECT GA, ROTATE THE PATTERN)

TO COMMAND BAR
. SPEED—Vgge (MIN)
. FLAPS—20°
POSITIVE RATE—
GEAR UP

oA w

400' AGL (MIN)

"GO-AROUND"
AIRPORT

Figure MAP-14. Missed Approach—One or Two Engines

/\/—/\r__\

ABORT

1. THRUST LEVERS—IDLE 0
2. BRAKES—MAXIMUM BRAKING

3. GROUND AIRBRAKES—DEPLOYED ﬂ
4. THRUST REVERSERS—DEPLOYED

5. MAINTAIN DIRECTIONAL CONTROL ﬂ

BRAKE RELEASE e =——, S
1. SET CALCULATED N, _

-
R 4] §
2. SMOOTHLY RELEASE BRAKES P 4’ \

SECURING AIRCRAFT
1. AS REQUIRED

BEFORE TAKEOFF
1. COMPLETE CHECKLISTS

Figure MAP-15. Aborted Takeoff
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Thefollowing appliesto abort training in the
aircraft:

» Practice aborted takeoffs will be exe-
cuted at speeds of not more than 30% of
VMCG (i.e., approximately 26 knots).

» Symmetrical thrust only will be used.

e Abort will be executed on command of
the instructor pilot.

Procedures and Techniques

To abort the takeoff, reduce the thrust levers
immediately toidle, apply maximum antiskid
braking, and maintain directional control. Use
reverse thrust as required. The pilot not fly-
ing (PNF) deploys the ground airbrakes on
hearing the command “abort,” and advises
tower or other traffic if at an uncontrolled air-
port.

NOTE
Takeoff will not be aborted at air-
speeds above V1.

Acceptable Performance
Guidelines

» Use of proper procedures
e Positive directional control of aircraft

SPECIAL MANEUVER
CONSIDERATIONS

RUNAWAY PITCH TRIM

This procedure is practiced to train the pilot
in stopping runaway pitch trim, and returnthe
aircraft to an in-trim condition.

In the aircraft, the instructor pilot shall initi-
ate a runaway stabilizer by holding the
stabilizer trim switch in either the noseup or
nosedown position.

MAP-22
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Procedures and Techniques

The pilot takesimmediate action to control the
pitch attitude by pressure on the control col-
umn. Then, the pilot deactivates the primary
system by depressing the pitch trim rel ease but-
ton located on the inboard side of the right
handle of the pilot’s yoke. Secondary trimis
now available by operating the pitch trim over-
ride switch up or down as required.

NOTE

Primary trim may berestored by de-
pressing the lighted red trim reset
button located to theright of the over-
ride switch.

Acceptable Performance
Guidelines

» Thepilot must recognizerunaway pitch
trim and take proper corrective action.

e Maintain positive aircraft control.

EMERGENCY DESCENT

This maneuver is used during emergency sit-
uations which require the highest allowable
rate of descent.

In the aircraft, emergency descent should be
practiced in day V g conditions at aminimum
altitude of 10,000 feet AGL under ATC radar
control. Without radar control, practice day
V g at or above 12,000 feet. Do not exceed 20°
nosedown pitch or .78M/350 knotsin the de-
scent training.

NOTE

Duringflight training, assoon asthe
aircraft is configured properly and
stabilized in the descent and all pre-
scribed procedures are accomplished,
this maneuver is considered com-
pleted.
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Procedures and Techniques

If fire, smoke, or rapid decompression occurs,
the crew must immediately don oxygen masks.
After the crew oxygen masksare on, the pilot
retards the thrust levers to idle while initiat-
ing a maximum 60° bank turn, in either
direction. While establishing the turn, the
nose should be lowered, the air brakes ex-
tended, and a pitch angle (8—-10° nosedown)
established which will quickly attain arapid
descent at V,o/M 0. Both crewmembers
should ensure communications are promptly
established. In the case of a rapid decom-
pression, the pilot not flying (PNF) should
placethe cabin air selector to emergency, turn
on the oxygen system bypass valve, and en-
sure the passengers are receiving oxygen.
Complete the “Rapid
Decompression/Emergency Descent” check-
list as applicable.

After the required pitch has been established
and 45 to 90° of turn has been completed, the
wingsmay berolledlevel. The purpose of the
60° bank istwofold: it allowslowering the nose
rapidly without the loss of positive g-forces
and initiatesaturn off the airway to minimize
the possibility of collisionwith other aircraft.

At 2,000 feet above the desired level -off alti-
tude, decrease the nosedown pitch to 5°.

At the desired altitude, complete a normal
level-off and retract the airbrakes.

NOTE

Inthe event structural damageto the
aircraft issuspected, descend in such
amanner asto create theleast amount
of vibration.

FLIGHT IN ADVERSE
WEATHER CONDITIONS

Turbulent Air Penetration

Flight through severe turbulence should be
avoided. When flying at 30,000 feet or higher,
itisnot advisableto avoid aturbulent area by
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climbing unless it is obvious that it can be
overflown well intheclear. For turbulence of
the sameintensity, greater buffet marginsare
achieved by flying the recommended speeds
at lower altitudes.

« PENETRATION WITH AUTOPILOT

ENGAGED:

Altitude hold............ccoeevviiinnnnnn. OFF
« PENETRATION WITH AUTOPILOT

DISENGAGED:

Yaw damper..................... ENGAGED

« RECOMMENDED AIRSPEED VA
minus 10 knots. (See “Maneuvering
Speed”, AFM Section 1.) Do not chase
airspeed.

« ALTITUDE

1. Extreme altitude changes may occur.
Do not chase altitude.

2. If terrain clearance permits, sacri-
fice altitude to maintain
desired airspeed and attitude.

« ATTITUDE

1. Maintainwingslevel and desired pitch
attitude, using flight director indica-
tor as primary instrument for
maintaining constant attitude.

2. Trim for penetration airspeed and do
not change pitch trim to control pitch.
Maintain control with elevators.

3. Avoid sudden or extreme control
movements.

« THRUST

Set thrust for desired penetration air-
speed. Change thrust only in case of
extreme airspeed changes.

* IGNITION

Use continuousignition during mod-
erate or severe turbulence.
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Flight In Icing Conditions

NOTE

Before flight into known icing con-
ditions, turn on continuous ignition
prior to activating engine/nacelle
anti-ice system. Use both continu-
ously during flight in expectedicing
conditions. If ice has already accu-
mulated, deice one engine at atime
dueto possibility of engine flameout
resulting from ice ingestion.
Activation of anti-ice system at high
thrust settings may require thrust
lever adjustments to maintain ITT
within limits. At least 80% N, isre-
quired to illuminate NAC light.

With visible moisture and freezing tempera-
tures, ice will form on unheated parts of
windshield, wing and empennage leading
edges, air inlets, and engine nacelles. Stall
speed may increase with ice accumulations
and the speed margin between stall warning
buffet onset and the stall may be eliminated.
Resultant increase of weight and drag may re-
duce airspeed and increase thrust requirements
with consequent reduction in range.

During icing conditions:

» Maintain comfortable margin above nor-
mal stall speed.

e Activate all ice-protection devices—
pitot-static, AOA probe, windshield
heat, engine/nacelle anti-ice, and deic-
ing systems, as necessary.

» |f necessary, change altituderapidly by
climb or descent (terrain clearance per-
mitting) to exit layered stratus
formations or vary course to exit verti-
cal cumulus formations.

» Do not operate wing and empennage de-
icing system at ambient temperatures
below —40°C (—40° F) to avoid cracking
the boots.
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BIRD STRIKE

Birds can be asignificant hazard to flight op-
erations. Large birds can cause structural
damage, penetrate the windshield, or damage
an engine. While the danger of large birds
should not be minimized, it should be appre-
ciated that small birds may cause a
significantly greater hazard primarily due to
their tendency to travel in flocks.

The following recommendations may help to
avoid or minimize damage from bird strikes:

e Birds will try to avoid airplanes.
Beacons, strobes, and landing and taxi
lightswill enhance the bird’s chance of
seeing the airplane.

e Airplaneradar appearsto have an effect
on birds and might cause them to avoid
aircraft using it.

» Birdstendtoavoidaircraft by diving. If
time permits, try to fly over the birds.

» Avoid taking off into arising or setting
sun; theglarewill makeit difficult to see
birds.

» Birdstrikesaremorelikely after along
period of inactivity at an airport. Be es-
pecially vigilant on early morning
takeoffs with low ceilings.

» At controlled airports, help may be ob-
tained in clearing the runway of birds
prior to takeoff. At uncontrolled air-
ports, it may be a good idea to taxi or
perform a runup on the active runway
prior to takeoff to disperse the birds.

» If birds are in the vicinity, use the ig-
nitersfor takeoff to help prevent engine
flameout from bird ingestion.

» If abird strike appears imminent after
takeoff, do not take evasive action at
low altitudes and airspeeds.

» |f abird appears to be coming through
thewindshield, duck your head under the
glareshield. An airplane can be flown
without awindshield, provided the pilot
is not incapacitated.
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» |f an actual bird strike is suspected and
the igniters are not on, turn them on.
Carefully monitor the engine instru-
ments, and if you observe abnormal
temperatures or pressures, or feel any
unusual vibrations, shut down the af-
fected engine unless it is needed to
maintain flight.

 |f thereisany question about the safety
of takeoff due to bird hazards, either
delay takeoff or change runways.

BLACK HOLE PHENOMENA

Thisprocedure should acquaint the pilot with
the problems involved in making night ap-
proaches when the only visual reference is
the runway itself.

Procedures and Techniques

The black hole approach should be flown, if
possible, asanormal, stabilized 3° glide-slope
approach. The normal descent rate at the proper
V ger iSapproximately 700 fpm. If therunway
threshold is kept in the bottom third of the
windshield with this rate of descent at V gge,
the airplane should cross the threshold at 50
feet AGL. A descent rate less than this with
the threshold in the bottom third of the wind-
shield, would indicatethat theairplaneis|ow.
A high descent ratewould indicatethat the air-
planeis high.

Pilots should use all aids available during a
black hole approach. FM S data, DME, VASI,
or an electronic glide slope can beused to es-
tablish a3° glide slope. A 3° glide slope may
be established by having the aircraft 300 feet
above field elevation for every mile away
from the landing runway.

Acceptable Performance
Guidelines

* Altitude £50 feet
» Airspeed +5/-0 knots

» Manually flying the approach with suf-
ficient accuracy to effect asafelanding
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TABLE
Table Title
APP-1 Centigrade to Fahrenhiet Conversion Table..........ccccccvvvvvveiieenne.
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APPENDIX
LIST OF ABBREVIATIONS

°C—Degrees Celsius
°F—Degrees Fahrenheit

1V S—First-stage variabl e stators
A—ADF

A/B—Airbrake

A/C—Aircraft

AC—AIlternating current

ACARS—AIircraft communication address-
ing and reporting system

ACC—Air-conditioning controller
ACM—AIr cycle machine

ADC—AIr data computer
ADF—Automatic direction finder
ADI—Attitude director indicator
ADS—AIr data system
AECU—ANntiskid electronic control unit
AFM—Airplane Flight Manual
AGB—Accessory gearbox
AHC—Attitude/heading computer
AHP—Auxiliary hydraulic pump
AHRS—ATttitude heading reference system
AHS—ATttitude heading source

AlU—Audio interface unit

FOR TRAINING PURPOSES ONLY

ALT SEL—AItitude, preselect
ALT—Altitude
ALTS—Altitude select
ANN—AnRNnunciator
ANT—Antenna

AOA—AnNgle of attack
A/P—Autopilot
APR—Automatic power reserve
APU—Auxiliary power unit

APU-ECU—Auxiliary power unit engine
control unit

ARINC—Aeronautical radio, incorporated
ARP—AIr datareference panel
ASR—Auxiliary start relay

ATC—A.ir traffic control or automatic trim
coupler

ATCRBS—Air traffic control radar beacon
system

ATU—Automatic test unit
AUTO—Automatic
AW—Aural warning
B/C—Back course
BAGG—Baggage

BAT—Battery

APP-1



BATT—Battery

BCP—Best computed position
BIT—Built-in test

BL C—Battery line contactor
BRG—Bearing

BTC—Bus-tie contactor
BTLE—Bottle

CAS—Crew alerting system
CB—Circuit breaker
CBV—Cross-bleed valve
CCSM—Current controlled state modulation
CCU—Cockpit control unit
CCW—Counterclockwise
CD—Compact disc
CDC—Cabin display computer
CDI—Course deviation indicator
CDU—Control display unit
CG—~Center of gravity
CHG—Change
COM—Communication
COMPRTR—Comparator
COND—Conditioner
CONTR—Control

COR—Cutoff relay

CPC—Cabin pressurization computer

CPCS—Cabin pressure control system

APP-2
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CPL—Couple

CPN—Caollins part number
CRT—Cathode-ray tube

CS—Current sensor

CSMU—Crach survivable memory unit
CT—Current transformer
CTL—Control or COMM/NAV tuning unit
CTS—Carry-through structure
CVR—Cockpit voice recorder
CW—Clockwise

DAU—Data acquisition unit
db—Decibel

DBU—Database unit

DC—Direct current

DCP—Display control panel
DCRS—Decreases

DCU—Data concentration unit
DDCU—Dual data concentrator unit
DETECT—Detector

DG—Directional gyro

DH—Decision height
DLU—Download unit

DME—Distance measurement equipment
DM SU—Dual-mode select unit
DN—Down

DTK—Desire track

FOR TRAINING PURPOSES ONLY



DTMF—Dual-tone multiple frequency
E—East

EBBFL—Emergency bus battery feed line
EBC—Emergency bus contactor

EBL C—Emergency battery line contactor
EBTC—Emergency bus-tie contactor
ECO—Electrical connection boxes
ECS—Environmental control system
ECTM—Engine condition trend monitoring
ECU—Environmental control unit
ED—Engine display or EICAS display
EDC—EICAS display control panel
EDP—Engine-driven pump
EDR—Emergency disconnect relay
EDS—Engine diagnostic system
EEC—Electronic engine control
EFCV—Ejector flow control valve
EFD—Electronic flight display
EFDS—Electronic flight display system
EFIS—Electronic flight instrument system
EGT—Exhaust gas temperature

EICAS—Engineindication and crew alerting
system

ELD—Emergency light distribution unit
ELT—Emergency locator transmitter

EM ERG—Emergency

FOR TRAINING PURPOSES ONLY
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EMI—Electromagnetic interface
ENG—Engine

EP—External power
EPC—External power contactor
EPM—External power monitor
EPR—EXxternal power relay
EPU—External power unit
ET—Elapsed time
ETA—Estimated time of arrival
EXT—Extension or Exernal
F—FMS

FAA—Federal Aviation Administration

FADEC—Full authority digital engine
control

FCC—Flight control computer
FCP—Flight control panel
FCS—Flight control system
FCU—Fuel control unit
FCV—Flapper check valve
FDBK—Feedback

FDR—FIlight datarecorder or Feeder
FF—Fuel flow transmitter
FIFO—First in—first out
FLC—Flight level change

FM S—Flight management system

FPD—Flap panel display

APP-3



FPDU—Flap power drive unit

FQM C—Fluid quantity management computer
FQM S—Fuel quantity management system
FR—Fuel remaining

FSECU—Flap/slat electrical control unit
FSVM—Fuse and shutoff valve module
ft—Feet

FT—Flight time

FTB—Flap transmission brake

g—Gravity acceleration

GBE—Ground based equipment
GCU—Generator control unit
GEN—Starter—generator

GF—Ground fault

GFR—Generator fault relay
GLC—Generator line contactor
GND—Ground

GPM—Gallons per minute

GPS—Global positioning system
GPWS—Ground proximity warning system
GS—Groundspeed

GSC—Generator start contractor
GST—Gust lock

GW—Gross weight

HCU—Hydraulic control unit

HDG—Heading

APP-4
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HF—High frequency

HFM U—Hydromechanical fuel metering unit
Hg—Mercury

HLS—High-level sensor
HNDWL—Handwheel
HMU—Hydromechanical metering unit
HP—High pressure

HPA—Hectopascal s
HPRV—High-pressurerelief valve

HPSOV —High-pressure shutoff valve
HSCU—Horizontal stabilizer trim control unit
HSI—Horizontal situation indicator

HY D—Hydraulic

IAl—Israel Aircraft Industries, Ltd
|APS—Integrated avionics processor system
|AS—Indicated airspeed

[-BIT—Initiate built-in test

ICAO—International Civil Aviation Orga-
nization

|CU—Internal compensation unit
ID—Ident

IFR—Instrument flight rules
IGV—Inlet guide vane
ILS—Instrument landing system
in—Inches

IN. Hg—Inches of mercury
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INCRS—Increases

INOP—Inoperative

| OC—Input/output concentrator
IRC—Infrared remote controller
IRD—Infrared remote detectors
IRS—Inertial reference system
IRU—Inertial reference unit

| SA—International Standard Atmosphere
ISDN—Integrated Services Digital Network

I TT—Interturbine temperature or interstage
turbine temperature

K—Krueger flaps

KCAS—Knots calibrated airspeed
kg—Kilogram
KIAS—Knotsindicated airspeed
kpm—Knots per hour
KTAS—Knots true airspeed
L—Left

|b—Pounds

LC—Line contactor
LCD—Liquid crystal display
LCK—Lock

LCV—Load control valve
LFES—Landing field elevation selector
LH—Left hand

LHS—Left hydraulic system

FOR TRAINING PURPOSES ONLY

FlightSafety

international

GULFSTREAM G150 PILOT TRAINING MANUAL

LLS—Low-level sensor

LLV—Low limit temperature control valve
LOC—Localizer

LP—L ow pressure

LR—Linerelay

LRM—Line replaceable module
LRU—Line replaceable unit

LT—Light

LTS—Lights

LVDT—Linear variable differential trans-
former

LW—Left wing

m—Meters

MAST C/W—Master caution warning
MBTC—Main bus-tie contactor
MAN—Manual mode
MAX—Maximum

MCR—M aximum cruise thrust rating
MCV—Mechanical control valve
MDA—Minimum descent altitude

MDC—Maintenance diagnostic or mainte-
nance data computer

MFD—Multifunction display
MHz—Megahertz
MI—Indicated Mach
MIC—Microphone

MKR—Marker

APP-5



MLG—Main landing gear
MM—Middle marker
mm—Muillimeter

M\ o—Maximum operating speed
MOP—Main oil pressure
MPV—Minimum pressure valve
M SU—Mode selector unit
MUX—Multiplexer
MV—Metering valve

N—North

N,—Fan speed or first-stage turbine speed

N,—HProtor shaft speed or second-stage tur-
bine speed

NAASV—Nacelle anti-ice air supply valve
NAC—Nacelle

NACA—National Advisory Committee for
Avionics

NAV—Navigation

NBAA—National BusinessAircraft Association
NL G—Nose landing gear

nm—Nautical mile

NORM—Normal

NUFA—Noseup flight attitude
NVI—Nonvectored interrupt
NWOW—Nose weight on wheels
NWS—Nosewheel steering

NWSECU—Nosewheel steering electronic

APP-6
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control unit

OFV—Outflow valve
OLR—Override load reduction
OM—Outer marker
OPT—Optional
OV—Overvoltage
OVRRD—Override
OXY—Oxygen

PA—Passenger address
P-BIT—Periodic built-in test
PDU—Power drive unit
PED—Pedal

PFD—Primary flight display
PGM—Program
PLCU—Pulse light control unit
PM A—Permanent magnet alternator
PO-BIT—Power-on built-in test
Ppm—~Parts per million
PRESS—Pressure
PREV—Previous
PRSOV—Pressure regulator and shutoff valve
PSI—Pounds per square inch

PSID—Pounds per square inch, differential
pressure

PSIG—Pounds per square inch, gage

PSTN—Public switched telephone network
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PTT—Push to talk

PTU—Position transducer unit
PWR—Power

QAD—Quick attach detach

QTY —Quantity

R—Right

RA—Radio altimeter or radio altitude
RAC—Radio altitude converter
RAM—Random access memory
RAT—Ram-air temperature
RCB—Remote circuit breaker
RCCB—Remote control circuit breaker
RDP—Refuel-defuel panel
RDR—Radar

RF—Radio frequency

RH—Right hand

RHS—Right hydraulic system
RPM—Revolutions per minute
RSP—Reversionary select panel
RTA—Receiver/transmitter antenna
RTU—Radio tuning unit

RVDT—Rotary variable differential trans-
ducer

RV SM—Reduced vertical separation mini-
mums

RW—Right wing
S—South

FOR TRAINING PURPOSES ONLY
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SAl—Standby attitude indicator
SAT—Static air temperature
SC—Starter contractor

SCV—Surge control valve
SED—Secondary EICAS display
SELCAL—Selective calling
SG—Starter—generator

SID—Standard instrument departure
SLFPM—Sea-level feet-per-minute
SOV —Shutoff valve

SP—Stall protection

SPC—Stall protection computer
SPDU—Slat power drive unit
SPPR—Single-point pressure refueling
SPQC—Stall protection and Q-feel computer
SPQS—Stick pusher and Q-feel system
SR—Start relay

SSFDR—Solid state flight data recorder
STAR—Standard terminal arrival
STD—Standard

STLB—Slat torque limiter brake
STO—Store

T—Track

T/O—Takeoff

TAS—True airspeed

TAT—Total air temperature
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TBV—Turbine bypass valve
TC—Timecircuit

TCAS—Traffic alert and collision avoidance
system

TDR—Transponder
TDR—Time delay relay
TE—Trailing edge
TEMP—Temperature
TFC—Traffic

TICV—Turbine inlet temperature control
valve

TL—Thrust lever

TLA—Throttle lever angle
TOW—Takeoff warning
TR—Thrust reverser

TRK—Track

TRS—Trim release unit
TRU—True north

TTG—Timeto go

TTR—TCASII transmitter receiver
TWR—Turbulence weather radar
UHF—Ultra-high frequency
ULB—Underwater |ocator beacon
UNB—Unbalanced
UNS—Universal navigation corporation

V—VOR

APP-8
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V ;—Go/no-go speed

V ,—Takeoff safety speed

V p—Maneuvering speed

Vgug—Flight director reference speed
VDC—Voltsdirect current

Vdc—Volts direct current
Veg—Maximum flaps extended speed
VGV —Variable guide vane

VHF—Very high frequency
VIGV—Variable inlet guide vane

V| g—Maximum landing gear extended speed
V| o—Maximum landing gear operating speed
Vumca—AITr minimum control speed

V mce—Ground minimum control speed
Vo—Maximum operating speed
VNAV—Vertical navigation
VOL—Volume

VOR—VHF omnidirectional range

V r—Rotate speed

V—Target airspeed

V S—Vertical speed

V SI—Vertical speed indicator

W—Watt or west

WA S—Weather avoidance system
WOW—Weight on wheels
WS—Windshield
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WX —Weather

WXP—Weather radar control panel
WX+T—Weather plus turbulence
XFR—Transfer

XMT—Transmit

Y D—Yaw damper
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C F _C F C F C F C F C F
-62.2 -80 -112 126.7 260 500 843.3 1550 2822
-56.7 -70 -94 132.2 270 518 871.1 1600 2912
=511 -60 —76 137.6 280 536 898.8 1650 3002
—45.6 -50 -58 143.3 290 554 926.6 1700 3092
-40.0 -40 —-40 148.9 300 572 954.4 1750 3182
-34.4 -30 -22
-31.7 -25 -13 154.4 310 590 982.2 1800 3272
-28.9 -20 —4 160.0 320 608 1010.0 1850 3362
-26.1 -15 5 165.6 330 626 1037.7 1900 3452
-23.3 -10 14 171.1 340 644 1065.5 1950 3542
—-20.6 -5 23 176.7 350 662 1093.3 2000 3632
-17.8 0 32 182.2 360 680 1121.1 2050 3722
-15.0 5 41 187.8 370 698 1148.8 2100 3812
-12.2 10 50 193.3 380 716 1176.6 2150 3902

-9.4 15 59 198.9 390 734 1204.4 2200 3992
-6.7 20 68 204.4 400 752 1232.2 2250 4082
-3.9 25 77 210.0 410 770 1260.0 2300 4172
-1.1 30 86 215.6 420 788 1287.7 2350 4262

1.1 35 95 221.1 430 806 1315.5 2400 4352

4.4 40 104 226.7 440 824 1343.3 2450 4442

7.2 45 113 232.2 450 842 1371.1 2500 4532

10.0 50 122 237.8 460 860 1398.8 2550 4622
12.8 55| 131 243.3 470 878 1426.6 2600 4712
15.6 60 140 248.9 480 896 1454.4 2650 4802
18.3 65 149 254.4 490 914 1482.2 2700 4892
211 70 158 260.0 500 932 1510.0 2750 4982
23.9 75 167 256.6 510 950 1537.7 2800 5072
26.7 80 176 271.1 520 968 1565.5 2850 5162
29.4 85 185 276.7 530 986 1593.3 2900 5252
32.2 90 194 282.2 540 1004 1621.1 2950 5342
35.0 95 203 287.8 550 1022 1648.8 3000 5432
37.8 100 212
40.6 105 221 293.3 560 1040 1676.6 3050 5522
43.3 110 230 298.9 570 1058 1704.4 3100 5612
46.1 115 239 304.4 580 1076 1732.2 3150 5702
48.9 120 248 310.0 590 1094 1760.0 3200 5792
51.7 125 257 315.6 600 1112 1787.7 3250 5882
54.4 130 266 326.7 620 1148 1815.5 3300 5972
57.2 135 275 337.8 640 1184 1843.3 3350 6060
60.0 140 284 348.9 660 1220 1871.1 3400 6152
62.8 145 293 360.0 680 1256 1898.8 3450 6242
65.6 150 302 371.1 700 1292 1926.6 3500 6332
68.3 155 311 382.2 720 1328 1954.4 3550 6422
71.1 160 320 393.3 740 1364 1982.2 3600 6512
73.9 165 329 404.4 760 1400 2010.0 3650 6602
76.7 170 338 415.6 780 1436 2037.7 3700 6692
79.4 175 347 426.7 800 1472 2065.5 3750 6782
82.2 180 356 437.8 820 1508 2093.3 3800 6872
85.0 185 365 454 .4 850 1562 2121.1 3850 6962
87.8 190 374 482.2 900 1652 2148.8 3900 7052
90.6 195 383 510.0 950 1742 2176.6 3950 7142
93.3 200 392 537.7 1000 1832 2204.4 4000 7232
96.1 205 401 565.5 1050 1922
98.9 210 410 592.2 1100 2012

101.7 215 419 621.1 1150 2102

104.4 220 428 648.8 1200 2192

107.2 225 437 675.6 1250 2282

110.0 230 446 704.4 1300 2372

112.8 235 455 732.2 1350 2462

115.6 240 464 760.0 1400 2552

118.3 245 473 787.7 1450 2642

121.1 250 482 815.5 1500 2732
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ANSWERS TO QUESTIONS

CHAPTER 2 CHAPTER 9 CHAPTER 15
1. D 1. C 1. D
2. D 2. B 2. A
3. C 3. D 3. D
4. C | 4. A 4. B
5. D 5. C 5. D

CHAPTER 3 CHAPTER 10 CHAPTER 17
1. B 1. A
2. D 2 D
3. A 3. C
4. C 4. D
5 A 5 C

CHAPTER 5 CHAPTER 11
1. A 1. A
2. D 2. B |
3. D 3. C
4. D 4. D
5 A 5. B

CHAPTER 6 CHAPTER 12
1. D 1. B
2. D 2. C
3. D 3. D
4, A 4, B
5. B 5. D

CHAPTER 7 CHAPTER 13
1. A 1. B
2. A 2. D
3. D 3. D
4, C 4. D
5. B 5. B

CHAPTER 8 CHAPTER 14
1. B 1. A
2. D 2. C
3. C 3. D
4. B 4. D
5. B 5. D
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INSERT LATEST REVISED CARDS, DESTROY SUPERSEDED CARDS
LIST OF EFFECTIVE CARDS
Dates of issue for original and changed cards are:

ORIGINAL.....0........... AUGUST 2006
Revision........ 1o October 2007
Revision........ 1.01 ....December 2007
Revision........ 2 April 2008

TOTAL NUMBER OF CARDS IN THIS SET IS 65
CONSISTING OF THE FOLLOWING:

Card *Revision Card *Revision
No.

SI-1 —SI-26A....cciiiiii,
CAS-1 - CAS-9A

*Zero in this column indicates an original card.
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Limitations FlightSafety

BAGGAGE COMPARTMENT

Capacity (Maximum) ............cocceecvvvrvnneenennn. lbs
Floor Loading (Maximum) ..............ccceeueeeee. lbs

Gulfstream G150

Revison 2 L-1
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BAGGAGE COMPARTMENT

Capacity (Maximum) ............cocecvvvvrnneenennn. 1100 Ibs
Floor Loading (Maximum) ..............ccceeueeeeee. 105 Ibs
Revison 2 Gulfstream G150 L-1A
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Limitations FlightSafety

BATTERY LIMITS

MIN VOLTAGE SAT above 0°C.........ccccceeeeennee V
MIN VOLTAGE SAT below 0°C ........cccceeeeenee Vv

Gulfstream G150

Revison 2 L-2
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BATTERY LIMITS

MIN VOLTAGE SAT above 0°C......cooeevvevvevnnns 24V
MIN VOLTAGE SAT below 0°C........cccvvevvvvnnn. 23V
Revison 2 Gulfstream G150 L-2A
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Limitations FlightSafety

BATTERY TEMP RANGES

BATT OVERHT CAS message illuminates at __ °F.

Gulfstream G150

Revison 2 L-3
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BATTERY TEMP RANGES

BATT OVERHT CAS message illuminates at 140°F.
If illuminated, DO NOT TAKE OFF.

Revison 2 Gulfstream G150 L-3A
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Limitations FlightSafety

MAXIMUM CERTIFIED WEIGHTS

ZERO FUEL
LANDING
TAKEOFF

RAMP
MINIMUM WEIGHT
Gulfstream G150

Revison 2 L-4
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MAXIMUM CERTIFIED WEIGHTS

ZERO FUEL — 17,500 Ibs
LANDING — 21,700 Ibs
TAKEOFF — 26,100 Ibs
RAMP — 26,250 |bs

MINIMUM WEIGHT — 13,200 Ibs
Revison 2 Gulfstream G150 L-4A
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Limitations FlightSafety

FUEL TANK CAPACITY

Total Usable —

Gulfstream G150

Revison 2 L-5
FOR TRAINING PURPOSES ONLY



FUEL TANK CAPACITY

Total Usable — 1537 Gallons (10,300 Ibs)

Revison 2 Gulfstream G150 L-5A

FOR TRAINING PURPDOSES ONLY



Limitations FlightSafety

MAXIMUM FUEL UNBALANCE

Gulfstream G150

Revison 2 L-6
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MAXIMUM FUEL UNBALANCE

400 Ibs for Takeoff
600 Ibs for Cruise and Landing

Revison 2 Gulfstream G150 L-6A
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Limitations FlightSafety

MAXIMUM N; and N,

Transient
Overspeed
Shutdown

Gulfstream G150

Revison 2 L-7
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MAXIMUM N7 and N,

Transient — N7—100% to 100.8% for 10 seconds
N>—APR OFF 100.4% to 102.5% for 10 seconds
N>—APR ON 101% to 102.5% for 10 seconds

Overspeed — Red Indications

Shutdown — Operate 2 minutes at 38% N1 or below before
shutdown (including taxi time)

Revison 2 Gulfstream G150 L-7A
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Limitations FlightSafety

MAXIMUM INTERSTAGE
TURBINE TEMPERATURE

Starting
Takeoff
Takeoff with APR Activated
Maximum Continuous
Maximum Climb
Maximum Cruise

Gulfstream G150

Revison 2 L-8
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MAXIMUM INTERSTAGE

TURBINE TEMPERATURE
] F= 1 1] o [P UPPPTPRPPI 990°C
TaKEOTT ... 1004°C
Takeoff with APR Activated........ 1022°C (5 minutes maximum)
Maximum CONLINUOUS..........ceeeeriiriiereeeeiiieeeeeeesneeeeaeeennees 990°C
Maximum ClmDb.........cccocoeiiiiniiiee, 974°C (recommended)
Maximum CruiSe ........cccceeeviveeeiiiieeennn 949°C (recommended)
Revison 2 Gulfstream G150 L-8A
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Limitations FlightSafety

OIL PRESSURE
(AT NORMAL OPERATION TEMPERATURE)
ENGINE START
IDLE
TAKEOFF, CLIMB AND CRUISE
TRANSIENT

Gulfstream G150 L9

Revison 2
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OIL PRESSURE

(AT NORMAL OPERATION TEMPERATURE)

ENGINE START — Indication within 10 sec. after lightoff

IDLE (Oil Temperature Below 30°C) — 50 to 150 psi
minimum

IDLE (Oil Temperature Above 30°C) — 62 to 83 psi
TAKEOFF, CLIMB AND CRUISE — 62 to 83 psi
TRANSIENT — 100 psi maximum (3 min. maximum)

Gulfstream G150 L-9A

Revison 2
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Limitations FlightSafety

OIL TEMPERATURE

STARTING (Minimum Continuous Operation)
UP TO 30,000 FEET
ABOVE 30,000 FEET
TRANSIENT

Gulfstream G150

Revison 2 L-10
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OIL TEMPERATURE

STARTING — At temperatures below —40°C for
extended periods, preheat engine before
attempting start. During cold tempera-
ture starts, oil pressure may exceed
maximum allowable transients.

UP TO 30,000 FEET — 30°C to 127°C
ABOVE 30,000 FEET — 30°C to 140°C
TRANSIENT — 149°C (2 min. all operational altitudes)

Revison 2 Gulfstream G150 |_-10AI
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Limitations FlightSafety

DC STARTER / GENERATOR
LIMITATIONS

MAXIMUM CONTINUOUS GROUND
AND FLIGHT OPERATIONS
___AMPS

Gulfstream G150

Revison 2 L-11
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DC STARTER / GENERATOR
LIMITATIONS

MAXIMUM CONTINUOUS GROUND
AND FLIGHT OPERATIONS

300 AMPS

Revison 2 Gulfstream G150 L-11A
|
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Limitations FlightSafety

CONSECUTIVE START
ATTEMPTS

Gulfstream G150

Revison 2 L-12
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CONSECUTIVE START
ATTEMPTS
15 seconds on

2 minutes off (for 3 cycles)
then 20 minutes off

Revison 2 Gulfstream G150 |_-12AI
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Limitations FlightSafety

START TIMES

Light-off (from initial fuel flow)
From light-off to idle
Starter-assist air starts (from initial fuel flow to 60% N)

Windmilling air start

Gulfstream G150 113
1
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START TIMES

Light-off (from initial fuel flow) — 10 seconds max
From light-off to idle — 60 seconds max

Starter-assist air starts — 45 seconds max
(from initial fuel flow to 60% N>)

Windmilling air start — No time limit

Gulfstream G150 L-13AI
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Limitations FlightSafety

APU LIMITATIONS

Max. Altitude for Operation
Max. Altitude for APU Start
APU is approved for Operations.

Allow _ minutes cooldown periods between APU starts or
between shutdown and next APU start.

Gulfstream G150 L-14
1
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APU LIMITATIONS

Max. Altitude for Operation 35,000 feet
Max. Altitude for APU Start 20,000 feet

APU is approved for Unattended Operations.

Allow 5 minutes cooldown periods between APU starts or
between shutdown and next APU start.

Gulfstream G150 |_.14AI
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Limitations FlightSafety

MAXIMUM NORMAL OPERATION
SPEEDS (Vpo/Mmo)
ARE BASED ON:

Gulfstream G150 L-15
i
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MAXIMUM NORMAL OPERATION
SPEEDS (Vpo/Mmo)
ARE BASED ON:

1. Altitude

2. Autopilot and Mach Trim Status

Revison 2 Gulfstream G150 L-15A
|
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Limitations FlightSafety

MANEUVERING SPEED Vp

ALTITUDE (FT)
SEA LEVEL — 20,000
20,000 — 29,300
ABOVE 29,300

Gulfstream G150

Revison 2 L-16
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MANEUVERING SPEED Vp

ALTITUDE (FT) — Va (KIAS/MI)
SEA LEVEL — 20,000 — 272 TO 287 KIAS
20,000 — 29,300 — 287 TO 330 KIAS
ABOVE 29,300 — 0.85 MI

Revison 2 Gulfstream G150 L-16A
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Limitations FlightSafety

MAXIMUM SPEEDS
SLATS
FLAPS 12°
FLAPS 20°
FLAPS 40°
LANDING GEAR EXTENSION
MAXIMUM TIRE GROUND SPEED
Gulfstream G150

Revison 2 L-17
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MAXIMUM SPEEDS

SLAT S 250 KIAS
FLAPS 12° .o 250 KIAS
FLAPS 20° ..o 225 KIAS
FLAPS 40° ..o 180 KIAS
LANDING GEAR EXTENSION ................ 180 KIAS
MAXIMUM TIRE GROUND SPEED ........ 182 KIAS

Revison 2 Gulfstream G150 L-17A
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Limitations FlightSafety

FLAPS 0°, 12° AND 20°

MINIMUM CONTROL
SPEED/GROUND

Gulfstream G150 L18
1
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FLAPS 0°, 12° AND 20°

MINIMUM CONTROL
SPEED/GROUND

103 KIAS

Gulfstream GlSO L-18AI
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Limitations FlightSafety

PROHIBITED MANEUVERS
AND OPERATIONS

Gulfstream G150 L-19
i
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PROHIBITED MANEUVERS
AND OPERATIONS

AEROBATIC MANEUVERS AND SPINS

DO NOT APPLY SEQUENTIAL FULL OPPOSITE
RUDDER INPUTS

TAKE OFF WITH ANY STABILIZER TRIM
SYSTEM INOPERATIVE

SLATS/FLAPS OR LANDING GEAR ABOVE
20,000 FEET

Gulfstream G150 L-19AI
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Limitations FlightSafety

MAXIMUM CERTIFICATED
ALTITUDE

Gulfstream G150

Revison 2 L-20
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MAXIMUM CERTIFICATED
ALTITUDE

45,000 FEET

evison 2 Gulfstream GlSO L_ZOAI
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Limitations FlightSafety

The Maximum Mach Number during RVSM
Ops is :

Revison 2 Gulfstream G150 L_21I
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The Maximum Mach Number during RVSM
Ops is 0.84 Mach.

Revison 2 Gulfstream G150 L-21A
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Limitations FlightSafety

During RVSM Ops, the maximum difference
between the pilot and copilot altimeters is
__ feet.

Revison 2 Gulfstream G150 |__22I
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During RVSM Ops, the maximum difference
between the pilot and copilot altimeters is
45 feet.

Revison 2 Gulfstream G150 L'ZZAI
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Limitations FlightSafety

During gravity feed refueling, the total fuel
guantity will be _ pounds less.

Revison 2 Gulfstream G150 |__23I
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During gravity feed refueling, the total fuel
quantity will be 655 pounds less.

Revison 2 Gulfstream G150 L'ZSAI
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Limitations FlightSafety

APU GENERATOR LOAD LIMITS
Onthe ground: A,
In flight below 25,000 feet: _ A.
In flight above 25,000 feet: A,

Revison 2 Gulfstream G150 |__24I
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APU GENERATOR LOAD LIMITS
On the ground: 300 A.
In flight below 25,000 feet: 300 A.
In flight above 25,000 feet: 250 A.

Revison 2 Gulfstream G150 L-24AI
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Limitations FlightSafety

Do not use the APU if the fire extinguisher
has been activated.

Do not use the APU if the standby fuel

pump is inoperative.

Revison 2 Gulfstream G150 |__25I
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Do not use the APU if the right fire extinguisher
has been activated.

Do not use the APU if the right standby fuel
pump is inoperative.

Revison 2 Gulfstream G150 |_-25AI
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Limitations FlightSafety

THRUST REVERSER

Below __ knots, do not exceed idle deploy thrust
reverser.

Do Not deploy thrust reversers for more than _
minute(s) ina __ minute period.

Revison 2 Gulfstream G150 L-26I
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THRUST REVERSER

Below 70 knots, do not exceed idle deploy thrust
reverser.

Do Not deploy thrust reversers for more than 1
minute(s) in a 15 minute period.

Revison 2 Gulfstream G150 L_ZGAI

FOR TRAINING PURPDOSES ONLY




Limitations FlightSafety

AUTOPILOT LIMITATIONS

Takeoff — Do not engage the autopilot below _ feet.

Minimum engaged height for precision approach —
__ feet. (40° Flaps)

Minimum engaged height for non-precision approach —
__ feet AGL.

Revison 2 Gu I fStI‘eam G150 L-27
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AUTOPILOT LIMITATIONS

Takeoff — Do not engage the autopilot below 200 feet.

Minimum engaged height for precision approach —
80 feet. (40° Flaps)

Minimum engaged height for non-precision approach —
400 feet AGL.

Revison 2 Gulfstream G150 |_-27AI
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Limitations FlightSafety

On the walk around inspection, the nose gear
should have a minimum of _ inches extension.

On the walk around inspection, the main gear
should have a minimum of inches extension.

Revison 2 Gulfstream G150 L-28
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On the walk around inspection, the nose gear
should have a minimum of 2 inches extension.

On the walk around inspection, the main gear
should have a minimum of 1.6 inches extension.

Revison 2 Gulfstream G150 L_ZSAI
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Fuel System FlightSafety

nnnnnnnnnn

When does the standby fuel pump operate?
1.
2.
3.

Revision 2 Gulfstream G150 Sp1
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When does the standby fuel pump operate?

1. Whenever the fuel pressure at the engine
inlet falls below 6.0 psig if the switch is in
AUTO position

2. When jettisoning fuel regardless of switch
position

3. Whenever the switch is in the ON position

Revision 2 GUIfStream G].SO
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Fuel System FlightSafety

Fuel Interconnect:

» Forward and aft interconnect valves open to
when the pilot

positions the INTERCONNECT switch in the
OPEN position.

» Balancing is accomplished by

Gulfstream G150 SI-2
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Fuel Interconnect:

» Forward and aft interconnect valves open to
laterally balance the wings when the pilot
positions the INTERCONNECT switch in the
OPEN position.

» Balancing is accomplished by gravity.

Revision 2
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Fuel System FlightSafety

List the order of tank depletion of fuel system

1.

a s wnN

Gulfstream G150 SI-3
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List the order of tank depletion of fuel system

1.

ok wnN

Revision 2

Fuselage Tank (Above Standpipe)
Center Tank

Fuselage Tank (Below Standpipe)
Wing Tanks

Collector Boxes

Gulfstream G150 SI-3A
1
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Fuel System FlightSafety

Collector Box Capacity

Gulfstream G150 Si-4
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Collector Box Capacity

52.5LBS

Revision 2
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Hydraulic System FlightSafety

When does the auxiliary hydraulic pump run?

~® o000

Gulfstream G150 SI-5

Revision 2
FOR TRAINING PURPOSES ONLY l



When does the auxiliary hydraulic pump run?

a.

® oo o

Loss of main system pressure

Landing gear not up and locked

Low auxiliary system accumulator pressure
Low main system reservoir fluid level

Low hydraulic pressure or mechanical failure in either
aileron actuator

Switch in OVRRD position
Gulfstream G150 SI5A
I
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Hydraulic System FlightSafety

The main hydraulic system controls:

AR A

Gulfstream G150 SI-6
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AR A o

The main hydraulic system controls:

Aileron boost
Brakes

Landing gear
Nosewheel steering
Airbrakes

Revision 2 GUIfStream G].SO
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Hydraulic System FlightSafety

The auxiliary hydraulic system controls:

> wn R

Gulfstream G150 1.7

Revision 2
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The auxiliary hydraulic system controls:

1. Aileron boost backup
2. Emergency brakes

3. Parking brake

4. Thrust Reversers

Revision 2 GUIfStream G].SO S|-7AI
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Landing Gear and Brakes FlightSafety

Antiskid is inoperative below __ knots

Antiskid switches are located

Gulfstream G150 SI-8
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Antiskid is inoperative below 10 knots.

Antiskid switches are located on the glareshield.

Revision 2
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Landing Gear and Brakes FlightSafety

Tiller Steering allows __° left or right
deflection.

Pedal Steering allows _° left or right deflection.

Gulfstream G150 SI-9
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Tiller Steering allows 60° left or right deflection.

Pedal Steering allows 3° left or right deflection
from centerline.

Revision 2
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Landing Gear and Brakes  FlightSafety

When will the gear aural warning sound?
If any gear is not down and locked and:
1.

2.
3.

Revision 2
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When will the gear aural warning sound?
If any gear is not down and locked and:

1. One thrust lever is retarded at an airspeed less
than 158 KIAS (Radio Altimeter Inoperative)

2. One thrust lever is retarded with radio altitude
less than 400 feet

3. Flaps are extended beyond 30 degrees

Revision 2
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Pressurization FlightSafety

The automatic controller limits differential pressure
to a normal value of psid.

The safety valve allows a maximum
differential of _ to __ psid.

Revision 2 GUlfStream G150 SI-11 I
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The automatic controller limits differential pressure
to a normal value of 8.79 psid.

The safety valve allows a maximum differential of
8.95 to 9.5 psid.

Revision 2 GUIfStream G150 Sl-llAI
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Pressurization FlightSafety

Emergency Pressurization when selected on the
CABIN AIR comes from:

1.
2.
3.

Revision 2
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Emergency Pressurization when selected on the
CABIN AIR selector comes from:

1. Right Engine Only
2. Low Pressure Bleed

3. Separate Duct

Revision 2

Gulfstream G150 SI-12A
|

FOR TRAINING PURPOSES ONLY



Electrical System

nnnnnnnnnn

Restorable load reduction items:
1.
2.
3.

Gulfstream G150
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Restorable load reduction items:
1. Windshield heats

2. Baggage heat

3. Galley equipment

Revision 2
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Electrical System FlightSafety

When the EPU is plugged in and the External
Power switch is selected to the ON position,
the EPU will have priority over

Revision 2
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When the EPU is plugged in and the External
Power switch is selected to the ON position,
the EPU will have priority over

all other generators.
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Air Conditioning FlightSafety

In the manual mode, the temperature selector
directly controls the

Revision 2
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In the manual mode, the temperature selector
directly controls the trim air valve.
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Air Conditioning FlightSafety

lllumination of NOSE TEMP HI CAS message
indicates

Revision 2
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[llumination of the NOSE TEMP HI CAS message
indicates excessive temperature in the nose
compartment, and malfunction of nose
compartment blowers (on the ground only).

Gulfstream G150 SI-16A
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APR (Automatic Power Reserve) F"ghtéﬁ;t?ty

When is the APR triggered?

N- differential of %

Revision 2
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When is the APR triggered?

N- differential of 15%

Revision 2
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Emergency Lights FlightSafety

nnnnnnnnnn

Emergency lights will illuminate when:
1. Emergency Lights rocker switch in “ARM” and:

2. Emergency Lights rocker switch is in “ON”

Revision 2 GUlfStream G150 SI-18 I
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Emergency lights will illuminate when:

1. Emergency Lights rocker switch in “ARM” and:
» both Distribution Buses fail

2. Emergency Lights rocker switch is in “ON”
» regardless of DC power they will illuminate

Revision 2
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lce and Rain Protection FlightSafety

When are P,/T, probes heated?

Revision 2
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When are P,/T, probes heated?

When nacelle anti-ice is on and the system
senses engine oil pressure to confirm engine
IS running.

Revision 2
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lce and Rain Protection FlightSafety

Deice cycle: Total time per cycle =

a. Wing leading edge and slat leading edge =
__seconds

b. Horizontal stabilizer = _ seconds

c. __ seconds dwell off period, then cycle repeats

Revision 2
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Deice cycle: Total time per cycle = 60 seconds

a. Wing leading edge and slat leading edge =
6 seconds

b. Horizontal stabilizer = 4 seconds
c. 50 seconds dwell off period, then cycle repeats

Revision 2
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Fire Protections FlightSafety

The “FIRE/OVERHT” switchlight:

The “FIRE” light will iluminate when a or
Is detected in zone _.

The “OVERHT” light lens will illuminate when a
or Is detected in zone _.

Revision 2
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The “FIRE/OVERHT” switchlight:

The “FIRE” light will iluminate when a fire or
overheat is detected in zone 1.

The “OVERHT” light lens will illuminate when a
fire or overheat is detected in zone 2.

Revision 2
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Fire Protections FlightSafety

What indication do you get from the PRESS TO TEST?

a. Both lights illuminate to indicate that all 4 sensor
tubes are intact and that none of the averaging gas has
leaked.

b. Both lights illuminate to indicate that the bulbs
are working.

c. In the corners of the PRESS TO TEST, the four white
indicator lights illuminate to indicate the

Revision 2
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What indication do you get from the PRESS TO TEST?

a. Both FIRE-OVERHT lights illuminate to indicate that all 4 sensor
tubes are intact and that none of the averaging gas has leaked.

b. Both ARM-EMPTY lights illuminate to indicate that the bulbs are
working.

c. In the corners of the PRESS TO TEST, the four white indicator
lights illuminate to indicate the electrical continuity of the
discharge circuits through the fire control panel to the
respective discharge cartridges on the fire bottles.

Gulfstream G150 SI-22A
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Fire Protections FlightSafety

nnnnnnnnnn

Is Zone 2 protected by the fire-extinguishing system?
Is Zone 1 protected by the fire-extinguishing system?

May either bottle be used to extinguish a fire in either
engine?

Revision 2 GUlfStream G].SO
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Is Zone 2 protected by the fire-extinguishing system? No

Is Zone 1 protected by the fire-extinguishing system?

Yes, when the respective ARM/EMPTY switchlight is
pushed, the discharge line is routed only to zone 1

May either bottle be used to extinguish a fire in either
engine?
Yes, either or both bottles may be used on either
engine

Gulfstream G150 SI-23A
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Oxygen FlightSafety

Masks will drop when the cabin pressurization
reaches feet.

Above feet crew oxygen will be 100%
automatically.

Revision 2
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Masks will drop when the cabin pressurization
reaches 13,500 feet.

Above 30,000 feet crew oxygen will be 100%
automatically.

Revision 2
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Aircraft General

nnnnnnnnnn

Length —
Height —
Width (Wingspan) —

Maximum passengers —

Gulfstream G150
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Length — 56 ft 9in (16.94 m)

Height — 18 ft 5in (5.54 m)

Width (Wingspan) — 55 ft 7 in (16.64 m)
Maximum passengers — 6—-9 passengers

Revision 2
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Aircraft General FlightSafety

nnnnnnnnnn

Certified up to

Certified for FAR (up through
Amendment 54)

Maximum landing altitude:
Maximum altitude for autopilot and yaw damper
inoperative:

Revision 2 GUlfStream G150 SI-26 I
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Certified up to Maximum Operating Altitude

Certified for FAR Part 25 (up through
Amendment 54)

Maximum landing altitude: 14,000 ft.

Maximum altitude for autopilot and yaw damper
inoperative: 31,000 ft.
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EICAS FlightSafety

An |IEIEEEEEN \VARNING message means

and

An STATUS message means
and

Gulfstream G150 CAS-1
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An [IEEEIEEERY \VARNING message means
APU RPM too high and APU did not enter
automatic shutdown seguence.

An STATUS message means
APU RPM too high and APU entered automatic
shutdown sequence.

Revision 2 Gulfstream G150 CAS-1A
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EICAS FlightSafety

An BRI \VARNING message means

and

An YT M STATUS message means
and

Gulfstream G150 CAS-2
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An EEEEEEEIE \VARNING message means

APU excessive temperature and APU did
not enter automatic shutdown sequence.

An LY STATUS message means
APU excessive temperature and APU
entered automatic shutdown sequence.

Revision 2 Gulfstream G150 CAS-2A
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EICAS FlightSafety

In addition to each respective configuration discrep-
ancy, what two conditions trigger the following

WARNING messages? [[IIEREEE
cowrc rars M couric paranc Il conre sus TR

Gulfstream G150 CAS-3
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In addition to each respective configuration discrep-
ancy, what two conditions trigger the following

WARNING messages? _

Aircraft on ground

Both engines thrust beyond 70% N;
Gulfstream G150 CAS-3A
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EICAS FlightSafety

I AN (W indicates

Gulfstream G150 CAS-4

Revision 2
FOR TRAINING PURPOSES ONLY I



QIR ENK(VIAE indicates respective

standby pump is operating.

Gulfstream G150 CAS-4A
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EICAS FlightSafety

The fuel standby pump will activate when any of
the following occur:

Gulfstream G150 CAS-5
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The fuel standby pump will activate when any
of the following occur:

Fuel pressure drops below 6 psi

STBY PUMP switch is selected to the ON
position

FUEL JETTISON pushbutton is pressed

Revision 2 Gulfstream G150 CAS-5A
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EICAS FlightSafety

The SRR \WARNING message appears
when the cabin altitude exceeds feet.

Gulfstream G150 CAS-6
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The SRR \WARNING message appears
when the cabin altitude exceeds 10,000 feet.

Gulfstream G150 CAS-6A
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EICAS FlightSafety

The DN GIT{HE message on indicates that
when

and

Gulfstream G150 CAS-7
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The message indicates that both
battery voltages are below 25V when at least
one generator is active and one battery is
connected.

Revision 2 GUIfgream 6150 CAS-7A
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EICAS FlightSafety

will appear within the EICAS N; display when

- will appear within the EICAS N, display when

will appear within the EICAS N; display when

Gulfstream G150 CAS-8
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will appear within the EICAS N; display when
the respective thrust reverser is armed.

B will appear within the EICAS N, display when
there is a valid weight on wheels signal and the
respective thrust reverser is deploved.

will appear within the EICAS N; display when
the respective WAV (¥A message appears.
Gulfstream G150 CAS-8A
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EICAS FlightSafety

nnnnnnnnnn

The coloration of an EICAS message will match the
coloration of the applicable parameter.

TRUE/FALSE

Gulfstream G150 CAS-9
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The coloration of an EICAS message will match the
coloration of the applicable parameter.

TRUE

Gulfstream G150 CAS-9A
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FlightSafety

international
the best safety device on any aircraft is a well trained crew...

Copyright © 2008 by FlightSafety International, Inc. All rights reserved.
Printed in the United States of America.
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