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Hydraulic System
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Heat Exchanger
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Engine Driven Pumps
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Pneumatic System
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Air Conditioning System
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Air Conditioning for Light Aircraft
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Air Conditioning for Jet Aircraft
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Air Cycle Machine (ACM)
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Air-conditioning component for the Boeing 727 airplane.
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Pressurization System
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A- Supply of air from compressor( Bleed air)

B- Strong fuselage :......... to withstand high press. differential.
C-Outflow valve( Cabin discharge valve) .........to control cabin press.
D- Safety outflow valve......... to operate in case of outflow valve failure
E-Inward vent valve( neg. press. valve)

F- Cabin press .controller ........ automatically control cabin pressure
G- Manual press. controller

H- Control & indication sys. ........ to operate & monitor.
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Block diagram of air-conditioning system for the B-T27 airplane.
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High Pressure Oxygen System
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Fire Extinguishing System
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Freon Fire Extinguisher
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Ice Protection System
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Windshield Wiper
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Fuel han dling

Handling uf gas-turbine fuels does not present
any more problems than does the handling of
aviation gasoline for reciprocating engines. In
fact, because of the higher flash point of turbine
fuels, they are penerally safer to handle.

Even under the most extreme cold conditions,
turbing fuel should be stored so that it does not
fall to a temperature below its pour point. This
requirement will cause no problem with fuels
such as JP-4, since the pour point of these fuels
is lower than would be encountered at any air-
port.

Fuel-storage facilities should be designed to
provide for adequate settling time for fuel, in
order to remove suspended solids and water. If

warm fuel is pumped into storage tanks, consid-
erable water may be in solution with the fuel.
After the fuel cools, this water will separate from
the fuel. The venting or “breathing™ of fuel stor-
ape tanks also causes water to accumulate. When
fuel is pumped out of a tank the fuel is often re-
placed by warm air which may have a substan-

BOEING 727 AIRPLANE

The Boeing 727 airliner, shown in Fig.5-14.
is a second-generation jetliner, featuring a three-
engine powerplant system with one engine
mounted in the rear part of the fuselage. The
elevators are mounted on the top of the stabilizer
to be free of any turbulence. The positioning of
the engines at the rear of the airplane also per-
mits an exceptionally clean wing design.

The 727 is a short-to-medium range jet espe-
cially designed to serve routes of 150 to 1,700
miles. It is powered by three Pratt & Whilnev
JT8D twrbofan engines rated at 14,000 1b of
thrust each. The 727 extends the advantages of

tial water content. As the air cools within the

tank. the water condenses on the «des of 1he
tank and at the fuel surfice. Thus 11 heomes
necessary to pump the water out of the hotnoon

of the tank at regular intervals.

Many modern turbine-poswered aircraft are
designed for “single-point™ refueling. This svs-
tem provides for a great saving of time. ~inoe it
15 not necessary to change fuel nozzles 10 several
different tank openings. The line from the fuel
truck is connected to the single refueling valve
and the fuel is pumped under high pressure and
volume to all fuel tanks. The tanks are. of courwe.
interconnected with cross-feed lines. and the
valves are set so that fuel can be taken into as
many fuel compartments as desired.

Precautions against the accumulation of static
electricity must be carefully observed in all fuel-
handling operations. All units in the operation
should be connected by ground wires: truck 1o
aircraft, nozzle to aircraft, truck to ground, and
aircraft to ground. )

jet flight to many areas where this type of service
had not been available before and thereby
replaces many of the older piston-engine
airplanes.

The dimensions of the 727 are as follows:
Wing span, 108 ft, 7 in.; length, 134 fi, 1 in ;
hcaght, 33 ft, 9 in.; sweepback, 32°. The maxi-
mum pross weight is 142,000 to 152,000 Ib,
depending upon the configuration required. The
arfplane cruises at 550 to 600 mph at an altitude
ol 1:'1.{.!_1.1] to 35,000 ft above sea level and carries
a mnaximum of 114 passengers. model=ing,
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Figure 5-]173 Schematic diagram of Boeing 727 fuel system.

The override handle also serves as a valve pusition
indicator.

The valve motors are operated by 28-volt d-c power
and are controlled by individual switches in the crew
compartment.

In addition to the components and details mentioned
in this section, large aircraft fuel systems include elec-
trically operated boost pumps, fueling control valves
to prevent overfilling of the tanks, dump valves, defuel-
ing valves, venting systems. and numerous other parts.
Information details for all such parts and components
should be obtained from the manufacturer’s manual

before the technician performs service or repair
operalions,

Fuel-system specifications

The aircrafl fuel system must be capable of storing
_sufficient fuel for normal flight requirements plus addi-
tional fuel for alternate landing fields and emergencies.
The range of an airplane is determined by the amount
of fuel which can be carried in the fuel tanks, allowing
for alternate landing fields, emergency fuel, and unusa-
ble fuel.
The plumbing for an aircraft fuel system should be
capable of carrying twice the amount of fuel normally

required for the operation of the engine or engines dur- -

ing takeoff. These requirements establish the size of
fuel tubing and fuel pumps, either those that are
engine-driven or electrically driven.

3-35 —

During takeoff and landing of an airplane, the auxil-
iary (electrically driven) fuel pump should be turned on
1o supply fuel in case of engine fuel-pump failure. This
does not apply to small aircraft equipped with gravity-
feed fuel systems. )

All fuel tanks must be equipped with a fuel indi-
cating system, either a direct-reading gage or an
electrically operated remote indicating system. Fuel-
quantity indicators must be located so they are clearly
visible to the pilot.

Fuel lines must be installed so there are no low points
which will collect water and sediment and thus inter-
fere with the normal flow of fuel to the engine. Water
collected in fuel lines will freeze in low-temperature
conditions and shut off the fuel flow to the engine. Low
points in the fuel tanks and at the fuel strainer (gas-
colator) must be provided with drains so the operator
can drain any water or sediment before fiving the air-
plane. This drainage of fuel should be a part of every
preflight inspection.

Fuel lines must not be installed where they are near
any exhaust manifold or heater where the temperature -
of the fuel can rise to a vaporization temperature. Fuel
vapor in the lines, pumps, and valves is likely to cause
vapor lock and cause failure of the engine.

f vapor lock should occur, operation of a tank-
installed electrical booster pump will usually clear the
lock. Since all airplanes do not have tank-installed
booster pumps, it is important to see that the likelihood
of vapor lock is eliminated as completely as possible.
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manifold. This interconnection allows the tank fuel
boost pumps to pump the fuel from the tanks for fuel
dumping and defueling operations as well as for nor-
mal engine feed. Electrically operated valves provide
for the control of shutofl and crossfeed in the system.
All pump and valve conltrols. along with the instru-

ments and indicating lights for monitoring the system
are arranged on a system control panel at the third
crewman'’s station. '

A schematic diagram of the fuel system for the Boe-
ing 727 airplane fuel system is shown in Fig. 16-26.
This diagram shows how the various components are
interconnected with respect to one another.

The arrangement of the fuel system lines and com-
ponents in the airplane is shown in Fig. 16-27. This
drawing illustrates the complex nature of the system
and emphasizes the need for thorough knowledge of
the system by those who operate and service it.

The wing fuel tanks actually consist of many cells
with the wing ribs serving as walls between the cells.
Openings through the ribs permit fuel to flow from one
cell to another, but the fuel cannot surge back and forth
through the wing to cause instability and unbalance of
the aircraft. Access openings are provided for neces-
sary service to the inside of the cells. The details of

access openings are given in the manufacturer’s over-
.haul manual.

TAMK HOD. 2
{3450 U.5. GAL*)

TAHK MO, 1
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IHCLUDES CAPACITY

OF

TWO FUEL CELLS

Fuel-tank location for Boeing airplane.

In servicing and maintaining the “wet-wing™ type of
fuel system. a primary consideration is the proper seal-
ing of the wing seams and the components attached to
the tanks. During manufacture, an approved sealing
compound consisting of a liquid or semiliquid
synthetic-rubber compound is wsed in all scams,
around rivets and bolts, and in any area where a leak
could develop. After fabrication, the tank areas are
“slushed™” with a liquid compound which, in eflect.
forms a bladder or continuous coating inside the area
to form a positive seal. Details of some of the sealing
construction are shown in Fig. 16 - 28. When a repair is
made, the seal must be restored to the same effective-
ness as the original.

Components of the fuel system which are removable
from the tanks are provided-with special types of sealed
fasteners as shown in Fig. 16 - 29. Each fastener is pro-
vided with an O ring or other type of synthetic-rubber
sealing unit to assure that no fuel can pass the fasiener.

szical of the fuel valves used for jet-aircralt svstems
is the one illustrated in the drawing of Fig. 5-13.
These valves have large-diameter openings to permit
r?‘pid flow of large quantities of fuel. The valve consists
of a slide moved across the opening by an electric
motor. The motor is reversible and s provided with
limit switches to prevent overtravel. Each valve has an
override to permit operation in case of motor failure.
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1. Continuous fuel flow must be provided for each
engine. The individual engine draws fuel from its
own tank, which is called the “engine service
tank.” This tank is kept filled automatically from
the auxiliary tanks until the latter are exhausted.

. 1t is necessary to establish a predetermined order
for the emptying of the auxiliary tanks so that an
automatic system may be designed to control the
operation in the most desirable order. This sys-
tem is controlled by means of Tloats or electronic
sensing devices which signal for the operation of
pumps and valves as necessary. The order of
emptying may vary between large and small air-
planes. or in airplanes of the same size but of dif-
ferent design, to meet stress or trim requirements,
but the sequence in all cases should be fixed and
fully automatic. -

. Booster-pump equipment should be in all fuel
tanks except those which are externally mounted.
Fuel may be forced from externally mounted
tanks by air pressure. External tanks used with
fighter aircraft are often of the “droppable™ type
and are used merely to give the aircraft a greater
range. As soon as the fuel is consumed from
these tanks, the tanks are released in order to

reduce aircraft weight and drag.

4. Emergency fuel feed to the engine fuel system
should be arranged so that fuel from any aux-
iliary tank may be supplied under adequate
booster-pump pressure directly to the engine
fuel system.

5. Provision should be made whereby the norma.

fuel supply to the engine fuel system at boost

pressure will be uninterrupted for a specified time
in any operating altitude of the airplane.

Automatic air-supply cutoffs on the air-frame

side of external or intemal droppable fuel-tank

disconnect joints are needed to shut off the au
pressure when the tank is emptied or dropped.

1. Purging systems should he provided to fill th
empty tanks with inert gas so that the danger o
fire or explosion is reduced. This precauton is
particularly important for combat aircraft.

8. It is well to provide for the automatic estahlish
ment of emergency fuel feed to the engine in the
event of failure of the engine-service-tank bousier
pump. This automatic emergency svstem shoulc
come into operation at any time that fuel pres-
sure from the engine service tank fails.

b

Fuel Systems for Large Aircraft

As mentioned previously, the fuel system for a large
jetairplane is quite complex. The requirements for such
systems are set forth in Federal Aviation Regulations
(EAR]‘ Part 25. In addition to the normal purposes of
storing fuel and delivering fuel to the engines, the sys-
tem is equipped for rapid pressure fueling and defuel-
ing. fuel deicing, and for dumping fuel in flight. The
tanks. lines, fittings, and operating componenis must
be compatible with all fuels meeting the engine manu-

facturer’s specification.

Each fuel 1ank for a transpori-type aircraft must be
vented from the top part of the expansion space so that
venting is effective under any normal flight condition.
In addition, each vent must be arranged to avoid stop-
page by dirt or ice formation. The vent arrangement
must prevent siphoning of fuel during normal opera-
tion. The venting capacity and vent pressure levels
must maintain acceptable differences of pressure be-
iween the interior and exterior of the tank during nor-
mal flight operation, maximum rate of ascent and

descent. and during refueling and defuciing

Airspaces of tanks with interconnected outlets must

be intercennecied. and there must be no point in any
vent line whore moisture can accumulate with the au-
plane in the ground awitade or the level flight position
unless drainage is provided. 3

No vent or drdinage provision may end at any point
where the discharge of fuel from the vent outler would
consttuie a fire hazard or frem which fumes could
enter personnel compartments.

2
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On the Boeing 727 airliner, all fuel is stored withi»
vented areas of the wing and wing center section. The
fuel storage areas are divided into three main tanks a:
shown in Fig. 16 - 25. The tank sections in the wings are
integral tanks, utilizing the sealed structure of 1
wings to retain the fuel. This is called a “wet-win
fuel-tank system. Removable. bladder-type fuel cell:
are used in a ventilated wing-center-section area as:
part of 1ank No. 2. Fuel can be pumped into the tan
from a ground source through an underwing. pressu..
fueling station. The pressure fueling system provide
rapid loading of all tanks simultaneously or eachta -
separately for partial or total filling. Rapid defuel
of the tanks can be accomplished through the pressur
fueling receptacles. Only tanks No. | and 3 are pr
vided with overwing fueling ports. An electro
capacitance-type. fuel-quantity indicating system
provided to indicate the amount of fuel contained
the tanks. A manual method of mechanical gag
through the use of drip sticks is provided for use on
ground.

Fuei is delivered from the tanks to the engin
through a fuel feed system which permits fuel 1o be s
plied from any tank to any or all engines. The fuc.
pumped from the tanks by individually controlle
electric-motor-driven boost pumps. Fuel from
pumps is normally delivered directly to the engine f
lines or through a crossfeed manifold. Fucl from t
pumps can also be delivered through fuzl-dump vals
or a defueling valve inte the fueling and fucl-du




Fuel Systems
and Controls

Problems of fuel-system design

The rapid development in turbojet and turbo-
prop engines since the advent of the Whittle en-
gine has, with the muliplicity of new require-
ments. added such funcuonal complexities to
the fuel system as to make its engineenng one
ol the major tasks in the design of airplanes’
equipped with either of these types of power-
plants.

Amuong the problems which have arisen are
location of fuel tanks, provision for relief of fuel
_vapors caused by boiling fuel (resulting from
rapid decrease in atmospheric pressure when the
aircrafl climbs to high altitudes), development
of automatic scheduling of fuel from the many
tuel tanks, and development of engine fuel-
control units to meet the complex requirements
of the engine. In order to relieve the pilot of the
many details required in engine operation and
control, it has been necessary to develop con-
trols which would automatically adjust fuel flow
to the needs of the engine under all conditions.

With modern high-pressure-ratio engines, the
problem of mmﬁ:cssm' stall and surge has be-
come critical. This has necessitated additional
control for fuel flow so that the engine would not
be permitted 1o enter the area of surge and stall.

In airplanes powered with reciprocating en-
gines, the fuel system with which the air-frame
engineering staff is concerned begins with the
fuel 1anks and ends at the carburetor inlet. The
only control required between these points is fuel
pressure. The rate of delivery is automatically
controlled by the carburetor as a function of air-
mass flow in the induction system. Thus, the

fuel-system engineer has only the relatively sim-
. ple problem of delivering fuel to the carburetor
at the required pressure (which is low) and in
sufficient volume to meet the engine demand.
Moreover, he has a rather wide choice of proved
and reliable fuel-system accessories to do the
job.
On the other hand, the gas-turbine fuel sys-
tem, while beginning at the fuel tanks, has no

carburetor and may extend 10 and even include
the fuel nozzles, since some of the contrd fune-
uons may nclude fuel-nozzle churactersstics
The rate of fuel delivery 1s no longer a tunction
of air-mass How alone but must be controlled
as dictated by several other conditions, some of
which may be required 1o override others accord-
Ing to thewr momentary relutive importance,
Moreover, the required fucl pressure ranges
from five 10 twenty times the pressure needed
for rec.procating-engine fuel svstems, a fact that
adds appreciably to the fuel-pump and accessory
design problems. '

On modern gas-turbine fuel svstems, amaz-
ing progress has been made in solving the many
problems relating to the fuel systems and fuel
controls. Adequate fuel control has proved to
be one of the principal factors in the develop-
ment of high-performance gas turbines; how-
ever, the modern hydromechanical fuel-control
units have performed wonders in meeling the
requirements of these engines.

Types of fuel systems

In general, the gas-turbine engine fuel systems
found thus far to be the most sausfactory may
be divided into two parts:

l. THE AIR-FRAME SYSTEM. This consists of fuel
tanks, with their connecting lines; float-operated
fuel transfer control valves; selector and shutoff
valves to establish an emergency system; fuel-
tank booster pumps; heaters; and flow meters,

2. THE ENGINE SYsTEM. This includes all filters,
fuel-control units, engine-driven fuel pumps,
flow dividers, pressurizing valves, drain valves,
after-burner fuel controls, and fuel nozzles.

The engine fuel system usually includes an
emergency system to supply fuel to the engine in
case of main-system failure. In some cases the
emergency system is a duplicate of the main

system, while in others the emergency system is
not fully automatic and must be controlled care-
fully by the pilot. With the nonautomatic type
of emergency system, the pilot must accelerate
and decelerate slowly or there will be danger of
rich blowout, lean blowout, stall, or overheating
of the turbine area.

THE AIRPLANE FUEL SYSTEM

Requirements

Airplane fuel systems for turbine-powered air-
craft usually vary in design from one aircraft
model to another; however, there are certain

essential requirements which almost any system
must meet.
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ponents and the control lines to the outflow-valve
pneumatic relays. The control line from the automatic
controller connects to the manual controller, and

another line from the manual controller connects to
the outflow-valve pneumatic relays. A small orifice in
the manual controller pressurization valve provides a
high-pressure reference for the automatic controller. A
line from the isobaric control valve port to the throat of
a cabin-to-ambient (ambient pressure means the pres-
sure surrounding the outside of the airplane) venturi
provides the low-pressure reference for the automatic
controller.

The cabin rate-of-change selector controls the rate of
change of cabin pressure and can be set for rates from
50 to 2000 (==500) ft per min, though it is not cali-
brated. The rate-selector setting ts an orifice
which regulates the rate of airflow between control
chamber and rate chamber. Cabin pressure follows
control-chamber pressure via the outflow valves;
therefore, the rate of cabin-pressure change will follow
the rate of control-chamber change.

The 8.6-psi pressure-differential valve maintains a
maximum pressure differential of 8.6 psi between cabin
and ambient pressures, overriding cabin-altitude selec-
tions that would require more than 8.6 psi differential.

The cabin barometric correction selector corrects
landing-field altitude for the barometric condition at
the landing field, thus contributing toward an unpres-

surized cabin at landing. The cabin-pressure manual -

controller permits regulation of cabin pressure in case
‘the automatic controller malfunctions or becomes
‘inoperable. Having an independent low-pressure
(cabin-to-ambient pressure venturi) and high-pressure
\cabin-pressure) source, the manual controller will
override any pneumatic signal from the automatic con-
trolier to the outflow valves. By adjusting the manual
control, pressure in the outflow valve relays may be
regulated to adjust outflow valve exhaust opening for
desired pressunization. The controller consists of a
chamber with a pressurization valve and a depressur-
ization valve adjusted by a camshaft which is moved by
a manual control selector. The manual controller is on
the third crewman’s panel. _

The cabin-pressure manual control selector consists
of a dial, an indicator, and a control knob. The knob
moves a camshaft which adjusts the pressurization and
depressurization valves so that when the knob indi-
calor points to the right, pressure increases; when the
indicator points to the left, the pressure decreases.
Fither operation overrides the automatic controller,
“When the knob indicator points to “AuTo,” the valves
in the manual controller are closed, and only the auto-
matic controller remains effective.

Two cabin-pressure outflow valves, mentioned
previously, provide cabin-pressure regulation, cabin-
aintude limiting, vacuum relief, and positive pressure
reliel. These valves are located to the right and left of
ihe bottomn center line of the airplane, to the rear of the
alt bulkhead of the aft cargo compartment. Each valve
assembly includes a pneumatically balanced poppet
valve with a vacuum relief diaphragm, a control cham-
ber, 2 cabin air port and filter, a positive pressure relief
valve, a pneumatic relay, a jet pump, an atmosphere
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port, a cabin-altitude limit control, and a ground ven-
turi port.

The poppet valve assembly moves to regulate air
passing from the cabin as pneumatic signals are
received from the automatic or manual control through
the pneumatic relay to the control chamber. The safety
valves' positive pressure relief and cabin-altitude
limiter also move the poppet valve by changing
control-chamber pressure. Thus, the poppet valve
either maintains a selected pressure or effects a change
at a selected rate.

A vacuum-relief diaphragm lifts to contact and raise
the poppet valve-assembly to admit ambient air when
ambient air pressure becomes higher than cabin pres-
sure. The vacuum-relief system overrides automatic or
manual control signals.

The positive pressure relief valve causes the outflow
valve to open and exhaust air when differential be-
tween cabin and ambient pressure exceeds 9.42
(%0.15) psi. This function overrides automatic or
manual control signals. The positive pressure relief
valve is built into the outflow valve and consists of two
chambers divided by a spring-loaded diaphragm.

Summary of air conditiening

In the foregoing section we have given a brief
description of the principal functions and components
of a typical air-conditioning system for a jet airliner.
Numerous details have been omitted because space
does not permit their description. The technician is
reminded that he should consult the manufacturer's
maintenance manual for service instructions and for
information on the finer details.

Air conditioning includes heating, ventilating, cool-
ing, and pressurization. The methods used for each of
these functions have been explained, and the principal
units have been described. The illustrations will assist
in providing understanding of the systems and
components.

Heating for an aircraft is accomplished by drawing
air across a heated exhaust manifold, drawing air
through a combustion heater, or utilizing the heated
air from the compressor of a jet engine. :

Ventilation is accomplished as air is caused to flow
into and out of the cabin.

Cooling is provided by refrigeration-type coolers in
which a refrigerant, such as Freon, is compressed.
cooled, and evaporated to produce low temperatures
and by air-expansion coolers where the expansion of
compressed air produces low temperatures.

Pressurization of the airplane cabin is accomplished
by directing compressed air into the cabin from engine
compressors or engine-driven compressors. The pres-
sure in the cabin is controlled at the desired level
through the use of outflow valves which are regulated
by means of automatic pressure controllers. Suitable
instruments such as altimeters and rate-of-climb indi-
cators are used to show the cabin pressure and rate of
pressure change.

The pressurized compartments of the airplane are
sealed at the seams 1o eliminate undesired leakage of
air. The structure is designed to withstand the internal
applied pressure.




duct system takes air through ducts between the side-
wall and interior lining and releases it through the cove
light grills. A selector valve at the main distribution
manifold controlled from the control cabin permits
using all overhead, all hot-wall, or any combination of
the two distribution methods.

All the distnbutign systems originate in the air-
conditioning distribution bay. The gasper distribution
system originates at the cold ports of both air-mixing
valves and the conditioned-air distribution systems
originate at the main distribution manifold. A drawing
of the air-conditioning distribution bay is shown in
Fig. 16-6.

Duct sections throughout both cabins are joined
with clamps or tape. Means of equalizing the pressure

in the ducts and headers and of balancing the flow
from the outlets have been designed into each system.
The distribution system ducts are protected against
excessive pressure by a relief valve on the main distri-
bution manifold. :

The main distribution manifold is common to all the
condifioned-air distribution systems. It is installed
immediately downstream from the mixing chambers in
the air-conditioning distribution bay. Protection
against excessive pressure is afforded by means of a
relief valve located as shown in Fig. 16+ 6. The relief
valve is a spring-loaded flapper valve with a tension of
68.5 Ib on each of two springs. The valve is designed to
limit the distribution pressure to a maximum of 18 in.
of water. _

Approximately 10 percent of the conditioned air is
directed to the airplane control cabin. This is accom-
plished by the control-cabin flow-limiting venturi.

A dual selector valve divides the total passenger-
cabin conditioned-air flow between the overhead dis-
tribution system and the sidewall distibution system.
The selector valve consists of two butterfly valves
installed in the main distribution manifold. One con-
trols air flow to the overhead duct riser and the other
controls air flow to the passenger-cabin sidewall air
distribution manifold. The valves are designed so that
when one is fully closed the other is fully open and vice
versa. The selector valve is controlled by a lever
mounted in the control cabin. The lever can be oper-
ated by the third crewman from his seat.

Air is exhausted from the passenger cabin through
air-exit grills and outflow holes in the sidewall just
above the floor. It then flows around the cargo-com-
partment walls, where it assists in compartment
temperature control. Some air then flows to the cargo-
heat-distribution duct under the compartment floor
and is discharged overboard through the cargo-heat
outflow valves.

Part of the cabin air flows overboard through the two
pressure-system outflow valves located in the rear of
the aft cargo compartment. These valves regulate
cabin air pressure. .

Below each hole in the floor where air is exhausted
from the passenger cabin to the cargo compartment is
a flotation check valve. This valve consists of a plastic
ball retained by a cage. If the cargo compartment
should become Hooded, the ball will float up in its cage
and block the hole to prevent flooding of the passenger
cabin from the cargo compartment.

Pressurization control system

The pressurization control system is a pneumatically
operated system which meters the exhaust of cabin
ventilating air -to provide controlled pressurization of
the control and passenger cabins, the electronic com-
partment, both cargo compartments, and the lower
nose compartment. Safety features of the system
override selected control settings to prevent a pressure
condition harmful to passengers or airplane structure.

The pressurization control system maintains con-
stant low-altitude cabin pressure during airplane flight

at high altitudes and controls the rate of pressure
change in the cabin. Positive pressure relief at 9.42
(==0.15) psi pressure differential is provided to protect
the airplane structure in the event of a pressure control
system failure. _

A negative pressure relief mechanism lets air into the
cabin when outside pressure exceeds cabin pressure
and limits the negative pressure differential to 10 in. of

- water. A barometric-correction selector helps select

proper landing-field altitude so the pressure differential
at landing may approach 0 psi.

A cabin-altitude limit control will maintain a maxi-
mum of 13,000 (Z=1500) fi cabin altitude if other con-
trol components fail and as long as the pneumatic
system provides sufficient air for pressurization.

A mode selector switch, when placed in the GrOUND
VENTURI position, moves the outflow valves full open
{for ground operation of the air-conditioning system.

The pressurization control system consists of one
‘automatic controller, one manual control, two outflow
valves, one test valve, one mode selector switch, two
cabin-to-ambient venturis, and one fan venturi. The
schematic drawing of Fig. 16 - 7 shows the relative posi-
tion of these units in the system.

The indicating system includes a rate-of-climb indi-
cator to show rate of pressure change in the cabin, an
altitude warning horn to indicate low cabin pressure,
and a dual altimeter and differential-pressure indicator.

During normal operation of the airplane, pressurized
air is delivered from the pneumatic system, through the
air-conditioning-and-distribution system to the pres-

-surized compartments of the airplane. The desired

cabin pressure and rate of pressure change are selected
on either the automatic controller or the manual con-
trol. These controllers pneumatically signal the outfiow
valves so that the valve openings to the outside increase
or decrease to vary air outflow in order Lo maintain the
desited pressure. The automatic controller also regu-
lates the rate of pressure change in the cabin and limiis
pressure differential between the interior of the cabin

- and the outside to 8.6 psi.

The pressurization control system components are
shown in Fig. 16 - 7. The device at the lower left of the
illustration is the cabin-pressure automatic controller,
that at the upper right is the rate controller, and the
unit at the lower right is the manual controller.

The cabin-altitnde selector controls isobaric (con-
stant-pressure) operation and can be set for cahin
altitudes from 1000 ft below sea level to 10,000 It alu-
tude. The selector dial also shows maximum airplane
altitude (isobaric operation) for the selected cabin
altitude and barometric correction. The selector sciting
affects the outflow valves through the controller com-
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Figure 5-]1] Schematic diagram of a cooling pock. (Boeing Co.)

The air-cycle machine is a cooling unit consisting of
an expansion turbine on a common shaft with a com-
pressor. The shaft is bearing-mounted in a housing to
support the rotating turbine and compressor. A wick
extends from the shaft to the bottom of the oil sump
formed by the housing for lubrication of the moving
parts. A filler neck and filler cap with a dipstick is pro-
vided on each side of the housing.

The air-cycle machine is located in the midbody
fairing between the duct leading from the primary heat
exchanger and the duct to the water separator. A duct
from the compressor and another to the turbine con-
nect to the secondary heat exchanger. The turbine
mounts are connected to the airplane structure through
serrated plates to provide location adjustment. There
is one air-cycle machine for each cooling pack.

As explained previously, the aircycle machine cools
compressed air by expansion. When the air is origi-
nally compressed by the engine compressor, its tem-
perature rises in approximate proportion to the rise in
air pressure. The heated compressed air is passed
through the primary heat exchanger, where some of the
heat energy is removed. It is then directed to the com-
pressor section of the air-cycle machine.

In the compressor section the air is recompressed
and heated to some extent. This additional heat is
reduced in the secondary heat exchanger, which is
located between the compressor and turbine of the air-
cycle machine. The secondary heat exchanger is iden-
tical to the primary heat exchanger and is located
between Lwo sections of the inboard branch of the ram
air duct. Air from the air-cycle-machine compressor
outlet enters the forward inboard connection to the
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secondary heat exchanger, passes through the cooling
tubes, then returns to the turbine section of the air-
cycle machine. As the air expands across the turbine,
heat energy is expended in driving the turbine and
through the expansion process. Thus the air leaving the
turbine is at its lowest temperature.

Distribution

Air-conditioning distribution utilizes two entirely
independent systems. The individual air distribution
system, also called the gasper system, routes only the
cold air from the air-conditioning packs to individually
regulated outlets in the control and passenger cabins.
The conditioned-air distribution system routes the mix-
ture of hot and cold air to the passenger and control
cabins. e

The gasper system provides each crew member and
each passenger with a method for cooling his local area
to a value different from that provided by the normal
air-conditioning automatic control. Air is received
from the cold side of the temperature control valve and
is ducted to each individual station. An adjustable noz-
zle at each station allows the individual a choice any-
where between no supplementary cold air and full-
system-capacity cold air. '

The conditioned-air distribution system distributes
temperature-controlled air evenly throughout the pas-
senger and control cabins. One duct system supplies
the control cabin, and another entirely separate system
supplies the passenger cabin. The passenger-cabin air
is divided into two systems. The overhead system
releases air into the cabin from holes in a duct running
lore and aft in the passenger cabin ceiling. The hot-wall
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Air-conditioning system for a jet airliner

A typical air-conditioning system for a modern jet
airliner is represented by the system employed for the
Bueing 727 airplane. This system P!‘G‘ﬂd\ts cundltlunqd.
pressurized air to the control cabin, passenger cabin,
lower nose compariment, forward cargo compartment,
air-conditioning distribution bay, and aft cargo com-
partment. 3 ) i ;

The air supply is furnished by engine bleed air when
in flight and from engine bleed air, a ground pneu-
matic supply cart, or a gmu:_ld conditioned-air supply
cart during ground operation. Part of the warm-
air supply from the engines (or pneumatic®cart, if on
the ground) is passed through the mr-!:andn!omng
pucks to be cooled. The cold air is then mixed with the
remainder of the warm air as required to obtain the
temperature of air called for by the temperature con-
trol system. This conditioned air then_passes into the
control and passenger cabins through the distribution
system. After the air has passed through the cabins, it
is exhausted through a number of outlets. The com-
bined air from all outlets other than the pressurization
outflow valves, however, is limited to a value less than
that which enters the cabin from the air-conditioning
system. ‘I'he outfiow valves are regulated to exhaust
only that additional quantity of air required io main-
tain the desired pressure in the cabin. '

Other air outlets include the galley vent, lavatory
vents, equipment-cooling outlets, the ground condi-
tioned-air condensate drain, water-separator drains,
the pressunzation controllers cabin-to-ambient ven-
turis, and the -cargo-heat outfiow valves. The cargo-
heat outflow valves normally remain open to provide
warmth around the cargo compartments, but they may
be closed by a switch on the third crewman's panel

Engines No. | and 3 furnish eighth- or thirteenth-
stage air, depending upon engine power setting and
air-conditioning demand, for air conditioning during
normal operation. Eighth-stage bleed air from ::?in:
No. 2 is also available as an alternate source. Bleed air
from engines No. 1 and 3 passes through a heat ex-
changer (precooler) to reduce the air temperature to
approximately 370°F. A precooler controller and mod-
ulating valve combine to maintain the correct tempera-
ture. If difficulties occur in the controller, a thermo-
switch prevents excessively hot air from entering the
air-conditioning system by closing the bleed-air shutoff
valve. Air flow 1o each air-conditioning system is
regulated by a flow-regulating servo and medulating
valve.

The air-conditioning system for the Boeing 727 air-
plane consists, by function, of four subsystems. These
are for cooling, temperature control, distribution, and
pressurization control. These subsystems are shown
schematically in Fig. 5-]()Another schematic-type
drawing which provides a more realistic illustration of

the system is shown in Fig. §-] ] This drawing gives .

the relative position of the various components of the
system and can be studied in connection with further
descriptions given in this section.
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Cooling pocks

The cooling of air for the Boeing 727 airplane is pro-
vided by means of two cooling packs. These packs also
remove excess moisture from the air. With the excep-
tion of the water separator, which is located in the
distribution bay, all cooling-pack equipment is con-
tained inside the center fuselage fairing.

The cooling devices used in the cooling packs consist
of a primary beat exchanger, a secondary heat ex-
changer, and an air-cycle machine. The heat ex-
changers are of the air-to-air type with heat being
transferred from the air going through the packs to air
going through the ram air system. The air-cycle
machine consists of a turbine and a compressor. Air
expanding through the turbine drops in temperature
as the energy is extracted {or the major cooling in the
pack. An aircooling pack is shown in Fig. 570 Inthe
drawing it can be seen that engine blced air passes
through the primary heat exchanger for initial cooling,
then through the air-cycle-machine compressor,
through the secondary heat exchanger, and then
through the expamnsion turbine of the aircyde
machine. At this point the air is at its lowest tempera-

ture since the heat energy has been extracted by means
of the heat exchangers and the expansion turbine.

Protection from overheat and overspeed of the air-
cycle machine is provided by two thermal switches.
One thermal switch senses compressor discharge tem-
perature to close the pack valves when an overheat
condition exists. The other thermal switch, located in
the turbine inlet duct, closes the pack valves to prevent
overspeed.

As the air cools, its moisture content condenses. The
moisture is atomized so finely, however, that it will stay
in suspension unless a special moisture-removing
device is employed. This is the function of the water
separator. Moisture entering the water separator is pre-
vented from freezing by an anti-icing system. An
anti-icing thermostat in the water separator actuates a
35°F control valve in a duct between the primary heat-
exchanger exit and” the water-separator inlet. The
valve opens to add warm air if the turbine discharge
temperature approaches the freezing temperature of
water.

- The primary heat exchanger is the first unit of the
cooling packs through which engine bleed air passes
to be cooled. The unit is rectangular and is located
between two sections of the ram air duct. Two plenum
chambers in the heat exchanger are connected by a
bank of tubes so as to allow maximum surface expo-
sure of each tube to ram air passing across the outside

of the tubes. Hot airenters one plenum chamber from
the pneumatic duct at the aft inboard side of the
exchanger. It is cooled as it passes through the tubes to
a header and returns through tubes to the other plenum
chamber, then leaves by way of the air-cycle-machine
duct connected to the forward inboard side of the heat

exchanger. There is one primary heat exchanger for
each cooling pack.




svslem aznnst sudden pressure sufges. A fland bine o
contieted W the flurd cod of the accumulator amd 4
nitruzen hine i connected o the apposite end The
accumulator s mounted verucally in the arrplane wili
the lud end at the twp. On the matrogen eid o
vonnected o4 direct-pressure gapge. a pressufe Lrams-
mutter, and 4 nitrogen charging valve. The pressure

transmutter s connecled electrically to the pressure
gape on the third crewman™ panel i the caban

The preload gas pressure placed m the accumulator
15 approxunately 2000 pa when the smbient temper-
ature a5 63 o TO'F; henve the presure gages waill

indicate 2000 psi when the system is nol in operatin

and is depressurized. When hydraulic pressure s
applied above 2000 psi, the accumulator will bepin 1o
charge, and® the nitrogen will- be compressed 1o g
pressure equal to the hydraulic pressure. The pressure
gages will then show system pressure.

The accumulator is installed in the afl-stairwell lefi
sidewall. The accumulator charging valve amd dirccr-
reading page are located aft of the leli-wing Buning
area and arc accessible through an access dusor.

Vealves

The valves incorporated in system A are the reficf
valve, hydraulic supply shutoff valve, ground inter-
connect valve, brake interconnect valve, and bypass
valve. '

The purpose of the relief valve, discussed pre-
viously, is 1o protect the system against cxeessve
pressure. 1t is set to relieve at 3500 (=50) psi and
reset at 3100 psi minimum.

The hydraulic supply shutoff valves are provided 1o
stop the flow of hydraulic fluid 10 the engine area.

sPACE®

These valves are elecirically operated and are s
matically shut off when the engine e switch
operated. They are also operated from switches on the
third crewman's panel.

| hic ground interconnect valve 1s provided so system
A can be pressuriced for ground vperauon and tesi-
myz through system B. System B is pressunized by
clectreally driven pumps; hence it can be operated
wilhoul runmng the engines. 5

I e brake interconnect valve connects system A (o
the hrake system when system B s inoperative and the
hrake system s intact. This allows brake operation
and  brake-accumulator charging using system A
pressure. The valve is electrically operated by a switch
vt the therd crewman’s paneld,

The bypass valve is installed in the modulator unit
o provide lor depressurication of the system during
ground maintenance operations. The valve provides
a Wow of unly 5 gpm; hence the system will operaie
when the engines are running, even if the valve is open,
Hemember that the engine-driven pumps furnish
22 ppm cach ot full-low position. Dunng flight, the
by pans valve is lockwired in the CLOSED position.

System B ond slondby system

The ~vstem B oand standby systems were discussed
varher in this chapter; since their operation is similar
1o that expluined for system A (except for specific
funcuon and source of hydraulic power), it 15 not
deemed essential that their details be described fur-
ther. Servicing and repair of any of the sysiems must
he done w accordance with the maintenance practices
piven in the manufacturer's manual or in the main-
tenance orders provided by the air carrier; hence
further discussion here is not necessary.

REAR SPAR -— =

TUBIHNG COILS

WIHG STRUCTURE

DUMTING CLAMP (3 PLACET)

Bystem A Hydraulic Fluid Heat Exchanger




- PUMP LOW PRESSURE
o !]':'!l' WARHIHG SWITCHES
ACCUMULATOR —— | — .
BYPASS YALVE
PORT 5 TO
ACCUMULATOR
PORT 1 PORT &
PUMP PRESSURE TOSYSTEM A
SUPPLY :
PORT 4 2_ PORT 2
TO SYSTEM A ;:-':i;l'l:rnsssune
CHECK 1
YALYES e -—
T —
PRESSURE RELIEF
FILTERS i 1 YALVE \
PORT 3
RETURM

Figure 5-7 Modular unit.

Modular unit

The modular unit for system A is shown in the
drawing of Fig. 5-7. As shown in the drawing, this
unit contans lilters, check valves, a relief valve, a by-
pass valve, and pressure-warning switches. By bring-
mg these units wgether in one case, the maintenance
ol the system is simplilicd. A schematic flow diagram
ol the modular unit s shown in Fig. 5-8.
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Figure 5-8 Schematic flow diagram of modular unit.

Heaot exchanger

Because ol the high pressures involved in the system
and the high rates of fluid flow, the hydraulic fluid
becomes heated as the subsysiems are operated. For
this reason it is necessary to provide cooling for the
fluid. The heat exchanger, shown in Fig. 5-9,isa heat
radiator similar in design and construction to an oil
cooler for an engine. Note that the heat exchanger is
equipped with a temperature-operated bypass valve
to increase the fluid flow through the cooling element
as lemperalure rises.

One heat exchanger is installed in each engine-
driven pump-case drain return line. Each heat-ex-
changer unil consists of an inlet scoop, cil cooler,
cjector duct, exhaust outlet, engine bleed-air ¢jector
nozzle, and an air<cjector shutoff valve. The heat
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- exchanger for the No. 1 engine pump is in the No. |

engine strut, and the heat exchanger for the No. 2
engine pump is in the tail section of the airplane on the
right side. Cooling is provided by ram air in flight and
by engine blecd-air ejection when the airplane is on
the ground.

temperature-operated bypass valve in the oil-
cooler fluid inlet controls the volume of return fluid
circulating through the oil cooler. At fluid tempera-
tures above 100°F the bypass valve starts to close,
porting return fluid through the-oil cooler. At a fluid
temperature of 155°F (£5°F) the bypass valve will
be fully closed, porting all return fluid through the oil
cooler.

FLUID FLUID
QiL DPER-E?E
]
COOLER ] BYPASS VALVE

o

|
Y
-~

e e e e e ]

Figure 5-% Heat-sachanger cooling unit.

-Accumulator

The accumulater for system A is a cylindrical, free-
floaling piston-type unit, precharged with nitrogen .
gas. As explained previously, the purpose of the unit
is 1o store fuid under pressure and Lo protect the




the reservoir pressure drops below (L50 psi under
amhbicnt pressure, In this case, air entering the reser-
voir is liltered by the vent Glter. A schematic drawing
of the reservoir pressunzation system is shown in Fig.

54,
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Figure 5+4 Reservoir pressurizafion system.

Engine-driven pumps

As explained previously, the engine-driven hydrau-
iic pumps arc of the variable-displacement (VD) type.
Each pump has a maximum displacement of 1.77 cu
in. per revolution and at 3000 rpm delivers approxi-
mately 22% gpm at 2850 psi. Pump discharge pressure
is limited by a pressure compensator and each pump
may be depressurized by an elecirically controlled
depressurizing valve.

The control mechanism for the variable-displace-
ment pump is shown in Fig. 5-5. It will be remem-
bered that the output of a VD pump is determined hy
the angle of a cam plate which rotates 10 produce
a reciprocating action of the pump pistons. The cam-
plate angle is changed by varying the position ol the
hanger upon which it is mounted. Figure 14 -5 shows
schematically how the hanger position is changed as
required by the output pressure of the pump.

In the wp drawing, the pump pressure is high (3000
psi) und the cam plate is level; hence there is no
reciprocating motion of the pumnp pistons and no fuid
outpul. Observe that the high pressure is acting against
ihe high-pressure compensator spool valve, thus moving
the valve against a spring and allowing fluid to be
dirceted around the low-pressure compensutor spool
und on 1o the end of the stroking piston. The stroking
piston forces the hanger o the left against the rate
prston spring, thus bringing the cam plate 1o the No-
FLOW pusition.

PORT CAP
INLET

CAM PLATE
SPRING

HANGER TRUNMION
ROLLER BEARING

DLD DOWN PLATE
BALANCE SHOE

INTERNAL DRIVE SHAFT

The lower drawing shows the position of con-
tdling clements when the system is using fluid and
the cam is in the FULL-FLOW pusition. Since syslem
pressure has dropped, the spring has pushed the high-
pressure comnpensator spoul to the right, thus opening
passages so the Auid pressure apgainst the stroking
prsten s released. The rate piston spring has moved
the hanger o the right against the stroking piston and
changed the angle of the cam. The cam can be
seen clearly in the drawing of the pump in Fig. 5-6.

BLOCKING VALVE

HIGH PRESSURE OUTLET

HIGH PRESSURE — PLUMP DISCHARGE

COMPENSATOR

PUMP DEPRESSURIZING

LOW PRESSURE VALVE

COMPEMSATOR

DRAIN TO CASE ——t--

RATE STROKING PISTON

PISTON HANGER

FULL PRESSURE, NO FLOW CONDITION

FULL PRESSURE, FULL FLOW CONDITION

Figure 55 Control system for variable-displacement
pump.

CARBON FACE SEAL

Figure 5+6 Cutoway drawing of vanable-displacement pump.
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Schematic diogram of system A,
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are Jucated.

When it 1s neveszary to replace a tubing assembly,
the techmician should obtain a8 new whe assemibly
having the same part number as the existing assembly.
However, tube assemblics whose dash numbers bave
an X7 sullix are not stocked as spares: they can only
be replaced by bending another tube assembly to the
same contour [rom the sume matenial as the existing
tube assembly.

Flexible hose used in the hydraulic systems is made
of Teflon and designed for high pressure or medium
pressure. High-pressure hoses are used in the pressure
lnes and medium-pressure hoses are used in supply
hines, return lines, and brake lines,

Servicing of any particular airplane hydraulic
system must be accomplished according to the specific
mstructions 1ssued by the manufacturer for the par-
ticular airplane. On the Boeing 727, the servicing
station is located in the aft lefi-wing fairing area and
is accessible through an access door. The filling
equipment consists of a manually operated hand
pemp. reservoir selector valve, system A and standby-

LT
-“% EvearLgs ront ‘\‘-H-ll#-—:
e
Figure 5+2 Hydraulic equipment in filling crea.

system fluid-quantity indicators, service connection
for external fluid servicing, and the necessary tubing

and hydraulic lines. The arrangement of the eguip- ~

ment in the filling area is shown in Fig. 5-2
Hydraulic powar system A

Hydraulic systemm A, illustrated in the schematic
drawing of Fig. 5-3, is powered by engine-driven
hydraulic pumps mounted on engines No. | and No.
2 Engine No. | is mounted in the pod on the lefl rear
portion of the fuselage; engine No. 2 is in the venter
of the fuselage near the tail of the airplane. As
previously mentioned, system A supplies a fluid
pressure of 3000 psi to operate the outboard fight
spoilers, ground spoilers, ailerons, leading-edge flaps,
landing pear, nose-wheel steering and brakes, eleva-
tors. lower rudder, and main-wheel brakes when the
brake interconnect valve is open.

System A includes the equipment necessary to store,
pressurize, deliver, control, monitor, and filter the
hydraulic fluid to operate the systems previously
noted. Hydraulic fiuid for the system is stored in a
reservoir which is pressunized by engine bleed air
routed through a filter and a pressure regulator 1o
insure a positive supply of hydraulic flud 10 the
pumps. Two supply shutoff valves controlled by either
separate engine fire switches or separate hydraulic
shutoffl switches are installed downstream of the
reservoir to siop the fow of hydraulic Busd to the
engine area in case of an engine falure or fire.

Two variable-displacement enginc-driven pumps
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supply fluld to the vanous sysiems upon demang.
Fach pump is equipped with an clectricallv contrulled
dcprrssurillng valve to depressunize the jmmp when
outpul 15 not required. As cxplained previously,
vanable-displacement pump s privided with .n
auwomatic control such that o will deliver fluid under
pressure as needed for operation but will nut he
pumping fluid when there is no need for i

A filter in the pressure line from cach pump tilters
the fluid before i enters the vanous subsystems A
pressure switch in the pressure line from cach pump
1s connected 10 a pump low-pressure warning light on
the third crewman’s panel to provide an indiciton o’

low hydraulic pressure. A piston-type accumulator is
provided in the system to absorb sudden pressure
surges. Pressure gages in the control cabin and accu-
mulator servicing station are connected to the gas side
of the accumulator to monitor hydraulic pressure when
the system is pressurized and accumulator preload
when the system is not pressurized. The accumulator
preload consists of nitrogen gas under pressure
(approximately 2000 psi when the sysiem is de-
pressurized). .

A pressure reliefl valve protects the system against
damage in case a malfunction permils the pressure 1o
fise to an abnormally high level: A pump-case drain
filter in each pump return line is provided to detect
incipient pump failures and to filter return-line fluid
before it enters the reservoir. A hydraulic-fluid heat
exchanger in the pump return line is provided to cool
the hydraulic fuid by transferring heat from the fluid
to a cooling airflow. A system return filter just ahead
of the reservoir filters returns fluid from the subsystems
supplied by system A. Hydraulic-fluid overheat is
sensed by a switch installed in the system return filter
assembly and indicated by a warning light in the
control cabin.

A brake interconnect valve is installed to supply
hydraulic power to the brakes from system A when-
ever system B is inoperative and the brake system is
intact.

When the airplane is on the ground, system A can
be depressurized through a manual bypass valve
Placing the bypass valve handle in the oPEN position
connects the pressure and return lines, thus permittin
pressurized fiuid to return to the reservoir. For grou
operation, system A can be pressurized to supply
normal pressure withoul engine operation by attaching
an cxternal hydraulic pressure source to the airplane
at the engine ulic self-sealing disconnect fittings.
System A can also be pressurized without engine
operation by attaching an external electrical ground
power supply to the airplane electrical system, opening
the ground interconnect valve and operating system
B pumps. System B pumps are then feeding pressure
into system A.

Hydroulic reservoir

System A on the Boeing 727 airplane is supplied
with fluid from a 5.4-gal reservoir which is pressurized
to approximalely 45 psi by bleed air from engines No.
1 and 2. Pressurization of the reservoir assures a
pasitive supply of fluid to the engine-driven pumps.

Air from the engine bleed is fed through check
valves, a filter, and a pressure regulator. The regulator
is designed to admit air to the reservoir if the pressure
i below the required amount, and it will relieve air
from the reservoir if pressurc rises above the correct
level. It also acts as a vacuum relief valve when




Hydraulic and
Pneumatic Systems
for Large Aircraft

Hydraulic systems for large aircraft operate according

to.the same laws and principles deseribed fur those of
smaller aircrafl; howewver, the systems are more com-
plex and include many more components. Not only
1s hydraulic power used to operate landing pear, flaps,
and similar devices, but it also supplies power to
operate the airplane controls.

In this section we shall examine a few typical
systems to gain an understanding of their design,
operation, and special fealures. In any servicing or
repair of such systems, the technician must be thor-
oughly familiar with the system and must follow the
instructions given in the manufacturer’s maintenance
manual.

HYDRAULIC SYSTEM FOR
BOEING 727 AIRPLANE

The hydraulic power system for the Boeing 727
airliner is typical of those employed for modem jet-
transport-lype aircraft. These systems are of the high-
pressure type, uiilizing pressures up to 3000 psi. The
advantage of high-pressure systems is that they can
deliver more power for a given weight of fluid and
system components than can the lower pressure
systems.

The Boeing 717 incorporates three separate and
independent  hydraulic power systems. These are
designated “hydraulic system A,” “hydraubic system
B,” and “standby hydraulic system.” Hydraulic Auid
is supplied from two pressunzed reservoirs and one
unpressurized reservoir, each system being supplied

by one of the reservoirs. System A receives fluid under”

pressure from two engine-driven pumps installed on
engines No. | and 2. System B receives fuid under
pressure from two eleciric, motor-driven pumps in-
stalled in the left fairing adjacent to the rear of the
left-wing root. :

The standby system reccives fluid pressure from one
electric-motor-driven gump installed in the lefl side-
wall of the aft stairwell. This system operates only on
demand and supplies hydraulic power for the leading-
edpe devices and the lower-rudder operation.

Figure 5-1 is a schematic diagam to show the
interconnections between wnils in each system and
between the systems. [t will be noted that system A
supplies hydraulic power for the outboard Hight
spoilers, ground spoilers, ailerons, leading-edge flaps,
landing gear, nosc-wheel steering and brakes, eleva-
tors. lower rudder. and main-wheel brakes, when the
brake interconnect valve is open.

System B supplics power to the ailerons, elevators,
inboard flight spoilers, aft airstairs, upper rudder, and
main-wheel - brakes. The interconnections between
system B and system A are shown in the schematic

drawing of Fig. 5-1. Note that certain operating
cumponents are provided with power by both systems.

A modular unit is used in each of the systems
combiming a number of the smaller syslem com-
ponents m one case o simplify, maintenance. The
modular units serve as manifolds directing hydraulic
fuid 10 the various easily replaceable cartridge-type
components. This allows component removal without
disrupting tube connections. As an exumple of the
function of a modular unit, the one installed in system

A contains a pressure filter, two check valves, wo

Figure : 51 _ Schematic of hydraulic power system.

pressure warning switches, a pressure relief valve, and
a bypass valve.

The hydraulic fluid used for the Boeing 727 systems
is Skydrol 500, a fire-resistant, phosphate ester-base,
synthetic fluid. This purple fluid has an operating
temperature range of —65 to +225°F, with a pour
point below —90°F. With this fluid, the seals, gaskets,
and hoses must be made of either butyl rubber or
Teflon. Other materials will soften, swell, or deterio-
rate. As previously explained, Skydrol fluid will causc
damage to ordinary paints and enamels; therefore,
precautions must be taken to prevent spillage. Where
spillage is likely, special protective materials are used.
The technician servicing a system using Skydrol
should take every precaution to prevent the fluid from
coming in contact with his skin or getting it in his eyes.
Protective clothing and goggles or a face shield are
recommended.

Since the hydraulic power system employs pressure
up to and more than 3000 psi, the tubing carrying the
high pressures must be of a material which will with-
stand all pressure to which they may be subjected. All
pressure lines in the systems subject to more than
1500 psi are made of seamless, corrosion-resistant
{stainless-) steel tubing. This tubing is used in class |
fire zones and on the landing-gear structure, regard-
less of pressure. All other lines are made of seamless:
aluminum-alloy tubing. Tubing of ¥-in. outside
diameter or less requires flareless-type fittings. For
pressures under 1500 psi, aluminum-ailoy fittings are
used; for greater pressures, titanium and steel fittings
are used. Tubing of l-in. outside diameter and larger
reguires Based-type fittings. On  this tubing size,
aluminum fittings are used, except in dass [ fire zones
and on the landing-gear structurc where titanium or
steel fittings are used. The technician who repaurs or
services the systems must make sure that all replace-
ment tubes and fittings are of the correct type and
material for the.section of the system in which they

5-70



