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Various Systems of instruments in Boeing 747 Aircraft

Aircraft Instrument Systems

Aircraft instruments are the means of supplying the pilot with information about the aircraft and its operation
could be useful and lead to safer flight. They provide reliable, accurate & continuous information to the pilot by means
of direct reading on dial with pointer or with the help of counters and also provides certain information/waming by
means of audio and visual signal. instrument systems now exist to provide information on the condition of the aircraft,
engine, components, the aircraft’s attitude in the sky, weather, cabin environment, navigation, and communication.

The ability to capture and convey all of the information a pilot may want, in an accurate, easily understood
manner, has been a challenge throughout the history of aviation. As the range of desired information has grown, so too
have the size and complexity of modem aircraft, thus expanding even further the need to inform the flight crew without
sensory overload or overcluttering the cockpit. As a result, the old flat panel in the front of the cockpit with various
individual instruments attached to it has evolved into a sophisticated computer-controlled digital interface with flat-
panel display screens and prioritized messaging.

There are usually two parts to any instrument or instrument system. One part senses the situation and the
other part displays it. In analog instruments, both of these functions often take place in a single unit or instrument (case).
These are called direct-sensing instruments. Remote-sensing requires the information to be sensed, or captured, and
then sent to a separate display unit in the cockpit. Both analog and digital instruments make use of this method. [Figure

1]

instumant sysiem

N o

Figure : There are two parts to any instrument system-the sensing mechanism and the display mechanism

Classification of Aircraft Instruments :

There are three basic kinds of instruments classified by the job they perform: flight instruments, engine
instruments, and navigation instruments. There are also miscellaneous gauges and indicators that provide information
that do not fall into these classifications, especially on large complex aircraft. Flight control position, cabi
environmental systems, electrical power, and auxiliary power units (APUs), for example, are all monitored and
controlled from the cockpit via the use of instruments systems. All may be regarded as position/condition instruments
since they usually report the position of a certain moveable component on the aircraft, or the condition of various
aircraft components or systems not included in the first three groups.
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Various Systems of instruments in Boeing 747 Aircraft

Classification based on function present in Boeing 747 aircraft

Flight instruments (Shows aircraft flight characteristics)
Navigation instruments (Guides pilot along flight course)
Engine instruments (Provides information about the engine)
System instruments (Provides system operation status)

Pe: KR e

Main instruments in Aircraft cockpit

Flight Instruments Navigation Engine Instruments | Systems Instruments
1 st
= Airspeed = Heading = Ol pressure = Hydraulic
indicator Indicator indicator pressure indicator
= ARlimeter « Compass e Olltemperature |+ Vacuum gauge
= Attitude Indicator |« VOR Receiver indicator =  Ammeter
= Vertical Speed = Glide Slope « Exhaust Gas
Indicator Temperature
« Tumn Coordinator e Fuel Flow
Indicator
« Fuel Gauge
=« Tachometer

Fig a) Boeing 747
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Varlous Syntemn of Instromenty in Bocing 747 Aircralt

Flg b) cockpit ol boeing747

I.I'light instruments:

The Instrumants used In controlling the aircraft's flight attitude are known as the flight Instruments.
There are basic flight Instruments, such as the altimeter that displays alrcraft allitude; the airspeed indicator:
and the magnetic direction Indicator, a form of compass. Additionally, an artificial horizon, turn coordinator:
and vertical speed Indicator are flight Instruments present Inmost alrcraft. Over the years, flight instruments
have come lo be situated similarly on tho Instrument panels In most aircraft, This basic T arrangement for
flight Instruments Is shown In Figure 2.
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Various Systems of instruments in Boeing 747 Aircraft

Figure 1.a The basic T arrangement of analog flight instruments. At the bottom of the T is a heading indicator that
functions as a compass but is driven by a gyroscope and not subject to the oscillations common to magnetic direction

indicators

Original analog flight instruments are operated by air pressure and the use of gyroscopes. This avoids the wse of
electricity, which could put the pilot in a dangerous situation if the aircraft lost electrical power. Development of
sensing and display techniques, combined with advanced aircraft electrical systems, has made it possible for reliable
primary and secondary instrument systems that are electrically operated. Nonetheless, often a pneumatic altimeter, a
gyro artificial horizon, and a magnetic direction indicator are retained somewhere in the instrument panel for

redundancy. [Figure 3]

Figure 1b. This electrically operated flat screen display instrument E:._ar or glass cockpit, retains an analog
airspeed indicator, a gyroscope-driven artificial horizon, and an analog altimeter as a backup should electric power
be lost, or a display unit fails

mzmﬁimiagﬁuamnn::monsmEq
< Airspeed indicator

Altimeter

Attitude indicator

Vertical speed indicator

Turn coordinator

e
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Various Systems of instruments in Boeing 747 Aircraft

1.1 AIRSPEED INDICATOR:

Fig 1.1 b) cross section view of airspeed indicator

Fig.1.1 a) airspeed indicator

Maximum operating airspeed indicator which Indicates maximum operating airspeed .Indicated airspeed
pointer which indicates airspeed derived pneumatically from pitot static pressure .Command airspeed bug which
sets by auto throttle (A/T)Speed indicator .the figure 1.1a) is image of airspeed indicator.

A figure Below show, the airspeed indicator is another primary flight instrument that is also a differential
pressure gauge. Ram air pressure from the aircraft’s pitot tube is directed into a diaphragm in an analog airspeed
instrument case. Static air pressure from the aircraft static vent(s) is directed into the case surrounding the
diaphragm. As the speed of the aircraft varies, the ram air pressure varies, expanding or contracting the

= Linknge hed to the diaphragm causes a pointer to move over the instrument face, which is

nawq_ﬁ_*ma in knots or miles per hour (mph).
the difference between static pressure, captured through one or

Airspeed indicators work by measuring
more static ports; and stagnation pressure due to “ram air”, captured through a pitot tube. This difference in

pressure due to ram air is called impact pressure. The static ports are located on the exterior of the aircraft, at a
location chosen to detect the prevailing atmospheric pressure as accurately as possible, that is, with minimum
disturbance from the presence of the aircraft. Icing is a problem for pitot tubes when the air temperature is

below freezing and visible moisture is present in the atmosphere, as when flying through cloud or precipitation.

Electrically heated pitot tubes are used to prevent ice forming over the tube.
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Various Systems of instruments in Boeing 747 Aircraft

Fig 3.5 fuel gauge

a fuel gauge is an instrument used to indicate the amount of fuel in a fuel tank. Magnetoresistance type fuel
level sensors, now becoming common in small aircraft applications, offer a potential altenative for automotive use.
These fuel level sensors work similar to the potenti example, however a sealed detector at the float pivot
determines the angular position of a magnet pair at the pivot end of the float arm. These are highly accurate, and the
electronics are completely outside the fuel. The non-contact nature of these sensors address the fire and explosion
hazard, and also the issues related to any fuel combinations or additives to gasoline or to any alcohol fuel mixtures.
Magneto resistive sensors are suitable for all fuel or fluid combinations, including LPG and LNG. The fuel level output
for these senders can be ratiometric voltage or preferable CAN bus digital. These sensors also fail-safe in that they

either provide a level output or nothing.

3.6 TACHOMETER

Fig 3.6 tachometer

The tachometer, or tach, is an instrument that indicates the speed of the crankshaft of a reciprocating engine. It
can be a direct- or remote-indicating instrument, the dial of which is calibrated to indicate revolutions per minutes
(rpm). On reciprocating engines, the tach is used to monitor engine power and to ensure the engine is operated within

certified limits.
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Various Systems of instruments in Boeing 747 Aircraft

Gas turbine engines also have tachometers, They are used to monitor the speed(s) of the compressor section(s}
of the engine. Turbine engine tachometers are calibrated in percentage of rpm with 100 percent corresponding to
optimum turbine speed. This allows similar operating procedures despite the varied actual engine rpm of different
engines. In addition to the engine tachometer, helicopters use a tachometer to indicator main rotor shaft rpm. It should
also be noted that many reciprocating-engine tach also have built-in numeric drums that are geared to the

rotational mechanism inside. These are hour meters that keep track of the time the engine is operated. There are two
types of tachometer system in wide use today: mechanical and electrical.

4.System instruments

System instruments present in Boeing 747

% Hydraulic pressure gauge

2,

4 Vacuum gauge

4.1 HYDRAULIC PRESSURE GAUGE :

@ v sildia,, - '®
O lIoco .\\\
-

S~
-—

Clamm ~T00—

HYDRAULIC
PRESS.

Fig 4.1 Hydraulic pressure indicator

Numerous other pressure monitoring gauges are used on complex aircraft to indicate E.a condition of EE.A.EM
support systems not found on simple light aircraft. :v._.__BEmo,mv.mﬁEm are moa_dcﬂ_w _._mnn.m to raise and lower landing
gear, operate flight controls, apply brakes, and more. mcm._n_.na pressure in the __dﬁa..___o system developed by the
hydraulic pump(s) is required for normal operation ow. _._.w&.mu_._n n_a.._g.. Hydraulic pressure @E._mmm, E..n often located
in the cockpit and at or near the hydraulic system servicing point on the airframe. _wnaoﬂm_w located indicators used by
maintenance personnel are almost always direct reading Bourdon tube mu.._un gauges. Cockpit gauges usuvally have system
pressure transmitted from sensors or computers electrically for indication. . .

A hydraulic pressure transmitter senses and Rua_,nnm pressure w:o_ an %QnS_H output for indication _Ew the
cockpit gauge or for use by acomputer that analyzes and displays the pressure in the cockpit when requested or required.

Department of Aeronautical Engineering SICIT, Chikkaballapur Page 21 0f 23



Various Systems of instruments in Boeing 747 Aircraft

4.2 VACUUM GAUGE

=
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-
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- X WX

Fig 4.2 vacuum gauge

GyTo pressure gauge, vacuum gauge, or suction gauge are all terms for the same gauge used to monitor the
vacuum developed in the system that actuates the air driven gyroscopic flight instruments. Air is pulled through the
instruments. causing the gyroscopes to spin. The speed at which the gyros spin needs to be within a certain range for
comrect operation. This speed is directly related to the suction pressure that is developed in the system. The suction gauge
is extremely important in aircraft relying solely on vacuum op d gy ypic flight instr Vacuum is a
differential pressure indication, meaning the pressure to be measured is compared to atmospheric pressure through the
use of a sealed diaphragm or capsule. The gauge is calibrated in inches of mercury. It shows how much less pressure
exists in the system than in the atmosphere. Vacuum suction gauge shows a suction calibrated in inches of mercury.
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