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ILS (Instrument Landing System)
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MLS (Microwave Landing System):
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The Bourdon tube is one of the basic mechanisms for sensing pressure.
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A bellows unit in a differential pressure gauge
compares two different pressure values

A hydraulic pressure transmitter senses and converts pressure into an electrical output for
indication by the cockpit gauge or for use by a computer that analyzes and displays the pressure

in the cockpit when requested or required.
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Fuel Pressure Indicator:
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A magnasysn synchro remote-indicating system uses AC. An autosyn remote-indicating system utilizes the

It has permanent magnet rotors in the transmitter and interaction between magnetic fields set up by

indictor. electric current flow to position the indicator
pointer.

To engine oil pump <+——

Oil pressure indicator Oil pressure transmitter (engine)
(instrument panel)

Stator
Pressure connector

Rotor Rotor Diaphragm

Indicator

poinierﬂ__ L

Y
AC power Open to atmosphere

Remote pressure sensing indicators change linear motion to rotary motion in the sensing mechanism part of
the synchro transmitter
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Tank resistor

Float

A DC electric fuel quantity indicator uses a variable resistor in the tank unit, which is moved by a float arm.

Housing Simple mechanical fuel indicators
used on light aircraft with fuel tanks
in close proximity to the pilot.

Cover glass

Pointer magnet
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Flyweight R . R
The simplified mechanism of

a flyweight type mechanical
tachometer.
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Different types of tach generators
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Drag cup

A simplified magnetic drag
cup tachometer indicating
device.
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Permanent magnet rotor

Stator coil Permanent magnet rotor Indicating needle

Permanent magnet

Drive coupling

Synchronous motor Drag cup

Tachometer generator Indicator

An electric tachometer system with synchronous motors and a drag cup indicator.
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Electrical connector

Tacho probe Axis of polarization

This synchroscope indicates the relative speed of the
slave engine to the master

| Permanent magnet | Sensing coils Pole pieces

A tacho probe has no moving parts. The rate of
magnetic flux field density change is directly related
to engine speed.
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Thermocouples combine two unlike metals that
cause current flow when heated.

Voltmeter inside forms cold junction
r \3 Typical Thermocouple

Constantan (chrome on turbine engine)

Back of indicating instrument

Hot junction
Connectors

Copper or iron
(alumel on turbine
engines)

Thermocouple leads

Gasket type thermocouple

Engine cylinder spark plug bore

A cylinder head temperature thermocouple with a
gasket type hot junction is made to be installed under
the spark plug or a cylinder hold down nut of the
hottest cylinder (A). A bayonet type thermocouple is
installed in a bore in the cylinder wall (B).

@@@@@@@@@@
S

.

- = —
Indicator _?{ 115 V.A.C. bus Chromel

Alumel
Turbine outlet circuit breaker

A typical exhaust gas temperature thermocouple system.




Engine No. 1

e

Overtemp Zener
' warning light voltage Amplifier
i test switch reference

' I
oY E}\:\‘— — I— Power
4&1 Overtemp
1 f. warning light

Eng. 1 ' | !
Eng. 2 . Power oft warning flag

A

Eng. 3

Ef;r@s A typical analog turbine inlet temperature indicating

Sensitive
element (bulb)

Typical thermocouple temperature indicators.
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Balanced bridge indicator

Servo driven
indicator indicator

Mode annunciation

Failure fla .
e Function selector push button

Full digital display

970 w 97.0
rr B4

1 2

150
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Different cockpit TAT displays.

Total air temperature (TAT) probes.




EICAS i gupols

Engine-Indicating and Crew-Alerting System jlgy 9,5 25T 9 j5g0 Sledb! o
&bw 31 g GLASS COCKPIT (puls guuds <1321 51 g Lowlgn sl pommms o3 oo 31 S (EICAS)
s (32 9 B ysig0 4 by yo O pitmans (0] il (0 FDR obow 4z 4y y5i90 0ledbl JLu)|
P LCD Sl O 595 9 xS ©ygo a1y b piiacew 4 b o sl jlaiian g byylas uile )0 o
a1y 3lap (ot SO A dnd adnbg &l 5 g wd (o0 I (S ol 9 (53lo g 095 9 s LS
S gu Sy 5l 0295 SB35 sloo « RPM 5590 590 (sl yiol)ly 3 093e pmms (2 .3,15 ouges

lad (o0 (ol 3 1) p 5 Oledbl . g joig0 (x€9) lod 5 ;LS (jeige 4 ()5

(g1 55) (S Sl o

3oy Gbd (Silogw (b a2 HLLS) 19,8 wil)yl
(s

TANK b U jo cogw olime) edgm
(s g oy Cardg (S guw ,_;Loé

S Gy 50 YL Camdg) 1 Sgyuud i
(oeols 9 (rg)

PNEUMATIC ilogaiy vms

J A gl

(CDU) COCKPIT DISPLAY UNIT
CREW (5l 0955 4 slaien g 25T
ALERT

u.wbw ‘5|)g |) DATA Lmbb ‘_gl.lb oold
WS o0 (G dswd g ol wedl o EICAS
.53..\9) B oold ).le )sijn.b 9 )359.0 ‘_gl.b XK 9
9 Jluyle gmles Olxao g9y p 1) 9530 (V8
S s 9 8IS @ by po SleMbl (puzxed
Wy 4y g (o) — Igp ouisS cud s ulg i |
° P o 3lay g bli,l copow yo ol o
ol g1y OledMbl 5gmols ol wyos s 0oS
a g (6ol g sole pmé-sole) Lil cunlo




b swsde LS (QC) 09 o s gs*“l”)T 9

Wg (w3l CadaS J S p5 1 Sl pend g (w3l 3 e W sasas (LS

G LT ok B 45 w10 595 o yluibiw! ol ;Ko )T b ol panxi g U ygil ¥ 35T 50 andS’ 15 1,5 oo,
S5 Juiliw! a3 Camms ju5 LT ACCUKACY Joe <85 g Cawl 5YU jlows (1 3280 4130 60,5 Jilwg 4
Sl 09 (0 000l yguan] S A5 09l o0 suuziew (YF L IV-F) asino b loj Guwo yo (adgl) 5Y0L

B¢ o0 09wl ACC a5 ACCUIaCy guww jlid G slhas 35Tus dinls dwwlxo JLio

el 03z ACC=+0r-N%

Master Indicator 900 _16

100 X

100

102

+2

300

304

+4

500

510

Sum

900

16

Y 100 X 16 1600
© 900 900

_1600 oo
“ 900 7

ACC=+18%

399 08,5 cyaaxs +2%0 Mio 1, ACC e <o (TECH MANUAL) 23 Gl b owsjlw ails 57,81 Jl>
+1.5%0 S suis sols ACC 51 F9 ol lomlgd 595 solaiwl b8 su CKD.OK oswas ;i ¢yl
<l REJECT sz ul.mu

e 40l Jol§ 5l QC L lojf < yguais] jub 30 diisl il (oo b Cocio dad b Las dfic] Ceode 20 i




Accelerometer : gow ol

buwg 0 i gly1o (Lo g b 439 SO gyl gouw olics
or Bl & i Ml b oylus L Ldais

o 39 Tk b 095 Hler alne S5 o] i

Coomd & Al 0 (Slaol il JBlas 4 cqs)

acceLeraTion 4 G e O “p S
g UNITS 99 9 odd Ay pgliie 36 (ylowms y SO aijg VL 9 b
Job ol fase gyl 28 SO pw 90 4 Glowwy jw
Jw|wqﬁ:g&’,&m5q,wlc¢8’ow‘)

CS o Cowly 9 o 4 3 ayde 28 o jbog e b

B0 wolg @ Zyoe axbo S dsybe w40 LS

Ll a8 S

BLBY

Y g ol & (Hino almo (59, 0 09,19 (§9508 ;U cxi' i aijp "PITCH" Laylon Elos (i) cmly 9 YL L
Al 50 9 09 (0 PO b b b e sl (Sl ol Jgb (51510 45) dijg pw 99 lowy 9 W5 (o0 S >
Wbl (o0 (Ao b Cudo o (LS arpie (18,5 51,8 Joro g ouls (pes i sl

5 (Flight Data Recorder s,a.é >5,b) obow am> caals b yiie 51 (SO 380 50 ol - HINE

Mass shafts

Sheave pulley (top)

Control cord

Main pulley
Main pointer centering spring

Driver arm

Auxiliary pointer return spring

Ratchet

Auxiliary pointer (plus G indication)

Sheave pulley (bottom)

Main pointer _ : 4 Poirter reset shaft
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The inner workings of a mass-type
Auxiliary pointer (minus G indication) accelerometer.
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Pitot tube

Drain hole

Static hole

Heater (35 watts)

Heater (100 watts) ' | Pitot heater switch | Alternate static source

A typical pitot-static system head, or Pitot tube, collects ram air and static pressure for use by the flight
instruments.
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The location of the static vent is selected to keep

altimeter position error to a minimum.

Pitot pressure chamber

Pitot tube riser

Pitot tube Static tube riser
Static hole

'« Drain hole

Drain hole ; Heater 35 watts Double contact
Static hole (connects to power source)

Heater 100 watts Static chamber

A typical electrically heated pitot-static head.
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A Machmeter indicates aircraft speed relative to the speed of sound.

Standard Altitude, Temperature, and the Speed of Sound

Altitude (feet) Temperature (°F) | Speed of sound (knots)

Sea level 59 661
2,000 52 657
4,000 48 652
6,000 38 648
8,000 30 643

10,000 23
12,000
14,000
16,000
18,000
20,000
22,000
24,000
26,000
28,000
30,000
32,000
34,000
36,000
38,000
40,000
42,000
44 000
46,000
48,000
50,000
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The internal arrangement of a sealed diaphragm pressure altimeter.
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Air pressure is inversely related to altitude.
This consistent relationship is used to
calibrate the pressure altimeter.
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ADS-B IN enables weather and traffic information to be sent into the flight deck. In addition to AWOS weather, NWS
can also be transmitted.
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The VSI is a differential pressure gauge that compares free-flowing static air pressure in the diaphragm with
restricted static air pressure around the diaphragm in the instrument case.
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The small dashpot in this IVSI reacts abruptly to a climb or descent pumping air into or out of the
diaphragm causing an instantaneously vertical speed indication.
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The ring laser gyro is rugged, accurate, and free of friction.
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Aircraft located along the agonic line have 0° of variation between magnetic north and true north.
Locations on and between the isogonic lines require addition or subtraction, as shown, to magnetic
indications to arrive at a true geographic direction.
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A vertical magnetic direction indicator provides a
realistic reference of headings.
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EXCITER (PRIMARY) COIL

Flux Valve Spider

Universal joint Exciter coil Pickup coils

Mounting flange

Sealed outer case Sealed inner case Damping fluid

As the aircraft turns in the earth’s magnetic field, the lines of flux flow lines vary through the permeable core of
flux gate, creating variable voltages at the three pickoffs.
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Direction indicator

DG/Amplifier or slaved gyro

Flux valve or flux gate

Solid state magnetometers.

indicator

Autosyn / \
Dial of #

] o

ind k:atur

N

Directional gyro

4

Fixed phase - * Variable phase
N B

k]

Slaving torque
motor

Earth’'s
magnetic field

Amplifier

400 Hz AC Rotor
Slaved gyro control

Flux valve
A simplified schematic of a flux gate, or slaved gyro, compass system




Roll scale Roll pointer
Director command bar

Altitude alert Selected decision height

Groundspeed Radio altitude
Pitch scale markers Flight director pitch and roll command bars
Speed error scale Glideslope deviation scale
Speed error pointer o Glideslope deviation pointer

Altitude sphere Marker beacon
Localizer deviation scale
Localizer deviation pointer

Aircraft symbol
Slip indicator

Some of the many parameters and features of an electronic attitude director indicator (EADI).

Heading select bug
Heading data source Forward lubber line

Selected course Navigation data source

Distance

Course select pointer \\\ Y, Lateral deviation bar

To/from indicator
Glideslope pointer

Aircraft symbol Glideslope scale

Selected heading Groundspeed

Aft lubber line

Approach and VOR mode presentation of an electronic horizontal situation indicator.




Distance to go

Selected heading cursor

Selected heading vector

Intersection and 1D

Holding pattern
Tuned NAVAID radial

VORTAC and ID

Runway and ID

Range to selected altitude

Wind direction

Airplane track to heading

TRK | 252 |M
A

Airplane symbol

Present heading

WXR display
Procedure turn

Runway centerline

Marker beacon

Waypoint and 1D

Vertical deviation pointer

VOR and ID
Active flight plan path

Curved trend vector

An EHSI presents navigational information for the entire flight. The pilot selects the mode most useful for a
particular phase of flight, ranging from navigational planning to instrument approach to landing. The MAP mode
is used during most of the flight.
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Vertical speed

An EFIS EADI displays an airspeed scale to the left of the horizon sphere and an altimeter and vertical
speed scale to the right. The slip indicator is the small rectangle under the direction triangles at the top.
This EFIS display presents all of the flight information in the conventional cockpit basic T.
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A typical mechanical 8-day aircraft clock.

A typical aircraft electronic clock.
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Gimbal rotation

Gyro rotation

Yaw force

Resultant force on gyro

J

The turn-and-slip indicator’s gyro reaction to the turning force in a right hand turn. The yaw force results in a
force on the gyro 90° around the rotor in the direction it is turning due to precession. This causes the top of
the rotor to tilt to the left. Through connecting linkage, the pointer tilts to the right.
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TRAFFIC COLLISION AVOIDANCE SYSTEM (TCAS):
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