Flight Instruments

Magnetic
Compass
Airspeed Attitude
indicator indicator Altimeter

Turn Heading Vertical
coordinator indicator speed
indicator

Coordination ball



Pressure Instruments

® Powered by the pitot-static system
® Altimeter
® Vertical Speed Indicator

® Airspeed Indicator



Static Pressure

- Quter space:
no molecules of air strike
Low static pressure a moving body

at altitude

Static pressure acts
equally in all directions

et High altitude:

many molecules of air
per second strike

a moving body

Low altitude:
many, many molecules
of air per second strike
a moving body

High static pressure
at mean sea level

Earth

at any point in the atmosphere
static pressure is exerted equally
in all directions
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Dynamic Pressure

increases with speed higher in dense air



Total Pressure

Static Pressure + Dynamic Pressure



Pitot-Static System
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Airspeed Indicator

<\ ARSPEED /
KNOTS  40' 4

Expandable
diaphragm

Airflow

Pitot tube i
— o
g g

Total pressure
{pitol pressure)

Appropriate gearing Lf
system Static —
pressure

Static vent

measures dynamic pressure
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Airspeed Indicator

Vv

never—raxcegs Red line ,
speed
i X \ AIRSPEED .
speed for all 40" ~ stsa'i“ng _

operations) 1 60 KNOTS landing gear down,

flaps lowered,
power off.

2
2
@
5 Vs
stalling speed,
Vo landing gear up
maximum (if retractable),
srrucltulral flaps up, power
cruising off.
speed
(for normal
operalians}

. &
Normg operating and
|
Vee
maximum speed, flaps extended
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Airspeed

e Indicated Airspeed (KIAS)
= indicated on airspeed indicator
e Calibrated Airspeed (KCAS)
= KIAS adjusted for installation and
iInstrument error
e True Airspeed (KTAS)
= KIAS adjusted for air density
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Indicated and True Airspeed

TAS usually exceeds IAS

® Indicated airspeed (IAS)

= important for aerodynamic qualities
- related to dynamic pressure

® True Airspeed (TAS)

= actual speed of airplane relative to the air
- important for navigation
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Indicated and True Airspeed

Indicated Airspeed 100

Mo th, ASI

True airspeed

r TAS 137 (IAS + 37%)

= 15 | _F TAS 126 (1AS + 26%)
g
X
o
= =
g -.-.'
£ 10 TAS 117 (IAS + 17%)
5 P TAS 108 (IAS + 8%)

U
PTAS 100 Mean sea level

with IAS constant TAS increases with altitude
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Airspeed System Malfunctions



Blocked Pitot Tube

® Airspeed drops to zero
when the pilot tube is T

blocked and the drain &
hole is clear Blockage ‘

Static port

. Drain hole
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Blocked Pitot System

® With pitot tube and
drain hole blocked the
airspeed indicator will
act like an altimeter

® Airspeed will increase
in a climb

® Airspeed will decrease
in a descent
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Blocked Static Port

® Airspeed increases in a descent

® Airspeed decreases in a climb



Altimeter

® Vertical navigation

® V\ertical separation

= other aircraft
- the ground

® Mean Sea Level (MSL) is reference point for
vertical navigation

Q) Aero Advantage
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Standard Atmosphere

Top of te
Al osphem

e 29.92in Hg
e 1013.2 millibars or hectopascals

e 760 mm Hg

e 14.7 pounds
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Altimeter

100 ft 10,000 ft
pointer pointer

(5 — 2
(" Atmospheric < h
pressure admitted
from static vent
@ : / “§— Pressure
: v 24 : window
Gearing "--. i e 1. 000 ft
mechanism pointer
> + - =
Static vent Fixed amount of air Subscale knob for Striped sector visible
on outside in expandable capsule setting pressure when below 10,000 ft
of aircraft datum

measures static pressure
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Pressure Window

e Allows selection of
pressure level from
which altitude will be
measured

® For pressure altitude
Set 29.927

® For true altitude set
MSL pressure
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Altimeter Presentation

100-toot pointer 1,000-foot pointer 10,000-foot pointer 4,700 feet

how to read the altimeter
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Altitude

. . et r
® [ndicated Altitude ABSOLUTE pmlsm
*Tf ;.;:;'QLFE
® True Altitude g AUTTUDE |

® Pressure Altitude
® Absolute Altitude
® Density Altitude
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35,000 ft

@

—Ee ———=FL350

35,000 feet
® Indicated Altitude

i ECRTI R . S A—
¢ True Altitude 3,000 ft
. Altitud

® Pressure Altitude ey 3,000 feet

___i_oseinbg ___

Current local altimeter
"MSL setting 30.10 in. Hg

Friday, October 5, 12



360 ft

Airport elevation \

360 feet

360 feet
Current local
altimeter
setting
30.10 in. Hg

on the ground the altimeter should read
airport elevation (true altitude) £ 75’
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Absolute Altitude

TS AREXHS,000 ast




Altimeter Errors

® Temperature Error: Atmosphere Induced

® Pressure Error: Pilot Induced



Temperature Error

Hot atm

osphere

Aircraft is
higher than indicated

-__‘-___-‘-_\——

3,000 ft__
MSL

e

==

True a

[titude

3,100 ft
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Standard
Atmosphere

AT

True altitude
3,000 ft

bre MSL eal

Indicated altitude
in all three cases
is 3,000 feet

Cold atmosphere
aircraft is
lower than indicated

True altitude
2,900 ft

b, MSL ez )

3,000t
MSL

Beware!

LA A

“from high to low look out below”

T T A W L L



Update Altimeter

% _ %“ 5,000 ft
; ":f‘ll"(y indicated
High pressure T Low pressure

e 5,000 ft MSL o

[30.00]

'@:‘%! /1

Only 4,000 ft MSL

i o T ~— = ] -
= MSL e _:—-:" B e o et s S e b S S MSL“—*“—WWW MS.LH"—.-"-—
Altimeter T — 30.00"H Altimeter
setting 9 Pressure |ayg) — selting
30.00" Hg Tt e—— . 20.007Hg

“from high to low look out below”
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Vertical Speed Indicator

® Measures rate of
change of altitude

® Measures change in
static pressure

Friday, October 5, 12



Friday, October 5, 12

Blocked Static System

e Airspeed inaccurate
e Altimeter Frozen

e \/Sl| constant zero

Inaccurate airspeed indications

Constant !ero indication on VSI

Frolen altimeter

Blockage

Static port

Bitot tube




Gyroscopic Instruments



Gyroscopic Instruments
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Electrical System

J




Rigidity in Space




Procession




Gyroscopic Instruments

Vertical

Horizontal

Canted
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Vacuum System

g, _—Heading Indicator

Vacuum Relief
Valve

Vacuum

\ Atftitude

Indicator

Cverboard
Vent Line

— Suction
Gauge




Heading Indicator

Must be periodically
aligned with the magnetic
compass as the gyro
precesses
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Attitude Indicator

e Align miniature aircraft
to the horizon line
during level flight

® Direction of bank is
determined by the
relationship of the
miniature airplane to
the deflected horizon
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Turn Coordinator

D.C. ELEC.

Provides an indication of
the movement of the
aircraft about the yaw and
roll axis

TURN COORDIMATOR

=
&y
R




Inclinometer

]

Coordinated

Right rudder required

v

Uncoordinated

Step on the ball
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Slipping turn Coordinated turn Skidding turn

Pilot slips into turn - Pilot skids out of turn —
maore right rudder required toa much right rudder
to balance the turn has been applied
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Magnetic Compass

- A magnet free to rotate about a pivot point

- Used to determine the heading of the aircraft
In relation to Earth’s Magnetic North

- Self Contained construction- back up instrument



Magnetic Compass

512 I 6
cheli iy

. Card/magnet
Il combined
N with float

Pivot
assembly
Magnetic compass card
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Liquid filled capsule P1vot point

Outer case

Lubber line

Compass card

Magnet



Compass Errors

® \ariation
® Deviation

® Magnetic Dip Errors

= Turning Errors
- Acceleration Errors



Magnetic Variation

-Mag Var or Magnetic Declination

- Angle between Geographic North and Magnetic North




Variation

Magnetic
north pole




Variation

~
~10°W

East variation
TN) AMN
Var
10°E

West variation

Isogonic
lines
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Deviation

® magnetic fields
generated by metals
and electrical
accessories disturb
the compass needle

DEVIATION CARD
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Magnetic Dip

At the equator the force that orients the
compass is completely horizontal.

At the poles the force that orients
the compass is totally vertical.

Friday, October 5, 12



Magnetic Dip
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Magnetic Dip

[ NORTHERN HEMISPHERE ]

Side View



Acceleration Errors
“ANDS”

“Accelerate North, Decelerate South

NORTHERN HEMISPHERE

When flying on a West or East heading, the inertia when accelerating will cause the compass
indication to deviate slightly to the north, and when decelerating to the south.

== Deceleration
\ LAY ) £

E

* While on an east or west heading
*No errors on a north or south heading



Turning Errors

“UNOS”
“Undershoot North, Overshoot South”

NORTHERN HEMISPHERE

When flying on a north heading, the centrifugal force generated when turning will cause the
compass indication to initially deflect to the opposite side of the turn.

It will indicate a
slower rate of turn.

Right Turn

[ The compass lags the turnj

Centrifugal force

* Turns from the north will indicate opposite
* Turns from the south will be in the same direction but exaggerated
* No errors on an East or West Heading



Electronic Flight Displays

* Generally, have a primary flight display (PFD) and multifunction
display (MFD)




Electronic Flight Displays Diagram

High-Speed Data Bus (Ethernet)

GMA 1347
GDU 1040 Audio Panel GDU 1040

Reversionary
Control

Reversionary
Control

GDC 74A l

Air Data
Computer
No. 1 GIA 63 OAT No. 2 GIA 63
Integrated Avionics Unit ’mm Integrated Avionics Unit
Vettical Speed
System Inegration Processors System Integralion Processors
Vo P 1/0 Pro
VHECOM ! VHF O
VHF NAVILOG GRS 77 VHF NAVALOG
GPS GPS
Glideslope AHRS Gldeslope
GPS Output
Slip/Skid

GMU 44
Magnetometer
Heading

GTX 32
or GTX 33
Transponder

GEAT1
Engine/Airframe
Unit



Electronic Flight Displays Failure
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