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introduction

Writing a text to explain methods of flight and aircraft control is a highty
abstract process. The difficulty of explaining a dynamic event such as
aircraft flight control without personal “hands-on” contact seems almost
insurmountable. Still, a well-designed instruction manual can provide real
benelits, so the compilation of this manual was undertaken with the
realization that only a qualified flight instructor in a real aircraft can teach you
how to tly a real airplane.

The goal of this manual is to help you more fully enjoy the
antertainment/instructional value of Flight Simulator il without letting you
develop habits that could intertere with any future real flight training. We
want you to have fun while practicing correct flight procedures.

A state-of-the-art simulation such as Flight Simulator Il provides sucha
sanse of realism that one must carefully analyze where this realism
wranstors to actual flight. The flight lessons covered in this manual are not
organized the way real flight lessons would be. Some basic concepts
(coordination, for example) are not covered at all while other, more
advanced concepts (i.e., instrument approaches) are explained in some
detail. Concepts that are covered are consistent with the simulator’s realism.

This manual is organized into three sactions:
Flight Physics and Alrcratt Control
Beginning Flight Lessons
Introduction to Aerobatics

Fiight Physics and Alrcraft Control should take one or two short evenings
1o read. It's a crash course in basic aircraft physics designed to give you a
background appropriate to the flight lessons.

The Flight Lessons section describes how to fly (and requests you to
perform) maneuvers to absolute limits.

The section on Aerobatics explains how to perform many aerobatic
maneuvers. Should your aircraft control be up to limits, you'll find aerobatic
flight to be quite an exhilarating experience.
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It flying Flight Simulator Il whets your appetite for the real thing, we
recommend that you check the Yellow Pages under either “Aircraft Charter
Rental & Leasing” or “Aircraft Schools" and ask the flight school to schedult;
you for an hour of dual plus one-half hour of ground Instruction. We
encourage you to take your first flight lessons (or an occasional fun flight
Igsson) with an open mind. Don't let your partial knowledge of simulated
aircraft flight control interfere with the knowledge that only a real flight

cogr;e can provide. Use your simulator experience to enhance your
aviation education.

Section One - Flight Physics & Alrcraft Control

This saction opens with the classic presentation of the “four forces” and the
concapt of stability. Since the usual objective in flying is to control the
sircraft, we'll discuss flight controls as they relate to these forces. Finally,
with our newly-developed knowiedge of flight physics, we will discuss flight
control and the goals of flight maneuvers.

Standard Terminology & Abbreviations

Axls of Rotation

The discussions of flight physics and aircraft control frequently reter to your
aircraft's axis of rotation. Please check the Pliot's Operating Handbook,
Figure 2. if you need to review the subject. All axes of rotation pass through
the aircraft's center of mass; rotations about any axis will occur about the
center of mass.

Vector
A vectoris a representation of a force that displays both the direction and the
quantity of that force. v
Abbreviations

Abbreviations used in Section One of this manual include: .

aa - angle of attack
CG -center of gravity
CL ~center ot lift
FAA - Federal Aviation Adminstration (Dept. of Transportation)
FS2 - Flight Simulator Il
gal~gallons
kig —knots (one knot = 1.15 miles per hour)
Ibs - pounds
POH - Flight Simulator || Pilot's Operating Handbook
RPM - revolutions per minute
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The Four Forces

Figure 1 illustrates the four forces of flight and shows the approximate
direction in which each force operates.

LIFT is a force tending to pull the aircraft up. Most lift is generated by the
wing.

DRAG i3 the resistance of air to an object passing through i. The direction
of this force is exactty opposite to the direction of object movement.

WEIGHT ~ The direction of this force is toward the center of the earth.
THRUST is the force developed by your engine and applied through the

propelier. ks direction is forward and generally perpendicular to the plane of
propelier rotation.

Figure 1. Classic Four Forces of Flight
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Lift

Lift is created by the wing passing through air. A cross-section of the wing
{airfolt) Is shown in Figure 2, where some important terms are introduced.

The mean chord line is an imaginary line that extends trom the leading edge
1o the tralling edge of the airfoil. it Is further extended in Figure 2. Relative
wind is the airfiow caused by passing the aircraft through an airmass.
Relative wind is approximately opposite to the flight path. Angle of attack is
the angle between the relative wind and the mean chord line. Figure 3
fllustrates these terms in level, climbing, and descending flight.

Note that angle of attack does not have the same meaning as aircraft pitch
attitude. The angle of attack in Figure 3 is purposely the same in all three
examples (level, climbing, and descending flight) so as to emphasize this
ditarence. In actual flight your angle of attack will often be difterent during
diterent phases of the flight.

in order to understand how litt is produced, we must explore the theories of
Bernoutli and Newton.

Me,
'f’ Chorg line

angle of attack

relative wind

Figure 2. Airfoil Terminology
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Figure 3. Angle of Attack: Shown in level, cllmblng, and descending
flight. (Angle of attack is the same in all three examples illustrated.)
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Barmoulli addressed the conservation of energy in fluid flow. Assuming a

_constant denesity (no compression) of the fuid, energy is heid constant by

decreasing pressure with increasing velocity or, conversely, by increasing
pressure with decreasing velocity. This incompressibiity assumption holds
nearly true for airflow as well, at least at the low speeds flown by light aircraft.
The ciassic graphic illustration of this theory usually depicts a tube of varying
diameter (Figure 4).

Figure 4 shows an enclosed tube with aifflow. Mass flow within the enclosed
tube Is the same at all points since the air can't escape. An incompressible
#uid (or low-speed airfiow) must increase velocity at the narrow point to
maintain mass flow. if energy is to be conserved, then an increase in velocity
(kinetic energy) must be balanced by a decrease in pressure (potential
energy).

Figure 5 illustrates airtiow past an airfoil at a positive angle of attack. The
airfiow over the top of the wing has a higher velocity than the airflow under
the wing and, consequently, a lower pressure. A basic rule in physics states
that when an imbalance exists, a force will result tending to relieve that
imbalance. In the case of our airfoil this force is directed upwards, from the
higher pressure to the lower pressure. This force is known as lift.

high velocity
low pressure

low velocity
high pressure
£
Y 4

Figure 4. Bernoulli's Favorite Tube
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The Bernoulli Controversy

As late as the mid 1960's many flight instructors were emphasizing
Bermoulli's law as the major contributor to lif theory. This concept does go a
long way in explaining lift when looking just at airflow immediately adjacent
to the wing. Bernoulii's law, however, doesn't explain the forces of airflow
deflected by the wing. Indeed, most moder instructors give credit to
Newton for explaining the majority of lift production.

Wt force attempiing
10 reliove pressure
imbalance

C\\\_

higher veiocity
lower pressure

.__.___//_—W\\\\\~\
____._X

lower velocity
higher pressure

S
\

-

Figure 5. Bernoulli's Explanation of Life
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Newton's third law states that for every action there is an equal and opposite
reaction. Figure 6 is a repeat of Figure 5 with labels changed to emphasize

" action-reaction theory.

Downwash is caused by the alrfoil altering the direction of airflow
downwards. This will occur as long as there is a positive angle of attack.
Downwash is easy to understand no matter what shape the airfoil takes. In
this age when fighter jets use thin, symmetrical airfoils, you can see why
deflected air is considered to be the major contributor to ift.

Controlling Litt

As a pliot, you must learn how to control lift during takeoff, climbs, level flight,
wins, descents, and landing. You can generally increase lift in two ways;
increase airspeed or increase your angie of attack.

litt force in reaction
0 downwash force

Q>

downwagh force vector l

"‘/C—‘tx//\\

SIS e iy

Figure 6. Newton's Explanation of Lift
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Given a constant angle of attack, an increase in airspeed increases
pressure differential and downwash, and therefore increases lift. Given a
constant airspeed, an increased aa increases pressure difterential and
downwash, thereby increasing kft. As a pilot, you must manage both
airspeed and aa in order to gain the desired flight goals. A good example
would be an airspeed transition from fast cruise flight to slower flight when
entering a crowded airport traffic pattern. You reduce power and the aircraft
decelerates. Since the weight of your aircraft is unchanged, you must
produce constant lift during the deceleration. In order to produce constant

lift, you must ncrease the angle of attack slowly untii the aircraftis stable at
its new slower spead.

The Stail S

There is a limit to the angle of attack that you can use to generate lift. You

can alter the relative wind aitiow only so far before the wind refuses to
change anymore.

Figure 7 shows an airfoil at three different angles of attack. The top
itlustration shows an airfoit at the same aa used in the previous discussion
of it generation. The midaius airfoil shows an increased aa. Notice that the
airflow 1s separating from the surface near the upper trailing edge of the
wing. The bottom arfoil is at stall aa. Thae point of airflow separation is so far
forward that we don't even see a downwash vector; Newton's downwash is
gone. Velocity in the area aft of the separation point is very low; Bernoulli's
suction is gone. And with nesther law still in effect, there is no way to maintain
hft.

important Note!

Whatis a stair? A sudden loss ot lift due to airflow separation from the wing.

How do you stall an airfoil? Stall is a function of angle of attack. You can stall

an arrcraft at any airspeed and pitch attitude if you exceed the stall angle of
attack.

How do you recover from a stali? Simply reduce the angle of attack.

- g

a) Low angle of attack

AN

c) High (stall) angle of attack

Figure 7. Airflow Separation With Increasing Angle of Attack
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Stall angle of attack dependis on the airfoil shape, and is usually somewhere
between 10 and 20 degrees. Generally speaking, thin airfoils will stali at a
lower aa while thick airfoils will stall at a higher angle of attack. Also,
symmetrical airfoils will stall at lower aa’s than airfoils with more bulge on the
upper surface (higher camber). Figure 8 shows the lift characteristics of a
typical airfoil used on training aircraft. Liftincreases steadily until stall angle
is reached. After this point, lift drops off suddenty.

lift
1
L
!
|

0 8 16 24
angie of attack (degrees)

Figure 8. Lift versus Angle of Attack
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Asyoucansee, liftis a very important factor in flight. We will return to it often
when discussing aircraft control, and will even touch on it during the
following discussion of drag.

Drag

We have already described drag as a resistive force to the movement of the
aircraft. By this definition, drag will always act along a line opposite the
aircraft's flight path.

There are two types of drag that warrant separate coverage. The first is
parasitic drag, thal drag caused by the physical aircraft displacing and
rubbing the airstream. The second type is induced drag, an unusual
phenomenon peculiar to aircraft. Induced drag is a byproduct of the
generation of lift.

Parasitic Drag

You are already familiar with the parasitic drag encountered, for example,
when driving a car. Parasitic drag caused by air displacement 1s called form
drag. K you view the front end of a car or an airplane and make a filled-in
outiine of this view, you will see how much form the the vehicle has.
Streamlining the form can help reduce drag but, assuming good
streamlining in all cases, more form means more parasitic drag.

Skin friction 1s roughly proportional to the amount of surface exposed to the
airstream. More surface means more drag.

Parasitic drag increases non-linearly with increasing airspeed. The dynamic
pressure of air is a function of the square of the velocity. Assume that you
are moving in your car at a speed of 30 mph. If you accelerate to 60 mph you
will experience four imes the drag. Cruise at 120 mph and the drag
becomes sixteen times as great as it was at 30 mph. This. tact assumes a
great deal of importance when you realize that thrust is nended to overcome
that drag. At 30 mph your car may require 25 pounds of tnrust to sustain
speed. At 60 mph you'll need 100 pounds, and at 120 mgh you'll need 400
pounds of thrust to sustain speed. A typical Parasitic Draj vs. Airspeed
curve is shown in Figure 9.
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Figure 9. Parasitic Drag versus Airspeed

Induced Drag

Wnile creating hift, your airfoil changes the direction of airflow in many ways.
You're already familiar with downwash. This downward-deflection of air
changes the relative wind in the vicinity of the wing to a slighty downward
direction. As a result, the true aa is different from the apparent aa derived
from the relative wind opposite the flight path,

Lift 1s produced perpendicular to the relative wind direction. A relative wind
tn a shghty downward direction will give us areal lift vector with a component

toward the rear. This rearward component s known asinduced drag. Figure
10 1ilustrates the concept of induced drag.

23

rearward component of

'j:n vector (induced drag)

total ift vector

vertical reference |

I

///

Figure 10. Induced Drag Due To Induced Relative Wind

The induced drag vector is increased when the angle of attack increases.
Given that weight, bank angle, and other factors are heid constant, a siower
airspeed demands a higher angle of attack to produce the same hftj
Theretore, the slower the airspeed, the greater the induced drag. Figure 11 4
shows a graph of induced Drag vs. Airspeed. Note that it is ngnlonear. As

velocity decreases, induced drag increases inversely proportional to the
square of the velocity. This phenomenon can be expiained when you
remember that dynamic pressure from the airstream increases as the'
square of velocity. Greater dynamic pressure means mora lift production
capability. Drop your airspeed by one-half and you on!y get Qne-quart.er the
lit production capability. Therefore, you will need quite an mc:easg in aato
produce the same lift, and induced drag will also increase dramatically.

Total Drag

Total drag equals parasitic drag plus induced drag. Figurell1 2 §hows both
parasitic and induced drag on the same graph. Total drag is simply both
types of drag added together vertically on the graph.




- - = Ny a1 This graphically-illustrated concept of total drag is important for proper -
T 7 aircratt control. Since you need thrust to oppose drag, think of the verticai
1400 . EEERREN axis as required thrust rather than drag. You'll note that at airspeeds below

-+ the minimum drag point, more power is needed to sustain level flight than at i
1 ST the minimum drag point. Flying at airspeeds below the minimum drag point E "
@ B T Sl B . ‘ can cause problems for the novice pilot. We will return to this curve again 5
SN b

T ~ during Flight Lesson 4 while practicing slow tlight.

SHETINT Weight
Weight is an obvious concept to understand. Passengers, baggage, fuel
BEEERERNN Flg'\ T and oil alt have weight, and this weight affects aircratt performance since
Tttt :"" more lift is required to carry more weight. Look at the loading table of your
4 Cherokese Archer (Table 1) to get an idea of how much weight and lift are
airspeed —»

involved.

Figure 11. Induced Drag versus Airspeed g?s':c ai(;craft weight 1 2?8 ibs. i
ilot and passengers e
Fuel (48 gal @ 6 Ibs/gal) 288 s
1 ] _ Baggage 162 x
, Jb
-+ b - f TOTAL WEIGHT 2550 Ibs. a
[~ total drag

Table 1. Loaded Cherokee Archer Example

N
P—

/ Thrust
—{- parasitic drag

N

/
\ q- e Thrust is created by your engine and distributed by your propeller. The
11 / 1 1 propeller is an airfoil that creates lift by the same principlas previously
y [ “  discussed in the Lift section. The major difference between propelier and
wing theory is that a propeller rotates to move its airtoil, thus complicating

g gtall
P it
! N
1

drag ———s
i
L

| N

- >r - the concept of relative wind. %
A1 L N "
e ™ ! Our discussion of thrust production will be quite simplified and will not 1}
nE /zf 4 - 1 i include the nuisance turning forces which are byproducts of thrust i
- 44 RN ENE induced drag production. We will also skip discussions of propeller etficiency, the effects
arspeed ~———»-

e E‘ " of which are quite transparent to the user of FS2.
]
Figure 12. Total Drag versus Airspeed i
]




Oneimportant facet of thrust production will be quite apparent to you; thrust

IS not proportional to RPM as read on the tachometer. Again, the dynamic
pressure of air is a function of the Square of velocity, making a slight
increase in RPM more thrustworthy at higher RPMs.

Table 2is a Power Table for your aircraft. Note that equal incremental power
changes at higher power settings are obtained with smaller differences in
RPM. You will find that most of your infiight power settings will be within the
1800 to 2600 RPM range. Table 2 clearly illustrates that this small range
éncompasses great changes in percentage of power output. While its
engine is not perfect, the 64K version of FS2 does exhibit this phenomenon.

% Power RPM Change in RPM
45 2040 L —
50 2160 120
55 2265 - 105
60 2360 © 9§
65 2445 85
70 2525 o ‘80
75 2580 55

Table 2. Cherokee Archer Power Table (6,000 ft. altitude)

Stabllity

Stability in terms of aircraft control defines the ability of an aircraft to return
10 a normal-state attitude, unassisted by the pilot, after it is displaced from
that normal state. If you change aircraft attilude and the aircraft maintains
that atitude when you iet 90 of the controls, you've encountered neutral
Stability. Negative stabulity is experienced if you change attitude and the
attitude continues to change in the same direction after you've let go of the
controls. Finally, if the aircraft is in a steady state and your controlled
displacement is followed by the aircraft's retum to its original state, you've
experienced positive stability. ’

[P VIS L .
Alrcraft pitch and yaw stability are classically explained by comparing the
aircraft to an arrow. The tail feathers of an arrow tend 1o exert increased

pressure if the arrow is not aligned with the relative wind. This extra dragon
.. the rear of the arrow causes the arrow to align itself with the wind as
) pressure is applied behind the center of mass.

Balance and Pitch Stability

;«7' For safety reasons, aircraft must demonstrate positive pitch stability before
':?'. they can be certified. Correct balance ensures positive pitch stability, at
1., leastin the static (one point in time) sense. If your loaded aircraft's center of

‘, s gravity is ahead of the center of lift, the aircraft usually has positive static
"J\;‘ pitch stability. This is because center of lift roughly equates to center of
5:;; pressure (as per the arrow exampie).

More important than this (very condensed) discussion of stability is the
consequence of pitch stability on aircraft control. Figure 13 shows a stable
loading condition, with the aircraft's center of gravity ahead of its center of
lift. imagine that the CG and CL vectors are strings; pulling them would
cause the aircraft to pitch down. In fact, tail down force is needed to keep the
nose from dropping. This tail down torce is present during most of your
fights in the Cherokee Archer.

Applications of power have surprising effects as the force of the propeller's
k! skipstream exaggerates tail down force. In Flight Lesson 1 yau will find,

- assuming no pitch intervention on your part, that an increase in power

i’ causes the nose to nise and airspeed to decrease. A decrease in power

L causesthe nose to drop and airspeed to increase above your present cruise

i N e
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Positive pitch stability has great implications for easy aircraft control.
-+ Understanding the stable-pitch nature of aircraft will help you avoid

B over-reacting with pitch control. Figure 14 illustrates aircraft pitch

. pscillations assuming positive dynamic stability. Pilot over-reaction in pitch

is usually caused by overenforcing pitch changes in the direction that your

aircraft wants to pitch anyway. Good pilot reaction involves a knowledge of

#* these oscillations, and requires application of pitch control opposite to the

natural direction a bit before the aircraft passes through the desired pitch
attitude.

X -




center of lift
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center of gravity

. .. imagine pulling these strings

CL

tall down force
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b) tail down force balance

Figure 13. Stable Loading Condition

\ o '*\ s e
. i
o time
pitch attitude

Figure 14. Positive Dynamic Pitch Stability

Roll Stability

Positive roll stability is not a requirement for aircraft certification. Like pitch
stability, a knowledge of roll stability will help with your aircraft control.

Roll stability is commonly positive in shallow banks, neutral in medium
banks, and negative at steep bank angles. The FS2 provides slightly
positive roll stability at any bank angie; this means that the aircraft will
always tend to roll ievel out of a bank with no controt displacement on your
part.

The Flight Controls

Flight controls aliow you to change the aircraft’s orientation about the pitch,
roll, and yaw axes as well as change the amount of thrust and drag on the
aircraft. All flight controls obtain force through air defiection. An example of
air deflection is the downwash described in the Lift section. The principles
of deflection (that induce lift) transfer to our discussion of flight controls,
except that in this case orientation of the control surface may cause local
upwash, downwash, or sidewash.
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The principles of air deflection are very straightforward. Figure 15 shows
detlection of air by a vertical control surface mounted on the rear of the
aircraft, the rudder.

Principles of lift appty to control surface wind deflection, and the effects of
velocity are worth reviewing. Remember that the dynamic pressure of air is
a function of the square of velocity. You can't expect aircraft control from
control surtaces at zero airspeed. You'll experience sluggish control
response at slow airspeeds, and good response at high airspeeds.

It you don't feel comfortable with control terminology or this axis of rotation
review, please review the appropriate sections in your POH manual. Note
that whenever an “elevator” reference is made, we mean “elevator” or
“stabilator” depending on aircraft type. The Piper Cherokee Archer actually
uses a stabilator, a one-piece moveable horizontal control surface.
Consider stabilator and elevator to be synonymous; from an aircraft control
standpoint their functions are identical.

reaction (yaw)

deflected air

Figure 15. Deflection of Air by the Rudder

: kl Increased back pressure on the control yoke (up elevator) causes the

Physics of Aircraft Control

Pitch Control

i Assume that your aircraft is flying at a constant aititude at cruise power.
. Each of the four torces balance the others pertectly.

f’..".,:‘ Climb

L’ alrcratt to pitch up. Initially, the increased angle of attack results in excess

¥t causing an acceleration upward. The aircraft is now, in effect, going

uphil. This extra work will siow the aircraft to the point where all forces again
balance, and the aircraft will be in an unaccelerated climb. Climb rate at this

E'™ new equilibrium depends on available power and pitch attitude. This

£5i concept is illustrated in Figure 16.

_' y M in excess of that needed to balance drag will delermme the climb
¢ . perdormance of the aircraft. When all factors except thrust are held constant,
more power means move climb performance.

ag

/ componem of weight
opposing thrust

Figure 16. Steady Climb: Thrust Drag + Component Of Weight
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Summanzed simply, back pressure on the control yoke (up elevator) causes P .. Roli Control

. . R ) '”k’
the aucraft o pitch up, gain altitude, and lose speed. 4. A8 discussed in the POH manual, roll control will change the bank angle of
Descent g the aircraft. Application of lett or right rotating pressure on the control yoke

Forward the control lov , g+ (left of right aileron) causes the aircraft to roll in the same direction as the
tchd P lose:n‘:tn ude t:'\‘d yoke ( An e i alor) causes thg an.rc.raﬂ to application. Releasing pressure on the yoke {centering the aileron) stops
mat ota cu.mb axcept tr;at ; eﬂ:gs atys:: ?' thesc;esTc::t IS s'l'g‘r'la' to * the roll and maintains the bank angle obtained when the pressure was
. some work in reverse. equilibrium & v
poInt will occur at an awspeed where drag equals thrust pius the component ‘md '
of wesght aiding thrust (see Figure 17). "By An aircraft in a bank will turn (change direction). The cause of this turn is

Noucehaxhwdiscussionotdtmbanddmm,bmwnbraleand Vo -

speed are emphasized. Pitch control can be used o vary either altitude or %The horizontal component of lift wil pull the aircraft, and the aircraft will

speed. change heading in the direction of this pull. The classic analogy is illustrated
) 81 “in Figure 18b.

explanation of the turn is really a bit more complicated than this. As the
' banked aircraft begins to change its direction of movement, the nose is stili
; i polnting (at least momentarily) in the original direction of movement. The tail
drag :

Q,tmd other surfaces begin to act like the feathers on an arrow: the aircraft's
' ,f'nooe changes direction as the aircraft constantly re-aligns itself into the

L, relative wind.
E‘ horizontal component of hitt . - RN
- . ’ 5‘,:;
o ) : =
-

(> . ftolal bt |
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component of weight 3
ading thrust /

' i =~';) Alrcraft in & bank b) The classic analogy “arm swinging a bucket".
Figure 17. Steady Descent: Drag = Thrust + Component Of Waeight .

Aiding Thrust

Figure 18. The Turn




Lat's slop and su iz0. You that pi_tch cancon trol altitude or speed. caused by pitch stability. Sloppy pilots who don't adjust pitch pressure
Rollis used to control heading {or change in headgng).\ o . 'V changes in power will gain airspeed during power reductions on final

. .. - . . .ijepproach tolanding. Again, only if proper pitch pressure adjustments are "
b made will more power give more airspeed and less power reduce airspeed. »

1

Yaw Control -

Rudder application will cause rotation about the vertical axis. Assuming that
ali other control inputs are held constant, the application of rudder causes a . i
change in relative wind along the longitudinal axis.

During most aspacts of flight, the purpose of yaw control is to keep relativg
wind aligned with the longitudinal axis. Auto-coordination mode on the FS§2
applies rudder for you. Therefore, this alignment will be of little concern ;oj
you during your initial flights, ' %

Terminology of Flight Goals

learn flight maneuvers, you will be given goals to achieve in heading |
dyection), altitude, airspeed and, often, vertical speed. The proper ,

“nievement of these goals can be measured on flight instruments as well
faf Ihiough outside viewing. If necessary, reylew the Flight instruments

action of your POH manual. The following information supplements the
as required for the purposes of your flight lessons.

Drag (and Lift) Control ‘
TR E BN

Generally speaking, the first few “notches” of flaps mostly increase lift, whil
the last notch of flaps adds mostly drag. Flap operations will be practiced in
Flight Lesson 4.

Heading .

llng conventions In the 360-degree circle system include 0 or 360

8 taqrees for north, 90 degrees for east, 180 degrees for south, and 270
sarees for west. For practical purposes the trailing zero ls omitted from
Lhwading for navigation aids shown on maps, and for runway numbers.
iRaview the “compass rose” in Figure 12 of the POH manual.

important terminology with respect to heading involves changes in
wading. You may be askedto turn toward a specific heading, or you may be
od 10 change heading by a specified number of degrees. In the latter
m, be prepared to apply 360-degree arithmetic. Important 360-degree
.mnetic concepts include: 80 degrees = onae-quarter of a circle, and 180
g’d‘ﬂ'ws = one-half of a circle. An example turn request could be, “make a
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in power will causa the aircraft to nose up. This nose-uptendency is aresul
of the aircraft's pitch stability discussed previously. Increased dynamic

pressure causes extra tait down forca. If you do not counteract this tenden
by pitching the nase down, the nose will rise to & new equilibrium point
resulting in an airspeed lower than the ievel flight airspeed, The ettect of

rise (and nose lower). The new equilibrium airspeed will be higher than your
level flight arspeed. ‘

As discussed in the Stabllity section, power’s affacts on airspeed go
contrary to many preconceived ideas on power use. A change in power

. Airspeed

s readout of your airspeed is called indicated airspeed. Indicated

ditfers from true airspeed as altitude increases. At higher altitudes
m air is lesg dense, decreasing the amount of dynamig pressure availabl§
g drive the airspeed indicator.

.
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While your true airspeed is higher than your indicated airspeed at higher J You will usuaily make standard rate tyms during practice inst(umgnt flight.
altitudes, true stall speed is also increased. Therefare, you can safely use §The amount of bank required to obtain atandgrd rate varies with airspeed.
Ihe same Indicated airspeeds for high-altitude takeofts and landings with . § The higher the airspeed, the more bank required for a standard rate turn.
approximately the same safety margin above stall speed. Your airplane wil & -
stall at nearly the same indicated airspeed regardless of altifude.

“},} . Pitch and Bank Attitude

o . . ,

During cross-country flights, pilots usually want 1o caiculate true airspeed. ‘: When attempting to change altitude, airspeed and heading, you must alter
Piots use a special calculator or a traditional flight computer (resembling a W“' pitch and bank attitudes. Whiie the altimeter and gyro heading indicator
circular slide rule) 1o obtain airspeed corrections. You can use Table 3 to - S can

determine the correctian factor, i

¥¢an give you a direct reading on your flight goals, you should not make
ghanges in pilch attitude or bank on these instruments. If your goal is to

Density atitude refers 1o your altitude corrected for nonstandard barometric’ i 4mb, you know that you have o raise pitch attitude. To change heading,

prossure and lemperature. Using indicated altitude should be adequate for ] You Nave 0 place your aircraftin a bank.

the purposes of this llight simulator. i nsummary, you understand the aircraft physics of pitch and bank, and you

i 'm aircraft performance through changes in pitch and bank. The main
‘Mvmant used in pitch and bank control is the attitude indicator.

1 A

Multiply your indicated airspeed by the
correction factor to obtain true airspeed.

Density Altitude Correction Factor k:' A Summary of Flight Goals
3 L
mog } 015 Ih e 19 shows the tlight instruments grouped in a manner consistent with
2000 1.03 L+, good aircraft control methods.
3000 - 1.045 C
4000 1.061 pi: instrument flight
5000 1.077 " 2\
6000 1.094 ¥ o 3 )
7000 1.1
8000 1.128
9000 1146 _ Veuafight
10000 ‘ ' 1.164 AN
11000 1.183 g f ; T
12000 1.2 4

Table 3. Airspeed Carrection Factors

aircraft control .
(the meanas to the goals)

Tum Rate - RORTETEE AL f (17
Vi

Turn rate is defined in terms of a “standard rate*, The standard rate for light i
ancraftis three degrees per second. This is also termed a two minute tum BB s

since it takes two minutes to complete a 360-degree turn (360 degrees / 3 } ,.-n';iburn 19. The Division Of Instruments Into Goal versus Control
degrees per second = 120 seconds).

47 mstruments
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The division of instruments into goal instruments vs. control instruments is g,
an extremely important consideration. While there may be some argument k
as 1o which instruments belong in which group (as the tum indicator is a

aircratt control through goal instruments but, rather, through the control
instruments.

I'll close this section with a story that should convince you not tq chase goal
instruments. in the next section you'll leam how to perform normal tlight
maneuvers through proper use of the instruments.

A member of a local flying club was attempting to advance toward his a) instrument flight
instrument rating. He had 200 flight hours, including practice at simple

instrument approaches, when he came 1o me requesting instruction.

| was impressed with his technical knowledge of approach procedures, yet §
his approaches were poor. Basic aircraft control seemed to be his problem,
so we went back 10 the basics; instrument climbs, descents, plus straight
and level tlight. His basics were poor. He couldn't hold altitude within 200
feet of the assigned altitude while in level flight. He was chasing his altimeter

i covered up his altimeter, which forced him to use the attitude indicator as §
4 means for altitude control. After one minute | uncovered his altimeter,
revealing a varation of less than 50 feet trom initial altitude.

It seems ironic that his altitude control was good as long as he had no
alimeter yet poor when the altimeter was restored, but this is exactly whal )
happens if you don't learn correct basic control. After five hours of proper
instruction his aircraft control started to Improve. Indeed, his 200 hours of
improper aircraft training had developed bad habits which proyed nearly
impossible 10 break. :

Ly
i

The Baslic Flight Mnmu:kn

Information Scan

To eftect proper control through flight instruments and visual clues, you have A
10 develop a good information scan. Figure 20 illustrates a good sequence

IPSTYE SR R o) PR LW S
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Mard Rate Turn (instrument flight)

snndard rate turns are enlered on the altitude indicator. Roli the aircraft in
m, desired direction. Cross-check with the turn indicator during your scan.
Qnca the standard rate is achieved, neutralize ailerons and note the bani -
required to maintain that rate. Keep in mind that the required bank increases
with increases in airspeed. Cross-check with the gyro heading indicator, as

Time spent looking at any ane instrument shauld be long enough to ensurg Jii your goalis to rollouton anewly assigned heading. You should begin roliout
correct interpretation of the instrument. Don't rush it. - Eit: hedore the desired heading is reached. A good rul.e of thumb is to begin

yodiout the number of degrees before desired heading equal to one-half your
hank angle. I1 this rule doesn’t work well for you, just increase or reduce your
slleron pressure (rollout rate) until it does work. If you can't maintain good
jucomrol with an increased roll rate when tlying FS2, then start your roliout

to follow. Since power remains rather fixed, the tachometer is included only  §
occasionally in the scan. Don’t construe “occasionally” to mean secondary g#
but rather just less often, say once every 30 seconds.

Nota that in the top diagram (instrument flight) the attitude indicator
becomes the central hub ot viewing activity. Since you effect aircraft control  §
toward a goal through the attitude indicator, its central nature is obvious. |

The visual scan (bottom diagram) ensures that you will look for traffic whilg.§
fiying. There ara pilots guiity of not laoking out the window during visual i
fight. Apparently they assume that thera's plenty of room in
three-dimensional space and the probabiiity of collision with another aircraft
is small. Over time, probability can catch up with you. | fondly remember
23035, aCessna 150 that | fiew in 1968. One pilot stuck it into the right side
of an airtiner approaching Milwaukee. He forgot the critical nature of step #3, }

Mru Bank Turns (visual fiight)

de standard rate turns are desirable for instrument flight, they are much
f00 siow for visual flight. During a turn you usually have one wing blocking
your view of possible traffic, so it is desirable to complete the turn quickly,

You may question your ability ta maintain aircraft control while looking outside :
the plane. The wings and nose can provide you with the same information §
the attitude indicator gives, once you've learmed to interpret their orientation,
Atter all, the attitude indicator only simulates actual physical orientation,

The method for entering and exiting 30-degree bank turns is the same as for
'u;iaud rate turns except that your goal during the turn is 30 degrees of

bank rather than standard rate. The attitude indicator is the goal instrument
y)gll as the primary control instrument during the turn.

Unfortunately, fhght simulation lacks transfer to real visual flight. Remember §
10 have your instructor force you to develop a good visual scan should you
start flying real aircraft,
: ' Pitch Control (visual flight)
Bank Control '
Straight Flight - N e

Dunng straight flight the obwous goal of bank ls lo keep aconstant heading. ““ :
Don't fixate on the heading indicator; as such aglivity will lpad to chasing the. %
indicator. Like most aircraft control activity, you should use the attitude 1§
indicator of natural horizon as a means 10 conyrol heading. If you notice that v B

you're off your assigned heading, enter a shallow bank on the attitude
indicator or natural horizon. Cross-check heading during the scan and
roliout using the attitude indicator or natural horizon. -

g FAA issued a bulletin in the mid-1970s in an attempt to simplity the
aching of pitch control. They prociaimed that when powaer is fixed, pitch
ot s airspeed. When power is variable, pitch controls aititude or change
Mtude.
Bower Is fixed only during climbs (at full power in most training aircraft) or
maximum rate descents. Power is variable during cruise level flight,
med transitions, or cruise descents.” - :

¥ "'N S LPE

~m will aiways be arguments as to whether pitch or power controis
X p or airspeed during specific maneuvers. if you observe a protessional

[BEETIPIR SRR 75 9 Bl



pilot's technique, you won't be able 1o tell what inputs are controlling which
goals. You will, however, find it necessary lo separate the uses of pitch and
power until your light control technique becomes automatic.

ié‘ﬂuan nose up. After this changein putch add full power. Remember, pitch
then power. Power before pitching does littie to aid the climb and you may
mune engine RPMs due to lack of resistance. The only exception to pitch
n power may be when transitioning to a climb trom slow flight.

Level Flight ©o

During level flight you wul usa pitch to controf altitude and power to oontro
airspeed. If you notice that you are low, pitch up slightly. If you are high, theq ‘
pitch down accordingly. i

Control airspeed with power. If your airspeed is low then add power and

vice versa. Changes in pitch will affect airspeed and changes In power will
atlect altitude, but you must separate the uses of pitch and power (0 obtain
control. if you change pitch attitude and hold this attitude constant, you've j§
simplifiad a set of tight equations. In most cases, after the aircraft stabilizes Q
at a new equilibrium only one rate of climb and alrspeed can resuft.

, anstant Climb: At full power, use pitch to control your airspeed.

ember to hold pitch constant and wait for the resulting airspeed, then
st pitch according to your estimate of the pitch required to obtain the
yed airspeed. Nose up for less airspeed, nose down for more. The

red airspeed may be best angle of climb to clear obstacles, best rate of
pb, Of Cruise climb airspeed tor better engine cooling. These airspeeds
mq Piper 181 are 64, 76, and 87 kis respectively. .

Lavel Off: Just before reaching your new assigned altitude, nose down

ﬁpoqally o Intercept the altitude. The FAA recommends you start level-oft

0% of your vertical speed before the desired altitude. If verticai speed s

00 fee/minute, for example, you should start your lavel-off 50 leet betore
wget altitude is reached. At this time altitude again becomes the goal of

puch control. Power will again control airspeed. Hold power full until you

ch cruise speed (approximately 130 kts indicated) and then reduce

;ﬁm to cruisa setting.

The concept of holding pitch or power constant is very lmponant Note that ;
1o hold pitch constant, you will have to vary pitch pressure as the aircraft -
changes speed. If you're careful to hoid a constant pitch, the alrcraft will
settle 1o its new equilibrium. Onca you've determined the resulting
equilibrium, you may need ta estimate (and readjust) the pitch as required
for any desired change in altitude (zero change for level flight).

Just use your common sense in maintaining a level flight pitch attitude. If '}
one pitch attitude causes a climb and another causes a descent, then the " ¢
zero-climb pitch attitude must be somewhare |n between. -

When you're within 100 feet of your assigned altitude, corrective pitch
changes will be small and airspeed changes minor enough to be ignored. if b
you're more than 100 feet off from your assigned amtude the requlred pnch

g‘nlu Descents .

a climb, the descent is broken lnto three components; entry, steady
Wl and level-off.

m The pitch-power order is opposite of that required for a climb, power
M pitch. Reduce power 500 RPM and then adjust pitch to control vertical
ead. The 500 RPM reduction Is really just a starting point. Generally
q)oaklng. agood goal for your vertical speed is 500 feet/minute. During the

power change, o correct your altifude,

ooty o e wteched i 20 €0 s

Climbs o

My Descent: You should note that the change in pitch attitude required .
o adescent is less than that required for & climb. Note also that you must add
f #ligh! pitch up pressure 1o obtain the correct nose down attitude for the desired
scent rate, due to the pitch stability of your aircraft discussed previously.

S e

The climb is broken mto th{BO separatg cpmponents, entty, constant chm
and level-off.
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Level Off: As you approach your new assigned altitude, increasa throttle to B “: Tmm
cruise power and then pitch to hold a constant altitude. The 10% rule (ot !

vertical s 1) works well for level-offs from both climbs and descents. x ' Note your takeoff time on paper, and then line up with the runway centerline.
; A Smoolmy apply full throttie. As the aircraft accelerates to the rotation speed

) ; 'ij.gl §5 kis, pitch up 9 degrees (initially). Adjust pitch to maintain best rate of

Slow Descents

Slow descents are usually used during landing approaches, a necessary
parnt of any successful flight, Your final approach speed will be 70 kis. We
apologize 10 the FAA for deviating from their pitch-power rule, but during
slow descents most instructors advise using pitch to control airspeed and
power to contro! vertical speed (glidepath for landing).

¢limb (76 kts) for 400 feet, and then lower your pitch attitude to 7 degrees to
establish a cruise climb of 87 kts.

Duning siow thght, pitching up will not affect vertical velocity much, 8ince ;
your airspeed is nearing the point where less pitch means more drag (re .
Figure 12). Pitching up to stretch a glide may get the inexperienced pilotintg 5
trouble as airspeed drops helow a sate level.

It you need to reduce vertical speed (in arder to stretch a glide), add powe
while you increase pilch slightly in order to maintain airspeed. It you need to
increase vertical speed (reduce glide range), decrease power while
lowering pitch to maintain airspeed.

Airspeed Transitions

You will need to slow down, and possibly speed up, your aircraft when
adjusting to traffic flow on entenng an airport traffic pattem. Consider a slow™"
speed in your light aircratt to be 90 kis with 10 degraes of tlaps. Cruise speed
(120 ki8) can be considerod tast.

During all airspeed transitions, aftitude control will be the goal of pitch with
airspued the goa! of power. Starting at crulse alrspeed, decrease power
below 1800 RPM. As the aircraft slows, adjust pitch to maintain altitude.
Onca below the maximum flap extended speed of 102 kts, extend 10 -
degrees (one notch) of flap. As the airspeed nears 90 kts add power (adjust ..
power) 1o maintain 90 kts. o+ C 1T SEM) Jwig. 29 IPX NLVPPE .
To accelerate back o cruise airspead add fylt power, Adjust pitch to
maintain altitude, and remove fiaps. As the aircraft approaches cruise .-
speed, reduce throttia to cruise power, ...t :

’. Yty ‘.u gty
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Section Two — Beginning Flight Lessons

A;’slated inthe Introduction, these tlightlessons are designed to teach you
Lpgrrect methods of flight control. The implications of the early learning of bad
fight control habits go beyond just the subsequent difficulty of unlearning
hode habits. In times of anxiety (emergency), you tend to revert to your
: ”ny learning. Acquiring proper pitch control and instrument scan techniques
tIs 80 important that flight instructors remind their students of the proper control
rocedures very often during the first flight lessons. Such reminders are
' included In educational texts, but | feel obligated to constantly repeat
a important concepts. Please bear with me when you see the phrase
$oich control-scan repeated often throughout the text. Also, remember to
de engine and fuel gauges occasipnally in your scan.

‘ ) ‘ o o i Please remind yourselt that when we say “establish a pitch attitude®, we

pitch attitude and not elevator position. You must vary elevator
jon to keep a constant pitch attitude until the aircraft stabilizes. Once
N . o Ww internaiized where to place your pitch attitude for ditferent airspeeds,
4 ‘ thower settings, flap positions, bank angles, and aircraft weights (in a real

e . . BiMtakeraft), then you will have mastered aircratt control.

Bince the FS2 does not carry all the equipment found in a real Cherokee
cher, pre-takeoft, in-flight, and before-landing checks are lightly covered.
Nevertheless, these checks should be performed simply to establish good
habits.

takeoff preparations will be covered in Lesson 1. The following
mbols, covering other checks, appear throughout the text;
I:Check or set heading indicator. While this manual places this symbol
- e podods related to maneuver practice, the FAA advises you to check the
S ' [3H{ against your compass at least every 15 minutes. In your training mode
) compass and GHI will always agree, but you should still develop the
whit of checking both periodically.

g 1ank-mixture-carb heat-altimeter: This (lncomplete) pre-landing check
4l accomplished as follows: o

¢4 fuel tank — set on fullest tank (CTRL F, < or >)
mixture — rich (CTRL M, >)

‘carb heat — check for 5 seconds.'.’theln turn off
(CTRL Y, wait 5 seconds, CTRL I)

¢ altimeter — set to current setting (CTRL B)




When going through the lessons, be aware that fatigue will reduce your
performance. You may find yourself tiring after onty 30 minutes during the
inttial flight lessons. Take a break.

When starting a new flight lessan, read several paragraphs ahead before
beginning maneuver practice. Oftan a maneuver request is followed by an
explanation of the maneuver. You may also wish to pause the simulation
(press P) al centain points.
The following abbreviations (as well as Section One abbreviations) are i
used in this lesson section:
' AGL - above ground level - S
CDi-course deviationindicator - - .«
CMI - identifier tor Champaign Wiliard Aurpon
DME - distance measunng equipmant
FPM - feel par minuta
MDA - minimum descent altitude

MSL —-mean sea level (altimeter reading). If an altituda is not
labelled, assume MSL,

NDB-non-directionalbeacon
0OBS -omni-bearing selector ‘
WCA —~wind commection angle ' * = b+ 7 bt
VOR - very-high-trequency omnl-range (yourmatn
navigationradio) IR
NOTE: Some training mode features are only available with 64K of memory! g
In addition, altemnate speed and power settings required for the simple 48K
(Apple Il or Atari) engine appea: in paremheses tollowing the normal 64K 43
values. B S R R o PN T A

altitude: +/- 150 teet
airspeed. + /- 10 kis ‘

Press ESC (E key on C64) to enter the editor, select User Mode 8, and then
SC (or E key on C64) back to tiight mode. Mode 8 starts you off at the
B University of lilinois, Willard Airport, where you will be taking your flight

» sessons. Three level lines should appear on the window. They are to be
pugned with the horizon during initial learning of pitch control. The top,

le, and bottom level lmes 0 degrees, 7 degrees and 9 degrees

itrol section of the POH, precisioh elaevator control in a
hoard-operated flight simulator requires a “micro-adjustable” elevator.
jce rapid vs. slow keypresses of the B and T keys. Note that siow

2%

Taxling

¥ Bvaas the 4 key, and then press the < key several times. Press the > key a

w times, then use both keys to set up a good full view of Willard Airport.
pes the 5 key to return to forward view. The simulator will stay at the same
dar-yiew altitude after you've gone back to forward view; you may wish to
0 tt}is radar view periodically while taxiing. ‘

A 'tr')e control keys outlined on the FS2 Flight Reference Card.
miliariza yourself with the throttie, rudder, and brakes before attempting

! DR (‘l’“.l T T R IURTTRE § Sy g
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pre-takeof! preparations '
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takeoff and level-off AT E S IR TR ‘9"' Add one keypress of thrattle, followed by full rudder in either ;
power changes and pitch ﬁwb"“}' (poifdema) .. - wwriges on; you should find yourself turning circles. Note changes on the .
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runway 31. It you get lost you can ESC (E key on the C64) to the editor,
change to User Mode 0, ESC, change back to mode 8, ESC, and then ESC 1
back to flight mode. This resets the mode parameters and takes you back to : . outer taxiway
your original starting point. :

If you want to stop on a specific heading, just press G when that heading is

reached. Stop your turn at a heading close to 180 degrees. s

Add three keypresses of throttle and let the aircralt move straight ahead. " runwa

After ten seconds drop back to zero throttle. Press the SPACE BAR (and  § '+

REPT key on the Apple i plus), and hold until you come to a stop. .-

Use your front view, radar view, and Figure 21 to taxi to the beginning of .

The compass rose in Figure 21 should help you taxi around Willard Airport,
Note that you need a heading of 090 degrees for a few feet to intercept the
outer taxiway. Turn to a heading of 145 degrees, and follow the outer
taxiway in a left circle. Once on the southeast taxiway, use a heading of 136
degrees. At the end of the southeast taxiway, a right turn to 220 degrees

followed by another right turn to 315 degrees will put you at the beginning of
runway 31. '

southeast taxiway

Maneuver to set a heading of exactly 315 degrees. {If you can'tfind runway | %
31, just head to 315 degrees to get ready for takeoff.) Stop (SPACE BAR).
In reality you would seldom stop to get organized on a runway, but in the
case of FS2 there are no other aircraft to hit you.

runway 31

Pre-Takeoff Preparations

Your preparation congists of only fouritems; .. . ..
1. Neutraiize flight controls, e e

2. Set navigation radios, iR ‘

A R R T I .

3. Understand your departure heading and level-off altitude, and
SRR . ‘nv
4. record (write down) your takeoff time, .. .,

Control and system checks will not be covered. We will skip preparation
steps 2 and 3 for the first two lessons. e :

AT Y e W,

v gy

mo'"ou 180°170° 160°

Figure 21. Taxi Chart of Willard Airport
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1. Set vlevator, ailerons, and alevator trim to neutral. Set flaps to zero
(up). If you have trouble reading the flap position indicator, just press
the Y key four times to make sure your flaps are up.

4. Record the current time.

Takeoff and Level-off

NOTE: Only pitch and power control will be covered in this lesson. Please
avoid pressing aileron or rudder keys during this lesson.

Apply tull throttle by repeatedly pressing the “MORE THROTTLE® key.
Never use the / key (tull or cut), as such a rapid throttle application could
Cause a real aircraft engine 10 fail. Allow the
then press B rapidly 3 times. The aircraft will rotate and lift off. Your task is
1o establish a pitch attitude for the best rate of climb speed (76 kts). This

pitch attitude should be close to an attitude where the natural horizon ison
the bottom window line,

Once you pass through 1150 feet MSL (400 feet AGL), apply a fittie down
elevator (T key) and establish a new

cruise climb speed. The horizon

should be close to the middle window line. .
$pitch control-scan.

Use elevator control for two of three minutes to maintain 4500 feet. Learn
the ditference between over-reaction and under-reaction, Once level, the
aircraft should be fairty stable. Occasional
necessary to maintain attitude. $GHI

[

Power Changes and Pitch Stability+" *~

aircraft to accelerate to 55 kts, |

pitch attitude that gives you an 87 kg “3

small pitch adjustments will be v

e R
: "i‘dﬁ? LAY

; .. Reduce throttle to approximately 2000 (1 600) RPM (don't touch any other

: peed decreases at first. in the long run your

igher than cruise speed Therefore, you will

r to maintain cruise speed during a descent. !
While descending through 2500 feet, ad :

d full power. Note the opposite
y#ftect. Take over pitch control and level off at 4500 feet.

. need to use a little up elevato

Climbs and Descents

# Review the pitch-power order and control res

ponsibilities for climbs and
conts on pages 43-44.

LR e liD S RSN

iDescend at your cruise airspeed of 130

'descent, reduce power to approximatel

Mn initially, followed by up elevator t

v erulse speed. Note the relatively small ditference in pitch attitude from level

44 ght. At 2600 feet, increase power to 2250 (2600) RPM cruise power, and
gin your level-off to a level pitch attitude, Hold 2500 feet.

"' ¢limb to 4500 feet. Pitch for the cruise climb speed of 87 kts, then add

.}l power, During your level-off, remember to keep full power untii the
vaircratt has accelerated to cruise speed. $GHI

Repeal climbs and descents until
‘alitlude limits.

(125) kts to 2500 feet. To enter the
y 1800 RPM. You will have to pitch
o keep airspeed from rising above

you're satisfied with your airspeed and
F

3

Instrument Takeoft, Climbs and Descents i

lothe editor, set User Mode to 8, and ESC back to flight mode. You will
back on the ground under cloudy conditions with fuli flight instruments.

i to runway 31 (or just head 315 degrees). Perform preparatory steps 1
4.

¥ the horizontal lines on the attitude indicator. These
M0-gegree increments (5 degrees is standard in real airc
‘ offs, climbs, and descents, you will use these lines fo
» uggested starting pitch attitudes are 9degreest
pgrees for cruise climb, and zero degrees for level f

lines are placed at
raft). During

f your pitch goals.
or best rate of climb,
tight.

oo by
?‘J:ﬁ ks
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After takeoft you will enter the clouds. Review takeoft, level-off, descents, “ -
and chmbs on instruments.

Tums

Remember that the aircraft changes bank as ailerons are applied. Once
» you've reached the desired bank angle, neutralize ailerons (G key). Your

Flight Lesson 2 . _aircraft will keep itself in the bank. Since the FS2 has slightly positive rolf
airspeed transitions . stability, occasional_aileron use is required to re-steepen the bank during
turns jw, . tums of long duration.

; Y RO
instrument tums 5‘1 ; Raview turns on page 41. Note that the level attitude line on your
limits:

windscreen has two angle marks attached. When an angle mark parallels

altitude: +/- 150 feel the horizon, you've achieved a 30-degree bank.

airspeed: +/- 10 kis

ile you already know that pitch attitude must be increased slightly in a
rollout heading: +/- 15 degrees

bank to hold altitude, your challenge now is to determine when and how
much up elevator should be applied. (WARNING - A common mistake is
Eforgetting to apply down elevator as you roll out of the turn.)

. Hold altitude at 4500 feet during the following tums:
Make a 360-degree turn to the right (one complete circle).
Make a 360-degree turn to the left.

Set User Mode 10 8, taxi to runway 31, and perform preparatory steps 1 and -
4. Takeoff and level off at 4500 feet. Practice climbs and descents if you
think you need the review.

Alrupeed Transitions

Slow to pattern/approach speed and configuration while holding altitude
steady at 4500 teet Your goal speed should be 90 kis. Configuration will be

one notch (10 degrees) of flaps. Review pages 35-36 on airspeed
transitions.

% Make a 180-degree turn to the right. If you're not sure of the correct rollout
71 heading, just note the reciprocal heading (180 degrees/opposite) on the
= bottom of your heading indicator before entering the turn.

$pitch control-scan. This is another exercise in thinking ahead of the aircraft, 2 & 180-degree turn to the left.
Reduce your power slowly to nothing. As speed drops, the angle of attack ; §
must increase to maintain lift. As airspeed drops below 102 kts (top of the )
white/fiap range arc on the airspeed indicator), press N once to add 10
degrees of flaps. Pitch down to offset tha flap-pitching moment. As airspeed

slows, increase power to maintain the goal airspeed of 90 kts. Note your-.
final pitch attitude.

left to a heading of 180 degrees.
& right to a heading of 270 degrees.

, lefttoa heading of 240 degrees. A common mistake is to overshoot the
”od new heading. This is one case where the 30-degree visual bank rule
d be violated. Use small banks for small changes in heading.

right to 315 degrees. $GHI
w airspeed transitions and tums (instrument). B

C to the editor. Select Mode 9, and set altitude = 4500, pitch = 0,
ding = 315, airspeed = 125, and throttle = 2700. Set Cloud Layer 1

k€. 00ps to 6000 feet with a base of 1200 feet. ESC back to flight mode. Review
% rspoed transitions.

i

{

To transition back to cruise speed, add full power and then retract flaps (Y ? '
key) back to zero. Don't delay your flap retraction. $pitch control-scan. Usg 3
pitchto effect altitude control. As in the level-off from a climb, keep full power y
until the aircraft has acceleraled back to cruise speed and then reduce . - -
power to cruise RPM. $GHI e

LY TEUN NS
[
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Instrument Tums Airspeed Transitions in Turns

Review standard rate tumns on psge 41. Make standard rate tumns for the
maneuvers just performed instead of 30-degree bank turns. Note that the
center dot at the level line on the attitude indicator can help you judge your
pitch attitude in a turn.

Fligiht Lesson 3

climbing and descending turns
airspeed transitions in turns
vertical speed control in descents

limits:
altitude: +/- 150 feet
airspeed: +/- 10kts
rollout heading: +/- 15 deqgrees

. i‘; Repeat airspeed transitions in turns until your altitude, airspeed, and rollout
&+ headings are within limits.

Taxito runway 31 and perform preparatory steps 1 and 4. Takeoff and level
off at 4500 feet. Review climbs, duescents, airspeed transitions, and turns as * *
necessary. :

g;yjying pitch and power control to vary descent rates. Mastering these
S k" Yechniques will improve your landing approaches as well

Climbing and Descending Turmns I netrument-approach descents.

These maneuvers may be a bit more challenging: KRS

Climb to 5500 feet while making a 360-degree tumn to the left. Enter the turn
first, then the climb. The turn and climb may or may not end at the same time
Reverse your entry order occasionally during practice.

Descend to 4500 feet while making a 360-degree turn to the left. r
Climb to 5500 feet while making a 360-degree turn to the right. - 7
Descend to 4500 feet while making a 360-degree tum to the right. $§GHI

Repeat climbing and descending tums untit your altitude, alrspeed and
rollout headings are within limits. ( i,

W\control scan. Due to the lag in your vertical velocity indicator, these ,
’ maneuvers are perhaps the best exercise for establishing a constant pitch k
attitude (not elevator position). If you let pitch wander or begin to chase

ical speed, you'll have control problems.

g following maneuvers involve constant descents. As your altitude drops -
2500 feet you should enter a climb, remove flaps, level off at 6500 feet,
d continue practicing. You may wish 1o set altitude to 6500 feet in the

- lo pattern/approach airspeed and configuration while holding altitude.
ow, begin a descent at 500 feet per minute (FPM).

ch for 8 1000 FPM descent. Adjust power to maintain 90 kis.
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Pitch for a 300 FPM descent, Maintain 90 kts.

Add a second notch of flaps (25 degrees). Descend at 500 FPM. Adjust

power for 80 kts.

Pitch tor 100 FPM. Adjust power to maintain 80 kts.
Pitch for 0 FPM (level flight). Hold 80 kts.

Pitch for 300 FPM. Hold 80 kts.

Add the third notch of Haps (40 degrees). Pitch for 500 FPM descent. Adjust

powaer for 70 kts.

Pitch for 200 FPM descent. Maintain 70 kts.
Pitch for 1000 FPM. Hold 70 kts.

Pitch for 0 FPM. Hold 70 kts. $GHI

You may want to practice the last set (40 degrees flaps, 70 kts) while

reversing pitch and power goals.

Review maneuvers on instruments. ESC to the editor. Select Mode 9 and

= 125, and throttle'
= 2700. Set Cloud Layer 1 tops to 6000 feet with bases at 1200 feet. ESC

setaltitude = 4500, pitch = 0, heading = 315, airspeed

back to flight mode.

Review climbing/descending tums, airspeed transitions in turns, and
vertical speed control on instrurnents. NOTE: The bank required for

standard rate turns will lessen as you slow down.

Flight Lesson 4

VOR departure
flap operations
slow flight v
VOR arrival S
airport pattern entry

limits:

altitude: +/- 150 feet

airspeed: +/- 10 kts

rollout heading: + /- 15 degrees

course: +/- 2 miles

Review VOR and DME navigation in The
f'+ saction of the POH. Review radio control
.-« Controls section as well.

“World” and Worid Navigation
s in the Secondary Aircraft

VOR Departure

€ Set User Mode to 8 and taxi to runwa
' pre-takeoft preparation:

‘1. Neutralize controls and trim, set zero flaps.

‘2. Set NAV radio to 110.0 (Champaign VOR). Even though it's already set,
%m CTRLN,>>> . 1o goallthe way through the channels. Use CTRLN,

£<<...keypressesto go alithe way around in the other direction. Then try
“CTRLN,CTRLN, >>> and < << keypresses.

y 31. Perform steps 1, 2, 3, and 4 of

- - to set OBS top readout of the VOR to 270,
You are going to takeoff from runway 31. After you reach 1750 feet MSL,
slart a left turn to 240 degrees to intercept the 270-degree radial from
Champaign VOR. As the needle (course deviation indicator) begins to

center, turn to a heading of 270 degrees to track the 270-degree radial
(since there is zero wind). See Figure 22,

4. Write down your approximate takeoff time.

Mastering VOR navigation requires the correct frame of reference; when the
needle shows LEFT, for example, it does not mean that you should turn left.
Rindicates that you should take a heading to intercept your course, a
heading left of the omni-bearing selection. Over time you wiltinternalize the
st of choosing an intercept heading, but for now (with no winds) choose a

90-degree intercept. Consult the compass rose in Figure 22 when in doubt
of the correct heading to choose.

; you have a 64K system, press the Q key and choose

S vecording your course. Review preparation step 3, then
[ELevel-off at 4500 feet,

option A to begin
begin your takeoff.

your aircraft control suffer during the VOR departure? Please keep

craft control #1 on your list of priorities. Good aircraft control willimprove
navigation over the long run.

59
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Flap Operations

Do an airspeed transition to pattern airs

Peed and configuration while
Yhoiding altitude at 4500 feet,

i E Dun'ng the following maneuvers power will be fixed at sither Z8r0 or full.
¢ Pitch will be used to control airspeed:

'Reduce power to zero throttle, let the air

craft descend, and find the pitch

(25 degrees) and find the pitch attitude that

'Add athird notch of flaps (full flaps/40 d

egrees) and pitch for 70 kts airspeed.
-This will be your final approach speed and configuration just before tanding
fair.

g S

Now, add full power and pitch to hold 70 kts.
#very ten seconds until you've reached zero
saductions, pitch to maintain 76 kts (best rat
‘performed a “go-around”, a life-saving man
go-around is often necessary just before lan
fnal approach setup, or when unexpected

Reduce one notch of flaps
flaps. During the flap

e of climb) speed. You've just
euver if done correctly. A

ding if you find yourself in a poor
tratfic appears on the runway.

. Climb back up to 4500 feet and turn to a heading of 180 degrees. $GHI

oy

~ e e ——
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Slow Flight

Reduce throttle to zero and pitch to maintain 4500 feet. As soon as your
airspeed drops below the maximum flaps-extended speed of 102 kts,

smoothly apply full flaps. As airspeed drops below 65 kts, add.power to hoid

altitude. You are now on the back side of the power curve. Use power for
altitude control, and pitch for airspeed control.

Slow to a stali. You will notice that the nose begins to drop uncontrollably at . Hey
stall speed. Reduce your pitch and recover from the stall. Add powertoget [

back up to 4500 feet. Keep the plane just above stall, level at 4500 feet for
about one minute.

Make shallow tums in slow flight. Note the aircraft's sluggish response to
your tight controls.

Add full power, wait five seconds, and then reduce flaps gradually to zero as
you change pitch and power functions back to normal. The reason for this
short wait is to avoid a stall or sudden drop in altitude that can result from a
sudden reduction in flap-created lift. $GHI

VOR Arrival (Finding Your Way Home) B

$tuel tank-mixture-carb heat-altimeter ‘ !

Press CTRLV, >>> ... until the course-deviation indicator needle centers -

on the TO indication. You will probably overshoot the correct omni-bearing
selection, since the needle is heavily dampened. Just press the < key as
required to re-center the needle on the TO indication. -

Remember your flight priorities. Aircraft control has priority over navigation.
When changing NAV frequencies, you do not have 1o finish the change

NAV radio, returning to the NAV radio several times to finish the job. The

FS2 has been designed to aliow pitch and roli inputs while keeping the < -*

and > keys activated during NAV radio changes, . . -

Tum to the heading indicated on the top of the VOR indicator. Since thereis

no wind, this heading will take you directly to Champaign VOR located at
Willard Airport.

: s* misleading. In these flight lesson mod

HN P

" Wthe indication is now off-center, tak
g

- {ake a small intercept angle in a directi
4 towardthe needle. Once the needie i 9 rection

S nearly Centered, return to the heading

Note the DME indicator. The DME i
24> Indicates nautical miles to the stat
# Champaign’s Willard Airport, beg

S automatically channeled to NAV 1, and
~ton. When/if you are within 15 miles of
In a cruise descent to 1550 feet.

Airport Pattern Entry

f‘ This manual does not teach landin
Landing section of the POH, and
Inyour spare time.

t Landing the FS2 lacks in

g procedures. Please refer to the
practice making good simulated landings

transfer 0 a real aircraft since depth cues are

- This manual will attempt to define good

 alanding. In a real aircraft (and with F
landing.

judgement goals when setting up for
§2), a good setup is 90% of a good

+ .. nareal-flight training course your instructor
' egs”otatraffic pattern, “left traffic"

" the purposes of this text we will just
wirspeed and configuration, 800 to 1
ileg from the airport. Once in the ai
¢, viewing angles to orient yourself wit
‘eonfiguration (full flaps) at 66 to 70
' atitude of 400 feet AGL, well-align

(and texts) would cover the

righttraffic”, and “pattern altitude”. For
point out that you should be at pattern
000 feef AGL., by the time you are two
rport pattern you'll have 1o use a lot of
h the runway. You should be in landing

kts on a haif-mile final approach, at an
ed with the runway,

Flight Lesson 5

t-". VOR departure (instrument) !
" steep turns - "
accelerated maneuver stalls

VOR arrival (instrument)



limits:
aftitude: +/- 150 feet (-0 feet on MDA)
airspeed: +/- 10 kts
roliout heading: +/- 15 degrees
course: +/- 2 miles

Setect flight mode 9, taxi to runway 31, and perform preparatory steps 1, 2,
3,and 4. You'll make the same VOR departure asinLesson 4. lfyouhave a
64K system, press Q and select option A 1o begin course recording.

VOR Departure (instrument)
Remember the mistakes you made during VOR departure in the previous
lesson. Make your takeofi and departure and climb to 4500 feet.

Review your course plot if desired. ESC into edit mode and set Cloud Layer
1 tops and bottoms to 0. ESC back to flight mode; you should be visual again.

Steep Tums

Steep turns are quite challenging. Your task will be to enter a steep bank of
45 to 55 degrees while maintaining altitude, y .

Apply full power. Make a 720-degree tum (two complete turns) to the right .
using a steep bank. As you roll into the turn you'll have to increase pitch at a
taster rate than you're used to for 30-degree banks. You really have to antici-

pate the aircraft where pitch application is concemed. Also, don't forget to - 4“

lower your pitch attitude when rolling out of the bank, Altitude gain is a

common mistake during rollout. After rollout, reduce throttle to cruise RPM, “

Repeat the maneuver, tumning both left and right, until you're within the limits
or at least until you get tired. You may want to review steep tums periodically

during flight training. This maneuver should challenge your aircraft control

for a fong time. $GHI "t

Accelerated Maneuver Stalls
An aircraft can stall at any airspeed If the stall angle of attack is exceeded.

In a 60-degree bank you pull two Gs of acceleration (toward the center of the -

et

1

cfrcle), eﬁectiv9|y doubling your weight relative to aircraft weight in leve!
fiight. More weight requires more angle of attack to support it. Stall angie of
attack is reached at a higher airspeed than in normal flight.

.
3 Thfottle bgck 10 2000 (1700) RPM. Enter a steep bank and try to hold
altitude using whatever pitch is necessary. Notice your high stall speed.
, Reduce bank angle and pitch to recover from the stall.

5 Aocelerated maneuver stalls account for many *buzz job" accidents. if
' excessively steep turns don't spoil your day, the quick pullup surely will.

Establish level cruise flight. Abruptly appl i
. y full up elevator. Lo
to effect stall recovery. $GHI P weryourpieh
VOR Arrival (instrument)
$tuel tank-mixture-carb heat-altimeter

You're gbout to experience one of the true wonders of instrument flight, an
#d hoc instrument approach to Willard Airport in bad weather. Be very '
careful not to descend below the recommended aititudes. In a real

A -instrument approach, minimum altitudes are calculated to keep you at a

.+ gafe height above any obstructions, given average radio navigation ability.
You should hoid these minimum attitudes sacred.

© ESC into the qditor and select mode 9. Enter a North coordinate of 16400
9n East coordinate of 16340, and an altitude of 3500 feet. '

‘Center the VOR CDI on the TO indication, then take up the heading given
the OBS. Descend to 2000 feet. When within six DME of Champaign,
‘descend to 1500 feet. When within three DME of the airport, descend to

; 200 feet. Carefully descend to an 1100-foot MDA using pitch control only.
.The airport should appear in front of you.

Flight Lesson 6

&

VOR tracking with wind
) VOR practice
. VOR approach

i e - e .

JOSU



66

lirvits ' ) & ,‘,/‘.:',é,,, .,;,v;
akitude: +/- 100 feet (-0 feet on MDA) : { §
aispeed: +/- 10 kis 3 :
rollout heading: + /- 10 degrees ‘ . k
course: +/- 1 mile : a ’

Today's departure wil be from runway 22. After you've gained 1000 feetof B
alrude (1750 MSL), tum right o intercept the 0-degree radial from }
Champaign VOR. Level off at 3500 feet (see Figure 23).

VOR Tracking with Wind .

ESC to the editor, select User Mode 8, then set Shear Zone Altitude 1 1o

6000 feet. Set surface wind at 20 kts, and set to 270 degrees. ESC back to A8
flight mode. '

The concept of “crab angle” could more appropriately be termed “drift
angle”. Your aircraft is not fying sideways, but rather straight ahead in a
wind mass. The entire wind mass moves across the earth, and your
resuiting ground path is a vector sum of aircraft and wind movement. An
excellent visual example would be a moveable piece of plexiglass placed .
over a stationary sheet of paper (see Figure 24). The plexiglass represents . §F+.: -
8 moveable wind mass. The paper represents the ground. As you maneuver
the aircraft straight across the plexiglass surface, have someone move the

plexiglass straight across the paper’s surface. Note your resulting
groundpath on the paper.

heading 020° 10
intercept @°

This angle between heading and actual ground path is termed the wind
correction angle (WCA). Finding the proper heading to track your selected

VOR radial requires an application of common sense along with some
well-managed trial and error responses.

Common sense indicates that with today’s wind you will need a heading to
the left of 360 degrees in order to hold course; say, 350 degrees. Well-
managed trial and error is termed bracketing. Bracketing a VOR course is
similar to good pitch control. f 350 degrees takes you left of course and 360
degrees takes you to the right of your desired course, then re-intercept your
course and try a heading of 355 degrees. Continue to re-intercept course,
then split the ditference until you find the heading that hoids your course.

<r/<1 750 feet turn to ;

intercept course

Figure 23. Flight Lesson ¢ Departure

&
By P R RN IT S I ) YR g - : - ES . T T
ISP AW VO S T KL ST : - .
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movable plexiglass X ‘“\ﬁ__\,~‘x\.‘-
' Another iImportant concept related to VOR tracking involves changes in
4_ airspeed as, for example, when slowing for an approach. More wind
aircraft's flight path: f correction angle will be required at siower speeds.
™ movement within airmass i

aircraft’s relative wind:
opposite of fight path

Ceptis given as a general rule
but over time you will become mare proficient at navigation, As your
» "mmass navigation skills improve you wil learn 1o make intelligent decisions baseq
¢ (plexiglass)

stationary paper (ground)

at 20 kts, it will fequire a 10-degree loft WCA

the 0-degree radial, We're telling you this
ground track: summation of aircraft

and airmass movement

bout 335 degrees angd re-intercept.

As you can see, this departure is more ditficult than Previous ones. Keep

» and then take pride in your accomplishment.
Figure 24, Visualization of Drift Angle
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3
. VOR/DME RWY 22 UNIVERSITY Of HLINOS. wiLL aRD (C1) .
Pertorm prepavatory steps 1,2, 3, and 4. Takeoft (a heading of 222 degrees AALAGN U, aivors
will keep you on runway 22), climb to 1750 feet, tum to intercept course, and ’
level oM at 3500 feet. Stay on course (350-degree heading at cruise speed).

Slow to pattern airspeed and configuration. Find the new heading that tracks

the 0-degree radial.

VOR Practice

Throughout the following maneuvers, remember that aircraft control has
. priofity over navigation and NAV radio setting:

Track 180 degrees to Champaign VOR (switch the OBS to 180 degrees and
head toward the station).

After station passage, reset the OBS and track 270 degrees from the station
until 10 DME west of Champaign VOR,

Once 10 DME west, tum left to a heading of 225 degrees for one and a hatf
minutes. Change the OBS to 090 degrees. Tum right to a heading of 45
degrees and intercept the 90-degree course to Champaign VOR. $GH|
After station passage, reset the OBS and track Bow
radial from the VOR until you're 10 DME south. As soon asyouare 10DME -
south, turn leftto 135 degrees for one minute. Set the OBS to track inbound .
0Odegress tothe VOR. Tum rightto 315 degrees and intercept the 0-degree

course inbound. Once inbound, press the P key and read the following
saction.

outbound on the 180-degree

VOR/DME RWY 22 Approach to Willard

Note that only 2-degree increments are available on your OBS selection. ,
Some published radials must be modified by adding one degree. Consult ¢ 3
the approach chan (Fig. 25) and Figure 26.

$tuel tank-mixture-carb heat-altimeter

The following explanation will be brief. You may not find all points covered

onthe approach chant. Refer to the Instrument Flying Handbook (see Flight
Training Aids section of the POH) for complete descriptions,

HOMmunon 11001
£}
17607 12207 TR0 TH T 13300
s LW} | wei3000) | 0 300-1%) | 346 (600
MMMM“W 3 ; Sucapt for oparatery
N"‘-MW I\ lﬁ:"bcwn“ -
1 inwoess ol MOA 140 fom. 3 Abermen )

VOR/DME RWY 23 ©'0THa" 17w AMPAGN UBbanA. timsors

o
UNIVERSITY Of llUNOIS»WIlLAlD(CIl)

Figure 25, Dated Material ~ Not for use in real Navigation
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Descend to the minimum safe altitude of 3000 feet (MSA CMI 25 NM 3000:
lower right cormer of plan view).

After station passage, depart the VOR at 028 degrees (follow the
207-degree line all the way up on the plan view and note the “R-027"

pointing outbound). Descend to 2400 feet. Siow to pattern airspeed and
contiguration.

After 2.7 DME inbound, descend to 1 100-

orto a 1160-foot MDA it circling to another runway (minimums section). On
acritical minimum descent altitude, remember to level off 100 feet above the
desired altitude and then pitch down to minimum altitude.

. Once you see the funway and are aligned in a position to make a normal

* landing approach, you may let down for landing. If you do not see the airport

! . and pass the VOR, then execute the missed approach procedure (profile
view). If you become disoriented at any time during your approach, climb for

. safety, track to the VOR, and then execute the missed approach procedure
or re-attempt the approach.

foot MDA it landing at runway 22

Wait three minutes after passing STADI intersection, 6 DME fix (remain "
within 10 NM of the “X" final approach fix: profile view).

Make the procedure tum to 072 degrees for one minute, setthe OBS to 208
degrees, turn left (away from the airport) to 252 degrees, and intercept the
208-degree course inbound (plan view).

Passing STADI intersection intound (6 DME), descend to 1400 feet
minimum (profile view: 1400, with underiine meaning minimum).

" Repeat this flight using Mode 9 (instrument flight mode).

Flight Lesson 7'

o cross-country flight

limits:
altitude: + /- 100 feet
airspeed: +/- 10 kts
roflout headings: +/- 10 degrees
course: +/- 1 mile

plan view

Cross-Country Flight
Paxton Airport is a small airport with a north-south strip, 25 NM from
Champaign on an approximate 01 6-degree heading from Willard Airport.

Pilots primarily use three methods for navigation:
" 1. Pilotage

profile view

- locating landmarks such as cities, roads, airports, and other
prominent visual features. FS2 landmarks are well-defined along the route
loPaxton. Other areas may not have as much scenery since the FS2 disk is
- completely full. Extra scenery disks available for different areas are
At . . .

dedicated to scenery, and include more prominent landmarks.

- 2. Radio Navigation - VOR and NDB navigation are used in both visual and
~ instrument conditions. Where airways are not marked, you may check an
; airport/facility directory for possible VOR problems and, when applicable,

~aerodrome sketch

minimums

Wt o

Figure 26. Approach Chart Terminology
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draw a line between two VORs ora
on the compass rose, .

3. Dead Reckoning - calculating headings and tim
based on pradicted or observed winds aloft.

Good pilots use all three methods when possible, For today's flightto - -
Paxton, apply the three Primary methods as follows: wi-y .. wiswg o < ai.r.
Pilotage - Note tha towns and roads shown in Figure 27, These will be " -
visible on your flight. (A Chicage Sectional chart may be uéed instead of Fig.

VOR and an airport, estimating the radial

@ to fixes or airports

1

27). N
Radio Navigation ~ Draw a line (on your area chart) from Willard Airport
(VOR on field) to Paxton Airport, A good radial estimate would be the

016-degree radial from Champaign VOR.

Dead Reckoning — Measurg the distance to Paxton. 25 NM / 130 NM per
hour yields .19 hours to Paxton Airport. ,19 hours x 60 minutes/hour 11.5

teet of climb to your enroute time estimate Today's flight will be at 3500 feet
(almost 3000 feet AGL), 80 assume 14.5 minutes at a heading of 016
degrees ta Paxton,. . -
For purposes of visual traffic 8eparation, plan your Cross-country cruising
altitudes as follows:

Direction (ground tack) S Altitude

0-179degrees " oddthousands + 500 faet
180-359degrees * . ‘*'*'evonthousands+500teet

These cruising altitudes begin at 3000 feet AGL and are regulatory.

Perform preparatory steps 1,2, 3. and 4,'In'flight, $GHI. Before landing,
$tuel tank-mixture-carb heat-altimeter. See you when you get back!
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Figure 27. Landmarks Champaign to Paxton
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Flight Lesson 8
ILS approach by
limits: B
altitude: + /- 100 feet v
airspeed: +/- 10kts '
rollout headings: +/- 10 degrees
course: localizer = within CDI readings.

glideslope (outer marker inbound) = % down Indication
0 up indication

ILS Approach .
ILS stands for instrument landing systems, a set of navigation facilities

including localizer (horizontal guidance), glideslope (vertical guidance), and

distance information.

Localizer ~ Imagine a VOR that can be used on only one radial, lined up with
the runway. Imagine that your VOR's CDI reads just five degrees (instead of
20) from CD! pinned right to CDI pinned left. The localizer works irrespective
ol your OBS setting, but many pilots prefer to set the final approach course,

on the OBS, as a course reminder.
Glideslope - Imagine a localizer turned sideways and aimed upward 3

degrees trom ground level, with a full-scale (up/down) needle defiection of

only 1.4 degrees.
Distance Information (marker beacons) - Upward-transmitting marker

beacons (received when you're directly above the beacon) are placed along
the localizer course several miles from the runway and about a half mile

short of the runway.,

These instrument landing systems allow you to make a precision approach,
precise enough in most cases (given a lack of obstacles and good approach
lighting) to guide you down to a decision height of 200 feet AGL, one-half

mile short of the runway.
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Tracking the localizer requires very small corrections compared to VOR
rachal racking. Tracking a localizer outbound from an airport also requires
that you use reverse logic; remember, the OBS is non-tunctioning so you
can't set the recriprocal course. When tracking a localizer outbound you
have to take corrective headings opposite to the CDI indication. (On your
first ILS approach you won't have worry about tracking outbound.)

Tracking a glideslope takes good basic pitch control. Always use pitch to
track the glideslope, and adjust power to control airspeed.

Setmode 109, then adjust Cloud Layer 1 tops and bottoms to 3000 and 1000
teet repectively if you'd like to do the approach under instrument conditions.
Set winds as desired. L

Tune NAV 1 to frequency 109.1. Setthe OBS to 314 degrees" just as afinal
course reminder. CTRL N, 2 and set NAV 2 frequency to 110. CTRL N,
CTRL N and set the fractional frequency to .00. CTRL V and set the NAV 2
0OBS to 160 degrees.

You willtrack outbound on the 160-degree radial on NAV 2 for 20 DME. Level
off at 3000 feel. $fuel tank-mixture-carb heat-altimeter. $GHI. Turn left to a
heading of 360 degrees (dead reckoning to the localizer). Slow to pattern
airspeed and configuration. As the localizer needle comes in, turn to 315
degrees +/- WCA. Descend to 2600 feet. The up/down glidesiope needle
should be pinned up, indicating that the glidesiope is above you. Most localizers
don't have DME associated with them, but all FS2 localizers include DME.

The glideslope needle should center about 6.5 NM from the airport. Reduce
power to maintain 90 kts and use pitch to keep the needle centered. When
you're approximately six miles from the airport, the outer marker light should
startblinking. One-half mile out or so you should break out of the cloud cover
(assuming you've set clouds) and the middle marker light will start blinking.
It you can successfully fly the ILS 31 approach to the 949-foot decision
height, congratulations! :

* The approach chart references 316 degrees far the final approach course, but when the
bcuzudamwasmmbdmmFSZMwmmatadmehmguhmaomdc
vanalion can cause hstad magnetic courses 10 change over time.

- ORIV |

NOTE: Acquiring Approach Charts

Unlike FAA books and Sectional Navigation charts, Instrument Approach
Procedure charts are available by subscription only. Should you wish to

practice other approaches, call SubLOGIC and inquire as (o the availability
and price of a set for the FS2,

Recemmended Alterations to Flight Lessons

Once you've become contident in your aircraft control, we recommend
practicing maneuvers in reality mode where you will have to set the altimeter
and heading indicators. We also strongly urge you to practice instrument
flight with light turbulence. Practicing maneuvers with turbulence will greatly

improve your instrument scan. Consult the Environmental Factors section
of the POH to learn how to set turbulence.

anaiie £ 20 Lt
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Section Three - Introduction to Aerobatics

The Spin

The spin is the simplest truly aerobatic (or acrobatic, if you prefer) flight
maneuver. Virtually any flying airplane is capabile of spinning, although it is
not a recommended maneuver for most larger aircraft. Accidental spins
account for five to ten percent of all small airplane accidents in any given
year, so it is important to become tamiliar with the maneuver. Current U.S.
pilot certification standards stress spin (and accidental stall) prevention
rather than fecovery, but many flight instructors choose to teach the
complete maneuver. .

Axiom #1 ~ No airplane can ever spin unless it is stalled. A spin is simply a
stall where one wing stalls before the other. This causes one wing to drop
before the other, and the airplane begins a corkscrewing nose-down
descent. Once the spin is fully developed the aircraft will tend to remain in
the spin — autorolating, as it is called — until the pilot moves the controls to
stop the stall and to stop the rotation. Are You ready to try one?

First put your simulator in the uncoordinated flight mode (auto-coordination
= 0) and climb to a safe altitude of at least 6,000 feet above the ground.
Then, with the aircraft in cruising flight condition (flaps retracted), bring your
throttle back to idle power. Use the elevator to slowly raise the nose 1o a
point slightly above the horizon, Hold this flight attitude until a stall warning
Is indicated. Then apply additional up elevator and add full rudder - left or
right (your choice), depending on whether you wish to spin to the left or to
the right. You will see that the airplane rolls (and yaws), as a result of the
rudder application, to a 90-degree bank position and beyond as the spin
develops. (See Fig. 29.)

" Torecover from the spin you must recover from the stall (since the stall is the

precursor to and real reason for the 8pin), butthe most efficient recovery will

- startwith full rudder opposite to that used to start the spin. This will stop the
" rotation. Then apply down elevator to reduce your angle of attack.

Remember, if you're not certain which rudder to apply, look at the model of




- Are you ready? This time you can leave the simulator in the auto-coordinated

- atleast 6,000 feet above the ground. Configure your airplane in normal

~ position indicator (POH Figure 1, item 24) shows about three-quarters up

N ARt
the airplane on the turn coordinator. If it says LEFT, apply right rudder, and
vice versa. To complete recovery, apply up elevator to raise the nose to the b
horizon. Do this rather Quickly after stopping your rotation, to avoid diving to f ' N
too fast an airspeed and to avoid running out of altitude! Be careful, ‘ *

however, not to apply too much up elevator too quickly or you risk yet
another stall.

The Loop
The ioop is the second simplest aerobatic maneuver. The object is to use
the elevator (and throttle) to pitch the airplane through 360 degrees of pitch,
thereby flying a vertical circle in the sky. One difficulty is that whenever the
nose is pitched (raised) well above the horizon, there is obviously a danger
of stalling. The key to a successful loop is to obtain enough airspeed
(energy) so as to aliow the airplane to fly through this vertical circle without
exceeding its maximum angle of attack and therefore stalling.

Remember, angle of attack is not directly related to the horizon. Itis related
to how the oncoming wind produced by the airplane's flight path (the relative
wind) strikes the airplane, particularly the airplane’s wings. If the pilot tries to
fly too small a loop by pulling too much up elevator, he or she will force the
angle of attack to 1oo great an angle and cause a stall. On the other hand, it
the size of the loop is too great, too much speed will be lost (especially
during the first uphill half of the loop) and the angle of attack willincrease as
the speed diminishes. Again, the airplane will stall, Obviously, the faster and
more powerful an airplane is, the more easily it can be looped.

flight mode (auto-coordination = 1) since no significant separate use of
rudder and ailerons will be required. Again, climb to a good safe high altitude

cruising fiight condition (flaps retracted) at normal cruising throttle.

Using your elevator, dive the airplane rapidly until your airspeed nears 200
kts. Now apply up elevator smoothly but not too rapidly, until your elevator
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elevator. Then look straight ahead. You will see the nose of the airplane rise
until nothing but blue sky is visible.

Now apply full throttie. At this point most experienced aerot?atic pilots
recommend looking directly off one wingtip or the other. Th.ls allows yc.>u to
keep your orientation by watching the wing move (pitch) against the horizon
off to the side of the airplane.

When the loop is nearly halfway complete (see Fig. 30), switch back to
forward view and watch the earth re-appear upside down through your
window. Your airplane’s orientation can also be seen on the attitude
indicator.

Figure 30. The Loop

Once the loop is about three-quarters complete, bring the throttie back to
near idle to avoid over-revving your engine as you dive rapidly. During this
vertical dive you will see only the ground through the front window. When the
horizon reappears, apply throttie as desired and resume cruising flight.

Alleron Rolis

Another basic aerobatic maneuver is the aileron rofl (or barrel roll). In this
maneuver the ailerons are used to roll the airplane through 360 degrees of
bank. It will be helptul if you again select the auto-coordinated flight mode,
sincein this airpiane no rudder use is required. This maneuver is fairly simple
to accomplish, as your airplane has the capability for a very rapid rate of roll
(much like jet fighter aircraft currently flown by the military). As a matter of
tact, one of the most difficult elements ofthe aileron roll in this aircraft will be
getting your airplane to stop rolling at the proper time. Ready? Here we go.

In the uncoordinated flight mode, in cruise configuration with cruise speed
and power, begin a shallow dive to pick up some extra airspeed. When you
have accelerated to 30 kts above normal cruise speed, use the elevator to
raise the nose to a point only slightly above the horizon. The airplane is now
climbing slightly due to its excess speed and pitch attitude.

Now neutralize your elevator. Apply aileron in the direction you wish to roll.
Watch the earth's horizon carefully through the forward window. You will see the
airplane roll past a vertical bank, through an inverted bank, and into an opposite
vertical bank (i.e., with the other wingtip sticking straight up). Begin to
neutralize your ailerons shortly before you are level again. If properly timed,
you will find yourself once again in a near level flight attitude. (See Fig. 31.)

-C - -Q;v»‘
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Figure 31. Aileron Roll




inverted Flight and the Spiit-S

Inverted, or upside down, flight is a disorienting experience even when not
accompanied by the physiological sensation of hanging by your heels! You
went through this flight maneuver momentarity while accomplishing the
aileron roll. This time, however, begin neutralizing your ailerons shortly after
rolling past vertical so that you stop rolling as the airplane comes upside
down.

At this point both the earth's horizon and your attitude indicator will show an
upside down world. To experiment further, push your elevator slightly down.
Normally this would cause the nose to drop down and increase your
airspeed, but look what happens now! Down elevator forces the nose to
move away from the earth (or uphill, if you will). This inverted climb causes
your airspeed to decrease and the altimeter reading to increase. Now apply
a little up elevator to bring the nose back toward the earth’s horizon, or you
will soon be in an inverted stall.

While it may seem that the airplane’s elevator has reversed functions (up for
down and vice versa), this is only true in reference to the earth below
(above?) you. Up elevator still moves the nose of the airplane toward the
nose on your face as you sit in the cockpit: down elevator still move§ the_
nose of the airplane away from your own nose. As you can see, notions of
up and down are relative and dependent on your physical orientation. (See
Fig. 32)

To recover to level normal flight, simply complete the last half of your aileron
roll in either direction. It is also possible to go from inverted flight to normal
fight by simply applying up elevator, closing the throttle, and doing Fhe last
half of a loop. This maneuver is called a Split-S since the airplane flies the

Figure 33. The Split-s

last half of a letter S drawn vertically in the sky (see Fig. 33). However, this
Split-S should not be attempted in actual flight unless your airspeed is slow
and your altitude quite high. Otherwise the radius of the half-loop will be so
large that the airplane may be overspeeded and/or overstressed. Also, the
Split-S maneuver does not develop in a pilot the Proper safe habit pattern

response that he/she should know in case of accidental inverted flight. The

proper and safest habit pattern response is the last half of the aileron roll
previously described.

The Immelman

The immelman turn was invented or discovered by a German Ace, Max
Immelman, and was used as atactical maneuver to evade other aircraftin g
dogfight. Simply described, the immelman turn is a half loop followed bya

half roll. (Note that the Split-S previously described is the reverse, a half roll
followed by a half loop.)

To accomplish the immelman, configure the airplane exactly as described
tor the loop. Note your heading and begin aloop. Neutralize the elevator just

T v—
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Figure 34. The Immelman

al the moment the airplane becomes exactly inverted at the top of the loop
(or a moment or two later). This will stop the airplane in inverted flight at a

relatively slow airspeed, and you can then follow through with the half roll :
portion of the maneuver. N i

Note that the airplane must be held in the loop until it is completely inverted
or even pitched slightly nose below the horizon. If you stop the loop too
soon, with the airplane inverted but the nose pointing above the horizon
(uphill), you will start an inverted climb which could easily lead to a stall while
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you're attempting the half roll portion of the maneuver. If you continue the e ]
=]
Y
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Y
y

loop to a fully inverted position or even a bit beyond, gravity will help you (or -
at least not hinder you). (See Fig. 34.) 7 C
A '
A 4

A 4
The hammerhead tum, also called the hammerhead stall, is a simple-looking N ’
maneuver that is actually fairly difficult to perform well. It is sometimes \Féhr'—' \T'i‘!'ﬁ%—
loosely referred to as a wingover since that describes what the airplane . )
does, but other less-difficult flight maneuvers can also be called wingovers.

The Hammerhead Turmn

Figure 35. The Hammerhead

¥y

. -
— .,_,A,.AN;,AE_HL«.. Che




Begin in .18 uncoordinated flight mode and dive for airspeed exactly as
though you were going to start a loop or an immeiman. Look out the side
window, however (just as in a loop), and stop the airplane’s loop just as the
bottom of the wing comes up perpendicular to the horizon. Do this by
neutralizing the elevator or perhaps even applying slight down elevator if the
loop tends to continue by itself due to the high speed of the airplane.

You are now in a (momentary) vertical climb, but even with full power the
airplane will slow down rapidly. When the airspeed has dropped to about 80
kts, leave the elevator where itis and smoothly apply full ieft (or right) rudder.
Look out the left window if you are using left rudder, and vice versa.

The airplane will now yaw around its center of gravity until the nose is
pointing straight down toward the earth. However, as rudder is applied
during the actual hammerhead part of the maneuver, the yawing of the
airplane will because the top wing (the right wing if yawing with left rudder)
to have a faster speed than the bottom wing (the left wing in this case). Try
this maneuver with a model airplane or even with your hand and you will see
that this is so. This differential airspeed over the two wingtips creates more
litton the faster top (right) wing and less lift on the slower bottom (left) wing.

If uncorrected, this will cause the airplane to roll slightly over onto its back
and destroy the symmetry of the maneuver.

How can you prevent this? The use of opposite aileron (right aileron in this
example) will counteract the differential wingtip speeds and keep the plane
from rolling onto its back. If this sounds a bit tricky, it is! As mentioned, this
is a fairly complex maneuver that appears simple when performed correctly.

Once the nose has yawed through 180 degrees from straight up to straight
down, you should quickly close the throttle, neutralize all flight controls
momentarily, and then rapidly but smoothly apply up elevator to recover
from the verticat dive back to leve! flight. You should now be heading in the
opposite direction from the heading on which you started. (See Fig. 35.)

The English Bunt

The English bunt is half of a loop, but unlike the loops previously attempted
itis half of a loop executed with down elevator — an inverted or outside loop.

—J

B

Figure 36. The English Bunt
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The normal loop described previously is more formally known as an inside
loop — a loop performed with up elevator. The English bunt or half outside
loop subjects the pilot in flight to a definite and qQuite noticeable negative ‘G~
load. Centrifugal force and gravity combine to force the pilot out of his seat;
ifthe seat belt is not secured he will be forced into the ceiling of the plane or,
in the older open-cockpit airplanes, completely out of the plane. This has
happened to pilots in open-cockpit airplanes on more than one occasion. In
fact, this principal was used to efficlently sject from airplanes fong before
ejection seats were invented.

least 9,000 feet above the ground; you may need lots of room. Slow the
airplane down to 60-65 kts and close the throttle. Smoothly apply down
elevator (about one-half to three-quarters full down) and maintain it as
airspeed increases and altitude begins to decrease rapidly. You will be
going into a power-off (idle power) vertical dive and beyond! Once you ses
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nothing but ground through the front window, you may choose to look
directly off a wingtip as you did in the normal (inside) loop, or you can
continue 1o look forward.

When you first see the horizon appear upside down through the front
window, reduce down elevator and allow the airplane to stop pitching in an
inverted flight attitude. Now simply perform a half aileron roll back to level
flight (see Alleron Rolls section). You should have plenty of airspeed at this
point even with the throttle closed, courtesy of alil the altitude that you dove
off during your half outside loop. (See Fig. 36.)

Conclusion

You are now familiar with the basic aerabatic maneuvers. Virtually ait
advanced aerobatics are just combinations of the maneuvers described
here. Feel free to experiment in your simulator; you can't hurt it or yourself.
BUT A WORD OF CAUTION: Please do not attempt these maneuvers in
actual flight with a real airplane of any type unless accompanied bya
qualified flight instructor experienced in aerobatics. The reason for this
admonition should be quite obvious, so please heed it. Furthermore, some
simplifications have been made in adapting this curriculum to your flight
simulator. A wise pilot would no more attempt to teach himself aerobatic
flight without an instructor than he would try to learn how to fly solo without
instruction. Happy landingsl|
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