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Behind the fancy graphics of
simulator programs are complex algor-
ithms controlling the parameters of
flight. While complex, an examination of
this subject should be of interest to all.
This article, while trying to maintain a
layman’s approach, includes enough
mathematical detail to allow a program-
mer with some knowledge of vectors and

rogram may be con-
sections: one sec-

mines the aircraft’s position,

adding the magnitudes and directions of

ed implify the math involved by
setting the weight of the aircraft '
and by considering force and
to be the same thing. The net
tion is the vector sum:

This could be accomplished in a program

through the use of arrays, storing the X-
 axis compOReBtiof A in A(1) and using

A(2) and A(8) for the Y and Z axes (we
will take the three axes as respectively
‘corresponding to longitude, latitude and
altitnde). Wi o tsle

The other 4 vectors, each with 3 com-
ponents, can similarly be represented,
and the sum would become,
TOr n=fSEe "
A(n)=G(n)+T(n) +D(n)
next n
As an example, consider an aircraft while
it is motionless on the runway. The force
of gravity downward is equal in
magnitude but opposite in direction to the
lift achieved by the wheels. The state of
the airplane can be described as:

G = -1k i
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~ Determining drag 5
_ The result for drag in the last equation
is only approximate. The fuselage and.
ilizer among other factors,

Wing forces
A wing produces lift
ment of air, mainly o
of the wing, resulting i
Actual forces are usually dete

experimental means in a wind tunnel.
Recently, computers have been able to
achieve theoretically caleulated results

results very closely. - w e 0
Lift ac depends on such broad
considerations as wing shape, size and Thrus
texture, humidity and air density, but air  Thrust o
speed and angle of attack are the most
important. The greater themgle of at=0
tack, the bigger the ‘bite’ the wing takes
from the air, displacing more air
downward and producing more lift. All
other conditions being equal, if one
doubles the air speed the lift is quadrupl-
ed. Since the characteristics of the wing
itself are fixed for any given aireraft we
choose to simulate, we can combine the  ham
characteristics for that aircraft into a
wing constant W. Then, where V is the
airspeed (the magnitude of the velocity
‘vector), and e is the angle of attack, we
can derive w, the force on the wing, with:

8 lssue2s

L

T = Ty
As an illustration, remember that the air-
craft’s weight is one. The actual weight
of an F-104A Starfighter is about 20,000
pounds, and it has a maximum thrust of
13,000 pounds. The maximum T in this
case is 13,000/20,000 or 0.65. A most
familiar unit expressing this is ‘g’ force:
at full thrust, this force is 0.65 g.
Determining the thrust of a propeller
driven aircaft is more complex. The pilot
is setting the horse power (Hp) of a
reciprocating engine from which thrust
magnitude must be derived by the
formula:
T = Hp/V
From this equation it’s easy to see why
a propeller-driven aireraft performs bet-
ter at low speeds. The lower the speed,
the greater the thrust for the same
power. Compare the ease with which 2
helicopter takes off vertically to a
Harrier, which requires relatively huge
engines to generate more than 1g of up-
ward thrust for vertical take-off. In real-
ity, of course, if the speed is zero (V =
0), thrust is not infinite, as our equation
would suggest, since the propeller is still
moving. One must refer to experimental
data to determine thrust at full power
with brakes on. A workable simulation is
achieved with:
T = Hp/(Vp+V)
where Vp is prop speed under these
conditions.

Aircraft orientation

Piteh, yaw and roll is not a new sport.
Itis the dance aircraft wiggle to when fly-
ing. Pitch is the up and down motion of
the nose, while yaw is the left to right mo-
tion of the nose. Roll refers to rotation
around the direction of motion. Of these
three movements, only roll is direetly con-
trolled by the pilot. (Strictly speaking,
minor changes to yaw and pitch can be
introduced directly with the rudder and
elevator respectively, but we need not
take this into account). This allows con-
siderable simplification with only minor
penalty. Letting V, be ground speed,
and using @ for the piteh and § the
heading (which, because of our simplifica-
tion, is the yaw angle), we find:

Ve = H(V.Z + y =)
8 = tan-71(V./Vg)
0 = ten=7(V./V,)
where Vx. V, and vz are the aireraft’s
speed along the three axes.
Most real airplanes use a steering

wheel. Turning the wheel left or right
causes the aircraft to roll left or right.

The specific re8
this control

e of the aircraft to

force of gravity.
, the lift force is up-
aircraft. If the air-
30 degrees, say)
be pointed to the
ulting in a turn
that the ‘lift op-
as the aircraft

" aircraft, as in

g
Uy=-sinlsinBcosT

+coslsinT
uefcosfsinBecosT

=s8infsinT
Us=cosBcosT

where T is the roll angle.

Conclusion

Aprtreatue' on flight simulators can
a text book. Here we have examined
a approximation’ simulator that is

i 95 per cent of the time. The next

and so on, to enable the simula-

tion of spins, stalls and minor lags
resulting from the difference in the direc-
tion of flight and the direction the aireraft
is pointed. As the software grows more
complex, the loop time increases, with the
projected result becoming increasingly
accurate but too slow for comfortable use.
All real-time flight simulators must make
a trade-off between speed and precision;
the product of these two factors is a
measure of the brute hardware power of
the machine running the program.
puter time required for the view
simulator, instrumentation and possible
statistical updates, the advantages of
parallel processing become clear. Flight
simulators have a natural affinity for
e ghe Briah o
cessors. task, the
simulation, passes only six numbers to the
next complex task, the view simulator.
With three axes of position and three
angles of orientation, the view of an en-
vironment can be calculated. Without




