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1.0 INTRODUCTION.

This report is intended to discuss the progress made during
the past quarter, January - April, 1989 , in accordance with the
terms of MOD Agreement No.2082/192, (REF.1l). The rescarch 1is
concerned with the use of a Modified Stepwise Regression Method
for estimating the stability and control derivatives of a B.Ae
Hawk aircraft from data obtained by the use cof a scaled model on a
dynamic wind tunnel test rig.

At the last progress review meeting on the 26th January, 1989

stablished for the present gquarter.

®

f
a number of objectives were

These being:

1. To produce a small perturbation simulation mod:cl c¢f zhe kacic
aircraft using the Advanced Continuougs Sinmulation Languzage
(ACSL).

o) T~ e

et up a data acquisition system to recover and store data
t

from the wind tunnel model in a usable form.

3. To carry out furthecr development weork on the Hawk model to
install a senscr system for vertical height sensing and to
calibrate variocus attitude and contrel surface angle sensors.

4. To extend the equations of motion of the aircraft to include
kinematvics appropriate to the experimental setup.

5. To further order the eguaticns 2f meoticon into a format
compatible with the regrzesicn m:ithed reguirenmsnis.

Fach of these objectives is discussed in the following
sections.



2.0 ACSL SIMULATION,

The main purpose cof the ACSL simulation is to model the basic
aircraft equations of motion so that any response tc inputs on
the real aircraft can be reproduced by the simulation model.
Thus any aircraft may be used initially to test the progran. To
simulate a particular aircraft it is simply a case of re-setting
the nurerical wvaluss of the stabkility and control derivatives in
th: progranm and defining the appropriate flight conditions. It was
therefore decided to use Phantom (F4) data to test the simulation
program since a design package on the BBC mnicrocomputers had
previously been used toc produce graphs of the step and impulse
responses of the F4. The response graphs from this work could be
used to compare directly with the responses obtained using the

ACSL simulation.

It wzxs not thought necessary tc consider the coupled

£+ =-+ipon at this stage and so the simulation
o +wo distinct programs which model the longitudinal
of motion for small perturbations separately
el on the ig 1is considered some of the
i1l becore redundant, for example there is no
on of the mcdel in the wind tunnel. However,
it was considered appropriate to start with a £full ailrcralt
simulation, the required changes being made lat=r.

2.1 LONGITUDINAL EQUATIONS.

The longitudinzal eguaticne 2f meticn were establiched in
the state vavrizhle form, i = Am + Bu .as shown below (REF 4):

. ) V) o
1 ( b4 bid {x - W) -g u iz 1

u W i)

U+ z 0 1

W _ z, z, ( . ) . zZ, (1)
lof m m m 0 q ™

u w ¥ 2]
6 0 0 1 0 0 0
13! o -1 0 U JL b J e

where matrices A and B have already been pre-multiplied by the

, . ~1 -1, .2
inverse mass matrix (M ') of the system and x”=(M )(Xu/m) ,etc.



For the F4 the nunerical values for the A and B matrices were

obtained from Reference 3 with the following flight conditions:

mass m = 17671 kg
inertize Ix = 234447 kgnm
Tv = 168351 kLgn”
I = 192534 kgn”
Ixz= 3000 kgnm”
eqgm.ht. H = O m
Mach no. M = 1.10 _,
eqr..speed U = 377 ms
( : ) )
-0.062 0.011 0.0 -9.8 -0.41 *
[ 0.023 -2.1 375 0.0 -77.0 !
A = | 0.011 -0.16 -2.2 0.0 B = -€1.0 |
i 0.0 0.0 1.0 0.0 0.0 |
{ 0.0 -1.0 0.0 377 } 0.0 J

The values of the derivatives are defined with respect to radians.

Taking the first line of equatinns (1), i.=.

this appears in the sinmulation program as :
uper = ¥UxU  + XW*W O+ {(XQ-WE)*Q - G*THETA + XETA*ETA
where the derivatives YU, XV, ¥Q are defined as constants at the

i
the program and where 0 and n are in radians.

ines of Egns. (1)

1
with O being <called THETAD in the progran du to an ACSL

constraint which only allows six characters to specify a variable
™y e o
. . . C
Tc obtain a step input for the program ETA is set to 0.17457,
N V] . . . .
ie.{17), at the beginning of the program for an arbitrary time

{TIMEON! chosen to be 100s. This is far 1longer than the time
needed reccrd the short psrizsd step response cof the aircraft. It

is alsc greater than the time for which the program will actually

(8]

be run. A compariscn of the step responses for 0O and g using th
BBC package and the ACSL program are given in Figures A-1 and A-2
pendixz A. Cn comparison of these figures, a very good
corrcspoendence between the graphs from the twe different sources
e

may be seen.



For the impulse input n is set to 1.0 at the start of the
program and then reset to zero after a fraction of a second,
typically about 0.0ls. The shortest time that 4 can ke set to 1.0

=10
=

is with TIMEON equal to 10 . This figure correspo

smallest integration time step possikble in ACSL. H-wever, in
. . . . =10

rractice a variation in TIMEON between 10 1’s and 0.01s was found

to mzke no difference to the quality of the results.

Figures A-3 and A-4 show the short period impulse responses
obtained from the BBC package and ACSL. There is not such a

agreement in the responses using the ACSL program this time. This

tu 3

is theought to bz due tc the su
time step of the integraticn procedure., It is realised that it

e
uld be much bt=tter to model

WO the impulsz o2n 1 by <changlng some

initi=l rconditions znd keoeping ETA = 0 throughout the simulation.

This iz seomething which will be lecked inte during the nent
A b

grart=r to imprecve the sirmulation progranm.
~
t

he ACSL program as it stands at present is giwen in Appen




2.2 LATERAL EQUATIONS.

The lateral equations of motion used in the simulation are of

the form, X = Ax + Bu as shown below:

(o ( Y ) ( )
v vy, v, y-U) g v Y, Yp 4 }
jo) 1 1 1 0 o) 1, 1.
® = v p r EC J e~ (D
r n n n 0 r * n, n. Eqns. (2)
. v p 14 [

| ¢ 0 1 0 0 ¢ 0 0

l P 0 0 1 o Jl w 0o o

where again the A and B =
1

trices have been pre-nmultiplied by thes

. . - -1,
inverse mass matrisz (M f thsz systenm and yv=(M )(Yv/m) ,etc.

For the F4 the numerical wvalues for the A and B matrices for

the flight conditions given above are as follows, (REF.3) :
~-0.49 0.0 -377 -9.8 ( 3.9 11.6 )
-0.13 -3.1 n.80 0.0 -15.0 9.3
A = 0.10 0.018 -1.2 0.0 B = -2.5 8.8
0.0 1.0 0.0 0.0 0.0 0.0
L 0.0 0.0 1.0 0.0 | 0.0 0.0 |

It was decided to produce twe lateral simulation prograns,
LATRCL.CSL and LATYAW.CSL to model the roll response and yaw
responses separately. This is not necessary as with a single ACSL
progran it is possible at run time to use two logical flags called
ROLRES and YAWRES to specify whether an input to aileron or rudds
is reguired. However, at present 1t is convenient to produce two
lateral programs. These prograns are identical in every
respect apart from one having constants called XI and TIMEXI for
aileron inputs and the other constants called ZETA and TIMEZT for
rudder inputs. The lateral equations of motion are cified in

spe
a similar way to the longitudinal equations of motion.



For example, taking the first line of equations (2), i.e.

v =y .v+ yp.p + (yr-Ue).r + g.¢ + yE.E + yC.C

this appears in both the lateral simulation progranm as
VDOT = YV*V + YP*P + (YR-UE)*R - G*PHI + VYXI*¥I + YZETA*ZETA

where the derivatives YV, YP, YR are defined at the
beginning of the program and all angles are in radians.

A comparison of the step responses for ¢ and p using the BBC
package and the LATROL.CSL program are given in Appendiz A
in Figures A-5 and A-6. A very good correspondence in the step

responses from the two sources is obtained.

. . 0

For the impulse response ¢ is set to 1 at the start of the
program and then reset to zero after 0.01s. There is quite gocd
agreenrent between the impulse graphs shown in Figures A-7 and A-9

this time.

A ccrmparison of the step responses for w and r using the BBC
ackage and the LATRBOL.YAW progranm are given in Figures A-9 and

-
&
A-20. Again gocd correspondence between the step responses using

Finally, Figures A-11 and 2-12 show the impulse responses for
r and ¢ respectively. The responses obtained from the BBC and ACSL

program are alsc in very close agreement.



3.0 DATA ACQUISITION SYSTEM.

The electronic contrel unit for the dynarmic wind tunnel test
rig has a control panel which was originally designed with var
accessible bus bar networks so that it is possible tc output any
combination of control surface inputs and attitude angles or

rates, (REF.4). To obtain an cutput the appropriate parametcr is

linked by a 'free' wire linlk to one of e¢ight ports. These poris
have recently been permanently connected to an eight channel data
cable during the course of a current MSc. project aimed at

developing the test rig.

m - &
T the cutputs in the form of anal

G
[N
R
vt
[®]
(]
jod]
log
b
[38]
(9]
]
8
H
e
]
&1

Py o
voltages and these voltages need to be converted to digital form

in order to be stored in files on a computer disk. To perfcrm *the

ADC conversion 1t 1is proposed to record data from the meodel
contrcl unit wusing 2 Cambridgs Electronicec Design (CED) 1401
machine. The 1401 is operated by commands scnt to it from the host

the instructions to

the output from the eight channel data cakle and store the
ata in a buffer in the 1401's intsrnal momorry. Under sofituare

contrsl the 1401 is tzld to *ransfer the data it holds tc filss
opened on the IBM. At the end of the data acquisiticn procedure
these files are c¢los=sd and stored, they may then be read and
required. A diagram of the data acguisition systen

as
is shown in Figure 1.

Tc learn more about the 14021 and how to program it a2 one day
course was attended in London in March. Further heslp has been
obtained from a felleow PhD research student Iin the Cci. In
particular he has written & PASCAL prograrm which rocords data
simultaneously from eight separate channels at a fregquency which
may be specified in the program tc suit the user g
This program has been very useful and has only had to be modifi
slightly to make the 1401 record data from a singlc data cakle
through channels 8-15. Further, files opened to record information
have been given suffixes to suggect what o

a defined channel. These suffixes are shown cver lesf.

WY
(@)



For exanmple, a test run nominated TEST1 will record data fror

~hannel 8 in a file called TEST1.ELE, data from channel 9 in a3
file called TEST1.AIL, etc.

CHANNEL PARAMETEFR IBM FILE SUFFIX

8 9] .ELE (elevator)

9 13 LAIL  (aileron)
10 C LRUD (rudder)
11 6 or g LPIT  {pi+*tch angle/rate)
12 ¢ or p .ROL (roll angle/rate)
13 w or I .YAW (yaw anglc/rate)
14 .SPA (spare channel)
1&g LIMP (model inputzo)

5 1 y P, o~
data £il2s have been reccrdosd to test out the

£
8.PAS, with a si
a

pregram ¢ gnal generatcr being used to
crovide the necessary inputs. The data files created were then
exanined using a software package supplised with the CED 1401
machine called WATERFALL. This ensgbled a check tc be made on what

had been recorded and confirm that the program was working as

14
v

el ::s-t\;d' I¢1 fuyure wWOoXi it p:i.a.l FOR— ~ J‘blE ~ ahal"'_ri‘;‘ thc
= 1
1 CVx.‘..EA¢\. O¢ ;‘“’Sc»'-qu uata bY u.)i41=,‘ a fa..;t e

o
transforrm option within WATERFALL. It 1is also hoped thzat a

ing preogran of some sort will help to improve the gqguality of
ecor

At present, the main ifficult in the data acguisition

system lies with the fact that the data produced by the 1401 are
-

[t
&}
¢}
A
b
t
ot
{
n
bt

reccrded in a hexadecimal format con the IBM. Thus the
will be to change this data into a form which can be read easily
by the main Modified Stepwise Regression program which v

W
st whether or not FORTRAN can

0]
ct
(]

written in FORTRAN. A progran

t
= it stands threough a free format READ stax

rzad ths data a2 erant
will be tried. Alternmatively the RECS.PAS program may be changed
+o output data as a 'FORTRAM readable' texmt file rather than in

M
O
e
]
o
-
Hh
O
H
i

the present he:zad

| 2
[
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4.0 MODEL STATUS.

The Hawk model is suspended in a large Demicn frameverk by
means of a vertical rod through the model fuselage, as shown in
Figure 2. The top of the rod has bearing mounting plates which are

held in place by rigid wire bracing. An urmbilical from the model

connects its various actuators and servo mzchanisms to the contrel
panel. During the last quarter this Dexion assembly has been
placed in the Weybridge wind tunnel at Cranfield and the Hawk
model has been successfully f£lown on a number of occasicns.

4.1 MODEL CAILIBPATIONS.

Calibrations of the contrel surface angles have been carried

out on the Hawk model. Figure 3 shows graphs of elevatcr, aileron
e

and rudder angles versus input voltage. These graphs were produced
by the M3z, project referred to above and it 1s encouraging to ses
+hat linegar relaticnships are tained ovsr alxost all of the

input woltage range.

Other work which still needs to be carried out in this
ancludes calibration of the attitude angles. The mass and ine
of the mcdel also need *o be measured, although this is best le

- - : - 4 —~ - —~
until no further internal work ic necessary on the model,

4.2 VERTICAL HEIGHT SYST

Worlk has been progressing well in the development
osition sensor. Two strain gauge sensors have bee
he Hawk as it was fround that the f£irst gauge which w
chosenn was not robust enough and a stronger gauge was

sternal to the nmodel a servo controlled pulley sys

(f
ﬁ
0
'.J
t H
[
t ot
[}
O fu

the top of th:e Dexion framework has been installed. Add:i
circuitry for the <control panel has also been designzd an
inetalled. Further work in this are
the performance and accuracy of t

system.

[
LI
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FIGURE 2: MODEL SUSPENSION AND FRAMEWORK.
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FIGURE 3: CALIBPATION OF THE MODPEL CONTPOL

RUDDER ANGLE (DEGREES)

ELEYATOR ANGLE (DEGREES)

AILERON ANGLE (DEGREES)

-20 . . —
-1 0 1
INPUT FOLTAGE
20
10
0
-10
4
-20 I
-1 0 1
INFUT YOLTAGE
20
10
0
-10
-20 v .
-1 0 i
INPUT VOLTAGE

16



_ 0

~

[

VIMNEMAT

5.0

SYSTEMS AND TPANSFORMATIOMNS.

S

€3]

4

L |

convenient to define

zed in

fi
with

ZYZ) wind

(O

es

a set of a

=t

4

the

3

den

ot

C

co

such

aircraft

3]
£

L

r stability

to as wind ¢

rotated thr

9
La
v

a

body

ezuivalent to

is

and

ailes

relationship between body and wind a

iy

Uy

]

ToZo) .

(0¥

A

Jleco

a

4}
(&)

3
/

(OXuYulu

81]
£
i

£

ort

o
4
Qe
4
4]
el

Le]
£

1
O

@

and acceleration or force it

veloclty

(O3

guan

leads to the ollo

W

(REF 7)

-~
-

@

th

lationship,

rel

—

(o8]

~—

£
182

b1

WP N
| U

whers

\
< 3
[ ST
o erd
[ ]
| 8]
0
[}
@)
< 33
0 oGoun
g A 0O
U v v
3> T3
(OB ol i}
i ot O
v o
3
o+
ot
192}
< 3 -3
4] = u
O «i O
[ & @
= O D
n o oaR
O A
U vy
ES
Ul
O

re
~

Sind

sSw

[0}

ne
in

+ Sinys

|

<52

-

L



matriz for

transformation

The
that which relates attitude

to body rates.

rates

w and

6 and

o uh

the

to

velocities

are

(Ozyz)

oo
PR S an]

ized a:mn

disturbed bl

£
&

‘es ©

-
-

velocit

arnd

~
Y

P

deduced fron

ke

velocities 1in

angular

Figure

1Y

o }

O0Cose + wSinylo

3+
ﬂ.L.
44

£3

Rl

£

yaw

tr
bl
[
o3 o oD
M et i e iy e
, ————e e
3 <c
o0 u
rd [¢] O
(2 I O T @)
P33
[CR |
ord [
n W
3 3
%) I ¢
[»] [OIYE |
L w
I
~— O O
|
i
0 U
et e e ?
O
-ri

£4

-
.

made.

be

= ¥ may

0 and r

g

[N}



FIGURE 4: AIRCRAFT A¥ES AMD FLIGHT PATH AMNGLE.
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5.2 HAWK

MODEL KINEMATICS
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FIGURE 6: MODEL GIMBAL.
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FIGURE 7:

MODEL GIMBAL AND AVES.

Firewn
\\Fb'r
:’\%SL \

TTACHME, \
FoINTS T <
\ L]

L]
L]
ro .3
’P’Of' L ]

- FIXED
== VERTICAL
Ro»
vl k
1 Mopg. RiRcaAarT
t } AXES Tien o
1 THE Ginmga L
FRAME =
(@) bcdﬁ
R
-
'L)boda
NEAR ¢
A’:EPR‘NG
| 1
|
!
}
|
\
] \\
| N\
| | e
! | \
S J: \

Aising
i

i
| FRom LinveAR
| BeArmINnG
| ro vyaw

Y PoT,

o
to




Egns. (5)

PEGRESSION REDUIP
model structure

may be writ
n-i n-i

STEPWISE
mathematical
linear and

the

moments

6.0 MODIFIED
of attack,

Fcr the systen identification of an aircra
and

form as described in

angles

cf aerodynanic

0

s yit)

Where

4]

-ri
33

&)
(8]
1%}

Yd

state and

aircraft

ﬁadlv

=

l()l“‘l
is the va
nitial st

3]

-

and @
the

2]

vari
these

O
£i
rd
'S

9]
<)
1

variab

will

-
ootTion

£
O
ot
4}
%

o

1

Q
1Y

9]
el
4

"

b

pe

T
i

i

@
fu

0O
O

in

-
poty



6.1 LONGITUDINAL REGPESSIOQOIN.

In the first quarterly report (Ref.2), the stzndard state
variable form of the equation of longitudinal motion fer the
model in the wind tunnel were derived and were as £f£cllows:

R T G Voo )Y 00
LES v
L= ‘ “w “y % . i ‘ L Eqns. (8)
N - - ~ -
\.‘ ‘ ! ALAw _n.q \1 .."
‘\ o ) 0 1 0 l 0 o
4 14 N ( N
- v v
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Equations €6 may be rearrangsd to correspcnéd with  the
following form:

= 0 + O .= () + 6 .0 ()Y + ... + boe )
y(t) 0 Vit ) PR n- n-l(‘
thus, Egquations 6 may be written:
w =7 4+ z .w + z .4 + 0.0 + z .p
8] W a [
q = M“ + mo.W + m.g + 0.0 + m”.u Eqns. (7)
6 = q
These equations are ncocw in the form requirsd for the regresgion
analysis. It is assumed that w, q, O, w, q, 0 and # can be

measured or quantified satisfactorily.




6.2 LATERAL REGRESSION.
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7.0 RESEARCH LITERATURE AND INFORMATION.

During the 1last quarter most work has been concentrated on
literature already held. However a few new references have been
obtained and are listed in the reference section at the end of

this report.

One highlight of the last gqguarter was a visit to the College
of Aeronautics by the NASA research scientist James Batterson. The
Modified Stepwise Regression Method (REF.5), which was first
introduced by J. Batterson and V.Klein forms the basis £for the

current research project discussed in this report.

Mr. Batterson was was shown the experimental dynamic rig and
our research programme was outlined to him. During our talk the
problem c¢f interference from noise was mentioned. It is realised
that in the MSR method noise is assumed to be implicit in the data
analysis and it the best strategy is to reduce noise at source as
much as possible. Various other topics were discussed and the

visit proved to be very interesting and very valuable.
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8.0 IMMEDIATE OBJECTIVES.

The broad aims for the next gquarter are to continue
development of the topics outlined in this report and may be

summarised as follows:

1. The ACSL program will be looked at to try and improve the

impulse input method.

2.0 A simulation using full scale Hawk derivative data may be

run to obtain graphs of expected aircraft responses.

3.0 The data acquisition system will be tested £further with

particular emphasis on the way in which data is stored.

4.0 Further calibraticn work will be carried out on the wind

tunnel model and the vertical position sensing system tested.

5.0 Work will be started on the FORTRAN prograr to mondel the
MSR method.

9.0 CONCLUSION.

At the moment the time scale of work being carried out for
the research programme is running as initially proposed in REF.6.
At present it is expected that the cverall objectives £or the

first year will be achieved.



LIST OF SYMBOLS

drag coefficient

sideforce coefficient

rolling moment coefficient

C

C

c 1ift coefficient

C

C pitching moment coefficient
c

vawing moment coefficient

I, I.,1I.,1 aircraft inertias

~ © & O © » . » . .
$r ,L ,L L., L, dimensional rolling momeont derivative due o

sideslip, roll rate, vaw rate, etc.

M ,ﬁ M., M ,ﬁ dimensional pitching moment derivative due to

forward velocity, side velocity, etc.

dimensional yawing moment derivative due to

sideslip, rcll rate, yaw rate, etc.

P, 9, r rate of roll pitch and yaw respectively

u, v, w components of velocity

v total velocity

iu'%w'ié'iq'iﬂ dimensional drag fcrce derivative due to

forward velocity, side velccity, etc.

O o [ © O . . . " .
Y . ¥Y .Y ,Y.,Y dimensional sideforce derivativ due tc

sideslip, roll rate, yaw rate, etc.

g .2 ,2..2 ,% dimensional 1ift force derivative due to

forward velocity, side velocity, etc.

« angls of attack, tan  ‘(w/u)

B angle of sideslip, sin_l(v/V)

8, ¢, v attitude in pitch, bank and azimuth
0, &£, C control surface angle of elevator, aileron and

rudder respectively



LIST OF SYMBOLS {continued)

Longitudinal Mass Matrices and Dexivatives:
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w - W
M= -n, 1 o | Moo= a -z,
w w w
0 0 1 0
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w w y W w y q q \'4 i
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M= 0 e 1 0 0 |;: M o= 0 -e /(l+e e)
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0
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Xz X xZz z
i =2y/r:; 1 =%Ly/1; 1 =°Ly/1; i =1L
v v Tx p p’ T x r r’ Tx E
n =N/I: =n =N/I; n =N/I; n.=N
v v Tz p p’ Tz ' r’ Tz &
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LIST OF SYMBOLS (continued)
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APPENDIX A

ATRCRAFT RESPONSES OBTAINED USING THE BBC DESIGN
PACKAGE AND THE ACSL SIMULATION PROGRAMS.
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FIGURE A-1: PITCH ANGLE STEP RESPONSE TO 1 DEGREE OF ELEVATOR.
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FIGURE A-2: PITCH RATE STEP RESPONSE TO 1 DEGREE OF ELEVATOR.
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FIGURE A-3:

PITCH ANGLE IMPULSE RESPONSE TO 1 DEGREE OF ELEVATOR.
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PITCH RATE IMPULSE RESPONSE TO 1 DEGREE OF ELEVATOR.

FIGURE A-4:
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FIGURE A-5:

ROLL ANGLE STEP RESPONSE TO 1 DEGREE OF AILERON.
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FIGURE A-6: ROLL RATE STEP RESPONSE TO 1 DEGREE OF AILERON.

8.88c P

8.88E 2.8858 4. 88Le
Step of 1.68EH i Time : 3.98E8 Dutput : -3.75E8

-18.7

+18, PsExpi6, 22E-721)
-3.89%Exp{-6.28E-32T)

+3.72eExp{-3. 1+ .
+0.496+Exp{-2.844T)28in(6 . 139748.352)

ACSL

(e}

C
!

[
@S]\
L v
il \
o ;
\L
T \\._-1—"—-\.
C’. ", D -
¢
[am)
o
® S
0,00 1.00 Z.00 3. 00 4.00

38



FIGURE A-7: ROLL ANGLE IMPULSE RESPONSE TO 1 DEGREE OF AILEFON.
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FIGURE A-8: ROLL RATE IMPULSE RESPONSE TO 1 DEGREE OF AILEROIN.
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FIGURE A-9:

YAW ANGLE STEP RESPONSE TO 1 DEGREE OF RUDDER.
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FIGURE A-10: YAW RATE STEP RESPONSE TO 1 DEGREE OF RUDDER.
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FIGURE A-11: YAW ANGLE IMPULSE RESPONSE TO 1 DEGREE OF RUDDER.
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FIGURE_A-12: YAW RATE IMPULSE RESPONSE TO 1 DEGREE OF RUDDEER.
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APPENDIXY B

ACSL SIMULATION PROGFPAMS.

45



ACSL SIMULATION PROGRAMS.

The three ACSL simulation programs LONG.CSL, LATROL.CSL and
LATYAW.CSL all take the same basic form with each program being
split up into the sections described below. The main differences
between the programs lies with which equations of motion are used,
(ie. longitudinal or lateral) and whether the elevator, aileron or

rudder control surface is specified.

PROGRAM STRUCTURE.

PROGRAM TITLE

INITIAL REGION
specify the flight condition
set values of stability and control derivatives

set control surface angle and duration of deflection

END OF INITIAL

DYNAMIC REGION
specify the time for the simulation to run
specify the intervals at which data is to be saved

check if control surface angle shculd be reset

DERIVATIVE REGION
specify integration algorithm required
specify time step
define equations of motion
integrate states
perform any angular conversions necessary

END OF DERIVATIVE

END OF DYNAMIC

END OF PROGRAM
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