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ABSTRACT

The IEM Ccmpany's Continuous Systeas Modeling Program
vas used to sisulate *he 1longitudinal flight control sys:enm
of the P/A-18 aircraf+. The model is intended for use in
investigations ¢f aircraft respcnse to flight cordiziorns
vhich approach spin or stall and is res*ricted ¢+o the
auntomazic flaps up (AFU) (flight mcde. Prograa outputs
include stabilator deflection, 1leading and trailing edqé
flap positions, and cross-axis interconnect signals.
Vacicus stick forces, moticn sensor inputs, and air pressure
inputs were sizulated to produce transient con+rol surface
respcnses. Tlkese coaputer generated responses exhibited
characteristics corresponding to rpredicted aircraft con+trol

surface movements.
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) I. INTRODUCTION

Ths Navy has eoxperienced the 1loss of numerocus aircraft

5 during recen~ years due +*o unintentional departure from

" ) controlled fligh<. The increased ccst and complexity of
%? modern aircraft utilizing fly-by-wire flight control systenas
A have placed a renewcsd epphasis on understarding <«he

;%, rarformance characteristics of these aircraft, especially
Z;; n2ar the limits cf the flight envelope. The purpose of this
iﬁ thesis is to irvestigate a methcd of non-real time computer
%; simulation of the longitudinal flight control system of the
» P/A-18 aircratft. Fu‘ure thesis researchers at the Naval

w

&
ol
14

Postgraduate School will complete corresoonding simulations

i

A" ey
“v
o
.
N

of the lateral and directional control systzsas. The

LRRLRS,

%f combination o¢f <these simulations with an existing

% asrodyrasic simulation program will yield a complete

j% aircraft stabili“y and control model. The primary purpose of
f; the model is to investigate methods of designing control
;3 augmenta*ion systems vhich actively 4inhibit cr prevent

f? departures frcm controlled f£flight. Othar uses cof *his model
Ti would include +the capabilities to test nevw prograsmable
:i . msmory configurations, <o evaluate new components such as
}' oo*isal observers, to sigulate degraded fligh+ conditions

Y N NN D N DR DO e e o



[
;‘”'

.‘n::l‘ v
LRI

e 7

AN

7%

I

A

o

o,
A

o
"L{:

Ay
(4

‘

IR

’

\
NN

N4
.u‘

R

(such as a damaged £1light con“rol surface) and to recreatse
flight conditions during post accident investigations.

The method which was chosen for accomolishment of the
objectives of this *hesis was the Ccniinuous Systems
Modelixg Program (CSMP), develored by <the 1IBM
Company [ Ref. 1]. CSMP is a sof+ware package designed to
simulate dynamic systems described in tarms of differ=sntial
equations arnd bleck diagrams normally encountered in systems
theory. CSMP allows programmaing flexibility through the use
of thirty-four ©pre-programmed functional blocks which are
similar “c PORTRAN subroutines. These biocks provide -apid
access to mathematical functions, switching functions,
signal sources, logic functions and PORTRAN functions. Since
<his thesis represented the first attampt at the Naval
Postgraduata Schcol to accurately model the fligh+ contrel
system of a modern, highly augmented *actical airzcraft it
vas decn=d important %o concentrate on the physical systeas
rather than becose involved in the complexities of numacical
analyeis.

Alternatives “0 CSMP which were considered included
analcg prograsaing and PCRTRAN prograaaing. Analog

programming wvas not selected because it is less

10
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vy rapre¢sentative ¢f the systems to be modeled and it is less
~ accura-e than CSMP. The ccncept of programming directly in
v ‘
‘3 PORTRAN was carefully considered. Since PORTRAN is the
]
- . source language for CSMP the capabilities of CSMP are a
7. subset of the capabilities of FORTRAN itself. Additiorally,
) CSMP has restrictions on +he number of allowable statements,
constants, variatles and cther paranmeters. Unlike FORTRAN,
2
,? vhen functional blocks in CSMP are used, the programmer has
v
,3 no dirsct control of mathematical cperations internal to the
functions. Tte primary reasons for which CSMP was selected
.
}ﬁ were its simplified input statements, output statemen<s and
1 .
D]
orogram conz-cl sta‘esents wvhich facilitated rapid progranm
I writing and testing. Additicnally, the automatic time and
.
:y amplitude scaling¢, data fcrmatting, and compatibility with
. graphic display devices which CSMP provides are well suited
% for prototype prcgraam development.
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II. METHODOLOG

? i A. PROGRAM ORGANIZATION AND NOMENCLATURE

A detailed description of “he fligh: control iaws of the
F/A-18 aircraft is given in the McDonnell Aircraft Coampany's
system design report [(Ref. 2]. The com:-uter pregranm
developed in this thesis is based upon figur2 16.1 of this
report, enti<led P/A~-18 Lcngitudinal, Mschanical, CAS, and

DEL Control 1law Mechanization. This figur2 contains six

pages of block diagrams depicting generation of longizudinal

contrcl signals which are valid for all aircraft

configurations and failure modes. The version of flight

Z§§ . contrcl program incorporated in the flight control compu;er .
i&g programmable read only memory (PROM) u+tilized in this
:i{' simula=ion is 8.2.1, dated August 31, 1982.

AN

€§§ A brief discussion of “he P/A~18 flight control sys-em
::? is necessary +*o facilitate a discussion of control law
ﬁ%ﬁ modeling. All ccmputations of ccntrol laws are accomplished
»ggf independsntly by four channels of digital computation.

NS
;;; Primary ccntrel in the pitch axis is provided by symmet:z:i
iﬁg . deflection cf the horizontal stabilators. Pull span leading
é&g} - edge flaps and trailing edge flaps are scheduled to provide

maximum lif+ “c drag ratic during maneuvering, high angla

- .
........
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of attack and cruise configqurations. Roll con*rol is
acconplishéd by ailerons, differential stabilators and
differential leading and +trailing edg2 flap deflection.
Directional ccentrol is main+ained by dual rudders. The
thesis compu=er program which is contained in Appendix A
simulates the cu~put of one channel of digital computatior
and calculates <+he angular positions of <+he stabilators,
leading edge flaps and trailing edge flaps. This simulation
does not calculate rudder or aileron deflaction, however,
3ll electrical signals reguired for cross axis interccnnec*s
are rrovided.

The task cf prograaming the irformation given in the
longitudirnal ccntrol 1lawv mechanization schematic was
simplified by two means. Firs%, the program restrictions and
assumpt-ions =c conditions cf flight which are discussed in
part B were applied. As a result sections of figure 16.1
which apply =c mechanical centrol laws and spin modes, for
example, vwere deleted. This reduced the number of schematic
blocks to be modeled by approxima*cly cne +hird. The second
simplification arose <+through a system of nomenclature in
which nine control paths were defined in order to limit *hs

nuaber of input and ocutput signals for any specific pazh.

13
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'gi‘ When ccmbined, +*hese nine paths fcrm the total longi:udinal

control law mechanization.

Pigure 2.1 is the overall longitudinal control signal
block diagram which was used in tkis simulation. I: was
derived by applying all program assump<ions ¢r restricticns
sutlined in rar+ B to figure 16.1 of the system design
report.

Block diagrass depic*ing the logic development of <*he
comporent pa-hs are included in Aprendix A. The nomenclature
for each con+rol path which is given in Table I is peculiar

. *o this sipulaticn pregras.

Table II lists ncmenclature for coatrol signal groups which H
are common *+c both the Mchonnell schematic and to this
simulation. Signals with common prefixes are numbered
consecutively in the feed forward direction. The primary

feed forward input <+to the CSMP simulation is pilot stick

- force. Peedback signals include pitch rate, roll rate, yaw

A

DN

ﬁﬂa rate, angle of attack, ncrsal acceleration and differential
Y

PN

N control surface coamands.

B. PROGRAM RESTRICTIONS AND ASSUMPTIONS
The task of cbtaining a working computer program :o mee*

the thasis objectives 4id not require *he simulation cof all
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TABLE I

Centrcl Signal Paths

EATH SIGNAL PREFIX
M open lco MP
P?igt stgcé Pn ut gglh PS
pitch rate gyro pa PR
Angle_of a+¢ ack senscr path Al
¥craal accelerometer NZ
Pervard integra*cr path FI
Stekilator path ST
leading edge flap pa*h LE
Trallzng edge flap path TE

TABLE II
Comamaon Signal Ncmenclature
SIGNAL (QR PREFIX) DESCBIPTION
ALPHAS Angla o attack conpu eq)
ALPHAT Andle of attack rueh
¥ Pgnct*on (air data si edul 9)
PK Air data scheduls gain parameter
PS S&a+ c essure
PV Pitch ax s _storage location
gc Ccapressible dynal*c gressure
1 Pressure quotient (=QC/PS)

vossible conditicns of £fligh=. Thus, an assumed aircraft
configuration ard f£1light condition led *tc many
simplifications in the mcdel. PRach major assuamption is
iscussed belcw. Should futuce reseacchars desire <*o
construct a acre general scdel, additional prograam logic

paths could be included in <his CSMP simula=ion without

requiring major revisions tc the prograa.

AN
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Assunpticns:

1. The aircraft £light control electronics set (FCES) is
operating normally. FPrimary compernents of this se~ includ=z
£l:ight contrcl ccaputers, pitch, roll and yav rate gyros,
accelerometer assemblies and fligh- conztrol panels. The FCES
contains logic seguences for failure dezection and
correc-ive ccntrcl law isplementation which were ommitted
from the thesis compu<~er prograna.

2. The aircraft is urder inner loop control. In this
mode pilot stick force forms the primary control inpu+,
Au~ofpilot functions such as heading hold, roll or pitch
a*titude hold, and al«itude hold are not in opsration.

3. The pitch control augmentation system (CAS) is
oroviding longitudinal control. Backup control sys“eams which
are nc- in opera*ion include the mechanical backup mode and
the direct elec*ric link (CEL) wode which provides an open
loop signal frcm the pilct stick position sensor ¢o the
stabilator sarvoactua‘or.

4. The aircraft is operating in the up and away flight
phase in the auto flaps up (APU) configquration. This phase

requires that the flap svitch in <the cockpit be in the AUTO

position or that the caliltrated airspeed be greater tham 243

17
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knots. In the AFU mode gain schedules arzs optimized for
combat maneuvering charactsristics in the low <o mid dynasmic
oressure reginec. Additicpally, a trim integrator contrcls
lo0ad factor and, at angles of attack above 22 dagrees,
propertional ncse down cossands are introducad.

S. The gain swi%*ch is in the normal position. The
overzide position 5f this switch causes flight computers *o
use fixed values for air data schedules and a predetermined
angle of attack in control law computations. The nornal
sosition of “ke¢ gain switch allcws measured values of air
data and angle of attack tc be used.

6. The aircraft is operating with weigh% o0ff the wheels,

soeed brake in, and with nc external stores.

7. Anti spin functions are not simulated.

18
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III. ONTIRO "]

A. MR DATA SCHEDULES

Air data schedules are func-ions of static pressure
(PS), compressitle dynasic pressure (QC), and other
varameters such as normal acceleration, angle ¢f attack or
condition ¢f external storss. The longitudinal control laws

cortain inputs from 13 diffaerent air data schedules which

are listed in Table III.

TABLE III

Air Data Schedules

PUNCTION RESCRIPTION (INRUTS)
F12 Pitch forward loop integratcr 3jain schedulz (RI,PS)
P22 Padsi on s personic co-ponsa‘ion
F23 S-a on pitch forward loog -ntsgra*or (A04)
P24 T-ail: nq ed e flap schedule
!%5 Traé}inq sdgc lap sch nle 8C ill
r27 leading edg ap sc
§28 Leagin e&ge ap sc cgu i n t
F290 L2ading edde ap s¢ i
!3%1 Longi*udinal fcrwar a n schedule (QC)

P3 u; nit on lo eadba ZA
F40 Pitch rate back n sche uie Ps QC,RI)
768 Pitch rate tack n sche
ngi« nal ne a qa-n schedu e
F107 Longi+vdi rti hedul ( C)

BEach schedule ccntrols an output gain for a particular
purpcse. Function 32A, for example, yvields a uniform ini+ial
oitch acceleration in resgcnse t¢ sharp inputs, with gain
decreasing at high values of compressible dynamic pressure.

O-her functions such as function 290 are used to detarainas

19
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an upper or loser liamit +to an input signal. Simulation of

these functions in tha CSMF format required that individual
computer programs be written to test each air data scheduls.
In all cases the final result was given in <the flight
control systeés desiqp report, usually in graphical form.
Conversion to CSMP format was done by extraction of data
points from graphs, use of logic flow char:s when available
and direct employsent of those mathematical formulae which
vere givan. Cnce programmed in CSMP, the <abular and
graphical output data was compared to data given in ¢the
design report for the same test parametars. Thus, *he output
of each function was independeptly verified before the
functicn was included in the 1longitudinal control law
sisulation.

The sisulaticn is vwritten tc take advantage of CSMP's
SORT and NCSORT capabilities where avpropriate. The NOSORT
spticn of CSHP is used for cordi+ional logic and tranching.
This statement allows the user flexibility 4in creating
secticns cf the program in which ordinary FORTRAN rules can
be used. In NOSORT secticns intersediate variables were
defined, comparisons made and appropriate branching wvas

executed. The frogram statesents vere returnsd <o SORT

20
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format as soon as ccnditicnal 1logic was no longer reguired.
An early rprcblem revealed that if two or more SORT secticns
are¢ separated ry a NOSORT secticn information will not be
passed between the saparated SORT sections. To prevent
grrors resul-ing from this restriction from occurirg the
follcwing decisions regarding the orier of progranm
statements were made.

1. The nuater of NOSORT secticns should be minimized.

2. NOSORT sections should be 1located close
*ogether,alloving fewer and larger SORT sections.

3. Macros should be utilized when possible. Macros,
which are similar to subroutines, are discussed inp part D
under frequency averagers.

The task of arranging program statements to minimize the
number of NOSORT sections was grea+<ly simplified through the
use ¢f the "output varialkle sequence" tabulation which is
oroduced as par« of the CSMP standard output. The final
number of NOSOBT statamernts in the computer simulation could
have been further reduced ty this amethod, however, <this
vould have required the mcvement of largs program blocks and
caused a deviation from the logic path used in program

development. For exasple, the NOSORT sections of functions
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12 and 40 could have ‘been combined. This would have

increased difficulty in program debuqgging and made areas of
*he progras vwhich require combinational logic less apparen+
to readers.

Appendix C contains documentation for the air data
schedules. Each schedule is irncluda2d in a complete computer
orogram which produces tabular and graphical data to ma+ch
the characteristice of figures in the design repor:. 1In
incorporating +*hese air data schedules into the longitudinal
control law sisulation all schedules excedt for functiqn 24
ware placed before the main computational body of <“he
orogram. Functicn 24, the +trailing edge flap schedule,
raquires condi+ionmal 1logic and con*ains conputeé angle of
attack as an input. Since compu+ed angle of attack is
generated in +the normal accelerometer path, function 24 was
placed imwmadiately before the trailing edge flap path

computations.

B. PADERS, A¥NAIGG TO DIGITAL CONVERTERS, MECHANICAL
BREAKOUTS
The purpcse of faders is ¢to eliminate large
disccntinuities in gain, permitting gradual change in ou+put

from 0ld values =0 nev new values at a desired sample rate.
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Paders are located in Pigure 16.1 a% t+he outputs of air da<a
schedules and gain schedules which are dependent upon
aircraft configuration. Discontinuities may arise as 2
result of a change in physical measurements such as dynamic
pressure, change in aircraft configuration such as spe2d
brake extensicn, or changs in mcde of flight. The lower
limit for signal NP4, for example, changes from a gain pf
-50.0 0o 0.0 as a result c¢f spin entry. Since the thesis
computsr program assumes tha:t electrical signals vary
smoothly and is restricted to up and away controllad flight,
fadere are modeled in freguency only.

Analog +to digital conversion and frequency matching are
obtained ky a sample and }old'prccess. Sampling times are
generated by the CSMP functional block IMPULS which produces
a *ipme series of unit impulse functions with a specified
start <ime and period. Since these pulse trains are used in
several areas cf the program, impulse functions of 23, 40
and 80 hertz are included immediately following thes air data
schedules. The 2ero order hold function 2ZHOLD keeps signal
gain constaat throughout the pulse period.

A mechanical breakout force cf ¢two pounds is moda2led in

the pilot stick input path. When large stick forces are




259006

(4

[
» :

NN R AR
& 8y
':l,s‘:"r P

N e
N R N T R R
- . " el T e e N T e T L s a, e e s L w - -
PN A ASAA ACAOA I FR IR A A ST TR A A A R AR A T T N R SO TN QAN NG N TR

aoplied, +*he resultant signal is calculated with a reduction
in magnitude cf two pounds. This mcdeling is accomplish=d in
CSMP by the deadspace (DEADSP) functional block. Pigure 16.1
of the design rerort depicts 2lectrical signal "deadbands"

which are ccnceptually identical to mechanical breakouts.

Appendix D cortains a program which displays deadspace

outputs in taktular and graghical fcrm.

C. ALIASING FILTERS AND SIGNAL LIMITERS

The longitudinal control laws cf *he FP/A-18 include five
aliasing fil-ers which are modeled as first and second order
Laplace transforms. The first order transform is of the
tvpe A/(Bs+1) and is in tlte pilot stick input path. This lag
type filter with one real pole is converted *c CSMP forma=
by “he functional block REALPL. A required initial condition
is the value ¢f *he output signal when time is zero. This
may ke determined arbitrarily by the user, bu¢t was se+ to
zero for this simulation.

Second order fil“ers are present in the pilot stick
input path, pitch rate gyro path, angle of attack ssansor
oath and normal accelerometer path. Each is of the form
A/(Bs‘+Cs+D) and represents an underdamned system. The CSMP

functional bleck for cosplex poles (CMPXPL) is usead.

24
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Initial conditions are tle value cf tha output signal and

time rate of change of th=2 cutput signal when time equals
z3ro. Natural frequencies varied from 4.34 hertz in the
pilot stick infut path 20 33.3 hertz in *he angls of attack
ssnscr path., The appendix contains a computer program which
demonstrates +tke CSMP outputs of both first and second order
aliasing filters. Unrit step inputs were iantroducad to each
fil“er to generate transient responses. The first order
filter produced an exponen+tial rise “o steady state with the
correct time ccnstant. Clharacteristics of the second order
filters such as rise “ima, peak time, maximum overshoot, and

settling time compared favorably with theoretical

ra2sults [Ref. 3].

Signal limitsrs restrict thke maximum or mirimum values
of an output signrnal. Statila=or surface dsflection, for
example, is limited *o 10.5 degrees trailing edge down and
24 degress trailing edge up. The CSMP func+ional block LIMIT
allows direc*t specificaticn of lower and upper signal

limits.

D. FREQUENCY AVERAGERS AND RATE LIMITERS

&
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A characteristic cf ttke P,\A-18 flight control system is
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that various signal paths operate a+ fraguencies of 20, 40
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or 80 hertz. When signals are ccmbined mathematically, the
inputs are first converted to a ccmmon frequency. Normal
accelerometer path signals are computed at 40 her+z and
combined with cutputs of tte forward integrator pa*h, which
operates at 20 hertz. In this case a 20 to 40 hertz averager
is present between the integrator path and the summing
jurction ceonnected to the normal accelercometer path. The
algorithm us=d fer the 20 <o 40 hertz averager is based on a
orocedur2 given in the Flight Con+trol Electronic System
Ravort [Ref: 4]. The averager was required +to generate
signal values at +wice tle rate of the incoming pulses by
linear intervcla*ion between amplitudes of the two previous
signals at 20 hertz. The formulas used to generate

intermediate sigrals were:

Z40 = 24021 + DEL (3.1)
DE1 = (220 ~220z1) / 2.0 (3.2)
vhere:
zu8 = current value of the 40 hertz signal
Z40Z1 = previous value of the 40 hertz signal
Z20 = current value of the 20 her+z signal
Z20Z1 = previous value of the 20 hertz signal.
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Conditional logic was us=2d to keep the output signal

equal to the input signal at <imes when th2 20 hertz impuss
function was equal to one. The algcritha was initialized by
letting "previous values" le egqual to input values when *ime !
equals zerc.

The presznce of numerous frequency averagers in +*he
control laws would have required the rspetition of mary
statement klocks without <+he use ¢f CS¥P program MACROS,
which are sigmilar tc¢ FCETRAN subroutines. Frequency
averagers in tte thesis ccoputer simulation were included in

MACRCS and placed a* +*he beginning of the >rogram. A MACRO

may ke used several times within a fprogram. Input and ou*tpu=
variables are given dummy names, yet the MACRO is invoked
with a2 unique name which is assigned ian'a function
definition s“atement. A limitation %o the use of MACROS is
that variables which are defined 4ir MACRO structure
statements are not availatle for output unless =*hey are
designated as arguments in the function definition
statement. Additionally, certain func-ional blocks such as
REALPL, CHMPXPL and INTGRL cannot be used as a2-guments or as

parts of a MACRO structure statement.
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The PROCEDURE function of CSMP was used in each MACRO <o

cause statenment*s to be executed in <ths order of *heir
appearance. FEach structure statement of a MACRO will be
individually sccted unless PROCEDURE is specified. All
statements containad within a PROCEDURE functicn are treated
as a single block which can be mov2d but not rearranged by
the CSMP transla“or.

PORTRAN subprograms were not used in this simulation
because the size cf the 1lcngitudinal portion of the program
did not approach the maximue limits of CSMP. Inclusion of
the lateral and direc+ional contrecl systems in this program
will require that measures be taken to remain within the
allowable number of s*tructure statements, NOSORT sections
and MACROS. The CSMF tramnslator is not used t0 process
FORTRAN subprogram stategents., Since the number of
subprcgram statements is nct counted +he overall size of the
program may ke increased. The capabilities of the computer
systen library may be utilized by subprograms through *“he
use ¢f the CALL statement. The CALL stateament must, howvever,
be included in a NOSORT or PROCEDURE saction. A method to
invoke subprograms exists which does not require NOSORT or

PROCELURE sec+ions, but it is valid cnly for two or more
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.§§ output variables and it requires a specific forma+: for
\ L]
. argumsents. A final restriction *o the use cf PORTRAN
ot
33 . subprcgrams is tha*t certain CSMP functional blocks such as
-_"-.
0N ZHOLD, IMPULS, and CMPXPL are not allowable.
oy Ths longitudinal contrcl laws contain rate 1limiters
<
oad vhich operate at fregquencies of 20 hertz and 80 hertz to
a restrict the speed of leading edge flap movement. The
_Eﬁ : algorithm for these limiters compares the value of each
SR )
tﬁ incomirg signal with the value of the previous output
2y
- signal. The nmagnitude of %“he difference be-ween these
{,1:. .
;g signals is prccessed by the LIMIT functional block which
_?f ’ generates the current output signal. The 20 hertz rate
3 limiter, fo- example, allcws a " saxisun change in output
; 'r_\:
?ﬂ signal value c¢f 0.9 degrees during each paricd of 0.05
b L,
i seconds. A listing ocf the program which was used o test the
s
'y
ﬁ% cate limiter is contained in aprendix D. Correct outputs
o}
;fj vere observed fcr both increasing and decreasing inpu¢
o signals.
L2y
o
'i? E. T[IGITAL FILTERS, DIGITAL TO ANALOG CONVERTERS,
?,p_:
0y SERVOMECHANISHS
ol
7
fﬁ Three types of digital filters are used in the
")
J"4
gé longitudinal ccn*rol laws. 2 filter number P2 is a lead-lag
93
S
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1s

Fi type contrcller in the pitch rate gyro pa+h which operates

at 20 hertz. 2 fil“er number P9, <the forward loop

el .
'?ﬁ integrator, operates at 2C hertz and compares the aircraf+
A3 . respcnse to the maneuver ccamand. The output signal drives
ﬁj the stabilator servoactuatcr <o reduce the maneuver error to
N

23 22r0. This allcus the aircraft to to be automatically kept
)

in a hands off ocondition since <+he forward integrator

'nf slimirates unccmranded norsal acceleration. 2 filter number
S P8 is a2 structural notch filter which operates at 80 hertz.
2 I+ attenuates aerocelastic bending which is detected by *he
b

th moticn sensors.

N

A .

w In the simulation each filter was developed in its amost
\ -

%: - general fcra for inclusicn in a MACRO. The following
:ﬁ equation for 1lead-lag filter number P2 is given in the
e Schematic Caesign Report (Ref. S].

‘ﬁ

’y: PRY4 (1+ER11%(1-FK12))Z - (PK11+1)*(1-PK12)

3 Amm— =

S, PR3 Z - (1-PK12) (3.3)

71

It is scdeled in the thesis simulation as

[

A

'
g FOUT AZ - B
——— =
FIN 2-C (3.4)
)33
)
)
N8 vhere A, B and C are constants. The right shif«ing and
oY
%ﬁ linearity progper+ies of the z transform ars2 used to solve
Ao
Qj explicitly for the variable FOUT (Ref. 6].
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POUT A - B(2-1)
FIN 1.0 - C(2-1) (3.5)

Cross multiplica<ion and rear-angemen* yvields:
FOUT= ASFIN - B*FIN(Z-1) + C*PFOUT (2-1) (3.6)
vhich is described in the simulation as:
FOUT= ASFIN - B#*FINZ1 ¢ C*POUTZ1 (3.7)

This methed, which is +termed direct realization
srogramming, was also used in the development of the no*ch
filter and +he forwvard loop integrator. The equivalen+
Laplace zransform for each ;ongitudinal flight control
filter is listed in the design r2poct. This permitted a
crcss check of 2z filter performance which is included in
appendix D.

A specific method of integration may be specified in ¢the
+2rmipal pecrtion of a CSME program. In the case of flight
control sisulaticn the Runge-Kutta PFixed Step Size (RKSFYX)
methcd vas u-ilized ¢to ensure ¢tha+ intagraticons would only
occur at the desired sampling rate. The highest sampling
f-requeéncy in arny axis of the P/A-18 flight control system is
80 hertz, thus the CSMP integraticn interval DELT was

specified as 0.0125 seconds.
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The variakle KEEP is used in CSMP to indicate that “he

end cf a valid inteqratior step has bean rsached. KEEP is

Lt

set egual *o cne wher this cornditicn is met. During trial or

in-ermediate integration steps KEEP will equal 2zesro. Each

[
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MACRC contairs conditional logic which allows calculations

"
P3ak ™

o0 be¢ performsd orly when KEEP equals one.
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Conversion cf signals from analog to digital form in the
P/A-18 occurs as the signal reach2s “he servomechanism. The
quantizer functicral block (QNTZ2R) is employ2d to accomplish
the analog to digital siwulation. The transfer functiors
used by the stabilator and flap servcmechanisms are not
publiched Lty the manufacturer of the aircraft. In order for
the thesis computer program <¢0 generate control surface

positicns the response characteristics c¢f a Parker Hanrnifin

-
oy
. fly-ky-vire ac*uation system were incorporated. The select2d
i:a actuatcrs were designed fcr use with all-digital fligh+
e
y

i:: ccn-rols and are modeled as second o-der sys+<ems. The

o s=abilator rransfer functicn is

:.'- ]

e
; ‘.'.-_‘ x 1600

1‘... -—— =
Yoy ri ST+ 565 + 1600 (3.8)
‘

ﬁ;; wvhere X is the actuator position in degqrees and BEi is the
0, o,

o

'ﬂ position ccamand. The transfer function for both lsading

f
RAP XA N

and trailing edge flaps is
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The advantages of using the second ordar model instead of a
first order model are that the faster rise “ime more closely
represents the rhysical actuators and that the natural

frequency and damping ratio may te indepsndently modified.

P. FROGRAM TESTING METHODS AND RESULTS

The thesis ccmputer program was tasted on three levels.
The lovest 1level involved evaluation of the individual
sigral blocks cf' figure 16.1 in the systea design report.
Sections A through B of <this chapter describe signal block
modeling techniques and appendicies € through G contain
t=sting programs. To obtain verification of proper program
op?ration iz was desir2d to create input signals of
r2alistic value which would produce a time varying output.
The rate limiters, f£for example, were testad with an input
signal which rose exponentially to a limiting value, <*hen
decreased expcrentially. Output signals at the desired
frequency wec-e obssrved for incoming signals of positive or

negative slope and for inccaing signals which were within or

beyond the rate limit.
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The second level of program testing involved the nirns
sigrnal paths which are listed in Table 1. 1In most cases a
tep function was used as <*“he input signal. 1Intecmediate

sigrals wvere chserved <*o deteraine ccntinui+y,
frequercy,*ime constants, and corformance with limi+ing
values.

The highest level of program <zestitg required <+he
gereratrion of «ccntrol surface daflections for specific
combinaticns of pilot stick fcrce and motion serscr- feedback
signals. Nei+ker ai-craft flight data nor <+he McDonrnell
flight contzol <simulation data were available for direct
comparison with +he outputs of the thesis program. The
description of control characteristics given in the design
:eporé vas used t5 make a qualitative analysis of program
speration.

One specific condition of flight was selected as a basis
for ccmparison of control responses to variouS combinations
of input signals. This "Lase <condition" of flight was
defined such <that inputs from motion sensors could be
superimposed on base condition inputs to enable an
investigation cf the effects of each parameter. The base

condition for program %testing was selacted “o model an
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e Pigure 3.1. Base Ccndition Stabilator Response

aircraft oparating at 20,CC0 fee* and 250 kno+s. This €£izxed

a “he values of static and dysamic prassures for each
simulaior and rgpermi+tted sanual verification of <the gairs
produvced by the air datz schedules. Additionally, a step
s function rep-esenting six pounds c¢f force in the af:

‘%% (positive) direction on *he coﬁtrcl stick was applied at
Y “ipe 0.0 seconds. All moticn sensor inputs were held at zero
; . so that their effects could be individually studied. The
E:: initial deflactions of *he stabilator, leading edge flags
ard trailing edge flaps were set tc zero degrees and all

'*ﬁ initial conditions for filters were set to zero.
N
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i Pigqure 3.2. Base Condition lLeading BEdge FPlap Response
;.
“~? Figure 3.1 depicts the movesment of the stabilator in
o
14 %)
N respcnse to “ke base flight conditions. A <transient
'\d oscillation is produc=d in ¢he first seccnd which results
W\
N
%z: orimarily froms the second order filter in <the pilot stick
N'P‘
— dvnamics path. After ~his oscillation has decayed the
'fﬁ st abilator continues to deflect at a nearly constant rate,
<ot .
&
i}; since feedtack inputs are supressed. The stabilator reaches
mr “he limi-ing value of 24 degrees <railing sdge up after 9.6
52; =2conds.
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) Figure 3.3. Leading Bdge Plap Response to AOA Feedback

-.\' i

N Figure 3.2 is a plot of leading =dge flap deflection
Pt (LEFLAP) versus time for the base flight condi+ion. A steady
Kf sta*e flap deflection of 4.8 degreses is achieved aftsr 1.5
3¢

00d

? saconds. Since LEFLAP is a function only of angle »of attack,

2

" static pressure and dynamic pressure it was desired to
?§ observe “he variation in LEFLAP wiih angls of attack. A ramp
ot ~ype increase in angle of attack sensor inpu+ (AA1) was
E? : suverimposed upen +the base flight condition beginning at
X
sg time 1.4 seconds.The resulting schedule of leading edge flap
Eﬁ deflec=ion is shcwn in Piqgure 3.3 and is consisten*t with +he
o
gg functional description givan in the design report.
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Pigure 3.4. Base Condition Trailing Edge Flap Response

Trailing edge flap deflection was mod2led similarly in
Pigure 3.4 for the base filgh+t <condition and in Figure 3.5
for the ccndition in which AA1 is a raap function starting
at time 1.4 seconds.

10 determine the offect of fcrward pressure on the pilo=*
stick a ster input of -12.( pounds was su:-erimposed upon the
base £flight condition a%+ time 4.0 seconds, wvwhich simula+ted
an ins-antanecus reversal cf stick force. Pigure 3.6 shcws
“ha*t the directicn of statilator deflection changed abruptly

upon introduction 5f <the new s*ick force, and that <+he
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Q.
L+ magnitude cf the steady state rate of stabilator deflection
was approximately unchanged. Pilotr stick force inputs of
i: larger magnitude were simula-ed, but the results are not
J
]
< shown. 1In these cases the rates cf stzbilator deflection
- increased while initial oscillatory behavior exhibited
o)
-, characteristics similar tc base condition rasponse.

.l.. -

.
I

The influence 2f angle of at-ack feedback on stabilator
sosition is displayed in Figur? 3.7. As desc-ibed in the

design repcr-=, angles of attack in oxcess of 22 degrees will

)

mf:"!r’lz y

Janerate a proportional stabilator <comaard causing the nose

A el
n.'llj
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: of the aircraft to pi<ch dcwn. In *his simulation *the angle

’
h Y

L

<
-
Y
N
N
N

of at*ack input func=ion AA1 was set ejual to 22 degrees
plus a ramp type increase of one degres2 per second starting

a- time 4.0 s2conds. The resul+ing s*abila*or deflection was

== identical to +ha+ for the base condition until <*ime 4.0

o seconds due *o the action of *he -22 degre2 bias in the AOA
Jl

a0l

é? feedback path. The nos2 dcwn pitching effect of AOA feedback

¥ 8y

fjj {s apparent at all later times. 1In response +to the base
-."q

~3 condition the stabila*sr had reached its maximum limit of 24
a1 ¥ -

E£ degrees +*railing edge dowr at time 9.5 seconds. The
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applicaticn of AOA feadback restricted stabilatecr deflection

to 20.9 degrees a2t time 9.5 seconds.

800

-3.00

STADEF (degrees)
4990 300 1206 p.ov .08

0 -p1.00

(-]
»

- —r -
2.00 s.00 .00 5.0

TIME (seconds)

s.00 7.00 0.00 4.00 “tb.oe

Pigure 3.7. Mngle of Attack Damping

Normal acceleration damping is shown in Pigure 3.8. A

ramp increasz in normal acceleration equal to 1.0 g's per

s2cond was superimposed on the base condition at time 4.0

seconds. The cutput signal varies smoothly due to the fact
that normal acceleration path outputs are processed by *he
forvard intsqrator path. The stabilator reverses its

direc*ion c¢f mcvement within one seccnd of 2he +ime feedback
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is introduced. In this case *he stabila<or reached its limi:z

of deflection of 10.5 degrees trailing =dge down a% time 9.0

seconds.

rees )
%00 908 12.00

Y1

LS

STADEF (d
-3.00 o

ajne e 9.

i "4 —

.00 .00 2.00 s.00 %.00 s.00 9.00 .00 0.00 9.00 "1b.00

TIME (seconds)

Pigure 3.8. Norsal Acceleration Daamping

According to the design reocrt, the predominant
contributicn to pitch damping is generated by the pitch rate
gyro path. This is because the pitch rate signal PRS is
sunmed with <the main path signal MP9 downstream of +he

forrward integratcr as shown in Pigure I. Figure 3.9 depicts

stabilator position versus time fcr a ramp increassz in pitch




rate beginning ar time 4.0 seccnds. The change in direc=ion
of stabilator movemen= is much more rapid tharn tha* produced

by angle of a*tack or normal acceleration damping.

— T

00 1.00 2.00 9.00 €.00 s.00 8.00 7.00 0.2 5.8 10.00

TIME (seconds)

Figure 3.9. Pitch Rate Damping

The thesis ccmputer prcgram used a significant partionm
of allowable CSME program size. Table IV, which is extracted
f-om the "translation table” secticn of CSMP output, 1lists
the areas of the program which most closely approached the

size limits of CsMP.
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TABLE IV

Program Size Restric+ions

current CSHMP
Parameter Progranm Maximum
MACRO and itatelent outputs 206 600
S+atement input work arsa 422 1900
P 'anete's-functzcn enerators 43 400
History a menor¥ block names 21 50
MACRO sta+enen‘ storace 85 125
SCRT sections \ 5 20
Maximum =tatzmen%s in section 171 600

Iv. QONCIUSICNS AND RECOMMENDATIONS

The computer program developed in this +hesis simulatsas

~he pecformance cf *he longitudinal flight control system of

the PF/A-18 aircraft by gensrating control surface
daflec-ions and cross axis electrical signals. The responses
to 2A0A, normal acceleraticn and pitch rata feedback
correspond <c the descriptions given by “h2 aircraft
manufacturer.

The use of CSMP simplified <thes “ask of system modeling
by provisicn c¢f pre-prograsmed functional blocks and a
flexible format for ocutputs. Ths CSMP »rogram size

razstrictions dc no% appear to be a factor which would

orohikit the addition of the 1lateral and directional fligh+

control systzas +o “his simulation. It is recommended tha+
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future expansicn ¢f *this program be don2 using techniques %o

conserve program size. FORTRAN subroutines and cemputer
library functions should te utilized 3du2 to th2 limited

MACRO and NOSORT capabilities of the CSMP translator.
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ELIGHT CONTROL COMPUTER PROGRAM

Ao o e 3 o o ok g ok kol ok 3 ok o ol kol kel sk e ool ok ok sge ok ok ek e ko ok ko kokkok kR k Rk

*
*® L 3 %k
* a1 LONGITUDINAL PLIGHT CONTROL LAW SIMULATION 1
] WAk kol ok ap 2k ok kol ok o deals e e ok ook ek ke 2 3K ole ot e o ok ke ik ke e i ook ok dk dkok ek kR sk ok ok Rk
*
® Wk ke W 2 ok ok o ok ook o o ok ok ol ok B dleok ok ok ok gk ke ok o ok 3 K ok ok ok e o ok ok 3 d ol ok o 3k ok K ok
* %% %8I NTEGRATING, LAG,AND NOTCH DIGITAL FILTERS#*###%
*******‘#**#ﬁ*#*;***‘*************#***t*******#*#t#
MACRC FOUT=ZINT (FIN,KA,KB,IMP,FOUTZ1)
EROCEDORAL
IF (IMP.NE. 1.0) GC TO 10
IF(KEEP.NE.1.0) GO TO 10
Irérxns.zg.o.o& GO TO 10
FOUT=KA*FIN + KB*FOUTZ1
POUTZ1=FOUT
10 CONTINUE
ENDMAC
MACRO FOUT=ZLAG(FIN,KA,KB,KC,IMP ,FINZ1,FOUTZ1)
EROCEDURAL
IF(IMP.NE. 1.0) GO TO 10
IF(KEFE.NE.1.0) GC TO 10
IF(TIME-EQ.0.0) GO TO 10
FPOUT=KA*FIN - KB#FINZ1 + KC* FOUTZ1
FOUTZ 1=POUT
FINZ1=PIN
10 CONTINOE
ENDMAC
MACROC roursznorcaérxn,xh,xa,xc,xn,xs.xup,rxnz1,...
FPINZ2 ,FOUTZ1,POUTZ2)
EROCEDORAL
IF(IME.NE. 1.0; GC TO 10
IF(KEEP.NE.1.0) GC TO 10
1P TIHE.ES.0.0) GC T0 10 ,
FOUT=KA*FIN+KB*PINZ 14 KC*FINZ 2-KD*FOUTZ 1-KE#FOUTZ2
FOUTZ2 = PCUTZ1
FOUTZ1 = FCUT
FINZ2 = PINZI
FINZ1 = FPIN
10 CONTINUE
EX DN AC
* REEXERBEE PR KRS RS ekk kg
» **x % *PREQUENCY AVERAGER S%* #%x
*® REEXESESBEREE R BEEE R Re kxR Sk
MACRO Z40=AVZO4O (Z20,IMP)
EROCEDURAL
IF (KEFP.NE.1.0) GO TO 20
iF 111u£.nz.o.o GO 10 5
22021=220
Z40Z 122320
DEL=0.0
GO TO 10
5 IF (IMP.EQ.1.0) GO TC 10
ZL0=Z402 1+DEL
GO TC 15
19 Z40=220
DEL= (220-22021) /2.0
2202 2228
Z4071=2i
15 CONTINUE
20 CONTINUE
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F23=3,1435-0, 14 29*LIMIT (15.0,21.998, ALPHAT)

**#*‘###1#*#**#0*##‘#****###********t****fi

** %k SPUNCTIONS 25,27,28,290,29L, 324,37 %%k*k&x%
tttttt#ttttt*tttttttit*&tttit:t&ttttt:***tt

F25=47.€36-0.05106*LINIT(600.0,835.9,QC)
P27=1,328% (ALPHAT+7.£6584-17.86%LIMIT (0.44,0.63,RI))
P28=44.551-0.04058%L1IMIT(260.0,950.0,QC)

P290=87.3825-76.25*%1IMIT(0.7, 1.146,R1I)
F291=0.0

FaLINIT(200.0,2000.0,0C
DA i0a 4R’ Q)

P37=2.5-0. S*LIMIT (3.C'5 .0, NZA)

2T SRR R 222 S R ERRLE 22 )
***#*PUNCTIONS 68,107%%x%s
****‘#*‘#‘##‘t“**“ﬂ*##*t

F68=-0.002977* (-480.C+LINIT(260.0,480.0,0Q0))

F10771= (=5 71“3- *ABS (QC = 750 0)) ¢ (8.4E-4
P1078LI!IT(0. 100%0 O,éq bel )

bbb tidid ittt bt it
% k22 IMPULSE PUNCTICNS***%x %
bttt ittt P E RIS L R
INP20=TIMFULS(0.0,RATE20
INPUQO=IMEOIS(0.0, RATE4O
INP80=IFEQLS (0.0, RATESO)

RERDEEERIRRBR K RAR R EREK
52 E3PK FURCTIONS % s9%
REREEE RN Bk kgk &k kX gk kpk

PK11=1.65%F22

PK12=0.565
px1§A=§.gtrszn
PK17A=F37#F322
PK19A=F12¢F32A%3,5
BEZ1A=P124FI0 A+ P88
PK2ZA=F138F 322
PK16=ZHCID (INP20, PK16A)
PK17=ZHCID (IMP20, PK 17A)
PK19=ZHCID (IMP20Q, PK 194)
PK21=ZBOLD (IMP20, PKz 13)
PK22=2ZHCID {INP20, PK22A)
KEREEERR SRR K o R e B bR R R pREhR R
###$$PIIOT STICK INEUT PAT He#sas
RERBEERREERER Rk RAhRk ke RpR *##‘it*##t
PS2=DEADSP (-2.0,2.0,ES 5
PS3=CMPXPL 953161.g§3§c 27 3,PS2%106.47)
PS4=REALPL (PSU4IC1,7.536 E 3,
ggs-gggxn( #p80,PSu)

=
P598956*47.0¢(0.2*15559;6!))
PSS’LIHI (-25000500 0. S )
BY3I2o2 HOLD (THP 20, BV 2)

E 3

PS3AEYISFaIA !

AR RRAABIERERERARRARASR SRR AR AR
*#%42PITCH RATE GYRC PATH®#%%% -
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* % % *

* % %%

* % #* #

* % %%

*» ®*®

s fie e o e o sl o o o o kol ik ok dkale ok ke ok R kol ke ok e Rk ok ok
pnzscupxpnfpazxc1 PF2IC2,0.89,78.5,PR1%6162. 25)
pn3=zﬂoxoé upso.gkzk

P2A=1.04EK 11% (1:0-PK12)
923={1.0¢sx11)¢(1.o-:x12)

p2C=1.0-FK12

PR4=2LAG (ER3,P2A, P2E,P2C, I MPBO,PR3Z 1,PRUZ 1)
PV4=LIMIT(-88.0,120.0,0R4)

PR5=DPVU4* ¢ rsa*r521b+r50)

PV4A=ZHOLD (INP20, PV4)

oo 3k s o o 3k 2 ol ol ok sk s o ook sk ok ol o ke ae oo ol i 3 ot 3k ok e 3k sfeal ok e ok
*sx*$ANGIE OF ATTACK SENSOR PATH®®%&#

st s o e akc ok 2k ol koo a3 deak 2k ol ok kR ok ok dke ok ok ok ook ok ke ok &
aa2=cupxrzéanzxc1 AA2IC2,0.74,209.0, AA1%43681.0)
Aaasznoxné MP40 ,AR2)

ALPBAT=0. Sumadsi. s

ALPHAS=AIPHAT

AA6=ALPHAT-22.0

AA7-11uIT¢o.0,1oooo.o,aas;

PV 1=PK 17%AA

1
PViA=ZHCID (INP20, PV 1)

AEREAREESERRE R KRR ERERRE kXEk Rk ek SRk k

*$s%4NOR¥MAL ACCELERCMETER PATH***%x%
ERBEARBERR AR KRB ERRARR KRR SRR S AR kk

NZ2=CMPXFL NZZIC1iNZZIC2,0.89,200.0,NZ1*60000.0)

NZ3=ZHOID (IMP4O,N
NZA=N2 3
NZ4=NZ3- (RR1#%*2)* (6 .8529E- 6)
PSA= (1.04PK9* (1.0-P 3105
B3B= (1.04EK9) (3.0 -EK1
p5C=1.0-PK 10
NZS=2LAc (NZ4, D3 PSA, PSE,PSC, I MPUO,NZ4Z1,N252Z 1)
PV2=LINI §-16 1 0.8z5{
NZT=EV2%ER16
PV2A=ZHOLD (INP20,PV2)
REESEEES NS B RE R E SR RS $ S %k hkk pkk kkkk
#%s#*FORNARD INTEGRATOR DA TH##%k#
RREBEREEBE LIS ERERESEEBE R R KKK g R kR KEk
Pi3aR 31 (-10000. 0,0, 104 E12)

= - .
rzu=n131130.o.10006 5
FI5= (FI3%P23) +FI4
PI6=ZINT (FI5,0.05,1.C,IMP20,PI62Z1)

’
22 2R 2R L R L LS L
R EMAIN PATH ®k*kkk
LA AR LRI LR -2 R L L L R

BP 1=PYVIASPR D
MP2= (PV4ASEK21) -MP 1
MP3= (PK19*FV2A) +PV 1A+MP2
upaanxugré-so. ,25.g PI6)
MPSA=AV20 odgpu,rug 8)
HPSSZHOLDéI 40.MP51)
MP6=NZT+PES
MPT=NMPG+EV1
NP8A=NP7+ 1a31*ra1£¢r1o7)
npeazaosn NP4 O, MP 3
"MP9=AVE(8 éups,iupu
53}%’5%3}% 525 0,25.C,MP10
= - o .
up12-zncrc§(up11'pea §85.pbc P8D,P8E,INP80,...
¥Pi11Z1,mP 1182, 801229, upi2227
MP13=HE12-859

EEREBABABIRRERE RER RS RRR KN
*#%34STAEILATOR PATH##&%»
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aaeltn
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o

[6 o\l "

x RREBRRRE % Kkk Kk 5kl k% hhkk ki
srzsxxuxté-za .0,10.5,8P13)
STI=ST2-D
STU=LIMIT(-24.0,10.5,ST3)
ST5=CNTZR (0.0125, ST &)

. STADEF=CMPXPL (TEHIC 1,TEDIC2,0.7,40.0 ,ST5%1600.0)

& REEE S BRI BERE RS PR E RS b bk kR hkk kkk

* *¢x$*LPADING EDGE PLAP PATH*###*

* BEEEER RIS SRR R EBE R RSB B R R RE Bk hkEk
LE2=2INT (ALPHAS ,0.0625,0.9375,IMP80, LE2Z 1)
LE2T=ZHCLD (IMP208,LE2) '

LE2T1A=[F2T*P27 .

an'rhzaowgnpzo LEZT11)
LE2T2=LINIT (0.0 ,F38,LE2T1)
LE3=LINIT(C.0,F 290,LE2T2)

» Mool e sk Ak ok Aok e o b o e g e o ke 26 ok 0 o 3k K Rk K ok ok ok kK K k%

* s*%%k 18 DEG/SEC RATE LIMIT, 20 HZ*#x%x

* '#‘*‘**#‘#*##t**tt**##*#**‘******t#***

NO SORT
IF (TIME.¥E.0.0) GO TC 85
LE4ZV=LE:

85 CONTINUE
DEL 1=LE3-LE4Z 1
DELII!=IIUIT€-0.9,0.9,DEL1)

LESA=LE4UZ 1+DELLIM
IF éxupzo.nz.1.0) GC TO 90
LE4Z 1=LEUA

90 CONTINUF
LE4=ZHOLD (IMP 20 LEUA)

* ] *t**“#*“##**t*#*#*********t********

SORT
LES=AV2080 (LE4 , INP20)
onngp1=nr5+3.o
DLEZ2=DEADSE (~DLE2P1,CLE2P1,DLE1)
DLE3=DLE 14#DLE2 .

* NOTE:POSITIVE LEADING EDGE FLAP PATH ONLY
LB6=LES+DLE3
LE7=1IMIT (-3.0

% **#*‘*‘#‘#*;****tttt*t‘#*****#****t***

* #243%18 DEG/SEC RATE LIMIT, 80 HZ*&*%x%

* ###*‘*‘##**‘#**t#*tt#‘ﬁ***t****t***#*#

NOSORT
IPéTIHE.NE.0.0) GO 10 110
LE8Z1=1E7

110 CONTINUE
DEL1=1E7-1E8Z1
DELLIN=LIMIT(-0.225,C.225, DEL1)

Lzananzag1¢n LLINM
IF éxuya .NE.1.0) GO TO 120
LE821=LESA

120 CONTINUE
LE8=ZHCID (TEP8O (LES )

] ] #l*t*‘**‘#“*t*t#####*t**“*t*###tt#*

SORT
LE9=L I1(- 3.0,33.0,1E
Lz1o= §z .oizs LiQL

. LEFLAP=CHMPXPL (LEDEC1,LEDZIC2,1.4,20.0,LE10%400.0)

*® REREERERSEEER K RSB E KA ERK RRK SRR

* %2 8§OSCRT PUNCTION 204 #%ex%

x ‘**0’**#O#*tt#*#tt***‘tttt‘t#
r2u11-22.53e-2o.51t11nzr(o 7,0.66,RI)
rzar1=nxuxréo.o 10908. ,A%PﬁAT\

P20 T2=ATFi AT~ (14.8769-7.69 23%LIMIT(0.27,0.91,RI))
FP24T3=-2,0%LIMIT(0.0,10000.0,F24T2)
P2uTd=1.0% (F24T 1+F 241 3)
NOSORT
61
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BERBEERPILERE R B IS RS LR bR Rk SRk Rk kK

*%%**TRAILING EDGE FLAP PA TH**%%x
bbb iddd it L PR S PR L L L

TE2=ZINT (ALPHAS

* % %%

TE2T=ZHCLD (IMP20,TR2)
TE2T 1=TEIT*F24 .
TE3=LIHI¢40.0.P25 TEZT)
* NOTE:POSITIVE TRAILING EDGE FLAP PATH ONLY
TE4=TE3+DTE
TES=IIMIT (-8.0,45.0,TE4)
TBS=§NTZR 0.0125,TES)
TEFLAE=C¥EXPL (TEDIC1,TEDIC2,1.4,20.0,TE6%40. 0)
TERMINAL
METHCD RKSFPX
TIMER FINTIN=10.0,0UTDEL=0.0125, PRDEL=0.1250,DELT=0.0125
PRINT STALEF,LEFLAP, TEPLAD
LAREL STADEF 1IN DEGREES
LABEL TIME IN SECCNDS
PAGE XYPLOT
OUTPUT TIME,STADEF
END
sT0P
ENDJCR
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GO TO 80
60 CONTINUE
ir é.NOT.PIg.LE.SOO.C) GO TO 70
40=F40T
GO TO 80
70 CONTINUE
FUQ0=Fu0T10
80 CONTINUE
TERM INAL
TIMER FINTIM=2000.0,PRDEL=20.0,0U0TDEL=20.0
PRINT ps,gc,a:.paorﬁ.ruorg,ruor1o.yuo
PAGE XYEIGT
OUTPUT PS,Fu0
END
STOP
ENDJCB
LABFL GENERATED FUNCTION
: THIS FROGRAM GENERATES QC FUNCTIONS 22,25,28,32A, AND 68
INITIAL
. PARAMETEF ES=1000.0
DY NAMIC
. QC=RANP (0.0)
. F22=0.0167% (-800.0+LIMIT(800.0,900.0,QC))
. F25=47.636-0.05106*%LIMIT(6 00.0,835.0,0C)
. P28=44,.551-0.04058%LIMIT(260.0,950.0,0C)°
KF=LIMIT(200.0,2000.0,QC}
. 8552510024 / QKF . QC
. F68=-0.002977#%(-480.0+LINIT (260.0,480.0,QC))
TERMINAL
TIMER PINTIM=2500.0, OUTDEL=50.0, PRDEL=50.0
PRINT QC $22,F25,728,0KF,F 321, P68
PAGE XYEIOT
OUTEUT (C,F22
OUTPUT §c,p25
OUTEUT ¢C,F28
OUTPOT 8c,332n
OUTEUT ¢C,F68
ERD
s10p
ENDJOE

%ABEI GENEEBATED FUNCTION
INITIAL
PARANETER RI= (0.44,0.63)

ME (0.0)

5-0. T429*«LINIT (15.0,21.998, ALPHAT)
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F27=1.328% (ALPHA+7.8584-17 .86*LINIT (0.44,0.63,RI))

IMER F;yrln=3o.g, ERDEL=1.0, OUTDEL=1.0
PRINT ¥23,F27,F3

PAGF XYEIOT

OUTPUT ALPHAT,F23

OUTEUT ALEHA, F27

gumpnm NZA,F37

op
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AEPENDIX D

COMPUTER PROGRAMS FOR SIGNAL BLOCK TESTING

CEADSPACE PUNCTION AND ALIASING FILTERS

x
INITIAL
CONSTANT ES2C1=2.0
DY NAMIC
ES1= -5.0 + nnnp{o.OB
PS2=DEADSP (-PS2C1,PS52C1,PS1)
ES3=CMEXPI (0.0,0.0,0,. 14.27.3,PS2*106.47)
PSU=REALPL (0.0, 7. 9365E~3,p53{
TERMINAL
ER FINTIM=10.0, OUTLEL=0.25, PRDEL=0.25
LABEL STICK DEADSPACE FLOT
ERINT ES1,ES2
oUTPUT TIAE, PS1,PS2,ES3,PSd
EAGE XYPLCT
END
S70P
ENDJCE
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