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FOREWORD

The Avionics Research Branch of NASA Ames Research Center is
conducting and sponsoring analysis, simulations and flight tests
to assess the microwave landing system (MLS) requirements for STOL
aircraft operations and evaluate prototype MLS equipment for STOL
aircraft. Aircraft must transition to and from the MLS in the
terminal area, and the-performance of each individual system affects
that of the others. The merits of each of the alternate MLS imple-
mentations must be determined and compared to enable making a clear
dec1s1on on further developmental efforts requlred

As a part of the STOL aircraft research program at Ames, the
STOLAND ground cockpit simulator complex was developed. A unique
feature of this facility is that it duplicates the avionics portion
of the airborne system, including all interfaces. The purpose of
this effort was to develop a software program to duplicate the auto-
matic portion of the STOLAND simulator system, on a general-purpose
computer system (i.e., IBM 360). This enables a wider group of
Ames Research Center personnel to conduct meanlncful research
studies in STOL aircraft systems.

This 1eport presents the oroanluatlon and use of the software/
hardware avionics research program (SHARP) developed for the above
effort. The program's uses are: (1) to conduct comparative evalua-
tion studies of current and proposed airborne and ground system
concepts via single run or Monte Carlo simulation techniques, and
(2) to provide a software tool for efficient algorithm evaluation
and development for the STOLAND avionics computer.

The development of this program was supported under NASA Con-
tract No. NASZ-8344, by Ames Research Center, Moffett Field, Cali-
fornia. PrOJect monltor was C.N. Burrous. The project manager
and project engineer for this phase of the study at Systems Control,
Inc. (Vt) were J.S. Karmarkar and M.N. Kareemi, respectively.
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I. INTRODUCTION

The microwave landing system (MLS) is a high prierity national
program to replace the present Instrument;Landing System (ILS) at
all U.S. airports. The program is interagency in scope and in-
cludes the Department of Defense, Department of Transportation, and
,NASA - Ames Research Center's role in this program involves:

(a) the development of various MLS operational requirements via
aircraft 51mu1at10ns, (b) evaluation of a prototype MLS for short
take off and landing (STOL) alrcraft operations; and (c) develop-
ment of various low cost MLS a1rborne receiver subassemblles

To conduct the research entailed by item (a) above, it was
recogniZed‘that a software/hardware avionics research digital com-
puter program (SHARP), operable on a general-purpose computer (IBM
360/67), was needed. Although a realistic piloted/automatic’ cock-
pit simulator (e.g. , STOLAND) of a STOL aircraft ‘was operating at
Ames, the principal reasons dlCtatIDU need of a general-purpose
computer program were requirements for: (a) greater avallablllty,'
(b) ease of programming/modification, and (c) extensive debugging/
prlntout capab111t1es This report presents the details of the
program developed for thlS purpose; the C-8 aircraft model, equa-
tions of motion, environmental dlsturbances, and. the 1nterface w1th
the avionics software used in the program were developed under a
‘separate contract. Program SHARP, operating in the 1nteract1ve V
or batch mode, can be used by researchers for two purposes, namely
(a) comparative analysis of various nav1oatlon,kgu1dance, and -
control p011c1ea, and (b) efficient software development of novel
navigation, guldance and control concepts The program for con-
ductlng these two general classes of research proJects is presented

~odne th1s report

Chapter II of thls report presents ‘the capabllltles of the
program SHARP. in terms of avionics software development procedures’
~and Monte Carlo simulation studles,_ Prospectlvemnsers’of this pro-




gram can obtain an overview of the scope of this research tool from
this chapter. '

. For researchers 1ntend1ng to use thls program, Chapters IIT
and IV cover the 1mp1ementat10n and operating details of the pro-
gram Additional’ program documentation on aircraft dependent para-
meters and the aircraft/avionics interface are provided in Appen-
“dices A and B, respectively.

Chapter V presents the validation procedures used to check
the prdgram and the corresponding results. This chapter also dis-
cusses ‘the main differences between the IBM 360 SHARP program and
the STOLAND cockpit simulator system. It is noted that the present
version of the SHARP program completely simulates the fully auto-
matic mode of the STOLAND C-8 simulation. '




II. CAPABILITIES OF THE SHARP PRCGRAM

Essentially, program SHARP ducplicates, in FORTRAN, the auto-
matic portion of the STOLAND simulator complex, for the C-8 aircraft.
Software details and usage procedures are documented in the follow-
ing chapters. This chapter is devoted to elaborating on the manner
in which this program can be used to conduct avionics research.

The SHARP software executive program has been set up to cycle
automatically through a prespecified set of runs in a Monte Carlo
mode and calculate statistics for a prespecified set of variables
of interest. Consequently, the package can be used to conduct a
number of comparative studies. Some of these are:

(a) Comparative analysis of navigation systems - ILS (CAT I,
11, III), MLS, VOR/DME, Inertial,.

(b) Control law -performance - 3D, 4D, guet alleniation,
direct 1ift control (DLC), flare optimization.

(¢) Mode transition studies - MLS/RNAV transition.

~ This automated 51mu1at10n capability thus provides an 1nva1uab1e
complement to the STOLAND computer complex.

Areas of software development whlch correspond to the compara-
tlve study ‘topics mentioned above include:

(a) Navigation concept development - dead reckoning,'aif'data,f;
hybrid navigation (e.g., inertial blended with VOR/DME),M,j'e
' ’complementary filters, Kalman fllters, etc. | i

| (b) Control law development - autothrottle/autop1lot de51gn,
T flare optlmlzatlon, etc. ‘ B




(c¢) Gui&ance concept development - 2D, SD, 4D guidance, etc.

(d) Software/hardware trade off analysis - core space usage,
" computation time, hardware specification, etc.

The following sections present an outline 6f the Monte Carlo anal?- |

sis and software development procedures.
2.1 MONTE CARLO ANALYSIS

The Monte Carlo analysis procedure'eseentially consists of-;
implementing in software the aircraft/avionics/ground system con-
figuration being studied and making a sufficiently large number of
runs to generate 51gn1f1cant statistics on a prespec1f1ed zet of
variables. B -

For example, to obtain a quantitative measure of 1aterai'nav-
igation performance, representative trajectories are definediaﬁdf
recursive formulae are used to compute the mean and variance of
the error between the nom1nal and the actual for a prespec1f1ed :
set of points along the trajectory. Use of recursive formulae
s1gn1f1cant1y reduces the storage requirements for a large number
"of Monte Carlo runs. The recursive formulae for the mean (nk)
and the varlance (ck) at the kth step are glven by:

: S | L, = =1
.nk K {(k 1)nk 1 + sk} Ly n,o" 0 k=1,2,3,...
X "1 kl “k k b o= CKEE 3,8,
wherevv PRI
s = (8 -xn)
in = actual state_veetor
: ‘X§‘= nominal'étateevector‘




Monte Carlo simulation results for a typical trajectory are pre-
sented in Chapter IV, Section 4.5.

2.2 AVIONICS.SOFTWARE.DEVELOPMENT:

The IBM 360/67 time-shared system (TSS) remote term1na1 edlt/
debug features allow systematic development of well documented
programs. The TSS facility allows one to step through programs for
debugging (e.g., checking for overflows), thus speeding up 1mp1e-
mentation of these programsvon typical airborne computers such as
the Sperry avionics computer (1819A). In addition, useful estimates
are obtained for core3Space usage and computation time.

A simple example 111ustrates ‘the procedural steps for program '

development. The program NEWFL was flrst written in floating point
notation (FORTRAN), together with scallng (SCALN) and unsca11nob
 (USCAL) programs. These programs ensure that the fixed p01nt

(integer arithmetic) main avionics. program and the floatlng point

! portlons of the software be1ng developed are. compatlble In other

words, the program USCAL converts scaled quantltles from the
avionics program to unscaled floatlng point numbers and SCALN per-
forms the inverse-of this process. These programs are imbedded in
the STOL avionics executive (STLEXC) as shown in Fig. 2.1. Details
on scale factors are documented in Appendlx B, and the approprlate
Sperry documents '

After the program NEWFL has been debugged (e.g.,;S?ntax eTrTors

“and computational algorithm errors), it iS"converted to a fixed

point integer version NEWFI and the scaling/unscaling routines are
removed. Debugging at this stage consists of checking for over-
flows and underflows. The TSS terminal facilitieS'are very valu-

able. at this stage for stepplng through the program. Addltlonal

information that can be generated at this p01nt is core space
requlrements and computatlontnme e ' :




\

STLEXC NEWFL
Aviongos Software CALL USCAL
(Integer Arlthmetlc , Floating Point
only) | | | Computations

CALL NEWFL ——— | | caLL scALN
| RETURN
' END

FIGURE 2.1: FLOATING POINT VERSION OF NEW PROGRAMS (NEWFL)

, The next step in program development-is to convert the integer
format program NEWFI to the assembly language (1819A) version and
to debug it on the STOLAND simulator. The time requlred to accomp-
lish this step is greatly reduced because of the earlier steps.
Moreover, the user can keep track of the state of program develop-
~ment, since a maJor portlon of it is being dene in FORTRAN

v For purposes of illustration, a typical‘STOLAND;aeﬁembly langu-
’,age~routine LATINT is shown in Fig. 2.2. The corresponding FORTRAN
fixed point program is given in Fig. 2.3. It can be seen that the
FORTRAN version of the program allows researchers to maintain ade-

‘quate documentatlon for the correspondlng assembly language program

Y
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FIGURE 2.2: TYPICAL STOLAND ASSEMBLY LANGUAGE PROGRAM
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FIGURE 2.3: FORTRAN (FIXED POINT) EQUIVALENT OF LATINT
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To summarize, the program development steps are:

(1) Develop FORTRAN floating point program for the proposed
algorithm and debug it.

(2) Convert program to fixed point version with proper scale

factors and debug it.

(3) Convert program to Sperry 1819A assembly 1anguage‘and
debug it on the STOLAND simulator.

Although this sequence- of steps"abpears to be rather tedious, the
overall program development time is significantly reduced due to
minimal debugging time for step 3. Moreover, the FORTRAN versions
of the program serve as effective documentation records that are
easily understood by all interested personnel.




ITI. IMPLEMENTATION OF SHARP

‘ This chapter provides implementation details of SHARP. These
details are essential for maintaining, modifying, and using the
avionics research package.

First, an overview of the‘STOLAND real time simulator is given
(Section 3.1). This is followed by a description of the TSS ver-
sion of the simulator (Section 3.2). The aircraft dependent rou-
tines and parameters have been identified (Appendix A); these will
aid in.changihg the aerodynamic characteristics of the aircraft in
the simulation. Section 3.3 details the avionics implementation
of SHARP. |

3.1 STOLAND REAL TIME SIMULATION

The 1819/8400 STOLAND simulator system was developed to facili-
tate simulator research of V/STOL terminal area navigation, guid-
ance, and éoﬁtrol ccntepts. The resultant research tool is an
integrated digital system using ARINC specified airborne hardware.
The simulated'fadility (Fig. 3.1) uses the EAI 8400 digital‘compu-
ter to simulate the C-8A airtraft,,ground-based navigation aids
(such as VOR/DME and MLS), and winds-. - An avionics équipment rack
containing ARINC'specified airborne hardware and an airborne hard-
‘ware simula;qrifor transforming the NAVAID_information generated on
‘the EAI 8400 to the form received by the airborne receivers is
included. The;simulationfcockpiii(Eig. 3.2) contains standard
airBorne'instrﬁmentaﬁion”together with advanced display and mode
select Systems. In édditibn, an EAI 8800 analog and logic computer,
‘simulating the control surface servos and interlock logic, and a
data coaversion rack to electrically interface all these subsystems
are included in the system. ‘ R
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A block diagram of the STOLAND_aithrne hardware which is:used
in the STOLAND simulator system is shown in Fig. 3.3. “The data
adapter acts as the interface between various elements of the
STOLAND system and also among the system, the simulated alrcraft
~and other internal devices. Communlcatlon with the computer is by..
means of high speed parallel data transfer (18 and 36 bit). Serial
data communication is used extensively to minimize interface wiring -
difficulties. Interfaces contained in the data adapter meet‘the
'requlrements of standard ARINC characteristics 547 (VHF/NAV receiv-
ers), 552 (radio a1t1meter), 568 (DME), and 561 (INS), as well as
MLS receiver equipment which falls under the research or prototype>f~
~category. ' ‘ o o | o

A key element of the STOLAND 51mu1ator is the airborne hard-
ware simulator. (AHS), wh1ch provides an exact electr1ca1 1nterface ,
for all airborne sensors and subsystems that interface w;thithe data
_adapter. The serial data is decoded, Stored; and transmitted to
the 1819A computer by circuit elements withih the data adapter.
The AHS allows an exact duplication’ of all airborne data traffic
that ‘would enter and leave the STOLAND computer complex in a fllwht
.sltuatlon The hardware interfaces of the data adapter are thor-
kk‘oughly exercised by this proceduxe, ‘and all of the computer's
: <oftware--for 1nput/output data acquisition, and analog/dlgltal

*,hconver51on--1s validated. To the extent that the entire real time o

'-data flow is exactly dupllcated, a valldatlon run in the 51mulatork>r*

is a true representatlve of a real fllght 1nsofar -as the av1on1c$’
computer complex is concerned e e : '

Both the STOLAND ground-based simulator and the aitborne'sys-f o

""7tem are equipped with command (i.e. Electronlc Attltude Director -

TIndlcator - EADI) and’ mgﬁltorlng (1 e., Multlfunctlon Dlsplay —eﬁvhﬂ

v;MFD) dlsplafs. :“hese oisklays can be advantageously used to prov1de;t"

'vthe researcn pllot with adequate 1nformat10n regardlng the perfo'
ance of the av1on1cs system O i -
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The STOL aircraft simulated is a prototype version of the
DeHavilland DHC-5. This aircraft was designated DV-7A by the U.S.
Army and later redesignated C-8A by the U.S. Air Force. See Fig.
3.4 for the various physical and performance specjfications [1].

The simulation model includes the six degree-of-freedom non-
linear equations of motion, the kinematic and nonlinear aerodynamic
equations, and a GET64-10 turbo-prop engine model.

3.2 TSS VERSION OF THE SIMULATION

The TSS 360 version of the simulation is essentially similar
to the real time simulation with the exception that presently it
can operate only in the full automatic mode (i.e., all manual/mode
commands are entered before the simulation is started). Like the
real time simulation, the 360 version consists of two major modules.
One module corresponds to the program that was in the 1819A com-
puter, for navigation, guidance, and control. The other module is
composed of the set of programs that were in the 8400 computer for
simulating the C-8 aircraft, the MLS and TACAN (VOR/DME) naviga-
tion signals, with noise error models and the environment. On
the 360 version, these two modules are run under an executive called
"BASIC DRIVER." A high level block diagram of the 360 simulation
is shown in Fig. 3.5.

3.2.1 Concepts and Structure of the BASIC System

The BASIC system, developed under separate contract, groups
together those processes basic or common to most flight simulations.
The major function of this system is to provide a structure for
the solution of the equations of motion for a rigid-body vehicle.
The equations of motion contained in the BASIC system are a modi-
fied set of the Fogerty-Howe equations [2] shown in Fig. 3.6.
Detailed information regarding these equations, as well as the
kinematics of the digital BASIC system, are contained in Ref. 6.

14
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PIMENSIONS, INTERNALS
Cabun, excluding Might deck:
Length, enrgo tloor AMASm (D58 m)
Mux wulth Kt Yw (267 m)
Max hewyht g iom
Floor niva 2400w (2
Nolur L7105 ca It (4550 ud)

Goodrweh sso wheels and tyrea

ANEAS:

Wings, grous 943 aq L (87-8 n?)
Ailerons (total) 1 lu:‘lg wy ﬂkﬂ 62 nt)
Trailing vdgo Hepe (total, including nilerons)
Y i N (2601 ué)
Rpoilers (total) 25-2 mg Nt (234 w?)
b 02 aq 1t (8538 n?)
laddor, including tab 00 s R (507 nwd)
Twlpluno 161-8 sq 0t (1107 w¥)
Ilevators, includug tab BL-5 wy L (T57 nd)

Whwurs anvp LoapiNGs:

Opurating woight empty, incloding 3 crew st
200 1 (01 hg) ench, plus lrnmnnl fuel and oil
and full carge handhing equipment

23,157 1, (10,806 kg)
AN (0,279 k)
41,000 1 (18,698 kg)
47,000 0 (10,783 kg)
39,000 1 (17,600 k)
434 Wfoq N (212 be/nd)

T2 Wfoshp (327 bgjonhp)

Max payload

Max T-O weight
Max zoro-fuel weight
Max Juuding wegeht
Mux wing lonhing
Max power londing

Prasonvance (CV-TA, at wmnx T O weight):

Mux level wpecd st 10,000 1 (3,060 )
2N lu|~|| (415 kinh)
Max portnssible diving speed
i ) i 334 wph (537 kinh)
Max cruising spood at 10,000 f (3,050 )
. 270 wph (145 kmb)
Eoon cruiving speed ut 10,000 1L (3,050 wm)
208 wiph (3156 kinh)
Stalling speed, $0° flape at 39,000 1b (17,600 ig)
AUW 76 wmiph (120 kanh)
Btalling specd, flaps up at max AU
N T O 108 mups (100 Ll
Rate of chiab st 8/L 1,800 R (575 m) nun

Scrvico ceiling 30,000 (9,150 m)
Survice eciling, one engine out
14,300 U (4,960 m)
T-O run on firm Jdry sod LOO R (317 m)
T-0 to 50 N (15 m) fronn tivm dry <od
LAIO R (170 m)
Landing from 50 it (15 m) on firm dry sod
LAI2O R (142 m)
Landing run on firm iry sod GIO R (180 0)
Range with max fucl wnd 4,000 1 (1,515 kg)
iy lowd, with allowunces for warm-up. taxy-
e, tehoofl, elunb, deseent und 45 nun
reserve at eruise power 2,170 wles (3490 k)
Rango with tnux puy load, reserves as nbove,
507 nules (815 k)

FIGURE 3.4: CONCLUDED
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. remaining set of BASIC equatlons contained in the BASIC subroutlnes
Vcaslled £rom LPPP2 and L@PPP3 (e.g., BROTATE, BTRANSFQ),...,etc ) are

ity 1 Ba = SIMULATION
COMMANDS - BASICDRIVER preadtt

e

~ FIGURE 3.5: BLOCK DIAGRAM OF 360 SIMULATION

Figures 3.7 through 3.10 [4] illustrate the flow of eXecutidﬁ "fi
(solid lines) in LPPP2 and LPPP3 and the updating frequency of data L
'11n BASIC common (dotted lines). The equations appearing in these

i flgures are those used within the  subroutines LﬁﬁPZ and L@@P3. fThe” »,
|

1

zﬂjﬁhnot shown A more . detalled description of these subroutlnes and
f]ﬁ'the complete set of BASIC ut111ty routines contalned in the LIB
fvgfsBASIC 11brary under the FSGCET account may be found 1n Ref

|| SL@pP2
| ' C-8 MODEL -
© (8400 PROGRAMS) -
SLANP3 S o
)
| J
S { istexe || pavieAtion, cubawes
| | AND CONTROL
| . (1819A PROGRAMS)
STLINL e S

R,
g o

e

3

4

L
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The BASIC common is separated into two blocks. The XFLPAT,
A(500), block is reserved for floating point parameters and the
IFIXED, IA(200), block is reserved for fixed point parameters.

3.2.2 Aircraft Dependent Routines

i {
-

The aircraft model, developed under separdté contract [4],
consists of :outinesrCﬁNTRZ; CONTR3, AERP2, AER®3, and ENGINE.
These are called by BASIC subroutines SLP@PP2 and SL@PP3. A brief
description of subroutines called by SL@PP2 follows:

CONTR2:

AER@Z:

WINDC:

UTILZ:

v'Routines{Ealled in SL@PP3 are:

CONTR3:

- ENGINE:

o
Model of the high frequency portions of the aircraf

control system (i.e., of the elevator control syste
where CONTR2 accepts auto-pilot elevator commands
and outputs elevator deflections).

Model of the high frequency portions of the aircraf
aerodynamics (i.e., the pitching moment model where

craft kinematic data and outputs aerodynamlc moment

" Model:of the mean winds or- shears and turbulent dis

persions, in the model. WINDC accepts altitude and
outputs the corresponding magnitude and direction o
the mean wind and supplies the standard deviation

value to be used by BWIND (BASIC subroutine called

by WINDC) to generate the turbulence components for
use in the aircraft kinematics.

- Interfaces with the navigation, guldénce and contro

t
m

t

"AER@?2 accepts control surface deflections-and adr=—..

s).

f

1

portion of the simulation (1819A package) Performs

trimming ‘and dynamlc checks

control system; this includes a model of the flap
control where C¢NTR3 accepts flap commands and out-
puts flap deflection.

‘Model of the low frequency portions of the aircraft

Model of the GET 64- 10 turbo- prop enolne, the model' =
accepts throttle pos1t10n and outputs thrust levels._

23



Lz

B P T T I,

AERP3: Model of the low frequency portions of the aircraft
aerodynamics. It includes the 1ift model where AER@3
accepts control surface deflections and aircraft 3
kinematic data and outputs aerodynamic forces. %

»
-

The corresponding aircraft dependent parameters are listed in

Appendix A
.

Other subroutines called by DRIVER are:

@
wd

SETUP: Initialization routine which establishes the starting
(or I.C.) values of the user's parameters. The BASIC S
subroutine BSETUP is called from SETUP to establish. ;
initial conditions (I.C.) for the BASIC parameters. ﬁ

- UDATA: Subroutine to input data to the user common bioeksa f 'ﬁ

PRINT: Subroutine to print data pertinent to the initial

...conditions of the simulation (see Chapter IV). It
“calls the BASIC subToutine’ BILPRlNF [4] from the &
subroutine PRINT.

It should be noted that the Block Dafa routine EBLPCKS$$ must
 be loaded prior to-the executxon of a BASIC simulation to provide
default values for the parameters in BASIC common.

3.3 SHARP AVIONICS IMPLEMENTATION

The Sperry C-8 avionics program was converted to the corres- = |
> ponding fixed-point FORTRAN program. A one-to-one correspondence f“
has been maintained between the two programs. For etample, the Lo %
labels in SHARP differ from those in STOLAND in that they begin j
.Vw1th "I". Consequently, all STOLAND documentation is usable for
SHARP. "Table 3.1 summarizes the routines that were convetﬁed fromi , 1
1STOLAND to SHARP. Table 3.2 1lists the subreutine names in the ' o
‘naV1gat10n program NAVC@M resldlng 1n bank 4 of the Sperry ‘avion-
'1cs program




TABLE 3.1: STOLAND SUBROUTINES CONVERTED TO THE 360 VERSION

BANK 5 SUBROUTINE

Assigned for registers, etc. (128 NDRO)"
Executive
EXUTIL utility (Sim. STOLAND only)

Autopilot execut1ve»

SAS (roll and- yaw SAS)

=1 Roll Autopilot

Pitch SAS o

Pitch Autopilot

Reversion Checking (between modes)
Autothrottle

Flap Control

EADI

4/D Autopilot

Data Reduction and I/O .

HS1I o
Keyboard :

MSP (button lights, slew sw1tches)
Mode Interlocks

Mag Tape Output

Monitors and Diagnostics

Sq. Root, Arctan,~Sin,qus, etc.
1/0 Buffers, Variable Data, and’
Constant Data (2048 NDRO)

' Navigation _ ' Lol
Air Data , Sk
Integrators and Limiters : PR | |

Reference TraJectory Data
DDAS , L
Output to 8400
Line Printer Output ‘
Service Subroutines e s
4D Guidance ‘

MFD Processing and Data - e

| BITE (1024 NDRO)
{ Preflight -Tests

ol zlckzzczc]| ki< [ <K<k Zzozzza< |Kz<iiii<zZz< | Z<Z

NOTATION: Y - Yes
. N-No




"TABLE 3.2: STOLAND NAVIGAFION ROUTINES CONVERTED TO
THE 360 VERSION

NAVCOMS$ §

"AIRACCS$S
AUTONVS $
COMFILSS
DIRCOS$$
FRMTO$ $
ILSWND$ $
INERACS $
INERGM$ $
MLSTRY$$
MODOFF§$$

S ‘ : | NAVOFF§$ $
ﬂ SBILS$S$
: ' ~ SBLGSN$S$

TACANS$S
TACTRY$ $
TESXANS $
VHFILS$$
'VLDNAVS$$
VORDME$ $
VORTAC$ $
VORTRY $$
WINDSS

As in the real time simulation, the 360 version of the 1819A
piegram uses integer arithmetic, and the same scale factors are
i

ueed for variables to simulate the actual conditions. The program .
; ,sfructure is exactly like the 1819A assembly language program
- structure, and variable names are also kept the same. This aids in,r

incorporating modlflcatlons into the 1819A- av1on1cs program that
have been checked out on the 360 ver51on ‘ K

The 360 ver51on of the 1819 main program is called STLEkC

* short for STOL EXECUTIVE. The flow diagram for STLEXC is shown in
"‘Flg 3 11. The name in parenthe51s in each block 1s the subroutlne‘ ;

~-name. A brlef descr1pt1on of each block follows

26
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(1) . The INPUT subroutine is used for scaling the variables
‘which are picked up from the 8400 part of the simulation
(BASIC), such as barometric altitude.® It also checks if
touchdown altitude 1s reached and sets a flag to termin-
ate the simulation.

(2) One second and 100 mllllsecond flags are updated and.
: reset.

(3) The G4DBEG subroutine does 4D guidance computations
(Sperry version). Five times every second the reference
~speed is computed, using the position error in the 4D
- trajectory. Once every 10 seconds the phantom position
is updated, and times of arrival at different.waypoints
are recomputed. All computations are done in one pass.
"This is different from the 1819A; where computations are
|, done parasitically over more than one cycle.

'(4) ' The INTEGN subroutine performS"%ﬁity gain integration,
“ and INTEGC performs 1/10 gain integration.

(5) The MODEIL subroutine sets up conditions for switching

~ to different commanded modes. In a real time simulation;
‘a command is entered by pressing a button on the Mode -
Select Panel. In the 360, the pressing of a button '
~corresponds to setting a partlcular entry in array ID(I)

(6) The'NAVCOM subroutlne checks to see if navigation‘signals
' are valid and selects the best Navaid. It does dead-
reckonlﬁg if the nav1gat10n signals are not valid.

(7)"The APEXEC subroutine checks for pitch arm, pitch engage,
7 roll arm, and roll engage flags. It arms or engages the
required longitudinal or lateral auto- -pilot mode (con-
. .trol law). It also checks for auto-throttle modes and

" 'calls the stability augmentation subroutines.

The aircraft/avionics interface is defined in subroutines.
-_JUTILZ and INPUT. The varlables exchanged and scaled in UTIL2 cor-
"respond to the actual variables exchanged between the 8400 and 1819A
~computers. In INPUT, certain variables such as a1rspeed and- dy-" _
dd_nahic'pressure are picked up from BASIC Detalled parameter llsts -
'“7;and scale factors are. documented 1n Appendlx B |




v .,.S;{[’;L,l,.3 K@

| SCALE VARIABLES PICKED
| UP FROM 8400  (INPUT)

\

UPDATE ONE SECOND |

AND 100 MSEC. FLAGS

" CALL 4-D GUIDANCE
EXECUTIVE
(G4DBEG)

' .

' ‘ i

| CALL UNITY GAIN AND 1/10 GAIN |
| INTEGRATTION ROUTINES - |

(INTEGN, INTEGC)

\

" CALL MODE INTERLOCK
EXECUTIVE (MODETL)

3

© CALL NAVICATION
7 EXECUTIVE
~ (NAVCOM)

O

. CALL CONTROL EXEQUTIVE | -
 (AUTO-PILOT GXECUTIVE) - |

o "(APEXEC) ,




~ IV. OPERATING DETAILS OF PROGRAM SHARP

In Section 4.1, the execution sequence is explained. This is
followed by details of the mode utilization and,selection proced-
ure. The method of setting up decks for runs is iliustrated in
<%ection 4.3. The 1nput/output deta1ls are descrlbed 'in Section 4.4.
Flnally, Section. 4 5 states the plottlng and data statlstlcs fea-

tures of the SHARP 51mu1at10n
4.1 SHgRP-EXECUTION SEQUENCE

7 ‘Running the SHARP simulation consists of issuing different - '
commands to the BASIC main program called DRIVER [4] shown 1n e
Fig. 4.1. First, a block data routine called EBLQCK is loaded to. .

ve;1n1t1a112e different parameters. and then DRIVER is loaded and

;»dlfferent command are given. A list of commands and a BASIC DRIVER -

v description are in the next section. Different ver31ons of the ‘

A _ simulation can be malntalned in different job llbrarles [5] At

. present, all the obJect modules except the nav1gat10n modules are

- stored in job llbrary LIB.SIM on'a prlvate disc pack The nav1ga-
-tlon modules are in job 11brary LIB.MLS. ‘ |

W The’éequence'of.executibn is usUally és follows:*

| i{i)' Settlng Parameter Values

~ The first step is to change the default values of para-

“meters to the desired values. There are two commands to
- change entrles (default values of paramcters) 1n C¢MM¢N

f'blocks

E} ~ .fiyf’;']3fgy (a) 'DATA command: for changlng enfrles in BASIC common
. .~ XFLPAT and IFIXED.  The parameters could be DELTRIM
- VEQIC, XIC, YIC, HIC etc. o

© (b) UDATA .command: for changlng entrleb in 1819A and C- 8
o : o ... commons (e.g., STL and BTYPE). The parameters could
ot .. ... - be the requlred autopllot mode ‘the throttle lever iy
T T R fi'lsettlng, etc. i iR e e L U
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(2)

- (3)

~ Examples of UDATA and DATA commands can be seen in the

deck set-up for trimming shown in Table 4.1.

Initializing the Aircraft

The next step is cycling the simulation in the I.C. mode
to ensure proper initialization. This is done by issuing
the ICRN command. The state to be initialized is speci-
fied by the eﬁtfies in locations 230 to 240 in BASIC
common:

_ (a) Euler angles

(b) Angular velocities in body axes

(¢) X, Y, Z position in runway coordinates
(d) Airpseed o ' ‘
(e) Velocity vector orientation

(£) X, Y, Z moments of inertia.

‘Trlmmlng the Aircraft

~form:

fwhere." o o R R 1,] _)'

After cycling in the I.C. mode, the aircraft is trlmmed

~at the desired state. Trimming needs to be done only
‘once. For subsequent runs, the aircraft can be 1nitial-

ized. (ICRN command) at the resultant trim state. ' A
table of trim states is given in Table 4.2; other trim
states can be found in the llstlng of job decks starting
in Table 4 3. :

| When the trim command is issued, the BQUIET subroutlne
- (a BASIC subroutine) is called for trlmmlng in the SETUP

subroutine (C-8 or 8400 subroutine).--The call is of the

CALL BQUIT (NcmNT ,DELTRTM PCLR :THETIC,
,DPTRIM, DELATT,. ,PSIIC,...) D R

B\
3

~ vDFLTRIM Elevator trim pa;aﬁéter~'
. PCLP: Throttle position
‘: f~THETIC ‘Euler angle :
 DPTRIM: Rudder trim parameter
» DELATT Aileron trim parameter
f7 _PSIIC _Euler angle - o :
fiffNCﬂNT. . No. of var1ab1es to be trlmmed




Dots in the subroutine argument are to 1nd1cate the trim-
ming limits for the preceding parameters. Trimming of
all six variables is not necessary, since NC@NT spec1f1es
the number of varlables to be trimmed.

Table 4.1 contains a deck set- up for trimming.

(4) Operatlng the Alrcraft

Once the aircraft is 1n1t1allzed at a trlm state, it is
ready to fly. By issuing @PRN command to BASIC DRIVER,
the simulation is cycled in the operate mode. : o

‘ Durlng 'the first cycle 'in the operate mode, the STLINL
subroutine is called in UTIL2, STLINL initializes the -
trajectory and precomputes some trajectory parameters .
(WPINTZ), turns off auto-throttle, sets the standby mode
of the C-8 (MPDEOO) corresponding to the STANDBY button
on MFD, and initializes navigation filters. In the
second and following’ cycles of the operate mode, the
STLEXC subroutine is called in UTIL2. STLEXC calls the -
MPDEO subroutine in the first cycle to switch the STANDBY
mdde to the ON mode and to do further initializatidn. i

The simulation continues to cycle in the operate mode
until the time specified 'in the argument of the ¢PRN
"command is reached.

4.2 MODE INITIALIZATION AND SELECTION

" The procedure for mode selection and initialization is dealt

‘with in this section. First, the control inputs are entered in a

%imilar fashion as in the real time simulation. There is a one-to-

‘one correspondence between the buttons and switches on the control

'panel in the cockpit and the flags in the 360 simulation. A list

: 1of these flags 15 glven in Appendlx B. At present ‘the follow1ng
,flags have been set for full auto fllght | o f“;*'

‘:' Q(1) AUTO SWITCH (135106)

(2) SAS SWITCH = . (IDS 07)
©(3) AUTO THROTTLE SWITCH (IDS 08)
 (4) GO AROUND BUTTON (IDS 214)




The STANDBY/ON‘button is internally setﬂih fhéHSimulation
when it is started. The other flags have to be set in the same >
sequence as the corresponding buttons areiprpssed in réa1 time
simulation. The pressing of a button on the’MB&e Select Panel in
the cockpit corresponds to setting one of the diécietes ID(1) -
ID(16) to -1. In example 2, Cards 8 and 9 indicate that the MLS
~button (ID(15)) is pressed during the tenth cycle of the simulation
and the FULL-AUTO (ID(2)) button is pressed in the th1rt1eth cycle.
The command on Card 8 (QUALIFY MODEIL$$; AT 10; IF 0-30 SET
ID(2) = 01) means that when statement number 10 is executed the
thirtieth time (1 .e., the simulation completes 29 cycles), the flag
for full auto mode is set. More information on QUALIFY can be
found in Ref. 5. - o S ' '

For a Monte Carlo simulation, when looping is required, fthe
‘mode number and the time (or 1terat10n number) when the mode is to
be set, can be specified by 1n1t131121ng the array IMDSWT (2 5)
' whlch is described in Appendlx B. If Mode 6 (altltude hold mode)
is to be set durlng the tenth 1terat10n the array could be 1n1t131-
ized as: ’

IMDSWT (1,1) S
CIMDSWT (2,1) 10

,A'samplq deck for Monte Carlo runs has beén included in the ex-
amples (Section 4.3). ' = |

- For 4D guldance, to 1n1t1a11ze the alrcraft for capturing a
'Waypo;nt the follow1ng condltlons should be met: e TR

“":fi*f(I):;The 1n1tlal p051t10n should be at least a dlstance of .
7 1,000 ft plus the length of the next segment behind the
g wayp01nt to be captured (see flgure below) : s '




i ’ : S :
3et INEN to o ~ waypoint to be captured (IWPNID)

- X ole1600 ft—mfa—S—ex**1 1 e 5—x2+2

| o ' o - waypoint number
aircraft initial position ~ 8 - segment length

(2) IWPN should be set to one less than the number of way-
~point to be captured.

(3) The turn radii for both IWPN and the wayp01nt to be
- captured (IWPNII) should be zero (i. €., the aircraft can:
capture only straight segments)

The. follow1ng condltlons should be met for capturlng the
glideslope: ' L

(1) The aircraft should be”at least 600 ft above the runway,
otherwise the glideslope will not be captured.

(2) The F.Pih. hold mode should be set.
| The x, y, z coordinates from BASIC afe used to initialize the
filters in SIMIC subroutine. As the MLS EL1 antenna is 100 ft from"
~ the threshold of the runway, the x coordlnate is corrected for
100 ft to avoid the filter transients.

; When the 51mu1atlon operates in the 4D guidance mode, the pre?
stored trajectory is used for guidance. The trajectory parameters e
: a%e in EBLPCK block data subprogram; at present it contalns the

MLS trajectory. When a d1fferent traJectory is requlred EBLﬂCK t
k‘can be recomplled in another library. e SR ‘

; When the‘simulation is run in the full auto'mOde, the best.
£ :naVigation aid is selected automatically If no nav1gat10n aid
1s ava11ab1e, then dead reckonlng is used cL ’
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4.3 EXAMPLE DECK SETUPS

|

The procedure for setting up the decks for some typical runs

is illustrated in this section. Specifically, the procedure for

trimming, flaring with and without the wind, 4D guidance in TACAN

and MLS regions, flight path and altitude hold, go around maneuver,
and the Monte Carlo option have been illustrated.

(1)

@

f  the glldeslope w1th the STOLAND w1nd is presented

Trimming

|

Table 4.1 is the deck set-up for trimming the aircraft.
The EBL@ACK subroutine is loaded (Card 6) to initialize
the common blocks; then the BASIC main program driver is
loaded (Card 7) and its execution is started (Card 8).

-The DATA command is issued to the DRIVER (Card 9) to

change the default values of some parameters. The format
for initializing the common blocks is described under
DATA in the next section. The slash (/) in Card 17 sig-
nifies the end of the DATA command. ‘Then the UDAT com-
mand (Card 18) is issued to initialize C-8 and 1819%9A

- commons. The slash (/) in Card 24 terminates the UDAT

command.

The ICRN command (Card 25) cycles the simulation for 200
times in the I.C. mode. PRNT (Card 26 prints the results
of I.C., and the TRIM command (Card 27) starts trimming

at the initialized state. The final PRNT command (Card
28) prints the result of trimming, and END command (Card

29) signifies the end of the command sequence to the

DRIVER routine. Typical trim states are given in Table

4.2,

Initialization on Final Approach

In Table 4.3, the job deck for starting the aircraft
above 600 ft on the glideslope is presented. The command
sequence is the same as in the previous example, except

~that the @QPRN command near the bottom of the listing tells

the DRIVER to cycle the simulation in the operate mode for

 five seconds. . S

(3)

Initialization on Final Approach with STOLAND Wind

In Teble 4.4, the job deck for starting the aircraft on o




(4)

(5)

(6)

(7)

(8)

4D Guidance In TACAN Rggion

The JOb deck for operating the aircraft in the TACAN

.region with 4D guidance is listed in Table 4.5. Note

that the aircraft is initialized in the TACAN region, and

the nav1gat10n package automatically selects TACAN for
navigation.

4D Guidance in the MLS Region

Table 4.6 contains the JOb deck for startlng the aircraft
in the MLS region.

FPA Hold, Altitude Hold, Go Around

Table 4.7 contalns the job deck for the Go Around mode.
If the first and second QUALIFY cards in the deck were mnot

present, the aircraft would operate in the FPA hold mode.

For operating in the Altitude Hold Mode, as indicated in
the job deck, common cell 1307 should be set to -1 and
common cell 1309 to 0

,Monte Carlo Runs

Table 4.8 contqins a deck for Monte Carlo runs.

Altitude Hold, Heading Hold and Airspeed Hold

- In the EBLOCK subprogram, the discretes corresponding -

to altitude hold and heading hold modes (Appendix B-3)
have been set as default autopllot modes. If the
simulation is switched from I.C. to operate without set-

';.tlno any discretes, then the aircraft flles in altitude

hold, alrspeed hold and heading hold modes., The airspeed

- hold mode is automatically turned-on as the autothrottle

. sw1tch is assumed to be on.

-9 Inltlal;zatlon on Final Approach Below 600 Ft

" The real time simulation checks if the aircraft is be-
- low 600 feet when the glidescope mode is aimed (sub-

~ routine PAMLS) and turns the glideslope mode off. On

- TSS this feature is kept, but a version of the subroutine;
- PAMLS is compiled in library LIB.GLID where this check =
“~is ' not made. If the aircraft is to start below. 600 feet

~ the job deck .is similar to the one shown in Table 4. 4

 ’w1th the addltlon of the follow1ng command

- JBLB LIB GLID .

ke
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(10) Chahging Airspeed During Flight

The TSS simulation can be started in any of the re-
qulred modes. If after x/20 seconds the airspeed
is to be changed to y- knots, the following TSS com-
mands should be included in the job deck:

QUALIFY APEXEC$$ AT 440;1F%=X;SET IATENG=3
QUALIFY TASS$$; AT 0(1); IF =1, SET TASPSP=Y

4.4 INPUT/OUTPUT DETAILS

‘ Batch.DfiVer

The BASIC batch driver (Fig. 4.1) 1s a FORTRAN program de-
signed to control the execution of a 51mu1at10n u51ng the cornicepts

and structure of the BASIC system. The current dr;ver accepts nine

command sets to perform program eXeCUtion,'BASICvdata input, user
designed data I/0, cycllng in IC mode, cycling in operate mode

‘message 1ntersper51ng with printout, dynamlc check operatlons,

trimming, and termlnatlng a run session.

 Each of the nine command sets are described, and the resultlno,"

action is discussed in the follow1ng paragraphs The command sets
may be in any order, and as many may appear as are requ1red for
the run session. ‘

i
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TABLE 4.2: TRIM STATES
VEQIC HIC GAMVIC THETIC PCLP DELTRIM DFIC IDLEBT/
(KNOTS) (FEET) DEGREES DEGREES DEGREES DEGREES IWEE
69.8 - 2160 0 ~3:.95 48 .5 0.141 40 1/1
i2.1 200 «6.0 ~8.235% ¥ WP 0.057 40 1/1
.72'05 1271 -6.0 ~§ .23 22.08 0.058 40 1/1
%2.05 2160 0 -4.94 49 .43 0.078 40 1/1
137.3 1500 0 v ) & . ¥ 0.017 0 0/0
140.1 1500 0 2.01 33.73 0.034 0 0/0
4l b AN 3220 0 -1.17 66.8 -0.031 0 0/0
212.4 3300 240 337 57.90 -0.032 0 0/0
74.18 600 -6.0 -8..257 21 .73 0.056 40 1/1
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TABLE 4.3 (CONTINUED) : EXAMPLE NO. 2
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TABLE 4.3 (CONTINUED): EXAMPLE NO. 2 '
DELIREY 2 B, P0G wdrP g 120 RT &kPa§ = 180 AT TJOTP 2 154,776 TPIS 2 1SA,976
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i S gt v ot ¥ e par e AL T LAY RLFA 174 VRaK TRTE THS 17c17
| FedD Rl e RRRC s -3, -n,0 «T, 0 wduah,  =5,49 2,27 =246R,0 72,16 0,000 0,821k 0} 722,000
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TABLE 4.3 (CONTINUED): EXAMPLE NO. 2
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TABLE 4.4 : FLARE WITH STOLAND WIND (EXAMPLE NO.
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TABLE 4.5: 4D GUIDANCE IN TACAN REGION (EXAMPLE NO. 4)

..RJ:\‘.‘M-' IANR

‘.

Luiu't Falalm,intry,

MM

PLEASE inuw) alsl Rag
Jeb L1ngs]

Jisbes ¢ 1,008

LUudo PG &

LOLS el g s v

BUALIF Y et tyussg 2

CYVERRES N

LAY
1 cdn
! °31
! Y
1 ¢34
" 4 1o
J ¢ 3%
1 cdn
l !7(1
1 e U]
/
Jgha
| 3y
l 30
2 pRU
1 ty
1 iF
/
ICNI
w1
uwhaAtl s
4 } 4
3 sus
e 1
/

CGemii
PRuT
PRl
END
LUGOFF

1740

"\n(u)",‘: lg.A.‘b_'J'

LS LN R
T SRR RS T Cal Y G B 1u(p) s =4
viwl1C 1i: rndlll s
!h:TlC
PRI
uwd 'n](C
ferbl
a6 1 et e
=16 1% ekl
iy ste [G0) Anidvk RobuaY
610 I REl)
2LL¢
NEL TR
[ob el
T CE
A28 o
(vl "CP
) PR
oy

ORIGINAL PAGE I3
OF POOR QUALITY

wu

(2]




54

TABLE 4.6 :

4D GUIDANCE IN MLS REGION (EXAMPLE NO.

5)
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TABLE 4.7

GO AROUND MANEUVER (EXAMPLE NO. 6)
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TABLE 4.8 :

TYPICAL MONTE CARLO DECK SETUP

(EXAMPLE NO.
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Basic Data Input

The first card of the deck is:

 DATA v : — 7 e

000 00000000000000000000000000000000000009000000000060060000000000000000000660000
l’!‘llll|‘II||1ll!lllll|Hl!lll"Hﬂl‘ﬂ“"“ﬂ“!ll”lila)’l!l]ll!ﬂl' WSO DTN R BOAEN NI EIN
RRERRRRSRRRRRRRERRRRERERR A RERRRRRRRRAREER !

RN R R R R RN RN R RAR R
Fol;qwing this card are the data cards required to enter data into
‘the BASIC common blocks, XFLPAT and IFIXED.

The form of theéé cards
is:

-t

0000000000000000000000000000000000000000000000000000000000000 0000000
F13 0TS 18 TL 10T D005 200 T4 2 06 LI TS 00 330 03 3035 56 3030 00 08 41 4247 0448 06 42 40 48 SHS0 S 83 30 95 %6 30 50 30 ROR 634 GA 45 66 ORI N T A0 0
‘1|l‘l!1|‘|‘|l||l'lll|l||l||l|llll||l1||i|lll||l||Il||l|1]llllllll|l

‘,?, LLLLXXXXXXXX XX, MMMMMMMMYMMMMMMMMMMMMUMMMMMMMMMMMMMMMMMMMMSMMMMMMMMMMMMMMMMMMY
0

1

1

=
[

1 indicates XFLPAT common

=
'

'é-iﬁ&iﬁates IFIXED common B
LLLL is the cell number in the common block

...uXXXXX is ten columns of data (integers must be rlght -
‘ Justlfled) to be stored in cell.

MM.....MM is a 51xty column alphanumeric message field.

: 'The end of this command set is 51gn1f1ed by a card of the
form:: ‘

000000000000000000000O0000000000000000000000000000000000000000000000000

T2 03 108 TETTT 1008 20 28 2000 J418 36 3106 TH 0030 30 13005 B IR A U a0 s 0t 4 0 S sh 181 % 83 S0 0 ST A0 RL BT R0 AY SE RN T 100 T e

lllllll!!!lll!illl!lllllllllll\!llll|l|||llll‘Illll!llllllll\llllllllll.

_..-‘t::




As each of the data cards is read, the value of the particular
parameter is inserted and the data and message are printed’on the

line printer. —

User Data Input -

This command set consists of a card of the form:

000000000000000000“0000000000000000000000000000000000000000000 000'00000

MWD NNWBHRIBIRNRANN BRI NAOFARBE00NN T DG AR RSSOy g ran

" This command causes d call to the routine UDATA for 1nput Control
is returned to DRIVER Wthh reads the next command card..

As in DATA command, the input format is the same:

.z‘ "
T

‘ i iBicbmmon IS
: ' , - C-8

=z
|

ZVBT common

o
i

3 STL common ~ 1819A

User Data OUtPut
This command set consists of a card of the form:

PRNT NN

‘ . :‘.“‘, 5,‘-8—;"1.:».‘;‘?':, S f’ ‘ LI f;: l ;

L1y
lllllHllllllllllll!llllIvllI|H|lllll'1IIHIIHIIH'I’IIIHIHIHIIIHIH

‘00000000000000000000000000000000000000000000000000000000000000000000000000000000
llrlllilll"Ullll\lHl!lllll’llﬂ211)1‘ui“l”l"ll!l”l!llls$l”ll!lf!ll'ﬂul&liu‘ll!!ﬁ!l5!51)!5)5611“5‘““15Ilﬂiiiluﬂi!!l“ll'}ll’!‘ll’l|ll'
l]{l,l”lll IIHIllrlllll1IHFIIHlll|II|HIIHHIVHII_IIHHUIU,lliIIIHHIHIHI!"_

0




This command causes a call to ﬁhe routine PRINT (NNN) for ovut-
put. Control is returned to DRIVER which reads the next command
card. o ‘ '

NNN -

;2 Dump. BASIC commons

3 IC Format Output ‘ B §

4 Output of 1819A variables for debugglng

,CYcle in IC Mode

Y

This command set consists of a card of the fornm:

0 00500000000000000 0000000000000000000000000000000000000000000000000000000000
] _;]s;,1.9!|1|nﬂlll§l|”"! 7!l“liﬂ"“ll)llllllllinﬁllllﬂﬂﬂl A0 0 00 47 AN A9 SRS T S 50 63 6 3T SHUY AN AT AT G0 SE AR OT B AN IR N T g W
1 ll1l|lllllllilll\l lll!lllll!1lllllllill!llllll‘lllllllllIlll!lllllllllllllll

~where NNN (right jdéiifiédj is théihumber of cycles to be executed.

'This command causes NNN calls to SETUP, L¢¢P2 and L¢¢P3'inla:
~cyc11c fashlon with IM¢DE < 0 ' o

Trim que
This:command'set consists of a Cardefﬁtheffbfmg:ff

RIM NN

00000000000000000003000000000000000000000000000006000000000000000000000

TN R R RN R RO P Rl [ RIRIR R SUSBUR USRI Y URH R R IRTRIETRIEVRY SR HR IR B A AR A R R TN T R R TR W RUR B Y

1
lllillillll‘lilllllllilllllllillllll||lll!llllllll!|l!lllllll!llllllll




where NNN (right justified) is the maximum number of cycles the

trimming process is allowed. If omitted, NNN is defaulted to 500
or the last specified value.

This command causes the trim command discrete, ITRMCN, to be
set to 1 and the simulation is cycled through SETUP, L@PP2 and

LPPP3 until the trim complete parameter (ITPRAG) is zero or NNN
cycles have been completed.

Cycle in Operate Mode

This command set consists of a card of the form:

PRN XXXXXXXXX

0000000000000000000000000000000000000000000000000000000000000000000000000¢00
LR B A )
11

LU S SRR AT ST I I A B0 A U N AN I 0 DL P 0 (O SUBLUNS LS U B0 LI U AU LA UL T S AL L BET SRS EPURR PO SRR BEL LA A S SO T SO T3 R I I ARSI T T O SRR I N 1)

R ERR e R AR R B R R e R R R e SR R E SRR R R B RN R B R R OB A S

where XX...XX is nine columns of data which specify the maximum
time in seconds allowed for the operate process.

This command causes the driver to perform a cyclic operation
in which LP@PP2Z is called twice and L@PPP3 is called once per cycle
with IMPDE=1 until TIME > XX...XX.

Dynamic Check Mode

This command set consists of a card of the form:

DYNC
0}000000000000000000000000000000000000009030000000000000000000000000000000000000
N L R R R R R R A R R TR SN TR R T R R I R RO N
Trrrrend

R e R R SR R R R E AR R R S S SR P N E R RO CE R R R R RE R B R
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Upon receiving this command, the driver sets IDYNCH=1 and
IMPDE=-1 (dynamic checks on, IC mode). The simulation is then
cycled in the IC mode until the dynamic check routine (BDCHEK [3])
assumes mode control. BDCHEK maintains mode control through calls
to ICRTN, HLDRTN and OPRTN (which set IMPDE), and the dynamic
checks are performed.

The user must supply all pertinent data for the dynamic checks
(AMVECT(I), DTD, ICPDE,...,etc.) by use of the DATA or UDAT com-
mand sets prior to invoking the DYNC command set.

Under the current driver, the user must allow for data output
during a dynamic check or cyclic process in the operate mode. One
possibility is to perform this output as a print statement in one
of the utility routines (e.g., UTIL2).

Message Output

This command set consists of cards of the form:

00000000000000000000000000000000000000000000000000C0000000000000000CC00

TR A R BT R R U U B R U R A I LIS M P IS VIR PR SR S PR DA U AT IR L LAY LI AL R MR TR PO T PR LRI LI T i AN VO S T U I B BN MR AT T SR B N )

B RS R R S R I R R S R e R B IR R S RN AR RS R R R R R HE R LR

— -
— -
— -
— -
— -
-— -
— -
— - D
— -

**:’:**********************ALPHANUMERIc DATA CARDS******************:‘r*:‘:****:‘:?’:‘.‘::‘:**:‘:****

TR R R R R R R IR BRI RN RO U RN R U LR R UM R HIR AU LR L DR LR BT PR R LRI BN B T IR )

0000000000000000000000000 00000000 0000000000000000000000000000000000000C00
BER]
B R R R R R R R R R R R R AR R R R RN

e 9

0000000000000000000000000000000000000000000000000000000000000000000600¢0

LRI RS BRI A B R U I R U IR LR IR U B B T PR A I L L R R T L R L L R A L R TR R R R R R S R R I LR LR R R ]

IR R R R R R R R R R R R R R R R R R R R R R R R R E R R R |

- -
—_——
—_ -
—_-
—_ -
—_—-
- -
—_ -
— -
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Following the MESS command card are any number of cards with
alphanumeric data in any of the 80 columns. To terminate the mes-
sage, a card with a slash in column 1 is supplied. The alphanumeric
data is simply output on the line printer (one line per card) with-
out a top of form.

Terminating a Run Session

This command set consists of a card of the form:
END

0000000000000000000000000000000000000000000000000000000000000000000000°0
nn

TN TN DU RTNINNNDUBRTNNNC OB NNEY DRI GEROR I I s
1

0
'
| I I T R R R R F R L RN R R R R R R F L L

-—
——

00000
EEER
EEEE

This command notifies the driver that there are no remaining
command cards. Execution is subsequently terminated by the
driver.

4.5 PLOTTING OPTIONS AND DATA STATISTICS GENERATION
Output data plotting options are as follows:

(1) The output data can be written on DUMRUN tapes and these
tapes can be plotted at the computer facilities. Addi-
tional details are given in Ref. 4.

(2) 360 Plots: The output can be stored in data sets when
the aircraft is in the operate mode. Subsequently, these
data sets can be plotted on the remote 8 terminals using
ZETA plotting programs.

When the Monte Carlo runs are made, subroutine STAT is called
at specified intervals. At present it is set up to compute iter-
atively the mean and variance of five variables; it can easily be
recompiled for computing statistics of any number of variables.
The program listing is given in Table 4.9.
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TABLE 4.9: SUBROUTINE STAT LISTING

[alalalaNalaNaNalsl

[a N o

OO NN N [aNal

SUBRCLTIAE STAT
LA R N S R R R R R R R R R T
SLERENLTINE T0 CCMBUTE STATISYICS FCR MONTE CARKLC RUNS, IT COMPUTES

TRE STATISTIICS ¢ *Ean ANC vAKTaNCE) TTERATIVEY, 17 IS CALLEC FHCM
SULERGLTINE INPLTYT EVERY L CYCLE CF SIMULATICA,

,..l.l“...‘..l.‘...‘t.....‘.t‘..l‘.0.0.‘......O...‘.Q.......l‘.......
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CCV¥»rn /xbLnaT/4cS00)/IFIXECZLIF(200)
COMMCN /TTYPE/IM(20)/RTYFE/ZET(100)

CIMENSTON S(S,2,100), 120 (6), TFR(S)

EGLIVALENCE (¢ X, 8 (174 Yo (Yky, A¢1785) Y,-(PE,&(170) ) -
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TABLE 4.9 (CONTINUED): SUBROUTINE STAT LISTING
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. V. VALIDATION OF SHARP

As noted in Chapter I, one of the principal uses of the SHARP
simulation is to perform comparative studies of navigation,,guid-
~ance and control concepts'for STOL aircraft. To assure the value
oﬁ these Monte Carlo type simulation results, it is necessary to
verify the equivalence of the SHARP and STOLAND simulations. The
validation procedure and results are given in Section 5.1; the val-
idation data shows that the two simulations are essentially 1dent1-
cal. Section 5.2 discusses some of the differences and the main
errors discovered in the STOLAND simulation during the process of"
SHARP program development and debugging. Section 5.3 documents
somé of the flight control laws in unscaled form. The work done
under this effort is summarized in Section 5.4.

5.1 VALIDATION PROCEDURE AND RESULTS SEEEE ot

~ The sequence of steps to validate the SHARP simulation w1th
respect t6 the STOLAND simulation is outllned in this section.
The autopllot modes, namely:

(1) Heading Hold,
(2)--Altitude Hold
(3) Flight Path Angle (PPA) Hold, and
(4) Go Around
-

' after every Tun.

The glideslope tracking mode was debugged by che;kfng the:df
7011de510pe error. The full auto mode (4D guidance mode) was de-
bugged by checklng that the alrcraft was tracklng the trajectory in

~the stralght sectlon, turnlno sectlon, and g11de scope sectlon and: ;f




then switching to the glideslopekpracknmode after féaching the last
waypoint. The IBM 360 simulation outputs for glideslope tracking, o1
full .auto mode and flare were compared w1th the 1819A output of

the real time simulation (STOLAND)

From the output of the IBM 360 simulation andkthe 1819Ah6ut-
put listed in Tables 5.1 through 5.4, it can be seen that they
agree very closely except for the flare and touchdown location.
This difference can be explained by the fact that in the real time
simulation there are transmission delayshin commands from the 1819A
to the C-8 model on the 8400 and in responses from the aircraft
model to the 1819A. In the IBM 360 version, events take place
instantaneously. Theéé'delays could be incorporated into the IBM
360 version, but it is'veryraifficult to estimate them.

The transmission delay and its effectérwere £irst noticed when
the aduto-throttle loop, which was being closed on the 8400, was
closed on the 1819A. As there is no transmission delay in the IBM L
360 simulation, by comparing the errors (BETAGS) in the output of
the slideslope tracklng mode in Table 5.1, it can be seen that there |
is much tighter control in the 360 version of the simulation.

5.2 SIMULATION DiFFERENCES

The aspects in which the SHARP and the STOLAND real time simu-
latlons dlffer are described below

(1) The simulation on the IBM 360 (SHARP) has been implemented
. only for the full auto flight mode (i.e., there are no
- manual or flight director modes). The structure of-the
_simulation is exactly like the real time simulations, so
,other modes can be easily added. If the full auto mode
a;‘-1s not turned on, the simulation can be Tun in- modes 11ke
-,;headlng hold, FPA hold altitude hold, etc ~

: ;(25u¢The switches and buttons on the control: panel in- the cock-f-
. pit have been replaced with correspondlng dlscrete flaos
‘:;;These are descrlbed in Appendlx B. v _




TABLE 5.1: GLIDESLOPE; STOLAND WIND (VARYING WITH ALTITUDE) ;
- NO NAVIGATION BIAS :
SHARP (IBM 360) OUTPUT STOLAND OUTPUT
TBTAGS | IZN(2) | 1ZN(4) | 1ZN(6) | BETAGS | ZN(Z) [ ZN(8)
360%DEG | FT./4 | FT./4 | 4xpr, | 360%DEG |FT./4 | 4*FT,
3 | -1430 | -3 2445 | 2 (|-1437°|-2450 |
2 5 |-1378 | -2 - |-2357 2 -1387 | -2374 |
4 7 |-1326 | -2 |-2268 2 |-1336 | -2289 |
6| 8 |-1274 | -3 2181 1 |-1285 | 2204
8 9 -1223 | -4 -2094 -1 -1234 | -2120
10 9 |-.1172 | -¢ |-2007 |- 3 |-1183 | -2036
12 9 |-1121 | -4 |-1921 |- 6 |-1131{-1953
| 9 |-1070 | -3 [-1831 | - & -1081 | -1868
liel 8 "|-1019 | -2 -1749 | - 12 1029 | -1784
18 8 | -968 | -1 |-1664 | - 15 - |- 978 |-1701
20 8 | -916 | -1 -1578 | - 19 - 927 | -1617 |
22 8 865 | -1 -1491 | -] 23 - 875 | -1532
24 8 +%13 -1 -1405 - 27 - 823 | -1446
26 7 | -762 | -1 {-1318 | - 31 - 772 | -1360
28 7 | -710 | -1 -2132 | - 34 - 720 | -1274
30 § | -658 | 0 -1145 | - 35 - 668 | -1166
32| 9 | -607 0 |-1058 | - 36 - 616 | -1098
35| 10 -555 0 - 971 | - 36 - 565 |-1009
36| 10| -503 | O - 884 | - 35 |- 513 |- 921
38| 12 | -as1 | o0 1797 | - 32 - 461 |- 831
s0] 14 | -390 | 0 -l710 | - 29 - 409 |- 742
L o170 | -348 0 - 622 - 23 - 358 |- 652
a4l 22 | =206 0 - 534 - 14 - 306 |- 562
a6| 27 | 243 | 0 |- 446 |- 1 - 254 |- 472
48| 36 | -191°| 0 |- 358 18 - 202 |- 381
501 55 -138 0 -1- 269 50 p 1»50' - 291
's2{ 108 | -gs | 1 l-179 | +111 |- 98 |- 200
~ FLARE T T FARE




TABLE 5.2: FLARE STOLAND WIND; NO NAVIGATION BIAS L 3

i

SHARP (IBM) OUTPUT STOLAND (1819A) OUTPUT i
CTIME | 12N(2) | 12N(6) | IPSIA | ZN(2) | ZN(6) | PSIA | i
| -67 ~148 | -1103 | -7z | -155 | 1064 |
-54 | -125 -1128 |
-40 | -105 | -1210 | -46 | -110 | -1143
-27 -89 | -1822 | o o
-14 .77 -2203 | -20 | - 78 | -1809 g
5.0 | -1 | -e9 | 22190}
| 13 | - 63 | -2401 6 | - 61 | -2298 | i
4.0 24 - 58 | -2524 |- | | 1 §

| 37- ] - s4 -2516 | 31 | - 52 | -2529 ° 5
s.0 | 49 51 | -2861 f | | =

61 - 58 2608 | 54 | - 44 | -2588

6.0 73 - 44 -2602
85 - 41 -2606 60 | - 42 | -2574
TOUCHDOWN ~ TOUCHDOWN

1.

2.

. b gy




- TABLE 5.3: FLARE WITH STOLAND WIND AND MLS BIAS

SHARP (IBM 360) | STOLAND (1819A) |
OUTPUT |~ ourpur " |

. ELEV. ELEV. |°  ELEV.
TIME DEFL. COM. COM.
~ (DE) (IDELCS) (DELECS)

| -1.25 7 | -1
0.2 -3.22 64 97

-7.95 135 165
-8.40 - 142 162
=7.22 122 116 e
1.0 -5.42 89 o 68 .
; 1 -4.69 : 72 f - 40,
g | -4.35 64 43
| o -4.29 61 | 49 |
! o -4.63 64 ' 54 ; S AR
2.0 | -4.69 65 | se ] .
’ o =4.58 62 i 57 ’ ’ ?

: -4.,75 i 65 o ' 54 : oL i

- ] -4.58 62 | 48
| -4.64 | 64 - . 44

Torse o6 | WTOUCH?OWN,




TABLE 5.4.- PLAREvWITH STOLAND WIND AND NAVIGATiON BIAS

SHARP (TRM 360)_OUTPUT , STOLAND (1819A) OUTPUT
TIME | THDTCM| ITHCOM | TZDDRA | IZN(S) [ 12N(6) | HDOTCM | 1mmeant | zonra | ZN(5) | ZN(6)
-3802 | 4402 |-169 | -3768 | 113 |- 14 | 4477 | -170
-3302 | 543 | 106 | 4407 |-160 -3362 | 609 26 | 4480 | -160
-3025 | 1051 | 161 | 4438 |-151 2909 | 1233 | 255 | 4510 | -151
-2608 | 1217 |- 238 | 4462 |-142 2674 | 1559 50 | 4557 | -142
© o -2406°| 1150 |- 841 | 4d65 |-133 | -2386 { 1497 |: 577) 4536 | -152
1.0 -2146 | 949 |-1343 | 4228 | -1%4 2128 | 1194 |-1205 | 4376 | -123
T 1013 | 768 | -1644 | 3956 [ -116 -1898 | 850 |-1806 | 4081 | -114
-1705 | 634 | -1742. | 3631 | -108 -1692 651 |-1930 | 3711 | -106
-1520 | 551 | -1687 | 3287 | -10 -1508 | 536 |-1865 |'3330 | - 99 |
1354 | asz |-1580 | 2051 |-94 | -1348 | 477 |-1706 | 2072 | - 92
2.0 -1208 | 407 |-1473 | 2636 |- 89 | -1198 | 450 |-1512 | 2646 | - 86
71077 | 331 | -1366 | 2342 | - 84 | -1068 | 42z |-1542 | 2357 | - 81
- 959 | 297 |-1205 | 2072 |- 79+ | - 951 | 381 |-1208 | 2097 | - 7
o854 | 270 |-1047 | 1820 |- 75 | -ea7 | 520 |-1111| 1860 | - 73
, -761 | o220 |-90aa | 1616 | -72 | - 754 | 274 |-1004 | 1647 | - 69 |
3.0 677 | 181 |- 841 | 1426 |- 69 | - 671 | 229 |- 010 | 1457 | - 66
-'603 | 187 |- 685 1259 | - 67 - 597 247 | --740.| 1290 - 63
o537l 179 {-s78 | 1120 | - 64 | - 531 | 258 |- 610 | 1153 | - 60
=477 | 185 |- 472°| 1003 | - 62 | - 472.| 261 |- 517 | 1041 | - 58
~4za f- 170 |- 418 | 908 | -60 | -419 | 289 |-412| 951 | - 56
4.0 -7 | 195 |-33 | 83| -s0 | -372| 320 [-300] ss0! -84
- 335 | 195 |- 260 | - 758 | - 7 - 3350 | 375 |- 216 | 826 | - 52
<297 | - 242 |- 156 | 706 | - 56 | - 205 | 414 |- 149 | 789 | - 51
2263 | 266 |-102| 669 | -55 | - 260 | 464 [- 81| 764 | - 49
L -233| 298 |- 49| 643 |- 54 - 230 | 497 |- oS4 751 | -47 |-
5.0 -206| 40| 4| 620 -s2 -203 | ss0 |- 13| 749 | -6 .
T 182 | 356 | 6| 625 -5 | -179 | 597 | 15| 752 | - 44|
-1 | 372 | 7| 624} -50 S1s8 | eaz | o4z| o756l - 43|
- 141} 423 60 | 623] -49 | -138 | 718 | 108 784 1 -1
=128 481 | w3 | 631 -8 L il
6.0 -109| 517 1 14| es0| -47 o ToucimowN
- 96| 595 | 167 | 676| - 45 e ~ :
s osaf oces | o168 | 700 | - a4
e wo7z| o737 |20 | 746 - 45
L. s oso2 | o221 | 70| -4
TOUGIDOWN

. ORIGIVAL PAGE I8
, 7L,iijf?jtﬁcu;?lycx)fg~(I[L§er1§r P




(3) There are transmission delays between command initiation |
in the Sperry 1819A and the corresponding response from
the C-8 model in the EAI-8400; in the IBM 360 simulation,
events take place instantly. The delays could be incor-
porated in the IBM 360 version, but it is difficult to
obtain reliable estimates of these delays.

(4) Instead of modeling the pressure transducer as in the real
- time simulation, calibrated dynamic pressure, true air
speeds, and baro-altitude are taken directly from the
BASIC program on the IBM 360. 1If desired, a constant bias

can be added to the baro-altitude.

(5) Bécause the IBM 360 version is completely duplicatable,
simulation runs with the same initial conditions will give
the same results. .- In the real time simulation, setting

~up the initial conditions is very inconvenient, and
results from run-to-run are not exactly alike.

5.3 FLIGHT .CONTROL LAWS

As noted earlier, the SHARP and STOLAND simulationg-areie%sen-
tially identical. For example, the control laws used_in bdth.Eimué
lations are exactly the same in structure and have the same scale

factors. In the interest of comparing these STOLAND control laws
with those used by other flight control systemé,funscaled'versions
of the pitch axis control laws and the auto-throttle system are.
descrlbed in this section. Figure 5.1 shows the 1ong1tud1nal con-
trol system; the correspondlng 011deslope tracklng law is shown in
Fig. 5.2. The auto-throttle speed control law is presented 4in

 Fig. 5.3 and the corresponding auto- throttle servo loop is shown in

‘LFig. 5.4. The pr1n51pa1 reason for presenting these control laws

‘f1n unscaled form is to facilitate comparlson with other alrborne

| 5f11ght control systems. ’ ‘

k'eEtrOrs discovered4aﬁawéorrectedﬁinCludeethe‘fbllewing:_jm';'

‘(1) :When the. navigation package in the. 360 version was being
~ debugged, it was discovered that the MLS azimuth valid’
dlscrete was 1ncorrectly set to "not va11d” as. the alr-r>~*"
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(2)

(3)

(4)

~craft passed over the first elevation anfenna, this was

corrected in both the real time 51mu1at10n and the 360
simulation.

The;TACAN antenna locations on the EA&-8400.side and on
the 1819A are not exactly the same; these have been cor-
rected on the 360 version, but apparently small differ-

ences do not create large nav1gat10n errors 1n the real
tlme 51mu1at10n

In the SBLGSN subroutine durlng the computations of run-
way coordlnates from MLS navigation signals, the factor

C was scaled down by 2 15 and the term vBZ-AC by 2 6 in
the equation

< - B- VBZ-ac

R™ TR

,In the 360 version, the computations were changed from

(5)

o)

m

fixed point arithmetic to floating point arithmetic.

SBLGSN routine has been rewrltten in the real time simu-
lation. o -

In the real time version, flaps, which are supposed to
automatically adjust, are held fixed during the flight,
and flap deflection contribution to the pitch command is
set to zero. In the 360 version, the flaps are also
held fixed. The existing FLAPS subroutine in the 1819A
is quite complex and 1t has been duplicated in the 360
ver51on . -

The 1nterface in the 360 ver51on, between the C-8 model
and the control programs, had a number - of bugs (e.g

‘the course was being transferred instead of the yaw ancle)

and many scale factors were 1ncor1ect all these have been
corrected ‘ :

In1t1a11y, parts of tunctlon tables used in the ENGINE
subroutine of the C-8 model were mlsS1ng Consequently,
the aircraft was developing asymmetrlc thrust The func-
tion tables were recompiled.- »

When the real t1me 51mu1at10n was running in the full

“auto (4D guidance) mode, it was noted from the 1819A

prlntout that while switching modes near the last way-
point, the 1819A goes into the manual mode (CWS) for a

“,‘few seconds ' In the IBM 360 51mu1at10n, ‘there 1s no man-; -
“ual mode ‘and, thus no such SW1tch1no occurs. :

v t1me consumlng process, as flrst the p0551b111ty of errors‘s;

F1nd1ng the bugs in the or1g1na1 1819A program was a Vvery




in conversion from 1819A code to FORTRAN had to be checked.
Some bugs, such as assembly errors in the DECRAB routine,
were particularly difficult to correct.

(9) The BASIC package is supposed to have a provision for
stopping the simulation or setting a flag called IHIT as
soon as the aircraft has touched down, but in the current
version of BASIC on the 360, IHIT is not being set in the
manner desired. Consequently, another parameter has been
added on the 1819A side; this is the altitude in bits
(-4% ft), below which the operate mode is terminated.

‘5.4 PROCEDURAL DIFFERENCES

- The main features of the STOLAND routines conver%ed to SHARP
and the assoc1ated operatlng procedural detalls are summarized in
this section: B '

i

(1) Interface Definition and Programming: In the real time—
simulation, the airborne hardware simulator links the
1819A and 8400 computers, but in the 360 version of" the"
simulation, ‘a very simple interface was defined between
‘the 1819A program and the aircraft model. The interface
consists of scaling the quantities as they are passed
from one side to another. Scaling is necessary as the v
~1819A uses integer arithmetic and most of the variables
are scaled to increase accuracy. -

(2) Mode Interlock Executive: Commands for switching to dif- '
ferent autopilot modes such as flight path angle hold
altitude hold, etc., are entered via buttons which are
part of the real t1me simulation hardware. On the 360,
the mode interlock executive was programmed so that it
checks for ON/OFF flags corresponding to different modes. :

~ The subroutines for all the modes have been programmed on . &
- the 360. EES

(3) Auto-Pilot: Only the full auto version of the auto-pilot
: - has been programmed on the 360. Manual inputs such: as -~
control wheel steering and stick force and their assoc1- :
" _ated logic and control portions have been removed. All .
the auto-pilot modes that are involved in full auto flight
“have been programmed and debugged. Certain auto pilot
modes such as altitude hold, FPA hold, heading hold, and
- go around, which are not used in full auto fllght have‘
~also been: debugged L :




4)

(5)

(6)

S

4D Guidance: In‘the 1819A ﬁfdgram, 4D gui&ance computa-' =

tions were done parasitically over a few 50 millisecond
cycles. In the 360 version, the 4D computations are done
in one cycle. The 4D guidance executive and all its sub-
routines have been converted to FORTRAN in:the 360 simula-
tion. These subroutines have been debugged.

,Na?igationn ‘The navigation executive in the 1819A and most

of 1ts subroutines have been converted to FORTRAN. MLS
and TACAN signal generation subroutines on the 8400 side
have been converted and debugged. The MLS navigation
routines on-the 1819A side have also been debugged. The
complementary filters for navigation in the 1819A have
been checked out. The switch-over from TACAN to MLS as
the C-8 enters the MLS coverage region has been checked.

Monte Carlo Capability: A looping capability has been

added to the simulation so that Monte Carlo runs can be
made. .




VI. SUMMARY

This report documents the purpose, capabilities, implementa-
tlon, operating details’'and validation of the SHARP program. The
purpose of this program is to allow Ames Researchers to conduct
reallstlc research and development projects in the area of STOL
transport aircraft. More specifically the principal use of
this simulation package on the IBM 360- are to perform Monte Carlo
type system studies and development of novel avionics software
for the STOLAND system in an efficient manner.

r This avionics research package is capable of simulating in
accurate detail the entire STOLAND hardware/software system, in
the fully automatic flight control mode. The implementation de-
talla of this package are described:in this report. A key fea-
ture of this implementation is that the fixed point arithmetic/
logical operatlons performed by the Sperry Avionics Computer
(1819A) are duplicated on the IBM 360. This enables essentially

equlvalent STOLAND and SHARP simulation results.

ThlS report also documents the operatlnU details, 1nglud1n0,
deck setups. The operating procedures are illustrated by several
examples for different portions of a typical flight proflle The

validation procedure and results are documented in this report to -

‘demonstrate the equivalence of the STOLAND and SHARP simulation
resultSu Moreover key simulators and procedural differences bet-
‘weéen the two simulations are identified and discussed. Current
and proposed research projects using this 51mulator on the IBM
'360 continue to demonstrate the value of this procram to AMES
~research personnel. T : e




APPENDIX A

AIRCRAFT DEPENDENT PARAMETERS

Some:Simulation studies require the alteration of aircraft
characteristics." A partial 1list of aircraft dependent parémeters
in the basic floating point common area are listed, to facilitate
the conversion process. | :




BASIC FLOATING POINT COMMON

|Ccom. Alloc.| Name Descriptibn | units
No. f Lo ‘
180 AREA Wing area . : ft %
256 - CG | Center of gravity . parts
295 CG DELT| C.G. modification . parts
294 ‘ CG ZER | Basic C.G. position without :
: . ~modification - parts
182 CHORD Mean aerodynamic chord - ft
370 | DELAT Delta ambieﬁt~temperature degree C
321 GDTIM | Landing gear down transit =
. . time | _ | sec
320 GUTIM Landlng gear up tran51t v
R T emi time -  sec
181 "~ SPAN " Wing span B . ft
177 "WAIT . | Aircraft gross;weight e 1bs
242 | WAIT1 C| Initial gross weight of -
’ aircraft 1bs
199 'XIE | X-position of inner engine | ft
o 1 W/R/T C.G/ SR
116 1 XIXX Vehicle X-moment of inertia slUg-ft
243 ~ XIXXIC Initial X moment of inertia slug-ft;
119 XIXZ | Vehicle XZ-moment of inertia slug-ft'j
246 XIXZIC | Initial XZ moment of inertia slugfftf
117 1 XIYY Vehicle Y-moment of inertia slug-ft i
244 | XIYYIC | Initial Y moment of inertia slug-ft .
- 118 | X1zz | Vehicle Z-moment of inertia | slug-ft
245 | X1zzZIC | Initial Z moment of inertia»'ffslug*f;
193 . XLG | X-position of 1eft wheel ,"H L
SR [ I WRT C.G. . o e
187 'g? CXNG X-position of nose wheel ‘ '
T [ S W/R/T C.G. . n - ft
196 | rX0E | X-position of outer engine |
REPE TR Y P ~ W/R/T C.G. S ft g
171 X X position of pilot with i A :
. ; ,.respect to C.G. = o ft o




BASIC FLOATING POINT COMMON (cont'd) -
Com. Alloc. Name -Description Wﬁnits‘“
) No. ) p :
190 XRG X-position of right wheel ‘
R R ~ W/R/T C.G. R
184 . - XTAIL $~position nf tail point ;w
) . 1 W/R/T C.G. | ft
200 YIE Y-position of inner engine i
- o (right) - ft .
188 YNG Y-position of nose wheel -
| - W/R/T C.G. £t
197 YOE Y-position of outer engine :
(right) ‘ ft
172 YP Y-position of pilot with .. |
o , | respect to C.G. = - ft
191 YRG. Y-position of right wheel ; '
R G W/R/T C.G. £t
198 Z0E Z-position of outer engine - ft
173 | zp Z position of pilot with R
R ‘ ‘ | respect to C.G. Tt
192 - ZRG | Z-position of right wheel :
' | W/R/T C.G. Cft
185 CZTAIL Z-position of tail point B
v e W/R/T C.G. | £t
201 | ZIE - | Z-position of inner engine | ft
195 | LG | Z-position of left wheel EERR R
e T W/R/T C.G. ; fr
189 ZNG. | Z-position of nose wheel ~ |
| | T W/R/T C.G. |




'APPENDIX B:
ATRCRAFT/AVIONICS INTERFACE DETAILS

The appendix tabulates the interface details of the C-8A
aircraft simulation and the SHARP avionics simulation. These

~include parameter lists and scale factors for parameters which

areétransferred, (1) from the aircraft simulation to the avi-

oni?s simulation (2) from the avionics simulation to the air-

: 'craEt simulation (3) the interface common block and (4) the STO-
iLANﬁ (STL) avionics common block. The purpose of these scale

factor and block lists is to fac111tate the useage, mod1flcat10n

‘and understandlng of the SHARP program ' '




B-1:

SUBROUTINE UTILZ:

Parameters Transferred from A/C Model (8400) to 1819A:

Variable| STL - Description. “Scale Dimension
& Common - Factor (before scaling)
Cell’ -
IACCXB 1 @ Body éxis accel. x- 1000/g fﬁ/éeczy
, ~_ component ’
IACCYB - 2 Body axis accel. y- 1000/¢g. ft/sec2
, : component . .
IACCZB | 3 Body axis accel. z- | 1000/4g | ft/sec’
N T ~ component , £
ITHETA | 323 Pitch angle (Euler 360 degrees
| angle) L e
IPSI 233 Yaw angle {Euler 360. degrees
, , RN angle) , Co :
IPHI 11249 Roll angle (Euler 360 degrees
L . angle) : ' '
IDLFLP | 58 , | Flap deflection 900 | degrees
ITHRTE | 327 | Throttle rate 173.431 | deg/sec
ITHDOT | 321 Pitch rate 20626.5 | rad/sec
' : (360xde0/
, . , | o ‘rad) N ,
IPHDOT 232 | Roll rate 20626.5 |rad/sec
‘ o . - ' (360xdeg/
R = rad) -
IPSDOT | 245 | Yaw rate. 20626.5 |rad/sec
S ‘ B . (360xdeg/ :
B . : _ ~rad) : ,
IPSIA. | 247 | Aircraft heading 360 | degrees
B R | (yaw angle) N L
1266 {1246 ~Sea altitude (bak° S B 3
RN B o altltude) : N
1Yce  |1248 | Y coordlnate of N s U7 S ft
T N B - center of gravity . £y
IHCG =~ |1265 Height (of A/C) 4 £t
w et ¢ | above Tunway R L
1XcG © 11247 | X coordinate of 1/4 ft
e -1 center of grav1ty - ’
IRNALT |1261 | Runway altitude 4 £t

o __86 i I T LI




B-1: SUBROUTINE UTIL2: (Cont'd)

Parameters Transferred from A/C Model (8400) to lSlQA}

Viariable | STL Description | Scale Dimension

: Common Factor (before scallng)
Cell

IDS45 77 Throttle not minimum | discrete

|

IDS23 79 Flaps engaged discrete

IDS411 435 | Throttle not maximum | discrete

IMODE 1300 | IC (<0)/operate (>0) discrete-

- | E o |
Parameters Transferred frqm 1819A to A/C Model (8400):

Variable - STL Description .)Scale Dimension
Common Co | Factor  |(after scaling)
Cell : e : :
| IDELCS 47 'Elevator command 110.01654' degrees
IDLACS 55 | Roll command ,'Of04893'ﬁ degrees
{IDLRCS 60 | Yaw command - ] 0.01728 |degrees
IDLTQC 62 Throttle rate | 0.04  Jdeg/sec
. ; command : : ,

‘ch§r Paraﬁeters Transferfed frohlA/C Modei'to 1819A Packége:
 11{§ Nav1gat10n discretes set in a) NAVMLS

b) VORTC

- See nav1gat10n parameter: llst in STL ‘common block
(Sect1on B.3)

'EZQ : Callbrated and true airspeeds and balometrlc pre:sure -

e p1cked up in the 1nput bubroutlne




B-2: INTERFACE COMMON BLOCKS:

~Common. |

Quantity~:.

- Fortran

Definition

Units

From

BTYPE/BT(50)

BT(001)

1p

CLP

Sl

AERO2

 {sr002)

np

CNP

Z
o

AERO2

BTmoﬁk

)
¢
_C
Cn

mo. .

CMALPD |

AERO2

BT(004)

Yo o/ W

DLCLDW

AERO 2

BT (005)

SC (Cq,a,8¢)

DELCL,

AERO3

Ltail/c

LTOVC

AERO2

BT(007)

|Cr=C1;+Cry

CT

AEROZ

'BT(008)

{cry=7HP/Qs

CT1

AERO2

’; BT (009)

|Cr,=THS/GS

CT2

ZzlzlzZzl=z|l2zl2z =
o gl lglgl oz

AERO2

| BTC010)

. ih

Gl

THP

Port Engine Thrust

ENGINE

kyBT(QLf),_

~JThs

THS

Starboard Engine Thrust

LB

ENGINE

BT(012)

Np

RPMP

RPM of‘Engjne, Port

Tpm

ENGINE

‘,BT(013)

 'Ns:

RPMS

RPM of Engine, Starboard

Jrpm

ENGINE‘

BT(014)

QS

[1/28&25(32 f01 normallzlno Cn3;Cy,Cy

LB

AERO3

{erav,

COV2VA

|sEC

AERO3

rooe

SEC

AERO3




B-2: INTERFACE COMMON BLOCKS:

fCémmon‘_ | Quantity | Fortran Définition Units “From
, “fﬁ;fBT(017) ( frad)® DFRSQ (rad)® AEROZ
f!l‘BT(018) '6e command THMCE -Commanded Elevator fﬁoﬁ 1819 °drum SCALE
E }ET(019) 82 command THMCN Commanded Aileron from 1819 drum SCALE
‘ff BTCOZO) 8¢ command THMCP Commanded Rudder from 1819 °drum SCALE
| 1TYPE/IB(29)
] IB(01) CISPOIL ~ NA DATA
| 1B(02) IGUST NA DATA
IB(03) | MO Set in Engine NA ENGINE
| B08) ITURB 'Set in WINDC -0 turbulence out INa DATA -
: -1 turbulence in
PRI I , - 0-throttle<min |
IB(05) = _J ITNMIN - | Throttle-not min. l-throttle>min NA ENGINE
SRR R ST ] Lo 0-throttle>max.
IB(06) . | ~ .| JTTNMAX Throttle not max. 1-thxottle<max. NA ENGINE
IB(O7) | IDYNPR = 1 allows dynamic printing NA_ DATA _
IB(O@)” TDYNTP 1. =1 allows dYnamic tape write via NA DATA
I S DUMRUN -
| IB(09) . ITCLOS = 1 causes DUMRUN tape to be closed |NA DATA
IB(10) IDLEBT Blade Angle Stop Flag NA DATA

e . .t et o




.~ B-2:

_INTERFACE COMMON BLOCKS:

Common . Qdéﬁtity }?Ottran Definition » Units From
N e , Il 1+f1ap has reached commanded pos. o - B
IB(ll?“' IFLAP - lo0->flap has not reached commanded pos. INA __JCONTR3
LIB(12) 'NTRY | Default = 20 SETUP
, 2 altitude variable wind, 1 zero w1nd
IB(13) IWIND 4 fixed wind .
, IB(14) KE_ Setup ISETUP
lB(15) KDELAY | UTILZ, UTIL2
LB(16) ICALL UTIL24 uriL?
| BTYPE |
BT (40) default-1.5 |DLTRML Lower limit for DELTRIM (calling. rad {DATA
?: ‘ ’ sequence for BQUIET1)
i BT(41}; . defau1t+1 5. DLTRMH Upper limit for DELTRIM (calling rad DATA
‘ : BN - sequence for BQUIET1) ' '
BT(42)  |default 0., |PCLPL Lower 1limit for throttle (calling  |deg DATA
T B | “sequence for BQUIET1) (PCLP)
‘ BT(43Ti_' déféuit,75.0‘ PCLPH Uppér limit for throttle (calling deg DATA
L A L sequence for BQUIET1)
C{Broasy ol THTICL | Lower limit for THETIC (calling DATA
et e ' sequence for BQUIET)
e : " ¢ . w




‘B-2: INTERFACE COMMON BLOCKS:

- Common | Quagtity  ‘,‘Forfran_, ) Definigionw' : : Units From

BT(45)  |+10. | THTICH | Upper limit for THETIC (calling ! DATA

S L B T | | - - sequence for BQUiET)

BT(46) | | PCLPSP | Incremental.throttle setting __ldeg ~ |ENGINE

sran | DELWND | Wind magnitude H/rec.  |WIND

BT(48) | | psTwND | Pirection (blowing to) relative to |rad  |WIND

tHe~Mag; North

- IBraey | - VOS | Wind magnitude . | ft/sec  |WIND

“BT(SO)E N ‘ | amwp Direétion (turning from) relative to |rad |WIND

the runway -

NAVAGATION| PARAMETERS :

] BT(51) | reuas MLS noise parameters ft NAVMLS

| BT(53) | | 'E2B1AS | MLS noise parameters | adeg NAVMLS

BT (54) ; o AEiAS i> MLS noise parameters o v deg ~ |NAVMLS

‘”,BT(SS) S T VAKGRD = | TACAN noise parameters : Lo VORTC

BT(SG)_ ’-yv e DT12 | TACAN noise parameteré | ' k VORTC

Br(57) | | GBIAS | TACAN noise parameters L | ~ |vorTc

BT(58) R L OMEGAL - | TACAN noise parameters - VORTC




©  B-2: INTERFACE COMMON BLOCKS:

| Common Quantity | Fortran | - Definition Units From

P BT(59) | OMEGAS | TACAN noise parameters < ! __InorTe

BT(60) i DMBIAS TACAN noise parameters lvorTc

BT(Gl)”fjk SR - | DMEB . TACAN noise parameters el - VORTC

BT(62) - }sicC | TACAN noise parameters - | VORTC

sT(1350) | IABIAS | Altimeter bias | -4%feet

STL COMMON |-

© e g s b

ST (1282) |DISQRETE INOIS4 = 1 TACAN bearing noise o - | |VoRrTC

ST (128§)v'DiSCRETE o INOIS5 | =1 TACAN range noise on : ___|VORTC
ST (1285) |DISCRETE.  |NOIS1 ~ |= 1 DME ncise on | - InvMLs.

e rr——

¢ |'sT (1286). |DISCRETE = . |N0IS2 ' |= 1 Azimuth noise on R B NVMLS

ELanoiSe on | NVMLS

=

ST (1287) |DISCRETE | NOIS3 -

‘| sT (1288) [DISCRETE NOIS4 - = 1 EL3 noise on , NVMLS




'B-2: INTERFACE COMMON BLOCKS:

'1 - Common

Quantity

. Fortran

Definition-

Units

From

’BTYPE/BT(Sw)

BT (021)

Gf comméﬁd

| DFC

Commanded flap position from 1819-sim

deg

SCALE

BT (022)

- Jthe Trate com.

TSCRTE

Commanded throttle rate from 1819-sim

det/sec

SCALE

 31(023)

" Ith rate

TSRATE

Throttle rate'feedback'for 1819-sim

deg/sec

SCALE

BT (024)

‘DE

Elevator deflection frf;E. down

deg

CONTR?2

| DR

deg

CONTR2

e e i et e

,BT(025) 
BT(026)

DW

Aileron deflection + T.E.

Rudder deflection + T.E. left

|deg

CONTR2

BT(027)

DF

deg

|conTr3

Flap deflection # T.E. down

CONTR2

BT(0295

BT(ozg)‘

' DER

DRR

rad

rad

CONTR2

BT(OSQ)

rad

CONTR?2

BT(031) ‘

| DWR

DFR

rad

CONTR3

BT (032)

DELTRM

Input data or used to trim from

fad

SETUP -
DATA

or

SETUP

BT (032)

ﬁetrim 1imited,kDHPT

Setrim Limited from flap interconnect

rad

CONTR3

S trim

| ppTRIM

Input data and limited in CONTR3 (DRT

)

rad

CONTR3

BT (033)

Gatrim,

rad

CONTR3

BT (034)

| BT(035)

| Power-lever

- DELATT

PCLP

Inputmdatafand limited in CONTR3 (DWT

Throttie quadrant(note: VPCLP= -PCLP

deg

DATA

+75) (for trimming or NATA TNPHT)




|
©
BN

B-2: INTERFACE COMMON BLOCKS:

Common

Quantity

" Fortran

Definition

Units

From

BT(036)

{TORQUE

TQIP

BT (037)

TQIS

BT(038)

‘TORQUE

I DFIC

BT(039)”

- . {TURBULENCE

UDISPR |

‘Initial flap setting

BT(63)

] RNH

MLS Random Errors

BT(64)

ANH

MLSRandom Errors

E2NH

MLS Random Errors

BT(65)
| BT(66)

E3NH

MLS Random Errors

 BT(67) _| GAMNZ21 TACAN Bearing Error L
‘BT(63)j; ~—~~{ALPHSN TACAN Range ETToT
s £



; B-3: STOLAND AVIONICS (STL) COMMON BLOCK:

This subsection contains parameter lists and locations for, (1)
discretes for initializing different modes, (2) common cells for

initializing Monte Carlo runs and (3) specific label and labeled
array location lists.

DISCRETES FOR INITIALIZING DIFFERENT MODES

Discrete . STL Subroutine | - Description
o Common h
g Cell
ID (1) 1301 MODEIL Mode D - standby/on mode
o set by program
< ID (2) 1302 MODEIL | Model - full auto mode
| ID (3) 1303 | MODEIL | Mode2 - F/D mode
ID (4) 1304 MODEIL | Mode3 - IAS hold mode (not
, | required with auto-throttle)
Q) ID (5) 1305 MODEIL | Mode4 - IAS select mode
’ ID (6) | 1306 | MODEIL ModeS - reference FP mode
] (7 1307 | MODEIL Mode6 - altitude hold mode
11D (8) | 1308 | MODEIL Mode7 - altitude select mode
X ID (9) ;| 1309 | MODEIL | Mode8 - FPA hold mode
" | ID (10) ; 1310 MODEIL | ModeS - heading hold mode
{moan | 1311 MODEIL | Model0 - FPA select mode
ID (12) || 1312 ~ MODEIL | Modell - heading select mode
. | | . Lo ! I T
9y ID (13) | 1313 MODEIL | Model2 - HORNAV mode
. ID (14) 1314 'MODEIL | Modell3 - VOR/ILS mode
ID (15) | 1315 | MODEIL | Model4 - MLS mode =
| ID (16) |- 1316 | MODEIL. | ModelS - TACAN mode
y 1Z- |- 1297 | INPUT | When A/C descends to IZ
S ' ' B ; ‘operateis terminated. (IZ
in -4 * feet). Used in Monte
Carlo runs and flare. ‘




B-3: STOLAND AVIONICS (STL) COMMON BLOCK: (cont'd)

Discrete | sTL Subroutine * Description
Common /
Cell
IDS 01 67 MODE13 DME valid
IDS 02 68 VOR/DME = VOR valid
IDS 06 127 MODEIL auto switch
IDS 07 69 MODEIL ~ SAS switch
IDS 08 1268 MODEIL . auto throttle switch
IDS 12 74 TACAN TACAN bering not valid
IDS 13 75 TACAN ‘ TACAN range not. valid
IDS 14 1277 SBLGSN MLS elevation valid
IDS 16 70 MODE13 VOR/LOC super
IDS 18 71 MODE13 VOR/ILS super
IDS 112 72 MODE14 SB. LOC. valid
IDS 113 436 PMLS SB. G/S. valid
IDS 23 179 FLAPS ~ flap servo select
IDS 214 76 | MODEIL go around button
IDS 44 1437 DISCTS touchdown flag
IDS 45 77 TASH throttle not min.
IDS 411 | 435 TASH throttle not max.

~ COMMON CELLS FOR INITIALIZING FOR MONTE CARLO RUNS |

IMDSWT (1,1) | 1325 INPUT | mode # to be set
IMDSWT (2,1) | 1326 INPUT , desired iteration #
. ' R S | setting the mode
IMDSWT (1,2) {1327 iNeuT mode #
IMDSWT (2,2) | 1328 INPUT iteration #
IMDSWT (1,3) | 1329 INPUT" | modet
IMDSWT (2,3) | 1330 | INPUT iteration #
IMDSWT (1,4) {1331 | INPUT = mode #
IMDSWT (2,4) | 1332 _INPUT iteration #
IMDSWT (1,5) | 1333 | INPUT . |  mode #
IMDSWT C2ﬁ5}. 1334 INPUT © iteration #
bresent limit on iteration mumber is 30.




IA . IB . IC
, Name Cell | Name Cell | Name | Cell

1B . 24 | ICAPK | 33
IBASE | 25 | ICAPKP | 34
IBNM 446 | ICLOK1 35
[IBNM1 26 | ICMPEN 36
IBRING - 27| 1cospH [1CSPHI] 37
IBTAGS FII SR
\IBTAV [IBETAV] 30 |ICOUNT 38
; | | lIcR .39
IBVOLD 32 | ICRADU T
IBALT 1217 | ICREF [ICRREF] 41

IACCXB
IACCYB | !
IACCZB
TAHICF
TAILSC
l1aL
| TALTS0
TALPMX
IALTDS
IALTRF
| [IATREF] |
| IALTSA [IATSAM] . | 1crRSRF 42
~IANM 445 L ~ | ICRSPS [ICRSDS] 43
: IANML 13| | RS el
5 | 1anop - w|  |icsecr 44
, IANO1 st o ~licspst 45
| 1ASDSP 16| - | ICSTHT - 1200
| 1AsREF [IzC18] 679 | A -~ jIcspHI 37
5 |1aswrc | 18] - o - | :
- | TIATENG 19
IATHNS 20| St SR
oo lrarsNe T gl e
o | 1au S g f L T e T | o
| TALTNT 1214
~ |1aRe 1258 |
. |iattz 1274 |
O | IABIAS 1350

© BN AN

b=
N O

{

|

|

¥

b
L

:Eq 4f i?;7 -‘

97




-

L1251

R . ID | IE |
Name Cell |Name Cell | Name - Cell
IDCM13 1204 | 1DS01 67 | IEADIV 81
'IDCM32 1205 | IDS02 68 | TEASFL 82
IDCM33 1206 | IDS06 127 | IEFAFL 83
IDEADR 46 | 1DSO7 69 | IEFDFL 84
IDELCS 47 | 1DS08 1268 | IEFPFL 85
IDELSI - 48 | 1DS12 74 | IEFSFL 86
IDEVON 49 | 1DS13 75 | IELVSC 87
IDHOLD - ' 50 | IDS14 1277 | 1ENG - 88
IDKDLS 54 | IDS16 70 | IEPDFL 89
IDLACS [IDELSC] 55 | IDS18 71| IEPSEA 90

B, {1Ds112’ 72 | 1IEPSY 91
IDS113 436 | IEPSYL 92
IDLFCS - 57 |1DS23 47 | IEPSYR 93
'IDLFLP 58 | IDS214 76 | IEPSZ 94
IDLEPO 59 | IDS35 438 | TERNFL 95
IDLRCS 60 |IDS43 [IDS44] 437 [ IEXFLR 96
IDLTIM 61 | IDS45 77 | IELSFL 441
IDLTQC = 62 | IDS411 435 ' |
IDLTQO 63 | IDS50 1300
IDMSBS 64 |IDS23 73
IDPSYL ™ 65 | IDT12 - 1283
IDPSYR .. 66 ¥ R

fmT 1244

| IDTX10 1245

| tpFATT




Name .

IF
Cell

Name

- IG

Cell

IH

Name

Cellj|

IFLATO
IFD
IFDVLD

IFLAGL -

IFLAG

IFLAP1

IFLID
I%LIP'
‘ I%LPVL
IFLPSN
IFLARM
IFLRCM
IFPADS

IFPARF

| TFPAVL
IFPCMP
IFPFLG
IFPICF

| IFPREF
IFURDN

97

98

99 {1

1222
100

101 |
102

103
104

""" B 105

106

107

[IFPDSP] 108
L 113
1223

110

111

[IFPSK] 112
o 109
116

IGAARM

IDACMD

IGAMO

IGAIT

IGBIT

IGC4HN
IGDLTS
IGFRP3
IGFRP1

IGFRPS
IGNDPH

TGONE
TGSARM
1GSCPD
1GSCUT

IGSDEV.
IGSITT ..

IGSREF

IGSVLD

ICAMAT

IGTMGO |

IGTMP

IGTMPO |

IGTMP1 .
- 1GTMP3™

1 IGT3 .

16199

1G4DFL
164DCP

177
118
- 119

120 |

121
122

123
124
125
1272 |

126

128
130
131

132
31y
133

134
135
136
137

127

IHDDRF

IHDTCM

IHDVGP

THERRG :
IHDGSR [IHGSR]

IHHCMD
IHREFR
IHRNAV
THCG
IGDFLG

|1gpTNe
138
139
140
e 1T
1)
3 143
144“

145 |
146,

147
148
149

150

151

152
1265

1256

o153

99

IR

SRR ot

R

RETEE

EEETwIeS

o e e

e T TN




xR

) IK IK IL
Name - Cell | Name Cell | Name Cell
IKAG 154 | IKRDCB 181 | ILANDS 190
IKALTO 155 | IKTHT ~ 182 | [ILNDAS]
IKA1 156 | IKTMIL 182 | ILATD1 192
IKBRD 157 | IDVLGC 184°| ILATD2 193
IDCGCR - 158 | IDVOO . 185 | ILCARM 194
IKDLST 159 | IDPSI 1257 | ILCDEV 195
IKEDO [IKDEO] . 160 | IKAH1 1259 | ILCPFG o 196
IKFFO 161 | IKGALT 1260 | TLCVLD  ~ 197
IKFE1 162 | IDCGCO 186 | ILOCPD 198
IKFLAR . 163 | K 1299 | ILREFL 199
IKFPSA [IKPASA] 164 : ILRFAG 200
IKGAMA 165 o ‘
IKGCVO 166
| IKGSC2 167 |
{xL 168
IKLO . 169
IKLCY 170
| 1xLGCY 171 g
| 1kLGTP 172
IKLNAV. 173
] IKLTYL 174
| 1xNDCB 175
| 1kPHT o187
| 1xpHDB 176 |
| IKPKPH S 177 7
IKPRDB 1280 |
| 1KPSDB 178
| 1xpDCB 188
IKQ 179
180

,“1“00 ‘ |




M N . IP

Name - o Celll' Name . Cell |Name Cell

IMDOF1 201 | INAVLD 209 | IPALT 1216
~ . | INDEX 210 | IPARFL . 223
;IMFDRP [IMORP] 023 INGZER 211 | IPARM 224
IMFDSB 204 | INHOLD 212 | IPHCLG 225
IMHOLD | 206 INMFLG 213 | IPHCLX | 226
IMNTDN - 207| INO 214 |IPHCML [IZC6] 667
IMPYLD 208 | INOLD1 215 | IPHCOM 228
; IMDSVOV - 439 | INTOUT 216 | IPHCWL 229
‘IMLSWT . 1276 | INIMAX 217 | IPHCWS [1ZC5] 666
MODE = 1295 INAV. 1281 | IPHDCB | 231
Mo 1296 | NOIS1 1285 | IPHDOT 232
| L NOIS2 1286 |IPHI . 233
NOIS3 = 1287 |IPHISN [IPSINC] 254
NOIS4 ' 1288 {IPHOLD ' 239
;’NOISE4 o 1282 |IPIB 240
INOISS 1289 |IPITFD | 241
N 1298 | IPODNK 242
P | IPRDEC [IPRGDC] 243

| ..o 10 _ R
- TOLD2 218 |1PSDOT 245

TONBEM 220 |1PSIA 247
TONCRS 221 |mPSIC 248
IOVREL 222 |IPSICA . 249
IONPSC 1250 |IPSICF - 250

T IPSIDS . 251
IPSIPS 1254
IPSID3 sl
IPSIE . 253 |
IPSING [IPSISNJ‘ 254 |

fpsvor - 256

10LD21 -~ 219 |1PSDCB 246 |

IPSRNY 255 |




" IP IR 1S |
‘Name Cell |Name Cell | Name ‘Cell
IPSICR. 1207 | IRADSC 317 | ISASFL 291
IPSICE 1208 | IRADES . 266 | ISBYON 292
IPTARM 257 | IRAFLG 267 | ISBGSD 293
IPTFD [IPITED] 258 | IRALTC 268 | ISBLCD 189

1 R | IRALTF 269 | ISEALT 294
{ IPTFDA 259 | TRANGE 270 | ISMALK 295
“IPTEND 260 | IRDELX 271 | ISNPSI 296
IPTENG . 261 | IRDELY 272 | ISRTON 297
IPVALD [IPVLID] 262 | IRDSEL 273 | ISRNVD [ISBNVD] 298
{ | IREFP 274 | |
IPSI 1249 | IRFNAV, 275 | ISTDBY 300
IPLVFL 186 | IRLARM 276 | ISTDMS 301
IPSIPS 1254 | IRLENG 277 | ISTPTR 302
| IRLERR 278 | ISUBAP 1303
IRLFDA 279 | ISUBAS 304
IRMINT 280 | TSUMAX 305
IRNALT 1261 | ISUMIN 306
IRNGFL 281 | ISNPHI 1202 |
IROLFD 282 | ISNTHT , 1203
1Q IRVALD [IRVLID] 283 | ISFRCE 1209
AR | 1spoMs 1255
R (o R 264 | IRVERS o284 S
~|1QGAIN . 265 | IRRCMD 658
Pl IRSBRA 287
| 1rsvoR 288,
IRTL 289
IRUDSC 290 ]
IRWYPT 299 |-

.;~2

102

i



Name

IT

Cell

f
{

Name

IT
Cell

Name

IV
Cell

' ITACCL

ITAH-ITASH

_ITASS
ITAUC2
ITAU13
ITAUIG
ITCBER

. ITCVLD

ITCRNG
| ITCALT

ITFLAP

ITHAPR

ITHCOM
ITHCMX
ITHDEL
ITHDOT
- ITHERR
ITHETA
ITHOLD
ITHRLD

[ITHTPR]

[ITHVLD]

| rrrN
ITHRTE

| 1THRTO
ITHTCW
[ITHSNC]

ITHTSN

pries

ITKV

|
ITMPO

| 1TMP1

,. VITMP2*~,:f~

307
308
309
310
311
312

313

314
315
361

29
316

318
319
320
321

o322
323
324
329

326
327

328

518 |
331
334
335 |
o336
b

338

339

ITMNAJ
ITMXAJ
ITMSPF

ITOFRM
ITPDCB
ITPDC1
ITPDC2
ITPRIM
ITPRTM
ITROLL
ITVENA
ITYAW

-ITWYPT

-IT

340
191
341

342

343
344
345

346
347

348
349

350
351

352
353
443
1296

iR

“TUHOLD

IVAIRC
IVCARF
IVCERR
IVCPFG
IVCREF
IVGPRM

IVHOLD -

VK
TVMAX
IVMAXI
TVMAXH
IVMNH
IVMNH1

IVMIN

IVRFAG
IVREFL

IVWYPT

| IVELNT

IVHOLD1

IVMXH1

IVMINI

| 1vrarRr
| IVTON

355

356
357

358

359

[IVPGRM] 360

362
1363‘

364
365
366

Lo 367
368

369
371

373

374
375
376

378 |
1215

370

372




Name"

Iw

Cell

Name

e i

IX

?Cell

Name

1Y
Cell

IWLCMD
IWPC
IWPCDS
IWPC1
INPC11
IWPFLG

IWPG
IWPG1

IWPM
| TwpN
IWPNO1
IWPNP

| IWPNI
| twppvI
IWPV1
'IWPRNG

| 1wPR1

| IwpT1

IWPXR

| IWPYR

{IwPzZ1

INPL
IWPLL

IWPNP1

| IWPXRL
[ wex1

fmeyRn
IWPYL.

IWRD 2 L
|1wrD29
IWFRCE

[IGFRPS]

379
444
380
381
382

126

384
385
386

387
388

389

390

1253

391

392
1393

394

395

396

IXBRA

IXDA

IXDAP
IXDDRA
IXDDRI
IXNPTH
IXNROL
IXRN

IXSBRA
IXTCAN

IXVOR1
IXWYPT
IXINT
IXCG
IXPTIM

397 |

398 |

1399

- 400

402
403

o 404
405!

406

1210

410
411

412

413

414

415

416

417

29

418
419
420
1218

| 1247
-~ 1252

IYDA
IYDAP
IYDDRA
IYDDRI
IYERR
IYRN
IYTCAN

IYVORL

IYVALD

IYWYPT
IYINT
IYDOTN
IYCG

| 1zDDRA

.| 1zGTM™MP
| IZRN

IZRNSV

IZDOTN

~|1zvorl
- 1zwyer

Cl1zece

IZPOS

421
422
423
424
425
426
427

377 |
[IYVLID] 429

430

1219

1220
1248

1z

431
433

1213

432

1212
Co1z221 |

Coas2 |

1246 |
1275
1297
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ARRAYS

Name

- First Cell

IANM (15)

IBNM (15)

ICSKP2 (28)
ID (17)
IMD (5,2)
IDZC (18)

1DZG (14)
IDIN (12)

IDLTVC (4)
IFLANG (4)

CIPHICL (2)-
IPHIRL (2)

IKFLAP (2)

ISNKPZ (28) :

ITBNK2 (2)

~ ITWASH (15)

IWASH (15)

"IZN (12)

126 (14)
12C (18)

 IZGTMP. (14)

IYC (18)

IY (14) (26]
Iy (12) [2N]

~ IANMI
| IBNMI
| 1wexr
L weyr
1 IwpZI
 IWPRI
| 1wevi

INPTT

IWPYRI

(30) -
G0
(30)

(30)
(30) §Ee
(30) o o
3oy
(30
IWPXRI (30)

(30)

450
465
480

1300

1325
510
530

‘545

560
564
234
236

568
570
600
602
617

632
647
662
682
- 1150
1168
1182
700
730
760
- 790
820

850~

”1 "830?

%40
- 970

| IWPGIL

0)

: | ‘I‘Od'o“‘

105




ARRAYS (cont'd)

Name

First Cell

IWPLI (30)
IWPCI (30)
IWPVMX (30)
IWPVMN (30)

1030
1060 .
1090
1120

Y

S



e

g},' 
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