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INTROD UCTION AND
SUMMARY

Suri~ary of Vol u s ’  II

This volu~4’ desc ribes the deta i l e d  des iqu ~~d fina l i ) lemi’ntat iun of the so f twa re

for the 3P/~P Rose arid 11 S and ‘D/Tinie Cent rol Systems . The syste’- . we re con—

S truc t~.d by ~udi fy m g the f twa , -e st risc ture used for the AMS- 73A Area Navi got ion

System .

A description of the 30/40 softwa re effort requires some knowledge of the ANS-70A

software structure. A brief funct ional descri ption of the ANS—70A software is

= given in the follow ing pa ragraphs.

Sections 2 and 3 describe the software inodi ficatio ns used to effect the BASI and

2D/Time Control Systems respecti vel y. Section 4 presents the RNAV to ILS inter-

face desi gn procedure . Sect i ~- -is 5 and 6 present the devcl op~nent ot the la tera l

and I on~i t udi na I control 1 aws respectively. Program li st ing~ a my found in t hi’

appendi ces.

l..~ Overv f ew of ANS-70A Softw a re Sys tem -

The AUS - 7OA sof tware syst em has several di ffe rent prior ty levels . The highes t

level of sof tware  func t i ons  hav e been ass ign ed to proc esso r cha nne l s .  Each ch an ne l

is allocated processing time on a sequential basis. Channels of p~ r t i cu 1ar interest

for the present treatment are the Navigation and CDU Application Channels. Major

functions assigned to these channe ls are i l lustrated i n  F ig ures ~-l a~d 1—2.

The c lassi f icat ion of major functi ons for the Navi gation Channel rema ins unchanged

for the 30/40 systems . Secondary functions have been added to the software

modules that support the major tas k~ )f Aircraft  Systems Coupler (ASC ) lnput~
Latera l H a v i g a t i-on , and ASC Output. Navigation tasks that are unique to the

3D/4D Ba se and 21) Plus Ti me Contro l systems ar~ described in Sections 2.0 and

3.0 respect ive ly.

j  
- ~~-~~-- 
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• 

-~~~~-



— —,--_---—_——- ,.-
~~~ —- —_—.-----.,-. ,—‘ 

—_ 
~~~ z~~’-~r~c_ . — ~~~~ * -~~ .._

~~~~%. ~~~~~~ ‘ T ~~~~~’~ ~~ - --~ V~~”~ ~~~~~~~~~~~~~~~ - - ._-~ -

-

the CDU Channel . In addition to providing software for the CDU interface ,

this channel supervises tasks related to navigation support and Flight Plan

k Management.

Background support for the navigation function is provided by routines called

the Radio Selection Program, Kalman Filter , and the Flight Plan Monitor. Each

of these programs is called on a cyclic basis by the CDI) Main Program . The

first two routines are used without modification for the 30/40 systems .

The Fli ght Plan Monitor serves as an interface between the Navigation software

and the F l i ght Plan Editor. A prima ry task for the Flight Plan Monitor con-

sists of retrieving fl ight pl an parameters required by the Lateral and Vertical

Nav igation routines. Another major task consists of supervising flig ht plan

maintenance that is required at waypoint passage. 3D/4D modificatic rs s to the
- - Flight Pl an Mon i t or a re g iven in later sections of this volume.

Figure 1-3 illus trates software Interfaces that are required for Flight Plan

Management . Initial verification of fl ight plan revisions entered via the

CDU are perfo rmed by the CDU Software . If a given revision fails initial tests ,

processing of the entry is discontinued and error annunciation is given on

the CDU scratchpad. Val id revisions are recorded in the Flight Event Table by

calling the Flight Plan Editor. Flight Plan parameters required by the

Navigation software are then updated by the Flight Plan Monitor.

In addi tion to recording flight plan revisions , the Flight Plan Editor performs

all geometry computations that are required as internal flight plan parameters

(e.g., distance and course information). The Impact of Base Offsets on the

Flight Plan Editor Is treated in Section 2.2.

2
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Section 2
3D/ 4D BASE SYSTE M

A major goal for the software design ~;tage ~- . m s  to c- istruc t a software rac Lage

that minimized the impact of 30/40 operational requireni~nts on the ex isting

A~S-7OA Software Interfaces. In addition to ensuring system integrity ,

additional goals consisted of ensuring f lexib il ity for add it iona l changes and

minimizing core requirements to the extent that software overlays could be

avoided.

A core reduc t ion effort was required befo re the 30/40 tasks could be added to

th.~ AtIS-70A confi guration. Approximate ly 500 words of core were freed for

30/40 usage by de leting software for Holding Patterns , the In e r t i a l  mode of

nav i g a t i o n , Heading and Arme d modes , and Contnanded Vert ical Angle. An addi-

tional 1500 words were gained by reducing the Data Base to 1000 words.

Once the core reduction effort was comp leted , the fol lowing major software

tasks were implemented :

1) External Data Files 
-

2) Base Offsets -

3) Speed Page -

4) Speed Profile Al gorithm

5) Time Control Al gorithm

6 ) Nav i gation Modif ications

7) ASC Modifications -

I Each of these i tems is explained in detail by sections 2.1 through 2.6.

Software and data interfaces required for the major software tasks are illus-

t trated in Finures 2.1 through 2.3. Routines for Base Offsets , the Speed Page ,

the Speed Profile Algorithm , and the Time Control Algorithm are supervised by

the CDI) Main Control Program. The ASC interface and navigation computations

are controlled by the Navigation Main Control Program. 
- 

-

6
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2.1 External Data F i l e s

Program descriptions given i~ la ter sections of this volu!:e reference data

parameters whose data declarations are external to the given programs . The

purpose of this secL ion is to provide data descriptions for this external

data set.

Data parameters required by more than one program have been classified by

function into three basic categories. Separate compilation units have been

assigned to each class of parameters for core allocation purposes. Each unit

has beefl give n a correspond ing INSERT file which provides data declarations.

Programs that require data declarations for a given function include an iNSERT

statement for the appropriate file.

The three basic EXTERNAL data fi les used for the I~ase System are 1) 3D/4D

External Data File , 2) Fl ight Pla n Ed itor Fi le , and 3) the Navi gation Global

Tables File. A description of the data parameters assi gncd to each file is

given below .

2 .1.1 30/40 External Data

The majority of EXTERNAL variables that are unique to the 30/40 Task II effort

are defined by the 3D/4D External Data Insert and 3D/4D External Data Preset

files. Data definitions for this set of variables are given below .

Symbolic Name Assslgned Value Description

VALID 0 Used to assign a valid status to 30/40
Integer parameters that are treated

as Doolean data .

INVALID 1 Used to assign an invalid status to

the same set of Integer parameters

described for the VALID synonym. 



—~~ 
- - - - - -  - --- --——------- ------ - -

= 4 The following list of synonyms are used for YCOMIF.

Synonym Assigned lAS Data Description
Name Value Display On

Progress -

Page

IASVAL ID 15 Val ue of lAS A valid commanded LAS has been
- that is main- calculated by the Time and Speed

ta m ed in Control aloorith rn .
VCOMI .

NODATA 31 ---- No LAS has been entered on the
- Speed Page .

IVGMT 14 G’IT? Either GMT has not been entered
or, the Present Position Page, or

- a power interrupt of duration
exceeding two seconds has
Invalidated GIlT.

IVTAS 13 TAS? The Air Data Sensor input for lAS
Is invalid. - -

IVALT 11 ALT? The Altimeter Sensor input for
Baro Altitude is invalid.

IVCOCH 7 CRS ! A Teardrop Procedure is required
to capture at least one of the
legs used for Time Control
computations.

Integer Declarations

Symbolic Name Initial Value Descri ption -

IASMSK “FFFFFFOO ” - Mask used in “AND” operations for the
removal of the IASF component.

IFIX 0 ASC II identifier of the waypoint
assigned as the Time-Fix.

ICOM 0 Comanded time of arri val for the
Tine-Fix. TCOM is recorded in G~•1Tunits (i.e., as a fraction of 1200
hours).

TFIXF Invalid Validity flag for TFLX.

VCOMIF Invalid Val idity flag for i1COMI and VCOMT.

TCOMF Invalid Validity flag for TCOM.

TIMERF Invalid Validity flag for TIMERR.

CDMPRF INVALID Validity flag that is assigned a VALID
status by the Flight Plan Monitor when
ever a fl ight plan rev is ion has occur~ed.SPDPRF, the Speed Profile Routine , assigns
an INVALID status to COMPRF whenever
speed profile computations are performed.

~~~~- - - ~~~ - - - —~~~~~~
—-

~~.---—
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Symbolic Name Initial Value Description

TCONF INVALID Validity flag that is assigned
a VALID status by the speed pro-
file routine whenever speed pro-
files are updated. TCONF is
assigned an INVAL ID status when-
ever Time Control computations
are performed .

Real Declarations

Symbolic Name Initial Value Description

MINR .0000000)1 Minimum magnitude that REAL num-
bers may be assigned on the
(1-1108.

VCOMI .050 Commanded lAS displayed on the
Flight Progress Page and lAS in-
strument. YCOI-Il is a fraction of
1000 kts.

~p4 
S -

- - 
‘ICOI!T .050 Commanded ThS calculateci by the Speed

and Time Ccntrol A lgor ith~i.

MINRATE .038566097 Value of 40 kts/min Speed Gradient.
MIURATE 1/{ (40 KT/~ IN)I(1 coo KT LAT a 

-

VEL BASE) * 60 IIIN/HR *
10.8039624 HRS LAT Tir-:E BASE

EARLY .0 Expected arrival time error for the
Time—Fix. EARLY is expressed in lat-

- -• eral Navigation Time Units . The Early a

Lat
~ 

Display on the Fl l eht Progress S

P..ge is based on the value of EARLY .
- A positive value indicates a late . -

S - status.
TIMERR .0 MagnItude of EARLY. T!MERR is used

by the CDU software for display of
EARLY/LATE data on the Progress Page.



,I5
~~~ _.___. . ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ .s - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2.1.2 Fl ight Plan Editor Files

Lateral and vertical flight plan parameters mainta ined by the Flight Plan

Iditor are illustr ated in Figures 2-4 and 2-5. The IASR , IAS I , IAS F ,

POFSI. and POFSIC components are the only parame ters that are un iqu e to the

30/41) systems . Descriptions for this set of pa rameters are given below .

The compL -lent structure for lAS parameters is given as follows :

0 23 24 31
IASI /IASR 

- 
IASF 

-

The IAS F component is used to record the status of the lAS entry . Synonyms

used for this pa rameter are given below.

~~~~pnytn Name Asslgned Value Description

I PIAS 7 Pilot-Defined lAS .

PRQUOTE 11 Profile lAS Displayed on the Speed
Page as “ .

PRDOWN 13 Profile lAS Displayed on the Speed •
Page as9.

PRUP 14 Profile LAS Displayed on the Speed , 
-

~

Page as~’ . a

NOIAS 15 No lAS Specified.

The first 24 bits of the entry are used to record the actual lAS magnitude as • —

a REAL-valued fraction of 1000 kts. Although real ari thmetic operations are

required for the 30/40 Speed Control and Profile Algorithms , it Is also

necessary to provide the capability of integer masking operations for the ZASE a

component. Thus , the user is provided with both REAL (IASR) and INTEGER (IASI)

compenent declarations for the lAS parameter.

13
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‘ WORD
- 

LABEL 
S S S ~~~~~ S~ 

MEANING

-3 VERS Current Iliqht Plan Version (VERSFE)

- 
— 2 ABEV IJO Abs olute Event Number for Eveflt 

-

-l 
- - 

CNTRWORD Control Word

0 WYPT ID 
- 

Waypoint ID 
- - - -

1 WYPTIAT Waypoint Latitude

2 WYPTIONG Waypoin t Longi tude 
-  --

3 WYPTVAR Magnetic Variation (Not Supplied by the Editor)

4 POFS/POFSF Parallel Offset (POFSFE)

5 AOFS Along Track Offset and Status  
— 

- 
a

- 
6 DFTO Di stance from “TO LE  

-

7 
- 

APOF Along Path Offset (Always = AOFS )

8 
- 

CR51 Course In a

9 CRSO Course Out 
— -

10 AWYID A i,’way ID 
S - - -

11 IA~~~ASI indicated Airspeed Word and Flag 
- 

- -  -

FICURE 2-4

Lateral Event Parameters Maintained by the

Flight Plan Editor

14
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WORD - - -

NUMI~ER LABEL MEANING 
- - - - - 

- :
-3 VERS Current Flight Plan Version (VERSFE)

—2 ABEVNO Absolute Event Number for Event - 
-

-l CITRWORD Control Word

0 WYPTID Waypoint ID

- 
1 WYPTLAT Waypoint Latitude 

- - -

2 ~YPTLONG Waypoint Longitude -

3 WYPTVAR Magnetic Variation (Not Sup plied by Editor)

4 POFS Parallel Offset (POFSFE)
a 

S AOFS Al ong Track Offset -

6 DFTO Distance from “TO” LE -

7 - APOF Along Path Offset (Always = AOFS) -

8 VPAI Vertical Path Angle In -

- 
9 VPAO  Vertical Path Angle Out

; 1 0 ~~~ ALTp Al ti tude at VE 
--

H 
- 

- -

- 

- - -

- - FIGURE 2.5 
- - 

S

- 
Vertical Event Parameters Maintained by the

Flight Plan Editor - 

- 
-

-

.

- - 
S

•

~~ 

-
. S 
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The POFS component is used to record 1-oth para lle l and base offsets. TEis

component is defined as follows:

I~OFS/POFS I POFSF

Base and Parallel offsets are trea .ed as Real-valued f ract io ns of times

the radius of earth in nautical m iles. The component declarations for POES ,

POESI, and POFSF are sim il ar in structure to IASR , LAS !, and IASF , respec-
a tive ly. Synonyms applicable to the POISE component are given below. Figure —

2-6 illustrates the D~se Leg waypoints identified by the POISE synonyms .

POFSF Synonyms

Syrtol icj~ i~ Ass j2ied_Vai ue D L r on

PARALLEL 7 Ident ifies Parallel Offset Entry . The

syno~ym “PARAUEL” serves a dual purpose.

Thc Fl i gh t Pl~in Editor monitors the POFSF

component for one-to-one replace edits to - 
-

determ in e t he Insert i on/Delet ion of Pa rallel

Offsets for the Fl ight Plan. Procedures

that use the Fli ght Plan Editor “GET ” rou-

tines test the POFSF component for a value
p

of “PARALLEL ” to determine the existence 
S

of a Parallel Offset.

BASEOFST 8 Ident ifies the POFS I component as a base

offset. This value is used to info rm the a

Fli ght Plan Ed itor that the Flight Plan

Revis ion is for a Base Offset.

16
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STRT9O 13 Identifies initial waypoint ~ssoc ia ted~wi th a base offset that provi ’ia~s a90 degree capture with the localizer
- leg. -

EHD9O 11 Identifies final waypo int associated
with a base offset that pro vida2~ a
90 degree localizer captur e .

STRTBAS E 12 Identifies init ial ~.-iaypoint a~ soci .~ted
with a base offset that provides a
shallow capture of the locali zer leg.

ENDBASE 10 Identifies waypoint ~-ihose CRSI con pon-
— ent defines the Base Leg for a L$ase

Offset defined for a sha llow
local izer capture angle.

INTERCEP 9 Identifies waypoint whose CRS I and
CRSO components define the intercept
point for local izer captu re .

NOPOFS 15 No offset entry h~s been made.

CANCEL - 14 Identifies an edit tha t cancels an
ex ist ing offse t .

POFSE is used to record the va l ue of an existing P~ral)el cr ease Offset.

PFSTAT is used to record the present status of offsets. Synonyms PARALLEL .

BASE OFST , and t~OPOFS are used to indicate offset status.

W ith the exception of the Flight Plan Editor , POFSFE and PFSTAT are treated as

read-only parame ters . Any requirement to change the offset parameters is

accomplished via a one-to-one replace edit with the desired change specified

v ia the POFS component.

ii
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2.1.3 Navigatio n Global Tables

External 1)arareters required for navigation computations are stored in the

N avigat i o n Global Tables . A single version of this file is used for  all three

Task 11 systems . The remaining portion of this section describes 30/40 modi-

fications to the Navigation Global ~ablcs .

The A NS-70A version of the J\DHD table has been expanded to include sensor

inputs for Indicated Airspeed Error , Local izer Deviation , Glideslope Deviation ,

and USI Course Input. A description of the AOl-ID components used for the 30/41)

systems is given below .

Symbolic Component Validi ty
Name Pos ition Description Flag~~
tAT 0 Aircraft  Latitude as maintained N/A

by the Latera l Filter.

LONG 1 Aircraft Longitude as nkiintained N/A

by the Latera l Filter.

PSIM 2 Magneti c Heading PSMF

BALT 3 Barometric Altitude BALE

lAS 4 True A i r  Speed TASF

VRT 5 Vert ica l Rate (not input for the N/A

3D/4D system)

PALT 6 Pressure Altit ude (not input for N/A

the 30/41) system)

DCLV 7 Ind icated Air Speed Error DELVE

b C  8 Localizer Deviation LOCF

GS 9 Glideslope Deviation 6SF

HSI CRS 10 IISI Course I n p u t  II S ICRSF

18
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A NS-70A Latet-a l Ot~v iut ion computatio ns always reference the parent ~a tv l o in t  of

the Lateral To-Event. Sim ilar computations for the 30/41) s)’~tem use the l eg

interse ct ion of the path actually being f l o w n  ~s the frame of reference. The

fo llowing set of parameters Is used for this tas k :  -

Symbol ic
Name 

-- - 
Descrij~jon

TOLEG Array used to record the coordinates of the leg intersection

defined for the Latera l To-Event.

E~FLLG Work area used to record bearing from the leg intersection

to th e a i rc ra f t .

BTLEG W ork area used to record bearing from the ai rcraf t  to the

leg intersection.

DU ITG Distance between the aircraft and the oncoming leg intcrsection.

Parameters u -ed to record TtSC input discrotes that are unique to the 3P/40

systems are given below .

Symbol ic

APING Status of the Auto—Pilot-E ngaged discrete. IPING i s  assigned a

TRUE. stat us whenever the Area Nay system is coupled to the Auto—

Pilot. -

RNAV F NG Status of the RNAV- Engaged discrete . RNAVF UG is assi gned a TRUE

status whenever the RNAV system prov1de~ latera l nav igation and

possi ’ ly lateral steering. -

VNAV [~IG Status of the VNAV-L ngaged discrete . VNAVEUG is ass igned a~ TRUE

status wheneve r the RUM sys tem provides ve rt ical  navi qat ien  and

possib ly vert ical steeri ng .

I
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2.2 Base Offsets

Fi gure 2-6 il lustrates the softw ~ne inte rfaces that have been implemented

for the Base Offse t function. The key interface Is provided by the Flight

Plan Editor Ut i lity Module. A description of this module will follow a brief

summary of the roles pl ayed by the CDIJ Line-Se lect and Flight Plan Monitor

modules.

Classi f icat ion of a CDU scratch-pad entry as a candidate for a Base Offset i s

perfo rmed by the CDIJ software . Base Offset entries arc perm itted for waypoints

that appear on the Flight Plan , Progress , or Speed pages . Val id candidates

are passed onto the Flight Plan Editor u tility Module for additional processin g .

“ERROR” is annunciated on the scratch-pad if either of the following conditio ns

i nvalidates the edit: range tests are failed , or the existin g fli ght plan

already includes a parallel of fset .

Automatic cancellation of an ex is t ing Base Offset occurs following passage of

the last way point assoc iated wi th the given of fset .  This task is performe d by

the Flight Plan Monitor. The Base Offset is cancelled whenever waypoint

passage occurs for the waypoint whose POISE component has an assigned value

of INTERCEP or El-1090. 
-

The Flight Plan Editor Utility Module provides an interface between the CPU

software and a modified version of the ANS-70A Flight Plan Editor. All flight

plan revisions entered by the pilot are routed through this module. Most of

the major software tasks required for the Base Offset function are provided by

this module. The remaining portion of the section provides a descri pt ion of
S 

tasks that have been implemented for the Flig ht Plan Editor.

A primary task consists of verifying geometry requ i rements for Base Offset

entries . Figure 2-7 Illustrates the basic geometries for Base Offsets.

L. - - 
. S 

- 

~~~- S 
-

. 

- 

-~~~ —
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Geometry requirements for the Two-Waypoint configuration are given as

follows : (1) ~ = I~cocH~~1~~)I_ 9ool~
2e

and IPOFS(WKPTR)I*(OX/l800)cQ.2 NM

(2) 1
x = £ COCH (W~)I-l8O°Ic2°J =1-l —

and IPOFS (WK PTR) l * ( nX/ l8 00)<O.2 NM

and Y = f l COCH (W1
)j_ 9O0I~20

and j POFS~~’~PTR) ~*(~~y , l sQ e)<o 2 NM

Geometry tests that must ~e performed for the Three-Waypoint configuration

are given as:

( I )  X = UCOCH(w1 1 )I_goo (<2*

and IPOFS (WKPTR)I*(flx/lgQo)<p .2 NM

1+1
(2) x = z COcH (w )]l-90°kr a

j = I  J —

and IPOFS(WKPTR)1*(~x,18o0).~p.2 NM 
a

1+1 
S

and Y = l IE z COCH(W~)]I-1aO°l<2°J = 1 - -) —

and J PO FS (WK p T R)J* ( ny / l80 )<o.2 NM -

This set of tests is intended to provide protection against absurd offset

geow~etr1es . If the geometry is found to be val id, POFS and POISE components

are updated for the offset waypoints and recorded in the Flight Event Table.

If the geometry requ irements are not met , control is returned to the CDtJ soft-

ware. In eitner case, a return argument is used to indicate the status of

the Base Offset entry .

21 
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A second major task consists of enforcing a set of operational rules that

have been imposed .~~~ ~ll fl i ght plan revisions. The purpose of this set of

rules is to insure that flight plan revisions do not invalidate the geometry

for an existing Base Offset. -

Special operational rules are required for DIRECT TO entries. As with the

AIIS—70A system, an existing Parallel Offset is cancelled whenever a valid

DIRECT TO revision is made . A Base Offset, however , is cancelled only if the

resulting flight plan revision affects the Base Offset waypoint configuration.

A sunii~ary of the logic used to cancel Base Offsets for DIRECT TO entries is a

given in Table 2-I. - - -

Operational rules that are implemented for remaining flight plan revisions are

given as follows:

1) A Base Offset entry is to be inhibited whenever the current flight 
a

plan includes a Parallel Offset. The converse is also true, i.e., - 
-

a Para llel Offset entry is not allowed- for ~ f light  plan t ha t

a lready includes a Base Offset.

2) The magnitude of an existing Base Offset may be revised at any time .

A Para llel Offset may be overwritten at any time by entering another
- Parallel Offset into the flight plan.

3) No fl ight plan revision is allowed that would change the geometry

of an existing Base Offset confi gurat ion .

Table 2-2 provides a summary of the logic that has been implemented for the

abo ,e set of rules . PFSTAT , which appears in the table , is a parameter which

Is used to record current offset status. P~STAT has three possible states:

( BASEOFST , PARALLEL , or NOPOFS . POFS F is an input parameter that is used to

— 

- 

Identify a flight plan revision. POFSF is assigned one of 4 possIble states -

22
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H
by the calling program: BASEOFST , PARALLEL , NOPOFS , or CANCEL . A descr iption

of th is set of data parameters is given in Section 2.1.2.

The Ut ility Module provides four routines that are called by the CDU software .

The AD D4 D and REP1S. Y4D rout ines are used for all flight plan revisions that

occur on the Flig ht P l a n , Speed , and Progress pages. The ADDDIR and R[PDIR

routines are called for DIRECT TO edits. Program listings for this set of

routines are given in Appendix A.

~ Lt ! 
-

- 

S -

23
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W1 1  (STRIBASE)

I X N M  -
~~~

W1 (ENDBASE) —— — — — — - —  71

a 

Y__x*sIGn[cocH(w~+1))*sIN1IcocH (w~+1) I) 
-

W~~1 (STRT9O)
-

‘ 
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FIGURE 2-7

Basic Geometries for Base Offsets 
-
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Tipe of DIRECT TO Requirements for cancelling an

existing I~as~ Offset

DIRECT TO the TO- The TO-Way point must be a Base

Waypoint Offset waypoint.

DIRECT TO the The TO-Waypoint must be a Base

Scratchpad entry Offset waypoint.

D’RECT TO a waypoint The flight plan must contain a

— in the flight plan other Base Offset waypoint that is

than the TO-Waypoint entered either at or before the

- - “DIRECT TO waypoint .”

TABLE 2-1

Operational rules used to cancel Base Offsets

for DIRECT TO entries

- - 
. - 

26
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2.3 Speed Profile Algorithr:

Software interfaces required for implementation of the Speed Profile

Al go rithm are shown in Figure 2-8. An lAS entry on the Speed Page is

recorded as a flight plan parameter in the Flight Event Table. A des-

crip tion of the lAS parameter was given i n Section 2.1.2.

Speed profile computations are implemented with in the CDII channel by a

rout ine called ~PDr 1~F. Computations are performed whenever a flight plan

revisions occurs .

Special logic is required for the rrom-Waypoint. This waypoint is always

treated as a speed-control waypoint whenever the fl i ght plan contains an

lAS entry . This is done to ensure that a speed profile presently be i ng f low n

wil l not be changed at waypoint passage. -

The task descr~~tior for SPDPRF is given below . A diagran illustrating the

use of program parameters is given in  Figure 2—9 . A program listing of

SPDPRF is given in Appendix B. - 
-

28
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Task Specification for SPDPRF

Procedure Type

Integer Procedure SPDPRF
Modul e

3D/4D Time and Speed Al gorithms

Task Summary

Speed profile computations are performe d for all latera l events that are not
considered to be speed-control waypoints . (Speed-Control waypoints are way-
points for which speed has been entered via the CDII.) The lateral FROM-event
is treated as a speed—control waypoint to ensure that a speed profile presently
being flown will not change at waypoint passage . Results of profile computa-
tions are recorded in the IASR/IASI/IASF component structure fc~r lateral events.

Notation 
-

W(j) Used to denote the Jth lateral event

IASR(13 ) Used to denote the value of th e IASR componen t for W~J). Similar
notation is used for other co~ipor1ents defined by the Fli ght Plan
Editor.

Interna l Data Structures

integer Da ta

FRST Absolute Lateral Event Number Index for the -initial speed-
control waypoint of a given prof ile.

LAST Absolute Latera l Event Number Index for the final speed—
control waypoint of a given profile .

FRST.STATUS Used to record the validity of FRST for a given profile. 
— 

-

LAST.STATUS Used to record the validity of LAST for a given profile. “

Absolute Event number of the Jth lateral event.

29
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Real Data 
—

PROFDST The along-track distance between W (FRST) and W(LAST).

DVEL The velocity change between W (J-l) and W(LAST).

DJ The along-track distance between W (J-l) and W(J).

DELDIST The along-track distance between W(J) and W(LAST).

Ti The time required to fly f rom W(J-l) -to l4(LAST) at a
rate of 40 knots/minute.

AVEV The average veloci ty required for a linear sp eed profile
between 9(J-l) and W(LAST).

T2 The time- required to fly f rom W(J-l ) to W(LAST) assuming
a cons tant veloc ity of AVE V.

DPP The distance required to realize a velocity change of
• DVEL at the rate of greater than or equal to 40 knots/

minute.

Calling Sequenc e

SPDPRF( )

Return Values
— Speeds assigned to intermediate profile points are recorded in the Flight a

Plan Edi tor’s FET s tructure. -

Task Description

IF a flight plan revision has occurrea since the last speed profile computation

THEN
4-

BEGIN ... SPDPRF loop. -

Starting wi th the FROtI-waypoint, scan the flight plan for a speed entry.

IF no speed entry has been found -

ThEN

BEGIN No Speed Entry loop.

Update bookkeeping to in-iicatt~ that another attempt to compute speedprofiles is not required for the present flightp lan (this is intended
to assist CDII keyboard response time). S

30
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RETURN to calling program.
END No Speed Entry loop.

Assign the first speed to the FROM-waypoint.

Tag the FROM-waypoint as FRST. .

Assign VALID to FRST.STATUS.

WHILE FRST. STAT US EQL VALID DO

BEGIN . . .FRST Val id loop 
-

Ass ign INVALID to LAST. STATUS

Starting with t4(FRST+l) scan the fli ght plan for a speed-contro l
waypoint.

IF the speed-control waypoint is found

S THEN - -

BEGIN - 

...LAST Valid loop

Assign VALID to LAST.STATUS.

Tag the speed-control waypoint as LAST.

Determine PROFDST, the along-track distance between W(FRST)
and W(LAST) .

IF LAST NEQ (FRST+l) ...~Iote that speed profile computations,I.e., the Profile loop, ~‘ill be hypassed if successive lateral
events are defined as speed—control waypoints .

ThEN 
- 

- - 

-

BEGIN .. .Profile loop.

IF the speed for 14(FRST) dnd W (LAST) are euqal

ThEN - 

-

BEGIN ...Same.Speed loop.

FOR J ’(FRST+l) STEP 1 UNTIL LAST DO

BEGIN ...Assl gn Same Speed ioop

Assign the speed for W(FRST) to W(J).

31
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IASR(J)~SQRT [V o
2+(V F

2_V
o

2)*~~~
.] 

-

Where:

S 
- D=DJ 

- 

-

V0=IASR(J-l)
VFS.. IASR(LAST)
DPP=DJ+DELDIST

Assign either PRUP or PRDOWN to the IA-SF component
of W(J) for CDII display purposes .

END ...Linear loop

ELSE . ..At this point it has been determined that an
average speed rate less than 40 kts/min is required
to fly from W(J-l) to w(LAST).

IF an average rate of less than 40 kts/min is also
required to fly from W (J) to W(LAST). ass i gn
IASR(J-l) to IASR(J).

SI
BEGIN . . .40 Kts/Min loop

Determine DPP , the distance required to realize a
velocity change of DVEL at the rate of 40 Kts/Min ,
I.e.,
DPP=Tl*AVEV - 

-

IF the distance , DELDIST , between W( J)  and W(LAST)
is greater than or equal to DPP

THEN

BEGIN .. .No Change loop

Assi gn IASR(J-l ) to IASR(J) and
PRQUOTE to IASR(J).

END .. .No Change loop
ELSE

BEGIN . ..Min Rate Zone ioop

Calcul ate a velocity for w( J) that is based on
a 40 kt/min velocity rate between W ( J - l )  and W(J) ,
I.e., 

-

IASR(J)=Sc )TEVo
2+(VF

2_V
o
2)*U~

.)
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Where

V0~ IASR(J -1 )
V FSIASR(LAST)
D~DPP- DEL DI ST

Assign ei ther PRUP or PRDOW N to IASR(J-i).

Et) ... MIn Rate Zone loop

END .. .Min Rate Zone loop

END . . .Ve loclty Change loop

END ...Profile loop 
-

Define parameters for next cycle of FRST.VALUE loop:
‘ FRST=LAST.

FRST.STATUS=LAST.STATUS.

‘- LAST.STATUS=INVAL ID

END ...LAST Valid loop

END ...FRST Val id loop
I

Update bookkeeping to Indica te that speed profile computations have
been performed for the existing flight plan. a

END .. . SPDPRF loop

RETURN to calling program. -

S
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2.4 Time Contro l Algorithm

Figure 2—8 illustrates the basic software interfaces required for maintenance

of the Time Control parameters . Data declarations for the Time Control Para-

meters were given in Section 2.1.1. With the exception of aircraft sensor

data , all parameters are maintained by procedures that are called by the CDU

Main Control procedure. The Time Fix and Commanded Arrival Time are CDII

entries made on the Fli ght Progress Page . The same page is used to display

the software computations for Commanded lAS and Arrival Time Error (Early/Late 
-

Indication). The Fl ight Plan Monitor monitors waypoint passage of the Time-

Fix to determi ne the necessity of inval i dating algorithm computations.

2.4.1 CDII Display of Time Control Parameters

The last two line pa irs of the Flight Progress Page are used for the display

of Time Control parameters . Data declarations for this set of parameters are -

given in Section 2.1.1. Line pair #5 provides information for the Time-Fix , —

TFIX, Commanded Arrival Time , TCOM , and Commanded A ir Speed , VCOMI . The 
a

’

validity flags TFIXF and TCOMF are monitored to determine the need to display -

blank data fields for TFIX and TCOM , respectively. The value stored in VCOMI

Is displayed for the Commanded Air Speed data field whenever VCOMIF has an

assigned value of IASVALID.

l ine pair  #6 is used for the Early/Late and Navigation Downmode displays .

The latter function is identical to that defined for the A NS-70A system. a

Values for the Early/late display are recorded in TIMERR and EARLY . The EARL’.’

label is displayed whenever EARLY is valid and negative ; LATE is displaye d for

a valid positive value . The value recorded in TIMERR is used for display of

the Early/late data line. No display is required for the Early/Late label and 5

data lines whenever the validity flag TIMERF is assigned an INVALID status.

36
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2.4.2 CDII Li ne-Select Operations

line pair #5 for the Flight Progress Page provices the pilot with the capa-

bility of designating a wiypoint as the Time-Fix and a Convilanded .“~rrival Time

for this waypoint. The two data fields used to enter this information may be

entered (or revised) separately or simult&neously.

Rules governing line-select entries are as follows:

TIME Entries :

1) The same range checks used for GIlT entries on the Present Position Page

apply to the Time Entry. -

2) The value of the Time En ry is recorded in ICON and the associated

validity flag, TCOMF , is assigned a VALID status.

WAYPO IUT Entries:

1) The waypoint must be stored in the Fl ight Plan prior to the WAYPOINT

entry on the Flight Progress Page.

2) A valid entry is recorded in TFIX. TFIXF is assi g~ed a VALID status to

indicate that a Time— Fix has been designated. 
-

A singl e scratch pad entry of a minus (-) sign is used to invalidate both

fields. An INVALID status is assigned to both TFIXF and TCOMF whenever this

entry Is made. -

2.4.3 Functional Description of Time Contro l Algorithm

The description of the Time Control Al gorithm uses the follow i ng notation:

I Subscript used to represent the 17H waypoint. The following
val ues of i will be of special significance :

I 0 For the FROM-WAYPOfl~T1 For the TO-WAYPOINT
= I For the waypoint designated as the time-fix.

The 11H waypoint. 
- 

-

CRS 1 The course Into W I as given by the flight plan. 
S

37
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WAlK 1 The along-track component of wind for W is WAlK1 = _ (NWDN*
COS(CRS1) + EWNO * SIN(CRS 1) ) ,  where NWND and EWND represent
present lateral fil ter estimates for north and east wind
components, respectively. WAlK 1 denotes the present along-trackcomponent of wind.

V?~ I The flominal value for present commanded lAS . ~~~ is afunct ion of V0, V 1, the time estimated to fly the along-
path- distance between W0 and W1, and the actua l distance -

f rom the aircraft to the TO waypotnt.

VCOM The present commanded lAS of the aircraft. VCOM represents
the commanded lAS displayed on the Fli ght Progress Page.

The present commanded TAS of the aircraft,

Air data sensor input for present aircraft lAS .

VACT Present aircraft lAS as given by the speed and time
control al gorithm. -

VI The IAS (Indicated Air Speed) associated wi th WI.

Vi The lAS (True Air Speed) associated wi th WI.

flGCOM1 The commanded (actual) time required to reach Wi. In
particular , the commanded time required to reach the
desired time fix , TT~C0M1, is given by TTGCON1=(Time
commanded to arrive at the time fix) - (Present Time).

TTGNOM1 The nominal time required to reach WI. TTGNOM1 is a
function of lAS entries and flight path geometry.

The leg distance between W1 1  and WI. D1 is defined
as the actual di stance from the a i rcra ft to the To-
Waypoint.

That portion of that Is to be flown at a constant speed. - - S-

D1
1’ That portion of D1 that requires a velocity change.

An important concept of the Task II Speed Control Philosophy is the utilization

of minImum 40 knot/minute speed change profiles. Pilot reaction to speed changes . -

Is not required until a minimum speed change of 40 knots/mInute is needed to

reach-a desired airspeed. This means that the speed profile for any given leg

may be presented as one of the two situations dep icted In Figure 10.

- 
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Ignoring wind , let K denote the proportionality factor that
represents the proportion of nominal speed that is required to
arrive at the time fix on schedule (K=l if no change in the nominal
profile is required to meet the desired schedule),

Then VCD?1 = K*VJW~ where K is to be determined from the relation:

K TT
~~

UT4.l./TTGCOMT

As noted before, TTGCOM1 is merely the difference between the
time (GMT) commanded to arrive at W1 and the presen t t ime (Presen t
value of GMT). TTGNOMT is g iven by summin g the nomin al times
required to fly all legs until W1 is reache d, i.e.,

______ M n ’
TTGNOM = + - - -

T V0+WATK 1 (V0+V1)/24wATK1

- - - - + ~ ( D~J + Dji’ - ) .
-
~ 1=2 V1_ 1 +WATK~_1 (V1~~+V1)/2÷WATK 1 1  

-

In the above expression, MTG=MTG’ +MGT” is the actual distance -from
the aircraft to the To-Waypoint. MIG’ and MTG” are analo gous to
D1’ and D1

1 , respecti vely. j .
Having foundi1 the value of the commanded lAS for the present leg
is given by VCOM=K*VUOM. The best available
along-track component of wind for the present leg is given by using
the Lateral Filter ’s Es tima tcs for nor th and eas t win d componen ts.
This dynamic computation for along- track wind cannot be proportiona tely
modtfied for the remaining portion of the present leg . At best, it
~~y onl y be used to directly modify the dynamic computations for
YCOM and VNOF’t . Thus, -

+ w = K*(W ~i~~ + WATK 1 ) or

VCUM = K*V~~1~ + WATK 1*(K_l), where WAlK 1 represents tne present component

- 
of along-track wind.
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V~0M represents the present commanded true air speed that is necessary to.

- . 

- 

arrive at WT on time . The corresponding commanded lAS Is computed by the
- 

- 

- relationship 
- 

. 
-

VCOM = (l-K1h) * 
-

The value used for K1 is the value relating present lAS to present lAS and

is computed as follows. The present. aircraft lAS (VACT) is not directly

available to the computer but can be computed from the lAS command (VCOM) and

lAS airspeed error ( &1) signal s which are available from the max allowable

airspeed instrument, i.e.,

VACT = VCOM + ~~ V. - -

Present va l ues for a ircraf t TAS (VET) and altitude (h) are resident in the

-~~ RNAV computer memory. Using the relationship -

VACT = V~ T (1 - K1h), 
- 

S

the altitude proportional ity constant, K1, may then be determined by combining

the above equa tions , i.e., 
-

(l-K1h) = (VCOM + AV)/VACT 
- 

S

and K1 = (VA Y_VCOM_~V)/(h*V~~T)

With h in feet , K1 should vary from 0.00001 to 0.000015. Because of
sensiti vity problems as h becomes small , K1 is to be limited to the

• above val ues In the lAS to TAS speed conversions . In the TAS to lAS
conversion regarding the commanded velocity the (l-K 1h) ratio can
be used directl y , avoi ding any sensitivity problem.
The Commanded Speed displayed on the Fli ght Progress Page is then
given by: -

VCOM = (1_ K 1*h)*V~ i~ -

The final portion of the algori thm deals wi th the early/late
computation. This computation is based upon the expected time error
at the time-fix that would resul t by flying the present leg at the
actual rather than commanded TAS . - 

-

-
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As before, let:

Represent the present value for commanded lAS. - -

TTGCOM1 Represent the commanded time required to reach 111,

VAtT Represent the present air data sensor input for lAS .

Also , let:

Represent the modified along-track distance from the
aircraf t  to W1. The modification consists of using
actual distance from the aircraft to the To-waypoint
for the present leg.

TIGACT1 Represent the time required to traverse D
~ 

assuming
a TAS of VET.

Since the Distance , D
~
., must be flown to arrive at 

~ 
using either

velocity, it follows that:

Dl 
= (VA~f + WAlK 1) * TTGACT1

= (V~~T + WAlK1) * TIGCOt~1 
-

The expected time erro r, TF(iAC 1-TTGCOM1 is then given by:

(TT GACT1-TTGCOM1) = T~TGCOMT1 * I~~
M + WAlK1)

- 

j
where a positive error is to be displayed as a LATE indication.

-
. 41
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FIGURE 2-10

Speed Profiles

whenever V 1 1=V 1 and 01
1 =0 wheneve r a speed change in excess

of 40 KTS/ Nin is require d for the entire leg distance D~.
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2.4.4 Software Implementation of the Algorithm

Algorithm computatio rs are perfo rmed by procedure TIMCNTRL . Al though control

Is given to this procedure every cycle by the CDU Main Control Program , compu-

tations are only attempted whenever either 1) ten seconds have elapsed since

the last al gorithm computation , or 2) a Fl ight Plan revision has occurred

since the last execution of the algorithm.

Since TIMCNTRL is a procedure called within the CDU channel , it Is possible

for sensor data maintained by the Navigation channel to change during any

given execution of the algorithm. To ensure that the same set of parameters

Is used for a given algorithm computation , it is necessary to take a snapshot

of the sensor data as part of the initial ization 1og~c for the algorithm.

A task descr ipti on for TIMCNTRL Is gi ven below . A program l isting of TIM CNIRL

is given in Appendix C.

Task Specification -

- For TIMCtITRL

Procedure Type

Procedure TIMCNTRL( )
Module

40 TIme and Speed Algori thms

Task Summary

The Time and Speed Control Al gorithm is based upon speed and time errors
wi th respect to a waypoirit (the Time-Fix) for which an arrival time has
been assigned. The value calculated for VCOMI , the Commanded Velocity -

displayed on the Flight Progress Page, represents the present indicated
air speed that shoul d be flown to arrive at the Time-Fix on schedule. The
computation for IIMERR provides the best estimate of the total time error
that Is expected for the desired arrival time . Computations for VCOMI are
provided whenever the Present Fl ight Plan, exclus ive of the From-event,
contains at least one speed waypoint. The computation for TIMERR Is made
whenever the validity flag WFIXF Indicates that a Tine—Fix has been defined
for the syst~n. -

-

- 
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Notation -

W (J)  Used to denote the Jth Lateral Event.

IASR(J) Used to denote the value of the IASR component for W(J). Similar
notation is used for other components defined by the Flight Plan
Edi tor.

Internal Data Structure -

Synonyms

INITEVNO Initial Absolute Event Number required for retrieval
of event data from the Flight Plan Edito r.

Integer Data -

J Event Number for the Jth Event.

CNTRL Con trol parame ter for the main loo p .

VTIMF Flag used to control computations for the case where
a Time—Fix has not been entered but VCOMI is to be
calculated for the To-waypoirit. - . -. . • . - .

Real Data 
-

PREVIASR Temporary storage used to record IASR (J-1).

PREVDFTO Temporary storage used to record DFTO (J-l).

TTGACT Present estimate of actual time required to reach
the Time-Fix..

TTGCOM Commanded time to reach the Time-Fix.

COCHPREV Temporary storage used to record CRSO(J-1)-CRSI(J-l).

HZ Al titude used -for lAS to TAS conversion.
LEGDST Along-track distance from W (J-1) to W(J). -

WATK The along-track component of wind applied to 14(J).

WATKTO The along-track component of wind applied to the leg
presently being flown.

KAIT The altitude proportiunal-ity constant used for conversions
between lAS and lAS.

TASPREV Tem’orary storage used to record computed lAS for W(1J-1).

IMSJ Temporary storage used to record computed TAS for W(J).

DV The speed change between 14(J-l) and W(J).

fl The time required to fly from W(J-l) to W (J) at . rate
- of 40 kts/min. -

- 
- 

44



- 
~~~~~

_. — - - - 
- - - ~~~~~~~~~~~~ ~~~~~~~~~ _~~~~

- —~----~

AVEV The average ground velocity required for a linear speed
profile between 14(J-1) and W(LAST).

T2 The time required to fly from t4 (J-l) to W(J) assumin9 a
constant velocity of A’/EV.

DPP The portion of the leg bet-seen W(J — l ) and W(J) that
requires a speed change.

DELI The expected time required to fly f rom W(J-l) to W( ..i~).

DP The portion of the leg between iI(J-l ) and 14(J) that should 
p

be flown at the velocity assigned to w (.J-1).

GMTCONV Conversion factor used to convert Gill to navigation time
units .

VGNOM Nominal ground velocity cal culated for the present leg.

KSCALE Scaling factor used to protect agains t overflow.

Calling Sequence

TIMCNTRL( )
Retttrn Values -

VCOMI Commanded lAS for the present leg that is to be displayed on
the Flight Progress Page and lAS instrument.

VCOMIF Validity flag for VC0~lI.

TIMERR Expected time error for arrival at the Time-Fix. 
S

TJMERF Validity flag for TIMERR.

Task Description -

IF 10 seconds have not- elapsed since the last execution of the Time Con~ro1 Algorithm

AND a Flight Plan revision has not occurred since the last cycle

THEN RETURN to calling program.

Upda te own clock reading .

Update own version of Fl ight Plan Revision number

Assign INVALID status to TIMERF , the validi ty flag for arrival tine error.

Comment: assign an initial validity status to VCOMIF, the validity flag for
cofiNnanded lAS .

IF VCOHIF=

IF Invalid CMI THEN IVGNT -

ELSE IF Invalid aircraft true air speed THEN IVTAS
ELSE IF invalid aircraft al ti tude THEN P/ALl
ELSE NODATA) NEQ NODATA 

- 
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HEN RETURN to calling program.

F the Lateral From-event is invalid

OR no speed is defined for this event I -

THEN RETURN to the calling program . Note that VCOMIF will have a value of
- 

NODATA and TIMERF will have an INVAL ID STATUS.

Comment: Keep a snapshot of sensor data , i.e.,

ACTAS Aircraft True Air Speed
ACALT = Airc i .sft Altitude
ACIASERR = lAS Instrument Error
ACNWND = North Component of Wind

ACEWNO = East Component of Wind

%ssign IASR compohent of the Lateral From-Event to PREVIASR.

~ssign DFTO (FROM) to PREVDFTO.

Initialize event number index by assigning INITEVNO to J.

:nitialize nominal time-to-go , TTGNOM , to 0.0.

:nitialize COCHPREV to value of CRSO (FROM)-CRSO (FROM).

issign an initial status of VALID to VT IMF to ensure computations are performed
‘or TO-waypo int.

IHILE the Jth event is not the Time-Fix.

AND the (J=J+l)th event is valid.
AND VT IMF EQL VALID.

GIN ... Calcula te TTG b lock.

IF event J Is a Vertica l event

THEN

BEGIN .. .Vertfcal Event block

IF event J -Is the Vertical TO-event

THEN ass ign value of ACALT to HZ.

ELSE ass ign ALTD( J) to HZ.

END . . .Vertical Event block

ELSE

IF event -3 Is a Lateral event . .. .Note that End-Of-Continuity events
are bypassed.

4F~



-~~~~~ ~~~~~~~~~~~ - - ~~~- -~~~- .. - -~~~~v~~~,- - - ~~- — - - -- _____

THEN

BEG IN .. .Latera l Event block -

Calculate LEGOST, the distance from W(J-l) to w(J), i.e.,

LEGDSTxDFTO(J)_PREVDFTO. 
-

Update PREVDFTO to value of DFTO (J ).

Calculate WAlK , the along-track component of wind , i.e.,

WATK=_ (ACNW~1D*COS(CRSI (J) )+
ACEWNO*SIN(CPSI(J))).

Calculate KALT, the al ti tude proprotionality constant, i.e.,
KALT=L~CTAS-vcoMi-ACIASFRa1[HZ*ACTASJ

Limit KALT to the interval (.00001 , .000015)

Convert lAS for W(J- l) to lAS , i.e.,

TASPREV=PREVIASR
(l.O—HZ~~ALTJ

Convert lAS for w(J) to lAS , i.e.,
TASJ=IA SR(J) .

(i.O_ HZ*KAL F) - - -~
Calcula te DV , the speed graa ient between W(J-l) and W(J), i.e.,

DVaiTASJ~TASPRE V
Calcula te 11, the time required to fly from W(J-l) to w( J )  at a rate
of 40 kts/min. a

- Tl=IDV*MINRATE I

Calculate AVEV , the average ground velocity required for a linear
speed profile between W(J-l) and W(J), i.e.,

AVEV=O.5(TASPREV+TASJ)+WATK

Calculate 12, the time required to fly from W(J-l) to W(J) assuming a
constant veloc ity of AVEV , I.e.,

122 ILEGDST /AVE V I

IF the veloci ty change, DV, between w(J-i ) and W(J) requires a
velocity rate greater than or equal to 40 kts/min (i.e., if 12<11)

THEN - 
-

BEGIN . . .Linear Profile Block

AssIgn T2 to DELI, the time required to fly the leg f rom W(J-l)
to W(J).
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Assign LEGDST to DPP, the portion of the leg into 14(J) that
requires a speed change.

END . . .Linear Profi le Bloc k

ELSE .. .Part of the leg into W (J) should be flown at the velocity
for W(J-l), the remaining portion at a velocity rate of 40
kts/min. Calculate time and distance parameters for the
portion requiring a speed change.

BEGIN . . .40 kts/min Block

Assign Ti to DELI.

Assign T1*AVEV to DPP. S

END ...40 kts/min Block

IF W(J) is the Lateral To—Event

THEN - - -

BEGIN . . .10-Event Block
P 

5 
- 

-

Assign IASVALIO to VCOMIF to indicate VCOM I computation has been
performed. 

- -

Assign value of TFIXF to VTIMF.

Save the along-track wind component for the Lateral To-Event,
WAlK, in WATKTO. -

Save value of KAIT in KALIFO.

IF the velocity change, DV, between W(J-l) and 14(J) requires
a velocity rate that exceeds 40 kt~/min (i.e., If 12<11)

OR the distance from the aircraft to the Lateral To-Event is
within that portion of the leg that requires a velocity change
(I.e., if MTG<DPP) - - -

THEN 
—

.

BEGIN . . .To-Event Velocity Change Block

Calculate VGNOM, the present nominal aircraft velocity (CS—
referenced at this point) that must be flown to arrive at
the Time-Fix on schedule, I .e.,

V0=TASPREV+WATK

VF2TASJ+I ATK

S 
- VGNOM=SQRT(Vo

2+(VF
2_V

o
2)*~~~] 

-
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Cal cula te DELI, the time required to fly from aircraft
present position to 14(J) if the aircraft is on schedule,
I.e., / a

IF Dt•ITG > DPP
THEN DELI = T2 + (DMTG > DPP)/ VGNOMELSE

DELT=2*MTG
(VGNOM+TASJ+wATK1

END . . .To-Everit Velocity Change Block

ELSE . . .Velocity change is not required for present S

portion of leg into the Lateral To-Event.

BEGIN .. .To-Event constant veloci ty block .
Assign veloci ty for W (J- 1) to YGNOM, I.e.,
VGNCM=TASPREV+wATK

BEGIN .. .txcessive Course Change block.

Tag cormianded lAS disp ’ay as invalid by assigning IVCOCH to
VCQMIF.

RETURN to c~1ling program. Note that TIMERF is returned wi th
an INVALID status and VCOMIF ind i cates that “CRS”! will appear
for the con~anded lAS display on the Progress Page;

END ...-Excessive Course Change bl ock, a 

-

ELSE -

BEGIN . . .Leg Capture Compensation block.

Compensate for aircraft turn-made for leg capture at w (J-l), I.e.,

DELT=TASPREV*~ ICOCHPREVI_ 2*TAN( 1COCUPREVI )]
g~TAN (25°)

where g=Acceleration due to gravity .

Increment TTGNOM by DELI, a

END ...Leg Capture Compensation block .

END .. .Beyond To-Event block .

Update COCHPREV to value of S

COCHPREV~CRS0(J)-CRSI(J)

D ...Lateral Event block.

SO ...Calc ttg Block

_ _ _
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Calc ulate 1) K, the proportion of nominal speed that is required to arrive at
the Time-Fix on schedule , and

2) TTGCOM, the commanded Time-To-Go for arrival at the Time-Fix , i.e.,

IF TIMERF = (ICOMF .V. TF IXF) NEQ VALID
. . .Computations for TIMERR , K, and TIGC0~ are dependent upon status of pilotentries for Time-Fix and Commanded Arriv al Time -

THEN 
-

BEGIN . . .TTGCOM Invalid Block

K 2 KSCALE .. .Reversionary Mode. Set K (1) * (Scale Factor).

KVAL 2 VALID ...Indicate K val id for later computation of VCOMI.

END . . .TTGCOM Invalid Block
ELSE

BEGIN ...TTGCOM Val id Block

Update Commanded Arrival Time , I.E.,

TIGCOM = (TCOM-GMTS)/GMTCONV

Determine validity of computation for K. K Is invalid when TTGCOM approaches
zero , I.E.,

IF TTGNOM*KSCALE > I TTGCOM I 
-

THEN Ass i gn an INVALID to KVAL - - 
- 

•

ELSE

BEGiN 
-

- K * (TTGNOM*KSCALE~:TTGCOM

KVAL VALID
END -

END ...TT GCOM Val id Block .

IF VCOMIF EQL IASVALID . . .Computations for ~‘C0MI and TItIERR only valid if To-Event
has a defined lAS .

THEN

BEGIN ...VCOMIF Val id Block

IF KVAL EQL VALID . ..Test for validity of K before updating VCOMI.

THEN -

BEGiN ...Update VCOMI Block

.

- - - 5 _ _  _ _ _ _ _
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Calculate Commanded lAS , I.E.,

VCOMT = (K*VGNO~)/KSCALE_WATKTO .

Convert VCOMT to lAS for display purposes, I.E.,

1.O_ KAITTO*ACALT 
-

— VCOMI = *VCOt1T
- KALTSCALE

Limit VCOMI to upper limit of lAS Instrument.

END ...Update VCOM I Block

Calculate the expected time error for arrival at the Time-Fix , I.E. ,

IF TIMERF EQL VALID

- i  a 
THEN

BEGIN . . . Update TIMERR

EARLY = (TTGNOM*VGNOM)/(ACTAS+WATKTO)_TTGCOM.

T IMERR = I EARLY I.

END . . .Update TIMERR

END .. .VCOMIF Valid B’ock
RETURN to Calling Program 

a
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?.5 ASC Software Modifications

This section describes the 30/40 modifications to the AIiS-70A version of the

Aircraft Systems Coupler (ASC) software. One version of this software has

been constructed for use by a)) three of the Task II systems. In addition

to changes Implemented for the Base and 20 Plus Time Control Systems, this

section will describe ASC software modifications that have been added for the

30/40 Local izer/Gl ideslope System.

Table 2-3 lists the sensor data inputs that require additional processing

by the ASC input software. The firs t three i tems are required for the Lo- - 

S

calizer/Glideslope System . Each input has an issociated high-level flag which

Is used to indicate current hardware status for the given sensor input. This

status serves as one of the criteria used to determine validity of the sensor

input.

Due to radio receiver limitations , localizer frequency is input in the same

sensor slot normally used for the secondary VOR frequency . In add i tion to

processing localizer frequency, this requires the ASC software to suppress

system usage of the secondary navald during the local izer mode of navi gation.

Use of this navaid is inhibited by setting a flag that is normally used to

indicate a frequency misma tch.

A software switch whose value is specified for the Link Edit Computer run is

used to determine which of two sets of computations are required for processing -

a of lAS Airspeed Error. Computations for the C.-! instrument are linear for the

range of speeds that have been defined for the instrument. A Least-Squares

approximation on the data furnished for the C-880 instrument has resul ted in —

the use of a fourth-degree polynomial to determine lAS error.

52
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The sensor word reserved for the US! Inpu t for Selec ted Course is processed

every- cycle by the ASC Input Program. The 20 Plus Time Control System

version of the Fli ght Plan Monitor is the only program for the three systems

that monitors this processed data . The net result is that the ASC software

Is allowed to process the Input for all three Task II systems .

Current status of the ‘[noaged” discretes is recorded for system usage . The

Lateral navigation program suppresses waypoint passage whenever the Area flavi-

gation System is disengaged from the auto-pilot. The other two dfscretes are

used by the Localizer/Clideslope System. -

Table 2-4 provides a summa ry of sensor data outputs that require add itional

pro~essing by the ASC Output Program. lAS Command is the only output that is

required for all three systems . As with the input for lAS error , conversi ons

for the C-880 instrument are straight-fo rward . A fourth-degree polynomial is

used to convert lAS in knots to degrees for the C-880 instrument.

Remaining outputs are required for the Local izer/Gi ide~;1ope syste m. Deviation

displays are sent to the US! and AD! instruments. The ASC Output Program

monitors interna l flags to determine which navig ation modes are controllin g

the instrument displ ays.

The Localizer Inable discrete is used to activate tuning the VOR/LOC receiver

to local izer frequencies. Once again , internal flags are used to determine

the setting of this discrete .

The “Arm ” and “Capture/Track” discretes are used to control displays on the

Node Annunciator that has been implemented for Localizer/Glideslope usage .

Internal flags are monitored each cycle to determine the settings of these

discretes. 
. 

- 
- 

- 
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One add itional feature has been added to the ASC Software that is unique to

the 30/40 systems. The Air Data Computer input for True Air Speed is flagged

as invalid whenever lAS falls below 150 knots. 30/40 usage in terminal area

operations will require T ime Control and Local izer/Gl ideslope modes at slow

speeds. For this reason , a scheme has been implemented that uses lAS to

approximate lAS whenever the latter speed reaches its limit of 150 knots .

-

. 

- 
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INPUT SENSOR DATA

Localizer Frequency + High-Level Flag

Localizer Deviation + High-Level Flag

Glideslope Deviation + Hi gh-Level Flag

lAS Airspeed Error + High-Level Flag

US! Input for Selected Course

Auto-Pilot Engaged Discrete

RNAV-En gaged Discrete

V NAV- Engaged Discrete —
~~~ -

TABLE 2-3

Sensor Data Inputs that have been added for the 30/40 systems

Sc 
.
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OUTPUT SENSOR DATA

Conir.anded Localizor Frequency + Localizer Enable discrete

Localizer Deviation

Gl ideslope Deviation -

Local izer Track Angle Error

lAS Command

Local izer Arm Discrete -

Localizer Capture/Track Discrete

Gl ideslope Arm Discrete

Gl fdeslope Capture/Track Discrete -

Fl ight Director Computer Flag

TABLE 2-4 - p

Sensor Data Outputs that have been added for the 30/4D systems 
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2.6 Navigation Sof tware I~’odific ations

A l l  of the A NS- 7OA Navi gation softwa re programs were modified for 3fl/4P usage .

Functiona l modifications were only implemented for the Lateral Naviga tion pro-

gram. Remaining changes were the result of the core reduction effort discussed

in Section 2.0. Tasks implemented for the lateral Navigation software con-

sisted of modifying the AN S-70A cr i t e r fons  for waypo int  passage an d the

Distance —To-Go computation.

The 3D/4D geometry for waypoint passa ge is illustrated in Fi gure 2-11 . Geometry

is shown for the case where the flight plan includes an .i~~ aet , POFS . Passa ge

of the TO-waypoint occurs whenever both of the following conditions are true :

1) The Lateral-Distance-Alon g-Track (LDI\T) to the ,ffset waypoint
a 

defined for the TO-waypoint is less than the cal:ulated Leg-

Switch-Distance (SWD) .

When flying legs without offsets , the offset way ;oint is defined

to be coincidental with the parent waypoint of the TO-event.

2) The bisector defined at this same leg intersection has been

crossed. 
- 

-

Referring to fi gure 2— 11 , the bisector is given by

BISECTOR = CRSO-l/2 (CRSO-CRSI) + ~ /2 SIGN (CRSO-CRSI)

The bisecto r is passed once the expressions (BFLEG-BISECTOR) and (CR5 1 + ~
- BISECTOR) have opposite signs. -

Geometry for the Distance-To-Go computation is shown in Figure 2-11. The

ANS-70A system always uses the parent waypoint for the Latera l To-Event as a

reference point for this computation. This is considered to be undesirable —

- 
- 
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for Time Control procedure s when fly ing offset legs. The 3D/40 system

uses the offset waypoint as a reference point for the Distance-To-Go corrpu-

tatiOn.

The AUS-70A system records the coord i nates of the parent waypoint in the Flight

Plan Table. This was left unchanged for the 3D/40 systeirs. Coordinates of

the offset waypoint are calculated by the Flight Plan Monitor wherever re-

visions are made to the flight plan.
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- FIGURE 2-11

Geometry for Waypoint Passage - 

-

PARAMETER DESCRIPTION 
- -

W - Parent Waypoint of Lateral To-Event

a P Offset t!aypoint of Latera l To-Event
— 

SWD Switching Distance - 
-

IDATA Lateral-D istance-Along-Track to the Offset Waypoint

CTD Cross-Track Distance

MTG Miles—To-Go from Aircraft to the Offset Wa~po i nt

- 

- 
POFS Offset (Base or Parallel) that has been defined for W

AOFS Along-Path-Offset that must be ~‘owo beyond 14 to reach P

CRSI - Course Into P as determined by Flight Plan

CRSO Course Out of P as determined by Fli ght Plan

BISECTOR Bisector constructed at P - - -

BFIEG Course (True ) from P to the Aircraft

-- S - -~~~~~~~~~~ -
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2D PLUS TINE CONTROl. SYSTEM

The 21) Plus Time Control System provides the Task II capa b ility of simul atin g

Time Con trol for non au tomat ic  RNAV syste ms . ~ajor softwa re tas ks for th i s -

system include the fol lowi rig i tenis :

1) J nrp l ementa .. on of CUU software for the revised Progress page . Soft-

ware hipleme ntation for this task is desci~ihed in Section 3.2.

In addition to the Progress paqe , CPU softi-,are allows pilot access

to the Flight Plan arid l,~esr-nt Posit ion page s. The 11 inht Plan page is

required for data asse mblies. The Present Position page is to be use~ for

pilot updates of aircraft present position.

2) Maintenance of RUAV waypoint poramt ter-s in an array structure

that is maint al nod by the CDI’ software . The Flight Plan [di to i- is not used

for rria intcrian cc of the Flight Plan lable. Jim pilot nas the c a p a b i l i t y  of

specifying way;~oint parai:r~ters for ten wajpoirts at any given till ia . Ten 3-

word arrays are maint ained to record entries for waypoint idcntifi ’r , bearing,

and d istance. Two addit iona l arrays are ma intai ned as CPU work a,:eas. A

descript ion of the ar ray co~iponents used to identify the waypoint parameters

is given in Section 3.1.

3) Use of 1151 analog input for Desired Course . A description of the

software implementation for this task is given in Section ~.3.

4) lrnp~.nuentation of a Time Control Algorithm tha t is uni que to th e

20 Plus Time Control System. All Time Control computa t i ons  reference the leg

present ly being flown . A software description of this algorithm is given in

Section 3.4.

v~n
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~ An additional task consists of suppress ing the ANS-70A computation~- for le g

- 

- ‘ switching and waypoint passage. This has been achieved by constru tin g a

- 
-~ version of the lateral Navigation program that is unique to this System.

4 
This program was constructed by modifying the flase System version of lateral

Navigation. The only other change to this module consisted of inrplenivntinq

a 20-second Waypoint Alert criterion to replace the 15-second criterion used

for the other systems .
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.1 External Da ta Str ucture

Data parameters unique to the 2D Plus Time Control System have been assigned

to a separate module. Data definition for this set of parameters are given

below. With the exception of FP.EDIT and NLTOCHG . all parameters are com-

pletely maintained by the CDII software . -

DATA SYMBOLiC DESCRIPTION
TYPE NAME -

Integer D -isplay .Wypt Way point Num ber cur rent ly  be ing

displayed .

Integer Use.Wypt Waypoint Number for waypoi ri t

currently being used for navigation.

In teger FP.Edit Va lidity flag that is assigned a

VALID status by the COU software when-
- 

ever- a CDII edit has been made that

affects the current -navigation leg.

FP .EDIT is assigned an INVALID status

- 

- 

by the Flight Plan Monitor after the

- 
- Navigation Event Table (11110 array)

is updated to reflect the edit.

Integer NLTOCIIG Validity flag that is assigned a

VALID status by the Flight Plan - ,
- Monitor whenever an input (via either

the CDII or the HSI Course knob ) has

• 

- 

been processed that affects the cur-
- 

rent navigation leg. IILTOCHG is

assigned an invalid status by the

- 

- Speed and lime Control Procedure after

the Time and Spc~d Control computations

- • - are updated.
a 

- 
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DATA SYMBOLIC DESCRIPTION 
-

TYP E N~MC 
——

Intege r - OFFSTF Validity fl ag for OFFSET; OFFSTF =

valid ~.,henever a lateral offset is

- 
coninanded , invalid otherwise .

Real OFFSET - lateral Offset currently being flown.

a 
Real Arraj ARRO , ARR1 Waypoint arrays used to record Ident ,

ARR9, P-RRA, Bearing, and Di stance informat ion

for the IRNAV waypoints.

Pointer Array PTR.ARR~AY Array of 12 pointers used to reference

the waypoint arrays.

Integer WYPT.IDFUT Component used to record ASCII
Component

identif ier Waypoint Number. Assigned

a a component position of 0.

Real WYPT .BRG Component used to record True Bearing
Component - 

-

from nevaid to waypoint. Assigned a

component position of 1.

Real WYPT.D IST Component used to record distance
Component -

- 
from nava id to waypoint . Assigned a

component position of 2.

4
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3.2 Functional Description of Revised Progress Page

Display formats for the Progress page are illustrated in Figures 3—1

and 3-2. A functional description of data fields for the Progress page

is given below.

a 

I) [STATION) S

This field provides the pilot with a means of specifying the nava id
that is to be used for navi gation and tuning purposes. Al l owable
entries consist of three.character station i dentifiers that are stored
In the data base . The scratc hpad message “NOT STORED” is annunciated
for attempts to enter invalid identifiers .

II) (MODE]

This field provides a CDII display of the current navigation mode.
Current usa ge of VOR , DME , and Air Data/Heading information for navi-
gation purposes is indicated by displaying V 1 D, and A respectively.
The absence of a given mode is indicated by displaying a dash (-)
for the càrresponding letter. A downgrade of mode w i l l result in the
cnnunciation of the data field. The annunciation may be cancelled via
a line—selec t entry of a single minus sign C - ) .

In) [OFST)

Parall el off~:ets are commanded by means of the OFST field. The initial
character of an offset entry must be either an “I” or “R.” The macm i-
tude portion of the entry is allowed to have a range of 0.0 to 50.0
(NM). Thus , an entry of L5.l would be used to indicate a left offset
of 5.1 NM. An existing offset is cancel l ed via a 10 (L followed by a

- 
zero) or RO entry.

IV) 
- 
(WIND] -

The data field for Wind serves as a displ ay field only. Bearing infor-
mation is displayed as magnetic bearing from the station . Dashes are
displayed whenever Air Data or Heading Information is invalid.

V) (WPT/BRG/DIST) 
. 

-

The third pair of CDU lines has been reserved for waypoint informaticn .
Waypoint parameters consist of Identifier , Bearing (Magnetic) from
navaid , and distance from navald. Allowable entries consist of editing
aU three fields with one entry or revising any field with a single
edit.

— - - — 
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( A total of 10 waypoints may be designated at any given time . Dig its 0 through

9 are used to designate waypoint identifiers. Display of a waypoint other

than the USE-waypoint is indicated by blinking the identifier field. A way-

point may be deleted via an entry of a single minus sign for line-Pair Ho. 3.

Waypoint deletion will resul t in a display of dashes for the 13R6 and DIST data

fields. Navigat ion computations reference the navaid prese’tly being used

whenever the USE-waypoint is deleted. Deletion of a waypoint will resul t in

the software assignment of 0.0 to the Bearing and Distance fields associated

with the give n waypoint.

A description of allowable edits for the WPT/BRG/DIST fields is gi ven below :

Entry for Waypoint Identifier:

Acceptable entries consist of a single scratch pad digit (0 through 9)

Entry for Bearing :

Entries must be preceded by a single slash ( 1) .

Range : 0.0 to 360.0 degrees a

( 
Increment: 0.1 degrees a

Examples: /5.1
/05.1
/005.1

Entry for Distance:

Entries must be preced’!d by two slashes (II).

Range: 0.0 to 200.0 NM

Increment: 0.1 NM
Examples: 1/2.9

/102.9

II 002.9

_ _ _ _  - -
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VI ) iTh - -

The Time-to-Waypoi,it field serves as a display field only: The value

displayed represents the current estimate of time required to reach

the waypoint specified by the Use-waypoint , USI input for desired course ,

and current parallel offset.

Range : .0 to 99.9 minutes (values exceeding 99.9 minutes wil l be

displayed as 99.9 minutes).

Resolution: 0.1 minutes

V II) DI~iT

This field is used to displa y Distance to the present To-waypoint. 
- -

Edits are not allowed.

Range : .0 to 999.9 NM

Resolution: 0.1 NM

V II I )  GS 
S

This field is used to display the Present estimate for Ground Speed.

Range : 0 to 999 knots S

Resolution: 1 knot

Ix) 1DTA~ 
S 

- 

-

Desired Time of Arrival (GIlT units) is to be entered for thi s field. DTA

may be revised or deleted at any time . DTA deletion is accomplished by

an entry of a single minus sign. Software is required to invalidate an

existing OTA entry upon selection of a new USE waypoint, or revision to

a y of the WYPT , BRG , or DIST fields of the USE-Waypoint.

Range : .0 to 2359.9 where r~odulo arithmeti c of 60.0 minutes is app lied

to the last three d igits .

Resolution: 0.1 minute -

- - 66
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A GMT entry must be preceded by a slash mark (I). Rules for range ,

resolution , and display format are the-same as those for the DTA field.

XI ) lAS CMI) 
-

Th i s field is used to display Commanded lAS as calculated by the Time

and Speed Control Al gorithm. line-Select entries are nct allowed.

Line Pair 6 is used for t- .~ Early/Late Display . Display formats for the label

and data fields are identical to those used for the Base System.
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3.3 HSI Input for Selected Course

Figure 3-3 il lustrates software interfaces for programs that require access

to the HSI Input for Selected Course. The final objective is to pass the

Selected Course input to the Latera l Navigation program as a course coninand

for the present leg.

Initia l processing of the input is performed by the ASC Input Program . Con-

verted data is recorded in the ADHD data structure . The Flight Plan Monitor

uses the Course input to determine the coord inates of the TO -waypoint . The

Selected Course Input is then passed to the Navig ation Channel as the flight

plan parameter for Course-Into-the-W~ypoint (CRSI Component).

Geometry for computation of the TO-Waypoint is given in Figure 3-4. —
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- FIGURE 3—4

Geometry for Computation of Waypoint Referenced for Navigation Purposes

V: Nava ld spec1f1~d on Progress page
a: Bearing specified as Waypoint Parameter on Progress page
0: DIs tance spec i f ied as Waypo int Parameter on Progress page
W1: Coordinates of Use Waypoint 

- 
-

B: IISI Input for Des ired Course . 
-

OFST: Parallel Offset as specified on Progress page
W2: Coordinates of Waypoint referenced for Navigation
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3.4 Time Control Algorithm

The 2D Plus Time Control System computations for Time Control are only appl i-

cable to the leg presently being flown. Maximum use is made of existing data

declarations for the Base System. Software interfaces are similar to those

defined for the Base System, I.e., control is given to a procedure called

TII’ICNTRL every cycl e by the CDU Main Control Program. Procedure TIMCNTRL

will monitor the system clock and status of flight plan revisions to determine

the necessity of executing the Time Control Algorithm for the giv2n cycle. A

task description for TIMCNTRL is given below.

A program listing of the TIMCNTRL routine is given in Appendix D-

S 

- 
- 

Task Descript ion for the 2D Plus Time Control System

Time Control Algoritbni 
- 

-

Task Specification for 2D -

- System TIMCNTRL Procedure -

Procedure Type - 
- - 

- 
- 

-

Procedure TIMCNTRL ( j  - 
- - 

- 
-

a 
Module 

- . -

20 Plus Time Control System Vers ion of. Time and Speed Control

Task Summary - 

- 
-

TIme Control computations for the systam are only valid for the
present leg. Computations are performed whenever either 1) ten seconds
have elapsed since the last executinn of the Time Control Al gorithm , or
2) a Flight Plan Rev is ion has occurre c’ s in ce the las t cycle. TNa latter

- 
condition is determined by monitoring NLTOCHG for a value of VALiD.

Computations required for the display of Time Control parameters are recorded
- In VCOMI , VCOMIF, EARtY , TIMERR I and TINERF. Declarations for this set of

5 
- parameters are defined by the - Base system insert file DATAZ6II. 

-

- - 

. 

- - 
. - - 

- - - 
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Internal Data Structure

Synonym Declarations :

CYCLE.TIME Minimum time allowed between Time-Control computations. -

CYCLE.T!ME Is to be assigned a value of 10 seconds , i.e.,
(10 sec) (1000003 us/sec)

- CYCLE .TIME
- 

(409.6 us/count)

Integer Dec 1.aratlons :

SYMBOL IC DESCRIPTION .
NAME

TALCIOCK Own record of last time that the Time Control Comp utations were -executed.

CMII Own copy of GMTS ex’~ressed in terms of CMI units (12 hours).

Real Declarations: 
-

SYMBOLIC —

NAME DESCRIPTION

ACTAS Own snapshot of Aircraft True Air Speed.

ACAIT Ows: c~apshot. cf Aircraft Baro Altitude. I

ACI~5E~R Own snapshot of lAS error as recorded by the lAS Instr~inent.

ACN WUD Own snaoshot of the North C~mponen~ for t1ind.

ACEWNO Own snapshot of the East Component for ~ind. -

DESI!~ED.CRS Own snapshot of the HSI course Input. - 
—

WAlK Alon g-track component of wind for the vt~ctor whose ori gin and - 
—

direction are given as present aircraft coordinates and DESIREP .CRS , a

respectivel y.

K~LT Altitude Proporti’,nality factor required for the conversion iron
lAS to lAS. -

K.ALTSCALSE Scale Fact .~r required to prevent overflow for the TAS to lAScomputation. :
C.~IR Own copy of GMTS expressed in ten’s of Navi gation Time Units.

Conversion factor uscd to convert CMI to Navigation Tin-c Units.
GMICO~V 10.8039624/12.

‘~~~- . -  ~M Comanded Time-to-Cc’ to arrive at the To-Waypuint.
- 

~. i: cns E*~erral to Procedure TIMCNTRI ; -

-- -—- -— 5-
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Synonym Declara ti ons assigne d to VCOMIF: 
- 

-

SYMBOLIC ASSIGNED INSERT DESCRIPTION
_ NAME VALUE FILE 

___________

IA SVALID 15 DATAZGI1 A valid commanded lAS has been calculated
by TIMCNTRL.

IVGMT 14 DATAZ6I1 Either 1) CMI has not been entered via the
CDLI, or 2) a powe r interrupt of duration
exceeding two seconds has invalida ted CMI.

UiTAS 13 DATAZ6I1 The Air Data Sensor Input for lAS is invalid.
IVALT 11 DATAZ6II The Altimeter sensor input for Baro A ltitude

is invalid. -

Integer Declarations:

SYMBOLIC INSERT DESCRIPTION -

NAME FILE

TCOM DATAZ6I1 Coniiianded Arrival Time for the To-Waypoint.

TCOMF DATAZGI1 Validity flag (full word) for TCOM.

VCOMIF DATAZ611 Validity flag (full word) for VCOMI .

TIMERF DATAZ6I1 Validity flag (full word) for TIM&RAand EARLY.

GMTS Present value of CMI in seconds .

DMTGF NTABN6I 1 Validity flag (Byte) for UI-h G.

DTTGF NTABN6I1 Validity flag (Byte) for DTTG.

TASF NTADN6 I1 Valid ity flag (Byte) for TAS . TASF Is declared
as a component for pointer ADHD.

BAL F NTABN6I1 Validity flag (Byte) for Baro Altitude. BALF Is
declared as a component for pointer ADHD.

5 - a.
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Real Declarations: 
-

SYMBOLIC INSERT 
-

_ NAME FILE DESCRIPTION

YCOMI DATAZ6I1 Commanded lAS displayed on t~ - CDU and lAS Instru—
- ment. VCOIhI is a fraction o’ 1000 kts.

VCOMT DATAZ6II Commanded TAS calculated b> TIMCNTRL.

EARLY DATAZ6I1 Early/Late indicator calculated by TIMCNTRL and used
to control the EARLY and Late disp lays on the CDLI.
A positive value Is used to indicate a late status.

TIMERR DATAZ6I1 Expected arrival time error for the T-~-Waypoint.TIMERR is expressed in lateral navi gation time units .

MINR DATAZ6I1 Minimum magnitude that REAL numbers may be assigned
on t)v’ U-1108.

MAX64 Maximun magnitude that Real numbers may be assigned
on the 1.1-1108.

DMTG NTABNGII Distance between the aircraft and the To-Waypoint.

- - - -. DuG NTABN6II Estimated time required to arrive at the To-
waypoint.

lAS NTABN6I1 Sensor input for True Air Speed. lAS is declared
as a component for the ADI-ID structure.

BALI NTABN6I1 Sensor in put for Baro Altitude . BALT is declared
as a component for the ADFID structure.

DELV NTABN6I1 lAS instrument Error. DCLV is declared as a
component for the ADHO structure .

L 

IISICRS NTABN6I1 Desired course as Input via the HSI. HSICRS is
declared as a component for the ADHD structure.

NWN D NTABN6I1 North Component of Wind.

EWN D NTABN6I1 East Component of Wind.
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Task Descr iption . 
-

IF Ten seconds have elapsed since the last execution of the Time Control
Algori thm 

- -

OR A flight plan revision has occurred since the last cycle (I.e., NLTOCHG
EQL VALID ) 

-

THEN BEGIN ... Computations Required
Update own clock reading.

Assign an INVALID status to TIMERF I the validity flag for arrival time error.

Record the status of VCOMI i.e., - 
-

YCOMIF IF invalid CMI THEN IYGMT
ELSE IF invalid aircraft true air speed THEN IVTAS -

— S ELSE IF lnvali4 aircraft altitude THEN IVALT - S

ELSE IASVALID 
- 

SI

IF VCOMIF has a status of IASYALID .
THEN BEGIN ... VCOMI VALID 

- 
- 

S

After yielding channel time , record a snapshot of sensor data needed
for own computations , i.e., 

. 

- a

ACTAS Aircraft True Air Speed,
ACALT Aircraft Baro Al ti tude , -

. ACIASERR = lAS Instrument Error, 
-

ACNWNO = North Component of WInd , 
-

-
- ACEWND = East Component of Wind ,

DESIRED.CRS 1151 Course Input.

Calculate the along-track component of wind for the course presently
- Input via the M SI I I.e., - 

-

WAlK = _EACNWND*NCOS(DESIRED.CRS) 
S

F +ACEWND*NSIN(DESIRED.CRS)3. S .2

Calculate KALT, the Al titude Proportionality constant, I.e., 
-

KALT = RLMTF [ACTAS_VCOMI_ACIASERR)*KALTSCALE,ACALT*ACTAS_Ma4R) 
S

- 
. ...Limit function used to protect against overflow in

- - KALT computation. 
- 

a

- - 
KALT KALT/(ACALT*ACTAS)aa :-

- Limit KALT to the Interval (.10, .15), I.e.. - 

-

KALT a RMAXF [RMZNF (JC4LT ,.15)I.I]. 
- 

-

IF a commanded arrival time has been ente~red via the CDU .

~~~ 5--5- — 5-~~-- -~~~~~- - - - -- - - -  
-
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THEN BEGIN ... Valid Arrival Time

Calculate VCOMT , the commanded True Air Speed , i.e. ,

VCOMT = RLMTF(DMT G,DTTG-MINR)/DTTG-WATK. -

Convert Commanded TAS to Commanded lAS , i.e., -

VCO II = (MAX64_(KA LT*ACA LT)/KALTSCALE] *VCOMT .

Limit VCOMI to upper limit of lAS instrument (300 kts for G-I ,
410 kts for C-880). -

- 

Determine commanded litre-To-Go, i.e.,

GMTI=TCOM-GMTS . . . Integer arithmetic required as C~TS is
- declared an Integer.

TTGCOI4=GMTR/GMTCONV . . .Convert to Lateral Nay Tim e Units.

- 

S - EARLY TTGCOM-DTTG. .. .Sign of EARLY provides EARLY/LATE
- - indication for CDLI Display.

TIMERR = ABS (EARLY) .. .Record magnitude c-f arrival time .‘

- 
- error for CDU di sp lay.

- END ...Val id Arrival Time. 
- 

-

END .. . VCOM~ VALID. 
. -

Assign an INVALID status to NLTOCI-IG to indicate computations are not requ i red
next cycle. - 

. 
. -

END - . . .Computations Required. - - - -

( S 

- 

- 

- 

-

-
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Section 4
RNAV/ILS INTERFACE DESIGN

4.1 Introduction

The ILS program is managed by a main or executive routine. This routine
is an interface between the ILS program and the navigati on program. This
section describes operations which transition the boundary between the
u S  executive program and the 3D140 main program. A description of the
executive program is contained in Appendix E.

4.2 Operation

4.2.1 Mode Selection

The overall view of the ILS mode is achieved by selecting the u S
page. This is done by pushing the ILS line select key wi th the
INDEX page on the CDU. After pushing this key, the ILS page will
appear on the CDLI. Refer to Fi gure 1 for a diagram of the ILS COU
page. If the localizer programs are not in core , the ILS page will
lnd~cate dashed lines under the STATUS label. At any time the para-
meters ILS FREQ, ID WPT (touchdown waypoint), RWY CRS (runway course),
LENGTH (runway length) can be entered for data storage to be used for
the ILS computations. Al l owable ranges for these parameters are as
fol lows:
a. Runway cou~rses 0-360 degrees error message on

scratchpad if not within
these bounds -- w i l l  not
accept further corinands
until error mess~ae re-

- moved.
— 

b. Runway length 5-16 thousand feet erro r message if not
within these bounds -—
defaults to 9,,COO feet

C. ILS frequency a valid ILD error message if non-ILS
frequency frequency -- cannot

accept further co-r’ands

d. Touchdown waypoint A waypoint already error message if can-
entered in the flight not be found -- can-
plan not accept other

commands until message
- has been c leare d .

The ILS program tape will be l oaded when the ILS page is “up” and when -

mode Is sel ected for ~he first time. The three modes available are LOC ,
APPR AUTO, and RNAV. LOC is an ILS mode using only localizer guidance .
APPR AUTO -is an ILS mode using local izer and glideslope guidance . The
operation of the ILS modes will be discussed in a later paragraph .
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When the program is loaded , a message will indicate tha t a “DATA
SEARCH ” is in effect. The ILS computations wi l l not be accessed until
the program is completely loaded. The mode selected will be checked
for va lidit es and if the mode is not generated , an INV A LID message
will be dispiayed near the mode selector (on the same line). If at
any time the mode becomes va lid , INVALID will be extinguished. If
the mode is again selected , LOC or APPR AUTO will be displayed under
STATUS and it wi l l  become engaged. If during the engagement of LOC
a capture has not been effected and APPR AUTO is selected , and if
the validities are checked and approved for APPR AUTO , then APPR AUTO

- wil l replace LOC under STATUS. If the validities ~o not check , IN-
VALID will be displayed by APPR AUTO m ode . Once the INVALID ex-
tinguishes , if it does , the mode must be reselected before it will
take. Before any attempt to use either mode , the INVALID wil l  not appear.
In other words , the INVALID can occur onl y after a request ha s been checked
and refused . Notice that the refusal of APPR AUTO does not discontinue
the present use of LOC. The prqgrarn ta 11 be loaded if R-NAV is
selected. The program tape will also be loaded wi th the selection of the

or APPR AUTO modes. When R-NAV is used to load the pro~~arn tape ,R—NAV remains as the STATUS or selected mode.
5 -

To discontinue the use of u S  modes , R-NAV is selected. If AP is dis-
engaged , R-~Ai w il l  appear under STATUS and R-NAV wi l l  be engaged and
a message wi l , appear in the scratchpad: PUSH TO RELOAD R-I1AV DATA .
Upon the second selection of R-NAV, the R-tIAV data base wi l l  be over-
laid , removing the ILS progrum . DATA SEARCH wil l be displayed on the
scratchpad while the transition is occurring. ILS will  not be used
or serviced in any manner duri ng the transiti on . If localizer is

- in pro~~~s ~~ a~~op j~_e! 
d A i w 11 not becc~”e en-

g~~ed wi th the ~e i t  jf_ R-~AV . ~~~essa ne w ill appear on tr~e
s ch ad ~r catinc t ’ at  DI~ E\~AGE M,P B EfO P E SELLC TI ~G ~~- ‘  ~~

‘

~he re- oad irg of the R-MV data will also be_prevented unti l A/P

- -

4.2.2 Annunciators - - 

-

An 115 ANNUNC IATOR panel will be mounted on the glareshie ld. The
annunciator panel wil l display messages as shown in Figure 2. LAT -

NAY will be annunciated when the autopilot is enctaned (A PE~-lG) orthe fl ight director is en~~~ed (FDEUG) . the R-ItAV syste r~ is enoaQed
and the system is rot no~j~ q conventional R- AV steerth~~outputsi.e., not~ i~~ 1ocahzer c~ptu re/trackin.~~ LOC ARM is annun-
c iate during loca lizer arm. LOC is annunciited during loca l i ze r
capture.

S 
- 

• 

• - 

S - 
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-

I _ I

Figure 4-2. RNAV/!LS Annunciator Panel Messages

Similar looic holds for V-NAy . VNAV is annunc ia ted  when the auto-
pilot is engaQed , (APENG) or the flight director is engaged (FOENG),
the VNAV system is engaged and tne system is not in g lideslope
capture/tr acking. C/S ARM is annunciated during glides lope arm .
G/S is annunctated during glides lope capture .

4.2.3 Mode Description

b c  (LOCJ4LIZER) ~tODE

Selection of the LOG mode will automaticall y inhibit the glides lope
computations. Only a localizer capture and/or track ~i l1 then result.
If the capture conditions or logics have not been satisfied and the
processor is in a valid R-NAV sut,’iode it will continue to fly the
submode until the capture condit ions are sat is f ied . If capture con-
ditions are sat isf ied and exceeded (track conditi ons ex is t )  the corn-
pu ta t i ons  wi l l  automatically compute track computations. At the time
of LOC mode selection , all val id i t ies or parameters monitored must be
valid to engage the mode . Once engaged , loss of any vahdity will
cause the ccn’puter flag output to drive the computer flag in the AD!.

Signals monitored: 13C SUPER RAG , LOC FREQ, COMPASS.

Annunciator sequencing: bAT NAy , LAT NAY and LOC ARM, LOG
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APP~ AUTO- (APPROACH AUTOMATIC) MODE

APPR AUTO mode is much like LOC mode except automatic glideslope
captures cars be efi~cted. The computer wil l sense and switch both
tocaI izer and gl ideslope computations according to the level of the
log ics. That is , if loca lizer and glides lope capture conditions
are not satisfied , the subn’odes will continue to be used. Upon
proper detection of the necessary conditions to effect captures , the
captures wil l occur automatica lly. If the capture conditions have
been satisfied by either or both channels , either or both will
start computing the track computations. Glmdeslope capture ~sinhibited from occurrinq before LOC capture.

Signals monitored: ALL OF THOSE IN 4.2.3 and C/S SUPER FLAG ,
ALTITUDE. -

Annunciator sequencing: bAT NAy AND VERT NAy , LAT NAV AND
VERT NAV and C/S ARM and LOC ARM, LOC and C/S.

4 .2. 4 Display Contro l -

The 115 maneuver wil l be performed using an AD! and HSI much as is
done with exist ing conventional syste ms . Steering com~-ands for the
fli ght director wil l be supplied to the flight director cumputer for
disp lay on the AD! . 

~~~~~~~~~~~~~~~~~~~~ be driven by the 30/40
u S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The US! wi l l  be controlled whenever a valid LOC ARM is annur -ciated
r latched. Contro l over tre coJ rse po rter. devi ation indicators

and distance r~~dout will ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~that time . - 
-

4.3 lbS EXECUTIVE P)~OGRAM OP ERATION -

The ILS executive program interfaces the ILS approach computations with
the overall 3D/4D main cea:~put ation al program . The executive program
ccnverts data passed to it from tne main ~t)’4D program for use in the
glideslope and l ocalizer computational routines . in the ILS e\ecutive
program decisions are also made on val id i t ies and mode se lec i~n lou ic.
Basically the u S  exec ut ive program provides overal l ad’ n~~~t i 5~ t ion to
the computa tional routines. The ot~erat ion a5s describec~ in t~~t- orevious
sections of this paper are partly accomplished by the ILS
executive program. The other part is accomp lished by the 30/40 main
program. Figure 4-3 is the flow diagram for the ILS execut ive proqram .
AED codino of 115 executive program is included in Appendix E. p rom
Figure 4-3 , when the ILS page has been selected and the ILS program has
been loaded from tape , the u S  executive program is serviced by trans-
ferring data to the ILS executive program. This is fol lowed by a preset
(Initial conditions operation) .

From data passed from the 3D/4D program and ILS page, the distance to touch-
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down is now computed. Next in sequence , the mode valid ities are update
to establish the validity of each mode servic ’J by the lbS executive
program.

At this point , the present requested mode is compared to the mode now
considered active by the u S  executive program. If the requested and
active mode are the same, program flow is routed to point 1.

If the requested mode is not the same as the active mode , the validity
of the requested mode is checked. If the requested mode validity is
true (mode valid) then the active mode is set to the requested mode.
If the requested mode is false (mode checked invalid) , the previous
active mode is retained (requested mode denied).

Program flow now proceeds to point 1. If the active mode is R-NAV , -

program f low is routed directly to point 2. R-NAV pitch and roll
steering data is transferred back to t h e 3D/4D main program unaltered.
Notice also before control is transferred back to the 30/40 main program ,

• annunciator and mode validity updates are transferred back to the’ 30/40

r - main program. This is true every computational cycle.

The parameter RESETL and RESETG was set true when program fl ow was
L ~ routed control from point I directly to point 2. These parame ters

are a lways maintained true until after the f is ’st time either the
localizer ccw’putation or glides lope computation is executed. The resets
wifl be further treated below.

At point 1, should the active mode be either loccil izer (LOC) or approach
auto (APP?. AUT O), then the next action is to check the val idi ty of the
active node . The computer flag is next set depending upon whethe r the

- active mode va ’idity is true or false. If the validity is true (mode deter-
mined vali d) , tne computer flag is set true (not displayed). If the va lidity

- 
- is false , the co;-puter flag is set false (the computer flag on tr.e AO l is

displayed). - -

At this point the localizer c~tputations (localizer control laws for
determining ro l steering commends ) are serviced . When control returns
to the ILS executive routine RESETL is set false. RESElL has been used p

to establish that the localizer computations have been serviced for the
first time. This is used as. a key for setting initial conditions.
Notice that RESETL will now be false unless R-NAV mode is re-established .

From information passed to the executive program from the localizer corn-
putation , the :LS main program passes bank steering commands to the
30/40 main program if the localizer mode has been determined to be in

L a capture or track submnde. If in the arm submode , bank steering
coimnands are not passed to the 30/40 main program. Control is essentia ll y
achieve” therefore by the ILS main program overwriting the R-NAV . -

steerina commands . Notice that no overwriting will occur if the arm
submode is the present status. R-NAV continues to be flown during the
ann submode.
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After passing through the local i zer routines , a decision is made based
upon whethe r the active mode is loca lizer or approach auto . If localizer
mode is tne active modo program flow proceeds d i rect ly to point 2.
Otherwise the glides lope computations are serviced. The operation of
the 115 executive program in regard to the glides lope computations is
almost identical to that described above for the loca lizer computation.
RESETG is used ~n an identical manner to the use described for
RESElL above .

Once point 2 has been reach~d independent of the route , annunc iator
and validi ty data is transferred to the 30/40 main program. The HSI
to—from flag information is also passed at this point. The ILS
executive program is now exited and program flow moves to the 30/40
main program.

The flow graph of Figure 4-3 describes one computational cycle of the ILS
executive program. The ILS computation is processed five times a

• second and its throughput time is in the order of milliseconds ..
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- LATERAL ILS CONTROL LAW

- DESCRIPTIO N AND ANALY S IS

5. 1 I~~.roduction : -

There has been interest for some time in using area navigation system derived
data to aid in loca l-i zer captures. Reference 1 describes one pre 4minary
Colli..s ’ study that investigated this t~chiiique. Localizer capture algorithms
In genera l suffer from two important disadvant ages . Range info rmatior. is not
generally availabl c , hence the capture law is usually optimized for a g~ic~nrange and performance degradation occurs on either side of the optimum r~ige.
Referencø 2 describes an attempt to overcome some of this deficiency by ~sti-mating range from b,.am and air data. This approach showed promise but if an
area n3vigation sys tem were avai lah le , range information would be inherentl y
present. The second diff iculty in localizer captures is that the lc-a1izer
beam provides angular deviation from a reference centerline. Hence as one

- moves closer to the local izer antenna , the “beaniwidth” of the loc~1izer beam
in d istance units (e.g. ft.) grows smaller. Thus the avai lable space to ex~cute a turn onto final course once the beam is intercepted rhrink s rapidly.
As an example , the turn radius associated with 30~ of bank at an airspeed of200 ft/ sec ii.~lies that for a 90 degree beam intercept , centerline overshoot
will occur at. ranges ~~orter th an 7. ” nr” assuming capture starts (with instan— -

taneous 300 of barn ) at 20G ;A kviat’’n . At higher airspeeds , the mi nim t~mrange witho it overshoot . w il~ increase. An area navi gation syster offe,
potential all ev iation of this situation by permit ting the initiation of cap— -

tures prior to beam intercept, thus avoiding the geometry li rn it~ descr i be~above. The R1~,\V aided approach also has probl ems , however. The inherent
errors in the R-NA~’ estimates of pos ition and velocit y are such that if care

— is not exerrised , a capture initiated on R~~AV data may turn short mi ssi ti gthe beam entir ely or such a capture may turn late resulting in grocs over-
shoots. Reference I described two appr~iches to overcom ing thse problems .
The first approach involved never turning to a lesser course cut thufl 45°
before intercepting the beam. This worked well in ter.ns of l ocalizer over—
st.- o t  but resulted in two di st inct “up—down ” bank com nands or a “double bank”
characteristic which was considered by some - to be obje-t ionable. The second
approach studied in Reference l was to always initiat e the R-NAV aideo capture
with  ~0° of bank ccrji,and, but to start fading the bank command almost irne—
diatesy so that hopefull y a smooth ble nd w i th bea m based ba nk commands at
loca l-izer intercept r esulted . This approach had a more desirable bank ch~arac—ter istic but appeared to pose formidabl e dif f icult ies in properly progra~;1niIIg
the bank command fade in general. The approach to be d i scussed in this sect ion
avoids the double bank characteristi c , uses an adapt~ole initial bank ~omriand(i.e. not always 30 degrees), and provides a solution to th~ bank commandfade priblem in the c ;e where the - ystem is tending to turn snort of the beam.
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5.2 Summary

An R-HAV aided capture algorithm has been developed which provides good
local izer capture performance in the presence of nominal R -UAV errors.
The system uses R-NAV aiding only when needed. When geometry constraints
permit , the system uses primaril y beam data and bank information relying
on the R-NAV system only for range as a prima ry piece of data. Track
angl e error from the R -NAV system is used in this mode but in a way that
makes the system relatively insensitive to errors in this data. The technique
developed here assumes an integrated R-NAV/ILS flight computer , but cou ld
be readily adapted to separate R-UAV and flight computers with minima l inter-
face requ i rements. This report does not detail simulation results , but
design goals of maximum localizer overshoot less than 30 t~A and bankactivity in established track less than 10 rms with 2.5 ~A, ic beam no i se

= 4 sec.) and R-NAV errors of +.2 nm in CTD, +2° in TAE , and +40 ft/sec
in ground speed have been demonstrated in hybrid simulation at ranges from
5 nm to 25 nm from local izer antenna and course cuts from 0 to 90 degrees.
Simulation results are detailed in Reference 4.. Table 5-1 provides a concise
summary of the developed system.

!.3 Details of the Study

5.3.1 Frami ng of the Strategy

F.igure 5-1 illustrates three potential situations that may occur when
performing an R—NAV aided capture. For convenience they wil l be
referred to as the ‘turn short ’ , “good data ” , and “turn long” cases.
For captures with trip point within the beam , as shown in the fourth
case of Fi9ureS l .  no R .NAV aiding is needed. Al so shown in Figure 5-l
are the requi red bank traces for each case if a successful capture is
to occur. The follow ing argument serves tu validate the selection of
these three R-NAV aided cases as basic.

If one is to start the capture based on R-~lAV data , he has no choice
but to establish a tri p point a1~or i thm based on area navigation data
and consequently must design a system to be tolerant of trip point
shifts due to R -NAV errors . Since capture trip points in general must
be a function of veloc ity , this means not only cross track distance
-e~.ors but also veloc ity errors will affect the trip point computation.
Assuming a constant bank capture algorithm , the three possible situations
that may exist once the capture has begun are shown in Figure 5-1 as dis-
cussed above. The “ turn long ” case is critical in terms of amount of
bank command to use. If the system is tur,sing l ong the, a “reserve ”
of bank command must be avai labl e(once beam data is present) to
Increase the bank command to the required amount. Hen(.!, since the
“turn long” case may be present, the nominal bank in an R-NAV aided
capture shoul d not be the bank command limit (normally about 30°).
Note, however , that this is not an absolute constraint but rather a
consequence of the strategy being considered here. One could always
force the system to “turn short” (see below ) and thus avoid the “turn
tong” case entirely, but the strategy :~upted here seems more naturalto the author. In summary , the approach adopted is to leave some room
for bank to increase in case the “turn long ’ case occurs.
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The other disconcerting situation that can occur is the “turn short1’
case. Here one must be very careful because the beam could b~ missed
entirely (i.e. beam intercept might not Occur). To guard against this
situation , some means must be present to detect when the system has
turned far enough. Recall tha t Reference I took the approach of never
letting the system turn to less than a 4 50  course cut relative to the
beam. The approach here is similar in that it restricts course cut
relative to the beam , but is a new development in that it conditions the
permissable minimum course cut based on the state of the system and
provides a precise bank command fade al gor ithm which is a function of
the computed minimum course cut. ihis will be discussed in more detail
In Section 5.3.2. For the moment , we note that in the ‘ turn short ’1
case a “blend down 1’ algorithm must be provided to prevent turning
parallel to the beam and to smoothly trans ition bank command to beam
based data.

( Several design problems are posed by the discussion above:

1. A capture tr ip point algorithm is needed which keeps
nominal bank in capture significantly less than the
bank conriiand limit to handle the “turn long ” case.

2. A “blend down ’1 a lgorithm must be provided to handle
the “turn short ” case.

3. Good data filter ing is needed to provide noise supprcssion
without excessive lag in order that the real system tii ll
closely approximate the theoretical system.

4. Smooth transition between modes and data bases must be
( provided ,

5. The Indiv idual pieces. must be melded into a composite
system.

5.3.2 “Blend-DowrvA lgorithm

As discussed above , the need for a blend-down algorithm arises in the
TMturn short” case. There are two aspects of the blend-down problem.

1. When should the blend—down be in itiated?

2. How should the blend-down be programmed?

The first of these questions require s addressing the problem of “when
has the system turned far enough?”

• - From Reference 2, If the system Is executing a constant bank turn onto
( f inal course, the bank command (I3NK-CMD) should obey the relationship

BNK.CMO -tan~ ~~~~~~~~~~~~~~~ (5.1) 
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where
Vy Is ground speed
TAE Is track angle error or ang le of ground

veloc ity vector relative to the runway centerl ine

CTD Is cross track distance to locali zer centerline
g Is gravitational constant (32.17 ft/sec2)

and consistent units are assumed. Equation 5.1 holds through the
entire capture maneuver; and if all assumptions are satisfied , TA[
and CTO change in such a way that BNk.CMI) remains constant , assu: ;1ing
no wind. if thore is a wind , the bank must change during the capture
in order to maintain a circular track over the ground .

In particular , for a capture initiated outside the beam on R-NA ’.’ data
and neglecting wind for the moment , Equation 5.1 should hold at the
Instant of beam intercept. Now at beam intercept , since one knows
range and localizer deviation (tOC.o [V), he can compute cross track
distance at the beam edge (CTDB[). Further , since V9 and BNK.CMD
are known , one can compute the track angle error at the beans edge (Tf~EBE )
by solving [quation 5.1 for TAE as

TAE8E COS~ (1.— ~~~~~~~~~~~~~~ (5.2)
Vg

where

CTDBE Range * Sin (LOC.DEV)

with appropriate units used. if wind is present Equation 5,2 will
still hold at any particular instant in the turn . Ilowever , in simu-
latIon , certa in combinations of errors caused B~I~.CMD to converg e in
such a way that the ~AEBE computati on converged toward ze ro . Since this
is highly undesirable it was judqed best to compute TAEBE once onl y at
capture initiation and accept any resulting anomalies due to wind , which
should not be too serious since wind wi l l  sti l l be factored correctly
into command . Equation 5.2 is basical ly only used to define the trip
point for transiti on to the blend-down submode. That is , one computes
TAEBE at the initiation of capture and as the capture proceeds , he
continually tests TAL against TACBC . If the condition TAE = TA L~ E
occurs prior to encounter of the beam edge , the system is presumabl y
turning too fast and fading of the bank command should begin. If beam
encounter occurs prior to TAE = TA EBE , then the system shoul d fade
Imedlately to bank command based on beam data.

The second aspect of the blerd-down problem is the question of how to
fade the bank. Assuming an exponential fade on bank command , the
following development shows that the time constant of the fade can
be computed such that for a fade beg inning at the point TAt = TAEBE ,
the System will never turn further than to TAC k4TAE6E where o ~k-.l.That Is , a parameter k can be specified such that under no conditions
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will the system turn paral lel to the beam. For exampl e, if TA EB E =

300 and k .5, then the ~ystem wi l l  always intersect the beam at
TAt ~ k*TAEBE = 15°. The expression for faded bank command is given
In Equation 5.3

= 
~~

(to ) exp 
L_(t~~.11 (5.3)

where

t is time in seconds
to Is time at which the fade begins

is bank command

•~
(to) is bank command just before fade starts

If the mane~,ver is coordinated and neglecting lags between bank and• bank comm~ind

- ‘~(t) 
g tan

~~~
(t) g~~~(t) - (5 4 )

where Qo is airspeed. Substituting from equation (5.3)

~(t) = f. 
•~(tO) exp ~~ to~ 

(5.5)

Integrating equation 5.5 from t = to t o t = yields

= ~‘(to) ÷~~ 
•~
(to) .(5.6)

or •

A*= 
~~ ~

(to) ,. 
-

Uo
where I

= 
~‘(~

) — ~‘(to) is the change in ~ that would occurIf the fade continued indefinite ly.

Thus
______ - (5.7)

Is a relation for the time constant of the fade which permits us
to spec ify the maximum permiss ible change in head ing during the fade4.

4Admfttedly a number of approximat ions are made here , notably ~ ~ tan
and neglecting of bank loop l ags , but inclusion of these details would
be somewhat gruesome. and would not alter the essence of the development.
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An appropriate choice for ~ seems to be

k~TAEBE

where o~-kcl .

Substituting this choice for ~ into Equation 5.7 yields

- T = h o (k * TA ER E) (r 8’
9 •(to~~~~~ ‘.‘. ‘

as an expression for the fader time constant to be used in the blend-
down submode.

5.3 Capture Trip Point

• The basic requirement for capture trip point is that it be such that
reasona ble banks are u sed i n ca ptur e and reasonable overshoots occur
under all conditions. Generally bank command is restricted to less
than 3Q0 in ra:n itud t ’ and it is hi qhl y de3irable to keep overshoots
less than 3~j.A( ~40) of localizer deviation. Other factors may also
enter . ror ex t:-21c, if no R—~~V systei~1 is available , clearly the trip
point must ~ ~.ithi n the be~:’~ resu lti nq in cieometry limits for certain
close-in ca;’ture~- . Pilots often have very definite op inions about how
the bank should ~-~have under given conditions. It should also be
apparent that the conditions above involve the form of the capture
bank command at least imp li c t ly. That i s , the capture trip point is
obviousl y not independent of the bank to be used in capture . if one
assumes a circular capture (i.e. constant bank), it is interesting
to solve Iquation 5.1 for CTD to i l lustrate the CTD required to execute
a circula r capture as a function of Vg, TAE , and BNK .CMD

CTD Vg2(l - cos (TAt) ) (s , 9)
g tan (8NK.CML~) 

—

Equat ion 5.9 illustrates the generally applicable point that capture 
- -

trip point expressed in CTD terms is a function of ground speed , TAE ,
and hank command to be used in the capture . SinLe it appeared
feasible to specify a desired bank durin g capture , the approach decided
on in this study was to specif y the capture bank (CA P.t~NK) and then use
Equation 5.9 to determine the tri p poi~it , specifically

CTO Trip Point = 
Vg~~(1 - COs (~f~jj (5.10)

Further, it was felt that CAP.BNK should he a function of TAE , that
is at high angle course cuts more bank should he used than for lowe r
angle course cuts. Further , to prevent very small bank captures , the
restriction was added that ~CAP .CN KI 5° in all cases. Summarizing
this relationship, the capture bank in degrees Is given by

(‘-MAX.CAP.SNK

CAP.BNK _~~~ 90° * TAE.. .(If magnitude of result >50)

1-5 * Sign (TAE)...(otherwise)
(5 .11)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where TAE is in degrees . Before choosing VIAX.CAP .BUK it is important
te ronsider the fc ’lowing factors .

Recall from the earlier di~ cussion of the “turn long ” case that one
must leave room for the hank to increase once the beam is encountered.
Ihe question is , ‘ 110w much increase space is needed?” Fi gure 5-2 provides
some insi ght.

Figure 5-2 , based on Equation 5.1 , shows (assuming a circul ar capture )
CAP .BNK versus CTD with TAt as a parameter for a ground speed of 200 fps .
For example , if a capture is begun at .5 nmi and TAt is 900 , then 22.30
of bank mus t be applied instantaneously and held through the turn .
Conside r, howeve r, the s i tua ti on when CTD from RI~AV is in error by
.2 nmi such that the capture in reality begins at .3 nmi instead of .5 nini .
The required instantaneous bank for this case is 34~~~30 to execute a no
overshoot capture . Obviously, wi th a 3O~ bank command limit, this
cannot be achieved. Further , the inclusion of rate con~IlaI1d limi ts and
inherent system lags will incke this situation worse (i.e., bank cannot
step instantaneolNly from 0° to CAP .Br~L).

Two things are important here . Firs t , the trip poi ift should he such
that .2 nmi errors do not cause the required CAP .B~ S to exceed 30°.
Secondly, the rate com~vand lim it turns cut to be rather significant and •

the tri p point should he moved to account for its effect. This is most
simply done by noting that the approximate time required to build to
CAP .RUK is

Time- to-CA P .BrIK = ~~~~~~~~~~~~~~~

where RCL is the hank rate coimisand limit. Further the CTD traversed in
thi s i nterval of t ime i s (neg lecting any turning in this interval )

CTD.ADJ c ti~ * Vy Sin(TAE) (5.12) 
- 

p

Hence the trip point as computed from Equation (5.10) should he
incremented by Equation (5.12) wi th CAP .B~K determined from Equation
(5.11). Figure 5-3 represents Figure 5-2 corrected by equation 5.12
to accoun t for the time to build to the required capture bank. Given
the value of CAP .BNk and TAE , therefore , the CAPTURE trip point may
be read from Figure 5-3 for the case Vg 200 fps.

The only i tem as yet unresol ved is ?L4X.CAP .BNK., the max i mum bank to
be used in capture which as shown in Equatinn 5.11 becomes one of the
significant programming parameters on CAP .BNK. In the event one is
doing an R~lAV aided capture and the “turn long” case arises , ther requi red “ room to increase ” on bank once the beam is encountered is
a function of range . To see this , consider captures beginning at the
same CTO and course cut but at varying range (RNAV data is used until
beam Intercept). Intuitively, the further out one is in range , the
more beam width in feet ic ava tlable after beam intercept to correct the
problem or conversely less time Is spent using an erroneous command.
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For example , consider 90° captures at 5 nm and 8 nm respectively at a
groundspeed of 200 fps and using —20° of bank in the capture . From
Equation 5.2, if there are no errors , the respective track angle errors
at the beam edge (TAEBE ) should be

TAEBE 8nm = 70.25°

TAEB E 5nm = 54.110

where a 200 1~A “beam edge” is assumed . Now in either case at 200 of
constant bank the rate of turn is also constant and has tne value

= ~~tan~ = -3.35°/sec
Vg

Now if the trip pou t in each case is .2 nm late , the capture starts
seconds late where is given by

_ .2 nm
— 200 fps 6.076 sec.

Therefore in each case ~ of heading change would be lost where
= *Q = 20.35°

Hence t-he real TAEBE in each case is (adding ~ to the TAEBE values
above)

TAEBE 8nm = 90°

TAEBE 5nm = 74.46° I 
-

Further , the respective cross track distances at the beam edge (CIDBE)
are

CTDBE8 = ~~ nm

CTDSE50m = .23 nm 
-

Thus the required bank to complete the capture in each case is (from
Equaticn 5.1)

CAP
~
BNK8nm = -28.9°

CAP•BNK&nm = —33 .1° 
•

Notice that for the capture at 8 nm with .2 nm of error in d O , (28.9°-20.0°)
8.9° of bank increase was required whil e at 5 nm (33.l0 _20.00) 13.l0 of
bank increase was requ i red. This example supports the contention that
MAX.CAP.ONK should decrease as range decreases. Further , it is apparent • -

and desirable that R—NAV aiding be used only- when necessary.

If the trip point Is wi thin the beam , then capture will not begin until
• beam data is present. If hIAX.BNK.CAP is made sufficiently l arge at longer

ranges, it will force the capture to be within the beam in those cases
(see Equation 5.10). It was decided to make MAX.CAP.BNK 25° at 1onger
ranges to insure localizer based captures there and to decrease the value
at shorter ranges. From the example above , at 5 nm a bank increase of
13.10 ‘was required ln .the “turn long ” case while at B nm a bank increase
of 8.9° was required . Further , it can be shown that for a 90° intercept
at 200 fps, MAX.CAP .BNK = 25° Implies R-NAV aided captures at ranges

• 
-
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shorter than 1.3 nni range; hence this seems a reasonabl e point to start
progr~n~nny MAX .CAP.6~iK . down . Simulation results supported the 5 nni
conc ’Lus ions above and indicated that sliihtly more in crease was requ i red
for the case of a 20’ ground velocity error in the slow direction. For
this reason , provision of about 15° poss i ble increase at 5 nm seemed
advisable. The resul ting range program for MAX.CAP.BNK is

MAX .CAF’.BNK = 8. + * RNGLOC (3.13)

where RNGLOC is range to localizer in nm and the units on MAX.CAP .BNK
are degrees.
Collecting the above discussion , the trip point computation is performed
as follows

CTD Trip Point = vg2
~]~ç9sTAF ) 

+ CTO.AOJ (3.13a)

where
CTD.ADJ = * V9 sln (TAE) (3.l3b)

and CAP Bt1K * TAt ... if magnitude of result is —5°

CAP.B NK =1

~~ 
* SIGN (TAE) ... otherwise (3.13c )

and MAX.CAP.BNK 8. + -~~-~~- * RNGLOC <25° (3.13d)

( CTD trip point as a function of range and course cut is shown in Figures
5-4 for a speed of 200 fps . Superimposed are lines for 200 nA ( u s  CAP
“beam-edge”) localizer deviatio n and “track tri p” . These are significant
boundaries for they delineate NAVEAP , ILSCP1P, and track regions respectively.*

An alternate presentation of trip point information is shown in Figure ‘

5-5. h ere , for constant course cuts of 90 degrees , CTh trip point is
plotted versus qround speed and range. I 

- -

5.3.4 Track Trip Point

The transition from capture to track normally occurs when

LOCDEV .- 30 1~A for RNGIOC .. 13 nm

and for
LOCOEV * RNGLOC .~.09l nm for RNGLOC 13 nm

*~f the capture trip point lies w i t h i n  the “Track Trip ” boundary, capture mode
Is deleted and the system transiti ons directly from heading mode to
track mode. -

101 
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The transition from angular to linear CII) criterion for transition to
track prevents going to track at high values of TAt at long ranges
where 30 ~1A represents significant linear deviation. The advantage
here lies in maintaining capture mode and hence the circula r nature of
the capture as long as possible. However , in the event of severe cross-
winds or unusual ly bad in itialization the possibility of turning parallel
to the beani dur ing ILSCAP exists. To provide a final safeguard against
turning parallel the following override trip to track feature is provided .

Since in !LSC~P the system is still perform i ng a circular capture a
sligh-t derivative of Equation 5.2 for the TAEBE (track angle error at the
beam edge) can be used to compute TA [TRK (track angle error at track trip
point).

TAE IRK = cos~~i~ — ~~~an(4~NkCND)*CTDTRI~ (5 14)
L Vg J

where

f~o11A * 

~~~~ 
nm , RNGLOC 13

CTD IRK =‘~

(
.091 mm , RNGLOC .1 3 HO?

The system tests for (ITAE I — .9 * TA[TRK), computing TA [TRK via Equation
5.14; and if this condition occurs durin g JLSCAP . generates an override
trip into the TRK mode. The flattening of the TAE1RK curves at long
ranges is due to the fi xed CII) track tri p point at ranges greater than
13 nmi . The flattening at short ranges is due to a bottom limi t of 7”
imposed on the computation (actually 7.73° on TA [TRK so that .9*TAETRK — 7°)
to ensure that th i s f inal test neve r drops below tha t val ue. That i s , the
system) is constrained under all circumstances to go to track from ILSCAP
if TAE drops- less than 7 degrees .

5.3.5 Data Filtering

All of the foregoing discussion has neglected noise - and lags on sensor
data. In order for the conclusi ons and predictions above to be accurate , I 

-~the data filtering, particularly on loca lizer data , must not introduce
excessive lag. The often used system of about one second lag on radio
and a complementary filter using radio and bank or heading to derive
beam rate introduces lags that sign ificantly compromise the performa,nce
of the System described here based on simulation results . For this
reason a second order data filter for radio was developed which empl oys -•
a bank Input to provid e complementin g for both beam rate and position.
With this filter , better perfortn~nce in captu e resulted and bank activity
In track due to beam noise was very si gnificantly decreased~. This filter
is described in detail in Reference 3 and performance i s do~~mented in

( Reference 4, hence it will not be discussed further here.
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5.3.& Mode Transition

As implied in the prec cedinq discussion , there are severa l distinct m odes
in the system tha t hav e evolved from this s tudy. It is assumed that
there i s a hea ding sel ect mode wh i ch i s controlling the a i rcraft to a
fixed heading (or course ) prior to init iat ion of capture. Ca p ture may
be Init iated either on R-tLW data or on beam data . In the former casc ,
a blend-down subroode may occur , and eventual transition to beam based
capture must occur. rina ll y, a track mode assumes control once capture
is completed. The transitions from mode to mode must be handled smoothly
with no switching transients. The general mode swi tching sm oothing technique
is shown in Figure 5-6. The fade is basicall y a di gitized exponential
fade with 1 to 5 second t i e  constants being typical.

5.3.7 Final System Description
• Capture Modes -

A block diagram of the total R-NAV aided ILS localizer capture and track
system is shown in Figure 5-7. It should be noted that there are basically
two potential capture modes. Capture computations are based on R-NAV data
(NAVCAP) or based on ILS data (ILSCAP). Further there is a blend -down
submode (BLNDW JI) of NAVCAP which is provided to fade the bank command
down in the “turn short’ car e. If R—NAV aiding is needed. the NAVCA P
mode will occur first, tran’- ition ing to ILSCAP when localizer deviation
becomes less than 200 ~A. if during NAVCAP the systcn~ turns too f~r
[determined by continually comparing TAt ~- -i th predicted TAE at the beam

- • edge (TAEB[) during HAVCAP), the BLN0WN submode is autom atically selected
and fades the bank command according to the fade algorithm discussed in
Sect ion ~.3.2. ILSCAP can occur in two ways. Fi rst , if UAVCAP i s in
progress and local izer deviation decreases telow 200 ~A , then ILSCAP is
selected immediately. The other case occurs when the capture trip point
is such that local izer dm”~ation at that point will be less than 200 ~A.
In this case no R-NAV aiding is needed and the ILSCAP mode is selected
Imediately. In terms of logic equations , the capture conditions may
be expressed as

NAVCAP = [(b C 0EV >200~A) • (CTDNAV <CAPTRP)).(RhGLOC <ILSLOK) (~~l5)

IL SCAP = [(LOCDEV <200..A) • ~NAVCAP + ~CTDILS sCAPTRIP)~3. (DEVFLG) (5.16)

BLPIDWN = NAVCAP: (ITAE I <ITAEBEI’) 
- 

(s,l7) - 

•

where ILSLOK and DEVFLG are added protect ions against R-NAV trip at ex-
cessive range due to CTONAV errors and false ILSCAP trips due to dé—
creasing LOCDEV at wide angle* respectively.

False Trip Guards and Dev iation Rate limit

Both of these protections are shown in Fi gure 5-8. OEVFLG bas ically in-
Piiblts loca lizer computations at greater than a nominal deviation of 70
from the beam centerline . Seven degrees was chosen so that even with
R-NAV errors the con~puted value will lie reliably between 40 and 10°. • 

-

*~ocalj zer signal strength In a +10 degree sector should be adequate to saturate
the receiver but may drop off at wider angles .
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ILS~0K basically inhibits NAVCAP if RNGLOC and TAt and VG data indicate
that a non- R-NAV aided capture can he made. The only protection really
is against earl y captur e due to R-NAV CTD errors in regions where RfIAV
aiding is not needed. The eqL~ation for IISLOK was generated by tabulating
the ranges at wh ich various TAt captur e trip points interc ept the beam

• edge (200 t:A) at 200, 250, and 300 fps and then
curve fitting to this da ta . It should be noted that if LOCDEV ~200~.A ,
then CAPTRP is based on ~-‘~AV data , but if LOCDEV 200 . J~, it is based

— on beam da ta . This fec ture is necessary to prevent R-flkV errors from
corrupting the trip point uf an ILS data only capture. To protect against
decreas ing L OCDEV a t w i de en gles , D EVFLG . as discussed above, is used ana
to prevent false trips due to momentary in te rference as well  as to gu ard
against sudden transients a rate limit on IOCDEV is inc luJed . This rate
l imI t is prograr~ned with TAt and speed but l ower limited at 9~A/sec underall conditions . Figure 5-9 shows the proçramrning on the rate limit w hich
is basically determined by dividing the cross track rate of the aircraft
by ran ge and then increasing this value by 30~ to prov id e a conserva ti ve
estimate of deviation rate.

Fade From ~AVCAP_ to ILSC A~
Notice tha t during flAVCAP a fader circuit like the one of Figure 5-6 is
prepared to fade from N~VC AP to ILSCAP when the need arises . Similarly
during !LSCAP a comp anion fader stands ready to blend to the track mode.
The bank conv;and in ci ther tIAVCA P or ILSCAP is the prop’~r one to generatea circular captw-~ and both are esse ntially the same as Equation 5.1
although the form used in 1LSCA P is modified to more appropriatel y use
beam based data. This form is easily uerived f ro m Equation 5.1 which is I -

repeated below

BNK.C MD -tan * 

~~~~~~~~~~

--- (5.18)

Multip lying numerator and denominator of the arctap argument by
(1 + COS TAE) and substituting SIN ’(TAE) for l—COS’-(TAL) in the numerator
yields

BNK CMD - t —1 k!g Sin (TA E ) ) 2
- — an g*CTD(l + C~S (TAE)J

But
Vg*SIN(IAE ) Cross Track Rate (CTR)

Hence
BNK.CMO = -tan~ ~~~~~~~~~~~~~~~ 

(5.1 9)

Equation (5.19) uses CTR as well as CII) explicitly and can thus make
effective use of the beam data f i l ter output. Groundspeed es t im a t e
errors will not influence Equation (5.18) directl y and TAt errors will
not have a large effect , particularly as the system approaches t ransit iOn
to track SInce as TAE -• 0, COS(TAE)-l. ar-i (1 + COS(TAE))- 2. Thus , this
term does not have the effect that it does in Equation ( 5 . 13 ) ,  where

- - _ _ _  _ _
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(l—COS (TAE))- 0 as TAE .0. The form of Equation 5.19 i~ no better than
tha t of 5.18 in NAVCAP , however , since in UAVCA P , CTR ..Vg*Sin (TAt )
which simp ly would bring back TAt in a different form.

Track Mole
The track r ode is a conventional proportional combination of position arid
rate relative to the bean center to form bank command. The trip point
for going to track mode was discussed in Section 5.3.4. Track gains are
given in Table 5-2 in severa different forms for ease of correlation with
other work. A stabilit y anal ysis of the track mode appears in Suction 5.4.

J~ange 7 nm Range 7 nm Range 8 nm

Gain on Position (3.2 = 046)
~c~a 

~~~~~~ 
~~45)

or (13 ~~~~ 
or

( 279 ~ 
dot (l3.6)~~~-- nm dot

Gain on Rate (35 5\~ * 
-_____ (

)fps RNGLOC , fps ~.438 fps

(.844)~~-~ (:844 ~~~~~~~~~~~ (.7:: 
~~~

table 5-2. Rate & Position Gains for Track Mode

Notice that the output of the data processing filter is pàsition and
position rate to provide the requisite data to the capture computati ons.
This is also the appropriate form for the track mode at close ranges.
However , at longer ranges the effects of beam noise, perticul arly ex-
cessive bank activ ity , require that gains be softened , usua l ly  such
that the track law becomes angularl y base d rather than pos i t ion base d.
The RNGPGM block of Figure 5-7 may be sc-en to provide this feature since
at ranges beyond 7 nm (neglecting the f i l ter for the moment since its
parameters are not range dependent), .

CTDTRK = 
~~~~~ * RNGLOC * LLJCDEV

CTDTRK = 7 * LOCDEV (5.20)

I Equation 5.20 shows that CTDTRK beyond 7 nm is really in angular units
with the 7 being the required factor for blending properly with the
linear ized portion. Al ternatel y, the combination of RNGPGM progranining
downstream of the filter and RNGLOC programming of LOCDEV upstream o~ thefilter provides linearization of LOCDEV Out to 7 nm and a constant ga in
beyond that range. The rate Is treated similarly to take care of the radio
contribution to rate. There is no real necessity to program the bank
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contribution to rate and in fact stability would be aided by not doin g
so. I~owever , in order to maintain system simp licity , no separate pro-
vision was made for bank contributed rate.

Data P rocess i~~
The data processing portion of the block diagram consists primaril y of
a double complementing filter (DCF) as described in Reference 3.
Since in this application roll or bank is used for generating accelera-
t ion , it is termed the roil radio double complementing filter (RRDCF).
The proportional combination of RRDCF ra te and R—UAV based rate using the
function KYOBLN provides slightly improved rate for capture . The basic
idea here is tha t alt hough bank prov i des in format ion about accele rat i on
orthogonal to the aircraft fuselage reference line , the RRDCF filter
requi res accele rat i on relat i ve to the bea m cen terl i ne. Hence bank i s
processed as

=_g tan (
~

) cos (TAt )

At high course cuts , therefore , bank does not rovide very good infcr-
mation about acceleration relative to the beam. The necessity of con-
plement ing RRDCF fflter rate against R-~AV rate in capture is not firnly
establishe d. R—NAV rate is used to initialize RRDCF and low frequency
updates by radio rate mi ght then provide suff icientl y good rate. The
funct i on us~d for KYOBLH is cos(TAE) so that as the system turns unto
the f inal cou rse , the influence of R.NAV rate is removed . A washo ut on 

- 
- •

bank is used dur ing track to prevent beam tracking standoff due to bank
bias.

4 ( Output Comm and Process in g
The final aspect of the system block diagram is the output command pro—
cessing shown at the right side of Figure 5-7a. Basically a 5 degree per
second rate comand limi t and a 30 degree command limi t are imposed. The
lead—lag compensation is necessary for the specific Gulfstream I auto—
pilot i; terface provided for in this application. The system interface
to the Sperry SF40 autopilot interposes a 2 second lag between the avail —
able heading error port ~nd the bank command sun~iiing point. Figure llb
shows the equivalent block diagram of the SP4O autopi lot. It should be
noted that this is a somewhat sluggish autopilot having particularly
large servo lags. Th is factor necessitates running somewhat l ower outer
1oop gains than one might prefe r in approach.

5.3.8 Software Organization

The basic software urganizat iori required to implement the system described
• above is shown in Figure 5-10. The local izer capturr a-id track comput -tion
are a submode to the u S  main program which interfaces with the ~-UAV main
software. The chosen approach is to process the data in one software
block , determine the proper mode in another , and then perform control
computatio ns based on the determ i ned mode. Finally, the output contral
processing does the rate and amplitude command l’miting and the lead-leg
compensation as shown in Figure 5-7a. A more detailed block dianran i i~provided in Figure 5—11 . ihi, program listing is gi v e n  in  Appendix F .

-- -~~~~~~~~~ -— -
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5.4 Stability Analysis of the 30/4D Latera l u S  Localizer Track Laws

Figure 5-12 shows a block diagram of the track control laws from sensor
inputs to bank command while Figure 5—13 shows the block diagram for autopilot

• and aircraft. (Note the rather slu ggish aileron servo.) From Reference 3
the pole-zero parameter A in the RRDCF filter (See Figure 5-12) was set at 2
with the bandwidth parameter K fading from 3.036 (the capture value ) to 10
once track was well established. Stability and P50 data WdS therefore computed
for both extreme values of K recognizing that the results for K 3.036 will be
applicable early in track while those for K=lO.O apply for well established
track. loops were broken at radio and at bank command . The loop at radic
plots must be interpreted carefully particularly for K=lO , because the comple-
menting effect of the bank feed through to position (see Reference 3) perm i ts
somewhat l ower than conventional bandw idths in the radio loop.

The system was l inearized (RNGPGM) only to 7 nm from the localizer antenna
since lineariz ing further produced excessive bank activity.

At long ranges , therefo re , the bandwidth of the system both at radio and
bank command decreases considera bly (-20 log (7nm ) —11.06 db). Stability

was checked careful1y~therefo re1 at the assunied~~~~renie range of 25 nni. Fi gures
5-14 to 5-17 show gain/phaco plots for loops broken at radio and bank
command for K~3.036 and K~ 10 rcspectively 5 all at 25 rim. Note on Figures 5. 14
and 5-15 the phase dip below 1600 at low frequency. This dip is due to the
bank washout shown in Figure 5-12 . The ma gn i tu de of the d ip is greater fo r
shorter than for longer washout time constants . For thi s reason a 60 second
washout is used at 25 nm programmed down to 30 seconds at 50 nm . The long
washout at near range is undesirable due to the long chargi ng time required
to remove bank biases which are more troublesome at near than at far ranges.
Bank biases, i f not washed out , result in both posit ion and rate biases out
of RRDCF (see Reference 3). Tabl e 5—3 tabulates the stability margin and
crossover data from Figures 5-14 through 5—17. Also shown in Table 5-3 is the
analogous data for 5 rim range .

Range W.-u K RNGPGM* RNGPGM* Loop at Radio Loop at sank Cmd
T ime KCTDTK KCTRT K HF -

_____ 
Const. dee/ft de9/fps Wc.o. I P.M. G.M. Wc.o. P .M. G.M.

25 nm 60 3.036 7 3.2’ 7 ~35\ 
- 

.092 25° 11 .101 
- 

38° 24
~~~~~ ~~~~~~~~~~~~ ~~ I

T I I I
25 nm 60 10.0 7 (3.2 7 35\ .070 200 7 .092 42° 1 24

_ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___  — _ _ _ _ _ _ _

<7 nm 30 3.036 3.2’ (35~ .155 31° 8 .26 57° 13

_ _  _ _ _  _ _ _  

L7r) r\~: _ _  -- _ _ _ _

<7 nm 30 10.0 1 3.2\ ,/35’\ .09 24° 10 .295 60° 13

_ _ _ _ _ _  

‘7~~
) ~L I________

Table 5—3. StabIlity Margins

-- 
_ _ _ _ _ _ _ _ _ _ _  I
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SectIon 6
LONGITUDINAL ILS C0~1TR0L

- 

LAW DES iGN AND ANALYSIS

6.1 INTRODUCTiON 
- 

-

The gl ideslope portion of the ILS approach control laws are presented by
this report. The control laws provide for a smooth, transientless capture
of the glideslope beam. The control laws will automatically adapt for
varying 3irspeed , wind and beam angles . In add ition , both above and
below the beam intercepts can be accommodated .

The control laws devel oped rely upon derived vertical rate to enhanc e
the adaptive capture capabilit ies and to supplement basic autopilot and
f l ig ht director path dampening and gust al leviation. The autopilot and
fl ight director both accept pitch commands from the gl ideslope control
laws in the 30/40 processor to an altitude hold port. Once attitude is
closed in a glideslope control loop, it has been found that vert i ca l rate
is of some benefit for gust alleviation , but it cannot be used to its
fu l les t  advantage.  The con trol laws , therefore, have some advantages over
convent ional pitch impl emented controls while exhibiting similar tracking

~ I 
performar.~e.

A description of the gl ides lope  comoutat io ns , stabil ity and performance
analyses are contained herein. The g~ides1ope control 18ws dinital pro~ir~r’

_ listing is con tained in Appendix~~~~ - - -

6.2 GL1DESLOPE OPERATION AND DESCRIPTION

Glideslop e control laws are provided for vertical navi gati .n of an R1JAV/
ILS approach capability . An adaptive capture capability h-3s been desioned
into the glideslope control laws. The control laws are illustrated in
FIgure 6-1. -

Glideslope operation is performed with the 30/40 system just as is done with
any conventional fl ight guidance computer . Basically glides lope capture
is initiated from a flight path which has been set up to intercept the
gl i deslope beam. Most often the gl ideslope is intercepted from a zero

- -- 

~~~~~~~~~
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fl i ght path angle or altitude hold maneuver. Unlike some glid eslope operations
the contro l laws in the 30/40 system will also allow th&-w~.r ~o capture from
above.

Operat i ona l l y, ql i deslope capture -and tracking can be accompli shed in
the approach auto mode (APPR AUTO) of the u S  portion of the 313/40
system. Once an i n tercept has been es tabl i shed so that the a irc ra ft w i ll
Intercept the qlideslope bea i-i , capture is completely automatic. The
system compares beam and vertical rates with beam deviation and poh -ity to
establish a capture trip point. Figure 6—1 also includes the capture logic
which dictates when capture occurs. When pitch command is sensed to 90 thro~~r
zero in the correct direction as determined bj  comparing its polarity with ~h.1tof beam deviation , capture is initiated .

Sinc e the capture is a function of both beam closure rate and vert ica 1
rate , capture is a function of ground speed and flicht path anole. Ground
speed in turn makes the capture a function of aircraft speed and wind. If
a capture is in itiated from altitude hold , the capture trip point will vary
as a function of how fast the qlides)cpe beam is approached. The trip
point will move further from the glides lope bean center as the ci sure rate
increast- s no matter what reason. Similarly, if the aircraft has a vertical
rate c-~ -bu shed , capture wi l l be adjusted to compensate for the “ertical rate.
As an t ’ -Iple , when capturing from above , capture will be initi 3ted further ‘ —

from the glide slope for a greater vertic ci rate or fli ght path ~nterccpt . Cf
course , t eam rate alone ca~ ~lsu sense this hi q !~-,- closure i-ate , but the add-i —
tion of vertical rate has proved to be more accur~te in adjusting the trio ~‘oinespec i ally in above the beam captures.

Oncecapt ure has been initiated , the beam rate is held by a track/store
operat ion . Also not ice that at the instant of capture a fader or washout
is initiated on both stored beam rate and vertical rate - The action is such
that at the instant of capture, pitch command is zero , and the aircraft pro-
ceeds toward tile glides lope beam. Deviation therefore decreases while the rate
signals (which are being slowly faded out) provide a nose up or nose LI-/n p itch
command , whichever is appropriate to trans ition the aircraft to the glid e-si c-pc
path. The fader I-/ashes out all of the beam rate and initia l vertical r at  - aS
the aircraft acquires the beam centerline . In t:iis manner the :ontrol l aws ‘

smooth~y and tra nsient less ly transition the aircraft from i~~ intercept fli ght
path to the beam center.

After capture , trackina is provided by glides lope deviation and washed out
vertical rate. Tue capture bi as provided by the store~ I~carl rate is
completely ren’o-’ed. Vert ical  rate is was ”ed out  to prevent the vertical
rate or descent rate from causing a deviation standoff in the control laws .

The con trol laws de~eloped for the 30/40 use vertical rat° to good advantaoe
~s was expl ained in the introduction , it should also óe poir~”d out thatfor auto p ilct operation , vertical rate is required to dampen the deviation
path . Pitch attitude used for deviation path dampening in the autopilot
is washed out (by the 5 sec forward integration) faster than can
normally be done to provide stabili ty with stiff gfldeslooe tracking.

_ _ _  _ _ _ _ _
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A breakdown of the glideslope operation and details is given
j ‘• below:

6 2.l Overview of Gl ideslope Operation 
-

The qlides l ope computation may be entered via a transition from the LOC or
the RNAV mode. The RNAV computation will request the ILS main pronram
to perforr~ this transition . If all system v3liditie s are acceptable ,
the u S  main program will activate the local izer and qiideslope compu-
tations. Each time a transition is requested~the IL~ main program will
initialize the ql ideslope computation by settino the logical
variable RESETG true for one program cycle. - -

• 
- As long as the localizer computation is in the LOCARM condition , the

RNAV steering commands are used to control both the lateral and long i-
tudinal axes. The transition to LOCCAP terminates RNP~V control of the
lateral steering commands only. ILS control of long itudinal steering
command will occur when the qlideslope capture mode is entered (GSCAP )

• subsequent to LOCCAP . However , deactivat ion of the ILS computation ,
- 

• after LOCCAP , can only be achieved by disengagin o the autopilot and
reselecting the RNAV mode. Re-entry of the ILS -computation is possibl e
and will be treated as an initial request by the ILS main program.

6.2.2 Gl i deslope Arm (GSARM) Log ic -

The ql i deslope control law will be set to the GSARM mode whenever the
log ic signal RESETG from the u S  main program is true. The computation
wi ll reriain in this mode as long as the local izer computation is in the
arm condition (LOCAR~1). While in this mode , the computat ion will esti-

• mate the distance to and the approach rate of the glideslop e beam.
fol1owin~ LOCCAP that information will be used to select an appropriate
point to transition into the capture mode (GSCAP). The transition will
occ ur at the first opportunity fo llowJ~~ the termination of LOCARM and
prior to the intercept of the gl ideslope . -

~.2.3 Glideslope Arm Computation -

• Wh ile in the arm mode , external steering commands are passed directly
throu gh the computation without modification. The rad io deviation is
passed through a gain programmer to estimate lir~~r distance to the
gl ideslope . A rate den ver estimates the approach rate of the glide-

- slope and these two signals - are combi ned with derived barometric alti- -

tude rate to generate a pitch command. That command si gnal is routed

-~~ to the capture logic rather than the steering command.

62. 4 Glideslope Capture Logic -

• Assuming the local izer computation is not in the arm mode and the air-
craft is on a course which will at some future time intersect the g l ide-

- - - 
- slope , rad io deviation will establish the major portion of the pitch

command and the rate signal will contribute a portiQn in opposition to
- the rad io signal. As the gl-i deslope is approached the closure rate will cancel
and then exceed the radio signal. When this occurs the pitc~l cocr~an d wi l l iri —
tially be zero and then of a polarity which directs a flight path away from the
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gl ideslo pe bea m . The capture detector monitors the localizer coniputa-
tion status , the polar i ty of rad io dev i ation and that  of the p i tch
command . When the condition described above exists , the gl ideslope corn-
putat ion is switched to the capture mode. Once this mode is enabled
the computat ions are la tche d i n that mode . The GSARM mode can only
be reinitiated by the RESETG command generated in the u S  main program.
While in the GSCAP mode ti VOR/DME /baro altitude based RNAV steerino
command wi l l  be overwritten by the computed pitch command.

Derived barometric rate is used in the capture logic to sense glide -
slope intercepts from other than a zero fli ght path. This enables
Captures to be made from all practical intercept angles , includ ing
above the beam captures. 

-

6.2.5 Gl ideslope Capture and Track Comnutations

Figu re 6-1 also identi fies the capture computations. There are two
- - major functions performed by this control law : (1) generate a pitch

command which will provide good capture and tracking of the glides lope
beam and (2) smoothly transition from external (RNAV) control of the
steering command. The first task is accomplished by mixin g radio

- • deviation with barometri c altitude t-ote to obtain a pitch command.
The radio deviation is gain programmed , and altitude i-ate is washed
out to remove its steady state value . Derived radio rate is held to

- - - the value it has when the capt ’ire mode is enab led , and since this
si gnal enters pitch coninand via the same path as altitude i-a te , it
will be smoothl y removed by the same washout used to el im in ate the
steady state value of altitude rate. Notice that the washout is
utilized only after capture . _v~~u~- of the external steerin
command, at the tire of transit ion to GYCAP , is added to the cc~:puted
p~~~h command via a wdshout . Since jitch co~i-nand is e f fec t i ve l y zero
a t t h a t  t i m e , oyc rw r i tin~ the steer inn conr’a-nd t-,il l not cause an un—
~~~ p a l e trans t wh ile the pr ’viousl~ couj i led comliland is faded
out.

6.3. Control Law Analysi s -

Control l~iw anal ysis was perfor-med on the system shown in Figui-e 6-1 .
Included ~n the fi gure is a model of the autopilot. The autopilot
model was derived from time res ponse da ta taken on th e N AFEC
Gulfstr cam I a i rc ra f t . The gains and time constants
were se lected to match the fol low i ng data para me te rs fo r a ste p command:

a) Time to peak: .42 sec.
•.1 b) Settl in i time : .9? sec .

c) Overshoot: 3O~d) ror~:ard Gain: 4 deg Se/dog 0
- 
e) Integratio n Rate: ) •5 0  oe/sec .
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The only modification was a 4:1 reduction in forward gain. The
probable cause of this change is an invalid elevator sensitivity in
the aerodynamic data available at Collins.

Figure 6-2 i1lustrat~ the manual throttle control loop. The model has
shown good correlation with manual pilo t performance.

6.3.1 Radio Gain Programme r

The gain proaranuier converts radio deviation (214 pa/deg) to
linear feet of cross track distance (.496 fthja-nni) out to 5.58 nnt
from the end of the runway . Beyond this point cross track distance
is fi xed at 2.8 ft/jj a . To extend the range of the programmer beyond
this point would invariabl y result in unacceptable performance due
to beam noise. Assuming a shallow 2.5 degree gl ides lo pe, the programmer will
be effective to an altitude of 1 ,480 ft. Consequently, norma l
Captures will be performed within the linear ranee of the programmer.
The programmer is a function of distance to touchdown rather than• altitude.

6.3.2 Captu re Detection

Although it is certainly possible to initiate i caoture outside the
-l inear range of the gain procj ranvner , the effect of the non-linearity on
the capture detecto r is marg inal and the following discussion will
therefore be presented assuming lint -ar programmer range . Referrina to
figure &-l,an internal pitch L ommand is formed when the glide-
slope computation is in the arm condition (GSAR~-1). The value of
that signal w i l l  be

0 Kh ( K~~ M1 + Fi) + Khah 
- Eq. 6-1

where

0 degrees of pitch command (-i- directs a p i tch
down att itude )

= approach rate of the glideslope beam (ft/sec)

ascent rate (ft/sec )

= cross track distance (ft), positive above the
gi ideslope

• Any fli ght path intersecting or almost paralleling the glideslope
will result in the rate terms having a polarity opposite to that of rh .
When the rate term equals or exceeds the posit ion term , the glide-
slope capture mode will bc enahled (GSCAP). Two conditions exist
which will result in a missed capture : (1) transversal of the
capture window wh ile iOCJdd1 is active , and (2) a flight path
paralleling the g l ideslope which never established sufficient
proximi ty and/or closure rate to intersect the capture wi ndow. - 

-
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The glides lope capture window may be more clearly defined by ex-
pressing the xate terms as funct ions of flight path angle:

= U~sin (a)

= LJ0sln (a-a g)

where 
-

- - U0 true airspeed

a flight path angle measured as positive counterclockwise
from horizontal

ag glideslope angle (nominally -2.5 deg.) -

Substituting those expressions into equation 6-1 and settinq Q~0 yie1d~-
the crosst-rack distance at capture as a funct ion of flight path ang le:

~~ 
= - ~~~U0 EK:~- sin (a-ag) + sin a] Eq. 6-2

where

= .15 deg/(ft/sec) 
- 

- 

I

= .05 deg/ft

K~~= 2.22 ( f t/ sec)/ ( f t/ sec)

U0 200 ft/sec

a9 
= -2.5 deg. - :

then

= - ( 3 3 . 8a  + 58.2) - - Eq. 6-3

Equation 6-3 assumes the flight path angl e relative to both the glide-
slope and the horizontal reference li ne is small enough to allow
the substitution of sin (x)=x. The mode logic tests the polarity
of cquati2n 6—l agai r~t that of ah , i.e. if (son x) / (sanah ) then capture
Is initiated . Therefore, the capture w i ndow is defined as:

- Kh 
u0 

[KAc1 sin (a-a 9)-’- sin a]

~~~~ 
h tjo [K A~ 

sin (a_a g) + sin a] .

-

~ 
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Figure 6-3 graphically presents the glides lope capture window obtained
via ~quation 6-2. Capture wi l l occur ~~~~~~ (1) the aircraft is below
the beam and the flight path angle is on or above the line described
by equation f-2 ,or (2) the a i rcra ft i s above the beam and the flight
path angle is below the line described by equation €-2 .

Five capture boundary lines are Shown to illustrate the effect of
longitud inal wind and varying glides lope angles.

Clearly, an RMAV a pproach para l le l ing the gl i deslo pe must , at some
point , close to within 58 feet of the glideslope . Since RNAV
errors of 150 feet are not out of the question , there is a possibility

• of missing the glideslope if capture is attempted with P~-NAV assist.
However, random va riations in the beam as well as the aircraft
position will norma l ly result in a capture . A mere probable cause of
missed capture woul d be a close-in approach whic ’i resul ted in a
flight path angle in the — 1. 0 to - .2 degree range. Here , the ca p tu re
window ca n become qu i te small . Simil ar arouments apply to captures
from below the beam. Although it would be possible to modify the
capture laws to encompass parallel RNAV approach configurations
addit ional develo pment w i l l  be requ i red.

Since the capture window is actu ally determined hy measured pe; tiori
-and rate information , the capture point will he moved tu ~umt-ensate/ for along track and cross track wind condi tions as well as va i-iati on s
in g l i deslo pe angle.  Simulation data included in this report demon-
strate the use of capture point movement to maintain a relatively
smooth pei-formance during the capture maneuver. Estimates of dis- - 

-

tance to and closure rate of the beam jn equation 6-3 compensate for
environ mental variations but cannot oist nquish between ascendin q,
descending, or cons taut altitude capture condi tions. The altitude
rate term does provide this information and is used to extend the
capture point thereby suppressing excessive vertical rates . Exa-
minatio n of simulated captures from above the heani shows the comolete
absence of overshoot under these conditions.

Table 6—I summarizes data fcr simulated approa ches. The inte,-cept
point is defined as the beani altitude at the intersection of the
gl ideslope and the flight path prior to capture . The approaches
were simulated to evaluate system performance capturing and tracking
the gl i deslope. -

- 
133



_________________________ - •-

~-~w--- 
—

~~~
-
~

----i-- — 

~~~~~~~~~~~ ~~ -_---- --- 
___________________________

I -

• 

H
p~~v~~A t  ioi -4

(

Figure 6-3

- 

\ 
- Capture Boundary

I ~~~~~~~~~

‘

~~\ 
‘
-\  \ I ~~~~~~~ 

- 
~~
—-— ----- --—--

\ ~- 
FUG~~~ t

- 
(c~~,)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -~- - I -
~

-‘ 
•.~ 

‘
\~~~~

\
~~ 

9 ~
- 

-

\\\~~\- ~~~~~~~~~~~~~ 
- 

-

- •~~~~~~~~~~

_
-
- \ \  

- 

- -. 

H

- 
-~ ‘u ~~~~~~~~~~~~

\ \ — ~~~ D

- 

- ~~~ ~~~~~~

. . — 
~~~

. 

~~

H -  

-

- 

-
- 

~ ~~~~~~~ 

- ~~
_
~~o ~~~~T b~~~~~~ O ~J ~

IL - 

-
-



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - :-  ~ -~~~~- - -—~~~~~ -——~ _-___ 
~~~~~~~~~~~~

S...S.-.

- ‘S -

Table 6-1. Simulated Capture Da ta

- - Intercept Fli ght Path Capture Predicted Overshoot Settling Strip
Point (ft) Angle (deg) Point (ft) Value (It) (ftj Time (sec) Chart

1000 0 -50 -58.2 --- 8 IA

1000 (From —5 +125 +132 —— 45 lB
above) -

1300 0 —50 —58.2 —- 10
1300 (From —5 +125 +132 -- 45 10

above )
1500 0 -54 - ‘- 58.2 6 20 1E

1800 0 -58 >- 58.2 12 28 2C

1800 (From -5 +90 <132 -- 55 2D
above) -

As would be expected the data confirms anticipated resul Ls. Along
wi th the prev iousl y mentioned adaptive behavior , the ga in programmer
is seen to reduce the capture window as distance to touchdown in-
creases. This is the only non-linear e fect in the capture maneuver.

Analog computer simulation results are somewhat different than the pre-
dlcted values due to a dead zone in the analog captu re logic. The
predicted values were attained when simulations were performed us ing
the digital version of the control l aws.

• 6.3.3 Stability Margin Analysis -

• To anal yze the stability of the glides lope control laws of Figure 6-1
frequency response or Bode plots were obtained . Reference to Auto-
throttles in this discussion is to Figure 6-2. Figure 6-4 is an open
loop bode plot of the radio or deviation loop. This plot indicates —

the stab ility of the aircraft when tracking the glideslope beans.
Autothrottles were also used for Figure 6-4. The aircraft used to obtain
thi s plot was the Gulfstream I approach flight condition (200 ft/sec
airspeed). From Figure 6-41t can he seen that the bandwidth is suffi-
d ent to achieve good Category II track ing performance. The stability
margins as summarized in Tab~ 6-2 indicate good stability for the
glideslope maneuver.

( Figure 6-5 illus trates the outer loop or deviation loop broken as in

/ 135
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I
Figure 6-4, but the autothrottles we re removed . As can be seen by
comparing the two figures , airspeed control does not greatly effect
glideslope tracking stability. -

Figure 66 isa bode plot of the control laws of Figure 6-1 broken in
the Inner loop or at the servo . All outer loops are closed. Thi s
plot is indicative of the inner loop or elevator activity and
stability while the system is tracking the glideslope . The band-
width and stability indicated by Fi gure 6-6 is typical of good
Category II glideslope computations. The stability margins and
bandwidth are suninarized in Tabl e 6-2. Figure 6-7 is the same as Figure
6-6 except lor the lack of aütothrottles. As can be seen airspeed
control does not effect the inner ioop stability or bandwidth to
any great exten t.

_______ ________________ 

. Iab~e .6~2. Frequency Response Data - __________________ —
GAIN MARGIN PHASE MARGIN 

- BANDWIDTH OPENED
FIGURE (db) (deg) (rod) LOOP CONFIGURATION

6—4 10 51 .175 Radio Autothrottles

10 
- 

48 .2 Radio No autothrottles

6-6 10 75 .7 Servo Autothrottles

67 10 75 .7 Servo No autothrottles

- H

( 
. .

-
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6.4 Performance

To evaluate the performance of the gl idesl ope computations, the system
was simulated on the EAI 680. The system of Figure 6-1 w~s used with asimulation of the Gulfstream I aircra ft (approach fl i ght condition).
To simulate manual airspeed control , the autothrotLle syste ,1 shown in
Figure 6-2 was used. The autothrottle system was adjusted to gi ve
ai rspeed control similar to what is known to be typical of manual
operat i on. Strip chart recordings were taken using radio noise ,
ve rtical wind turbulence , long itud inal wind turbulence and radio steps.

6.4.1 Radio Steps

Strip chart recordings were taken for step changes in glideslope. The
record ings illustrated the stability of the gl ideslope computations when
tracking the glideslope beam. The glideslope tracking performance had
sufficient stability and bandwi dth. The responses were smooth and well dampened.

6.4.2 Vertical Turbulence -

The following represents the 2c vertical turbul -nce transfer function
(ref. 5) used for the performance simulation .

- white noise K aa

where -

S compl ex variabl e of Laplacian operator
V = approach- speed (200 ft/sec)
L = vertical scale length- (30 ft.)
ag = 1.3 deg RMS (2a level )

It should be strongly pointed out that the RMS level of vert i cal
turbulence repres ents a 2o value . In . other words , this level of
turbulence would be expected on only 5~ of the approaches if a randomselection were made over a total every day operation.

For the assumed fl i ght condit ion this model corresponds to .15 sec.
correlated noise , and RMS output value of 1.3 degrees was used in the
simulat ion effort. At an ai rspeed of 200 ft/sec this is equvalent
to 5.6 ft/sec (R~lS) vertical gusts. System response to w ind gusts at fixed
distances from the runway is suninarized in Table 6-3.

_ _ _ _ _ _ _
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lable ~~
— .~~. Sy’. tern Dcvi at ion- - to VI t- t i ~~ I (u~ t

Gust Dis tance Airsp eed Pitch Pitch Deviation A lt itu d t’ Servo
Strenqth (nm) (f/s) (Lte~i) Con~uand (ft’~ Rate Coninand

-~~~~ RMS 
- - 

RM~ - 
RMS 

- 
(fJs)RMS (de~) I~MS

L46 .12 .183 .233 4 1.75 .24

1 3 6 .12 .267 .26 7 667 2.167 .316

4 54* .12 .2 .267 4 1.67 .26 7
5.7_2.~* .12 .2 .3 4.53 2. .3

*typ ica) of performance in the linear range of the radio pro~~-anII1t’r

The pt~rforrnance ‘~h ih~ ted i tidica te~ no problimi. Perton~.mce c~ipab1e
of Cat. I I pert o,-mon(:l’ hac been ach i c h-ed. Servo or ton t ro I .ic t I v i t y

~ can be -.ven f rom 1 aH ‘ (i — ~ i sat I- . t .~t t ory

b. 4. 3 1 onq I tud i n,~ 1 Gu-~t Pert OI1~~uIt t ’

A-. wa-. (he a- -o t or v~’ rt- I il qu- t ‘. , I~g t (9-t’Ilt :e ~ pr~v I d~’d I he
fol low lnq :\~ 1 on~ii tud i nal t tran~- fer t u n ~ t ion :

wh i t I’ noi cI ’ - — ~~~ —

where

( S • comp lex variable of Laplaci an operator
I • lonqi tildi nal scale 1(- nqth (t00 it )
V approach cpeed (:‘UU / -.rc)

6 ft/sec ~MS (~
‘o level )

An 1~HS out.f)ut. (It II tt/s~c W I .  OIfl~ loyi-’d dun J3
~~1 

S 1111(11.1(0(1 .1PP10,1t ht ’’- .
Aqa i n data runs wet~ made at t i cod di ~. t .anc (’’. I ic I do • o u t s  i do , and at.
a 1 ti tutir- . t o , r0~.tI0I1di nq to the knOt’ of tIle r,~d 0 ~1.1 i l l pt O q l . l f l l I I i r

Table b—-3 cuflEI,Ir I .~~~~. t hO d.f 1.1 rt ’ I odi ’d.

(

— --_-~~~~~~~-- - - -~~~~~~~~~~ -~~~-~~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~- ——— 2~~~~J~~
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Table 6-4. System Deviations to Longitudina l Gusts

iust Airspeed Pitch Pitch Deviation Altitu de Servo Distance
~trength (ft/sec) (deg) Comand (ft) Rate Coninand (nm)
(f/s)RMS RMS RMS (deg)RMS RMS (f/s)RMS (deg)RMS

1.5 .266 .88 
— 

5.33 2.0 .267 
- 

4.36

1.5 .317 .567 12.0 2.83 .383 6.0
6. -

1 .67 .383 .767 13.3 3.75 .333 7.64

1 .625 .3 .567 7.65 2.75 .333 3.2-.377

*typical approach condition

From Table 6-4 it can be seen that the system tracks the gl i deslope
beam quite wel l during the longitudinal turbulence . Cat. II performance
is achieved . Servo or control activi ty is indicative of that known
acceptable from past experience on other systems.

6.4.4 Radio floise Performance

The following noise model was used to estimate system performance
in the presence of beam noise:

___________ Radio
white noise K 1 _____ 

SImulation 
-

L iS+l cy Output

where
S complex variab le of Laplaclan operator4 sec.

oy lO ua RMS

This model is considered a low quality Cat. I facility .

Table 6—5 summarizes the performance fro m some of the recordings for
various distances. Table 6—5 Illustra tes that Cat. II performance is
achieyed and servo or control activi ty is not excessive .

iiA 
_____________
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- Table 6—5. System Deviations to Radio floise

Radio Distance Airspeed Pitch Pitch I oeviation ! Al titude Servo
Noise (mu) (ft/sec) (deg) Command (ft) Rate Command

__________ _______ 
RMS RMS (deg)RMS RMS - - 

(ft/sec ) (deg)RMS

(12.5 f t) 7.46 .12 .18 .35 8.0 1.25 .167
3.35 -

(10.65 ft) 6.0 .117 .25 .434 6.67 1.5 .217
3.55 I -

1/ (7.85 f t) 4 .54 .117 .183 .33 7.35 1.25 .125
3.45

6.5 CONCLUSION - -

Simulatio n and analysis results indicate category Ii performance can be ex-
pected from these gl ideslope control laws . In addition , these control laws
have been shown to be capable of ~;ceptable performance when glideslopecaptures are initiated from other than an altitude hold mode. This canab ility
may tIe considered a first step to area navi gation aided vertical approach
maneuvers. -

F
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