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FOREWORD

This report presents results of work conducted by the Boeing Company , Sea tt le ,
Washington , under A ir Force Contract F33615-17-C-3054 IIA PP1ICatiOn af the EASY
Dynamic Program to the Analysis of Air Cushion Systems on Aircraft11 dur ing the
period from 15 April 1977 to 1 June 1979. This contract was conducted under
the sponsorship of the Air Force Flight Dynamics Laboratory , Wright -Patterson
A i r Force Base , Ohio with Peter Skel~ and Lt. David L. Fischer as project
engi neers.

The EASY Model Generation and Analysis programs are documented in three main
vol umes comprising AFFDL-TR-79-3105 (See Reference 1, 2, 3, 4):

Vol ume I - Component Mathematical ~1odels
Vol ume 11 - Componen t Computer Programs
(Parts I & II)
Volume III - Description of Simulations

This report , a User ’ s Manual , was written to provide a concise reference for
day to day usage . It sumarizes the commands used in the Model and Analysis
programs and describes the input and output for each of the standard

components in the Air Cushion Landing System Library.

The resul ts presented were developed by the Boeing Aerospace Company. The

• program managers were A. J. P. Llo yd , H. H. Straub and J. R. Kilner. The
principal investigators were M. K. Wahi , G. S. Ou leba , J. R. Ki l ner and

• P. R. Perkins. 
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SECTION 1

INTRODUCTION TO THE EASY PROGRAM

• The EASY program was developed under Air Force Contract F336]5-74-C—3041 to

prov ide a means of model i ng and analyzing aircraft env i ronmental control

systems. In August , 1976 , Boeing Computer Services was awarded a second
contract , F336 15-76-C-3 165 , to extend the appl icat ion of the program to
i~icl ude aircraft flight dynamics (Reference 1).

In April , 1977 , Boeing Military Airpl ane Develop ment Division (BMAO ) of the
• Boeing Aerospace Company was awarded a third contract , F33615—77-C-3054 , to

extend the application of the program to the anal ysis of the Air Cushion

Landing Systems (ACLS). This document describes the use of the EASY program
(Section 1 , It , IV) and the input/output requirements for standard components

in the ACLS library (Section III). The document provides an abridged version
of the EASY program users guide contained in Reference (2). Section V

presents examples of the application of the program to aircraft dynamic
analys is.

The EASY program consists of two programs , a model generation program and a
model analysis program , which allow a wide variety of dynamic systems to be

model ed an d anal yzed as to either their steady state or dynamic behavior.

• The model ing of most systems can be accomplished by describi ng the system in

terms of standard components. The models of these standard components have
been constructed in a general fashion so that with the proper choice of input

• parameters and tables , a wide range of specific components can be modeled by

• each standard component . If a portion of a partic ular system cannot be

described using the standard components , FORTRAN statements can be included in

the model description to describe these portions of the system. Given a

description of the system model , the EASY Model Generation program generates

FORTRAN subroutines which represent that model in program form.

1
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Th is computerized model can then be anal yzed by any of the nonl i near , linear ,
dynamic , or steady state techniq ues avai labl e in the EAS’I A~ia lysis program .
These anal yses include: nonl4 near s imulat ion; stead y state anal ys is;  l inear
model generation frcm the original nonli near model ; eigenval ue cai cu1at ~on;
root locus anal ysis ; transfer function calculation ; and several other dynam ic
anal ysis techn i ques. In addi tion to these analyses , optimal contr ollers of
the optimal linear regulator type can al so be designed by the Anal ysis Program.

Figure 1 shows the general organization of the EASY program.

2
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SEC TIO N I I

MODEL GENERATION

The EASY Model Gene ration Program design is based on the assumption that the
system analyst will beg in by construct ing a schemo tic diagram of the system ha
wishes to analyze. This schematic will be comprised prim aril y of standard
EASY components. Standard EAS Y com ponents incl ude aircraf t  modeling
com pone nt s , wind models , contro~ system components etc. If a particular

• system can not be mode led wi th ex is ting standard compon ents , the analyst may
construct the model by including appropriate Fortran statements in his system
descr iption.

All interconnections between standard components are accomplished by the EASY
program . The analyst merel y specifies each standa rd component in the

schematic diagra m and all of the components that provi de inputs to that
component . The EASY program then generates names and the proper

interconnectio ns between the specified components. This is accomplished by
matching the input quantities required by each standard component to the
output qua ntities with the same name.

After processing the ccmplete system model descript ion the EAS Y program

generates a schematic diagram of the model showing the interconnect ions
between standard com ponents and the quant i t ies such as forces , moments ,

• ve loci t ies , etc. , that pass through each Interconnect i o n. This schematic is
• produced on the l inepr lnter to prov ide a rapid graphic check on the program ’ s

Interpretation of the model description.

In addit ion , the program produces a list of input data that w ill be required

by each ccnponent to complete the model descr io tion. Both the scalar
parameters ard tabula r data reouired for the an al ys is are included ii

list. The program issunes that my ~uanti  ty not sur pl ~ed by a notb ~r cc m:’cr ient
will be suppi ~ed as a fixed parameter by the ana l yst. Thus r’~ques:s for

nonpar aineter items in the Input data list will reveal any connect~~n that ~as
omitted from the system model de~cr 1p ti on .

4
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2.1 Model Descript ion

The EASY Model Generation program is a preconipiler program which processes
model description instructions i nto a Fortran model of the system . These

instructions Contain ‘ program commands ” which are made up of one or more
words. In addition to program con~nands , an EASY system model desc ription

contains numeric val ues , standard component names , and standard input and

output quantity names .

The EASY commands may be best introduced with a simple example of their use to

describe an air cycle machine . Fi gure 2 shows an anal yst ’s schematic of an

air cycl e machine model that has been constructed using standard components on

an EAS Y schematic form. The standard component names used in this samp le are :

10 - Source of Ai r
CO - Compresso r
DE - Duc t
HA - Hea t Exc h an ger
TU - Turbine
SM - Shaft

Since there may be more than one 0f each standard component In a given system

model , a number may be attached in each standard component name to designate
the specific component in the model . The EASY description of this model wou ld
be as follows :

Exampl e 2.1

MODEL DESCRIPTION = BOOTSTRAP AIR CYCLE MACHINE

LOCATION = 61 10 1
LOCATION 63 CO I INPUTS • 10 1
LOCATION = 5 10 2
LOCATION • 25 HA INPUTS • CO 1, 10 2
LOCATION • 45 DE 1 INPU TS • HA(4 ,1)

LOCATION — 68 TU 1 INPUTS • HA

5
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LOCATION = 70 CE 2 INPUTS = TIJ 1
LOCATION = 66 SH 1 INPUTS = CO 1 , TU 1
END OF MODEL
PRIN T

The model descri ption consists of a statement as to the location of each

component in the schematic and a list of all components that provide inputs to

that component. The location of the component in the schematic is used for a
line printer drawn schematic of the model , such as shown in Figure 3. In the
line printer schematic the input and output quantities such as: temperatures

(12 CO 1, T3 HA ); pressures (P1 TU 2, P1 CO 1); and shaft rpm (EN SM 1) are
shown on the various connecting l in es.

2.1.1 Phrases and Delimiters

The system model description is interpreted by the EASY program as a series of
“ph rases ” , which can appear in a free field format in any position on a data
card . Phrases must be separated by any one of the delimiter symbol s shown in
Table 1.

TABLE 1 EASY PROGRAM LANGUAGE DELIMITERS
= equal sign

comma
( left parenthesis
) right parenthesis
three or more blanks

2.1.2 Comand Phrases

The EASY comand phrases are described in this section in a logical sequence
similar to that in which they appear in sy3tem model descri ptions. For easy
reference they are listed in Ap pendix A , in al phabetical sequence.

7
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MODEL DESCRIPTION

The MODEL DESCRIPTION command phrase indicate s the start of a new System
model . This phrase may be followed , (on the same card), by a title of up to
60 characters . This title will be used to identify various program output
schematics , lists and program l ist ings . In Example 2.1, the t it le was
“Bootstrap Air Cycle Machine. ”

LOCATION

The LOCATION comand phrase indicates the start of the description of a new
component in  the system model . This command must be followed by a numeric
val ue phrase that specifie s the location of the new component on the model
schematic. Thus in the example of Figure 2, the location number of the
compressor CO I was 63 and the turbine TU 1 was 59 , etc. To be a va l id
com ponent location , the last two digits of this number must comprise a number
between I and 80. The hundred s col umn is used to specify additi onal pages as
needed for the schematic. Thus the numbers:

1, 12, 51 , 80

would be val id location numbers for components on the f irst page , (PAGE 0), of
a system schematic. These same locations on the second page of the schematic ,
(PAGE 1), would be:

101, 112, 151 , 180

The location number phrase is followed by the name of the component at that
locatioii. Component names are discussed in Section 2.2.

A LOCATION statement should be given only once for each component. That is ,
once a LOCATION statement is started for a component the complet e descri ption
of all inputs to that component should be g iven.

I
t 
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INPUTS

The INPUTS cornand phrase indicates that the followin g phrases contain the
names of the components that provide inputs to the component at the s pec if ied
locat ion . Thus in the example of Figure 2 , the heat exchanger at locatio n 25
which receives inputs from compressor CO 1 and source 10 2 was described as:

LOCATI ON = 25 HA INPUTS=CO 1, 10 2

In this examp le the command phrase INPUTS is followed by two component names.

As many component names as are necessary to specify the inputs to a part~cular
system component may be included i~ each component description.

For some system components there are multi pl e input and/or output ports. As

an example , a heat exchanger has four ports: (1) hot—side inlet , (2)
cold— side inlet , (3) hot—side outlet , and (4) cold— side outlet . Since most

aircraft modeling ccmponents have onl y two ports , the use of port numbers will

not be descrthed here . For a complete descr iption of this aspect of the

program see Section 3.3.2 of Reference (2).

For certa ’n components , such as control elements , the inputs to the component

can be ary phys ical .~uantity in the model . For these ccrnponent s, the input

component names nust be supplem ented by the name of the particular output
quant ity that is to provide the input.

As an example , consider a component that represents a linear first order lag
transfer function. If the transfer function component ’s input , FIN , was to be

the output temperature , T, of a compressor CO I in examp le 2.1. , then a

statement:

LOCATIO N 51 LA 1 INPIJTS=CO 1 (~ 
;FI N)

would ~nd ic~te to t~e program that of the outputs of compressor CO 1, the
outpu t t~nperature , T, was to ~e used as the input , FIN , to the transfer
function , LA 1,

10
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To summarize , there are three level s of connection specificat ion:

1. Default (only component names are specif ied )
Connections are made between all unconnected inputs and outputs for
the first ports for which a match of physical quantity names occj rs .

2. Ports Specified
Connections are mad e between matchin g physical quantities for all
unconnected inputs and Outputs of the specified ports.

3. Physical Quant ities Specified
Connections are made between only those quant ities specified.

Previous connections can not be over—ridden .

E ND OF MODE L

The END OF MODEL comand phrase ind icates that model descr iption has been

completed and that the EASY program should proceed with the generat ion of the

model subroutines .

PRINT

The PRINT comi~and phrase causes the program to: (1) draw a schemat ic of the

system model , as shown in Figure 2; (2) print a list of input requirements f~ r

the model ; and (3) print a source listing of the FORTRAN subroutines that were

generated for the model . The Model Generation program then terminates.

PUNCH

The PUNCH coninand phrase has the same effect as the PRINT comand , but in

addition a FORTRAN source deck of the system model is produced .

U
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FORTRAN STATEMENTS

The FORTRAN STATEMENTS command phrase a l low s the system analyst to supp lement
the standard EASY components with FORTRAN statements . Using this feature , the

analyst can introduce his own program logic , DO loo ps , etc., as necessa ry to
model any system feature not obtainable with standard EASY components.

Exampl es of the FORTRAN STATEMENTS are given in Section 5.2, Re ference ( 1 ) an d
Section 3.2.2, Reference (2).

The FORTRAN STATEME NTS command would normall y be used when some portion of the
system cannot be modeled with standard EASY components. When L’~ing this

feature of the program , the anal yst must perform many of the detail
connections and nam i ng of variabl es , that are normally accomplished by the —

EASY program. In return for these added tasks , the anal yst gains a great deal
of additional freedom and fl exibility in forming details of this system model .

ADD STATES

ADD VAR IABLES

ADD PARAMETERS
ADD TABLES

The ADD commands may be used in conjunction with the FORTRAN STATEMENTS to add

states, variabl es, parameters , and tables that occur within the FORTRAN

sta temen ts , to the EASY generated system model. Quantities that are not
specified by one of these comands cannot be accessed or manipulated by the

EASY An alysis Program .

Befo re di scuss i ng these comm an d s , a few definitions of term s are in order.

States : States are those quantit ies in the system model
that are described by first order differential

equations . The state va’~iables are the result of
integrating the set of first order differential

equations that comprise the dynamic system model.

- ~~~~ 
~~~~~
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The number of states equa ls the order of th~
system model . The states are dynamic , tine

vary ing quantities during most simulation
stud i es. The initial values , (initial

conditions) , of the states must be input as part

of the system model description.

Variables: Variables are all other dynamic time varying
quantities in the system model that are not

states. In general , variables are related to

states by algebra ic relationships.

Parameters : Parameters are constant scalar quantities in the
system model . Parameters can be manipulated by

the analyst to alte r the system model . All
parameter val ues should be input as part of the

system model description.

Tables : Tables are constant nonscalar quantities in the
system model . Tables are used to represent
algebraic functional relationsh ips with one or
two independent variables . All table val ues must
be input as part of the system model descr ip t ion.

The fo rmat for the ADD c ommand s is the command fo llowed by one or more phrases V
that contain the names of the states , variables , parameters , or tables . in
addition to each tab le name , a number , specifying the amount of storage to be

allocated for that table must be given . This number is g iven by the formula:
— N = + ( 3 + 1 + J + D )

— N the total storage required by the table , i n

- 1 
words. If ~he table has one i ndependent H
var iab le N is negative , for two independent
variables N is posi t ive.

I = the number of data points in the primary

Independent var iable tab le.

13
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J = the number of data points in the secondary
inde pendent variable table. (J=O if there is

only one independent variable.)

0 = the number of data points in the dependent
variable table. (0= 1 if there is only one
independent var iable. D=I*J if there are two

independent variables.)

LIST STANDARD COMPONENTS V

The LIST STANDARD COMPONENTS command phrase causes the program to print a list

of au standard components . For each standard component , lists of inputs ,

outputs , and tables for that component are provided . For each input , the

physical quan tity name and port number is given . For each output , the

physical quan ti ty name , port number , and the letter S, if the quantity is a

state is given . For each table , the table  name , the number of independent

variables and the maximum amount of storage al l owed is provided . This command

is usually given as the first command of a model descript i on and will result

in a l ist of all standard component information as the fi rst output from the

Model Generation Program.

O.C.. INPUTS
D.C. OUTPUTS

The O.C. INPUTS and other commands starting with the letters “O.C.” are used
to include an optimal controller in the system model . An optimal controller
is a general purpose control component which can have an arbitrary number of

inputs and outputs. It is therefore necessary for the system analyst to
specify the identity of each optimal controller i nput and output. This is

oc”e using the O.C. INPUTS and O.C. OUTPUTS commands rather than the :~P~Ts
command that is used for the other standard components. Optimal cont roller

inputs are output quantit i es , either var iables or st a tes , from standard ncdei
components whi ch are sensed in order to control the system . Optimal
controller outputs are input quant i t ies , either var iables or parameters , to
standard model components that are actuated in order to control the syste~.

14
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The use of these comm ands is shown in Section 5.3. A complete description of
the calculation methods and theoret ical basis for the optimal controller are
presented In Section 4.4 of Reference 2.

O.C. CR ITERIA

The O.C. CRITERIA command is used to specify those output quantities from the

standard model components that are to be used as the criteria for designing
the optimal controller. These quantities are specified in the same format as

D.C. INPUTS. If no O.C. CRITERIA are specified , the D.C. INPUTS are used as

the design criteria. A complete discussion of the use of D.C. CRITERIA is

given in Section 3.3 of Reference 2.

D.C. ORDER

The O.C. ORDER command can be used to specify the order of the optimal

controller. If the optimal controller order is not specified it w ill be taKen

as the order of the system model. This will result in a total system order ,

(optimal controller pius system model), that is twice the order of the system
model . In most cases such a high order optimal controller is unnecessarily
complex and impractical. The O.C. ORDER is limited to val ues between zero and

— the system model order.

O.C. MODEL ORDER

The O.C. MODEL ORDER command can be used to specify that a model order less

than that of the gi ven system model , be used for the optimal controller
design. This command is used when optimal controlle rs are to be designed for

high order systems. By using a lower order model , the computer memory

requirements and computation time can be greatly reduced. A complete

discussion of the use of reduced model orders is given in Section 4.5.10 and

4.5.11 in Reference 2.

15
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D.C. ANALYSIS

The D.C. ANALYSIS comand is used to specify that computer memory requirements
provided in the system model need only be large enough for the analysis of an

optimal controller. The memor~ required to analyze a system with an optimal
cont ro ller is considerably less than that required to do an optimal control ler
design . Thus if the purpose of a run is to analyze the performance of an

optimal controller which was designed on a previous run , the O.C. ANALYSIS

command can be us ed to reduce computin g costs and improve the run flow time .

2.2 Naming Convention

2.2.1 Standard Component Naming Convention

All standard components are given names consisting of two characters , the

first of which is alphabetical. Thus we have CO for compressor , TU turbine ,

HA for heat exchanger , etc. Where multiple components of the same type are

required , two additional characters can be added to the end of the standard

component name to distinguish between the different models of the sane basic

component type . These characters are usually numer ic hut can also be

alphabetical or blanks. Thus a given model can contain up to 372 = 1369

different components of the same standard component type . For example , a
model with ten different ducts might have these components designated as:

— DE 1, DE 2, DE 3 , DE 9, DE 1O

2.2.2 Variable , Parameter , and Table Naming Conventions

All of the input , output , and tabular quantities required by each component in

a system model must have un i que FORTRAN names. These FORTRAN names are

composed of a stand ard component name prefixes by a physical quantity name

consisting of up to three characters.

Since a sing le compone nt may have several inputs or outputs of the sane
physical quantity , the progra m adds the port number to the second or t hird
character of the physical quant ity name to prevent such a duplication .

16 
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The physical quant it ies that are outputs of a given component are identified

by add ing the four character name of that component to the three character

name of the phys ica l  quant i ty.  In this way , unique seven character FORTRAN
names are generated for all output quantities of the system model components.

Input qua ntities to a component that are generated by another component carry

the names of the component that generates them . Any inputs that are not

satisf ied by other model components are assumed to be parameters and are

assigned the name of the component for which they are an input .

If a component should require tabular data as an input , uni que tab le  names are
generated just as scalar input quantity names by adding the component name to

the table name . A pic torial representation of the character assignment in

componen t , var i able , and table names is given in Figure 4.

2.3 Model Schema tic

The EASY Model Generation program produces a schematic diagram of the system

being modeled . This schematic is crude but is inexpensive and does not have

the fl ow t i m e  delays associated with more el aborate plotting methods. Its

purpose is to prov i de a means of rapidly locat ing errors in the model

description.

In order to construct a schematic diag ram in an efficient manner with a

reasonable size program it was necessary to establish some simple rules for

symbol gene ration , component connection paths , and labeling. If these rules

are kept in mind when laying-out a schematic for the system , the EASY produced
schematic will match that developed by the anal yst. I f the ru le s  are v i ola ted
by the analyst ’ s schematic , the EASY schematic should still be correct but may

contai n sane unusual component connect ion paths and some labeling information

may be overwritten.

2.3.1 Standard Schematic Form

The EASY schema tft diagrams are produced on a standard 11” by 14’ lin epr int er

page w i t h  80 component locatio ns per page. A standard form containing only

17
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PHYS ICAL QUANTITy STD. SPECtFIC
OR TABLE NAME COMP. COMP.

_________________ 
NAME IDENTIFI ER

1

~~~~
— 7 CHARACTER NA ME

/  

~~
— 

~~~~ 1

PORT NO. SPECIFIC COMP. NAME
(IF REQ ’D)

Figure 4 Chara cte r Ass i gnment in Input /Output or Table Name s
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the location numbers can be obtained by executing the EASY model Generat ion

program with the single program command , PRINT . Th is form can then be
reproduced and the copies used as forms for drawing system model schematics.

2.3.2 Input Quantity Labeling

The names of the phys i cal quantities that are input to each component from
other components are listed adjacent to the downstream component symbol .
These input names are placed nedr the connecting line that joins the two

components. Since these names are composed of the physical quantity name and

the name of the component that gt1~erates the information , the source of the

input is evident from the name itself. Parameter and tabular inputs to a

component are not shown on the schematic. These constant inputs are described
in the Input Requirements List , (See Section 3.5 of Reference 2).

2.3.3 Component Connection P ’ths

in order to keep the core requirement s and run time of the EASY schematic
drawing subroutine small , it was necessary to limit the types of connecting
paths between components to a few basic routes. These paths are shown in
Figure 5. Connections between components on the same hori zontal or vert ical
l ine are straightforward . However , connec tions between components that do not
share a horizontal or vertical line require a two segment path. These paths

have been arbitrarily chosen to fol l ow a clockwise route. It is therefore
adv isable that components that are on diagonal locations be placed in a

clockw ise sequence. If counterclockwise flow between components is necessary

I t can be accommodated by placing the components on the same horizontal or

vertical lines.

The EASY schemat ic drawing subroutine makes no attempt to go around componen ts

that get in the way of a connec tion path. Such components are “ ru n-over ” 5y

the connecti ng line. Section 3.4 of Reference 2 conta ins several examples of
connect ion “ problems ” and methods to avoid them.

19
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POSSIBLE INPU T PATHS
Fi gure S Component Conne ction Pa ths
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2.3.4 Addit ional Pages

The EASY schematic diagram may be broken down into as many pages as are

necessary. No attempt is made to draw connecting paths between components
located on different pages. It is therefore advisable to mi nimize the nunber

of connecting paths between pages . This can usuall y be done by group ing

components with many interconnectio ns on the same page and placing page

boundaries between such groups of components.

2.3.5 Guidelines for Schematic Layout

The following guidelines may hel p in creating schematic l ayouts that can be

duplicated by the EASY program.

1. Try to place connected components on the same horizontal or vertical
1 i ne.

2. Avoid placing components on adjacent location points.

3. Place diagonal components so that flow is clockw i se.

4. Group components to minimize fl ow paths between pages.

2.4 Warning Messa ges

One or more of the fol l owing warning messages will occur if the program is

unable to interpret a port i on of the model description ~r encounters problems

In assembling the system model . These messages will be preceded by:

~~ WAR N ING *** or *** NOTI CE ***

The symbol s xxx and zzz are used to Indicate phrases from the model
description that are Included as part of the warning message . The foflowing

messages are listed in alphabetica l order:

21 
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1. CAN ’T IDENTIF Y xx x AS A S TA N DARD COMPONE NT

xxx w i ll conta in the first two characters of the phrase which cannot
be identified as a command or standard component. This message will

often follow other warning messages as the program makes successive

attempts to Interpret the given phrase.

2. CAN ’T IDENTIFY xxx AS A VALID INPUT COMPONENT TO zzz

The component xxx cannot be found in the list of components for the

curren t system model .

3. CAN ’T LOCATE O.C. INPUT , xxx , W ILL RENAME AS: zzz

Check sp elling of name xxx or that the quant ity xxx has been renamed
as a result of being driven by another component.

4. CAN’T LOCATE O,C. OUTPUT , xxx

Check spel ling of name xxx .

5. CAN’T LOCATE xxx AS AN INPUT COMPONENT TO LOCATION n

This message indicates that the component xxx , which provides inputs

to loca tion n In the schematic, has not been assigned a loc ation

numbe r. Check for a missing LOCATION statement or mis - spelling of

the component name .

6. COMPONENT xxx DEFIN ITION WASN’T COMPLETED BEFORE STARTING THE
DEFINITION OF COMPONENT zzz

The command INPUTS was not given between the component names xxx and

zzz. Check for proper spelling of INPUTS and a valid delim it er

after the phrace xxx .

22
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7. COMPONENT xxx HAS ALREADY BEEN DEFINED

The component xxx was defined in a previous LOCATION statement.

8. LOCATION NO. xxx FOR COMPONENT zzz HAS LAST NO DIGITS OUTSIDE THE
ALLOWABLE RANGE 1 TO 80. NO SYMBOL WILL BE PLACED IN SCHEMATIC FOR
THIS COMPO NENT

This message will occur at the end of the model descri ption for a
component zzz which has an invalid location number. The system
model may still be valid but the schematic will not contain this
component .

9. NO OPTIMA L CONTROL INPUTS WERE SPECIFIED

Check that “O.C. INPUTS” command was used to specify optima l
controller inputs.

10. (‘~O OPT iMAL CONTROL OUTP UTS WERE SPECIFIED

Check that “O.C. OUTPUT” command was used to specify optimal

controller outputs.

11. NO xxx OUTPUTS MATCH UNSATISFIE D zzz INPUTS

Check that it was intended to drive component zzz with component xxx

4 
or that the inputs to zzz have been previously satisfied by other
component connections.

12. TABLE NAME xxx MUST BE FOLLOWED BY A NUMER C DIMENSION RATHER

THN~ zzz

When usi ng the ADD ~A 3LES comm.~nd it is necessary to provide th~
maximum amount of storage to be allocated for the table as well as

the table name . This storage value must be a numeric quantity.

23
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13. THE FOLLOW ING COMPONENTS FORM AN IMPLICIT LOOP . MODEL RESULTS

WILL BE INVAL ID . xxx , zzz , 

Models must be explicit. Implicit loops can often be corrected by
inserting a component with a state variable as its output , e.g., a
simple linear lag , LA.

All models containing FORTRAN STATEMENTS will receive this warning.
It is the users respon sibility to assure that the model is ex plicit.

14. ThE SEQUENCE OF THE FOLLOW I NG COMP ON E N T S  HAS BE EN ALT E R ED TO FORM AN
EXPLICIT MODEL . xxx , zzz , ...

The model component sequence as given contained implicit equations.
By al tering the component sequence it was possibl e to fonn an
exp licit model .

15. xxx IS NOT A VALID INPUT QUANTITY OR PORT DESIGNAT ION FOR

COMPONENT zzz

L 

The phrase xxx cannot be located as one of the input quantities or
input ports of the component zzz. No connections will occur. Check
the list of standard components for the proper spelling or port
designations for this component .

— 

16. xxx IS NOT A VALID LOCATION NUMBER

The LOCAT ION command mus t be followed by a numeric location number.

17. xxx IS NOT A VALID PORT DESIGNATION FOR INPUT COMPONENT uz.
ERRONEOUS CONNECT IONS MAY OCCUR.

The phrase xxx cannot be located as a valid input :ort for the

component zzz. Connections w~il be attempted usi ng the upstr eam
output port that was dent~fi ed.
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SECTI ON I I I

STANDARD COMPONENTS

This section describes the standard components that are av ailable for ACLS
modeling. The component descript ions are listed al phabetically for each
reference. Whenever possib le , a one page description of all pertinent
information is provided or each component . References are provided for
source listings and anal ysis , where applicab le.

Standard
Component
Name Descriptic n Page

AB Air Bag Skid System 28
AC Aero Coefficients as Tabular Functions 34

AF Analy tic Function of Time 36

AP Auto Pilot Pitch Controller (Jind ivik) 37
AR Auto Pilot Rol l Controller (J~ndiv i k) 39
AS Arresting System 41
DL Lateral Aerodynamic Model 46
OS Six Degree of Freedom Rigid Body Dynamics 50
DU Simple Duct 52
DV Va lve in a Duct 54
EC Eng i ne Model (Complex) 56
EJ Ejector Model 60
ES Eng i ne Model (Simple) 62
FO Four Degree of Freedom Rigid Body Dynamics 65

FG Fl ight and Ground Controller 67

FH Fan Model with Hysteresis 69
FL Ambient Cond~t~ons 71
FM Foster Miller ne last~c Trunk Mcde l 72
FM Inlet Fan 84
FR Fan with Surge Analy sis 86
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Sta ndard
Component
Name Description Page

FS Flow Spli t 88

FT Turbo Fan - ACLS 90

EU Functio n Generator - One Inpu t 92

FV Functio n Gener~tor Two Inputs 93

GW Gust Wind Model 94

IT Integrator with 3atur ation 97

LA Lag Transfer Function (Time Constant Form ) 98

LE Lead Lag Transfer Function (Pole Form) 99
LG Lag Transfer Funct ic~n (Pole Form ) 100
LL Lead Lag Transfer Funct ion (Time Constant Form) ioi
MA Mult iply and Add (One Input) 102

MB Multiply, Divide , Add , (Two Inputs) 103
MC Multiply and Add (Three Inputs) 104
MG Flow Merge 105
OC Optima l Controller 107
OL Longitudinal Aerodynamic Model 108
00 Foster Miller Output Component 112
PT Pitch Thruster 113
RA Random Number Generator 115
RG Rate Gyro Dynamics and Saturation 116

RT Rol l Thrus ter 117
Saturation Function 119

SB Dead Band + Saturation 120

SG General ized Six Degree of Freedom Rigid Body 122

Dynamics

SV Sum Linear and Angular Velocities 124

SW Switch (2 Inputs - 1 Output) 125

SX Switch (4 Inputs - 2 Outputs) 126

SY Switch (6 Inputs - 3 Outputs) 127

SZ Switch (8 Inputs - 4 Outputs) 128

52 Sum Forces and Moments (2 Sets of Inputs) 129
S3 Sum Forces and Moments (3 Sets of Inputs) 130

26 
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Standard

Com ponent

Name Description Page

TA Tabular Functi~-’ns of Time (4 Functions) 131
TB Tabular Functions of Time (2 Functions) 132
TO Three Degree of Freedom Rigid Body Dynamics 133

(Lateral

- Z1S+ zü
T~ Transfer Function 2 135

S +P1S+PO

TG Transform Engine Thrust into Body Axis 136
1K Inelastic Trunk Model 137
TI Three Degree of Freedom Rigid Body Dynamics 144 H

(Longitudinal)
TR Transform Vectors Body to Earth Axis 146
IS Elastic Trunk Model 148
IT Two Degree of Freedom Rigid Body Dynamics 163

(Longitudinal )

TZ Transfer Function Z2S2 ~~~~~~~~~~~~~ 164
S +P1S+PO

VA Aerodynamic Variables from States 165
WS Steady or Shear Wind Mode l 167
XP Transform Angul ar Rates 168
Xl Transform Torques 169
YC Yaw Thruster 170
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AIR BAG MODEL A B
PHYSICAL 

~QUANTITY DESCR IPT ION UNITS
NAM E

ABL ARRAYS OF BAG ELEMENT
(A ,B ,LO , DIMENSIONS : A , B , LU; AND INCHES
GA ,G8) ARRAYS OF ANGULAR POSITION OF DEG

FUSELAGE CONSTRAINT S ON MEMBRANE SHAPE
XYZ ARRAYS CF COORDINATES OF ELEMENT INCHES
(XA ,YA ,ZA ) INBO A RD ATTACH POINT :

DSM ARRAYS OF: EL~~EMT WIDTH , D INCHE S
(D,S,MU) ELEMENT SCALING FACTORS , S

ELEMENT COEFFICIENTS OF FRICTION , MU
IAL ARRAYS OF: ELEMENT SET NU>’BER , IS ,-
(IS,AP , ORIFICE AREA PER UNIT BAG AREA , AP
LP ,LH) CIRCUMFERENTIAL DISTANCE FROM OUTB ’D INCHES

ATTACH POINT TO START OF PERFORATIONS , IP; t .
WIDTh OF PERFORATED AREA , LH INCHES

REL TABULAR DATA: RELIEF VALVE AREA OPENING SQ. IN.
VS.

VS BAG PRESSURE (GAGE) PSIG
ZTR VECTOR ARRAY CONTA I NING TERRAIN INC HES

ELEVATION DEFINITION
ROL,PIT ,YA’ AIR PLANE ROLL , PITCH, YAW EULER ANGLE S DEG
X. ALT X ,Z EARTH AXIS POSITIONS FT
U ,V ,W X ,Y ,Z BODY AXIS LINEA R VELOCiTIES FT/SEC
PA AMBIENT PRESSURE PSIA
VU BREAK POINT IN MU—VELOCITY CURVE INI SEC
EPC PRINT CONTROL INDICATOR

~ PRINTS EL~~ENT V A RI A 3LE
VALUES EVERY PR INT INTERVA L

WTR ,TTR FLOW RATE AND TEMPERATURE OF AIR IB/M IN ,
SUPPLY TO RIGHT AIR BAG DEGR

WTL ,TTL FLOW RATE AND TE M PERATURE OF AIR IB/MI N ,
SUPPLY TO LEFT A I R BAG DEG R

NE NUMBER OF AIR BAG ELEMENTS :
IF NEGATIVE , THE MODEL IS SY~~ET RI C
ABOUT ROLL AXIS

NST NUMBER OF ELEMENT S~~PE PARAMETER SETS

NPT NUMBER OF ELEMENTS IN A ROW OR COLU M N
IN THE PARAMETER SET

28
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AIR BAG MODEL A B
_________ ____ 

INPUT 
_______

PHYSI CAL
QUAN TITY P~~T DESCRIPTION UNITS

NAME -

BST,WLT BODY STATION AND WATER LINE OF INCHES
AI R BA G AXI S

Col ORIFICE DISCHARGE COEFFICIENT FOR
AIR BAG AREA :~ T I~ CONTACT . WITH THE GROUND

CDA DISCHARGE COEFF. FOR FLOW THROUGH
RELIEF VALVE

BSC,WLC BODY STATION AND WATER LINE OF C.G. INCHES

TAU TIME CONSTANT ~JR AIR BAG VOLUME RATE SEC
OF CHANGE

P,Q,R X,Y ,Z BODY AXIS ANGULAR VELOCITIES DEC/SEC

Ai’ti INDICATOR FOR TYPE OF SURFACE
IN TERRA IN MODEL

O = DEFINES A FLAT SURFACE , ZE=O
1 — DEFINES (1-COSINE) OR SINUSOIDA L SURFACE
2 = D EFINES PROFIL E IN TABULAR FO RN

FOR A~MODE = 1
ANR NUMBER OF SEQUENTIAL (I-COSINE) BUMPS
DL LE}~GTh OF BU~P FEET
H HEIGHT OF BUMP (NEGATIVE MEANS A DIP) INCHES

FOR A1IODE = 2
MR NO. OF DATA POINTS IN PROFILE DEE.

— 

DI. INCREMENTAL DISTANCE BEN EEN P O I N TS FEET

H CONSTANT ELE VATION SCALING FACTOR

ttIP BAG DAMPING COEFFICI ENT AS A FUNCTION OF BAG LBs-s Ect :
FLA TT ENED AREA 

-
~ -

C02 O R I F I C E  DI SCHARGE C O E F F I C I E N T  FOR
AIR BAG AREA IN CONTACT WITH GROUN D

p. 
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AIR ~AG MODEL

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICA L
QUANT ITY PORT DESCRIPTION UNITS
NAM E

FXT,FYT, X,Y,Z AXIS, AXIAL , LATERAL AND LBS
FZT VERTICAL FORCE SUM~tA TI ON TERMS
TXT ,TYT, X ,Y ,Z AXIS SUMMATION TERMS FOR FT-LBS
TZT ROLL, PITCH AND YAW MCMEN TS

PTR AIR BAG PRESSURE , RIGHT SIDE PSIA
rPTL AIR BAG PRESSUR E, LEFT SIDE PS IA
VTR AIR BAG VOLUME, RIGHT SIDE Cli FT

~VTL AIR BAG VOLUME, LEFT SlOE Cli FT

WAR AIR FLOW RATE , BAG TO AT MOSPH ERE , LB/MIN
RIGHT SIDE

WA L AIR FLOW RAT E, BAG TO ATMOSPH ERE , LB/MIN
LEFT SIDE

* State variables

References: Analys is —— Volume I , Section vr i
Listing —— Volume II , Section 4.6.4
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AIR BAG MODEL

~QUMiON S~.:
XBA • BSCG-BST+XA
YBA • VA
ZSA • W LCG- W LT +ZA
CALL I C B ( N ST ,NPT ,A ,1l ,LO ,G.A,GR ,DMU ,AZO ,AYO ,AL I,ALJ ,AAS ,DYO ,BL 1,8L3 ,OAS )
IS ! • IS
ZOFSU u AZO (I S I )
ZOFS • S*ZOFSU

YOFS • S*A Y O( 1 , 1 , I S I )
XBT • XBA
VBT • (YDA+YOFS)*E E • 1 (RHS), • -1 (LHs)
291 • ZBA+ZOFS Free Shape
XET • X*12.+X81*CPCY+Y6T* (SRSPCY_CRSY)+ OT*(SVSR+O~ t~ P)
ZET • _ALT* 12_XUT*SP+Y9T*CPSR+ BT*CRCP
ZEG • TER RA ( XET ,AMOD E ,AN R ,DL ,H , ZTR)
ZGIAP —z EG-:ET
20 • ZOFS+ZGAP
291 • Z~A÷ZO Loaded Shape
XBTD • ZBT*Q_YBT*R+U
YBTD • _Z BT* P+X131 * R+V
ZBTD • YBT*P_XBT*Q+W
XTD2 • XBTD*CP,YBTD*SPSR÷ZBTD*SPCR
YTD2 • YBTO*CR_ZBTD*SR A
210 • _XBTD*SP+YDTD*CPSR+ZE3TD*CRCP
VET • SQRT(XTD2*XTD2#VTD2*YTD2)
UTO • MU*X~tU( V ET)
lix • UTO*XTD2 /VET
lilY • UTO~YT O2 / V ET UTX •UTY• O If VET •O.

LOADED SHAPE:
ZOu • 20/s
UT • E*tJr Y
YO • S*TRI.2 (tIT ,:OU,ZOFSU .AVO ,N-1U ,NPT,IS,NA)
LI • s*TBL~(1IT ,:Cv,~oFsu,AL 1 ,r~’U.NP1 ,tS ,N A ) UT < O
1.3 5*~’fl(~ (~IT , CU. ?OFSII ,A L3, (~~~I’  ,NPT , !5.N~)AS • s’S’rnL.(uT ,:ou,~oFSu ,AAs,r~’u ,MPT, 1s,NA) 

-~ -,..~-- - 
_ —I—~_____ 
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AB
AIR BAG MODEL

AS — S*S*TBL2(UT,ZOU,ZOFSU ,BAS ,DMU ,NPT,IS ,NA)
YO — S*TBL2( UT,ZOU,ZOFSU,BYO,DMJ ,NPi,Is,NA ) I ,~Li = S*T812(UT,ZOU ,ZCFSU,BL1,DMII,NPT ,IS,NA) I V I

13 — S*TBL2(UT,ZOU ,ZOFSU,8L3,DMIJ,NPT,IS,NA)
AT = D*L3

- (PT_PAL*AT
FF~ == _uTY*fl

a ~4P*AT*~~DFXT - FXT+~~XFYI = FYT+FTY
FZT - FZT-rt4b
‘fBI — (YBA+YO+.5*13)*E
TXT — TXT+(_Lrr+rD)*YBT_~~y*z8T)*.o8333TYT — TYT +(( FT+~~)*xBT+I~Fx*zBT)* .o8333
TZT — TZT+(F~Y*XBT_~~X*yBT)*.o8333

FREE SHAPE:
YO — AYO(1,1, ISI
Li • ALI(1,1,ISI
U TY—0
AS • AAS (i,1, I SI )
lilY 0

L 

FFX — FFY = F D = F r = o
VTS - VTS+D*AS*.0005787
CALL PERFB(ZGA P ,L1 ,L3 ,LP,LH ,D,Ap ,AH1,AH2) if AP’Q
VTSL — VTS
AH1L = Nil
AH2L — AH2
VTSR— V TS ~AH 1R — AH2 ~ M~~2.
AH2R=A 112 J

RIGHT BAG:
AREL — REL(PTR—PA)
~ATA — CD 1*AH 1R+. 6667*CD2*AM2R+CDA*AREL
VTR — (VTSR-VTR)/TAU
CALL FNFLOW (PTR,PA ,TTR,CATA ,j. ,FN,WAR )
PTR — (.OOO1389*RG*TT R*(wTR_wAR)_ 1.2*pTR*vTR) ,~rrR

LEFT BAG: (for asymetric model I.e. ANE Q.)
AREL — REL (PTL-PA )
CATA = CD1*AH1L+. 666 7*CD2*AH2L+CDA*AREI.

32

________ - — _ L ~~~~~~~~~ - -~~~~~~~~~~~~

~~~~ 
— - —- --— --— - 

~~~~~~
- -_ _ _ _  -



—
~

- ---———-—-—--——--—--. - - - -.
~~~

--- ----
~~

—--——- 

.— -~~~~ 
-
~~--

I
AB

AIR BAG MODEL

VtL — (vTSL-VTL )/TAU
CELL FNFLOW(PTL,PA ,TTL ,CATA ,1. ,FN ,WAL )
P11 a (.0001389*RG*TTL*(WTL_WAL)_1.2*PTL*VTL)/VT L

SYM METRIC MODEL:
FXT - 2.*FXT
FYI • 0.
FZT — 2. *FZT
TAT • 0.
TYT = 2.*TYT
T~T • 0
V T L - V + R
WAL - WAR
PTL = PTR

The following abbreviations are used In these equations :

SR • SIN ROL ) CR — COS ROL
SP = SIN PIT CP — COS PIT

— SY = SIN(YAW CY — COS YAW )



1

AC
AERO COEFFICIENTS AS TABULAR FUNCT IONS

INPUT 
_ _ _

PHYSICA L
QUANTITY ~~~ DESCRIPTION UNITS

NAME

CIT TABULAR DATA: C O E F F I C I E N T  OF LIFT
VS ANGLE OF ATTACK

CDT TABULAR DAT A : COEFFIC IENT OF DRAG
VS COEFFICIENT OF LIFT

CMI TABULAR DATA: COEFF. OF PITCH MOMENT
VS COEFF. OF LIFT

CYB TABULAR DATA: DERIVATIVE, SIDE FORCE
DUE TO SIDE SLIP VS
ANGLE OF ATTA CK

CLB TAB ULAR DA TA : D E R I V A T I V E , R O L L I N G
MOMENT DUE TO SIDE SLIP
VS ANGL E OF ATTACK

CNB TABULAR DATA : DERIVATIV E , YAW MOMENT
DUE TO SIDE SLIP  VS
ANGL E OF ATTACK

AL ANGLE OF ATTACK IN BODY AXIS DEC
BE SIDESLIP ANGL E DEC

OUTPUT 
_ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

20 Z AXIS/LIFT FORCE COEFFICIENT FOR TRIM LBS
XO X AXIS/DRAG FORCE D~E F F I C I E N T  FOR TRIM LBS
MO PITCHING MOMENT COEFFICIENT FOR TRIM FT-LBS
YB SIDE FORCE D E R I V A T I V E
LB ROLL MOMENT DERIVATIVE
NB YAW MOMENT DERIVATIVE

References : Listing--V olume II, Section 4.3 .10
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AC
AERO COEFFICIENTS AS TABULAR FUNCTIONS

s rTABL~ LOOK 1 AERO COEFFICIENTS
(AL , BE) UP ROUTINE STABIL ITY OER IV~TIVES

EQUATIONS:

ZO — -CLT(AL )

XO - —CDT(ZO)

MO - CMT(MO)

YB • CYT(BE)
LB • CLB(AL)
NB — CNB(AL)

I
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r~r~FUNCTION GENERATOR

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

COC Specifies whi ch ana lytic function is calcu—
lated . (see ecuations below for use of
these inputs)

Cl Constan t inputs for the Equations below
C2
C3
C4

OUTPUT 
_ _ _

PORT DESCRIPTION UNITS

—__

NA ME

Pa 
l

outout 
— 
~~Any

References: Listing——VOh4~e II , Sect~c~
COD • 1 P0 • Cl + C2*SIN(C3*t + C4 ) . 3.5.7

2 EQ v Cl + C2*COS(C3*t ~ C4)• .C5*t3 P0 • Cl + e SIN(C3tt
- Cs *t

4 EQ Cl + e COS(C3*t + C4)

S FO . Cl + C2’t
— 

•C3 t
6 FO~~ Cl +C 2 e

where : ~ TIME
36

- ~~~
__

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~_-~



F T 2

AP
AUTO PILOT PITCH CONTROLLER (J I~4D I V I K )

_________  ____ 

INPUT 
______

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

CAM VE RT I CAL FLIGHT PATH ANGLE DEC
GAD DEMAN DED FLI GHT PATH AN GL E DEC
A1 ,A2 POSITI VE A ND NE GATIVE L IM I T OF DE AD BAND DEC
A3 , A4 POSITIVE AND NEGATIVE FLIGHT PATH ANGLE FOR DEC

CONTINUOUS BEEP
A5, A6 MAX PITCH GYRO REFERENCE ANGULAR RATE DEG/SEC
A7 , A8 SATURATION SLOPE
PGL PITCH GYR O REFERENC E ANG LE L IMIT DEG
PIT AIRCRAFT PIT CH ANGL E DEG
PID PITCH ANGLE RAT E DEC/SEC
GL1 CAIN FOR REF ANG LE (PITCH ) L IMITS
G12 

_____ 

CA IN FO R INTEGRATION L IMITS ON ELE SERVO ANGLE

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICA L O~~ OT
QUANTITY r u n,  DESCRIPTION UNITS

NAME

ELE ELEVATOR ANGLE DEGETA* ELEVATOR SERVO ANGLE DEGPGR* PITCH GYRO REFERENCE ANGLE DEGX1* IN TE RMEDIA TE SER VO FUNCTION STATE
X2* INTERMEDIATE SERVO FUNCTION STAT E

~• ELD ELEVA TOR SERVO DEMAN D ANGLE FROM AUTO PILOT DEG

* State Vari ables

Re fe rence s :  Listing -- Vol ume II, Section 3.4.9

31
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AUTO PILOT PITCH CONTROLLER (J INDIVI K)

EQUATIONS :

GSF • CAM-GAD

CALL. SB(PGF , GSF, Al . . . . . . . A8)

PGR — PGF+GL]*AMIN1(O., PGL-PGR)

PGR — PGF+GLI*AMAX1(O., -PGL-PGR)

ELD — O.28*(PiT-PGR)+Q.533*(PIT~pGR)

Xl • 191.6*(ELD—ETA)

X2 • X1+61.3* (EL.D—97.7*ETA)

EtA • X2-9.64*ETA÷GL2~AMIN1(O,, 22.5-ETA)

ETA — X2-9.64*ETA+G12*AMAX1(o., -15. -ETA)
ELE • ETA/1.5

38
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AR
AUTO PILOT ROLL CONTROLLE R (Jfl’~DI’/IK)

_ _ _ _ _ _ _  _ _ _  

INPUT 
_ _ _ _ _

PHYSICAL 
~QU AN TI T Y rORT DESCRIPTION UNITS

NAME NO.

AZI AIRCRAFT A X I M U T H (+ C L O C K W I S E )  DE G
CR S DEMANDED A I R C R A FT COURSE (

~ CLOCKWIS E) DEG
DC ALL OWA BLE COURSE ERRO R (+ DEG) DEC
ROL A IRCRAFT ROLL ANGLE DEG
R ØD ROLL ANGLE RATE DEG/SEC
R AIRCRA FT YAW RATE DEG /SEC
GL 1 GAIN FOR GYRO REF A N G L E  L I M I T S
GL2 GAIN FOR INTEGRATION LIMITS ON A ILERON SERVO

___________ ______ 

ANGLE

_ _ _ _ _  _ _ _  

OUTPUT 
_ _ _ _

PHYSICAL PA RTQUANTITY DESCRIPTION UNITS
NAME

AlL AILE RON DEF LECTIO N DE C
ZET * AI LERON SER VO DEFLE CTIO N DEG
RGR* ROLL GYRO REFERENCE ANGLE DEC
Rl* AILERON DEMAND FUNCTION STATE VARIABLE
R2* A ILERON DEMAND FUNCTION STATE VARIABLE -- -
X 1 AILE RON SERVO FUNCTION STATE VARIABL E ---
X2* AILERON SERVO FUNCTION STATE VARIABLE
AID AILERO N SERVO DEMAND ANGLE FROM AUTO PILOT DEG

* State Variables
References: Listi ng--Volume ii, Section 3.4.10
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AR
AUTO PILOT ROLL CONTROLLER (JINDIVIK )

EQUAT IONS:

TRGRD=O.O

IF (AZI~GT CRS+DC) TRGRD=- 1O.O

IF (AZI .LT•CRS—DC) TRGRD=IO.O

IF (AZI.LT DC.AND.RGR.LT.O.O) TRGRD=1O.O

IF (AZI•GT•-DC~AND~RGR•GT.O.O) TRGRD=-1O.O

RGR TRGRD+GL1*AMIN1 (O., 30.-RGR)

RGR = TRGRD+GL1*A MAX 1(O. ,-30 . -RGR )

RI = R

R2 • Ri

AID = . 19 6 * (RO D _ RGR)+ .42 * (ROL _ RGR ~+O .2 *R+ O . 35 *R l+O .O O 82 *R2

xl 191.6*(AID-ZET)

= X1+61.3*(AID—97.7*ZET)

ZET — X2-9.64*ZET+ GL2*AMI N1(O. , 24. -ZET)

lET = X2-9.64*ZET+GL2*AMAX1 (O., -24.-ZET)

AlL = ZET/3.

40
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ARRESTING GEAR MODEL I~& S
_ _ _ _ _  _ _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME N

ROL ,PJ T ,YAW VEHICLE ROLL , PITCH , YAW EULER ANGLES )EG
X Y ,ALT VEHICLE CC POSITION IN EARTH AXIS
XD,YD VEH iCLE CG VELOCITY IN EART H AXIS ~T/SEC
BSC,WLC BODY STATION AND WATER LINE OF VEHICLE [NCHES

CC
BSH ,WLH HOOK PIVOT BODY STATION AND WATER LINE ~NC HE S
LH HOOK ARM LENGTH NCHES
YS RUNWAY SPAN SET~EEN SHEAVES I
YM TAPE DRUM TO SHEAVE DISTANCE I

(YM CT. 5 PERCENT YS)
MC INITIAL CABLE HEIGHT ABOVE RUNWAY I

EC CABLE MODULUS OF ELASTICITY B/ IN2

DNC CABLE WEIGHT DENSITY B/IN 3

AC CABLE CROSS SECTIONAL AREA N2

ICS CABLE INITAL STRESS B/ IN2
(USED ONLY FOR KINK WAVE ANGLE CALCULATION)

DNT TAPE WEIG HT DENSITY B/ IN3

THK TAPE ThICKNESS NCHES
WOT TAPE WIDTH NCHES
TPO MAXIMUM TAPE PAY OUT T
RO TAPE DRUM OUTSICE RADIUS INCHES
IDR DRUM INERTIA •BS— 1N 2

(INCLUDE ALL ROTATING MAS S EXCEPT TAPE)
DMP WATER TWISTER V 2 DAMPING COEFFICIENT B-1N2/

RAD/SEC)
VO VEH ICLE SPEED DURING INITIAL CABLE PICKUP FT/ SEC

41



ARRESTIMG GEA R MO~EL AS
_ _ _ _ _  _ _  

o~rr~u~ _ _ _ _

PHYSICA L 
~ RTQUANTITY DESCRIPTION UNITS

NAME

FX,FY,FZ X ,Y,Z BODY AXIS HOOK FORCES APPLIED AT VEHICLE LBS
C .G.

TX ,TY ,TZ X ,Y I Z, BODY AXIS HCOK MOMENTS APPLIED FT—LBS
AT VEHICL E C.G.

*GIR TAPE DRUM ANGULA R DISPLACEMENT , RADIANS
RIGHT SIDE

*G2R TAPE DRUM ANGULAR VELOCITY , RIGHT P.AD/SEC
SIDE

*GIL TAPE DRUM ANGULAR DISPLACEMENT , RADIANS
LEFT SIDE

*G2L TAPE DRUM ANGULAR VELOCITY , LEFT SIDE RA D/SEC
TR ,TL RIGHT, LEFT CABLE/TAPE TENSION LBS
CIL HOOK TO CABLE IMPACT LOAD LBS
THL TOTAL LOAD APPLIED TO HOOK LBS

I

* State variables - .
References : Anal y s i s -- Volume I, Section VIII

Listing —— Volume II, Section 4.6.5

42
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AS
ARREST ING GEAR MODEL

EQUATIONS:

TIME O
CALL KINK (U ,V,W,CSI ,EC ,DNC ,PKW ,C,CSTR)
IT * 0

I I M = 0
I R12 =

R12 = 1.E6 if R12 <-0
-
~~ RI = SQRT(R12)
I BH = (BSH-BSCG)/12.

HH = (wLCG-WLH )/ 12.
LH2 = ALH/12.
INTT = 1.5708*DNT*WDT
TRO = .1592*THK/RO

I APG .373*AC*DNC
R R = R O

j RL = RO
I TIME)O.

-1
TR a TL = CIL = O.

- IF(!M.EQ.1) HOOK MISSED THE CABLE
XEH = X_BH*CPCY_ HH*SP O FOR CABLE HOOKUP
YEll a
ZEH = _ALT_BH*(CRSPCY+SRSY)+HH*CRCP
ZL. = -ZEH-HC
XCH = SQRT (ZL*ZL+XEH*XEH)
S1NC = ZL/XC H
COSC XEH/XCH —

OC — 57 3*ASIN ( SINC )
YCH YEM
AB — XEH*SY/CY+(ZL/CP_SP*(ZL*SP/CPl.XEH/CY) )*SR/(SRSPSY+CRCY)
GG2 = XCH*XCH+AB*AB
GO SQRT(GG2)

- SIND a XCH/GG
COSO = AB/GO

• XCP = XCH_LM2*COSD
YCP = YCH-LH2~SIN D

I HOOK PASSES OVER CABLE (NO HOOKUP )
YR — .4*YS_ YCP IT ~ 1YL — .4*YS+YCP
D — (xCH_LH2)*12. XC H > LH2 

- 

-

~~~~~~~~~~~~~ 43 

-

- —.-~-——.-•- -.- ~~ —.~ ).__~~~__ 
------ --



1
AS

ARREST ING GEAR NODEL

HOOK ENGAGES CABLE
AYR = SQRT(( .5 *YS _ Y CP) * ( . s *Y S_ Y C P)+XCP *xCP) IT = 1 or
AYL = St~RT((.5 *Y S+YCP * (. 5 *YS+YC P)÷XCP*XC P) XCH~~LH2
SPR = (.5*YS_YCP)/AYR
SPL = ( 5*YS+ycp )/AyL
CPR = XCP /AYR
CPL = XCP/AYL
PR = ACOS(C PR)
P1 = ACO S( CPL)
AR = AYR-YR PKW5PR
SPR = SI N(PKW )
CPR = COS (PKW ) PKW ‘,PR
AR = (1. _CPR)*XCP/SPR+.5*YS_YCP_YR
AL = AYL-Y L P)Ci4~ .PL .

~

SPL = SIN-(PKW)
CPL = C-OS (PKW) PKW7rL.
AL = (1._CPL)*xCP/SPL+.5*Ys+YCp_v1
ARU = RO*GIR* (1._ 5*TpQ*GI R)
ALU = RO*GIL*(1.~ .5*TRO*G1L)
RR = RO*(1. _TRC*G1R)
RL = RO*(1. _TRC*G 1L)
h R  = (AR-ARU )/ (ARU+YM)
UL = (A L—A Lu)/ (A LU+YM )
TR = WDT *T HK*ET(UR)
TL = WDT*THK*ET(UL)

IMPACT LOAD
VS = XD*XD+YD*YD -

AV = YD/XD
FR = APG*VS*COS(PKW_ AV)/SPR -

fL = APG *VS *COS(PKW _AV) / SPL ~ PL
CII = FR+FL

— XEG = XEH_Z8G*SP
YEG = YEH+ZBG*SRCP
ZEG = ZEH+ZBG*CRCP
FF2 = XE G2+ (YEG-YEH+AB)2+(ZEG+HC)2
EE = ZBG
COSH = (EE 2+C~G2_FF2)/(2*EE*GG)
SINH = SQRT(1. _COSH*COSH)
OH = 57 3*pCO5 ( COSH )
FCX = _TR*S PR_TL*SPL_ CIL
FCY TR*CPR_ TL*CPL_CIL*A V
THL SQRT (FCX2+FCY 2)

BODY AXES FO R CES AND MOMENT S
FXEP = FCX*COSC
FYEP FCY
FZEP — _FCX*SINC

44
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~1
ARRESTING GEA R MODEL

FX = FXEP*CPCY+FYEP *(SRSPCY_CRSY)+ FZEP*(CRSPCY+SRSY)
FY = FXEP*CPSY+FYEP *(SRSPSY+CRCY)+FZEP *(CRSPSY_ SRCY )
FZ = _FXEP*SP+ FYEP*SRCP+FZEP*CRCP
BP = BH+LH2*SINH
HP = HH+LH2*COSH
TX = _HP*FY
TY HP*FX+BP*FZ
TZ = _BP*FY
RI4 = (RI)4 -

DRR4 = (RR) 4—R 14;DRL4=(R L) -R14 LVIR = 386./(INTT*DRR4+ADR)
VII = 386./ (INTT*DRL4+ADR)
G1R = G2R
G2R = VIR*(_DMP*G2R*G2R+RR*TR)
Gil = G2L
G21 = VIL*(_CMP*G2L*G2L+RL*TL)

The following abbreviations are used in these equations :

SR = SIN ( ROL ) CR = COS(ROL)
SP = SIN(PIT ) CP = COS(P I T)
SY = SIN(YAW ) CV = COS(YAW )

45
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LATERA L AERODYNAMIC MODEL D L
I
T
c
I
A
T
Ic. PORT DESCRIPTION UNITS

MAM E

SIDE FORCE COEF FIC IENTS :*
YBI YBD BETA AND BETA DOT COEFF. (NONDIM.)

V AND V DOT COEFF. (DIM.) LB-SEC~FT
LB—SEC’f F

VP YR P AND R ANGULAR RATE COEFF . LB-SEC/DE
YD~, YDA RUDDER AND A I L E R O N  COEFF . LB/DEG
KCY AEROELAST I C EFFECTS C O E F F I C I E N T
YTR TAKEOFF OR RECOVERY TRUNK COEFFICIENT (NOND IM. )

V COEFFICIENT (DIM. ) B—SEC/FT
YFS FLIGHT SPOILERS COEFFICIENT B/DEC
YGE GROUND EFFECT ON CYB FACTOR
KYB LARGE SIDE SLIP ANGL E FACTOR FOR CYB
YBR RUDDER E F F E C T I V E N E S S  PARAM ETER ---

FOR LARGE SIDE -SLIP ANGLES
ROLLING MOMENT COEFF ICIENTS :*

LB ,LBD BETA AND BETA DOT COEFF. (NONDIM .)
V AND V DOT COEFF. (DIM.) LB-SEC

LB-SEC
LP , LR P AND R ANGULAR RATE COEFF. FT-LB-S E

DEG
LDR , LOA RUDDER AND A I L E R O N  COEFF. FT-LB/DEl
KCL AEROELAST I C EFFE CTS COEFFI CIENT
LTR TRUNK COEFFICIENT (NONDIM.) LB-SEC

V COEFFICIENT , (DIM .)
LFS FLIGHT SPOILERS COEFFI CIENT FT-LB/DE l
LGE GROUND EFFECT ON CLB FACTOR ---
KLB LARGE S I D E  SL I P  ANGL E FACTOR FOR CL8 --—
LBR RUDDER EFFECTIVENESS PARAMETER FOR LARGE

SIDE-SLIP ANGLES

YAWING MOMENT COEFFI C IENTS :*
NB , NBD BETA AND BETA DOT COEFF . (NONDIM.)

V AND V DOT COEFF. (DIM .) LB-SEC
LB-S EC~NP ,NR P AND R ANGULAR RATE COEFF. FT-LB-S E~/DEG

NDR ,NOA RUDDER AND AI LERON COEFF. FT-LB / DE
KCN A EROELAST I C EFFECT C O E F F I C I E N T
NTR TRUNK COEFFI C IE N T (NON OIM .)

V COEFFICIENT (DIM .) LB-SEC
NFS FLIGHT SPOILERS COEFFIC IENT FT-LB/ DEl
NGE GR OUND E F F E C T  ON CN B FACTOR
KN B LARGE S I D E  S L I P  AN GL E FAC TO R F-O R C~IBNBR RUDDER EFFECT IVENESS PARAM ETER

FOR LARG E SIDE- SL I P  A NGLES

46
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INPUT DL
PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME N .

CONTROL SURFACES:*
RUD,AIL, RUDDER AND AILERON AND FLIGHT SPOILER DEG
FSP DE FL ECTIONS

UD, WD LONGITUDINAL ACCELERATIONS: *
X AND Z BODY AXIS ACCEL . FT/SEC2

EXTERNAL FORCES AND MOMENTS :*

FY 1 V BODY AXIS FORC E LBS
TX ,TZ 1 X AND Z BODY AXIS MOMENTS FT-LBS

CONSTANTS:
MA R I G I D  BODY MASS SLUGS
B WING SPAN FT
XP~’ X AXIS CENTER OF PRESSURE - C . G .  FT
ID INDICATOR FUNCTION OFR COEFFI C I ENTS

o = BODY AXIS , DIM.
1 a BODY AXIS , NONDIM.
2 a STABILITY A X I S , DIM.
3 = STABILITY A X I S , NONDIM.

CAL ,SAL DIRECTION COSINES FOR BODY OR STABILITY
AXES , DEPE NDING ON I D

UO,VO ,WO X ,V ,Z BODY A XIS VELOCITIES FT/SEC
PO ,RO X AND Z BODY AXI S ANGU LAR RATES DEC/SEC
BE SIDESLIP ANGLE DEC
LV Y BODY AXIS ACC EL . TERM FOR VD FT /SEC 2
VT TRUE AIRSPEED FT/SEC
QS DYNAMIC PRESSURE TIMES REF ERENCE AREA LBS
RW Y BODY AXIS ANGU LAR RAT E GUST DEC/SEC

_ _ _ _ _  _ _  

otrr~trr 
_ _ _

PHYSIC AL or
QUANTITY DESCRIPTION UNITS

NAME

FY 2 Y BODY AXIS FORCE SUM LBS
VD V BODY AXIS ACCELERAT ION FT / SEC 2
TX ,TZ 2 X AND Z AXIS (ROLL AND YAN ) ~1OMENTS FT-LBS

References : Anal ysis -- Vol ume I, Section 2. 4 .9
Listin g -- Vol ume II , Section 4.3.9

* Defaul t va lue  = 0 47
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DL

LATERAL-DIRECTIONAL EQUATION S
(Implicit Form )

DIt~ENS IONAL EQUATIONS :

FY = ~(YB.KCY÷YTR).Yc~•VO÷YBo.(v+Vw)÷YP .PO÷YR.RO+YDA.AIL÷YFS.FSD]aero KYB+YDR.RUD.YBR
where

V = V D = FY 2 / M A + E W
VW RW .VT • n/180
ix =(( LB.KCL+LTR) .LG E.VO ÷LBD .(V+VW)+LP .PO+LR .RO+LDA .A IL+LFS .FSP ) KLB +aero LDR’RUD LBR
TZ = ~ (NB

.KCN+NTR) .NGE.VO+NBD(V÷VW)+NP .PO+NR .RO+NDA .AIL+NFS.FSP). KNB +aero NOR~RUD.NBR

NOND IM ENSIONAL E QUATIONS:

FY
aero 

= QS.[((YB KCY ÷YTR) .YG E IE+(YBD .BETA÷YP P÷YR.~ ) B/ (2 VT) +YDA •A I L+
YFS.FSP} .KVB+YDR.RUD.YBR]

where
BETA = V(1-BE2)/VT- B~(UO.UD+WO WD)/VT2÷~W ~

B’~ = BE.ir/ 180 ,etc. for P, R, RUD , AlL , RW , FSP
TXaero 

= QS.B{~ (LB.KCL ÷LTR).LGE.B~+(LBD~BETA+LP .~+LR.k).B/(2.VT)÷LDA.AIL÷

LFS.F~P) 
.KLB+LDR.ROD.LBR]

TZaero 
QS.B.[~(NB~KCN+NTR) .NG E.B~+(NBD .BETA ÷NP +NR.~ ) . B / (2 VT) ÷ND A .AI L +
NFS .FSP} .J~ B+NDR.RUQ.NBR]

FORCE AND TOR QUE SUM:

FY2 = FY aero + FYi

TX2 = (TXaero + TX1 ID = 0,1

1
t~ 
TXaero CAL - TZ aero 

. SAL + TX1 ID = 2,3

TZ2 a (TZaero + TZ1 + XP
~

FY ae~~ 
ID = 0,1

~ 
TZaero CAL + TX aero . SAL + XP • FY aerO ID 2 ,3

*Small Beta angle approximation

48
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DL
LATERAL STABILITY AND CONTROL DERIVAT IVES : DI.

BETA BETA P R IRUD . 4AIL.
1

FY C~ ~~ C~ C~ CY 
CY

B B P r
(sIDE) YB YB O VP YR YDR YDA

TX~L CL cL. c C C1 CL- L~, LR 4r 6a(ROLL ) - LB LBD LP LR LOR IDA
TZN CM CM. CMV I CNr 

CM 8,.. 
CN~

(YAW ) NB NBD NP I MR NOR MDA

TRUNK SPOILERS~~~~~~ ~I~~~~ I~~ RUD ELASTICIT Y

~ TR 
Cy !  KC~~ ! KC~8 

Kc~~~
YTR YFS YGE KYB YBR KCY

C1 C1~~ 
~~~ ~~~ 

KCLBR
LIR IFS LGE KLB LBR 

-. 
KCL

C
N J  

CN~~ 
~ NGE ~ NB ~ NBR

NTR NFS NGE KNB NBR KCN

FIRST ROW - NON-DIM. AERO-COEFFICIENTS

SECOND ROW a EASY NAME S

49
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SIX DEGREE OF FREEDOM RIGID BODY DYNAMICS OS
_______________________ ACCE LERATIONS

ACCELERATIONS I VELOCITIES
TORQUES ANGLES & POSITIONS

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

UD,VD,WD X ,Y,Z BODY AXIS LINEAR ACCELERATIONS FT/SEC2
TX ,TY ,TZ X ,Y ,Z BODY AXIS TOR QUES FT-LBS 2IXX ,I YY X,Y ,Z BODY AXIS MOMENTS OF INERTIA SLUG-FT
IZZ 2IXZ X—Z CROSS PRODUCT OF INERTIA SLUG-FT

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

X ,Y ,Z BODY AXIS LINEAR VELOC ITILS FT/SEC
*P,Q, R X ,Y ,Z BODY AXIS ANGULAR RATES DEG /sEC
*ROL ,PIT , EULER ANGLES , BODY TO INERTIAL AXES DEC
YAW
ROD, P I D  ROLL , PITCH ANGLE RATES DEC/SEC
XD, YD HORIZONTAL POSITION RA IES FT/ SEC
*ALT VERTICAL ALT iTUDE FROM SEA-LEVEL FT
PD ,QD,RD X ,Y ,L BODY AXIS ANGULAk~ ACCELERATIONS DEC /SEC 2

ASSUMPTIONS : “~~~~ I ,p 
~~~~~~~~~~~ 

~
‘

1. Body ax syninetry about X-Z pl ane ,

Constant gravit y, flatearth ~ del .

* These output quantities are states .

Note: If using only 01 or DL, the unused Z,w 
Al I d — ZInputs must be set to zero . t tu e

50 
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Os
SIX DEGREE OF FREEDOM EQUATIONS OF MOTION

o LINEAR VELOCI TY EQUATIONS

U = U D  V = V D

o ANGULAR VELOCITY EQUATIONS (P=P.~/18O , etc. for ~~~~~~~~~~

p*~~x TX_Q *R*(IZZ_IYY)+ (P*Q+R)*IXZ

= TY_P*R* (IXX_IZZ)+ (R2_P2)*IXZ

= TZ _ Q * P* ( IYY _ IXX)+ ( P_ Q* R) * IXZ

o ANGULA R POSITION EQUATIUNS*

PIT = QtCR - R*SR

YAW = (Q~SR+R*CR)/CP

ROL = P + vAw*s p

o LINEAR POSITION EQUAT IONS*

xo = u(cv*cP)+v(_sv*cR + CY*SP*SR) + W(SY * S R + CY*SP*CR)

YD = U(SY*CP)+v (CY*CR ÷ SY*sp*SR) + w (_ cY *S R+sv* SP *cR)

AC.T U~SP - V (CP*SR) - ~*~(CP *CR )

* The fo llowing abbreviations are used in these equat ions:

SR SIN(ROL ) CR = COS(ROL)
SP SIN(P IT) CP — COS( P IT )
SY SIN( YAW ) CV COS (YAW )

Ref erences: Analy sis -- Volume I, Section 2 . 4 .2
Lis ti ng -- Volu me II, Section 4 .3 .2
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DUCT DU

_ _ _ _ _ _ _  
___ INPUT 

_ _ _ _ _

PHYS ICAL ~~~QUANTITY ~~~~~~ DESCRIPT ION UN I TS
NAME

I 1 INLET TEMPERATURE DEGR
W 1 IN LET FLOW .8/ MIN
P 2 OUTLET PRESSURE PSIA
AK K FACTOR
AL LENGTH FT
0 DIAMETER IN
TAM EFFECTIVE LOCAL AMBIENT TE~1P DEGR
HO EXTERNAL HEAT TRA~4SFER COEFFICIENT BTU/FT2-

(BASED ON INTERNAL WETTED AREA ) HR DEGR
FC FREQUENCY CONTROL ON P1. (FC.GE.1.)

A VALUE OF FC GREATER THAN 1.
DECREASES FREQUENCY RESPONSE OF P1
CORRESPONDINGLY

_ _  _  

OUrPtrT _~ _ _

PH YSIC A L
QUANTITY POST OESCRIPTION UNITS

NAME

1 2 OUTLET TEMPERATURE )EGR
W 2 OUTLET FLOW .3/HIM

1. INLET PRESSURE STATE ‘SIA

-
~~ Re ferences: Analys is -- Volum e I , Section 3.1.1
j Listing -- Volume 11 , Section 4.1.1

* 5~~t~ Var Ia bles 
52
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DUCT

EQUATIONS :

CP SHCP (11,0.)

Ra 53. 3

GAMMA = 1.+R/(778.-*CP-R)

Gi = j./(GA?IIA—1.)

G2 • (GANMA-1.)/2.

CA a .785398*0*0

CAL L FNFLQW( P 1 ,P2 ,T1,CA ,AX ,FN.W2)
a (ABS(W1)+ABS(W2))/2.

~ AMAX1 (~i,.Oi)

HINT — HI(1,T1,T1.W ,D,AL)
(IA — O.004363*D*AL.*HINT*HO/ (HINT+HO)

T2 TAM+(T1_TAM)/EXP(UA/ ( CP*~ ))

12 — T1-300 11 12

12 • 11+300 T2 T1
a (11+12)/2.

• (P1+P2)/2.

AM - AMACH(~,Y,CA.W)

• R*?~*(W1_W2)*(1.+G2*AM*AM)**G1/(6O.*CA*AL*FC)

J~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DvVALVE I~ A DUCT

_________  _____ 

INPUT 
______

PHYSICAL
QUANTITY PO~T DESCRIPTION UNITS
NAME N .

1 1 INLET TEMPERATURE DEGR
W 1 INLET FLOW LB/MIN
P 2 OUTLET PRESSURE PSIA
OPE VALVE OPEN ING

VAL 1. DEGREES OPEN (O.LE .OPE.LE.90 )
VAL•2,3. FRACTIONAL OPENING

(O.LE.OPEN .LE.1.)
AL LENGTH FT
0 DIAMETER IN
DPO POPPET DIAMETER IN

(REQUI RED FOR GLOBE VALVES ONLY)
TAM EFFECTIVE LOCA L AMBIENT TEMP DEGR
HO EXTERNAL HEAT TRANSFER COEFFICIENT BTU/FT2-

( BASED ON I NTER N AL WE TTE D AREA ) HR DE GR
FC FREQUENCY CONTROL ON P1. (FC.GE.1.)

A VALUE OF FC GREATER THAN 1.
DECREASES FREQUE~ICY R ESPONSE OF P1
CORRESPONDINGLY

VAL CODE IDENTIFYING TYPE OF VALVE
=1 . BUTTERFL Y VALVE
=2. GATE VALVE H
=3. GLOBE VALVE 

4

_ __  -
OUTPUT 

_ _

PHYSICA L
QUANTITY POST DESCRIPTION UNITS
NAME

1 2 OUTL ET TEMPERATURE DEGR
W 2 OUTLET FLOW LB/MIN

1 INLET PRESSURE PSIA

Re ferences ; An alys is -- Volume I , Section 3.1.4
Lis ting •- Vo lume II, Sect Ion 4.1.4

* State Variable
54
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D ’I‘I

VALVE IN A DUCT

EQUATIONS:

SAME AS Dli

CA— . . . .
CALL VLX(P1,P2,T1,D,DPO,OPEI VAL ,W2)

= (ABS(W1)+ABS(W2))/2. ~.O1

HINT • HI (1,T1,T1,W,D,AL)

UA a 0.004363*D*AL*HINT*HO/(HINT+HO) ;-~
12 TA?4+(T1-TAM)/EXP(UA/(CP*W))

12 11-300 T1>T2

12 • 11+300 T2>T1

— (Ti+T2)/2.

• (P1+P2)/2. - 
-
~

AM - AMACH (~ ,T,CA,~)

P1 — R*~*(W1_W2)* (1. +G2*AM*AM)**G1/ (6O. *CA*AL *FC)

I

~ i

55
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ENGINE MODEL (COMPLEX)

INPUT 
_______

PHYSICAL - .QUANTIT Y PORT DESCRIPTION UNITS
NAME NO.

PR TABULAR DATA : COMMAND PRESSURE RATIO
VS THRUST LEVER ANG LE (THT)

WN2 TABULAR DATA: NATURA L FREQUENCY SQUARED
VS ACTUAL ENGINE PRESS URE
RATIO (PRO)

TFT TABULAR DATA : ENGINE FORWARD THRUST VS
MACH NO. (.AMN ) AND PRO

TRT TABULAR DATA : ENGINE REVERSE THRUST VS
MACH NO. (AMN ) AND PRO

TSR TABU LAR DATA : ENGINE SPEED VS MACH
NO. AN D IN STANTANE OUS
THRUST

TFN TABU LAR DATA : TEMPERATURE RISE FAN-
INLET TO OUTLET VS
CORRECTED ENGINE SPEED

TFP TABULAR DATA : PRESSURE RATIO FAN OUTLET
TO INLET VS CORRECTED
ENGINE SPEED

181 TABULAR DATA: TEMPERAT URE RI SE COMPRE SSOR
INLET TO OUTLET VS CORRECTED
ENGINE SPEED

TBP TABUL AR fATA : PR ESS URE RATIO COM PRE SSOR
OUTLET TO INLET VS CORR .
ENGINE SPEED

TPO TABULAR DATA : CORRECTED BLEED FLOW RAT E
VS ENGINE PORT PRESSURE RATIO

THT THRUST LEVER ANGLE DEG
Cl POSITIVE DEADBA ND ON THT
C2 NEGATIVE DEADBAN D ON THT
C3 POSITIVE SATURATION INTERCEPT (.GT.C1)
C4 NEGATIVE SATURATION INTERCEPT (.LT.C2)
CS POSITIVE SATURAT I ON LIMIT ON Thi
C6 NEGATIVE SATURATION LIMIT ON THT
Cl SATURATION SLOPE ( + V E )
C8 SATURATION SLO?E (-yE)
TC1 ENGINE SPINDOWN TiME CONSTANT SEC
ZTA SPINUP DAMPING RATIO
AMN MACH NUMBER
TC2 THRUST REVER SER TIME CONSTANT SEC
GAX , GAZ X , Z BOD Y AXIS DIR E C T ON COS N ES
XO, ZO THRUST LCCA TION COMPONENTS FROM C.G. FT
PAM AMBIE NT PRESSURE PSIA

56-
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EC
EI~Gh4 E iIODEL (COr~PLEX)

_________  _____ 

INPUT
PHYSICAL 

~QUANTITY DESCRIPTION UNITS
NAME

TAM AMBIENT TEMPERATURE DEGR
P 2 BLEED PRE SSURE DOWNST REAM OF THE PORT PSIA
LEN INDICATOR FUNCTION FOR ENGINE FAN AIR CAL-

CULATION S
O = TO BE INCLUDED
1 = TO BE EXCLUDED

IBL INDICATO R F UNCTION FOR ENGINE B LEED AIR CAL-
CULATIONS -__

O = TO BE INCLUD ED
1 = TO BE EXCLUD ED

FX 1 EXTERNAL FORCE X-BODY-AXIS LBS

_ _ _ _ _  _ _  

oumsr 
_ _ _

PORT DESCRIPTION UNITS
NAME

pRØ* ACTUAL ENGINE PRESSURE RATIO
PRR* REVERSE ENGINE PRESSURE RATIO
X2* INTERMEDIATE VALUE OF PRO
X3* INTERMEDIATE VALUE OF PRR
FX , FZ -X AND Z AXI S FORCES LBS
TV V AXIS TORQUE (PITCHING MOMENT) FT-LBS
TH ENGINE THRUST LBS
FSP FAN STA GE DELIVERY PR ES SURE PSIA
FST FAN STAGE DELIVERY TEMPEr<ATURE DEGR
EEU BLEED PRESSURE UPSTREAM OF PORT PSIAIPU BLEED TEMPERATURE UPSTREAM OF PORT DEGRW 2 BLEED AIR FLOW RATE LB/MIN1 2 BLEED TEMPERJ,TURE DOWNSTREAM OF PORT DEGR

References : Ana lysi s -- Vol ume I , Section 2.6
Listing -- Vol ume II , Section 4.4.2

* Sta te Var Iabl es

4 .
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EC
ENGINE MODEL ( COMPLEX )

EQUATIONS:

CALL SB(THT,THT ,C1 C8)
PR! = PR(T HT)
EPS = PRI-PRO

EP1 = AMAX1 (EPS,O.)
EP2 = AMIN1(EPS ,O. )
X3 = (EP2—X3) /TC 1
WNS = WNT(PRO)
EM1 = EP1*WNS
WN SQRT (WNS)
X2 = EM1-2.*WN*ZTA*X2
PRO = X2+X3
TF = TFT(AMN,PRO )
PRR = (PRO—PR ~)/TC2
TR = TRT(AI’lN,PRR)
TH = TR+TF+FX1
FX = TH*GAMX
FZ = Th*GAM Z
TY = Z0*FX-XO*FZ
PT • PAM*(1.+.2*AMN*AMN)**3.5
IT TAM*(1. +.2*AMN*AMN)
SPD = TSR(AM N~Th)
ENC = SPD*SQRT(519./TT)
DTF TFN(E NC )
FST = TT*(1.÷DTF)
FPR • TFP(ENC )
FSP - PT*FPR

58
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EC
ENGINE MODEL (COMPLEX)

EQUATIONS: (Con ti nue d )
I

DI — TBT(E N C)
TPU — 1T*(1.+DT)
CPR • TBP(ENC)
PPU • PT*CPR
PRA T — PPIJ/P2

WCR - TPO( PRAT )
W2 — WCR*PPU/SQRT (TptJ)
T2 - TPU

H

A 

.
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EJ
EJECTOR MODEL

_ _ _ _ _  _ _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME 
- _ _______________________________________  _______

TAB TAB ULA R DATA : FLOW RA TIO (TOTAL / PRIMARY)
VS PRESSURE RATIOS (TOTAL !
SECONDARY) AND (PRIMARY /SECONIJARY)

P 2 INLET PRESSURE SECO~;DARY AI R SOURCE PSIA
T 2 INLET TEMPERATURE SECONDARY SOURCE DEGR
ANT NOZZLE THROAT ARE.A SQ FT
ANE NOZZLE EXIT AREA SQ FT
AK CONVERGENT -DIVERGENT NOZZLE

DIFFUSER LOSS FA CTOR (FOR CO NVERGENT NOZZLE ,
INPUT AK=O , ANE=A NT )

P 3 OUTLET PRESSUR E PSIA
W 1 INLET FLOW RATE , PRIMARY SOURCE LB/MIN
1 1 INLET TEMP ERATURE , PRIMARY SOURCE DEGR

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

1 INL ET PRESSURE , PRIMA RY SOURCE PSIA
W 3 TOTAL OUT LET FLOW LB/MIN
T 3 OUTLET TEMPERATUR E DEGR

Referenc es: Analysis -- Vo l ume I, Sect ion 3.2.1

Listing -- Vo lume i t , Section 4. 2.1

* State Var iable S

60
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EJ

EJECTOR MODEL

EQUATIONS:

GA MtA = 1.4
WCHO = 31.9*ANT*P1/SQRT(T1)
P1CAL = W1*SQRT(T1)/(31.9*ANT) CHOKED FLOW

P1 = (P1GAL-P1)/.O 1
AM = AMACH(P 1,T1,ANT ,W 1) NOT CHOKED
PTS = P1/(1.+ (GAMMA-1. )~AM *AM/2 .)**(GAMMAI (GA~M—1.))

AQ = P1—PTS
ALOSS = AQ*A1<
PE = Pi-ALOSS
AME = AMACH (PE ,T1,ANE ,W1)
PESCAL = PE/(1.+ (GAMMA_1.)*AME*AME/2.)**(GAMMA/(GAMMA_1.))

PERR = P2—PESCA L
P’l = PERR/.01 P2,w
PRAT 1 = P3/P2 2

PRAT2 = P1/P2 1
WRAT = TAB (PRAT1,PR.AT2)

Cl = W 1*SQRT(T 1)*WR .AT
C2 = C1/(W 1*(T 1_T2)) P1,W 1 p w _
B = 2.*T2+1./(C2*C2)
13 = (B+SQRT(B*B_4. *T2*T2)) /2.
W3 = C1/SQRT(T3) 

~~~~:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1.0 (Wfl )3/(wfl)1
61
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ENGINE MODEL (SIMPLE)

_ _ _ _ _  _ _  

INPUT 
_ _ _

PHYSICAL
QUANTITY ~~ ‘r DESCRIPTION UNITS

NAME

TSR TABULAR DATA : ENG INE SPEED VS MACH
NO . AND INSTANTANEOUS
THRUST

TEN TABULAR DATA : TEMPERATURE RISE FAN -
INLET TO O UTLET V S
CORRECTED ENGINE SPEED

TFP TABULAR DATA: PRESSURE RATIO FAN OUTLET TO
INLET VS CORRECTED ENGINE
SPEED

TBT TABULAR DATA : TEMPERATURE RISE COMPRESSOR
INLET TO OUTLET VS CORRECTED
E N G I N E  SPEED

TBP TABULAR DATA : PRESSURE RATIO COMPRESSOR OUTLET
TO INLET VS CORR . ENGINE SPEED

TPO TABULAR DATA: CORRECTED BLEED FLOW RATE VS
ENGINE PORT PRESSURE RATIO

TCO ENGINE TIME CONSTANT SEC
THR REQUIRED THRUST LEVEL LBS
AMN MACH NUMBER
GAX , GAZ X , Z BODY A X I S  D I R E C T I O N  COSINES
XO , ZO THRUST LOCATION COMPONENTS FROM C.G. FT
PAM AMBIENT PRESSURE PSIA
TAM AMBIENT TEMPERATURE DEGR
P 2 BLEED PRESSURE DOWNSTREAM OF PORT PSIA
IFN INDICATOR FUNCTION FOR ENGINE FAN

AIR CALCULATIONS:
O = TO BE INCLUDED
1 = TO BE EXCLUDED

IBL INDICATO R FUN CTION FOR ENGINE BLEED ---
AIR CALCULATIONS:

O = TO BE INCLUDED
1 = TO BE EXCLUDED

EX1 EXTERNAL FORCE X-BODY AXIS LBS
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ES

ENGINE MODEL (SIMPLE)

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICA l.
QUANTITY rOn. DESCRIPTION UNITS

NAME

TH* THRUST OUTPUT LBS
FX , FZ X , Z BODY AXIS FORCES LBS
TV Y AXIS TORQUE (PITCHING MOMENT) FT-LBS
FS P FAN STA G E D E L I V E RY P R E S S U R E  PSIA
FST FAN STAGE DELIVERY TEMPERATURE OEGR
PPU BLEED PRESSURE UPSTREAM OF PORT PSIA
IPU BLEED TEMPERATURE UPSTREAM OF PORT DEGR
W 2 BLEED FLOW RATE LB/MIN
1 2 BLEED TEMPERATURE DOWNSTREAM OF PORT DEGR

Refer ence : Anal ys i s -- Vo lu me I , Section 2.6.1
Listing -- Volume II , Section 4.4.1

I

* State Variabl es

63
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ES

ENGINE MODEL (SIMPLE)

EQUATIONS:

TM — (THR-TH)/TCO

TM - TH+FX1
FX =

FZ — Th*GAMZ
TY • ZO*FX_XO *FZ
PT •
IT = TAM*(1.+.2*AMN*AMN)
SPD TSR (AMN ,TH)
ENC = SPD*SQRT(519./TT)

DIF • TFN(ENC)
FST TT*(1.+DTF)
FPR = TFP( ENC)
FSP = PT*FPR
DT = TBT(ENC)

IPU • TT*(1.+D1)
CPR — TBP(ENC)
PPU = PT*CPR
PRAT • PPU/P2
WCR - TPO(PRAT)
W2 — WCR *PPU/SQRT(TPU)
T2 — TPU

-i
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FD
FOUR DEGREE OF FREEDOM RIGID BODY DYdAMICS

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PO RT DESCRIPTION UNITS

NAME NO.

UD , VO X , V BODY AXIS LINEAR ACCELERAT I ONS FT/SEC2
TX , TZ X , Z BODY AXIS TORQUES FT-LBS
lxx , izz X , Z BODY AXIS MOMENTS OF INERTIA SLUG-FT
IXZ X-Z CROSS PRODUCT OF INERTIA SLUG-FT2
PIT PITCH ANGL E (BODY TO INERTIAL AXES) DEG

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICA L
QUANTITY PORT DESCRIPTION UNITS

NAME UJ~

X ,Y BODY A X I S  L I N E A R  V E L O C I T I E S  FT/ SEC
*p ,R X ,Z BODY AXIS ANGULAR RATES DEG/SEC
*ROL ,YAW ENTER ANGLES , BODY TO INERTIAL AXES DEG
XD , YD HORIZONTAL POSITION RATES FT/SEC
*ALT VERTICAL ALTITUDE FROM SEA-LEVEL FT 2PD, RD X ,Z BODY AXIS ANGULAR ACCELERATIONS DEG/SEC

-

~~~

* State Variable s
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FD
FOUR DEGREE OF FREEDOM EQUATIONS OF MOTION

o L INEAR VELOCITY EQUATIONS

U — L I D  V = V D

o ANGULAR VELOCITY EQUATIONS (P=P.~/l8O, etc. for R,P,~)

~*~~~( TX+P*IXZ
= iz+P~ixz

o ANGULAR POSITION EQUATIONS*

YAW • R*CR/CP
ROL • P +YAW*Sp

4 o LINEAR POSITION EQUATIONS*

XD U (CY*CP)+V(_SY*CR+CY*SP*SR)
YD • U(SY*CP)+V(CY*CR+SY*SP*SR)

ALT U~SP - V(CP *SR)

*The fol l owing abbr eviations are used in these equations:

SR — SI N ( ROL ) CR = C0S(ROL)
SP SIN (PI 1) CP • COS(P IT)
SY SIN ( YAW ) CY • CO S(YA W)

References: Analysis -- Volume I, SectIon 2.4.3
Listin g -— Volume II , Section 4.3.3
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FLIGHT AND GROUND CONTROLLER T ~J

FIN 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  

1 
_ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY ~~~~~~~ DESCRIPT ION UNITS

NAME

FIN COMMAND S IGNAL
Gi GAIN (SLOPE) FOR COMMAND SIGNAL

INPUT
MX 1 UPPER LIMIT OF SATUR AT ION ON FIN
~t~1 LOWER LIMIT OF SAT URATION ON FIN
G2 LOOP GAIN (SLOPE ) FOR THE INTEGRAT O R
MX2 UPPER LIMIT OF SATURATION ON X2
~?42 LOWER LIMIT OF SATURATION ON X2

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL ~QUANT ITY r U n t  DESCRIPTION UNITS
NAME

*F0 CONTROLLER OUTPUT

References: Listing •— Vol ume II, Section 3,4.8

* State Variables
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FLIGHT AND GROUND CONTROLLER

EQUATIONS: —

Xl — Gl*FIN

Xl MX1+ .OI*(FIN_ MX] . ) X l> MX1

xi • I~t11+.O1*(FIN_MN1) X lc MMi

X2 — Xl-FO

X3 • G2*X2

X3 — MXZ+ .Oi* (X2-MX2/G2) X3>MX2

X3 • MN2+ .O1*(X2-MN2/62) X3 MN2

FU — X3
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FAN WITH HYSTERESIS

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUA ~ TIT Y PORT DESCRIPTION UNITS

NAME ‘

CF TABULAR DATA : FAN FLOW RATE (FORWARD)
VS PRESSURE RAT IO

CR TABULAR DATA : FAN FLOW RATE (REVERSE)
VS PRESSURE RATIO

P 2 OUTLET PRESSURE PSIA
W 1 INLET FLOW RATE LB/MIN
T 1 INLET TEMPERATURE DEGR
PRR PRE SSURE RATIO BELOW WH IC H

TRANSITION FROM STALLED TO NORMAL
OPERATION OCCURS

PRS PRESSURE RATIO ABOVE WHICH TRANSITION
FROM NORMA L TO STALLED OPERATION
OCCURS

IC FAN TIME CONSTAN T SEC

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCR IPTION UNITS

NAME

1 2 OUTLET TEMPERATURE DEGR
FAN FLOW RATE LB/MIN

1 INLET PRESSURE PS IA

* State Variables

References: Analysi s -- Vol ume I , Section 3.2.2

Listing -- Vol un e I! , Section 4.2.2
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FAN WITH HYSTERESIS

EQUATIONS:

12 — Ti
P1CAL • W1*SQRT(Ti)/WC
P’l • (P1CAL- P1)/ .oi
PR • P2/Pi
WCF - CF (P R)
WCR — CR (PR)
CR(50) — 1 WC>WCF
CR(50) • -1 WC CWC R
CR(50) • —1 PbPRS
CR(50) — 1 PRCPRR -

WCCAL WCF CR(50) 1
WCCAI. WCR CR(50) -1
WC • (WCCA L-WC)/T C

F 
STALL 

PR

~~~~~~~~~~~~~~ 

: :i ~~~~~~~i~~~~~~~~~~B

~~
- I PRR RECOVERY A

-~ AXIAL FAN CI ~RA CTERISTICS

-4 — *-

WCR 0 FLOW MTE N WCF

70
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FLAMBIENT CONDITI ONS

_ _ _ _ _  _ _  

INPUt
PHYSiCAL
QUANTITY PORT DESCRIPTION UNITS

NAM E N .

ALT ALTITUDE FT
AI’IN MACH N O. --

DAY CODE DESIGNATING DAY --
= 1 MIL-STD—2IOB OPERATIONAL

( 1P/C RI SK) HOT DAY
= 2 M IL-STD -210A HOT DAY
= 3 MIL-STD-2 1OA TROP ICAL DAY
= 4 US STANDARD ATMOSPHERE (1962)
• 5 MIL-STD -2 1OA POLAR DAY
= 6 MIL-STD-210A COLD DAY
= 7 MIL-STD—210B OPERATIONAL

(1P/C RISK) COLD DAY

L

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME IIV~

It

PAM AMBIENT PRESSURE PSIA
TAM AMBIENT TEMPER A TURE DEGR
PRM RAM PR ESSURE ( lOO P/C RECOVERY) PSIA
TRM RAM TEMPERATURE (lOOP/C RECOVERY) DEGR

EQUATIONS :

PAM TBL U 2(ALT ,DAY)
TAM a TBLU 2(ALT ,DAY )
PP.11 — PAM*(1. + .2*A11N*AMN)**3.5
TRM TAII*(1. + .2*AMN*AMN)
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FOSTER MILLER INELASTIC TRUNK ~1ODEL . ?~~

INPUT

k TABLE TABLE DESCR IPTION

STC ** -MISC DATA ARRAY ; PARAMETERS USED IN CALCULATION
OF HEAVE-PITCH-ROLL LOAD MAPS

FAN ** —FAN DATA ARRAY ; POLY NO M INAL COEFFI CIE NTS , FAN AIR
INERTA N CE , M A X I M U M  STABLE PRESSURE

ORF ** -MISC DATA ARRAY ; ORIFICE AREA , NUMBER OF ORIFICE
ROW S , SPACING , DI M ENSIONS , X COORDINATE OF CG

A l l  ** -AIRCRAFT DATA ARRAY; MOME NTS AND PRODUCTS OF
INERTIA .HORIZONTAL , VERTICAL , AND LATERA L CG
DISTANCES FROM CUSHION CE NTER

PRV ** - -PRESSURE RELIEF VA LVE DATA ARRAY; NUMBER OF VALVES ,
DIMENSIONS , STIFFNESS , MASS

IRK ** -TRUNK DATA ARRAY ; ATTACH POINT DIME NSIONS , T R U N K
FREE HEIGHT , A N D  T R U N K  POLYNOMIAL coEFFIc:ENTS

X X X ** —MISC COEFFICIENT ARRA Y ; VARIOUS DISCHARGE
CO E F F I C I E N T S , POLYTROPIC CONSTANT (DEFAULT VALUE$
FOR THIS TABLE ARE PROVIDED IN SUBROUT I NE PAR AM S )

YYY ** -MISC DATA ARRAY ; GROUND EFFECT COEFFICIENT , PR’/
DAMP I NG RATIO , COEFFICIENT OF FRICTION , TR UNK
DAMPING CONSTANT , BRAKING DECELERATION (DEFAULT
VALUES FOR THIS TABLE ARE PROVIDED IN SUBROUTI NE
PAR AMS )

~~Due to limi tat ions in the number of Fortran
variab les permitted in a subrout ine argument
l i s t , some of the input va r i3 b les ~or t n is
component must be input as arguments of ~n
EASY table. See page 75 for a def i nit ion of
each table argument.
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FOSTER MILLER
INELASTIC TRUNK MODEL F ~~~~~i

__________  

IN PUTS 
______

QUANTITY DESCRIPTION UNITS

FMM NUMBER OF STRAIGHT TRUNK SEGMENTS PER QUARTER - - - -
OF TRUN K PERIP HERY

FNN NUMBER OF CURVED TRUNK SEGMENTS PER QUARTER -— --
OF TR UNK PE R I PHERY

VIX AIR CRA FT FORWAR D VEL OC ITY FT/SEC
PAT AMB I ENT PRE SSURE PSF G
TAM AMBIENT TE MPERATURE DE GF
AilS AIRCRAFT WEIGHT LBS
VCD CUSHION DEAD VO LUME CU FT
VPL PLENUM VOLUME CU FT
VFN FAN VOL UME CU FT
MT FAN INLET ORIFICE AREA SQ Fl
APA PLENUM—TO -AT MOSPHERE ORIFICE AREA SQ FT
APT PLENUM-TO-TRUNK ORIFICE AREA SQ FT
APC PLENUM-TO-CUSHION ORIFICE AREA SQ FT
FMC COMPONENT MODE OPTION

LE.O . FOSTER MILLER MODE - DUPLI CATE S FOSTER
MILLER/NASA ACLS PROGRAM ,

GT.O. EASY MODE - ENABLES EASY ANALYSES WH I CH
REQUIRE LINEARIZATI ON (STEADY STATE ,
L I N E A R  A N A L Y S I S )

FII STATIC / DYNAMIC OPTION PARAMETER
= -1 D YNAMIC MODE ONLY . INITIAL CONDITIONS

FOR STATES 1,2 ,3 AND 13 ARE ESTI MATED
BY THE PRO GRAM. REMAINING INIT CONDS
MUST BY INPUT BY USER.

= 0 DYNAMIC MODE ONLY. ALL INITIAL CONDS
MUST BE INPUT BY USER.

= 1 STATIC LOAD MAPS + DYNAMIC MODE. INIT
CONDS FOR STATES 1,2,3 AND 13 ARE ESTIMATED
BY THE PRO GRAM . R E M A I N I N G  MUST BE INPUT BY
USER.

= 2 STATIC LOAD MAPS + DYNAMIC MODE . ALL
INIT CONOS MUST BE INPUT BY USER.

= 3 STATIC LOAD MAPS + EQUILI3RIU M CA LCS +
DYNAMIC MODE . INIT CONDS FOR STATES 1,2,
3 AND 13 ARE SET TO EQUILIBRIU M CALCS .
USER MUST INPUT OTHERS.

= 4 STATI C LOAD MAP S + EQU I L I B R I UM CAL CS +
DYNAMIC MODE. INtl CONDS FOR STATES 1,2 ,
3, AND 13 ARE ES T I MATED BY PROGRAM . USER
MUST INPUT OTHERS.

a 5 STATIC LOAD MAPS ~ E Q UILIBRIUM CALCS +
DYNAMIC MODE . USER MUST INPUT ALL INIT

L____________ CONDITIONS .
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FOSTER MILLER
INELASTIC TRUNK MODEL 

F ~

-

~~iOUTPUTS 
_______

QUANTITY DESCRIPTION UNITS

~PLM PLENUM PRESSURE - STATE # 1 PSFG
*PCH CUSHION PRESSURE - STATE # 2 PSFG
*PTK TRUNK PRESSURE - S TATE 3 PSFG
*SNK VEHICLE CG VERTICAL VELOCITY - STATE # 4 FT/SEC
*YCG VEHICLE CG VERTICAL DIS PLACEMENT - STATE # 5 FT
*DPH VEHICLE PITCH RATE - STATE 6 RAD/SEC
*0TH VEHICLE ROLL RATE - STATE # 7
*THE ROLL ANGLE - STATE ~ 8 RADIANS
*PHI PITCH ANGLE - STAT E ~ 9*SIE YAW ANGLE - STATE # 10
*XV DISPLACEMENT OF PRESSURE RELIEF VALVE - STATE ~11 FT
*VV VELOCITY OF PRESSURE RELIEF VALVE — STATE # 12 FT/SEC
*QFX FAN AIR FLOW RATE - STATE ~ 13 CFS

CPT CUMULATIVE CPU TIME SEC

* STATE VARIABLES

74
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FM
USER GUIDELINES FOR FOSTER MILLER

TRUNK MODEL

Input Parameter FMC — Component mode option.

1. Foster Miller mode (FMC.LE.0.)

In th i s mode , the program w ill dup licate the Foster Miller/NASA ACLS

Program. The EASY cornand SIMULATE w i ll initiate the ana lysis .

If the dynamic portion of the program is to be executed , the user

should specify tNT MOOE =7.

No EASY anal ytical command other than SIMULATE should be used in

this mode.

2. EASY Mode (FMC.GT.O.)

In th i s mode , EASY ana l yti ca l comman ds su ch as STEADY STATE an d

LINEAR ANAL YSIS , which require model linear ization may be used .

If non— linear simulation (SIMULATE ) is desired , the user should
specify INT MODE=7.

NOTE: Results of LINEAR ANALYSIS may be erroneous if the XIC state
vector is not a steady state operating point.

I

~~

FM Tables

User information for the input of data via FM tables is contained in the
fol lowi ng pages . Descriptions for the fo l lowing tables are listed in

a l phabetical order.

A !! SIC
FAN IRK H
ORF XXX
PRV YYY
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TABLE NAME : A lt 
F ~1

CARD IMA GES FOR ANALYSIS FILE

TABLE=A IIFM=5

AIX , AIZ , AIXY , AI YZ , AIZX
in put numeric value s in order shown

CC , GG , FF , PHA , HDC

NOMENCLATURE

AIX - aircraft roll inertia about CG (s lug ft 2 )

A IZ — aircraft pitch inertia about CG (slug ft 2 )

A I XY — aircraft product of inertia , 1x~ 
(slug ft2)

AIYZ - aircraft product of inertia , I~~ (slug ft2)

A I ZX — aircraft product of inertia , 1ZX 
(slug ft 2 )

CC — hori zontal distance of CG from geometric center of cus hion
(feet). Positiv e if CG in front of geometric center.

GG — vertical distance of CG from geometric center of cushion
(feet). Positive if CG above the geometric center.

FF — lateral distance of OG from gecnetric center of cushion

(feet). Pos itive if CG on righ t side of geometric center .

PHA — heave drag area (sq f t )

HOC - heave d ra g coe fficient
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FuiTABLE NAME: ~AN

CARD IMAGES FOR ANALYSIS FILE

TABLE =FANFM=6

GO , Gi , G2 , G3, G4 , QP1

~ 
input nc neric val ues in order shown

• ALO , ALl , AL2 , AL3 , AL4 , A I FAN ~

NOMENCLATURE

GO, G1 , G2, G3, G4 coefficients of fan curve polynomial (dynamic):

P = GO+G1*Q + G2*Q*Q + G3*Q*Q*Q + G4*Q*Q*Q*Q

ALO , ALl , AL2, AL3 , AL4 coefficients of fan curve polynomial (static):

Q = ALO + AL 1*P + AL2*P*P* + AL3*P*P*P + AL4*P*P*P*P

QP1 — maximum stable fan pressure (PSE)

AIFAN — fan air inertance (lbs_sec *sec/ft5)

Q — fan flow rate (CFS)

P - fan pressure (PSF)
I
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F~~
TABLE NAME: ORF

CAR D IMAGES FOR A N A L Y S I S  F ILE

TABLE= ORFFM=4

NR , NH , AM , SM

~ 
input numeric val ues ~n order shown -

LP , LS , 0, XCG J

NOMENCLATUR E

NR — number of rows of trunk orifices

NH — number of trunk ori f ices per row

AH — area of trunk orifice (sq in)

SH — trunk orifice row spacing ( f t)

LP — peripheral d is tance from i nner trunk attachment to first row
(ft) of orif ices

LS — straight section length of cushion (ft)

0 — distance between trunk attachment (ft)

XCG — x coordinate of CG in the inertial (ft) frame

78
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F~~i~TABLE NAME: PRV

CARD IMAGES FOR ANALYS IS FILE

TABLE aPR VFMa3

NPRV , DPRV , PPLMB , XA , AKPRV , AMPRV input numeric val ues in
o rd er shown

NOMENCLATURE

NPRV — number of pressure rel ief val ves

DPRV — diameter of pressure rel ief valves (inch)

PPLMB — actuation pressure (PSIG) of pressure relief valve

XA — stroke of relief valve motion (inch) between stops

AKPRV - stiffness of pressure relief (lb/inch) valve

AMPRV — mass of pressure relief valve (ibs)

NOTE: The user need not input this table if no relief valves are

desired . When no valves are presen t, integrator controls for

states XV FM and VV FM must be set to zero.
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Fl--il
TABLE NAME : STC

CARD I MAGES FOR A N A L Y S I S  F I L E

TABLE=STCFM=5

YSTRT , YSTOP , P H I Y C , THEYC , PSTRT

input numeric val ues in order shown

PSTOP , YCPHI , TSTRT , TSTOP , YCIHE

NOMENCLATURE

YSTRT - upper bound of the heave load map (ft)

YSTOP - lower bound of the heave l oad map (ft)

PHIYC — fixed pitch angle in the heave load map (degrees)

THEYC — fixed roll angle for the heave load map (degrees)

PSTRT - lower bound for the pitch load map (degrees)

PSTOP - I) upper bound for the pitch load map (degrees)

2) last value of PFAN in iteration 3 in subroutine STATIC

Y CPHI — fixed CG e levat ion for the pitch load map

TSTRT — l ower bound of the roll load map (degrees)

TSTOP - upper bound of the roll load map (degrees)

Y CTHE - fixed CG eve lvat ion for the roll load map (ft)

_  
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TABLE NAME : TRK

CARD IMAGES FOR AN AL YSIS FILE

TABLE=TRKFM=4

A , B , 1, HY! ,

~ input numeric valu es in order shown
I AHO , AM1 , AH2 , AH3 J

NOMENCLATURE

A — horizontal distance between inner and outer trunk attachment
points (ft)

B — vertical distance between trunk attachm ent points (ft )

I — peripheral trunk length ( f t)

HYl — height of trunk cross section for zero cushion pressure (ft )

AHO , AH 1 , AH2 , AH3 - coeff icients of trunk shape character is t ic
polynomial

Z = AHO + AH1*X + A H2*X*X + AH3 *X*X*X

Z = HY/HYI , X = PCH/ PTK
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FM
TABLE NAME : XXX *

CARD IMAGES FOR ANALYSIS FIL E

TABLE=XXXFM=4

CKK , CPA , CAF , CPC 1
} 

input numeric values in order shown

CPT , CTC , CTA , CGAP

NOMENCLATURE

CKK — polytropic ex pansion constant

CP A — discharge co~ff icient of p lenum—to-atmosphere or i f ice

CAF - disc ha rge coeff ic ient of at -nosph ere-to -f an ori~Fice

CPC — discharge coeff icient of plenum-to-cushion or i f ice

CPT — discharge coeff icient of p lenum—to—trunk or i f ice

d C  - discharge coefficient of trunk-to-cushion orifice

CIA — d1sch~rge coefficient of t runk-to—at no sphere or i f ice

CGAP — dlsc na rge coeff icient of clearance gap

*If this table is not input , the followi ng default values are assigned :

CKK = 1.4 CPT 0.9
CPA 0.6 CTC 0.76
CAF 1.0 CIA 0.76
CPC 0.6 CGAP 1.0
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FM
TABLE NAME: ~~~~~~

CARD IMAGES FOR ANALYSIS FILE

TA8LESYYYFM~4

GEC, ZEPRV , U, DECCL

~ 
Input numeric val ues in order shown

DAMPC , QP2 , SLOPE , CVENT J

NOMENCLATURE

GEC - ground effect coefficient

ZEPRV — damping ratio of pressure rel i ef valve

U — coefficient of friction between trunk and ground

DECCI — braking deceleration (ft/sec2) 
j

DAMPL — trunk damping constant (lbs-sec/ft 2) k

QP2 — minimum fan stall flow (CFS)

SLOPE - fan negative flow slope (PSF/CFS)

CVENT — discharge coefficient of pressure relief valve

*If this tab le is not input , the following default val ues are ass igned :

j GEC • 0.2 DAMPL • 3.2
ZEPRV • 0.15 QP2 • 5.0
U • 0.5 SLO PE • 10.0

DECCL • 0. CVENT • 0.7

1 1  
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F~~iINLET FAN I

- 
- _ _ _ _ _  _ _  

INPUt 
_ _ _ _

PHYSICAL
QUANTITY P011T DESCRIPT I ON UN ITS

NAME

FAN TABIJtAR DATA: FAN FLOW RATE VS PRESSURE RATIO LB/SEC
(P 2 /PI N) AND FAN RPM.

STA TABULAR DATA : FAN STALL LINE VS PRESSURE
RATIO (P2/ PIN).

P 2 OUTLET PRESSURE PSIA
PAM AMB I ENT AI1~ PRESSURE PS IA
TAM AMBIENT AIR TEMPERATURE DEGR
PRM INL ET RAM PRESSURE PSIA

100 P/C RECOVERY
(DEFAULT a PAM )

TRM INLET RAM TEMPERATURE DEGR
100 P/C RECOVERY
(DEFAULT TAM )

NUI INLET RAM EFFICIENCY
(DEFAULT a 0.0)

NUF FAN EFFICIENCY
(DEFAULT 1.0)

COR LOGICAL VARIABLE TO ELIMINATE THE FAN FLOW
RATE CORRECTIONS ( i .e. TIN /TO AND
PIN/PO) WHEN SET TO 0.0. (DEFAULT 0.0)

RPM FAN SPEED RPM

_ _ _  _ 
otir~trr 

_ _

PHYSICAL 
° RIQUANTITY DESCRIPT ION UNITS

N AME

1 2 OUTLET TEMPERATURE DEGR
W 2 FAN FLOW RATE LB /SEC
PIN INLET PRESSURE PSIA
TIN INLET TE~•lPERATURE DEGR
PR PR ESSURE RATIO (P2 /PIN)
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1
F~J

INLET FAN

EQUATIONS:

PIN • (ppJ~I_p~A~M)*NuI + PAM
TIN (TRM_TAM )*NUI + TAM
PR • P2/PIN
CP • SHCP(T IN , 0.0)
GAMMA • 1. + R/ (778. *CP_ R )
Gi — (GAMMA - . 1)/GAMMA
12 • TIN + (T IN/ NUF)*(PR**G 1_ 1.)
WIDEAL — TBLU2 ( PR , RPM)
DELTA • PIN/14.697
THETA • TIN/518.7
RATIO • DELTA/SQRT (THETA )
IF(COR.EQ. 0.0) RATIO 1.0
W2 • W I DEAL *RA T IO
WSTALL TB LU 1(PR )
IF(WIDEAL .LT. WSTALL) PRINT : FAN IS OPERATING
IN THE STALL REGION .

- 4

I
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FAN (REVERSE FLOW CAPABILITY ) 
g

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

r PH YS IC~ALQUANTITY PO RT DESCRIPT ION UNITS
NAME

PR TABULAR DATA : PRESSURE RATIO (P2/Pi) VS
WCO AND N/SQRT(T)

El TABULAR DATA : EFFICiE NCY’ VS
WCO AND N/SQRT(T)

T 1 INLET TEMPERATURE DEGR
W 1 INLET FLOW RATE LB/MIN
P 2 OUTLET PRESSURE PSIA
EN FAN SPEED RPM/b OOUA OVERAL L CON DUC TA~ICE 81U/l~R/O ~RTAM EFFECTIVE LOCAL AMB IENT TEMPERATURE OEGR

_ _ _ _ _  _ _  

OUtPUT 
_ _ _

PHYS iCA L p or
QUANTITY DESCRIPT ION UNITS

NAME

T 2 OUTLE T TEMPERATURE DEGR
W 2 OUTLET FLOW LB/MIN

1 INLET PRESSURE PSIA
WCO FAN CORRECTED FLOW
WKC FAN WORK INPUT FT/LB/SE
ETC FAN EFFICIENCY

Maximum Tabl e DImensions: 14 x 14

References: Analysis -- Volume I. Section 3.2 .2

Listing •- Volume II, Section 4.2 .3

* State Var Iabl e 
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Fn

FAN (REVERSE FLOW CAPABILITY )

EQUATIONS:

CPa • •

same as Duct DU
Ti — . . . .
ENC a 1000.*EN/SQRT(fl)
WCO Wi*SQRT(T1)/Pl
PR = PRTAB(WCO,ENC)
ETC ET(WCO,ENC)
ETC AI~1AXl(ETC,.Ol)

ETC = AMIN1(ETC,— .Oi)
W2 = W i
DELI a Tl*(PR**Gi_j.)/ETC
12 a T1+DELT
TM a (T1+T2)/2.
CPM a SHCP(TM,O.)
WKC a W2*CPM*DELT*778./60.

P1CA L=P2/ PR 

_ _
_ _ _S. FLOW RATE

CENTRIFUGAL FAN CHARA CTERISTICS
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FLOW SPLIT FS
_ _ _ _ _ _ _ _  _ _ _ _  

INP(JT 
_ _ _ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNiTS

NAME

1 1 INLET TEMPERATURE DEGR
W 1 INLET FLOW LB/MIN
P 2 OUTLET PRE SSURE (PORT NO 2) PS IA
P 3 OUTLET PRESSURE (PORT NO 3) PSIA
AK2 K FACTOR (PORT NO 2)
02 DIAMETER (PORT 10 2) IN
AK3 K FACTOR PORT NO 3)
03 DIAMETER (PORT NO 3) IN
DHY HYDRAUL I C DIAMETER IN
AHT HEAT TRAN SFER AREA 10 CALCULATE UA FT2
TAM EFFECTIVE LOCAL AMBIENT TEMP DEGR
HO EXTER NAL HEAT TRANSFER COEFFI C IENT BTU /FT2

HR DE GR
VOL INTERNAL VOLUME FT3
FC FREQUENCY CONTROL ON P1. (FC.GE.1.)

A VALUE OF FC GREATER THAN 1.
DECREASES FREQUENCY RE SPONSE OF P1
CORRESPONDI N GL Y

_ _ _ _ _  _ _  

OUTPu T 
_ _ _

PHYSICAL P RTQUANTITY 0 DESCRIPTION UNITS
NAME N .

T 2 OUTLET TEMPERAT URE DEGR
W 2 OUTLET FLOW IB/MIN
T 3 OUTLET TEMPERATURE DEGR
W 3 OUTL ET FLOW LB/MIN

1 INLET PRESSURE PS IA

References : Analys is -- Volume I , Section 3. 1 .2
Lis ting -- Vo l ume II , Sec ti on 4.1.2

* State Variables
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FS
FLOW SPLIT

EQUATIONS:

CP SHCP(11,O.) 
2

R - 53.3 ._j__ .
GAMMA = 1.+R/(778. *CP_ R )
Gi — i . I (GAMII A -1 . )  

3
a (GAMMA-1.)/2 .

CA2 .7854*D2*02
CALL FNFLOW( P1 ,P2,T1,CA2,AK2 ,FN ,W2)
CA3 = .7854*03*03
CALL FNFLOW (P1,P3,T1,CA3,AK3,FN ,W3)

a (A BS(W 1)+AB S(W2)+AB S(W3)) / 3 . (
AL 183.35*AHT/(DHY*DHY ) ~ 183.35 = 144/(PI/4)
HINT = HI ( 1,T1,T1,W ,O., OHY ,AL ,O.) L

UA AHT*HINT*HO/(60.*(HINT+HO))
12 TAI1÷(T1-TAM)/EXP (UA/CP*W))
13 - 12

= (T1+T2+13)/3.
a (P1+P2+P3)/3.

a (CA2÷cA3)12 .
AM =

a R*~*(W 1_ W2 _ W3) * ( 1. +G2*A$*AM)**G1,(g64O. *VO L*FC)
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FT
TURB O FAN - ACLS

_________ _____ 

INPUT 
_______

PHYSICAL 1
QUANTITY DESCRIPTION UNITS

NAME

WC TABULAR DATA : CORRECTED TURBINE FLOW (LB/SEC) L
VS DRIVE (BLEED) CUSHION
(OR TRUNK) PRESSURE RATIO

TOT TABULAR DATA : TOTAL FLOW FROM TURBOFAN (LB/E:c
VS CUSHION /TRUNK PRESSURE
(PSFG) AND DRIVE PRESSURE
(PS IA)

p 2 AMBIENT AIR PRESSURE PSIA
1 2 AMBIENT AIR TEMPERATURE DEGR
p 3 PRESSURE OF FAN AIR EXIT PSIA
W 1 DRIVE/BLEED AIR FLOW RATE LB/MIN
T 1 DRIVER /BLEED AIR TEMPERATURE DEQR
VOL INTERNAL VOLUME FT~FC FREQUENCY CONTROL ON P1. (FC .GE.1.)

A VALUE OF FC GREATER THAN 1. DECREASES
FREQUENCY RESPONSE OF P1 CORRESPONDINGL Y

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYS ICAL
QUANTITY DESCRIPTION UNITS

NAME

1 DRIVE/ BLEED AIR PRESSURE PSIAW 3 TOTAL FLOW FROM TURBOFAN LB/MIN1 3 TEMPERATURE OF FAN AIR EXIT DEGR

References: Analysis -- Volume I , Section 3.2.2.3
Listin g —— Volume II, SectIon 4.2.4

* State Variabl es
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FT

TURB O FAN-ACLS

EQUATIONS:

PRAT * P1/P3
WCOR WC(PRAT)
W1CAL a 60*WCOR*1.55*PI/SQRT(T1)¶ P1 — R*T1*(W1_W1CAL)/(8640.*FC*VOL)
PSF a (P3_P2)*144
W3 — 60*TOT(PSF~P1) ~,W1CAL
W2 - W3-W1CAL
13 (Wi*T1+W2*12)/W3 $00.

STALL LINE
/

F 

£P

~~~~~~~~~~~~~~~~~~~

!

~~
URE

FLOW RATE (TOTAL)

TURBOFAN CHARACTERISTiCS (UNSTALLED)

9.
~

L.
g 
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FUNCTiON GENERATOR

FIN 
FO 

FO

FIN

_________  _____ 

INPUT 
_______

PHYSICA L
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

F IN Input quantity
AN Degree of interpolation (A N < -3 or~vents

extrapolati on)

FTA Tabular va lues of function

_ _ _ _ _  _ _  

OUTPUT
PHYS I CAL -—QUANTITY DESCRIPTIGN UNITS

NAME

Output quantity Any

EQUAl 10 ?:
FO FTA (F I N)

A maximum of 13 points is al low ed
in the table.

References: Listing -- Vol ume II, Section 3.5.9

I
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WIO DIMENSIONAL FUNCTION

FNA 

P0 FO

FNB

_________  _____  

INPUT 
_______

PHYSICAL
QUANTITY PGflT DESCRIPTION UNITS

NAME

FNA Input quant ity

FNB Input quantity
*AN Degree of interpolation fcr FNA
*Degree of interpolation for FNB

ETA Table of func tional relat ionshi p s

_ _  

OUTPUT 
_ _ _ _

PHY SICA L POR~~rQUANTITY DESCRI PTION UNITS
V NAME _______________________ _ _ _ _

FO j Output quantity

EQUATION :

t 
FO = FTA( FMA ,FNB )
* negative va lue for AN or 3M
pr events ext r ap oia:~on :eycnd
the tab e 3oundar~ es.~~fld the nearest
endpoint v3lue is used .

References: Ll~ t lng  -- ~olunc II, Section 3.5. 14
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I

G ’~JRANDOM WIND GUST MODEL

SLH,SLV ,VS ,SIH ,SIV ,B

_________  ____  

INPUT 
_______

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

NU INV ,NW RANDOM NO ISE INPUTS FOR UW ,VW ,WW
NP RANDOM NO IS E INPUT FOR PW ANGULAR RAT E
SLH,SLV HORIZONTA L AND VERTICAL SCALES* FTVS 1 STEADY STAT E AIRSPEED INPUT FT/SECSIH, Sly HORIZONTAL AND VERTICAL RMS GUST INTENSITY* FT/SECB WING SPAN FT

_ _ _ _ __ _  

OUTPUT 
_ _ _

PHYSICA l.
QUANTITY PORT DESCRIPTION UNITS

NAME

UG,VG,WG X,Y ,Z BODY A XIS WIND VELOCITY STATES FT/SEC
VX ,WX Y ,Z AXIS INTERMEDIATE STATES FT/SEC2
QX , RX BODY AXIS WIN D ANGULAR RATE STATES DEG/SEC
PG ,QG,RG X ,Y ,Z BODY AX IS WI~1D ANGULAR RATE OUTPUTS DEG/SEC
VS 2 STEADY STATE AIRSPEED FT/SEC

*~~faul t values: SLH=SLV=1750, SIH— SIV=O .
In general , choose SIH and SIV such that

(SIH~
2 (Sly)2

SLH SLy

94
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GV~J

WIND ~~DEL T RANSFER EQUATIONS

UG. ~~~~~~~~~~~~~~~~~~~ UG H
— SLH/VS

~ SIH(2L~/ir)½

h G  • (G
~ 

• NU-UG)/LH

V 

VG: NV_ j 1 + LH
.S)fJ_ ~

___I
~

W G

• SIH • (LH/,r)
½ G1~/J2

VX (G~ • NV_VG)/(LH
)2

VG • VX + ~~~~ NV — 2.VG)/L~

WG :

SLV/VS
— SIV

WX = (~ • NW-WG)/(L
~
)2

WG — WX + (1ã . • NW - 2.WG)/L
~

References: Analysis -— Volume I, SectIon 2.5 .1
Listing -- Vol ume II, Sect ion 4 .5 .1
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S

C ‘N
WIND MODEL TRANSFER EQUATIONS (CONT.)

P6: NP— 
~ 

PG

CM 48/ (ir.VS)
1 1

= SIV .(O.8(~ .SLV/ (4B))~~/ (SLV ~V S ) ) ~

PG = ((GP NP — PG)/C,~~ 18O/ir

QG: 
~~~~~~~~~~~~~~~~~~~~~~ QG

QG = QX + !~Q. WG / (V S
~

CH)

QX = _ QG / CH

RG: V G RG

C~ = 38/(~r•V S) = .7SC H

RG = RX — .i~9. . V G/ (VS .C
~

)

RX = ~RG/ C

96
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_________________ - . ~~~~

INTEGRATOR ‘MTH SATURATION
AMA

FIN 

4

~~
€KI
H

_

AMI

_________  ____  

INPUT
PHY SI CAL
QUANT ITY ~~Q

RT DESCR IPTION UNITS

FIN Input Any
GKI Integration gain Any L

Saturation limiter gain Any
AMA Upper limit of output (Default = lo~

6) Any
AM! Lower l imit of output (Defaul t = 1036) Any

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAM E

Output Any

EQUATIONS : 
—— Refe rence Listing -- Volume II, Secti on

FO - GKICFIN-GIQ(FO-AMA)] if Fo ’m~

FO a GKI * FIN if AsI�Fo~~~1A

FO * GKICFIN-GKL(FO-AMI)~ if FO (AMI

*This output ~s a state.
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V 

FIRS T ORDER LAG TRANSFER FUNCTION

FIN GAl P0
B-

T C S  + I

_ _ _ _ _  _ _ _  

INPU T 
_ _ _ _

PHYSICAL AQUANTITY DESCRIPT ION UNITS
NAME

FIN Input

GA! Ga in
V IC Time cons tant seconds

_ _ _ _ _  _ _ _  

OUtPUT 
_ _ _ _

PHYSiCA L
QUANTITY PORT DESCRIPTION UNITS

NAME I

*FO Out put

EQUATIONS:

= (GA l * FIN - P0)/IC

NOTE: d.c. gain = GAl time constant = IC, seconds .

infinite freq . gain = 0
pole location = rad/sec.

*This output is a state.

V 
Reference : Listing -- Volume II, Section 3.4. 1

- 
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~~rpFiRST ORDER 1E?~D-1AG FUNCTION

FIN GAH S ZO) FO

V 

INP UT 
_ _ _ _

PHYSICAL 
~QUANTITY rOn DESCR IPTION UNITS

NAME NO.

FI t Input quantity

Inf inite frequency ga in

Numera tor coe ffic ie nt ratj/sec

P0 Denom l nator coefficient rad/sec

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PORT DESCRIPT ION UNITS 

V

NAME 
___________________________________________ _______

F0 Ou tput quanti tj - iari abl e

Xl Intermed iate quant i~~ —

EQUAIIO~S:
FO - GAI * FIN + Xl

X l • GA I* FI~~ ZO — FO*PO

NOTE: d.c. gain

zero location •

Infini te freq . ;atn GAL

pole locati on - —PC

Th1s output quant ity Is a state .

References : List ing -- V ol ui~e I!, SectIon 3.4.4
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TUL ~~~~~~~~~~~~~~~~~~~~~

FIRST ORDER LAG TRANSFER FUNCTION

FIN 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

FO

_ _ _ _ _  _ _ _  

INPUT 
_ _ _ _

PHYSICAL ~ ~1QUANTITY rO R i  DESCRIPTiON UNITS
V NAM E U.

— 

FIN 
- 

Input quantity 
V

Numerator coef f i c ient  rad/sec
PG denomina tor coef f ic ient  rad/sec

_ _ _ _ _  _ _  

OUTPUT 
V _ _ _

PHYSI CAL 
~QUANTITY DESCRIPTION UNITS

NAME NO. 
— —

— 

*p~ Ou tput quantity (State)  
- ________ 

V

EQUATION:

FO • ZO* FI N - PO*FO 
ti

NOTE ; d.c . ga in • time constant

Infinite freq gain • 0

pole locat ion —P0

This output quantity is a state.

References ; Listing -- Volume II , Section 3.4.2
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LEAD LA G TRANSFER FUNCTION

FIN GA I(TC 1.S’ P0
TC2.S#1

_________  ____  

INPUT 
_______

PHYSICAL
QUA NTITY DESCRIPTION UNITS

NAME N .

FIN Input quantit,

TCI Nume rator time constant sec

1C2 Denominator time cons tant (cannot ~e zero) sec

GAL Gain

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICA L ATQUANTITY DESCRIPTION UNITS
NAME

Xl Intermediate quantity (state)

— 

FO 
_____ — 

Output quanti ty (va riable) 
—

Reference Listing -- Vol ume II, Section

EQUATIONS:

PC = (X l + Ft~~TCl*GAI)/TC2
xi = GAI (FIN-FQ)

NOTE: d.c. gain GAl
G.AI TCIinfinite gain

TC2
zero location = — 

~~~~~~~~ 
rad/sec

pole locatIon - i~~~~
. 
, rad/sec

*This output quantity is a state.

101
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MULTIPLY AND ADD

FO

_ _ _ _ _  _ _  

INPUT -

~

PHYSICA L p ~~rQUANTITY DESCRIPTION UNITS
NAME

FIN Input quantity
Cl Input quantIty

C2 Input quantity

_ _ _ _ _ _ _ _  
OUTPUT

PHYSICA L D
QUANTITY rOPT DESCRIPTION UNITSNAME

PC Output quant ity

EQUATION:

FO • Cl*FIN + C2

References; Listing -- Volume II, SectIon 3.5,8

102
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I

MULTIPLY , DIVIDE, AND ADO 
~~~J

’J 

~~3

F N A

FNB
Ci

____________ 
F0~C 1 . FNA+C 2 FN8 i. FO

C3 ~~ C3.FNA .FNB ~ C4 FNA/F NS + C5
04

CS
V _ _ _ _ _ _ _ _ _

_________  ____  

INPUT
PHYSICAL
QUANTITY P~~T DESCRIPTION UNITS

NAME

F~lA Input quantity

FNB Input quantity

Cl Input quantity

CZ Input quan tity

C3 Input quantity

V C4 Input quantity

CS In put quan ti t y

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

P0 Output quantity

References: Listings -— Volum e II, Section 3.5.13

EQUATIOi:

PD - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F I N  

MULTIPLY AND ADO

P00

‘-1 FO
~~~

- F0= C 1 . F i N— C2 . F I0 ~~C3• FIP~~C4
C2

C3

C4

_________  _____  - 
INPUT

PHYSICA L
QUANTITY T uESCR IPTION UNITS
NAME

FIN Input quantity
FIG inpu t quantity
El,? Input quantity
Cl Input quantity

C2 Input quantity

C3 Input quantity

C4_
—— - 

Inout quanti ty

_ _ _ _ _  

OUTPUT 
_ _ _

PHYS 1CA L
QUANT ITY PORT DESCRIPTION UNITS

NAME NO.

P3 Output quant ity

EQUATIO N:

FO = Cl~ F:N ÷ 02’FIO ~ C3’F I? ~ C3

References: Listing -— Volume I I , Section 3.5.10
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MERGE

_ _ _ _ _ _ _ _  ____  

INPUT 
______

PHYSICAL
V QUANTITY PORT DESCRIPTION UNITS

NAME

T 1 INLET TEMPERATURE DEGR
W 1 INLET FLOW LB/M I N
T 2 INLET TEMPERATURE DEGR
U 2 INLET FLOW LB/MIN
P 3 OUTLET PRESSURE PSIA
AK K FACTOR FOR PRESSURE DROP

DIAM ETER CALCULATION IN
DHY HYDRAULIC DIAMETER IN
MT HEAT TRANSFER AREA TO CALCULATE UA FT2
TAM EFFECTIVE LOCAL AMBIENT TEMP DEGR
HO EXTERNAL HEAT TRANSFER COEFFICIENT BTUIFT2-

(BASED ON INTERNAL WETTED AREA ) HR DEGR
VOL INTERNAL VOLUME FT3
PC FREQUENCY CONTROL ON P1. (FC.GE.1.)

A VALUE OF FC GREATER THAN 1.
DECREASES FREQUENCY RESPONSE OF P1
CORRESPONDINGLY

_ _ _ _ __ _  

O’rrP,sr 
_ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS
NAME

T 3 OUTLET TEMPERATURE DEGR
W 3 OUTLET FLOW LB/MIN

INTERNA L PRESSURE PS IA

References: Listing -- Volume II , Section 4.1.3
Analys i s -- Volume I , Section 3 1.3

* State Var i ab les
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MG

MERGE

EQUATIONS :

TIMB (T1*ABS(W1)+T2*ABS(W2))/(ABS(W1)+ABS(W2))

TINB A1’.AX1(AMIN1(TIIIB,1600.) ,300.)
CP — SHCP(TINB ,O.)
R — 53.3

GAI’tlA = 1.+R/(778.*CP-R)

Cl — 1 /(GANMA-1.)

G2 = (GAt44A-1.)/2.

CA • .7854*03*03
CALL FNFLOW(P,P3,TINB,CA,AX ,FN,W3 )

V ~ (A8S(W1)+ABS(W2)+ABS(W3))/3. ~.Ol

AL = 183.35*AIIT/(DHY*DHY)

HINT HI(1,TINB,TINB,W,0.,OHY,AL,O.)
UA = AHT*HINT*HO/(60.*(HINT+HO))
T3 — TAM+(T INB_TAM)/EXP(UA/(CP*~))

— (Tl+T2+T3)/3.

• (2.*p+P3)/3.
AM — AMACH(~ ,~~CA,LO.)

— R*?*(W 1+W2_W3) *(l. +G2*AM*Afrl)**G1/(8640. *yOL*Fc)

H
106

- 
V T h V ..V .V~~~~- V~~~.V. V~~~~~~~~~~~~~~ ’

• ‘ f l - - - .



~~~~~~~~~~~~--~~~~~~~~ V V ~~ V , V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

OPTIMAL CONTROLLER

_ _ _ _ _ _ _  _ _ _ _  

INPUT 
_ _ _ _ _ _

PHYSICAL
QUANTITY P O T  DESCR IPT I ON J UNITS

NAME N .  L
V All optima l controller inputs are defined

via tne O.C. INPUTS command in the EASY
Model Generation Program .

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYS ICAL p ~TQUANTITY DESCR IPTION UNITS
NAME

All optimal controller outputs are defined
via the O.C. OUTPUTS ~orrwand in the EASY
Model Generation.Program.

NOTE: Due to it ’s very genera l nature , the
D.C. component is specified by a
special set of Moael Gene ra tion and
Analysis commands whicn al l start
wi th the letters O.C. (See pages 12 ,
13 and Section 4.13)

References: Listing -- Volume II, Section 4.7
Ana lysis —— Soe ~ fercnce 3
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LONGITUDINAL AERODYNAMIC MODEL 
V 

‘

V

_ ________  _____ 

INPUT 
_______

PHYSICAL 
V

QUANTITY ~Q
RT DESCRIPTION UNITS

NAME 
_____ __________________________________________ 

V

X AXIS FORCE COEFFIC IENTS :*

XO BIAS COEFF . FOR TRIM LBS
XA ALPHA COEFF. (NONDIM)

Z AXIS VELOCITY COEFF . (DIM.) LB-SEC/F’
XU X AXIS VELOCITY COEFF. LB-SEC/F. 

1 -

XDE ELEVAT OR COEFF . LB /DEG
XTR TAKE OFF OR RECOVE ?.Y TRUNK COEFF. LBS
XSP FLIGHT + GROUND SPGLLERS COEFF . LB/DEG
XGE GROUND EFFECT ON CXO FACTOR
KXB LARGE SI DE SLIP AN GLE FACT OR FOR CXO --—

1 AXIS FORCE COEFF I C I E N T S:*
20 BIAS COEFF . FOR TRIM LBS
ZA,ZAD ALPHA AND ALPHA DOT COEFF .(NONDIM .)

Z AXIS VELOCITY AND ACCEL . COEFF. (DIM.) LB-SEC~F”
LB-SEC / t .

20 Q ANGULAR RATE COEFF. LB-SEC/Df
ZU X AXIS VELOCITY COEFF . LB—SEC/F V

ZDE ELEVATOR COEFF . LB /DEG
ZTR TRUNK COEFFIC IENT LBS
ZSP FLT . + GROUND SPOILER COEFF . LBIDEG
ZGE GROUN D EFFECT ON CZO FACTOR
KZB LAR GE SIDE SLIP FACTOR FOR CZO
ZOS STABILIZER COEFFICIENT LBIDEG

PITCHING MOMENT COEFFICIENTS: *
MO BIAS COEFF . FOR TRIM FT-LBS
MAL , MAD ALPHA AND ALPHA DOT COEFF . (NONDIM.)

Z AXIS VELOCITY AND ACCEL . COEFF. (DIM.) LB-SEC~LB—SEC~
MQ Q ANGULAR RATE COEFF. FT-LB-SEC

b E G
MU X AXIS VELOCITY COEFF. LB-SEC
MOE ELEVATOR COEFF. FT-LB/DEG
MTR TRUNK COEFFICIENT PT-LBS
MSP FLT. + GROUND SPOILER EOEFF. FT-L8/DEG
MGE GROUND EFFECT ON CMO FACTOR
KMB LARGE SIDE SLIP FACTO R FOR CMO

V MDS STABILIZER COEFFICIENT FT-LB/DEG
MB LARGE SIDE SLIP ANGL E COEFF. ---KGE GROUND EFFECT HEIGHT FACTOR ---

CON STANTS :
MA 1 RIGID BODY MASS SLUGS
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LONGITUD INAL AERODYNAMIC MODEL 0 ~____ 

INPUT 
In

-

PHYSICAL
QUANTITY PORT DESCRIPTIO N UNITS

—_NAME NO.

C MEAN AND AERODYNAMIC CHORD FT
XP* 1 X AXIS DISTANCE : C.P. - C.G. fl• V

ID INDI CATOR FUNCTION FOR COEFFICIENTS

0 = BODY AXIS , DIM.
1 = BODY AXIS, NONDIM .
2 = STAB ILITY A XIS , DIM .
3 = STABILI TY AXI S , NONDIM .

CAL ,SAL DIRE CTION COSINES FOR STABILITY , BODY AXIS
ISW INDICATOR FUNCTION FOR DEGREES OF FREEDO M V

1 = SINGLE DOF (U)
2 = TWO D~F (~ ,Q) V

3 = THREE DØF ( U,W ,Q)

EXTERNAL FORCE S AND MON EN TS:*
FX ,FZ , 1 X AND Z BODY A X I S FOR CES LB S
TV 1 Y BODY AXIS (PITCHING) MOMENT FT—LBS

AERO-VAR IABLES :
STA ,SPO * STABILIZER AND SPO ILER DEF LE CTION DE G
ELE ELEVATOR DEFLECTION OE~AL,ALP ALPHA IN BODY AND STABILITY AXES DEG V

- UO X BODY AXI S VELOCITY FT/SEC
UP ,WP X AND Z PERT URBATION VELO C ITIE S ( NON DI~1.)X AND Z STABILI TY AXIS VELOCI T IE S ( D I M .) FT/SEC ‘1
VT TRUE AIR SPEED , FT/SEC
QS DYNAMI C PRESSURE TIMES REFERENCE AREA LBS
QO ,QW Y BODY AXIS ANGULAR RATE , RATE GUST DEG/SEç
EU,EW X AND Z AXI S ACCEL . TERM S FOR UD , ~D FT/SEC~AXES

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

FX ,FZ 2 X AND Z BODY AXIS FORCE SUM LBS
TY 2 Y BODY AXIS (PITCHING) MOMENT PT-LBS
UD, WD X AND Z BODY AX IS AC CELERATION FT/SEC2
MA 2 RIGID BUOY MASS SLUGS
XP 2 X AX IS DISTANCE : C.P. - C.G. FT

References: Listing -- Volume II , Sect ion 4.3.8
Anal ysis -- Volume I, Section 2.4.9

* Default value 0 109
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OL
LONGITUDINAL AERO - F ORCES AND MOMENTS

( Implicit Fon~i) V

DIMENSIONAL EQUATIONS :
FXaero = (XO ÷ XA WP + XU UP + XDE ELE + XTR + XSP~SPO + XGE .KGE) . KXB

FZ = (ZO + ZA WP + ZAO • O~÷IJW ) + ZQ QO + ZU~UP + ZDE•ELE + ZTR + zsp .aero 
~~ + ZGE •KGE + ZDS .STA) KZB

where
w = WD - UD SAL*

Wi4 _ Q W .V T  . .
TV = (MO + MAL .WP + MAD.(W+WW) + MQ~QO + t4i•UP + MDE•ELE + MtR + ~~P

+ M~E.KGE + tIJS.STA + ~B)~K~B

NONDIMENSIONAL EQUATIONS

FXaero = QS (XO+XA.ALP + XU UP + XDE ELE + XTR + X5p.$~ + XGE •KGE)

FZaero = QS (ZO+ZA~ALP + (ZAD•(ALPHA - QW) + ZQ~QO).C/(2.VT)+ZU•UP + ZDE•ELE +
ZTR + ZSP~SPO + ZGE KGE + ZDS~STA) KZB

where
ALPHA = (WD - AL.UD)/U0*

ALP = ALP.IT/180, etc. for ELE , QW , QO, AL , SPO , STA
TY a e o  = QSC(MO + MAL ALP + (MAD•(ALPHA-QW)+M~•QO).C/(2 VT)+f1J•UP +

+ ME R + ~ P•SP0 + MGE • KGE + MDS•STA + f~) KMB

FORCE AND TORQUE SUM:
FX5~~ = FXaero + FX1 CAL + F21 . SAL

FZs m  = FZ aero + FZ1 . CAL - FX1 SAL

FX2 = FX sum . CAL - FZ s m  . SAL

FZ2 FZ sum CAL + FXsum . SAL

TY2 T
~
’aero + TYI — XP •(FZae~~ • CAL + FXae,.~ SAL)

V 

ACCELERATIONS :

UD FX2/MA + EU
WD FZ2/MA + EW

SinaIl alpha angle approximation .
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OL
LONGITUDINAL STABILITY AND CONTROL DERIVATIVES: 01.

BIAS ALPHA U ALPHA Q ~ELEY V

FX C C~ C~ C~
U 6e

(DRAG) XO XA XU XDE V

FZ C~
0 

C~~ ~~ C~• 
CZq 

CZsSe
(LIFT) Zo ZU LAD ZQ ZDE

TY=M CM CM CM . CM 
CMu q ~e -

LYfl Ui) MO MAL MU MAD MQ MOE I -

GROUND LARGE STAB IL-TRUNK SPOILERS EFFEC T SIDE SLIP IZER BETA
C~~ Kc 

I

XTR XSP XGE KXB 
________ 

-

C~ C C I K C
TR Zsp CZB V

ZIR ZSP ZGE 1 KZB ZDS 
_____

CM~~ 
~~Ms 

CM L
MIR MSP MGE MDS CMB 

-

FIRST ROW a NON—DIM. AERO—COEFFICIENTS

SECOND ROW EASY NAMES

111
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FOSTER MILLER

F 
TRUNK OUTPUT MODEL 0 0

OUTPUTS 
_ _ _ _ _ _ _

QUANTIT Y DESCRIPTION UNITS

QFN TOTAL FAN FLOW CFS
QPT PLENUM-TO-TRUNK FLOW CFS
QPC PLENUM-TO-CUSHION FLOW CFS
QPA PLENUM-T O-AT MOSP HERE FLOW CFS
QV PRESSURE RELIEF V ALVE FLOW CFS
QTC TRUNK-TO- CUSHIO N FLOW CFS
QTA TRUNK-TO- ATMOSPHERE FLOW CFS
QCA CUSHION-TO-AT MOSPHE RE FLOW CFS
PAF FAN INLET PRESS URE , PSFG
PF FAN PRESSURE RISE PSF
FCY TOTA L VERTIC A L FORCE LBS
FTP TRUN K CONT A CT FORCE LBS
FCT TRUNK DAMPING FORCE LBS
FCP CUSHION FORCE LBS
FDF AERO DRAG FORCE IN HEAVE LBS
TX TOTA L TORQUE X A XIS FT/LBS
TTX TRUNK PRESSURE TORQUE X AXIS FT/ LBS
TQX TRUNK DAMPING TORQUE X AXIS FT/ LBS
TCX CUSHION PRESSURE TORQUE X AXIS FT/LBS
TDX AERO DRAG TOR QUE X AXIS FT/ LBS
TZ TOTA L TO RQUE Z AXIS FT/ L3S
TtZ TRUNK PR ES SURE TORQUE Z AXIS FT/ LBS
TQZ TRUNK DAMPING TORQUE Z AXIS FT/LBS
TDZ AERO DRA G TORQUE Z AXIS FT/LBS
TCZ CUSHION PRE SSURE TO RQUE AXIS FT/LB S
TFZ GROUND FRICT ION TORQUE Z AXIS FT/LBS
HY TR UNK HEIGHT FT
R i OUTER TRU NK RADI US OF CURV FT
R2 INNER TRUNK RADIUS OF CURV FT
Li TRUNK LENGTH OUTER-HORIZ ATTACH POiNT FT
L2 TRUNK LENGTH ~NNER-HORIZ ATTACH POINT FT
AGP AREA OF CUSHION GAP SQ FT
ACH AREA OF CUSH ION SQ FT
XTN AREA OF TRUNK-GROUND CONTACT SQ FT
XTA TRUNK-AmOS AREA IN CONTACT AREA SQ FT
XTC TRUNK-CUSHION AR E.A IN CONTACT AR EA SQ FT
ATA TRUNK TO ATMO S AREA SQ FT
ATC TRUNK TO CUSHION A REA SQ FT
VTK TRUNK VOLUME CU FT
VCH CUSHION VOLUM E CU FT
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PT
PITCH THRUSTER

INPUT 
_ _ _ _ _ _

PHYS ICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO. 
V

ED ENGINE DEPENDENCE INDICATOR - --  V

O = N O
1 YES

TM THRUSTER MAXIMUM FORCE FOR ENGINE- LBS
INDEPENDENT SYSTEM (i .e., ED = 0) V

ST SLOPE FOR VECTORED THRUST AS FUNCTION
OF ENGINE THRUST

SR SLOPE OF ENGINE THRUST REDUCTION AS FUNCTION
f OF VECTORED THRUST

Cl SATURATION FUNCTION SLOPE
C2 SATURATION SLOPE
SIG AIRCRAFT CONTROL SYSTEM SIGNA L TO T HRUSTER
GA FIRST ORDER LA G G A IN
TC FIRST ORDER LA~ TIME CONSTANT SEC
TH ENGINE THRUST LBS
XA 1THR U STER PITCH MOMENT AEM FT

_ _ _ _ _  _ _  

oisr~trr 
_ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

* FX ENGINE THRUST REDUCTION LBS
FZ VECTORED THRUST VERTICAL FORCE LBS
TV PITCH MOMENT DUE TO THRUSTER FT-LBS

V Reference : L is ting - -  Volume II. Sect ion 4 . 4 . 4

* State Var ia ble S
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PT
PITCH THRUSTER

EQUATIONS:

TVA = TM E D O
TVA = ST*TH ED 1

C3 = TVA/C1

C6 = -C3

C4 = C1
C5 = C2

CALL SA (FZ ,SIG,C1 C6)

FR _SR*ABS(FZ) 1
V = (FR*GA_FX)/TC J ED 1

TY=_ FZ*XA

114
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RANDOM NW’!BER GENERATOR F0~ ~1ND M0~EL

<NU
NOISE GENERATOR <NV
SUBROUTINE RN 

V 
<NW

_ _ _ _ _  _ _  

OUTP UT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS
NAME

MU, NV ,NW Noise samp les for  U ,V ,W gust velocities
NP Noise sample for P angular rate gust

METHOD:
Call RN(VAR ,DUM ,SIG ,AMN )

where
VAR Gauss ian random output var iable
DUM Internal variable to start RN

SIG a Standard deviation of VAR v’ ,

where A integrator stepslze

ANN Var mean value ~ 0.

NOTE:1) RA can only be used with the fixed step

Integrator which Is specifi ed by

the con~and : INT MODE • 3.

• 2) RN Is a standard component In standard
component l ist If desired for separate
use.

References: Listing -- Vol ume It , SectIon 3.5.15
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RATE GYRO PACKAGE

_ _ _ _ _  _ _  

INPUT 
_ _ _ _V 

PHYSICAL
QUANTITY PORT DESCRIPTIO N UNITS
NMME

P ,Q, R I Three axis angular rates DEG/sec
V SL Rate gyro saturat iorrleve l rad/sec

(Same for all axes)
OMP Rate gyro damping coefficient , ~

Rate gyro natura l frequency , W~ rad/sec

_ _ _  _  
OUTPUT 

_ _

PHYSICAL TQUANTITY QE~CRIPTION UNITS

- 

NAME

* 
2 Three axis angular rates as output DEG/sec

by gyros-—states
*PX ,QX ,RX Intermedfate states associated with

___________ ______ 
each rate ayr~ ________

EQUATIONS: NOTE: Component XP should be used to
convert to and from body axes

PB • P2 to gyro axes.
IF(1P2/ SI) FB • lOO*(P2_SIGN (SL.P2))

+ SIGN(SL ,P2) 
*

• (Pl—FB )~w~i 
These ou tput quantities are states .

• (Px_ 2 *OMP*Fs)*wN
References: Lis ting -- Volume II , Section

I. These equa tions are repeated for Q and R 3 4 7rates ,
2. Saturation of output sta te Is accompl ished

by Increas ing feedback gain by 100 If
output exceeds saturation limit.
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RI
ROLL THRUSTER

_ _ _ _ _ _ _ _ _  _ _ _ _ _  

INPUT 
_ _ _ _ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTiON UNITS

NAME

ED ENGINE DEPENDEN CE INDI CATOR
0 = NO
1 = YES

TM THRUSTER MAXIMUM FORCE FOR ENGINE- LBS
INDEPENDENT SYSTEM (i .e. ED = 0)

ST SLOPE FOR VE CTORED THRUST AS FUNCTION
OF ENGINE THRUST

SR SLOPE OF ENGINE THRUST REDUCTION
AS FUNCTION OF VECTORED THRUST

Cl SAT U RATION FUNCTION SLOPE
C2 SATURAT ION SLOPE
SIG AIRCRAFT CONTROL SYSTEM SIGNAL TO THRUSTER
GA FIRST ORDER LAG GAIN
IC FIRST OR DE R LAG TI ME CONSTANT SEC
N ENGINE THRUST LBS
VA THRUST ER ROLL MOMENT ARM FT

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

*FX ENGINE THRUST RED UCTION LBS
FZO VECTORED THRUST VERT ICA L FORCE LBS

V TX ROLL MOMENT DUE TO THRUSTER FT-LBS

References: Listing -- Volume II, SectIon 4 .4 .5

* State Variable s

117

- - - ~ V~~~VV V ~~~~~~~VVV2V V V V V V V V V ~~~V V V V V V V  • V S ~~~V VV SV — V~ S - ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~V 
~~~~~~~~~~~~~~~~ ~~~~~~



RI
ROLL THRUSTER

EQUATIONS :

TVA • TM E O • O
TVA ST*fll ED a 1
C3 • TVA/C1
C6 • —C3
C 4 - C l
C5 • C2
CALL SA(FZ , SIG ,C1. . . . .C6) F

FR • — SR *ABS(Fz)
• (FR*GA_FX )/7c j 

ED • 1

U TX .FZ*YA
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~

SATUBAT~ON FUNCTION 
V

FIN ~ FO

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

• PHYSICAL 
~ RIQUANTITY DESCRIPTION UNITS

NAME

FIN Input quantit]
Cl Slo pe O .<FI 1 <C3 * 

V

C? Saturation SloDe FIN >C3
C3 Posit ive saturation intercep t V

C4 Slope O)FtN>C5 *

CS Saturation Slo pe FIN<C6

C6 Negative saturation intercept

_ _ _ _ _  _ _ _  

OUTPUT 
_ _ _ _

• PHYSICAL RIQUANTITY DESCRIPTION UNITS 
V

NAME

V FO Output quantity

EQUATIONS:

P0 • Cl *C3 + C2* (FIN_C3) if FIN>C3 V

P0 Cl’FIN if O<F IN<C3

P0 C4*FIN If O> FIN>C5

I 
/ P0 • C4 C6 ÷ C5*( FIN_ C6) if F !M<C6

* Setting Cl ,--C4 0 may cause d i f f i c ~ lty at ori gin.

• References: L is t ing  -- Volume II, Section 3.5.11
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SATUR ATION WI TH DEAD ZONE S ~
C4 

F

~
5_ _

~~~~~~~~~~~

F::
Cl C3

C8
C6

V 

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT OESCR1PTION UNITS

NAME

FIN INPUT VARIABLE
Cl POSITIVE LIMIT OF DEAD ZONE

V C2 NEGATIVE LIMIT OF DEAD ZONE
C3 POSITIVE FiN SATURATIO N INTE RCEPT
C4 NEGAT IV E F IN SA TURA T ION INTERCE PT
CS POSITIVE SATURAT ION LIMIT ON FO
C6 NEGA T IVE SATURATION LIMIT ON FO
C7 SATURATION SLOPE (F IN>O)
C8 SATURATION SLOPE (FIN<O)

_ _ _ _ _  _ _  

O’rrPtIr 
_ _ _ _

PHYSICAL RTQUANTITY DESCRIPTION UNITS
NAME

FO OUTPUT VA RIABLE

References : Listing —— Vo lume II , Section J.5 .1 2 V

120

~~~Tz
S-

~~~
I
~~~~~~~~~~~

V V V J  V V V V V V 1 V _ 
~~~~~~~~~~~~~~~~~~~~~~ 

VV 
•~~S V S  

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

V - - - - - - • - - V • V V V ~~~~~~~~~~~~~~~ VV V .  
— 

.~ ~~5V~ V~



V _~~~~_ V_VSVV 
~~~~~~~~~~ V~SS~~~~~SVS 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
VS_I

SB 
V

SATURATION WITH DEAD ZONE

EQUATIONS:

- 
P0 C5+C7*(FIP1—C3) If FIN>C3

P0 C6+C8*(FIN-C4) if rIN<c4
- 

P0 = SLZERO*FIN

P0 = YP+SLPLUS *(FIN_C1) FIN>Cl

P0 • YN+SLNEG*(FIN_C2) if 0>FINcC2

V SLZERO • .OO1*C6/C2

SLZERO = .OOl*C5/C1 if C5<-C6

YP • SLZERO*C1

YN SLZERO*C2

V 
SINEG = (C6-YN)/(C4-C2)

SLPLUS = ( C5—YP) / (C3—Cl )

1~~ 

V
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GENERALIZED SIX DEGREE OF FREEDOM RIGID BODY DYNAMICS 
5 G

ACCELERATIONS
ACCELERATIONS I VELOCITIES
TORQUES I OS ANGLES & PO SITIONS

_ _ _ _ _  _ _  

INPUT 
_ _ _ _  V

PHYSICAL V

QUANTITY PORT DESCRIPTION UNITS
NAME

UO ,VD, WD X , Y , Z BODY AXIS LINEAR ACCELERATIONS FT/ SEC 2
TX ,TY ,TZ X , Y , Z BODY AXIS TOR QUES FT-LBS
I XX ,IYY X , Y , Z BODY AXI S MOMENTS OF INERTIA SLUG-FT
I ZZ
IXZ ,IXY X— Z, X-Y , Y-Z CROSS PRODUCTS OF INERTIA SLUG-FT
IYZ 

______ ____________________________________________________ _________

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL
QUANT ITY P~0

T DESCRIPTION UNITS
NAME

X,Y ,Z BODY AXIS LINEAR VELOCITIES FT/SEC
*P,Q,R X ,Y ,Z BODY AXI S ANGULAR RATES DEG/SEC*ROL ,PI T , EULER ANGLES , BODY TO INERTIAL AXE S DE G
YAW
*( V HORIZONTAL POSITIONS (EARTH AXIS) FTXD, YD HORIZONTAL POSITION RATES FT/SEC

VERTICA L ALTITUDE FROM SEA-LEVEL FT
PD,QD,RD X,Y,Z BODY AXIS ANG uLAR ACCELERATIONS DEG/SEC
RØD,PID, ROLL , PITCH, YAW ANGLE RATES DE (/SEC
‘(AD 

______ __________________________________________________

ASSUMPTIONS: 
~~~~~~1. Constant gravity , flatearth model .

2. RIgid Body S

* These output quantities are states . S
I

Note: If using only OL or DL, the unused NInputs must be set to zero . 
~, 

) 
,r

Z,w
Altitude • -Z

z
V 
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GENERALIZED SIX DEGREE OF FREEDOM EQUATIONS OF MOTION

o LINEAR VELOCITY EQUATIONS

U = U D  V = V D  W = W D

o ANGULAR VELOCITY EQUATIONS (P=P IT/180, etc. for Q, R,P ,Q, R) V

p*IXX = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Q*IYY TY_P*R*(IXX_IZZ)+(R2_P?)*IXZ+(Q*R+P)*IXY_ (P*Q_R)*IYZ

R*IZZ = TZ_Q*P*( IYY_IXX)÷ (P_Q*R) *1 xZ÷(P*R÷Q)*IYZ+(P2_Q2)*IXY

o ANGULAR POSITION E QUAT I ONS *

PIT = Q*CR -

yAw = (Q*SR+R*CR)/Cp 
~

V

S

;

= p+YAW *SP

o LINEAR POSITION EQUATIONS*

= U(CY *CP) ÷V(~SY*CR +CY *SP*SR) +W(S Y*SR+CY*SP*CR)

+ = U(SY* CP)+V(C Y* CR÷SY*SP *SR) +W( _ CY *SR+SY*SP*CR)

ALT = U.SP_V(CP*SR)_W(CP*CR)

* The following abbreviatio ns are used tn these equat ions :
V 

SR = SIN(ROL ) CR = COS(RO1 )

SP = SIN(PIT) CP = cOS(P IT)
V SY = S IN(YAW ) CV = COS (YAW )

References: Listing -*  Volume It, Section 4.3.1

Analysis -- Vol ume I, Section 2.4.1
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8~~f

V 

SUM LINEAR AND ANGULAR VELOCITIES

_________  _____  

INPU T 
_______  

V

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAME

UWS , VWS , X ,Y ,Z BODY AXES STE ADY/ SHEAR FT/SEC
WWS W IND COMPONENTS
UG ,VG ,WG X,Y ,Z BODY AXES GUST WIND COMPONENTS FT/SEC
PG ,QG ,RG X ,Y ,Z BODY AXES GUST ANGULAR COMPONENTS DEG/SEC

_________  ____  _____________________________________ _______ _ _ _ _  _ _  

OtT~PffF 
_ _ _ _

PHYSICAL 
V

QUANTITY PORT DESCRIPT I ON UNITS
NAME

V 

UW ,VW ,WW SUM OF X ,Y,Z BODY AXES WIND VELOCITIES FT/ SEC F
PW ,QW ,RW X ,Y ,Z BODY AXES ANGULAR VELOCITIES DEG/SEC —

EQUATIONS :

V 

UW=UWS +UG
VW VWS+VG
WW = WWS +W G
PW = PG
Q W = Q G
RW = RG

4

Re ferences:  L i s t i n g  -- Volume I I , Sect ion 4.5.3
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~ VV VV~ S~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c~~v11
ONE POLE SWITCH 

~~J J

V8 1 VB 1 VB 1

VO1~~~~ 1V A1 VO 1~ f v~ i I
TCI TIME 1C2 TC1 TIME TC2

swi~ 1 sw1~o

The s~~t-h inc ~oerat~cn may be controlled by
either ti~ e 

V
~~ r :~e i~~ut oar’e~eter S~ 1. The

time dependence ~‘ay 5e el iminated by settinc
TCI=lOi o INPUT

PHYSICAL P RI 
V

QUANTITY DESCRIPTTUN UNITS
NAME .

V 

VA ] Input to switc r  Any
‘/3 1 Input to switch Any V

Sw i Switc n contro l parameter
rd Time for firs t switching Sec
TC2 Time for second swft c?~ing Sec 

V V

_ _ _ _ _ _ _  

O UTP UT
PHYSICAL
QUANTITY DESCR I PTION UNITS

vo~ I I OutDut from s itci 
V 

Any

EQUATIONS : 
- V 

V Reference L i s t ing -- Vo l ume I I , Sec ti cn

VOl = VA 1 If SW I=1 and t 7C1 or t— TC2 3.5.1

or if SW1 O and TOl 4 t ~rTC 2

VOl ‘131 if SWl~ O and t <  TC1 or t ’ T C 2

or if SWl~ l and TCl~ t .TC 2

where : t TIM E ,seconds .
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V V

V 

IWO POLE SWITCH
VA 1

V81 I
— -0 1V VA 2 I

v02
V82 

______

•
~S_E~E~5S~I FOR SWITCH CONTROL LOGIC

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPT ION UNITS

NAME

VA ] rnput to switch 1 Any

VA 2 input to switch 2 Any

VB 1 Input to sw i tch 1 AiiY

‘/B2 Input to switch 2 Any

Sw itch contro l parameter V

TC1 Time for first switching Sec

— 

TC2 ime for second switching (TC2>TC 1) Sec

_ _ _ _ _  _ _  

01ff PUT 
_ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

V Ol Output from swit ch 1
V02 Output from swi t cn 2

*~~4~ = 1  VO = V B
= 0  VO = V A

References: Listing -- V olume II, Secti on 3.5 .2
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(~Y”\7
THREE POLE SWITCH 

~~ j

: ~i’h— V O1
~~~~ r

VA2
-

~~~~ 

~~~~~~~~~~~~~~~ 
V02 V

V82 
______

V ~~ 

~ ~~~~~~ 
V

V83 
_____— p V

SEE SW FCR SWITCH CONTROL LOGIC

_________  _____ 

INPUT 
_______

1~PHYSICAL ~~~~~~~
QUANT ITY run I DESCRIPTION UNITS

NAME N .

VA 1 Input to swi tch I Any
V A2 Input to switch 2 Any
VA3 Input to switch 3 Any 

V

VB 1 Input to switch 1 Any

VB2 Input to switch 2 Any

V83 tnpu t to switch 3 AnY

Switch con tro l parameter

TC1 Time for first switching Sec V

TC2 Time for second switchin g (TC2.GT.TC1) Sec

_ _ _ _ _  _ _  

OUTP UT 
_ _ _ _

PHYSICAL ‘V
QUANTITY DESCRIPTION UNITS
NAME

VOl Output from swi t ch  1 Any
1102 Output from switch 2 Any
V03 Output from Switth 3 Any

* SWI I VO =

• 0  VO~~~VA

References : Listing -- Volume I I , SectIon 3.5.3
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FOUR POLE SWITCH SZ
: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _

VA2 

~ — --.L. ._._. V02
V82 I

~3~~ TTh0~
__

VA4 I

V 

_ _  

V04

.I~E SW FOR SWITCH CONTROL LOGIC

_ _ _ _ _ _ _ _  ____  

INPUT 
_ _ _ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPT ION UN ITS
NAME

VA1 Input to switch 1 Any
VA2 Input to switch 2 Any
VA3 Input to switch 3 Any

VA4 Input to swI tch 4 Any 
V

VB 1 Input to switch 1 Any 
* 

V

VB2 Input to swi tch 2 Any P

VB3 Input to switch 3 Any

VB4 Input to switch 4 Any

*SW1 Switch control parameter

TC1 Time for firs t swi tching Sec
TCZ Ti me for second switching (TC2 V GT .TC 1) Sec

_ _ _ _ _  _ _  

OUTPUT
PHYSICA L 

~ ATQUANTITY DESCRIPTION UNITS

VOl Output from switch 1 Any
1102 Output- from s~i tch 2 Any
V03 

_____ 
Outout from sw it ch 3 Any

* SWI • 1. VO VB References: Listing -- Vo1~~~ II, Section 3. 5 40 VO~~~VA
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~ 
V -

-~ I SUM TWO SETS OF 3 AXIS FORCES AND TORQUES

I _ _ _ _ _ _ _ _  
____ INPUT 

______

V 

PHYS1C~~lQUANTITY PORT DESCRIPTION UNITS
NAME

V FX ,FY ,FZ X ,Y ,1 body axis input forces , port 1 LBS
TX ,TY ,TZ I X ,Y ,Z body axi s input to~~ues ,port 1 FT-LBS
FX ,F’Y ,FZ 2 X ,Y ,Z body’ axis input forces , port 2 LBS
TX ,TY ,TZ 2 X ,Y ,Z body axis input ~~~~~~~~ ~ort 2 FI L3S

_ _ _ __ _  

ovi~ r 
_ _ _

PHYSICAL
QUANT I TY ?0R1 DESCRIPTION UNITS

— 
NAME N .

FX,FY ,FZ 3 X ,Y ,Z body axis output forces , port 3 LBS
TX ,TY ,TZ 3 X ,Y ,Z body ax is output toroues , port 3 FT- LBS

EQUATIONS :

FX3 FXI + FX2

FZ3=FZ1 +F~~.

1X3 :IX1 + rxz

TT3 1’f1~~~T(Z

113 = 121 ~ TZZ

V 
References: L isting -— Volume U, Section 3.5.1~

V 

~V 
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________________________ 
- V V VV~~~~~~V V V

_ _ _ _  ~~~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~5 V V V V~~ -~

SUM FORCES AND MOMENTS (3 SETS OF INPUTS) 33
FORCES & TORQUES S3 ~~~~~~ ORCES AND TOR QUES

_ _ _ _ _ _ _ _ _V _ _ _ _  

INPUT 
_ _ _ _ _ _

PHYS I CAL
QUANT iTY PORT DESCR IPTION UNITS

NAME NO.

FX,FY ,FZ 1 X,Y,Z BODY AXIS INPUT FORCES , PORT 1 LBS
TX ,YT ,TZ 1 X ,Y ,Z BO DY AXIS  INPUT TOR QUES , PORT 1 FT-LBS
FX,FY ,FZ 2 X,Y,Z BODY AXIS IN PUT FORCES , PORT 2 LBS

V TX ,TY ,TZ 2 X ,Y ,Z BODY AXIS IN PUT TORQUES , PORT 2 FT-LBS
FX ,FY ,F’Z 3 X ,Y ,Z BODY A,~IS INPUT FORCES , PORT 3 LBS
TX ,TY ,TZ 3 X ,Y ,Z 31’)Y AXIS INPUT TORQUES , PO RT 3 FT-LBS 

V

_ _ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME

FX ,FY ,FZ 4 X ,Y ,1 BODY AXIS OUTPUT FORCES , PORT 4 LBS
TX ,TY ,TZ 4 X ,Y ,Z BOD Y A XIS O UTPUT TOR Q UES , PORT 4 FT-LBS 

—

~QUATIOIIS:

FX4 = FX1+FX2÷FX3
FY4 = FYI4 FY2+FY 3
FZ4 = FZ1+FZ2+FZ3
TX4 = TX1+TX2+TX3
TY4 = TY1+TY2+1Y3
1Z4 = TZI+1Z2+1Z3

References: Listing -- Volume II , Section 3.5.18
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FOUR TABULAR FUNCTIONS OF TIME

A2 
A2

92
82

[_ \

V 
_ _ _ _ _ _ _ _  

C2

02

TI M E

V INPUT 
_ _ _ _

PHYSICA L
V QUANTITY PORT DESCRIPTION UNITS

NAME 
_______

A21 Tabular data describing AZ vs~ time Any

821 Tabular data describing 32 vs. time Any

C2T Tabular data describing CZ vs. t ime Any

021 Tabular data describing ~Z vs. time 
— 

Any

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL RQUANTITY POT DESCRIPTION UNITS
NAME

AZ Output quantity Any
92 Output quantity Any
C2 Output quantity Any
02 Output quan tity Any

EQUATIONS • Re ferences : Listing -- Volume II , SectIon 3.5.5

AZ. A2.T(tj NOTE : 15 poInts are allowed per taDle.
Lthear In terpola tion Is used bet :ieen

82 8ZT(t~ points. The last point in the table
Ca • Cal ~ 

is used for values of time outstde( th. table range. A warni ng Is prlnt.a02 a O2l(tl If all tahl~s not loaded , but functicnstill works,
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V VV

~~~~

V V V

~~~~~~

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V V_ ~~~~~~~

iWO TABULAR FUNCTIONS OF TIME T~3
A2 A2 

__

92 32

TIME

INPUT 
_ _ _ _  V

PH YSIC A L
QUANT ITY PORT DESCRIPTION UNITS
NAME N .

A 2T Tabu lar data desc rib ing A2 vs. time Any
E2T Tabular data descr ibing B2 vs . t im e  Any

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSI CAL
QUANTI TY PORT DESCR IPTION UNITS.
NAME

Output quantity Any
B2 Output quantity Any

V EQUATIONS :

A2 • A2T(t )
82 • B2T(t~

NOTE: 15 points are allowed per table.
Linear Interpolatio n is used between
points~ The last point in the table

V is used for V
~,31~~es af tIme outside the

V 

table range . f only one table Is
loade d , a warning message is p rIn te~but function w ill work ,

V 
References: Listing —- Volume II, SectIon 3.5.6
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I: ~~~ VIii ~

T o .
THREE DEGREE OF FREEDOM RIGID BODY DYNAM I CS (LATERAL )

_ _ _ _ _ _ _ _ _  _ _ _ _ _  

INPUT 
_ _ _ _ _ _ _

PHYSICAL
QUANTITY PORT DESCR IPTION UN ITS

NAME

V VO V BODY AXIS Lr~:EAR ACCELERATION FT/SEC 2
TX ,TZ X ,Z BO DY AXIS TORQUES FT-LBS 2 

V

IXX ,I Z Z X ,Z BODY AX IS  ~O~’1ENTS OF INERT IA SLUG-FT~
IXZ X—Z CROSS PRODUCT OF I NE R T I~A SLUG-FT ’
PIT PITCH ANGL E (BODY TO INERTIAL AXES) DEG

_ _ _  _  ~~ OUTPUT 
_ _

PHYSICA L
QUANTITY PORT DESCRIPTION UNITS
NAME 

_ _ _ _ _ _ _

Y BODY AXIS LINEAR VELOCITY FT/SEC
*p,R X ,Z BODY AXIS ANGU LAR RATES DEG/SEC
*RØL , YAW EULER ANGLES , BODY TO INERTIAL AXES DEGYD HORIZONTAL POS IT r ON RATE FT/SEC V 

VPD ,RD X ,Z BODY AXIS ANGULAR ACCELERAT IONS DEG/SEC2

References: Analysis -- Volume I, Section 2.4.5
Listing -— Volume II , Section 4.3.5

* Sta te Var i ab les

133
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V~~V -,

TO
THREE DEGREE OF FREEDOM EQUATIONS OF MOTION (LATERAL)

o LINEA R VELOCITY EQUATIONS
V 

~ • V D
o AN GULAR VELOCITY EQUATIONS (~“P w/180, etc. for ~~~~~~~

• TX+~*IXZ
• TZ+(~)~ IXZ

V o ANGULAR POSITION EQUAT IONS*
V 

~Aw • R*CR/CP
RÔL • P+YAW*SP

o LINEAR POSITION EQUATIONS*

YD • V(CY*CR+SY*SP*SR)

*The following abbrevIations are used In t hese equations:
SR • SIN ROL CR • COS ROL
SP • SIN PIT CP • COS PITSY • SIN YAW CV • COS YAW
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TRANSFER FUN CTiON j ~

FIN Z1S+ZO FO
s2~ ois~ po

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL I
QUANTITY PORT DESCR IPTION UNITS -

~

NAME I -

- V

V 
FIN tnout quan.tity

Numerator coefficien t

11 numerator coefficient

PC Denominator coefficient (RAD/SEC)

P1 Denominator coeff ic ien t ( RAD/SEC)
__________ _ _ _ _ _  __________________________________________  I I

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

PHYSICAL V

QUANTITY PORT DESCR IPTION UN ITS
NAME V

Intermediate state

V 
*FO Output quantity-

*State Variab~es

EQUATIO NS:

x~ ZO*FIN — 1
2 

~~~ 
Z•l *FIN — Pl*FO I :

NOTE: d.c. gain ~~~~
. infinite freq . gain = 0.

Referenc es: L i stin g -- Volum e II , Section 3.4.5

- 
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ENGINE THRUST BODY AXIS TRA NSFORM

TH BODY AXIS

_ E

AT

~

O

~~~J 

F Z TZ

GAX ,GAY , GAZ .XO . Y O Z C

_ _ _ _ _ _ _ _ _  _ _ _ _ _  

INPUT 
_ _ _ _ _ _ _

PHYSiCAL RQUANTITY POT DESCRIPTION UNITS
NAME -

TH Engine thr~ist LBS V

GAX ,SAY , X,Y,Z body axis direct ion cosines

XO ,YG ,ZO X IY ,Z thrust location components FT
-

-_  
OUTPUT 

_ _

V 

PHYSICA L IQUANTITY DESCRIPTION UNITS
NAME

FX ,FY ,FZ X ,Y,Z body axis forces L3S
tX ,TV~ TZ X ,Y ,Z body axis torques FT— LBS

EQUATIONS:
F’X Th*f3AX

FY Th*GAY
FZ Th*G.AZ

~ YO~FZ.~~*F~(
V 

~~

V 

TZ ~ XO*FY_YO*FX

References: Listing -- Volume II , Section 3.5.19

136

~t1 _ _ _ _ _ _ _

I — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V

I NELAST I C TRUN K MODE L

_________  ____ 

INPUT 
______

PHYSICAL RTQUANTITY DESCRIPTiON UNITS
NAME

ABL ARRAYS OF TRUNK ELEMENT
(A ,B,LO , DIMENSIONS : A , B , LO ; AND INCHES
I TYPE) I TYPE (0 = FROZEN , 1 MEMBRANE)
XY Z ARRAYS OF COORDINATES OF ELEMENT
(XA ,YA ,ZA , INBOARD ATTACH POINT : XA , YA , ZAV ; IN CHES
BET) AND ELEMENT ANGLE BET (0 SIDE DEG V

ELE , NON ZERO = FRONT OR AFT ELE )
DSM ARRAYS OF : ELEMENT WIDTH 0 INCHES
(o,S, ELEMENT SCALING FACTORS , S 

V

MU) ELEMENT COEFFICIENTS OF FRICTION
IN X AND Y AXIS . MU

IA!.. ARRAYS OF: ELEMENT SET N UMBER , IS;
( I S ,AP , ORIFICE AREA PER UNIT TRUNK AREA , AP;

V LP , LH) CIRCUMFERENTIAL DISTANCE FROM OUTB’D INCHES
ATTACH POINT TO START OF P ERFORATION S, LP
WIDTH OF PERFORATED AR EA , LH INCHES V

REL TABULAR DATA : RELIEF VALVE AREA OPENING SQ. IN.
VS. TRUNK PRESSURE (GAGE) ‘IS .

PSI G
ZTR VECTOR ARRA Y CONTAINING TERRAIN INCHES

ELEVATION DEFINIT I ON
ROL ,PIT ,YA~ AIRPLANE ROLL , PITCH , YAW EULER ANGLES DEG V

X, ALT X , Z EARTH AXI S POSITI~NS FT
U,V,W X , Y , Z 800Y AXIS LINEAR VELOCITIES FT/SEC
PA AMBIENT PRESSURE PSIA
WCU ,TCU FLOW RATE AND TEMPERATURE OF LB/NIIM ,

AIR SUPPLY TO CUSHION
WTR ITTR FLOW RATE AND TEMPERATURE OF LB/MIN ,

AIR SUPPLY TO TRUN K DE GR
NE NUMBER OF ELEMENTS PER TRUN K

SIDE (NE GATIVE VAL UE I MPLIES SYM M ETRIC
MO DEL ABOUT ROLL AX IS ) V

COG DISCHARGE COEFF. FOR FLOW THROUGH GAP
BETWEEN TRUNK AND GRO UND

NST NUMBER OF ELEMENT SHAPES OR PARAMETRIC SETS
NPT NO. OF ELEMENTS IN A ROW OR COLUMN IN

THE PARAMETER SET
BST,WLT BODY STATION AND WATER LINE OF TRUN K INCHES

AXIS
CD1 DISCHARGE COEFF. FOR FREE PORTION OF V

TRUN K
CD2 DISCHARGE COEFF. FOR FLATTENED PORTION - V

OF TRUN K
COA DISCHAR (E COEFF. FOR FLOW THROUGH

REL IEF VALVE 
V

BSC ,WIC BODY STATION AND WATER LIME OF C.(. INCHES V
TAU TIME CONSTANT FOR TRUN K AND CUSHION SEC - 

V

VOLUME RATE OF CHANGE
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V V V~
_ _V V ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ V V V V V V _Vl

I1~ELA ST IC TRU t~K t~iODEL 
I_I [’ 

~( 
V

_________ ____ 

INPUT 
_______

PHYSICAL RTQUANTITY DESCRIPTION UNITS
NAME V

P ,Q, R X , Y , Z BODY AXIS AUI ULAR VELOCITIES DEG/SEC
At~O INDICATOR FOR TYP E OF SURFACE

IN TERRAIN MODEL
0 = DEFINE S A FLAT SURFA CE , ZE=O
I = DEFINES (1-COSINE) OR SINUSOIDAL

SURFACE
2 = DEFINES PROFILE IN TAB ULAR FORM

V DR ANO =1
V ANR NUMBER OF SEQUENTIAL (1-COSINE) BUMPS

DL LENGTH OF BUM? FEET
H HEIGHT OF BtJ~P (-yE MEANS A DIP) INCHES
FOR AMO =2 

V

ANR NO. OF DATA POINTS IN PROFILE DEFiNITION
DL INCREMENTAL DISTANCE BETW EEN POINTS FE ET
H CONSTANT ELEVATION SCAL I NG FACTOR
DMP TRUNk DAMPING COE FFICIENT AS A FUNCTION L3 -SEC/ I’~OF TRUNK FLATTENED AREA /SQ IN
EPC PRINT CONTROL INDICATOR

— 1 “ ~ ‘S ~~~ ~~~~~~~ ~~~~~~ ~~DI ~~— r~~it~ I ~ DL~
VAI lIES EVERY PRINT JUTERV~LVU BREAK POINT IN MU—VELOCITY CURVE IN/SEC

CAV EFFECTIVE AREA FOR TRU NK TO CUSHIO N VE NT SQ IN V

_ _ _ _ _ _ _  _ _ _  

OUTP UT V

PHYSICAL
QUAN-TITY PO RT DESCRIPTION UNITS

V NAME ~~~U.

FXT ,FYT , X , V . Z AXIS , AXIAL , LATERAL AND LBS
FZT . VERT ICAL FORCE SU~~AT I ON TERMS
TXT ,TYT , X, Y, Z AXIS SUMMATION TERMS FOR FT-LBS
TZT ROLL, PITCH AND YAW MOMENTS 

V

*PT TRUNK PRESSURE PSIA
TRUN K VOLUME CU FT

*PC CUSHION PRESSURE PSIA
*VC CUSHION VOLUME CU FT
UTA AIR FLOW RATE , TRUN K TO AT~~SPHERE IB/MIN
W CA AIR FLOW RATE , CUSHIO N TO ATMOSPHER E LB/MIN
WTC AIR FLOW RATE , TRUNK TO CUSHION LB/ MIN V

References: An alysis -- Volume I , Section IV
V * State Variables Listing -— Vol ume II , Section 4.6.1
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1K V

INELASTIC TRUNK MODEL

EQUATIONS :

XBA = BSC-BST+XA
YBA = VA

W LC-WLT+ ZA
RA YA/COS(BET)
CALL IC(NS T,NPT~IT YPE ,A,8,LO,DPR)
P R = O  BET $ O.

V PR = (PC-PA)/(PT—PA) BET = 0.
ZOFSU = TBL 1(PR IAZO ,DPR ,NPT ,IS,NA )
ZOFS S*ZOFSU
YOFS — S*TBL2(PR ,zOFS U,ZOFS U,AYO ,DPR,NPT,IS ,NA)
XBT = XBA+YOFS*SIN(BET)

L 

YBT = E*(YBA+YOF S*COS(BET )) E = 1 (~1s)
ZBT = ZBA+ZOFS = — 1 (LHS )
XET = X*12. +XBT*CPCY+YBT*(SRSPCY_CRSV) +ZBT*(SYSR+CYCRSP) 

V

ZET = _ALT*12._XBT*SP+YBT*CPSR+ZBT*CRCp
ZEG = TERRA(XET ,AMO ,MR,DL,H,ZTR)
ZGAP -ZEG—ZET

ZO — ZOFS+ZGAP

ZOU = ZO/S

LOADED SHAPE: 
V

YO S*18L2(PR ,ZOU,ZOFSU,AV O,DPR ,NPT ,IS ,M)
Li • S*TBL2(PR,ZOLI,ZOFSU ,AL1,DPR ,NPT.IS,NA)
L3 S*TB L2(PR ,ZOU,ZOFSU ,AL3 ,DPR ,NPT IS~~~)
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TK
INEL A STIC TRUNK MODEL ( CO N T IN UED )

EQUATIONS (CO NT’D ) :

L3P 13 ITYPE = 1
L3P S*TBL2(PR I ZOU ,ZOFSU ,AL 3P ,DPR ,N PT ,IS ,N A) ITYPE =

AS = S*S*TBL2(PR,ZOU ,ZOF SU ,AAS ,DPR ,NPT I IS ,NA )
ACV = S*S*TBL2(PR,ZOU ,ZOFSU ,AACV ,DP R ,NPT ,IS ,MA)
DYO = S*TBL2(PR,ZOU ,ZOF SU ,SYO ,DPR ,NPT ,IS ,N A) 

~ BET = 0
DACV = S*S*TBL2(PR,ZOU ,ZOF SU ,SACV ,DP R INP T I IS ,NA) J
AT = 0*13

= (PT_PA)*AT

XBT = XBA+(YO +.5*L3)*SIN(BET)
YBI = E*(YBA+(YO+.5*L3)*COS(BET))
ZBT = ZBA+ZO

~~TD = ZBT*Q_YBT*R+U
YBTO = _ZBT*P+XBT*R+V ~~~~- -

ZBTD = YBT*P_XBT*Q+W

XTD2 = XBTD*CP+YBTD*SPSR+ZBTO*SPCR
YTD2 = YBTD*CR_ ZBTD*SR
ZTD = _XBTD*SP+YBTD*CPSR÷ZBTD*CRCp

VET = SQRT(XTD2**2+YTD2**2)

UTO = !1U~XM U ( VET)
UTX = UTO*XTD2 /VET
UTY = UTO*YTD2/VET
FFX _UTX*FT

FEY = _UTY*FT

FD = DMP *AT*ZTD 
V

FXT = FXT +FFX

FYT = FYT+FFY

FZT = FZT- FT-FD
TXT = T X T + (_ ( F T + F D ) * Y 6 T_ F F Y * Z B T ) * .C8 333
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1K
INELASTIC TRUNK t ’lODEL ( CONTINUED )

EQUATIONS ( CONT ’ D) : 
V

TYT = TYT+((FT#b)*XBT÷FF~*ZBT)* o8333
V TZT = TZT+ (FFV*XBT_FFX*YBT)*.08333

V 
FREE SHAPE:

AGAP = ZGAP*D

YO = S*TBL2(PR,ZOFSU ,ZOFSU ,AYO,DPR ,NPT ,IS ,N A) t
Li = S*TBL 2(PR ,ZOFSIJ ,ZOFSU ,AL I ,DPR ,NP T ,I S ,N A)
AS = S*S*TBL2(PR ,ZOFSU ,ZOFSU ,AAs ,Dpp ,NpT,lS ,NA )
ACV = S*S*TBL2(PR ,ZOF SU ,ZOFSU ,AACV DPR NPT IS NA)
DYO = S*TBL2(PR ,ZOFSU,ZOF SU ,SYO ,DPR ,NPT ,IS ,NA ) V

DACV — S*S*TBL 2( P R ,ZOFSU ,ZOF SU ,SACV ,DPR ,NPT,IS ,NA)
FF~ FFY = F =  FT = 13 = 0.

END ELEMENTS;

YBC = E* (YBA+ (2/3*YO_i/3*RA )*COS(BET))

AC = 5*D*(yQ.I.RA)**2/(YOFS÷RA)
vCS = (ZO*AC_o*Acv* (2/3Y0+RA)/ (YO+RA))* .0005787

SIDE ELEMENTS:

‘(BC = O.5*E*(YBA÷YO) V

AC = D*(YA+YO)

VCS = (ZO*AC_D*Acv)* .0005787
OVOL = 0* (ZO*DYO_OACV)

VTS = D*AS* .000 5787
XBC X BA +(2 / 3*YO_ 1/ 3RA )*S IN(BET )
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1K
INELASTIC TRUNK MODEL (CONTINUED )

EQUATIONS (CONT’D)

(PC-PA)~AC V

FZT =— F~ V

lxi = -FC~YBC
TYT = ~~*XBC
CALL PERF(ZGAP ,LI, L3 ,L3P ,LP,LH ,RA ,YO ,YOFS,D,AP ,PT,PC,PA ,BET,AHA1,

AHA2, PJ1C2, AHC1) If AP~O.

CACA = COGAP*AGAP

CATA = CDH1*AHA 1+2/3*CDH2*AHA2
tAlC CDHI*AHC1+2/3*CDH2*AHC2
FXT = 2. *FXT 1
FZT = 2. *FZT J if syninetric model (no roll) V

TYT = 2.~TYT
VCS 2.~VCS
VTS = 2. ~YTS
OVOL 2.*DVOL
CACA — 2.*CACA if syni~etrlc model (no roll)
CATA = 2. *CATA
CATC 2.*CATC
FYI = lxi = 121 = 0.
AREL = REL(PT-PA)
CATA CATA+CDA*AREL

= (VCS—VC)/TAU
VT = (VTS-VT)/TAU

CALL FSFLOW (PC ,PA ,TCU ,CACA ,1. ,FN ,SFN ,~CA)
CALL FNFLOW (PT ,PA ,TTR ,CATA ,1. ,FN,W TA)
CALL FNFLOW (PT ,PC ,TTR,CATC ,1. ,FN,WIC)
OPTA — (PT-PA) ~ .01
VC2 — VC ~ .O02*OSU4
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1K
INELASTIC TRUNK MODEL (CONCLUDED )

EQUATIONS ( CONCLUDED) :

PCD1 •( . 0001389*RG*TCU*( W CU+WTC~WCA )~ i .2*PC*~/CD)/VC
PC — PCD1 V

V PT — ( .0001389*RG*TTR*(WTR_WTC_WTA)_i. 2*PT*VTD)/VT

The following abbreviations are used in these equations :

SR SIN(ROL) CR = COS(ROL) SY = SIN(Y AW )
V SP • SIN(PIT) CP = COS(PIT) cv = CO S(YAW )

V s

- 
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IL
THREE DEGREE OF FREEDOI RIGID BODY DYNAI’IICS (LONGITUDINAL )

_ _ _ _ _ _ _ _ _  _ _ _ _ _  

INPU T 
_ _ _ _ _ _ _

PHYS ICAL ~QUANTITY rURT OESCRIP1NQN UNITS
NAME NO.

UD , WO X ,Z BODY AXIS  LINEAR ACCE LERAT IO NS FT/SEC 2 V

TV V BODY AXIS TORQUE FT-LBS ~ V

IVY Y BODY AXIS ~!J~1ENT OF INERT IA SLUG -FT~RØL , YAW EULER ANGLES (BODY TO INERTI AL AXES) DES

_ _ _ _ _  _ _  

OUT UT 
V

PHYSICA L
QUANT ITY PORT DESCRIPTION UNITS

NAME NO.

*~J,~4 X,Z BODY AXIS LINEAR VELOCITIES FT/SEC
Y BODY AXIS ANGULAR RATE DEG/SEC

*PIT EULER ANGLE, BODY TO INERT IAL AXES DEG
XD HORIZONTAL POSITION RATE FT/SEC

VERTICAL ALTITUDE FROM SEAL LEVEL FT 2
V QD V BODY AX IS ANGULA R ACCELERATIO N DE C/SEC

References ; Listing -- Volume TI , Section 4 .3 .4
V Analysis -- Volume I , Secti on 2.4.4

* State Variables

144

V - V V -- V~~~~~~ b~~~~~~~~~~~~~~~~~ 
-

_ _ _ _ _ _ _ _ _ _ _ _ _1 V V ~~ V - V ~~~~~~~ ~~ VVVV _V_
V V V

t — A



i a  IL
THREE DEGREE OF FREEDOM EQUATIONS OF MOTION (LONGITUD INAL)

V 

h

o LINEAR VELOCITY EQUATIONS

U - L I D W = W D  
.

o ANGULAR VELOCITY EQUATIONS (P=P ,T/18O , etc. for ~~~~~~~

~*IYY TV

o ANGULA R POSITION EQUAT IONS*

PiT Q*CR

o LINEAR POSITION EQUAT IONS*

XD = U(CY*CP)+W(SY *SR+CY*S P*CR)
ALT = u .SP_W(CP *C R) V

* The follow ing abb rev iations are used in these equati ons:

SR — SIN(ROL) CR a COS(ROL)SP — SIN(PIT) CP — CO5(PIT)
SY — SIN(YAW) CV — COS(YAw )

I
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TR
TRANSFORM VECTORS BODY TO EARTH AXIS

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

V 

PHYSIC A L ~ DQUANTITY rO f lT  DESCR IPTION UNITS
NAME

U,V ,W 1 VECTOR COORDINATES OF BODY AXES SYSTEM FT/SEC
(VELOCITIES)

RØL ,PIT , EULER A NGLES BODY TO INERTIAL AXES DEC
YAW

• 
_ _ _  _  

oisr~trr 
_ _

PHYSICAL
QUANTITY DESCRIPTI ON UNITS

NAME 
V

V 

U,V ,W 2 VECTOR QUANTITIES ALONG EARTH X ,Y , AND Z FT/SEC
AXES (VELOCITIES)

References: Listing -- Volume II , Section 3.5.20

V Analys i s -- Volume I, Sec ti on 2. 1
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EL~STI C TRW~K MODEL I S 
V

__________  

INPUTS _______

AM

ABL ** -ELEMENT SET DATA ARRAY ; ATTACH POINT SPACING ,
ATTACH POINT HEIGHT , MEMBRANE INSTALLED LENGTH ,
INITIA L MERIDIAN AND HOOP STRAINS , AND POISSONS
RAT T O

XYZ ~ -ELEMENT DATA ARRAY ; X ,Y ,Z, COORDINATES OF 
V

INBOARD ATTACH POINT , AND ELEMENT ANGLES
OM ~~

- -ELEMENT DATA ARRAY ; ELEMENT WIDTHS AND ELEMENT
COEFFICIENTS OF FRICTION

V IAL ** —ELEMENT DATA ARRAY ; ELEMENT SET NUMBERS V
V ASSOCIATED WITH EACH ELEMENT , ORIFICE AREA PER

UNIT AREA OF TRUNK SURFACE ,VV D ISTA NCE FROM OUTBP.D. V

ATTACH POINT TO BEGiNNiNG OF PERFORATIO NS (iN
MEMBRANE FREE STATE), WIDTH OF PERFORATED AREA
( IN MEMBRA NE FREE STATE ) V

END ** -END ELEMENT DATA ARRAY ; RADIUS OF INBOARD ATTACH
POINT , AND PARAMETER FOR MATERIAL CONSTRUCTION
WHICH AFFECTS THE STRESS/STRAIN RELATIONSHIP

PM ~ —PILLOW ELEMENT DATA ARRAY; ELEMENT NUMBER
ASSOCIATED WITH EACH PILLOW ELEMENT , COEFFICIENT
OF FRICTION , PILLOW INFLATED HEIGHT , AND RATIO
OF INFLATED PILLOW CONTACT WI D TH TO UNINFL A TED
WIDTH

V BWT ** -MISC. DATA ARRAY; BODY STATION AND WATER LINE OF
TRUNK AXIS , BODY STATION AND WATER LINE OF C.G .,
AND TERRAIN MODEL PARAMETERS (SEE FUNCTION TERRA)

SPH ~~ -ELEMENT SET INPUT TA8LE (TWO DIMENSIONAL);
V 

MERIDIAN LOADS VS. MERIDIAN STRAINS FOR MEMBRANE
(L3S /INCH VS DIMENSIONLESS RATIO )

5TH ~~ * -ELEMENT SET INPUT TABLE (11.10 DIMENSIONAL);
HOOP LOADS VS. HOOP STRAINS FOR MEMBRANE
(LBS/ INCH VS DIMENSIO NLESS RATIO )

REL -INPUT TABLE (ONE DIMENSION ); RELIEF VALVE OPENING
AREA VS TRUNK PRESSURE (SQ. IN VS PSIA)

ZTR -INPUT TABLE FOR DEFINITION OF GROUND ELEVATION
(SEE FUNCTION TERRA )

** Due to limi tations In the number of For tran 
V

vari ables permi tted in a subroutine argument
list, some of the Input vari ables for this
componen t mus t be Input as arguments of an
EASY tab le , See page 152 for a de fi ntt th n of
eac h table argument.

~~~~ See page 160 for additional Information
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ELASTIC TRUNK MODEL ‘T SV 

INPUTS

QUANTITY DESCRIPTION UNITS

ROL,P I T ,YAW -ROLL ,PITCH,YAW EULER ANGLES, DEC
X ,ALT -X ,Z EARTH AXIS POSITIONS FT
U,V,W -X ,Y,Z BODY AXIS LINEAR VELOCITIES , FT/SEC
PA -AMBIENT PRESSURE PSIA
WCU -SUPPLY AIR FLOW RATE TO CUSHION CAVITY LB/MIN
TCU -TEMPERATURE OF WCU AIR DEGR
WIR -SUPPLY AIR FLOW RATE TO TRUNK LB/MIN
TTR -TEMPERATURE OF WTR AIR DEGR
ANE -NUMBER OF ELEMENTS PER TRUNK SIDE

SYMMETRIC MODEL IF AN E .LT .O
CDG -DISCHARGE COEFF . FOR FLOW THROUGH GAP

BETWEEN TRUNK AND GROUND V

CDA -DISCHARGE COEFF . FOR FLOW THROUGH V

RELIEF VALVE
CD1 -ORIFICE DISCHARGE COEFFICIENT FOR FREE

PORT I ON OF TRUNK
CD2 -ORIFICE DISCHARGE COEFFICIENT FOR TRUNK AREA

IN CONTACT WITH THE CROUND
TAU -TIME CONSTANT FOR TRUNK AND CUSHION VOLUME SEC

RATE OF CHANGE
P,Q,R -X ,Y,Z BODY AXIS ANGULAR VELOCITIES , DEG/SEC
OMF —DAMPING COEFFICIENT AS FUNCTION OF LB/SEC/

FLATTENED AREA , CU IN
EPC -CONTROL FOR ADDITIONAL PRINTOUT OF ELASTIC TRUNK

ELEMENT VARIABLES
= 0 NO PRINTOUT
= 1 WILL PRINT VALUES EVERY V

PRINT INTERVAL DURING
SIMULAT ION OR L IN EAR
ANALYSIS

VU -BREAK POINT IN MU-VELOCITY CURVE IN/SEC
—MAXIMUM TRUNK PRESSURE USED TO GENERATE PSIG
MEMBRANE DATA ARRAYS

CAV -EFFECTIVE AREA OF TRUNK-TO-CUSHION VE NT SQ IN
SPB -ACTUATION SIGNAL FOR PILLOW BRAKE ELEMENTS

= 0 BRA KES OF F
— I BRAKES FULLY APPLIED .
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ELASTIC TRUNK MODEL UI 5
___________ 

OUTPUTS

QUANTITY DESCRIPTION UNITS

FXT ,FYT,FZT -X ,Y Z AX IS , AXIAL ,LATERA L AND VERTICAL FORCE LBS
-SUMMATION TERMS

TXT ,TYT ,TZT -X,Y,Z AXIS SUMMATION TERMS FOR ROLL ,PITCH FT-LB
-AND YAW MOMENTS

*PT -TRUNK PRESSURE PSIA
-TRUNK VOLUME CU FT

*PC -CUSHION PRESSURE PSIA
*VC -CUSHION VOLUME CU FT
WTA -AIR FLOW RATE ,TRUNK TO ATMOSPHERE LB/MIN
WCA -AIR FLOW RATE,CUSHION TO ATMOSPHERE LB/MIN
WTC -AIR FLOW RATE, TRUNK TO CUSHION LB/MIN
ARL -RELE1F VALVE OPENING AREA SQ IN
CPT -CPU TIME SEC J
* STATE VARIABLES

1S0
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USER GUIDELINES FOR ELASTIC TRUNK MODEL V

Limitations: Max im um number of trunk elements = 25 
V

Maximum number of unique element sets = 8

Element — a subdivision of the trunk membrane
Element Set — a collection of el ements which have identical values for

the parame ters ~~~, B , LO , , and (see Tabl e ABL)

Inpu t Parameter PTM - The user should input the maximum normal pressure

(PSIG) expected rather than the ultim ate pressure

ex pec~ed. For occasional pressure spikes , greater than

PTM , extrapolat ion is used .

Excessivel y large ‘ialues of PTM may result in
non-convergence and prograrn failure during construction

of the init ial condit ion var iab le arrays.

Input Variable SPB - Pi l low brake actuation signal . If pi l low brake
el emen ts are present , the va lue  for SPB must remain V

within the boun daries : 0< SPB< 1.

SPB=O. Brakes off

O<SPB (1 Linear brake a p pli cation

SPB=1 Brakes fully actua ted

It is recommended that SPB be the output of a transfer function component

(I.e. LA , LG , TF) to represent the desired dynamics of pillow actuation. 
- V

If no pillow el ements are present , SPB w i l l  default to zero.
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TS Tab les V

User information for the input of data via TS tables is contained in the

subsequent pages . Descript ions for the following tables are listed in

alphabetical order:

ABL PM
V 

BWT SPH
DM STH
END XYZ
I AL

I

V V~.4
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V 

TS
TABLE NA ME: ABL V

CARD IMAGES FOR ANALYSIS FILE:

TABL E=ABLTS=k

A1, B1, LO 1, C~ 1, C01, v 1

A2, B2, L0 2, C~ 2, C82, “2

A~. By LO S . C~pj , C
~j ,  

V~

NOMENCLATURE
j — number of unique element data sets (j<8)

k - 3xj

A — horizontal distance between attach points (inches)

B — vertical distance between attach points (inches)

(negative if outboard attach point is l ower)

LO — meridian length of membrane between attach points in its
installed , deflated configuration (inches)

C, 
— Initial meridian strain in the installed def la te d

configura tion (dimensionless)

— I n i t i a l  hoo p stra i n in the installed deflated configuration

— poisson ’s ratio for membrane material
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Is
TABLE NAME: BWT

CARD IMAGES FOR ANALY SIS FILE

TABLE=BWTTS=4

BST, WLT , BSCG , WLCG , V

V AMO DE , ANR , DL , H

NOMENCLATURE V

See Model TK for de f i n i t ion of BST , WLT , BSCG , WLCG , AMODE , ANR , DL , H

L V V~~~T~~V V
VV 
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TA BLE NAME: DM

CARD IMAGES FOR A NALYSIS F!LE 
V

TABLE DM TS-n

D
~

, MU1, 
~2’ MtJ 2, 03, MU3, O4~ MU4,

05~ MU 5 

• , D~, MtJ y.~

NOMENCLATURE

n - number of elements n<25

D e lement width for side elements ( inches)
- element swept angle for end el ements ( degree s)

MU - coefficient of friction
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V TABLE NAME : END

V 

~ç~ o IMAGES FOR ANALYSIS FILE

TABLE=E NOTS=IB

V R 1, F1, R2, F2  

, , m

NOMENCLATURE V

V 
m — number of unique end data sets

R — radius to i nboard attach point (inches)

F — factor to account for radia l construction of end el ements j
0, for rectangular construction

d/Lf, for radial construction

Lf 
— free length of membrane between inboard and outboard attach

poi nts (inches)

d — distance al ong meridian free length from inboa rd attach

point to a po i nt which is representa tive of the merid ian

l oad/deflection curve.

156

~~~~~~~~~~~~~~~ V V V V • V~~~~~~~~~~~~~~~~ V-V V~~~~~~~~~~~~~~~~ 

V -

~~~~~~~~~~~~~
- - VVV -VV~_ VV~V_•V_VV V V VVV ~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ V~__~~~ _ •V V~~V~~ VV V - ~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~ _~



_ _ _ _ _ _ _  

BL

I 
CARD IMAGES FOR A NALYSIS FILE

TABLE=IALTS=rn

IS1, AP 1, LP 1, LH 1, IS2, AP2, LP 2, LH 2,

IS 3, AP 3 

::::::: : ;s~~~A;~ .

NOMENCLATURE

V m - 2xn

n - number of trunk el ements

IS — element set number

AP - orifice area per unit trunk area

IP — distance from outboard attach point to start of perforations

(measured in membrane free state) inches

LH — width of perforated area (measured in membrane free state)

V inches I
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Is
TABLE NAME: PM

cARD IMAGES FOR ANALYSIS FILE

TABLE~PM TS=L

IP1, MB1, HB1, kD 1

1P2 , 
~~2 ’ H82, kD2

‘R N’ MBN, HB N, kON
I

NOMENCLATURE

N - number of pi l low type el ements. Incl udes pillow el prnents

and adjacen t elemen ts

L — 2xN

V IP - element number of pillow type element

MB — coefficient of friction for pillow brake elements when

brakes are applied . MB must be set to zero for el ements
adjacent to pillow brake elements V

HB — pillow height for pillow el ements (inches)

for adjacent elements , NB represents the maximum gap due
to Inflation of the p illow element

kO — factor to account for reduced element width due to inflat i on

of pillow elements. kD applies to pillow AND adjacent
elements

kD 0inf lated/ D O<kD<1
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TABLE NAME: SPH

V 

NOTE — Data for this table must be ordered such that all end el ement data is

input before any side element data.

CARD IMAGES FOR ANALYSIS FILE

TABLE=SPHTS=i , j

1, 2 , 3 , 4 , • . . , i

N~1, N~2~ N~3 , N~ ALL DATA SETS

V C,1~ C~2~ ~~~~~~~~ , DATA SET 1

V 

C
~1~ 

C,2. C~3 DATA SET 2

- I

V 

~~~ 
C
~2~ 

E~3~ ~ C~ DATA SET i

- NOMENCLATURE

I — number of data points in each data set

j — number of unique element data sets

- membrane meridian load (lb/inch)

- membrane meridian strain C AL/I, dimensionless)

LIMITATIONS : lxj(48; 1<j <8
160
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/ TABLE NAME : STH 

•1— 
~

CARD IMAGES FOR ANALYSIS FILE

TABLE~STHTS=i , j

V 1, 2, 3, 4 , • . . , j

N91, N92, N03, . . . . , N0~ ALL DATA SETS

C
~i~ 

C92~ 
C03, . • . . , DATA SET 1

~~~ 
C82, £93) . . . . , Ce~ 

DATA SET 2

• . S • ~ • • • • • • . S •

• • . . S S • ~ • S • I S

C8] £62, C93 • . • . , C~j DATA SET 3

NOMENCLATURE

V I — number of data points in each data set

j — number of different element data sets

N9 — membrand hoop load ( lb/ inch)

V C~ 
- membrane hoop strain ( AL/I, Dimensionless)

V 

LIMITATIONS: ixj <48; 1<j<8

V 161
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TABLE NAME : XYZ 

.1_s
CARD IMAGES FOR ANALYSIS FILE

TABIE=XV ZTS=m

V XA 1, VA1, ZA 1, BET 1, XA 2, VA 2, 
~~2’ BET 2,

XA 3, VA 3, ZA 3, BET3 

• . ... •. .  , XA,~, YA~, ZA~, BET A

NOMENCLATURE

- 2xn

n — number of trunk el ements

XA - x coordinate of inboard attach point (inches)

VA — y coordinate of inboard attach point (inches)

ZA — z coordinate of i nboard attach point (inches)

BET - swept angle of trunk element (degrees)
O for a s ide elem en t

~ 0 for an end el ement
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TI
TWO DEGREE OF FREEDOM RIGID BODY DYNAMICS (LONGITUDINAL)

________  ____ 

INPUT 
______

PHYSICAL 
VQUANTIfl’ ~~RT DESCRIPTION UNITS

NAME NO.

WO Z BODY AXIS LINEAR ACCELERATION FT/SEC2 
V

TV V BODY AXIS TORQUE FT-LBS ~
, 

V

IVY V BODY AXIS MOMENT OF INERTIA SLUG-FT’Røt. EULER ANGLE (BODY TO INERTIAL. AXES ) DEGU X BODY AXIS LIN EAR VELOC ITY fl /s~~

_ _ _ _ _  _ _  

ovTP~r 
_ _ _

PHYS iCAL .~~

QUANTiTY ~~~ DESCRIPTION UNITSNAME

Z BODY AXIS LINEAR VELOCITY FT/SECV BODY AXIS ANGULAR RATE DEG/SEC*pj~ EULER ANGLE, BODY TO INERTIAL AXIS DEGVERTICAL ALTITUDE FROM SEA LEVEL FTQD Y BODY AXIS ANGULAR ACCELERATION DEG/SEC2

EQUATIONS:

W .WD V

Q*IVY TV
PIT • Q*CR
ALT SP*U_CP*CR*W
SP • SIN(PIT) ,CP COS(PIT) , CR • COS (ROL)

* State Variables

References : Listings —— VolIm e II, Section 4.3.6
Analysis -- Volume I, Secti on 2.4.6

163

I 
- - --V -V -V.) 

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

- . -~~~~ - —



~~~~~~~~~~~~~~~ V~~~~~~~ V V - V V T -
~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ VV
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..-,..-, ~~~ _, - _V VV. V V~~~~~~ V _ _~~~~~-VV. - VV~ - - - -

TRANSFER FUNC1]ON 
V

PIN Z2S 2 + Z 1S+ZO FO V

s~-V
2 +p1s+Po

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL PAR’ V

QUANTITY ‘
~~~~~

‘ DESCRIPTION UNITS
NAME

FIN Input quantity

ZO Numerator coefficient
Zi t’k~merator coefficient

Z2 Numerator coefficient

P0 Denominator coefficient
P1 Denominator coefficient

_ _ _ _ _  _ _  

OUTPUT 
_ _ _ _

?H’fSI CAL
QUANTITY PO RT DESCRI PTION UN ITS

NAME 
___________________________________________ _______

* Intermediate sta te (State)

Intermediate state (State)
FO Output quantity (Variable) 

________

EQUATIONS :
X’l • ~ *FIN_PO*pO V

~~~~~~~~~ X 1.fl*FIN_ p1*Fo V

FO • XZ+Z2’FIN V

ROTE: d.c. gain s 
~~~~

. Infinite gain

*This output quantt~y is a state.

R ferences: Listing •- Volume II, Section 3.4.6

164

I I ______- V -

_ _ _ _ _ _ _ _ _  
_ _  

_  -J—~~ — ~V-V~~~~ V . —- _~~ .VVVfl~ — ___~ -V ~V.~s--V~~ -V ~~~~~~~~~~ ~&.SS a.- ~~~~~~~~~~~~~ — VV~&V.~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V

AERODYNAMIC VARIABLES FRO~1 STATES V 
-

_ _ _ _ _ _  _ _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAME N .

U,V ,W X ,Y ,Z BODY AXIS LINEAR VELOCIT IES FT/SEC
P,Q,R X ,Y ,Z BODY AXIS AN GULAR RATES DEG/SEC
ALT ALTITUDE ABOVE SEA LEVEL FTV PIT , ROL PITCH AND ROLL , EARTH TO BODY AXIS ANGLES DEG
ID 1 INDI CATOR FUNCTION FOR AE RO COMPO NEN T S

0 = BODY AXIS , DIME NS IONAL
1 = BODY A X I S, NON—DIMENSIONAL
2 = STABILITY AXI S, DI ME N SION A L
3 STABILITY AXIS , NON-DI MENSIONAL

VS STEADY STATE (TRIM) AIRSPEED FT/SEC
ALS* STEADY STATE (TRIM) ANGLE OF ATTACK DEG
S REFERENCE AREA FT**2
UW ,VW ,WW~ X ,Y ,Z BODY AXIS WIND VELOCITIES FT/SEC

PW ,QW,RW* 1. X ,Y ,Z BODY AXIS WIND ANGUL AR RATES DEG/SEC
lOG INDICATOR FUNCTION FOR DEGREES OF FREEDOM

(DOE)
2 = TWO DØF LING ITUD INAL (S,Q)
3 = THREE DOF LONG I . ( U,W ,Q)
4 = FOUR DOE LAT (V ,P ,R) + LONGI. (U)
5 = THREE DOE LATERAL (V,P ,R )
6 SIX DOF (U ,V ,W ,P ,Q , R)

_ _ _ _ _  _ _  

ouwtrr
_ _V _ _ _

PORT DESCRIPTION UNITS
NAME 

_______

UO,VQ ,WO X ,Y ,Z BODY AXIS VELOCITIES INCL UD ING WINO FT/SEC
PO ,QO,RO X ,Y,Z BODY AXIS ANGULAR RATES WITH WIND DEG/SEC
10 2 INDICATOR FUNCTION = Wi
QW, ~W 2 Q AND R ANGULAR RATE GUSTS DEG/SEC
CAL ,SAL DIRECTION COS INES FOR STABILITY AND BODY AXES
AL, ALP ANGLE OF ATTACK IN BODY AND STABILITY AXES DEG
VT TRUE AIRSPEED FT /SEC
BE SIDESLIP ANGLE DEG
WP , UP Z AND X STABILITY AXIS VELOCITIES (DIMENSIO N~L~ FT/SECZ AND X PERTURBATION VELO CIT ES (NON-Ji ~ EN .)
EU ,EV ,EW X ,Y ,Z BODY AXIS ACCEL. TERMS FOR J , ’ ,~ SOL~- FT/SEC

TIONS
SIG STANDARD ATMOSPHERE AIR DEN SITY RATIO 

V

QC COMPRESSIBLE DYNAMIC PRESSURE LBS/ FT 2
QS DYNAMIC PRESSURE TIMES REFERE NCE AREA LBS
MAC MACH NUMBER

* Defaul t vaij es 165 
V
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VA
AERODYNAMIC VARIABLE EQUATIONS

CAL (COS(ALS) ID 2,3
ID~~ O,1

SAL • (SIN(ALS) ID • 2,3 /1 6 Sides lIp ang le
0 ID 0,1 

. 

‘
~ C • Cross—wind vector

S WI / 0 • Drag vector

~~~~U-UWvo
~~~

v-vw C
WO • W W W  

~~~~~~~ r
P0 (P+PW) •CAL+(R+RW )• SAL
QO Q+QW
RO • (R+RW )~CAL- (P+PW ) .SA L w

AL. • TAN ’(WO/UO) I
ALP AL-ALS
VT • (U02+V02+W02)½

BE • S1N~~(V0 / VT)
WP • W0•CAL-UO SAL
UP / UO CAL+WO’SAL ID • 0, 2

I (U0 - VS COS(ALS))/VS ID I.

V 

\(UO.CA L+wO .SAL -VS) /VS ID • 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~

EU -Q•W +R V - G.SIN(PIT)

EV • -~.u+P•w + G .COS (P IT) ’SIN (ROL ) //i PI~IKt*4~Of j O~
A I I I pIdflI Q~EW -P•V+~•U + G.COS(PIT).COS(ROL)

where . P’i~/ 18O ~ 
a Q ’T/180 p ~ R9t/180. • n

1
e
’
~~~~tack

SIG u SIG(A LT) AND A • A(A LT) OBTAINED BY TABLE LOCKUP
2

OPS ¼ PO SIG’(VT )
V QS • DPS S

MAC • VT/A
QC • IDPS.(1+(1+(1+MA C2/40) .MAC 2/ 1O)- . MA C2/4 ) MAC< 1

\DPS’(1.839 - .772/MAC 2 • .164/MAC 4 
+ .035 /MAC 6 ) MAC> 1.

V Refer ences: Listi ng •- Volume It, Section 4 ,3.7 
V

Malysl s -- Vol ume I, Section 2 .4 .7
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ws
STEADY OR SHEAR WIND MODEL

_ _ _ _ _  _ _  

INPUT 
_ _ _ _

PHYSICAL
QUANTITY P21,~

T DESCRIPTION UNITS
V NAME

TWS TA BULAR DATA: WIND SHEAR FACTOR
VS AIRPLANE C.G. ALTITUDE

WK WIND MAGNITU DE AT 50 FEET (TOWER) FT/SECWAN ANGL E BETWEEN WIND VECTO R AND RUNWAY DEG
CENTERLINE .

ALT AIRP LANE C.G. ALTITUDE FT
PIT PITCH ANGLE EARTH TO BODY DEG
IND INDICATOR FOR STEADY OR SHEA R WIN D

0 SHEAR WIND (TABLE LOO KUP USED)
1 = STEADY WI ND , FACTOR = 1.0

_ _ _ _ _  _ _  

otrr~trr
PHYSICA L
QUANTITY PORT DESCRIPTION UNITS

NAME

UWS X BODY AXIS STEADY OR SHEAR WIND FT/SEC
VWS V BODY AXIS STEADY /SHEAR WIND FT/ SECWWS Z BODY AXIS STEADY/SHEA R WIND FT/SEC

EQUATION: V

MF TBLU 1(ALT,TWS ) if IND = 0
Mf~~~1. If I N D = 1
WKN _WK*MF*COS(WAN*RPD)
WKE • WK~tF*SIN(WAN*RpD) V

UWS WKN*COS (PIT*RpD)

vws WKE
wwS • _WKN*SIN(PIT*RPD) RPD = Radians/Deg

References: Listing -- Vol ume II, Section 4 .5.2
Analysis —- Volume I, Section 2.5 .2

A 
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V . V

STATIC TRANSFOR MAT iON OF AN GUL ~R RATES 
~

(INITIAL COQROINATES~ ~FlNAL CCORD~N~~~ ES)

P~Q.R C P Q .R

_ _ _ _ _ _ _ _ _  _ _ _ _ _  

INPUT
PHYSICAL 

-V _________

~ -r PORT
NAME NO. DESCRIPT IO N UNITS

I Input angul ar ra :es- in i : ia i  :oor~ ina~ as rac /
TM 3x3 t ra ns for ~~~a:~~~ :n ~a~ r~ x L 

—
~~~~

_ _ _  

otrr~ irr 
_ _ _ _

PHYSICA L 1 TQUANTITY DESCRIPTION UNITS
N AME 

_ _ _ _ _ _ _

P ,Q, R f 2 Output angular rat ~s-f i ra l  ccor~~nat~s rad /sec j

EQUATIONS:

P2 = pl *TM(1 ,l )  Q l~ TM ( 1 ,2) + Rl*TM( l ,3)

Q2 = Pl *TM(2,l )  + Ql*TM(a, 2) ÷ ~.l~ TM(2 3)

R2 = Pl*TM (3,l) + Ql*TM (3,2) # Rl~ TM (3, 3)

ASSUMPTI ONS:

TM contains tne direct ion cosines required
to t rans f or m fr om the in itial coordinate
system to the final coordinate system . TM
is lrlDut as the decendent va riable array
of a t~o di~iens ional table.

Peferences: Listing -- Vol ume It , Section 3 .5.2 1
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STATIC TRANSFO RMATION OP TOR QUES

TX ,TY .TZ C

_________  ____  

INPUT
PHYSICAL
QUANTITY DESCRIPT ION UNITS

TX,TY ,TZ 1 input torques - ini t ial :ccr~inate S FT-LBS
TM Table of direc tion cosines

_ _ _ _ _  _ _  

Off  PUT 
_ _ _

PHYSICA L 
~ 

- -

QUANT ITY rUn DESCR IPT ION UNITS
NAME N

TX ,TY ,TZ 2 1 Output torques — final coordinates 
— 

FT—LBS

EQUATIONS :

TX2 = TXl *TM( 1 ,l )  + TYl *TM( l ,2) + TZ1*TM (l,3) —

TY2 TX1~ TM (2 ,l) + T’Yl~ TM (2 ,2) # TZ1~ TM (2,3)

122 = TXl*TM (3,l) + 1Yl’TN(3 ,2) + TZ1 *TM(3 ,3)

~ss-~ ?T CNs :

.a in s ~~e directio n cosines reauired to 
- V

•-~~ ~-~e in i tial  coord inate system
t~~~ 

‘~~~~~ ::c~~ i~ ate syste m . TM is incut
ii •-. - .. 

~~
— :.

~~
- i~~r~ aDiC array of a t~o

~ ~~~~~~~~~ :“i~ 
:i:- .

~~~~~~~~~~~~~~ ~~~4 L’~~~~-l -- Volume I I , Section 3.5.22
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YAW THR USTER (

_ _ _ _ _ _ _ _ _  _ _ _ _  

INPUT 
_ _ _ _ _ _ _

PHYSICAL
QUANTITY DESCR IPTION UNiTS
NAME

ED ENGINGE DEPENDENCE INDICATOR
O = N O
1=  YES

TM THRUSTER MAXIMUM FORCE FOR ENGINE- LBS
INDEPENDENT SYSTEM (i.e. ED = 0)

ST SLOPE FOR VECTORED THRUST AS FUNCTION
OF ENGINE THRUST

SR SLOPE OF ENGINE THRUST REDUCTION AS
FUNCTiON OF VECTORED THRUST

Cl SATURATION FUNCTION SLOPE
C2 SATURATION SLOPE
SIG AIRCRAFT CONTROL SYSTEM SIGNAL TO THRUSTER
GA FiRST ORDER LAG GAIN
IC FIRS T ORDER LAG TIME CONSTANT SEC
TH ENGINE THRUST LBS
XA THRUSTER YAW MOMENT ARM FT
IA THRUSTER ROLL P’~MENT ARM FT

_ _ _ _  _ _  

OUTPUT 
_ _ _

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO. 
-

*FX ENGINE THRUST REDUCTION LBS
FY VECTORED THRUST SIDE FORCE LBS
TX ROLL MOMENT DUE TO THRUSTER FT-LBS V

12 YAW MOMENT DUE TO THRUSTER FT-LBS

* State variable

V Refer ences: Listing -- Vol ume II , Section 4.4.3
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~~~ Yc
YAW THRUSTER

EQUATIONS : 
V

TVA~~ TM if E D = O .

IVA • ST*TH if ED 1.

C3 • TVA/C1

C6 = —C3

C4~~~Cl

C5~~~C2

CALL SA(FY ,SIG ,C1 C6)

FR • _SR*ABS(FY) 1
f if ED = 1

FX = (FR*GA_FX)/TC J

TX = FY*ZA

T2=FY*XA

/
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SECTION IV

DYNAMIC ANALYSIS

The EASY Analysis program al l ows several different , dynamic , static , linear ,
or nonlinear analysis techniques to be brought to bear on the nonlinear

dynamic system model generated by the EASY Model Generation program. An
V abridged description of the data requirements , and the anal yt i cal methcds V

available in the analysis program are given in Sections 4.1 through 4.14. An

al phabetical index of the analysis program comands is given in Appendix 3.

For a description of the techniques and numerical methods , see reference 2

section

in addition to these analysis techniques , optimal linear con trollers based on

linear optimal regulator and Kalman filter theory can be synthes ized by the

program. The performance of such optimal controllers when operating with the

nonlinear system can be analyzed using any of the analysis techniques.

4.1 Model Input Data

A dynamic system model requires that the values of numerous model parameters , 
V

tables and initial conditions , be provided to complete the model descript ion.
Sections 4.1.1 , 4.1.2 and 4.2 describe the methods used to specify parameter
val ues , tables , and initial conditions . This input data must be specif ied

before any analysis commands , described in Sections 4.4 through 4.12, are
issued.

4.1.1 Scal ar Data

PARAMETER VALUES (Default values = .99999)

Th is program coimiand allows the numeric va lues of parameters to be loaded into

the system model . The PARAMETE R VALUES command preceeds one or more parameter
names with each parameter name followed by i ts numeric value. Each name and

its value are i n p u t  in a free f ield format , seperat ed by one of the standard

delimiter symbol s (see Tabl e 1). This coninand is used to specify the values
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V of all system model parameters at the beginning of an anal ysis. It nay also

be used at any po i nt between analyses to modify the value of one or more model

parameters. A default value of .99999 is provided by the EASY Model
V Generation program for all parameters not so specified .

Example 4.1:

V PARAMETER VALUES = MA1OL = 87.21, CDGTK = .395,

V 
AK1FS=3, EPCTK=1 , FC DU=1 , VC TK=15.E5 

4.1.2 Tabular Data

The tables required by an EASY generated model are specified in the Input

Requirements List . These tables may have either one or two independent
variables. All tabular data are input in a free field format with each item

separated by one of the standard del imiters (see Tabl e 1). Tables may be

modified between analyses by loa di ng new v al ues. The da ta items requ i re d for
each table are placed on card s as follows :

Card 1 TABLE tabl e name MX NZ
Card 2 Z tabl e val ues
Card 3 X table va l ues
Card 4 Y tab le val ues

where: tabl e name - The seven character table name generated by the EASY
Model Generation program.

NX — The number of points in the primary independe nt
variable table.

V NZ — The number of points in the secondary independent
var iable table.

Z table — Tabl e of HZ secondary independent var iable values.

- 
X tabl e - Table of NX primary independent table values .

V table — 1 or HZ tables of NX dependent variable values.
V (i.e. NZ*NX val ues) V

Each table must start w ith a new card. As many cards as requ ired ~ay be used V

for the Z, X and Y values . A copy of all tabular input data i~ printe-i ~s it

is interprete d from data cards. The following example shows the data cir-l s

for a one and a two inde pendent variable table.
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Exam ple 4.2: V

Card 1 TABLE , TAB-ONE , 10
Card 2 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
Card 3 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18, 19 , 110
Card 4 TABLE , TAB-TW O , 5 , 4
Card 5 10.3, 20.4, 30.5, 40.6
Card 6 1, 2, 3 , 4, 5
Card 7 11 , 12, 13 , 14, 15
Card 8 21, 22, 23, 24, 25 1 -

Card 9 31 , 32, 33, 34, 35
Card 10 41 , 42 , 43 , 44 , 45

The printout of these tables would be:
TABLE TAB-ONE

V 

PR IMARY INDEPENDENT VAR IABLE TABLE 4

1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.00

DEPENDENT VAR IABLE TABLE
11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 - 19.00 110.00

TABLE TAB-TWO
SECONDAR Y INDEPENDENT VARIABLE TABLE

10.30 20.40 30.50 40.60

PRIMARY I NDEPENDENT VARIABLE TABLE
1.000 2.000 3.000 4.000 5.000

DEPENDENT VARIABLE TABLE
11.00 12.00 13.00 14.00 15.00
21.00 22 .00 23.00 24.00 25.00
31.00 32.00 33.00 34.00 35.00
41.00 42.00 43.00 44.00 45.00 V

4.2 Initial Condition , Error , and Integration Control s

INITIAL CONDITIONS (Default value = 0)
V 

ERROR CONTROLS (Default val ue = 3.001)

INT CONTROLS (Default value = 1.0)

V These program commands may be used to specify initial conditi on val ues ,
integrator error control s, or the integrator status , (ei ther active (=1) or

frozen ( 0)) for the state variables in the system model . Default ic lues of
0. for initial conditions , 0.001 for error control s, and 1 ftr integra tion

status are furnished by the EASY Anal ysis program . However , it is strongly
recomended that val ues appropr iate to the particular system model be

furnished for the initial conditions and error controls.

V 
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The val ues In put by the INITIAL CONDITI ONS co~~and .are stored in the X I C

vector (see Section 4.3). The current XIC val ues will be used for the initi a l

conditions for all EASY analyses .

Exampl e 4.3:

INITIAL CONDITIONS = W SG = 50, PITSG 2.

ERROR CONTROLS = W SG .1, PI TSG = .01

INT CONTROLS W SG = 0, PITSG = 1, ALTSG = 1

ALL STATES (Default Condition)
NO STATES

These program cornands activate (ALL STATES) or freeze (NO STATES) all system

integrators . These commands are normal l y used together with the INT CONTROLS

comand to specify the desired integrator conf iguration.

INITIAL TIME (Default = 0.)

This program comnand allows the in itial val ue of time to be specified . The

default value of initial time is zero. The INITIAL TIME command is used with

model s that contain time dependent features where it may be des i ra b le to have
time at the beginn ing of a simulation run or dur i ng a steady sta te ana lys i s be

V some val ue other than zero.

V 4.3 Initial Condition Storage Commands

X IC— X
X IC-XIC1

XIC-X IC2
V XIC-XIC3

V 

XIC 1-X IC

X IC2-X IC

X IC3 -X IC
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These program cornands are used to transfer data from the current state

vector , X , to the in i t i al cond iti on vec tor , —I C , an d be tween the X C  vec tor
and three aux iliary init ial condition vectors X IC 1 , X I C 2 , X IC3. These seven
initial cond ition storage commands are the onl y com bi na ti ons of X , X I C , etc.

V the EAS Y analysis program can recognize.

Exampl e 4.4:

XIC1—XIC , XIC—X , XIC2-XIC

The three program commands shown above would take the initial condition

vector , X I C , and store it in vector XIC 1 ; then transfer the current state , X ,

into XIC; and then store that value of X IC in XIC2.

4.4 Simula tion Cornands

V SIMULATE

This program connand ini tiates a time history simulation of the system.

Associated with this comman d are the program val ues:

Default Va lues

TINC = time increment , seconds 0.1

TMA X = duration of the s i mula ti on run , second s 1.0

INT MODE = integrator mode control 6

OIJTRATE = output rate 1

PRATE z print rate 1

PRINT CONTROL = print control variable 3

These program c omand s specify the integrat ion tine increment , dura tion of

simulatio n run , the integra tion mode , the simulation output rate , the printing

rate , and the quantity of pr inting, at each poi nt in time. These qua nt it ies

must be specified before the first issuance of the SIMULATE command.
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The integration mode control , tNT MODE , spec ifies one of seven different
V numerical integration methods listed in Table 2. The default value of

INT MODE is 6.

TABLE 2 INTEGRATION METHOD SELECTION

V INT MODE METHODS

1 DIFSUB: Original Gear integra tor with variable

step and varia ble order.

2 NRKVS: The impro ved Runge -Kutta variable step

integrator.
3 HEUNS : Fixed step explicit method of order two.

4 EULER: 
- 

Fixed step explicit method of order one.
5 ADAMS : Automatic step —size /order sel ect ion

methods using Adams -Bashforth predictor!
Adams—Moulton corrector pairs of orders

V 2 through 12.
6 STIFF GEAR : The backward d ifferentiation (stiffly

stable) variable order variable step
size.

7 RUNGE-KUTTA : Fourth order fixed step .

The time increment , TINC , provides the integrator time step size , in  second s ,
for the fixed step integrators . TINC a lso  provides the report in te rva l  for
which data will be avai lable for printing or plotting . The default value for
TINC is 0.1.

The duration of a simulation calculation in seconds , is specified by the IMAX
parameter. The default val ue of TMA X is 1.

The output rate parameter , OIJTRATE , determines the sampling rate at which
V 

simulatio n data is added to plots. Thus , if OUTRATE is set equal to 10 , data

will be plotted every 10th time increment , TINC. This feature is normal ly
used only when a fixed step size integrator is specif ied. With such an
Integra tor, the time Increment is usuall y qu i te smal l , and excessive plotted
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output would be generated if it were not for the sampl i ng feature provided by - V

the OUTRATE parameter. The default val ue of OUTRATE is 1. OUTRATE should

only be set to positive integer val ues .

The number of data samples plotted for a simulation anal ysis is thus given by:

No. of Plotted Samples = TIN C *OUTRATE + 1

For most simulation operat ion , the plot ted output is. the primary output and no

line printer Output IS used. However , for diagnosing problem s in a
simulation , the line printer options provided by the PRINT CONTROL parameter

allow large amounts of detailed information about the simulated system to be
obtained . V

The value of the PRINT CONTROL parameter controls the quantity of data printed
V at each print report interval as shown in Table 3. Options 1 through 4 give

“snap—shots ” of a l l  states , rates , variables , and parameters of the system
model at a part icular po i nt in time. Option 5 provides tabular lists of up to
10 specified quantities. The default val ue for PR INT CONTROL is 3.

TABLE 3 PRINT CONTROL VALUES

PRINT CONTROL Resul tant Linepr inter Output.

O or 1 All states , rates , and time

2 All states , rates , variables , and time

3 All states , rates, variables , and parameters ~t
time = 0

4 All states, ra tes , var iables , and parameters

V 5 Time and the quantities specified via
PRINT VARIA BLES command

6 All states , rates , variables , and parameters
at each STEADY STATE interation

7 All states , rates , var iables , parameters and
system Jacobian matrix at each STEADY STATE
iterat ion .
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The PRATE parameter determines the sampl i ng rate at which the simu lation data

specified by the PR INT CONTR oL parameter is presented on the lineprinter.

Thus , if PRATE is set equal to 5, data will be printed on the linepr inter

every 5th time it is added to the Output p lots.  The rate of output to the
linepr inter can never be greater than that to the pl ots. The default value of

V PRATE is 1. PRATE should onl y be set to posit ive integer values.

The number of data samples printed for a simulation anal ysis is thus given by:

TMA X
No. of Prin ted Samples = —T~NC*OUTRATE*PaATE 

+ 1

Examp le 4.5

PRINT CONTROL = 2, TINC = .01, TMAX = 10.,

tNT MODE = 2 , OUTRATE = 10, PRATE = 10, SIMULATE

In the exampl e, the NRKVS Runge-Kut ta integration method would be used with a

maximum step size of .01 second. The simulation would run for 10 seconds.

Plotted output would occur every .1 second (10* .01), and printed output would

occur every 1. second (10* jQ* .01).

PRINT VARIABLES

This program corrrnand allows up to ten variables to be specified for printing

under option 5 of the PRINT CONTROL . This command is followed by from one to

ten state , rate , or variable names separated by delimiters . This command

wipes Out all prev iously stored PRINT VARIABLES names.

Example 4.6

PRINT VARIABLES P 1 DE l , P1 0E2 , W I DE2 
V
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4.5 Plot Designation Comands

PLOT ON
PLOT OFF (Default Condition)
PRINTER PLOTS

These program commands allow the plotted output to be turned on or off. It is

therefore necessary to include the PLOT ON or PRINTER PLOTS comand before
requesting any anal ysis from which plots are desired . The PLOT ON command

-: turns on the plotting capabilities which produce off-line SC4020 plots. The

PRINTER PLOTS command turns on the plotting capa bilities whi ch produ ce l i n e

printer plots . Only time histories and steady state parameter scan grap h ics

are availabl e wi th l ine printer plots.  Line printer plo ts do not have the

MANUAL SCALES option (discussed later in the section).

PLOT ALL TABLES

PLOT TA BLES

These commands pl ot tables input by the program user. PLOT ALL TABLES will

cause al l the Input tables to be plotted , whereas PLOT TABLES w ill plot only

those ta bles listed after the command. These commands are very useful for

checking Input data .

DISPLAY1

DISPLA Y2

DISPLAY 3
DISPLAY4

DISP LAY 5
OISPLAY 6

V 

These progr am commands are used to def ine the quant~ties to be plotted ‘or

simul ation or steady state calc ulat ’ons . These comands must be issued ~ 2re
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the s imulation or steady state ana l ys is  is reque sted . From one to fi ie plots

may be specified per display. When off— l ine plots are requested , each di sp l ay
command produces one full page of graphs. Printer plots ignore the display

designation and put each graph on a separate Computer output page.

Eac h plot is spec i f i ed  by s t a t i n g  the dependent variable and the independent

variable separated by the letters VS. If de s i red , the independent and
dependent axis scale ranges can al so be specif ied for off- l ine pl ots. The
independent  scale range is spec i f i ed  by the word XRANG E fo l lowed by the
min imum and maximum val ues for this scale. The dependent scale similarly is

spec ified by the word YRANGE. If scale ranges are not specified , values will
be use~ that span the given data.

Example 4.7:

DI SPLAY 1
PT TX , VS , TIME , YRANGE = -2,4

ALTSG , VS . TIME , YRANGE = -.5,.5

PC 1K, VS , TIME , YRANG E = 0,60
DISPLA Y2
WTCTK , VS , TIME , YRANGE = -20,20
VC 1K , VS , TIME , YRANGE = -15 ,15
VT TK , VS , TIME , YRANGE = -100,100
PITSG , VS , TIME , YRANGE = -5 ,5
DI SPLAY3
ALTSG , VS , PT TK , XRANGE = -1 ,5, YRANGE 300 ,500

Automati c or manual scales are selected by the commands SI MANUAL SCALES or SI

AUTO SCALES for simulat ion plots and SS MANUAL SCALES or SS AUTO SCALES for
steady state plots .

SI MANUAL SCALES
SI AUTO SCALES (Default Cond ition) V

The SI MANUAL SCALES command al l ows the off -l ine plotted output requested by

the DISPLAY command s to be plotted on manual scales speci fied by the YRANGE

t
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V and XRANGE commands. The SI AUTO SCALES command can be used to return
plotting to the automatic scal i ng mode . Auto scales are selected to span each

plo tted quantity . The auto scale option is the default used until manual

scales are requested .

V 
SS MANUAL SCALES

SS AUTO SCALES (Default Condition)

The SS MANUAL SCALES command allows the off-line plotted output requested by

the DISPLAY commands to be plotted on manual scales specified by Lne YRANGE

and XRA NGE commands. The SS AUTO SCA LES command can be used to return
plotting to the automatic scaling mode. Auto scales are sel ected to spa n each

plotted quantity . The auto scale option is the default used until manual
scales are requested .

PLOT ID
TITLE

The PLOT ID program command al l ows an identi ficati on label to be placed as the

fi rst page of plotted output . Up to 48 characters may follow the delim iter

that follows the PLOT ID command , This command can be used to pl ace mailing
V information on the plotted output .

The TITLE command al lows a t i t le to be placed on all plotted output . Up to 74

characters may f ol low the delimiter that follows the TITLE command. The TITLE

command ~ay be chang ed before each analysis. Once defined , the title remains

in effect until a new title is entered .

Example 4 .8:

PLOT ID M. K. WAH I **M/S 47-03 **
- TITLE LONGITUD INAL TRI M--FREE A IRPLANE
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4.6 Steady State Commands

STEADY STATE

This program comand initiates the calculation of the system steady state.
The EASY steady state algorithm defines a steady state to ex i st whenever the
magnitudes of the rates of all the active states are less than 0.0001.
Associated with this command are the followi ng program names and val ues:

SS PARAMETER = steady state parameter. (Default = blank)
SS START = initial val ue of steady state parameter.

55 STOP = final value of steady state parameter.

SS POINTS = number of val ues the steady state parameter takes
going from SS START to SS STOP.

SS ITERATIONS = maximum number of iterations allowed per steady
state calculation . (Defaul t = 30)

PRINT CONTROL = print control variable. (Defaul t = 0)

SS PARAMETER specifies the parameter which will be scanned from the value SS

START to SS STOP for SS POINTS. SS ITERATIONS specifies an upper limit on the
number of iterations to be used to calculate a steady state. The default

value of SS ITERATIONS is 30. If the SS PARAMETER is blank , a single steady
state calculation will occur. The steady state parameter can be any va lid

parameter name.

The PRINT CONTROL parameter provides all the print control functions described
in Section 4.4. PRINT CONTROL 6 and 7, may be used to track the steady state

iteration process.
Example 4.9:

SS PARAMETER = RPM , SS START = 19000, SS STOP = 16000

SS POINTS = 7, STEADY STATE
I 
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This example wil l scan the parameter RPM over the range from 19000 to 16000 at

seven RPM val ues.

If printer or off-line plots of the steady state scan are desired , these plots

should be defined using the DISPLAY con~nand and the appropriate plotter output

turned on prior to initiati ng the steady state calculations.

Example 4.10:

SS PARAMETER
STEADY STATE
x IC-x

In this example , the steady state parameter is set to a bl ank phrase. Th i s is

accomp lished by placing the SS PARAMETER program name at the end of a command

line. If it is desired to fol l ow the SS PARAMETER program name with other

instructions , then the form: SS PARAMETER = NONE may be used . In either

case , thi s causes a sing le steady state calculation to occur at the current

operating point . At the end of the bl ank phrase steady state calcula tion , the

system stability will be checked to assure that a stable steady state exists.

The results of this calculation are then loaded into~the initial cond itio n

vector , XIC. The in i tial default va lue of SS PARAMETER is a bla n k phrase so

that sing le steady state calculations will be performed , until th is parameter

is set to a non blank name .

4.7 Linear Analysis Command s

LINEAR ANALYSIS

This program ccrinend initiates the calculation of a linear appro x imation to

the given ~onHnear ‘iodel ~t the operating point spe cified by XIC ard thei

calculates the ~igenva~u~s of th i s 1 ~near approx~natic n . A printout of t~e

foli ow inq ~ua nt i t ~es is ~~ni~ at~d by t h i s  con~nand :
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1. The state operat ing point (XIC)

2. The state perturbation size (ERROR CONTROL )
3. The integrator status (INT CONTROL )

4. The rates at the operating point

5. The system stability matrix

6. A measure of the linearity of each el ement of the stability

matrix if a nonlinear condition is detected (RATIO).

7. The system ei genvalues , real and imaginary parts , natural

frequencies , and damping ratios .

RATIO is a measure of the linearity of the system . It lists all el ements in

the stability matrix wh i ch change more than 1O~. fran a second stabil ity matrix

calculated by using a state pertubation size vector one half the original

pertubation vector. The ratio of these stability matrix elements are also

printed .

4.8 Stability Margin Commands

STABILITY MARG1NS

This program command initiates the calculat ion of the stability margins for

those parameters specified by the SM PARAMETERS command . the maximum and

minimum val ues that each specified parameter can take for stable system

operation and the osc illation frequencies that result if either boundary is

F v iolated are determined .

SM PARAMETERS

This program comand allows up to ten parameters to be specified for stability

marg in calculatio ns. The comand is fol l owed by from one to ten parameter

names separated by delim iters . This command destroys all previousl y stored

stability margin parameters .
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Exam ple 4.11:

SM PARAMETERS = GK1TC , GK2TC
STABILITY MARGINS

These commands would cause the stability mar9i ns to be calculated for the two

parameters, GK1TC and GK2TC.

A sumary of stability margins and frequencies is printed and the nominal 
—

system eigenval ues , and the system eigenva l ues with each stability margin

parameter set equal to zero are given . If no upper or l ower stabil ity margin

Is loca ted for a stability margin parameter , the summary array will contain

the number 1111 in those locations for which no value was determined .

The stability margin search is limited to parameter values of the same sign as

the nominal val ue. Thus zero is the l owest absolute magnitude that will be

considered for the lower stability boundary of a parameter with a positive

nominal value .

4.9 Transfer Function Commands
TRANSFER FUNCTION

This program command initiates the calculation of a transfer function

(frequency response function), between any two specified terms in the model .

Associated with this command are the program names :

IF INPUT transfer function input variab le.

TV OUTPUT transfer function output var iable

• which speci fy the input and output points in the system model. These
quan tities must be set to the desired names before requesting the transfer

— function calcu lation. They may be set to any val id state , rate, variable , or

parameter name. However, the denominator order must be at least one greater

than the numerator order.
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BODE (Default Output )

NYQU 151
NICHOLS

• These program comands specify the format to be used for the transfer function

plots. The form at must be specified before requesting the TRANSFER FUNCTION.

If not specified , the default will be a Bode plot format. Transfer function

pl ots are onl y available as off-line plots. Thus PLOT ON must also be

specified before requesting a TRANSFER ~UNCTION analysis.

IF AUTO SCALES (Defaul t Conditi on)
TF MANUAL SCALES

These program commands al l ow the frequency range of the transfer function

pl ots to be either automatically determined by the range of eigen val ues or to

be specified by the program val ues:

FREQ MIN = minimum frequency, r.p.s.

FREQ MAX = maximum frequency , r.p.s.

The default condition is for auto scales .

Exampl e 4.12:

PLOT ON
TV INPUT = FINLA , IF OUTPUT = FO LA
NICHOLS , TRANSFER FUNCTION

Thi s example wi ll generate a transfer function from FIMLA to FO LA , with

automatic (default) scales for the plotted results in a Nicho l’ s chart f oma t .
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4.10 Root Locus Commands

ROOT LOCUS

This program command initiates the calcul at ion of a root loc us. Associated
with this comand are the program name and values:

• RL PARAMETER = root locis parameter name
RL START = initial val ue of root locus parameter
RL STOP = final val ue of root locus parameter
RL POINTS = number of rootings to be made going from RL

S~TART to RL STOP.

RL PARAMETER specifies the parameter which will be scaned from the value RL
START to RL STOP for RL POINTS. The default val ues of RL PARAMETER , RL START ,
RI STOP, and RL POiNTS are ; blank , 0, 1, and 6 respectively.

The root locus parameter , like the steady state parameter , can be either a
valid parameter name or a state variable name followed by the phrase ~C. Thi s
latter usage is meaningful only if the specifie d state variable has been
frozen using the tNT CONTROL command . In this way , a root locus can be
performed as a function of the operating point val ue of a frozen state

variable. ROOT LOCUS plots are available as off -line or printer plots.

RL AUTO SCALES ~Qefau lt Condition)
RI MANUAL SCALES

These program cocnands allow the scales of the root locus off -line plots t3 be

either automatica lly det~rrnined by the range ~f eigenva lues or to be s pec if ied
by the program val ues :

REAL MIN = m inimum real axis range , ~.p.s.
REAL MAX maximum axis range , r.p.s.
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IIIAG MIN m inimum ima ginary axis range , r.p.s.

IMAG MAX maximum imag inary axis range , r.p.s.

The default condition is for auto scales.

Example 4.13:

RI PARAMETER = P1 IF , RF START = 0, RL STOP 5
RL POINTS = 6, ROOT LOCUS

In this exampl e the root locus parameter P1 IF is scanned from 0 to S at six

equally spaced values .

Example 4.14: (State Variab l e example)

RL MANUAL SCALES , REAL MAX=5 , IMAG MAX=5 , tNT CONTROL , U SG =0 
-

•

RI PARAMETER = U SG, IC , RL START = 35 , RI STOP = 45

ROOT LOCUS

In this example manual scales are specified for the root locus plots. The

state variable U SG is then frozen and a root locus is performed on the

U SG operating po i nt .

4.11 Eigenv al ue Sens itivity Commands

EIGEN SENSITIVLTY

This program command causes a linear approxi mation of the given nonl i near

model to be generated and then evalua tes the .sensitivity of the system

elgenval ues to a parameter specified by the program name EIGEN PARAMETER.
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Example 4.15:

EIGEN PARAMETER = GPITF , EIGEN SENSITIV TY

A description of the eigenva lue sensitivity measure is given in Section 4.4.7
of Reference 2.

4.12 Func tion Scan Commands

SCAN 1
SCAN2

These program commands initiate the calculation of general algebrai c functions

of one (SCAN1) or two (SCAN2) independent variables. Associated with these

commands are the following program names and values :

DEPEN = dependent var i able
INDEP1 = 1st independent variable
INDEP2 = 2nd independent variable
START1 = starting point of 1st independent variable
STOP1 = stopping point of 1st independent variable
START2 = starting po i nt of 2nd independent variable
DELTA2 = increment of 2nd independent variable
CURVES2 = number of curves

which specify the dependent and independent variables and scan ranges of these

quantities . These quantities must be set to their desired values , before
requesting the general al gebraic function evaluation. If a sing~e function is
requested , i.e. SCAN 1, only item s DEPEN , INDEP1 , START1 , and STOP1 need be
specified.

The output from the function scan commands is only available as off-line

plots. Thus PLOT ON must be specified prior to SCANI .
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Exam ple 4.16:

PLOT ON
DEPEN • W2 lU , !NDEP 1 • EN SM , INDEP2 P1 DE2 . START1 = 30
STOP1 • 100, START2 a 

~~ DELTA2 • 2.0, CURVES2 = 6
SCAN?

In this example , the quantity W2 TU will be calculated as a function of
quantities EN SH and P1 0E2.

Six curves will be generated with EN SM ranging from 30 to 100 and P1 DE2
being stepped from 10 to 20 in Increments of 2.

4.13 Define Commands

DEFINE STATES
DEFINE RATES

DEFINE PARAMETERS
DEFINE VARIABLES

These program command s may be used to define the al phanumeric names that w ill

be used to refer to states , rates , parameters , and variables. All system
model s formed by the EASY Model Generating program have mod& related names

generated for all states , variables , and parameters in the model . State
variable derivatives , (Rates), are generated as Ri , R2 , . . . for al l mode ls.

Ri , R2 . . . refer to the rates of the fi rst , second , . . . states
respectively. If it is desired to replace these machine generated names w ith

other names , the DEF NE command may be used to substitute any eight character
names of the analyst ’s choosing. These names are stored in the labe led

comons !CNAMEX/, /CNAMER/, /CNAMEP/, /CNAMEV/ and are associated with the

correspond i ng numeric quantities located in the l abeled commons /CXI’ , /CXCOT/,

J /CP/, and /CV/ .

Each of these commands is fol l cwed by ohrases of the form of a numeric

followed by an alphanu m eric name with one to eight characte rs the first of

which must be al phabetic.
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Example 4.17:

DEFINE STATES
1 = PRESSURE , 2 = STROKE , 5 = VELOC ITY , 7 = ANGLE , H
DEFINE PARAMETERS
5 MASS , 35 = DCI AREA

DEFINE VARIABLES 1 = I OUTLET , 2 = LIQ H20

4.14 Optimal Controller Design Comands

In order to design an opt im al controller using the EASY program , it is

necessa ry to wecify the inp uts and outputs of the optim al controller as part

of the system model descri~ tion. This is accomplished as described in Sect ion

2.1.2. Once a model has been generated that cont ains an opt imal controller

and the spec i-’ied input -out put connecti ons to the other model components , Y
different controllers can be desi ;ned . These variations are made by varyi ng

the operating po int or the optimal controller design criteria. The follow ing

paragraphs describe how the optimal controller operating point and criteria

are specified .

Once an optimal contro ller has been designed , it may be desired to save that
design for further analysis on subsequent anal ysis runs. Program ccmar.ds are

provided to save the data arrays wtiich specify a particular optimal controller

and to read such data on subsequent anal ys is runs .

O.C. DATA

The 3.C. DATA comand spec i fies that the follow in g comand phases con t 3in data

for one or more of the ten different iata arrays related to opti m al ccntro ’-
lers . The name of each of these arrays and a brief descri p tion of ~ts use Is
gi-ien below. ~or a ;~ore com p le te desc r~pt ion of each array and its use , see
SecYon 4.~ of reference ().
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Optimal Controller - Operating Point Specification

YOP Op timal controll er input operating point (set-point array.

YOP i s an n
5 dimensional array , where n

S 
is the number of

inputs to the optimal controller. Default values of zero are

provi ded for this array .

UOP Optimal controller output operat ing point (set-point) array .

UOP i s an dimensional array , where n
~ 

is the number of

outputs from the optimal controller. Default values of zero

are provided for this array .

Optimal Controller Criteria Specification

Q Optimal controller criteria weights array . Q is an n
~ 

dimensional

array, where n
0 

is the number of optimal controller -criter ia

var iables . Q contains the diagonal elements of the posit ive

semi-defin ite weighting matrix which gives the importance of the
various criteria variables relative to each other and the controller

outputs. If the criteria variables are not specified , they are

assumed to be the optimal controller inputs. Default values of 1

are provided for this array.

RU Opti mal controller contro l weights array. RU is an dimensional
array , where flu is the number of optimal control ler outputs. RU

contains the diagonal elements of the positive definite matrix which
gives the importance of the various controller outputs relat ive to

each other and the criteria variables. Default values

of 1 are provided for this array.

CD System model disturbance covariance array . CD is an n
~ 

di mens i onal
array , where ~ is the order of the system model. CD contains the
diagonal el ements of the model disturbance covar iance matrix which
gives the uncertainty of various model states relative to each other

- 
- and the sensed quantities. Larger values in CD imply greater

uncertainty (less confidence) in the system model accuracy . Defau lt
values based on the ERROR vector and the model stability matrix are

provided for this array .
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CS Optimal controller inputs dis turbance covariance array. CS is an n~
dimensional jr~~ay ,  where n is the number of inputs to the op timal

control ler . CS contains the diagon al elements of the sensed

quantity disturbance cova ri ance matrix which gives the unce rtainty

of various sensed quantit ie s relative to each other and the model

states . Larger val ues in CS imply greater uncertai nty (less

confidence) in the sensed quantity accuracy. Default values based
on the ERROR vector and the mod el sensor ma t rix are orovided for

this array .

Optimal Controll er Specif ication - (Used onl y for input of previously designed

optimal contro ller )

G Optimal controller gain array. G is an ri~ by n~ dimensional array,

where flu is the number of outputs from , and 
~rc 

is the order of the

opt imal controller. Default values of zero are orovided for

this array until a DESIGN O.C. command is executed.

S Optimal control l er sensor array . S is an ‘
~rc 

by 
~~ 

dimensional

array, where 
~rc 

is the order of the optimal controller and n5 is
the number of inputs to the optimal controller. Default val ues of

zero are provided for this array until a DESIGN O.C. command is
executed .

AK Optimal control l er stability matrix array . AK is an n by 
~rcdimensional array where “rc is the order of the optimal controller .

Default values of zero are orovided for this array until a DESIGN

O.C. command is executed.

FK Optimal controller d.c. gain matrix array . FK is an 
~u 

by r~
dimensional array where n~ is the number of outputs from , ar~ ~~ 

is
the number of inputs to the optimal controller. Default values o~
zero are provided for this array until a DESIGN O.C. command is
executed.
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Opt imal controller array data may be entered in a free field format with each

data i tem separated by one of the standard delimiters (see Table 1). Data noy

be entered along either a row, col umn or diago nal line of the array. The row

arid col umn location is given for only the first element specified . The

follow ing input values are loaded in the subsequent row , col umn or d iagonal

elements of the array. The letters , C , R , and 0 signal the start of a new

Colu mn, Row , or Diagonal input . They must be fol l owed by the row and column

number at which data load i ng is to start . A col umn number of 1 must be gi-ien -

for the one dimensional arrays : YOP , UOP , Q, RU , CD and CS.
The letter Z causes all elements of the array to be set to zero. This comand

may be used to advantage when load ing a sparce array .

If the number of data val ues exceeds either the row or col umn dimens ion of the

array , the excess values are ignored by the program .

The following examples demonstrate the load i ng of data into the optimal

controller arrays.

Example 4.18:

PROGRAM COMMANDS

O.C. DATA
YOP = C (1,1) 553.2, 546 , -2.56, 7

RESULTS - Assuming YOP Is a 4x1 array.

553.2

546.

YOP -2.56
\ 7.oo
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DESIGN O.C.

The DESIGN O.C. command initiates the optimal controller design process.
Before issuing this command , the following items should be accomplis hed :

1. Specify the optimal controller operating point by loading the arrays
YOP and UOP S

2. Place the system model at the desired operating point.

3. Specify those optimal controller crite ria arrays 0, RU , CD , and CS
which differ from the default values.

The DESIGN O.C. command causes a linear model of the system to be genera ted
and an optimal controller to be designed. The design results are print ed end

loaded into the optimal controller arrays G , S, AK , and FK. Manual

modifications to the optimal controller can be made via the O.C. DATA command .

SAVE O .C.

— The SAVE O.C. command causes the opt imal controller arrays G , S, AK , and FK to
be punched out onto data card s in a format compatible with the O.C. DATA

command . By including these cards in the input data for subsequent analysis

runs , it is possible to perform further analyses on a previously calculated
optimal controller. Such optimal controller data could be used in conjunction
wi th the O.C. ANALYS tS cornand to the Model Generation program. As described

In Section 2.1.2, the D.C. ANALYSIS command al l ows analyses to be performed on
a prev iousl y designed optim al controller with less computer central memory
than is required to perform the optimal controller design.

4.15 Warning Messages

One or more of the following warri ng mes sages w i l l  occur i f  the program

encounters diffi cu lty in Interpr eting anal ysis instructi Ons or perf orming a”
analysis. These messages w ill be prececed by:

***WARNING*** or ***NQTICE***
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The symbols xxx , :zz , or nnn are used to indicate phrases from the analysis
descr iption that are included as part of the warning message. The followi ng

messages are listed in alp habetical order:

1. A VALID PARAMETER NAME MUST PRECEDE THE NUMERIC VALUE nnfl

This message indicates that a valid parameter name was not
identif ied preceding the numeric value nnn. Check for missing
delimiters or misspel l ed parameter name .

2. ALGEBR AIC LOOP WITH GAIN OF nnn EXISTS BETWEEN INPUT AND OUTPUT.

TH IS TRANSFER FUNCT ION CAN NOT BE CALCULATED.

See Section 4.4.5 of Reference 2 for a description of this
limitation to the transfer function anal ysis method.

3. xxx CAN ’T BE SET EQUAL TO zzz. VALUE MUST BE NUMERIC

Check for missing numeric value or delimi tcrs .

4. CAN’T IDENTIFY xxx AS A VALID EIGENVALUE SENSITIVITY PARAMETER.

Check spelling of eigenv alue sensitiv ity parameter or for mi ss ing

delimiters .

5. CAN’T IDENTI FY xxx AS A VALID PRINT VAR IABLE

Check spell ing of xxx or for missing del imiters .

6. CAN’T IDENTIF Y xxx AS A VALID ROOT LOCUS

Check spelling of xxx or for missing del im it ers .

7. CAN’T IDENTIF’( xxx AS A VALID SCAN P~RA~ETER

- 
Check spell ing of xxx or for missing delimiters .
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8. CAN’T IDENTIFY xxx AS A VAL ID STABILITY MARG IN PARNIETER

Check spelling of xxx or for missing delimiters .

9. CAN’T IDENTIF Y xxx AS A VALID STEADY STATE PARAMETER

Check spelling of xxx or for missing del imiters.

10. CAN’T IDENTIFY xxx AS A VALID TRANSFER FUNCTION INPUT (OUTPUT)
PARAIIETER

Check spelling of xxx or for missing delimiters.

11. CAN’T IDENTIF Y xxx VALUE WILL BE IGNORED

This will result in not setting the quantity intended by xxx to its
new val ue. Check for spelling of xxx or for missing delimiters .

12. CAN’T INTERPRET xxx

The phrase xxx cannot be recognized as a valid program command ,
program name , or program val ue. Chec k spelling of xxx or for
missing delimiters.

13. CAN’T LOAD CRITERIA ARRAYS WHEN IN ANALYSIS ONLY MODE

The 0.C. ANALYSIS command was issued to the Model Generation program

when It created the system model , Therefore, an optimal control
design , wh l ch used this criteria arrays , cannot be perform ed.

14. nnn EXCEEDS THE ALLOWAB LE INDEX RANGE FOR xxx THIS QUANTITY
WILL NOT BE DEFINED

The number nnn was outside the allowable range of states , rates ,
variables , or parameters, Therefore, the name xxx cannot be

assigned as a name for the nnnth state , rate, var iable or parameter.
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15. xxx EXCEEDS 10. SOLUTION MAY BE INVA L ID.

For a valid steady state , all rates should be dr ive n to near zero.
If the absol ute val ue of one or more rates exceed s 10 after SS
ITERATIONS , this message will be generated . An interlock ‘.,ill also
be set to prevent a simulation run from being made using the invalid
results of this steady state anal ysis. See Section 4.4.2 Reference
(2) for alternative methods of reaching steady state.

16. FAILED TO CONVERGE TO ZERO PHASE

The search procedure described in Section 4.4.4 Reference (2) failed
to converge to zero phase. The stability margin for the indicated
parameter cannot be- determined by this method .

17. NOM INAL SYSTEM UNSTABLE

The nominal system is unstable. The stability margins of the
specified parameters will be calculated but these bounds will be
“noncritical” bounds since the nominal system is unstable. See
Section 4.4.4 Reference (2) for a discussion of critica l and
noncritical stability boundaries.

18. NON—ALP HA NAME ON THIS CARD - -— >  xxx . WILL IGNORE THIS CARD.

The table inputs routine expected an al phanumeric table name but
encountered a numeric val ue on the data card printed . Check the
sequence and number of tabular data cards to assure that they match
those required by the model ’s tables and table input formats. See

Section 4.1.2 Reference (2) for correct formats.

19. NON-NUMERIC DATA ON THIS CARD ---> xx x . WILL READ NEXT TABLE

The table input routine expected a numeric val ue but encountered ~n

al phanumeric name on the data card printed. Check that the sequence
and number of tabular data cards matches the model ’s tables and
table Input formats. See Section 4.1.2 Reference (2) for correc t

formats.
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20. nnn PRIMARY AND xxx SECONDARY INDEPENDE NT VAR IABLE POINTS EXCEEDS

THE zzz WORD STORAGE LIMIT FOR THE FOLLOWING TABLE. SOME DATA ~~LL
BE LOST.

See Section 3.7.1 Reference (2) for a discussion of the maximum

number of data points allowed for each table.

21. SIMULATIO N WILL NOT BE RUN DUE TO FAILURE TO REACH VALID STEADY

STATE .

A failure of the steady state dfl3i~~S 1 S  followed by a request to
transfer X into XIC causes an interl ock to be set which will prevent

a simulation run from begin ning from an erroneous initial condit ion.

22. WORK SPACE WAS NOT PROVIDED N MODEL FOR OPT IMAL CONTROLLER DEsIGN.

Either no optimal controller was specified to the Model Gener ation

program or the O.C. ANALYS IS mode was indicated . In either case ,

only analyses and not O.C. Design can be perforned with this r.cdei.

23. ~~ WARN ING ~~ MATRIX IS SINGULAR ***
INITIAL SYSTEM IS NOT DIAG ONALIZA 3LE

This message is generated in the system reduction program and is the

result of multiple eige ivia lue s with a single eigenvector. This

means that the system is not able to be diagon alized and that a

Jordan type reduction is required . Processing is stopped and

reductio n is not completed . This message can arise eithe r in the

reduction of the initial model equat ions or in the reduction of the

controller.

24. *** WARN ING ***QR FAILED T3 CONVERGE IN XX STEPS
*** WARNING ***“~IT~~L SYSTEM IS NOT Di~ G~NAL Z~~LE

This message generated in the system reduction program is ~ c-~ resul t
of the extremel y rare event of the ei gen v 3l ue c a lculation f3ilu re .
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25. ** DUE TO xxx UNSTABLE EIGE FIVAL UES , SYSTEM REDUCTIO N TO xxx IS
LMPOSSIBLE

This message generated in the system reduction program is the result
of the number of unstable eigenval ues in the system to be reduced

- being greater than the requested order for the reduced system. This -

message can arise either in the reduction of the initial system or
in the reduction of the controller.

26. ** CONTROL WEIG HTI NG NOT POSITIVE DEFINITE

This message generated in the calculation of the optimal feedback

matrix is the result of loss of significance in the calculation of
the control weighting matrix. Since the default check is made , this
is a rare event .

27. ~~~... QR ALGORIT HM FAILED TO CONVER GE
~~~... SYST~1 MAY BE UNSTABIL IZABLE

This message generated in the calcul ation of the optimal feedback
matrix is the result of the QR algorithm failure and is a rare event.

28. **~~••  SPECTRAL FACTORIZAT ION OF EIGENVAL tJES NOT OBTAINED
~~~~... SYSTEM MAY BE UNSTAB ILIZABLE

This message generated in the calculation of the opt irn~l feedback
matrix is the result of an ei genva lue with a zero real part
preventing spectral factorizat ion. It is the result normally of an
uncontrollable mode with an eigenvalue with a zero or very small
real part.
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29. **•~~~ MATRIX IS SINGULAR

** ••• SYSTEM PLUS ADJO INT EQUATIONS NOT DIAGONALIZ ABLE OR
SYSTEM IS UNSTABIL IZABLE

This message generated in the calculation of the opt i mal feedback
matrix is the result of the set of pseudo eigenvectors calculated
for the partitioned eigenvalues being singular in the top bl ock.
This condition normally means that an unstabl e , uncontrollable mode
existed in the original system. Another , but rare , poss ibility is

that due to mulit ple eigenva lues , the system plus adjoint equations
was not diagona lizable.

30. ~~~~... QR FAILED TO CONVERGE

** • • •  SYSTEM MAY BE UNOBSERVABLE

This message is generated during the calculation of the Kalman
filter and is the result of the QR algorithm failure and is a rare
event.

31. ** SPECTRAL F.ACTORIZATION OF EIGEN’JALUES NOT OBTAINED

~~...SYSTEM MAY BE UNOBSERVABLE

This message is generated during the calculation of the Kalman
filter and is the result of an eigenval ue with zero real part
preventing spectral factorization. It is normally the result of an
unobservable mode with an eigenval ue with zero or very small real
part.

32. ~~~~.. MART IX IS SIN GULAR
**•, SYSTEM MAY BE UNOBSERV ABLE

This message is generated during the calculat ion of the Kalman
filter and is normally the result of an unstable unobservabl e ~ode.
Like the case in the gain ma:rix ca lcu la t ion (4 . .~.3O) Reference ~~
it can rarely be the result of the system and adjoint equations
being undiagona l i zable.
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33. ~~~~... QR ALGOR ITHM FAILED TO CONVERGE

This message occurs when during a simple eigenv aiue calculation ,
convergence was not obtained . This is a rare event .

34~ ~~~ ... SYSTEM HAS SINGULAR ALGEBRAIC LOOP

This message generated during the adjustment of the controller is
the result of cancellation i,~ algebraic feedfor ward and feedback
loops . It can normally be corrected by the use of an alternative
adjustment method .

t
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SECTION V

AIRCRAFT ANALYSIS EXAMPLE

In this section the use of the aircraft components and the analysis c~xinand s
is demonstrated . Section 5.1 shows how to construct a basic airpla ne model
for a fixed operating point , i.e. , for cons tant aerodynanic derivatives as

well as how to use tabular i nput data for basic aerodynamic coeffic ients.

Sect ion 5.2 shows detai ls  of how to use the Optimal Contro l features in order

to find trim conditions .

5.1 Constant Coefficient Aero Models

The basic modules required to model airplane dynamic s are the 4 com ponents V A ,
OL, DL , OS. VA takes the airplane states and computes aero var i ables suc h as
angle-of-attack , sides lip, and dynamic pressure. OL and DL are the
longitudinal and lateral -directional aero force and moment computations . OS
contains the r igid body dynamics for integrating the aircraft states , and is
driven by the aerodynamic forces and moments generated in OL and DL. Al l
other components making up an airplane model are attached to one or more of
these components. For example , nonlinear and external forces and torques due
to trunk , engine thrust , etc., are inputs to OL and DL. Contro l systems , on
the other hand , require inputs from state variables in OS or aero-variables in
VA and determine the control surface settings which are passed to OL or DL.

This model structure is demonstrated with a six degree of freedom model of the
Jindivik RPV drone .

Proper data preparation with the constant coefficient aero model requires an
understand i ng of the assumptions and mechanics underlying the force and moment
modules OL and DL. Inputs to these components incl ude external forces and
torques and aero— stab ility derivatives for all six degrees of freedom. The
external force and moment inputs must be the sum of any effect such as eng ine ,
trunk (land ing gear) , or other effects that are not modeled in OL and 01...
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These forces and moments are combined wi th the l inear aero forces ~j nd moments
in body axes and output as total force and m oment vectors about the a i rc ra f t
c.g. The modules also solve for the lin ear acceleration ~j , ~ and ~ in order
to compute the implicit aero terms due to & and ~~~. The body axis l inear
accelerations ~~, ~~. ~ and the torques L T X , M=TY , and N=TZ are then passed to

the equations -of-motion module OS. The aero der i va ti ves can be s pec ifi ed i n
either stability axes or in body axes. If stability axes are used , then ALSVA.

specifies the trim an gle —o f—atta ck for the data . Due to small model ing or

data inconsistencies , the actual trim alpha obtained with the 6D model may be

different than ALSVA . However , a large discrepancy between the specified and

actual trim is cause for suspecting a data error or model inconsistency. If

body axes are used , then ALSVA denotes the reference al pha for the alpha

coefficients XA , ZA , MAL , and can be zero or nonzero , depending on the data

source . The neutral po int minus c.g. val ue , XP 1OL , is an important parameter
for the pitching moment equation. However , the effect of this term is

sometimes included in the C and C coefficients (see Etk in , pp. 208-2C9 ,
Mo -

Reference £4] ) .  If this is the case , then XP1OL should be set to zero.

Finally, if dimensional data is used , it is important to note that the units

used in OL and DL are all ft- lb—sec -de g units. If the dimensional data is
given in normalized units as for example on pa. 294, 295 of McFuer Ashkenas ,

and Graham , Reference [5J, then the following factors are required to convert

the data:
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STABILITY DER IVA T VE FACTOR

X0 ,XA ,XU ,ZO ,ZA ,ZAD ,ZU — MA

XDE ,ZDE ,ZQ — MA*RPO
MO ,MAL ,MAD,MU - Iyy
MQ,MOE - Iyy*RpD

- 

YB ,YB D 1 
- MA/VT

YP ,YR ,YDR ,YDA - MA*RPD

DL LB ,LBD 1 
- Ixx /VT

LP ,LR ,LDR ,LDA - Ixx *RPD
NB ,NBD1 

— lu/VT

• NP ,NR ,NDR ,NDA — Izz *RPD

1Assumes 8, derivatives given

with RPD = iT /180
MA = rigid body aircraft mass , slugs

lxx ,Iyy ,Izz = body axis moments of i nert i a , slug-ft2

VT = steady state true airspeed , ft /sec .

5.1.1 Six Degree of Freedom Aerodynamic Model

A basic six degree of freedom constant coefficient airplane model is now
analyzed . In addition to the basic airplane modules VA ,DL ,OL ,DS , and ES we
need to incorporate the component AC wnere the basic aerodynamic coefficients
(X0 , ZO , MO, YB , LB , NB) are interpolated from tabular data (one dimensional
tables) as functions of angle of attack (a) or of sides lip (s); and an optimal
control n~odule O.C. to obtain straight and level trim. Figure 6 shows the
model description for the basic Jin d ivi k airplane. The basic airplane and
optimal control module schematic diagram generated by the EASY program is
shown In Figure 7. Inputs to the optimal controller component inc l ude the
attitude angles , altitude , true airspeed and some of the veloc i ty states. The
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desired trim conditions are specified as inputs to th is nodule and error
signal s are generated which drive the optimal control l er (O.C.) outputs. F

FIgure 7 shows the O.C. inputs and the O.C. output to regul ate eng ine thru st ,

as well as the ai leron and elevator O.C. comand outputs (J indiv ik control
system does not have rudder). The names of output quantities providing

connections between various components are given .

-3
The data required to do an anal ysis with this model is specified by the input

l ists for the compone nts in Section 3 , exc e pt that no data is required (or
accepted) for inputs connected to (supplied by) another component. The model

generation program also lists the data requirements and Figure ~ show s th is
l ist for the 600F Model.

Subroutines EQMO and DATA IN

The source code f~r the EQMO and DATA IN subroutines are the primary output of

the EASY Mode l Generation program. These subroutines cont ai n the system math
model and the means to load tabular data int o that model.

Subroutine EQMO

For a system model compris ed cot i re ly of stand a rd components , the model
equations are obt ained in EQMO by a se r i es of ca l l s  to standard co mpo nent
subroutines. Each cal l  is labe led wi th  comme nts that id ent i f y the c m ’ ~inent

name . Figure 9 contains a listing of the EQMC) subroutin e for the 60C)F E-c~mp le .

COMMON areas rovided for the state variabl es , v ariables , parameters , and
tables in the model . These COMMON ’ s al low access to t he s e q uant i ti e s by he

EASY Anal ys is  program. Three add i t ional  COti~ON areas: CXDUT , CIN T , and ~~~
are used to sto re he s t a t e  va n a ble t ime d e r i va t i v e s , the i n tey ra t e r  ON— CI-T F

controls and the TIM E v a r iab l e .  The tn t eg ra t o r  ON— O FF contr o l  c m  ~e used
freeze any selected s t a t e  or ~~ites at a c~ n s t m n t  va l ue .

The entry poi nt s V A RS ET and ~A i S } T  are i c e d  by the ana l v ~ i s r~~ri - m ent ‘r
the syst em i model t iled m i t e l y  t o l  l - w i n q  the pe i nt ~ t c a l c u~a t me n ~f ‘ ly

variab le or state var~ahle d e riv a t iv e , (r itel . Such entr ie s ml low t he

anal ys is prog rain to d r ye the se qua n t i t ~‘s for c e r~ a I n anal ys~’s
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If the FORTRAN STATEMENTS command is used during the system model description ,
the l i nes of Fortran source code would appear in the EQMO subroutine between
the com ponent call s that preceded and followed the FORTRAN STATEMENTS command.

Subrout ine DATA IN

The DATA IN subroutine sets the number of states, var iables , and parameters
Into COMMON ’s that are accessed by the anal ysis program. The subroutine TABIN
Is then called to Interpret tabular Input data.

The analys is data used to demonstrate this model is shown In Figure 10.
- Following the comand PARAMETER VALUES are the input data values for the

aircraft components DL , VA , OL , ES , and OS. The aero coefficien t tables are

then Input , and the non—zero INITIAL CONDITIONS for states complete the model

defin ition . See SectIons 4.1, 4.2, and 4.3 for a description of the input
format corresponding to these commands. The aerodynamic tabular data was

obtained from Reference (6) for 40 fla ps wh i le the supplementary data for
stability derivatives was taken from Reference (7). All parametric and -

tabular Inpu t data are played back by the ANALYSIS program before execut ing
the fi rst analys is cornand, see Figure 11.

Default val ues of .99999 are initially assigned by the EASY Analysis program
to all model parameters. However , certain parameters In VA , DL , OL , ES and DS
have default val ues of 0 which are provided if the standard default value of
.99999 is detected . Initial conditions for the state variables also have zero
default val ues. Figure 12 shows the printout for the subject model , The
command s beginn ing with O.C. DATA and ending with STEADY STATE , design the
optimal controller , do a l inear analy sis and design and trim calcu lations).
FIg ures 13 and 14 respectively show the printout of O.C. DESIGN and LINEAR
ANALY SIS resul ts. Figure 15 shows the printout of the STEADY STATE anal ysis
for this case. The significant non-zero tr im conditions are circ l ed. The
results give a steady state trim which approximates the desired flight

condit ions. If a more accurate sol ution Is desired we can redesign the
optimal controller at the new opera ting po int and repeat the trim procedure , F

or put a heavier weight on the conditions requiring greater accuracy and rerun

th• analy sis. F
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Notice that the state derivatives (RATES) are all driv en to very smal l va lu c~s
in Figure 15. After the steady state analysis , the X IC— X command causes the
trim val ues of the states to replace the ori gina l initial conditions (see
Figure 16).

The next command PRINTER Pt.OTS causes the on line printer to be turned on
while the PLOT ON part of the command requests the off line printer e.g.

CALCOMP or SC4020 to be turned on. The PLOT TABLES command causes an off line
plotting of the named tables (data inputs). Figure 17 shows a sample (one of

the fi ve) table plot. Figure 18 shows a portion of the printout of a STEADY
SCAN analysis for a down wind vel ocity. The off line plotted results of the
STEADY SCAN ana lysi s are shown in Figure 19 while Figure 20 shows the
correspond i ng printer plot output (on line) for AL VA (angle of attack).

All states except the longitudinal states are then frozen out in order to
simulate the free long itudinal aircraft , see Figure 21. The commands start ing
with OISPLAY 1 and ending with ALTOS, VS, TIME specify the time histories to be
plotted . The comand LINEAR ANALYSIS gives the pole locatio ns for the free
ai rpl ane , and the commands TINC = .1 plus the command SIMULATE produce the
time history simulations . (Note that the perturbation is specified by setting
the initial condition W OS 60).

The results of the LINEAR ANALYSIS and part of the printout from the

simulation are shown in Figures 22 and 23. The time history pl ots of
alpha ,W , U, Q and pitch for this case are shown in FIgure 24. The short
period transient dies out after about 4 seconds , wh i le U and pitch osc i l la te
slowly at the phugold mode. Figure 25 shows the corresponding printer pl ot
output for AL VA (angle of attack).

Another STEADY SCAN anal ysis is requested for a side wi nd vel oc i ty parameter
(‘1W CA) and the results are shown in Figure 26. This Is followed by a LINEAR

ANALYSIS and a SIMULATION of the free lateral airplane where all states except
the lateral states are frozen Out (for cornands see Figure 10). The results
of the LINEAR ANALYSIS are shown in Figure 27 while the time history pl ots of
beta, R, P, al titude and roll are shown In Figure 28.- Note that roll angle
settles to a 1.30 degrees offset due to the spiral divergence mode.
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Note: In actual output four more p lots w i ll follow (see Figure 16 )

1H0112). 1 3 2 1 2 ) .  ~~~~$C I * ’  •LØ T  C I S C  $0 $
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Figure 17 Input Table Plot1 CL vs a
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Referring back to F~gure 10, we now ask for a LINEAR ANALYS IS and a S MULATIO~
of the free airplane with all longitudinal and lateral states (except yaw)
active . The results of the LINEAR ANALYSIS are shown in Figure 29. Llote that
the 9 eigenvalues match the 5 elgenvalues of the Figure 22 plus the ~t

eigenval ues of Figure 27 as expected . Similarl y the time history p lc~ ; of the

SIMULATION for th is case , Figures 30 and 31 respectivel y match those o~
Figures 24 and 28. The altitude divergence mode indicated in Figure 31 was
also present in the free longitudinal analysis but was not plotted in Figure

24.

The nex t command was for a TRANSFER FUNCTION anal ysis of the pitch moment vs
pitch angle and Figure 32 shows the printout of this analysis. Figure 33

shows the corresponding off line BODE plots of Figure 32 results. Note that

the phugoid and the short period modes of osci llations can be detected in
Figure 33 (al so see Figure 22). Figures 34 and 35 respectivel y show the

correspond i ng NICHOLS and NYQUIST plots of the same transfer function analysis.

Finally, wtien no more analysis commands are to be executed , the EASY program
will print the current parameter values , see Figure 36. Note that all but one

(P2 ES) default val ues of .99999 have been replaced with the default values

coded within the various components e.g. OL ,DL ,VA etc. The parameter P2 ES is

the ambient pressure used in the calculation of engine fan and bl eed air

propert ies when requested ; in this case we d idn ’t b leed the eng i ne an d so the
warning can be ignored .

5.2 Trim Calculations

Aircraft trim conditions are normally determined by either a pilot or

autopilot . In either case , the aircraft must be flown to the desired flight

condition and the control surfaces and power setting determined that maintains
this condition . Since neither a pilot nor autopilot wi l l  be avai lable to
control most aircraft modeled by the EASY program , an alternative method is

needed to determine trim conditions . The optimal controller design feature of

the EASY program was fel t to provi de a simple solution to this problem . An

optimal controller can be specified which stabilizes the aircraft and attempts

to drive it to a commanded flight condition. This approach has been shown to
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be success ful for straight and iev~ l f l ight condit ions at specified altitude

and Mach numbers. However , attempt to achieve fully coordinated tur ning t r -
~~n

conditions have not been completel y successful . Steady s t a t e  t u r n s  h a v e  been

ac hieved but the turns are often over or under coordinated , see Reference [1].

The follow i ng sections describe the work that has been done using the optimal

controller for trim determination. An optimal controller can be added to the

aircraft model to provide Mach , a l t i t u d e , turn rate , or heading holding. The

steady state algorithm of the program can then be used to determine the trim

condition . Once the desired trim conditions have been determined , the o pt i mal
controller can be omitted from th~ model on subsequent analyses.

5.2.1 Trim Model Description

As described in Section 4.13 , an optimal controller model is defined by

specify i ng the quantities sensed by the optimal control l er and the quantities

actuated by the optimal control l er. The sensed (input) quantities must

provide adequate information to stabilize and control the aircraft , i.e.

satisfy the observabi lity conditions. In addit ion , the input quan tities must

al low the desired trim condition to be specified .

Thus , for a constant Mach , constant alt itud e condition , the total veloc i ty and
altitude should be provided as two of the optimal -~ontrol l er inputs . In

general , the observab ility conditions wil l  be met if all position states of

the aircraft are provided as input.s.

The optimal controller outputs must have adequate control authority to

stabilize and control the aircraft , i.e. satisfy the control l ab ility

conditions . The control l ability conditions will be met if all the a i rcra f t

control surfaces and the thrust level are previded as outputs.

The fol lowing ex amp le shows the Model Generation commands required to specify

an optimal controller for straight and level flight .
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Example 5.1: (F1 06 Airplane)

LOCATION = 335 OC
O.C. INPUTS = ALTOS , VT VA , ROLDS , YAWDS , P ITDS

P DS, Q DS, R DS , V DS , W OS
O.C. OUTPUTS = ELEOL , ThR~S, AILDL , RUDOL

The O.C. INPUTS coniiiand specifie s the inputs to the botimal controller as
altitude , ALTOS ; total velocity , VT VA; rol l , yaw and pitch , and the angu la r
and li near rates P ,Q,R , and V and W . For each of these quantities a desired
val’Ie and penal ty for deviation from these values nay be specified . Desired

val ues are specified for altitude , total velocity, rol l , yaw , P,Q,R , and V
while approximate val ues are prov ided for pitch and W. Large penaltie s are

assigned to the quantities with known desired val ues and small penalt ies to

the quantities with approximate val ues. The O.C. OUTPUTS command allows the
optimal controller to drive the elevator , th rus t l evel , ailerons , and rudder

of the aircraft .

To obtain trim conditions during other maneuvers , the inpu t  q u a n t i t i e s  would
be replaced by others which specified the flight condition.

5.2.2 Optimal Control l er Design

The inputs and outputs of the optimal controller are specified to the Model
Generation program as described in Section 5.2.1. The actual design of the

optimal control l er is performed by the Analysis program. Before thi 5 design
can be performed , the design criteria and the operat ing point , i.e. desi red
values or approximate val ues, of the optimal control l er inputs and outputs
should be specified . The default design criteria puts equal weight on all

O.C. INPUTS. In exampl e 5.1 , the control of the first four inputs: alti tude ,
total velocity, roll ang le and yaw ang le , are much r~ore important than th e

other six quantiti es which were added to satisf y obser ’iabil ity requ irements.

We therefore specify this by putting a larger we 1.~ht in the first four
- elements of the controller criteria array , Q.
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In selecting weights , the units of each quantity must be considered. The

fol l owing tab le shows how weights might be sel ected for a straight and level

trim.

OC INPUT OPERATING ALLOWABLE
QUANTIT Y POINT ERROR WEIGHT

ALTOS Altitude 20 ,000 f t .  100 .0001
VT VA Total Ieloc i ty 932 ft/sec 1 1
ROLOS Roll Angle 0° 0.1 100

YAW OS Yaw A ngl e 00 1 1
PITOS Pitch Angle —3° 1 1
P 05 Roi l Rate 0°/sec 0.1 100

Q OS Pitch Rate 0°/sec 0.1 100

R OS Yaw Ra te 0°/sec 0.1 
- 

100
V OS Side Slip 0 ft/sec 0.1 100

W OS Sink Rate —40 ft/sec 10. .01

Weight s were chosen to be the reciprocal of the al l owable error squarcd .

The optimal control ler design is based on operation about a specified 
—

operating point. This poses -3 problem , since in the trim applica ti on we are

attempting to determ ine the operating point of the aircraft . Fortunately the

operating point provided to the optimal controller need onl y be an approx~ma-
tion . Differences between the in i ti a l guess and the final val ue are made up

by smal l errors in the requested flight condit ion. These errors can be
reduced by taking the results of one trim anal ysis as the s ta r t i ng  point of

another anal ysis.

An operating point should be specified for al l optimal control ler inputs and

outputs . Since zero is provided as a default for all oper at ing point v a l - ~eS ,
only those quan t i t i es that are ex pected to have non— z’~ro ~ai ues need be

considered . Typ ical ocerating po int val ues are shown for examp le 5.1 in the

previous table.
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Of the four output quantites onl y the thrust setti~g, THRES , would have a
significant non—zero val ue. An initial guess as to the thrust requi red should
therefore be provided . -

The fol l owing exampl e shows the Analysis program commands required to specify
the desi gn criteria and operating point for the turn example 5.1.

Exam ple 5.2-: (F106 Airplane) 
-

-

O.C. DATA

Q = .0001, 1, 100, 1, 1, 100 100, 100, 100, .01
YOP = 20000, 932 , O, 0, 3 , 0, 0, 0, 0, 40
UOP = 0, 5700, 0, 0
DESIGN O.C.

The line beginning “Q = “ specifies the weights for errors in the input
quantities to the optimal controller . The line beginning Uy

~
p = specified

operating point val ues for these quantit ies. The “UOP = “ line specifies a

guess of 5700 pound s for the second output quantity , thrust . The DESIGN O.C.

command initiates the optimal controller design process.

5.2.3 Steady State Sol ution

The steady state al gorithm of the Analysis program attempts to find the val ue
of x in the state equation , i = f(x~, that drives ~ to zero. If any states do
not take on a constant value in the steady st~te being sought they should be
“frozen” as discussed in Section 4.2. In a turn maneuver , all states but the
yaw angle achieve a constant val ue. It is therefore necessary to eliminate
the yaw angle from the model by freezing it before requesting the steady state
sol ution. Note , this must be done after the bptimal design has been completed
since the optimal desi gn program does not allow the order of the model to be
reduced once it is specified by the Model Generation program.

Before requesting a steady state solution , It is recommended that any
saturation effects or other severe nonline ariti es in the actuation paths of
the optimal control l er be temporaril y removed. This may be necessary due to
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t he high gains that can occur in the optimal control ler and the linear

approximations made during the steady state analysis. Recal l that the optim al
control ler Is being designed to merel y stabilize the aircraft and provide

small steady state errors. No attempt is made to obtain desirable dynam 4c
response or reasonable gain levels. By temporaril y removing nonline arit ies ,
these problems can be bypassed . An al ternative would be to seek the steady
state via the SIMULATION rather than STEADY STATE analysis. If the
nonl i nearitles such as fl ap limits are implemented with the SA saturation

component , it Is a simpl e matter to set the saturation limits to large val ues
bef ore requesting the STEADY STATE anal ysis and then restore them after the
trilTt condition is achieved .

The following examp le demonstrates the points made in thi s section.

Example 5.3:

INT CONTROL YAW OS a 0 Freeze Yaw Angl e
PARAMETER VALU ES =

C3 SA E 1.E35 , C6 SA E —1.E36 Remove el evator (saturation)

(Part of F106 el evator control system) limits

STEADY STATE Request steady state
X IC—X Transfer steady state

solution to XIC vector

PARAMETER VALUES
C3 SA E 8, C3 SA E -25. Restore el evator limits

The following table summarizes the results of this turning trim determinat ion :

OC INPUT OC WEIGHT DESIRED TRIM VALUE
QUANTITIES Q VALUE ATTAI NED

ALTOS Altitude .1 20000 19992.

MACVA Mach No. 10000 .9 .914

PITDS Pi tch Angle .01 —3~2 2.96

YAWOS Yaw Angle .01 0. 0.

ROLDS Roll Angle 100 26.5 26.48

Q OS Pitch Rate 1000 0.4428 0.4372 -

R OS Yaw Rate 1000 0.8850 0.8775
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Further adjustment of the weights could bring the trim condition closer to thedes ired values. Once a satisfa ctory set of weigh ts were obtained they wouldprobably be valid for a wide range of trim conditi ons. The Sub stjtutiün of
total vel oci ty, VT VA , for Mach number would provide for better speed control .
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SECTION V I

M ISCELLA NEOUS

This section describes certain aspects of the EASY program that were not
included in previous sections and/or not expl aine l in suff4 cient detai ls.

6.1 Program Limitations

Certain limitations are pl aced on the size , and complexity of r’odels that can
be generated by the Model Generation program. These limitations are due to
various array dime~isions within the program and can be easil y rel axed by
enlarg ing these array dimensions . The Current l imitat ions are shown in Table
4. A tabulation of the various l imitations and the array causing each is
given in the EASY program source listing.

TABLE 4
EASY MODEL GENERATIO N PROGRAM LIMITA TIONS

Standard Component Lim itat ions:
Maximum number of standard components 150
Maximum number of inputs for any standard component 63
Maximum number of Outputs’ for any standard component 63
Maximum number of tables for any standard component 15

System Model Limitations :
Maximum number of components per model 100
Maximum number of tables per model 50

0 Optimal Controller Limitations:
Maximu m number of opt i m al controller inputs 10
Maximum number of optimal controller outputs 10
Maximum number of opt ima l controller cr iter ia variab les 10
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6.2 FORTRAN Statements

The FORTRAN STATEMENTS comand ph rase a ll ows the sys tem anal ys t to supplement
the standard EASY components with Fortran statements. Using this feature , the

analyst can introduce his own component subroutines , program logic , DO loops ,
etc ., as necessary to model any system feature not obtainable with stand~rd

EASY com ponents.

In order to assure that all of the information required by a specific

component is avai lable at the time that component behavior is calculate d , the

components in a system model must be specified in the proper sequence (to give

an explicit model). If a model is not described in such a proper sequence ,

the EASY Model Generation Program wil l attempt to reorder the component

sequence to achieve an explicit model . This capability of automatic reorder-

ing is lost if FORTRAN statements are incorporated into the system model. In
order to alert the user , the warning message described in 2.4-13 is printed

regardless of whether the model is explicit or implicit.

The FORTRAN STATEMENTS command would normally be used only when some portion

of the system cannot be model ed with standard EASY components. When using
this feature of the program , the anal yst must perform many of the det ail
connections and naming of variable s that are normal ly accomplished by the EASY
program. In return for these added tasks , the analyst gains a great deal of

additional freedom and fl exibility in forming details of his system model .

A model for analysis by the EASY program may not consist of Fortran statements

alone , but must be used in conjunction with at least one standard EASY
component. Signal connections between standard components and any new
component modeled by Fortran subroutine s are not necessary . The standard
component used is arbitrary as long as it contains at least one state and one

variable. The addition of user suppl i ed Fortran subroutines to the FORTRAN
STATEMENTS part of the EASY Model requires additional control car d s as
illus trated in Sect ion 4.7.2 , Reference ( 2 ) .
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If the Fortran statements furnished by the anal yst require tables or state

variables (integration), or have variables or parameters that the analyst

- wi shes to access during an anal ysis , the ADD command statements must be used
to include these quant ities in the model .

6.3 Deck Set-Up

Model Generati on and Ana lys i s

The Model Generation and Analysis programs can be executed on the same

computer run via the deck arragement shown in Figure 37. In order to prepare

the data statements for the Analysis program , the anal yst must anticipate the

parame ter , state and variable names that wil l be generated by the Model

Generation program. Due to the systematic way these names are generated from

the model component name , this is usually no problem.

The set of control cards shown In Figure 37 is for a SCOPE 3.4 operating
system “A” , at WPAFB 6600 computer facilities .

64 Tabular Data Example

This aspect of data input was dis~usse d in Section 4.1 earlier. However , an

additional example is i ncl uded here to clarify the steps required to Implement

graphical raw data Into a two dimensional (two independent and one dependent
vari ables) tabular input data and the resulting plot obtained from the EASY

program.

Fi gure 38 shows the performance map of an ACLS turbofan wtiere the total

corr:ected mass flow (lbm/sec), the dependent variable , is shown as a function

of corrected back pressure (psfg), the primary Independent variable , for
- v arious drive pressure s (ps ia), the secondary independent variable , The

dashed lines of the map represent extrapolated regions of performance
necessary to fill the tabular matrix. This graphi cal data was transcribed and

Input as a table named TOTFT, w i th 16 points for the primary Independent
variabl e (300 to 10 psfg) and 9 points for the secondary Independent va riable

(15 to 25.7 psla) plus the 16 x 9 matrIx of the dependent variable , see Figure
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CONTROL CAPO STREAM FOR BATCH MODEL

GENERATION AND ANAL YSIS JOB EXECUTION

DLF,T100,IØ100,C:1135000,STCSA. E760273,FISCHER ,255-3011
ATTACH ( EA SY4 ,EASY ,CY~1,MRit1)
ATTACH(T.APE78,EASY ,CY*S,MR~1)
ATTACH(UL IB ,EASY ,CY=4 ,MR=1)
CØPYBR( INPUT ,TAPE5)
REWIND(TA PE5)
C~PYSBF( TA PE5 ,OUTPUT)
REWIND(TAPE 5) MODEL
LIBR.ARY(ULIB) GENERATION
EASY4 (TAPE5)
RETIJRN(EASY4 ,TAPE78)

REWIND(TAP E9 ,PR~G,TAPE5)
FTN(I—TAPE9,B=MODEL,L=O)
ATTAC $(N~NSIM4 ,EAS Y ,CY=2 ,MR=1)
CØPYBR( INPUT,TAPE5)
REWIND (TAPE5)
CØPYSBF(TAPE5 ,ØUTPUT )
REWIND(TAPE5) MODEL
REWIND(MØDEL ) ANALYSIS
CØPYL(N~NS1M4,MODEL ,PR~G)
REW IND(PROG)
PROG,TAPE5
EXIT(LI)
REWIN D(TAP E3O) CI —LINE
ATTACH(NSMPPT,EASYDAT,CYaZ,MRR1) PI

1
OTTING

NSMPPT. 1
EXIT(U)
REWIND IDUMMY .

CØPY ,DLI~’?4Y. —

EXIT.
LOR
MODEL GENERATION
COMMAND CARDS

LOR
ANALYSIS PROGRAM
DATA CARDS

EOF

Figure 37 SCOPE 3.4 OperatIng System Deck Set Up Model
Genera tion and Analysis
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39. Note that the order of dimensions is secondary followed by primary while

the order of data points is primary , secondary and dependent (9 sets ( rows ) of
16 data points each).

The printout of this table as interpreted by the EASY program is shown in
Figure 40. A “PLOT TABLE TOTFT’ comand would produce an off l i ne p lo t s hown
here in Figure 41.

6.5 Debugg I ng EASY Problems

Al though It is unrealistic to discu ss all potent ial problem areas in the
execution of the EASY program , a d iscussion of two comon problems may prove H
beneficial .

Perhaps the most common probl em is the failure to converge to a steady state
sol ution in response to the STEADY STATE command . The most probable reasons

for this failure are :

1) poor user estimate of initial conditions
2) system instability

The following analysis procedure -Is recommended to determine the adequacy of
the specified init ial conditions:

S

INITIAL CONDIT IONS

S

PR INT CONT ROL~6
SS ITERA TtONS ~ 1, ST EADY STATE
LINEAR ANALY SIS
SS ITERATIQNS.30
PRINT CONTROL~3STEADY STATE
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TABLEITOTFT ,16 ,9
15,15.2 ,15. 7 ,16. 7 ,17.7,18.7 ,19.7 ,22.7 ,25.7
300,270 , 240 ,2 10 , 180 150, 120 , 110 ,80, 70
60,50,40,30,20,10
• 1, . 15, . 2, . 25 ,. 3, . 35, .4, .45, .5, .55
.6, .65, .7,. 75,.8, 1.2
.1,.15,.2,.25,.3,.35,.4,.45,.5,.55
•6,.65,.7,.8, .9,1.76
.1,.2,.3, .4,.5,.6, .7 , .8,.9,1.O
1.1,1.2,1.3,1.98,2.76,3.19
.1,.2 ,.3 ,.4 , . 5 , .6 ,.7 ,.8 ,.9 ,1.O

1.1,2 . 6 4,3 . 3 2,3. 74 ,4.09 ,4.29

4.3,4.62:4.88,5.12,5:3:5.34
.3, .6, .9,1.2 ,1.5,1.8,2.1,3.5,4.93,5.25.43 ,5.66 ,5.85 ,6.04 ,6.08 ,6.12
.5,1,1.5,2,2.5 ,3,4.9 ,5.2 ,5.9 ,6.1
6.28, 6.45 ,6.63 ,6.69 ,6 .77 ,6.85
1,2,3,4.88,6.25 ,6.91,7.4 ,7.55,7.95 ,8.07
8.2 ,8 . 3,8 . 3 4,8.4 ,8.4 8 ,8.56
4,6.63,7.d ,7.95,8.4,8.8,9.17,9. 3,9.63,9.75
9.77,9.81,9.85,9.91,9.99,10.04

~lj

Fi gure 39 Data Input Format Example for a Two Dimensional

Table, ACLS Fan Map
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Figure 4 1 ACLS Fan Map as Platted by EASY
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Us i ng PRINT CONTROL=6 wi l l  cause all states , rates and variables to be inted
at each steady state iteration . Since we are interested in the impact onl y

the initial val ues of the state variables , the SS ITERATIO NS command is used
to limit this output to the first iteration.

The val ues of all variables which result from the user provided initial
conditions can be examined using this procedure .

The second most common analysis problem is that of an unstable system. ihe
most probable causes are :

1) loop gain(s) too high
2) incorrect algebraic sign (s)

To loca te the problem areas ,

1) examine stability matrix (LINEAR ANALYSIS)
a) positive diagonal elements

b) ~~~~~ and terms with the same signs; where X~ is the

control force and X~ Is the controlled state in a cl osed loop.
2) Freeze selected state(s) in suspect loop(s) and repeat linear

anal ys i s
3) Use root locus analysis on suspect parameters
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APPENO IX A

INDEX OF
EASY MODEL GENERATION COMMANDS

Format Description Page

j
ADO PARAMETERS = q11q 2,... Add parameters to model 12
ADD STATES = q1,q2,... Add states to model 12
ADD TABLES = t11 n1,t2,n2,... Add tables to model 12
ADD VARIAB LES = q1,q 2 , ... Add variables to model 12
DIAGNOSTIC CONTROL = n Control diagnostic printout form model [2]

generation program
END OF MODEL Specify end of model description 11
FORTRAN STATEMENTS Specify start of FORTRAN statements 12

L1
L2

INPUTS = ~~~~~~~~~~~~~~ Specify source of inputs to components 10
LIST STANDARD COMPONENTS Request listing of standard components 14
LOCATION n ,C Specify component location on schematic 9
MODEL DESCRIPTION = text Specify start of model description 9
0. C. ANALYSIS Specify only analysis -no O.C. DESIGN 16
0. C. CRITERIA =q 1,q2, ... Specify D.C. criteria variables 15
0. C.. INPUTS = q15q 2,... Specify D.C. input variables 14

0. C. MODEL ORDER = n Specify model order to be used for 15
O.C. DES IGN

0. C. ORDER = n Specify optimal controller order 15
0. C. OUTPUTS q15q 21 ... Spec i fy D.C. output variables 14
PRINT Request printed -model output 11

PUNCH Request punched (and printed ) m odel 11
OutPUt
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INDEX OF

EASY MODEL GEN ER A T I O N COMMANDS

Mod i fier Notions: Phrase Delimiters :
= Standard component name = equal sign
= Line of FORTRAN source code , comm a

n~ 
= Integer number ( left parenthesis

q1 = Input or output quantity name ) right parenthesis
t. = Table name three or more blanks
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APPENDIX B 4

INDEX OF

EASY ANALYSIS COMMANDS

Format Description Page

ALL STATES Activate all model states (DEFAULT) 175
CALCOMP Request plots on CalCornp plotter [2]
DEFINE PARAMETERS n1 p1,n2=p 2, ... Define parameter names 191
DEFINE RATES=n 1=r1,n2=r2,... . Define rate names 191
DEFINE STATES=n 1=s11 n2=s21 ... Define state names 191
DEFINE VARIABLES n1=v 1,n2=v2,... Define variable names 191
DESIGN O.C. Initiate optimal controller design 196
DISPLAY~ i 1 ,2,3,4,5,6 Specify quantities to be plotted 180

q1,vs ,TIME (5 plots/dis play , 6 displays = max

q21~’s,q3 Max. 30 plots)
5/display

EIGEN SENSITIVITY Initiate eigenvalue sensitivity 189
EIGEN PARAMETER p1 calculation 189

ERROR CONTROL S
1 n11 s2 n2,... Specify integrator error control s 174

(DEFAULT= .OO1)
INITIAL CONDITI ONS s

1 n1,s2
:n2,... Specify Initial conditions/operating 174

- - point
INITIAL TIME=n Spec i fy initial val ue of time 175

(DEFAULT=O .)
tNT CONTROI s1=n 1,s2=n2,... Activate or freeze model states 174

(OEFA ULT=i)
El LINEAR ANALYSIS Initiate linear analys is 184

NO STATES Freeze all model states 175
0.C. DATA Input optimal controller data 192

YOP;UOP;Q;CD ; DEFAULTsO.)

CS;G;S;AI(;FK
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INDE X OF

EASY ANALYSIS COMMANDS

Format Descripti on Page

PARAMETER VALUES=p 1=n 1,p2=n2,... Input parameter val ues 172
(DEFAULT= .99999)

PLOT ALL TABLES Request plots of all tables 180
PLOT ID=text Specify plot identification 182
PLOT OFF Deactivate plotting (DEFAULT) 180
PLOT ON Activate off-line plotting 180
PLOT TAB LES=t 1,t2 5 ... Request plots of specified tables 180
PRINT CONTROL=n Specify print option (DEFAULT=O , Off) 180
PRINT VARIABLES=q 1,q2,...q10 Specify col umnar option print 179

variables (PRINT CONTROL=5)
PRINTER PLOTS Request plots on line printer 180
PUNCH X Punch current state val ues [2]
ROOT LOCUS Initiate root locus analysis 188

RL PARAMETER=p Specify root locus parameter 188

RI START=n Specify initial value  of 188
- RF PARAMETER

RI STOP=n Specify final value of 188
RI PARAMETER

RI POINTS=n Specify number of root locus 188
points

RI MANUAL SCALES Request manual root locus plot 188
sca l es

REAL MIN n Real axis minimum scal e 188
val ue

REAL MAX=n Real axis maximum scale 188
val ue
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INDEX OF

EASY ANALYSIS COMMANDS

Format Descr iption Page

IMAG MIN=n Imaginary axis m m .  189
scale val ue

IMAG MAX=n Imaginary axis max. 189
scale val ue

RI AUTO SCALES Request auto plot scales 188
(DEFAULT)

SAVE O.C. Punch optimal control l er arrays 196

SCAN1 Initiate one dimensi ona l function 190
scan

DEPEN=q Specify dependent variab le 190

INDEP1=q Specify independent var iable 190
START1=n Spec i fy initial val ue of INDEP1 190

STOP1 n Specify final val ue of INDEP1 190
SCAN2 Initiate two dimensional function 190

scan
INDEP2=q Specify 2nd dependent variable 190

START2=n Specify initial value of INDEP2 190
DELTA2=n Specify increment size for INDEP2 190

CURVES2=n Specify number of values for 190

‘- INOEP2
(Al so requires SCAN 1 quantities)

SC4020 Request plots on SC4020 microfilm [2)
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INDEX OF

EASY ANALYSIS COMMANDS

Format Description Page

SIMULATE Initiate simula tion 176
PRINT CONTROL=n Specify print option 176

(DEFAULT=O ,None)
PRATE=n Request printout every n plot 176

intervals (DEF=1)
OUTRATE~n Request plot points every n 176

TINC (DEF=1)

tNT MODE= n Specify integration method 176

(DEF=6 )

TINC=n Specify integrator report 176
interval (DEF= .1)

TMAX=n Specify dura tion of transient 176

(DEF=1.)
SI MANUAL SCALES Request manual s imulat ion 181

plot scales

SI AUTO SCALES Request auto p lot scales 181
(DEFAULT)

STABILITY MARGINS Initiate stability margin ca lculati on ~85
SM PARAMETERS=p 1,p 21~..p10 Specify stability margin par ame ters l~ 5

STEADY STATE Initiate steady state calc ulation 33
SS PARAMETER=p Specify steady state parameter 83

(optional)
SS START= n Specify i n i t i al -/alLe of 183

SS PARA METE R
SS STOP=n Spec i fy final value of 183 j

SS PARA METE R

272

- I  

_ _ _ _ _—.5. —— —. 
~~~~~~~~~~~~~ - a  - -

L ’  _ _

- 
-~~~ - 

- _ 
-

-~~ ~~~~~~
- r_.5_ —-.5-. — -b-- — _ _ _ _ _ _ _ _



INDE X OF

EASY ANALYSIS COMMANDS

Format Description Page

4

SS POINTS=n Specify number of steady state 133
calculations

SS ITERATIONS=n Spec i fy number of iterations 183
to be used (DEF=30)

SS MANUAL SCALES Request manual plot scales 182
SS AUTO SCALES Request auto plot scales 182

(DEFAULT)
TA8LE=t,n ,n Input tabular data 173

(table data)
TITIE=text Specify plot title. 182

TRANSFER FUNCTION Initiate transfer function calculation 186
iT INPUT=q Specify transfer function input 186

quantity
TF OUTPUT=q Speci fy transfer function output 186

quantity
BODE Request Bode format for plot s 187

(DEFAULT )( NICHOLS Request Nichols format for pl ots 187
NYQUIST Request Nyquist format for plots 187

TF MANUAL SCALES Request manual plot scales 187
FREQ M !N=n Specify minimum frequency 187

r.p.s.
FREQ MAX=ri Specify maximum frequency 187

r.p. S.

IF AUTO SCALES Request auto plot scales 187
(DEFAULT)
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INDEX OF

EASY ANALYSIS COMMANDS

Forma t Descr ipt ion Page

XIC—X Transfer state to initial condition 175
vector

XIC 1—XIC i=1 2,3 Transfer XIC to one of 3 storage 175
vectors

XIC—XIC 1 i=1 ,2,3 Retrieve XIC from one of 3 storage 175
vec tors

Modifier Notation: Phrase Delimiters :

fl
1 

— numeric val ue = equal sign
p1 — parameter name , coma
q1 — parameter , variable , state of ( left parenthesi s

ra te name
r1 — rate name ) right parenthesis
S - State name three or more blanksI
t~ — table name
V1 

— var i able name

t
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APPENDIX C

EASY DOCUMENTATION INDE X

The fol l owing Index provides a cross reference for the following EASY ACLS

doc’”nents:

Vol ume I (Reference 1)
Vol ume II (References 2 & 3)
Vol ume 111 (Reference 4)
Reference 6
User ’s Manual (UM )

Capitalized words in the index are EASY Coninand Phrases.

S
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ACLS Permanent File Reference 6 - Pg 211 , 223

ADD Corrrnands Reference 6 - Pg 19 , 22 , 34 , 199 ;
UM-Pg 12 , 267

ALL STATES Reference 6 - Pg 93; UM-Pg 175 , 259

Anal ys i s Prog ram Re ference 6 - P g 71 , 232; UM-Pg 1 , 172

AUTO SCALES Reference 6 - Pg 103 , 106 , 107;
UM-Pg 181 , 182

BODE Refe renc e 6 - Pg 106; UM-Pg  187 , 273

Component Connections Reference 6 - Pg 17 , 43, WI-Pg 19

Data Format Reference 6 - Pg 120; WI-Pg 172

DATA IN , Subrout ine Reference 6 - Pg 63 , UM-Pg 214

Deck Setup Reference 6 - Pg 259

DEFINE Coninands Reference 6 - Pg 91; UM-Pg 191 , 259

Delimiters tiM-Pg 7

DESIGN O.C. Reference 6 - Pg 115; WI-Pg 196 , 259

D IAGNOSTIC CO NTROL Referen ce 6 - Pg 32 , 34 , 199; WI-Pg 267

DI SP LAY I Reference 6 - Pg 94; Wi-Pg 130, 269

DUMP FILE Reference 6 - Pg 226

EIGEN PARAMETER Reference 6 - Pg 109; Wi-Pg 189

EI GEN SENSITIVITY Re ference 6 - Pg 78, 108; WI-Pg 189 , 269

Eigenva lue Reference 6 - Pg 135

Elgerivalue Sensitivity Reference 6 - Pg 147

END OF MODEL Reference 6 - Pg 13, 34 , 199 , 206 ;
UM-Pg 11 , 267

ERROR CONTROLS Reference 6 - Pg 61 , 92; tiM-Pg 174 , 269

EQMO , Subroutine Reference 6 - Pg 63 , WI-P g 209
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FILOAD Program Reference 6 - P~~ 225

FOR IRA~ STATEfrIErtTS Reference 6 - Pg 19 , 22 , 34, 199,
210; UM-Pg 12 , 267

FUNCTION SCAN Reference 6 - Pg 85, 109 , 149

INITIAL CONDITIONS Reference 6 - Pg 61 , 92; tiM-Pg 174, 269

INITAL TIME Reference 6. - Pg 92; UM-Pg 175 , 269

INPUTS Reference 6 - Pg 14, 34, 199, 204;
UM—Pg 10 , 267

INT CONTROLS Reference 6 - Pg 92; tiM-Pg 174, 269

tNT MODE Reference 6 - Pg 97; tiM-Pg 176 , 177 , 272

Input Requirements List Reference 6 - Pg 57

LINEAR ANALYSIS Reference 6 - Pg 76, 103 ; UM-Pg 184 , 269

L i nepr i n ter Schema ti c Reference 6 - P g 9, 38

Listings

Compass Routines Reference 6 Pt 2 - Pg 320

Flu id Flow Routines Vol um e II - Pg 12

Fluid Property Routines Vol ume II - Pg 11

M i scellaneous Rou tin es Vol ume II  - P g 30
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