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1.

B

PURPOSE: A generalized computer program for calculating transient

thermodynamic performance of aircraft environmental control systems (ECS),

and transient and dynamic analysis methods for aircraft ECS are discussed in
this report.

SCOPE: The Environmental Control Analysis SYstem (EASY) computer program is

summarized in this report. Development of this computer program initially

was sponsored by the U.S. Air Force Flight Dynamics Laboratory. (See
References 1, 2, 3, and 4.) It provides techniques for determination of
steady state and dynamic (transient) ECS performance, and of control system
stability; and for synthesis of optimal ECS control systems. The program is
available from the UI.S. Air Force, or as a proprietary commercial version.

General upes of a transient analysis computer program for ECS,desjgn and
developmepht, and general features of EASY relative to these'uses,|are
presented| This report summarizes the nine analysis options of EASY, EASY
program ofganization for analyzing ECS, data input to the program| and
resulting| data output, and a discussion of EASY limitations.

Appendicefs provide general definitions for dynamit{analysis, and gamples of
input and|output for EASY,

BACKGROUND ON COMPUTERIZED TRANSIENT ECS ANALYSIS: Computerized ECS analysis

techniquep can improve ECS design and development, and reduce ovepall ECS
t costs.

jon of an aircraft ECS -='from concept, to design and dpvelopment,
jon -- is a significant\iinvestment in manpower, resources, and
initial phase in thedesign and development of an ECS ipvolves

s: 1) definition of-system components to meet aircraf

requiremepts; 2) developmeiit of components to meet system performance; and 3)
development of controls (For desired system operation (see Figure [I). Use of
an ECS "bjreadboard" 1ab, for prototype component and system develppment,
could aid| these tasksy' This lab contains various ECS components;| an air

supply at| variableéspressure, temperature, and flow; and load "banks" to
simulate [cabin, electronics cooling, defogging, and other types ECS

loads. With the use of this "breadboard" lab, a prototype ECS is| “connected”
for develppment testing. New concepts are tried, various control| schemes are
investigated, and design performance is demonstrated. This "breajdboard" lab
significantly reduces ECS development costs.
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Generalized ECS "breadboard" Tabs are not available, but the process can be
simulated by computer analysis. (See Figure 1.) Computer .simulation of the
ECS is a type of "breadboard" 1ab. ECS components, air supplies, and heat
Toads exist as mathematical models. The prototype ECS is defined with
computer instructions. Pressures, temperatures, humidities, and flows at
various locations in the system are computer input. Results are similar to
those achieved in the hypothetical ECS "breadboard" lab. New concepts can be
tried, various control schemes can be investigated, and transient and steady
state performance can be demonstrated much faster and easier, with less risk,
than using prototype hardware.

The EASY transient analysis computer program is one technique for simulating
the dynapic performance of aircraft environmental control systems. Other
techniques are analog computers, general purpose simulation.Tanquages (such
as MIMIC, Reference 5), and special purpose ECS dynamic analysi§ programs.
Analog computers and general purpose simulation languages.requiife
considerjable effort, by the analyst, to model an ECS. “«Special purpose ECS
dynamic janalysis programs often are designated “compahy proprietary” and are
not availlable for general use. EASY is a generalcanalysis program which can
be appliled readily to many different ECS. Its availability is defined in
Sec%ion 5.6. It has application to other types:of systems also|(see Section
Dells

GENERAL FEATURES OF EASY: The EASY computér program is a potentially

effective analytical capability that.can be an integral part of |the overall
design and development of environmental control systems. Some Key analytical
capabililties of EASY, and salient-xaspects for its use, are summgrized.
Further comments about use of EASY are provided in Section 5.0.

Analysils Capabilities: The“EASY computer program can be used o evaluate
the opejration of existing ECS, to define and evaluate controls|for new ECS,
and for| control changesyto existing ECS. The dynamic operation of existing
ECS, due to programmed or unplanned changes (e.g., part failurg,
out-of-ftolerance c¢ontroller, etc.) at any normal steady operating condition,
can be [determineds EASY can be used to define the operating 1ggic of ECS
controlfler schemes, and to determine controller gains that assyre system
stabilifty. /Simulations for portions of a total ECS (i.e., whigh can be
isolated easily), or details of a complete ECS can be modelled|analytically.

Most types of aircraft ECS can be analyzed. [This includes air cycles
(simple and bootstrap), vapor cycles, open and closed loop systems, heat
transport 1oops, 1iquid heat sinks, and pressurization systems. Analysis
capability for vapor cycles is a later addition (References 7 and 8). Due
to the time and cost involved in using EASY, it should be used very
prudently. For example, it may not be cost effective to use this program
for routine system comparisons or trade studies, or for complex multiple
loop systems.
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System configuration is defined with a set of "standard components” from the

EASY EC

S Tibrary and interconnections between the components.

Special

components can be defined by FORTRAN statements, if the standard components

are not

appropriate.

EASY allows simulation of dynamic responses and control systems described by

nonline

ar differential equations. Unique features of EASY are

its flexible

and efficient nonlinear simulation capability and a comprehensive set of

control

analysis techniques.

EASY combines these in an integrated program -

allowing both types of analysis to be performed using the same system model

data.

Nine ty|
Data ne
compone
conditi
is defi

Other p
to conn
represe

definitlions of ECS control functions can be simple and generalj

detaile
availab
5) engi
variabl

response of a complete ECS, or of(a part of an ECS, can be obta

Usage A

es of thermodynamic and control dynamic analyses can bg
ded for these analyses include numerical values definiT
ts characteristics and system boundary conditionsn(€.g.
ns). A single FORTRAN model, compatible with all> analy
ed by the program.

ogram capabilities are as follows: 1) program input ig
ct discrete elements with built-in techiques (these te
t the performance and functions of aivcraft ECS compong

, or both; 3) six nonlinear dynami¢’analysis techniqueg
e; 4) message codes are provided‘as cautions about errg
eering problems that can be .modelled by differential eg
or constant coefficients can be analyzed and 6) the tr

pects: EASY is a 1arge, complex computer program. It

operate
trouble

A gener
approac
Difficy
require
experie

d on CDC/CYBER, IBM,“er DEC VAX computers. Means for r3
shooting of errors.are provided.
h is a comhined effort of a controls analyst and an ECS

d to obtain solutions.
nced/user,

Initial use may need to be discy

@l background_on control dynamics is suggested for userg.

conducted.
g ECS

, initial
sis options,

simple codes
chniques
nts); 2)
zed, or

are

rs in input;
uations with
ansient

ined.

can be
pid

One
engineer.

1ty in obtaining solutions may occur, and some skill (and art) may be

ssed with an

The EAS

control

system analyses. Typical applications are:

Y-Computer program can be applied to several types of epvironmental
1) detailed stability

and transient response of an ECS component or subsystem; 2) transient
response of a complete ECS, with less detail than in 1); 3) cabin cool-down
and warm-up; 4) transient thermal responses of avionic equipment; and 5)
cabin and avionics cooling performance adequacy during aircraft transient

maneuve

Predicted results are only as good as the models defined with EASY.
Simulation using EASY

mathema

rs.

tical models are approximations to real ECS.

EASY

does not provide answers to all system questions, but it should provide key

data re

garding fundamental system performance.



https://saenorm.com/api/?name=4ceed28900ca4dcfc14e0157164ad6dd

5.1

942

5.3

* Although E

=

EASY COMPUTER PROGRAM: The EASY computer program is designed to
mathematically the dynamic performance of most aircraft ECS. In
performance is mathematically described by a system of nonlinear
equations of the first order in terms of state variables (a math

mode1
general, ECS
differential
model).

This set of state equations can be arranged with the time derivative term on

the 1eft hand side (the derivative of the state variable),
variables and inputs on the right hand side. In EASY, the state

and the state

equations

are integrated by a suitable method, and a complete description of system
performance as a function of time - the transient solution - is obtained.

The EASY program contains options to solve the system of equations by

linearization techniques, and for a steady state condition.

Steady state is

a 1imit golution with time approaching an infinite value.
is obtaiped by linearization of the equat1ons about some operat?
Steady state* is for system analysis in an initial design phase.
approximation analysis (1inearization) is useful for more details
modeling| such as classical frequency response analysess “Full s
solving the nonlinear equations, is the highest level of transie
for invegtigation of system transient responses.

Program $olution techniques, program organizatign, use, and inpu
are summgrized herein.

History|of Program:
SponsorId by the U.S. Air Force, and. was completed in July 1977

1 and 2 Experimental verification\of the program was complet
same timpe (Reference 3). Development of additional components
analysi$ of vapor cycle systems\are available (References 7 and

EASY Program Capabilities:
program
Table I

The nine ECS solution techniques of
and a summary qf\results obtained from their use are p

Program|Organizatioh.-- The EASY computer program contains three
subprogtams. Thése are the Model Generation Program, the Analy

and the|File Maintenance Program. Relations between these sub-

A Tingar solution

hg point.
Linear

bd system
mulation, by
ht analysis

t and output

Development of the [EASY ECS computer program was

(References
bd at the
for the

8).

the EASY
rovided in

5is Program,
brograms,

data inIut and output, and data files are shown in Figure 2.

§»'can be used for steady state analyses, other programp which are

intended only for steady state analysis may be more efficient, e.g., see
Reference 6.
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TABLE 1

RESULTS FROM EASY ECS ANALYSIS

ANALYSIS RESULTS

l. Steady State o ECS THERMODYNAMIC PERFORMANCE AT SINGLE
OR_MULTIPLE CONDITIONS

2. Nonlfinear o TIME RESPONSE OF ECS

3. Linepr o DEGREE OF ECS CONTROL STABILITY |OR

' INSTABILITY

4. Stabfility Margin o REGIONS OF STABLE EES OPERATION

5. Trangfer Function o VARIATION OR RESPONSE OF ECS OUTPUT FOR
SPECIFIED INPUT

6. Root| Locus o LOCUS OF ECS” SOLUTION PARAMETERY, TO
DETERMINE BETTER VALUES

7. Eigepvalue Sensitivity o SENSITIVITY OF ECS STABILITY TO |[CHANGES
OE (SPECIFIED PARAMETERS; OR IDENTIFI-
CATION OF CRITICAL ECS PARAMETERS

8. Function Scan 0" GRAPHICAL PRESENTATION OF TABULAR ECS
INPUT DATA

9. Optipal Controller o "GOOD" CONTROL CONFIGURATION FOR AN ECS

5.3.1 Modell Geperation Program: The Model Generation Program prepares

desciiptive information and FORTRAN source codes for the ECS|model, using
input data which functionally describe the ECS. The FURTRAN codes are a
series of calls to subroutines describing various ECS components.

The model description input are commands which describe how standard
component subroutines are interconnected to define the ECS flow system
schematic to be analyzed. Inputs from components to other connected
components are specified by commands in a specified EASY format. Standard
component subroutines include general performance analysis methods for ECS
components, control elements, and miscellaneous functions. (See Table II
for short summary of component types.) These are available in the EASY
subroutine library. If an ECS cannot be modeled with existing standard
components, new component subroutines can be defined and included in the
model description by appropriate FORTRAN statements, or the new standard
components subroutines may be added to the library of existing ones.
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TABLE 11

TYPES OF EASY STANDARD COMPONENTS

o AIR CYCLE REFRIGERATION COMPONENTS

o VAPOR CYCLE REGRIGERATION COMPONENTS

o DUCTING COMPONENTS

o 75

o NERALIZED CONTROLLERS

o] NERALIZED TRANSFER FUNCTIONS

0 NERAL ANALYTICAL AND MISCELLANEOUS FUNCTIONS

5¢3.2

The HASY Model Generation program generates a schematic flow|diagram of
the HCS model. The flow schematic shows interconnections between standard
compgnents, and input and output data (e.g., temperatures, pressures,
humidities) that are common at each interconnection. The schematic is
prodyced on the lineprinter. ¥ provides a rapid graphic check on the
program's interpretation of ‘the model description.

The Model Generation Program produces a 1ist of input data that is
requilred by each compghent to complete the model description, These data
are ysed in the Analysis Program. Both scalar parameters anf tabular data
are included in tHis 1ist. The Analysis Program assumes that any quantity
not qupplied by.another component will be supplied as a fixefd parameter by
the {nput. Thus, items in the input data 1ist may reveal a gonnection
that |was omitted from the ECS model description.

The Modé&}-Generation Program also generates a subroutine to [oad tabular
data [réquired by the model for the Analysis Program.

Analysis Program: The EASY Analysis Program has options for several
different dynamic, linear, or nonlinear analysis techniques, and for
synthesis of optimal linear controllers.

The Analysis Program provides options for application of the analysis
technique considered to be best suited to a particular problem. Several
different ECS models (i.e., linear model, steady state model) do not need
to be generated.

The Analysis Program uses the FORTRAN codes describing the ECS model and
numerical values for the items defined in the input data 1ist by the Model
Generation Program. Output can be in optional printed formats determined
for the analysis technique used, and in many cases as plotted results.
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5.3.3 File Maintenance Program: The File Maintenance Program is used to modify
and to 1oad new standard component input and output descriptions onto a
permanent file. This program is used only when it is necessary to modify

the input, output, or table 1ist of an existing standard component, or
when a new standard component is to be added to the system.

5.4 Problem Input: Two input files normally are required for EASY use. These
are for the Model Generation Program and for the Analysis Program. The
third input file, for the File Maintenance Program, is not needed for all
analyses. Sample input for the Model Generation Program and the Analysis
Program are provided in Appendix B.

5.4.1 Model[Generation Program Input: Model Generation Program (MGR) input
considts of command statements, descriptive ECS data, and. additional
FORTRAN statements as user options. This input informatién i§ summarized
in Taljle III. Sample MGP input are presented in Appendix B.

TABLE ITT

MODEL GENERATION PROGRAM INPUT.CONTENT

o CQMMAND STATEMENTS (AS APPROPRIATE)

- [INPUT DATA IDENTIFICATION
- |INPUT DATA REQUESTS

o SYSTEM DATA

- [COMPONENTS : 2-LETTER CODES FOR ECS COMPONENTS

- |LOCATIONS: WHERE ECS COMPONENTS ARE LOCATED ON A OUTPUT
SCHEMATIC

- |INTERCONNEGTIONS: COMPONENT NAME AND POSITION WHERE CONNECTION
COMES FROM

POSITION WHERE INLET CONNECTION IS MADE

o FQRTRAN STATEMENTS (OPTIONAL)

- ADDITIONAL ECS MODEL FEATURES
- NON-STANDARD COMFPONENT DATA

5.4.2 Analysis Program Input: Analysis Program input consists of command
statements, and coded and numerical data lists. (See Table IV.) The
types of input data required to define specific details for each ECS
component are output by the Model Generation Program, as an aid in
preparing Analysis Program input.
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TABLE IV

ANALYSTS PROGRAM INPUT CONTENT

o COMMAND STATEMENTS (AS APPROPRIATE)

- INPUT DATA IDENTIFICATION
- ANALYSIS TYPE REQUESTS
- |OUTPUT FORMAT REQUESTS

o DATA

-~ |TABULAR

- |PARAMETER VALUES

=|INITIAL CONDITIONS FOR ECS MODEL
—|STATE VARIABLES

Commajnd statements identify eachydata item being input; they|specify
analysis types being requested;“and they define output forma{s desired for
each fanalysis. There are cdmmand statements for each of the|nine analysis
typed discussed in Section)5.2. Command statements also proyide for:

° dgfinition of parameter, rate, state, and variable names;
° Initialization of conditions, operating points, and initigl time values;
® ddfinitiomand control of Tineprinter, punch, and plotter|output;

input of table data;

specificatiomr of tittes for plotteddatas
® format for output of punched, printed, and plotted data.
A sample Analysis Program input 1ist is provided in Appendix B.

5.5 Program Output: The EASY program produces lineprinter output from the Model
Generation Program; and lineprinter plotted output from the Analysis
Program. Only time histories and steady state scan graphics are available
with lineprinter plots. The generation of plotted output requires use of
specialized software (which is not part of the EASY program).
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TABLE V

MODEL GENERATION PROGRAM OUTPUT

ALWAYS OUTPUT

[¢]

(0]

OPTIONAI

INPUT LISTING

VS RO LA AT Falsl
o INPUFECOMMAND—TETST

WARNING MESSAGES

(

N APPLICABLE)

. OUTPUT

(o]

o

ECS 1

IDEN]
NEED}

'LOW SCHEMATIC

[TFICATION OF DATA
D FOR ANALYSIS PROGRAM

DESCRIRTION

o

SIMPLE LINE PRINTER SCHEMATIC
OF SYSTEM BEING MODELED, TO

ENABLE USER TO IENTIFY ERRORS
IN THE MODEL DES SEE
EXAMPLE, FIGURE

INCLUDES DATA RE
SUCH AS TABLES,

AND INITIAL COND
STATE VARIABLES.
OUTPUT, APPENDIX

TIONS FOR
SEE SAMPLE
B.

o LISTING OF SUBROUTINE o LISTING OF SUBROYTINE EQMO

CALLING STANDARDy COMPONENTS WHICH DEFINES EQUATIONS USED
IN THE ANALYSIS FROGRAM.

o LISTING OF<SUBROUTINE SETTING o LISTING OF SUBROYTINE DATAIN,
DATA |ACCESSED BY ANALYSIS WHICH SETS THE NYMBER OF
PROGRAM- STATES, VARIABLE$, AND PARA-

+ CCESSED BY
THE ANALYSIS PROGRAM.
5.5.1 Model Generation Program OQutput: Some forms of data are always output by

the Model Generation Program, and some are output per user option.

are summarized in Table V.

These
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Notes
1. Numbers are positions used to locate components on schematic
2; Two letters Inside geometric shapes Indicate component types
3. Alphanumeric codes ldentify data transfer between components
Figure 3 - SAMPLE ECS FLOW SCHEMATIC AS
MODEL GENERATION PROGRAM (MGP) OUTPUT
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5.5.2 Analysis Program Output: Analysis Program output is unique for each of
the nine types of analyses (see Section 5.2). Two general types of data
or information also may be output by the Analysis Program. One is a
graphical output of all tabular data. This provides a convenient visual
check of input data. (See Appendix B for a sample of this output.) The
second is output if the Analysis Program encounters difficulty in
interpreting analysis instructions or in performing analysis, and warning
messages are provided. A summary of Analysis Program output is provided
in Table VI.
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TABLE VI

ANALYSIS PROGRAM OUTPUT

AVAILABLE
ECS OUTPUT OUTPUT
ANALYSIS TYPE DATA FORMAT
STEADY STATE o STATE CONDITIONS o LINEPRINTER
o RATES o PLOTS
o PARAMETER VALUES
0 VAKIABLE VALUES
NONLINEAR o ECS PARAMETERS VERSUS TIME o LINEPRINTER
o PLOTS
LINEAR o STATE VARIABLES AND DERIVATIVES |o LINEPRINTER
o STABILITY MATRIX
o EIGENVALUES
STARILITY MARGINS o PARAMETER LIMITS o LINEPRINTER
o NATURAL FREQUENCIES
TRANSFER | FUNCTIONS o FREQUENQY) RESPONSE FUNCTIONS o LINEPRINTER
o BODE PLOT
o NICHOLS PLOT
o NYQUIST PLOT
ROOT LOCUS 0" ROOT LOCUS o LINEPRINTER
o PLOTS
EIGENVALUE SENSITIVITY {o EIGENVALUES AND SENSITIVITY o LINEPRINTER
MEASURES
FUNCTION LSEAN 0 GRAPHICATI. FORMS OF FIINCTIONAT. 0 1LOTS
RELATIONS
OPTIMAL CONTROLLER CONTROLLER GAIN ARRAYS o LINEPRINTER
SENSOR ARRAYS o PUNCH CARDS

0000

STABILITY MATRIX ARRAYS
CRITERIA ARRAYS
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5.6 Computer System: The EASY Computer program is written in FORTRAN IV
language. It can be operated on the CDC/CYBER family of computers (6600,
760, and 176), or on the IBM or DEC VAX computers. Core requirements are
a function of model size and use of the optimal controller synthesis

capability. Typical core requirements (Octal) are provided in Table VII.

TABLE VII

CORE REQUIREMENTS

Execu
analy

MODEL SIZE ANALYSIS WITH OPTIMAL
(NO., OF STATES) ONLY CONTROLLER SYNTHESIS
10 120K 140K
30 170K 230K
50 200K 300K

ses that are run.

tion times are very dependention model size and on the t

ype of

The EASY computer program is-avaialble from the United States| Air Force
(ASD/ENFEE, Wright-Pattersen AFB, Ohio 45433). A blank complter tape
should accompany all réquests for the program. Requests from a foreigh
countjry must be sent through that country's embassy in Washington, DC.

6, LIMITATIONS AND OTHERNUSAGE: Users of the EASY computer program must be aware
of its Tippitationsi/~Suggested improvements to the program, and other uses and
variations of EASY also are presented.

6.1 Limitatfions+” The EASY program has the following limitations.

1) Equations representing ECS performance must be in state variable form
(i.e., they must consist of a set of explicit first order equations).

2) The practical upper 1imit of model size is approximately seventy-five
state variables. It is desirable to 1imit model size to less than forty
state variables to avoid excessive computer costs.

3) Convergence of a steady state analysis is not guaranteed. Normal rules
for solutions to nonlinear equations apply. For example, avoid
discontinuities and make reasonable estimates of initial conditions.

4) Specific 1imits on EASY input are 100 component identifiers per model;
50 tables per model; and 10 optimal controller inputs, outputs, or
criteria.
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5) Some closed loop systems with inherent implicit Toops are difficult to
analyze due to the EASY program structure.

6) The IBM version of EASY is not fully operational at present. Software
changes to the original CDC/CYBER version were required for use on IBM

and PDP VAX computers.

Usage on Other Types of Systems: The EASY program has been applied to other

systems as indicated below:

aircraft and missile simulation and control
power plant modeling and control

passgnger vehicle dynamic performance assessment
chemilcal process simulation and control
electrical power distribution stability

servq designs for tape drives, machine tools, pointing systens
game [animal population dynamics and control
instrumentation compensation design
aircnaft arresting systems

aircraft hydraulic systems.

OO0 O0o0O0 0000 o

EASY4, |[EASY5S(CE), and EASY5: There are thrée current versions|of the EASY

REFEREN(ES:

computdr program. EASY4 is the original«EASY program. EASY5(CE) is an
improvgd version of EASY which was used for analysis of ejectipn seat
stability for a Crew Escape system (Reéference 9). These two vgrsions are
availaljle from USAF. The EASY5 version is a proprietary program available
commerdially (Reference 10).

There qre two significantly-new capabilities in EASY5, which are not in
EASY4 dr in EASY5(CE). One-is enhanced capabilities for Optimgl Control
Design{ and the second j%. the Macrocomponent capability. The Jatter allows
reduction in the numberyof states for new components. Other djfferences
between the three EASY versions are indicated in Table VIII.
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G. S. DuTeba, AppTication of the EASY Dynamic AnaTysis Program to Aircraft
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1977.

G. S. Duleba, et al, Experimental Verification of ECS Dynamics Computer
Program, AFFDL-TR-77-104, October 1977.

A. J. P. Lloyd and V. K. Rajpaul, Dynamic Analysis Environmental Control
Systems the "EASY" Way, ASME Paper 77-ENAs-6, July 1977.

H. E. Petersen and F. J. Sausom, MIMIC - A Digital Simulator Program, Air
Force Document SESCA Internal Memo 65-12, May 1965.

The Advanced Environmental Control System (AECS) Computer Program for Steady
State Analysis and Preliminary System Sizing, SAE AIR 1706A, October 1986.
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G. S. Duleba, EASY Vapor Cycle Dynamic Analysis, AFWAL-TR-84-3082, October,
1984,

C. L. West, B. R. Ummel, and R. F. Yurczyk, Analysis of Ejection Seat
Stability Using EASY Program, 2 Volumes, AFWAL-TR-80-3014, September 1980.

Boeing Computer Services, P.0. Box 24346, Seattle, WA 98124,
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TABLE

VIII

DIFFERENCES BETWEEN EASY4, EASYS5(CE), AND EASYS

Cabability EASY4 EASY5(CE) EASY5
1. FULLY INTEGRATED FORTRAN NO YES YES
COMPONENTS
2. OPTIMAL CONTROLLER IMPROVEMENTS | NO NO YES
a. FQRTRAN CONNECTIONS
b. OZEN STATES
c. RBAL EIGENVALUE LIMIT
3. DISCRETE ANALYSIS NO OLD“ALGORITHMS YES
4. VECTOH/MATRIX CAPABILITIES NO YES YES
5. MACRO [COMPONENTS kO NO YES
6. VECTON COMPONENTS NO YES YES
7. LINEAH MODEL GENFRATION NO NO YES
8. LINEAH MODEL REDUCTION NO NO YES
9. THREE |[DIMENSIONAL TABLES NO YES YES
10. TRANSHER FUNCTION ZEROES NO OLD ALGORITHMS YES
11. COH.PLjTE PRINTER PLOTS NO NO YES
12. AUXILJARY INPUT/FILES NO YES YES
13. DEBUG [FEATURE NO YES YES
14. ALTERABIE(TABLE STORAGE NO YES YES
15. SECONDARY TINC, PRATE, OUTRATE NO YES YES
AND PRINT CONTROL
16. CALCULATE INITIAL CONDITION NO YES YES
OPTION
17. SUPPRESS TABLE PRINTBACK NO YES YES
OPTION
18. SINGLE PASS THROUGH MODEL NO YES YES
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APPENDIX A - DEFINITIONS

Analysis Program - The Analysis Program is that part of EASY which performs
the ECS transient analysis.

Bode Plot - A Bode plot presents system frequency response data plotted in
rectangular coordinate form. The magnitude ratio (output-to-input) and
phase angle (time relationship of output-to-input) are plotted against
frequency of a change in input.

Eigenvalues - Eigenvalues are the roots (or solution parameters) of a
system's _characteristic equation. The roots are complex numbers, with a
real and an imaginary part.

Eigenvallue Sensitivity - Eigenvalue sensitivity is a quantitative measure of
the charlge in system eigenvalues for a given change in the magniftude of a
design plarameter.

EASY - Hnvirommental Control Analysis SYstem comput¢r program. |(References
T and 4)) '

File Maintenance Program - The File Maintenarice Program is that ppart of the
EASY prdgram which is used to Toad component’models or to modify the
standard component models.

Frequendy Response - Frequency response refers to the steady stdte response
of a sydtem to a sinusoidal input«oFf fixed amplitude.

Functiorl Scan - Function scan\js’ a feature of the EASY program fhat provides
a graphilc output of algebraie’/functional relationships or of tabulated data
input by a user. -

Gain Marg%ﬂ - The gai( margin is the factor by which the Toop ggin must be
muitiplied, for a system to reach the stability boundary.

Kalman Hilter <(The Kalman filter is an optimal estimator or filtering
technigye for,'estimating the state of a linear system.

Laplace [Transform - The Laplace transform is a mathematical relgtionship
that is used to transform a function from the time domain to a transformed
domain.

Linear or Nonlinear Analysis - Nonlinear systems may be analyzed by using a
Tinear approximation of the nonlinear equations about a specific point, or
by using a number of digital computer techniques available for solving
nonlinear differential equations.
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Linear and Nonlinear Differential Equations -

Co 0™ 4 0y O™ Mx 4 .. 0y OX & Cox = %
odtﬂ ]W n.la? nx ()s

is linear if there are no products or nonlinear functions of the dependent
variable x or its derivatives. Examples of nonlinear differential equations
are:

d x dx 3
+ —+ x" =0;
at? gt
£=C
dt 2
dzx dx s

—-2"*'203-76"')( =0

Linear Regulator - A Tinear regulator is a spécial case for mipimization of
the performance index to obtain optimal performance.

Model Qeneration Program - The Model Generation Program (MGP) ¢f EASY
assemblles the ECS by organizing standa¥d components or new components, and
compongnts interconnections, based on user inputs.

Nicholgq Plot - A Nichols plot is ‘the 1ogarithm of the output-tp-input
magnitdde ratio plotted against the phase angle, as the frequepcy of a
sinusoildal input is varied.

Nyquistl Plot - The Nyqdist plot provides magnitudes and phase relationships
in pollar form) betweer system input and response for any excitation
frequerlcy.

Optimal Control™> Optimal control is when the values of the coptrol
parameflers [transfer function) are chosen such that a selected|performance
index s maximized (or minimized).

Phase
ags or leads a sinusoidal input to the system.

t response

Root Locus Analysis - The root locus analysis is a graphical procedure for
determining all possible roots of the characteristic equation for a control
system,

System Characteristic Equation - The characteristic equation is the
denominator of the system transfer function.

Stability Matrix - A stability matrix is the eigenvalues of a system
about an operating point.
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23) Standard Components - Standard components, in the EASY computer program, are
subroutines which define dynamic performance relations of ECS components and
controls, dynamic performance relations of general basic controls, and
miscellaneous analytical functions.

24) State Variables - State variables are variables which completely describe
the behavior of a dynamic system. '

25) Transfer Function - The transfer function for any component or system is
defined as the ratio of the Laplace transform of the output to the Laplace
transform of the input.

Transfer Function Form = g
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APPENDIX B
SAMPLE EASY INPUT AND OUTPUT

Several samples of input to and output from the EASY Model Generation Program and
Analysis Program are provided.

The sample EASY input and output are for a simply defined bootstrap air cycle
ECS. A flow schematic of this ECS is provided in Figure B-1. It represents air
flow into a compressor, air flow from the compressor to a heat exchanger, and
flow from the heat exchanger to a turbine. The compressor is shaft powered by
the turbine. The EASY 2-Tetter codes for the four components also are noted in
the figure.

B.1 Model @eneration Program Input - A sample Model Generation Program input for
the bodtstrap ECS and an additional feature about the aif tycl¢ machine

(turbine driven compressor unit) are presented in Figure B=2.

The firlst 1ine of input, LIST STANDARD COMPONENTSy<calls for a
all stdndard components.

listing of

Input 1lines 2 through 6 define the ECS mode¥;”where the four components are

B.2

to be located on a lineprinter flow schemd®ic output, and inte
betweer| components (identified as INPUTSY}. MODEL DESCRIPTION

rconnections
bpecifies the

start df the ECS description input, followed by the title to b¢ used on the

Tineprilnter flow schematic.

The compressor symbol on the flow schematic output is to be log¢ated at

positidn 041, the heat exchanger at position 023, and so on.
exchander receives inputs frém compressor output port location
with al|connection to thewheat exchanger at inlet port number 1
receivds inputs from heat exchanger port number 3, with a conn
turbingd port number (T,

through<{29 define an additional feature which cannot b
using dtandard oomponents. Any unique 1imits on the analysis
defined in the*MGP input. These Tines are FORTRAN statements
whethen theldir cycle machine shaft speed (EN SF) exceeds a sp
(RPMLIM)-oorresponding to a machine failure. If this occurs i
Program, the analysis 15 terminated and a diagnostic mes

Lines

Model Generation Program Output - A sample of Model Generation

Ihe heat
number 2,

L The turbine
pction to

b model ed

ust be

o check

cified value
the Analysis
output.

Program

output providing a Tist of required input data for the Analysis Program is

provided in Figure B-3.
indicating type of tabular data needed for each component, the
parameters for which values are required, and states for which
conditions and error control values are needed.
preparation of Analysis Program input.

This output gives coded alphanumeric data

specific
initial

This output aids
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