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1. SCOPE:

The Engineering Analysis SYstem (EASY) computer program is summarized in this report. It
provides techniques for analysis of steady-state and dynamic (transient) environmental control
system (ECS) performance, control system stability, and for synthesis of optimal ECS.

General uses of a transient analysis computer program for ECS design and development, and
general features of EASY relative to these uses, are presented. This report summarizes the nine
analysis options of EASY, EASY program organization for analyzing ECS, data input to the
program and resulting data output, and a discussion of EASY limitations.

Appendices provide general definitions for dynamic analysis, and samples of input and output for

EASY.
1.1 Purpose:

A generalize
aircraft ECS,

2. REFERENCE$

The following {
issue of SAE p
in effect on the
document and
document, hov
been obtained

2.1 SAE Publica
Available fro

2.1.1 AIR1706

and methods for dynamic analysis of aircraft ECS are-discussed in

D .

bever, supersedes applicable laws\and regulations unless a specifig

ions:
m SAE, 400 Commenwealth Drive, Warrendale, PA 15096-0001.

The Advanced Environmental Control System (AECS) Computer P
Steady-State'Analysis and Preliminary System Sizing

d computer program for determining transient thermodynamic performance of

this report.

ublications form a part of this document to‘the extent specified hergin. The latest
ublications shall apply. The applicable .is§ue of other publications shall be the issue
date of the purchase order. In the event of conflict between the tekt of this
references cited herein, the text of this document takes precedence. Nothing in this

exemption has

ogram for

2.1.2 SAE 881001 JF DBefenbaugh, W.S. Heglund and A.L. Markunas, A Dynami¢ Model for Vapor

Cycle Cooling Systems

2.2 Other References:

2.21 A.J. P. Lloyd, et al, Environmental Control System Transient Analysis, 4 Volumes,
AFFDL-TR-77-102, October 1977.

2.2.2 G. S. Duleba, Application of the EASY Dynamic Analysis Program to Aircraft Environmental
Control Systems - Reference Guide, AFFDL-TR-77-103, October 1977.

2.2.3 G. S. Duleba, et al, Experimental Verification of ECS Dynamics Computer Program,
AFFDL-TR-77-104, October 1977.
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224

225

2.2.6

2.2.7

2.2.8

229

2.3 Definitions:

2.31

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

2.3.7

2.3.8

2.39

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.

J. Chi, Vapor Cycle (VCS) Transient and Steady-State Analysis Computer Program,
AFWAL-TR-81-3143, October 1981.

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

EASY5x is
1-800-426-

ANALYSIS
transient a

BODE PL(
coordinate
output-to-in

EIGENVAL
characteris

EIGENVAL
system eig

EASY: En

FILE MAIN
program w

Volumes, AFWAL-TR-80-3014, September 1960.

a commercial product available from Boeing Computer Services (T
1443).

elephone number

PROGRAM: The Analysis Program is that part;,of’ EASY which pefforms the ECS

nalysis.

DT: A Bode plot presents system frequencgy response data plotted i
form. The magnitude ratio (output-to-input) and phase angle (time
\put) are plotted against frequency of"a change in input.

UES: Eigenvalues are the roots (or solution parameters) of a systg

n rectangular
relationship of

m's

tic equation. The roots are-complex numbers, with a real and an imaginary part.

UE SENSITIVITY: Eigenvalue sensitivity is a quantitative measure
envalues for a given-change in the magnitude of a design parametg

gineering Analysis SYstem computer program. (References 1 and

TENANCE PROGRAM: The File Maintenance Program is that parf
hich jsused to load component models or to modify the standard cq

FREQUENCY RESPONSE: Frequency response refers to the steady-state re

of the change in
r.

1)

of the EASY
mponent models.

sponse of a

system to a sinusoidal input of fixed amplitude.

FUNCTION SCAN: Function scan is a feature of the EASY program that provides a graphic
output of algebraic functional relationships or of tabulated data input by a user.

GAIN MARGIN: The gain margin is the factor by which the loop gain must be multiplied, for a
system to reach the stability boundary.

2.3.10 KALMAN FILTER: The Kalman filter is an optimal estimator or filtering technique for

estimatin

g the state of a linear system.
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2.3.11  LAPLACE TRANSFORM: The Laplace transform is a mathematical relationship that is used
to transform a function from the time domain to a transformed domain.
2.3.12 LINEAR OR NONLINEAR ANALYSIS: Nonlinear systems may be analyzed by using a linear
approximation of the nonlinear equations about a specific point, or by using a number of
digital computer techniques available for solving nonlinear differential equations.
2.3.13 LINEAR AND NONLINEAR DIFFERENTIAL EQUATIONS:
d"x d"x dx
Co——+C——+...+C_1 —+cx=fM(t Eq.1
0 g O g n-1g¢ * Cn (t) (Eq.1)
is linear if there are no products or nonlinear functions of the dependent variable x or its
derivatives.| Examples of nonlinear differential equations are:
ﬂ+°'—X+x3—o (Eq.2)
dt®*  dt '
dx®
—=0 Eq.3
pm (Eq.3)
ﬂ+x°'—"+x2—o (Eq.4)
dt? ~ dt '
2.3.14 LINEAR REGULATOR: A linear regulatoris a controller which can be implemented using
only linear differential and algebraic equations.
2.3.15 MODEL GENERATION PROGRAM:” The Model Generation Program of EASY| assembles
the ECS by|organizing standard:components or new components, and components
interconnedtions, based on user inputs.
2.3.16 NICHOLS RPLOT: A Nichols plot is the logarithm of the output-to-input magnitude ratio plotted
against the |phase angle, as the frequency of a sinusoidal input is varied.
2.3.17 NYQUIST PLOT:“The Nyquist plot provides magnitudes and phase relationships (in polar
form) betwgen system input and response for any excitation frequency.
2.3.18 OPTIMAL CONTROL: Optimal control is when the values of the control parameters (transfer
function) are chosen such that a selected performance index is maximized (or minimized).
2.3.19 PHASE ANGLE: Phase angle is a measure of how a system's output response lags or leads
a sinusoidal input to the system.
2.3.20 ROOT LOCUS ANALYSIS: The root locus analysis is a graphical procedure for determining

all possible roots of the characteristic equation for a control system.
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2.3.21 SYSTEM CHARACTERISTIC EQUATION: The characteristic equation is the denominator of
the system transfer function.

2.3.22 STABILITY MATRIX: A stability matrix is the eigenvalues of a system about an operating
point.

2.3.23 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.

2.3.24 STATE VARIABLES: State variables are variables which completely describe the behavior of
a dynamicsystemn.

2.3.25 TRANSFER FUNCTION: The transfer function for any component orsysten is defined as
the ratio ¢f the Laplace transform of the output to the Laplace transform of the input.

Transfer Function Form = 2a1s * by (Eq.5)
a,s“ + bys+c,

3. BACKGROUND ON COMPUTERIZED TRANSIENT ECS ANALYSIS:

Computerized ECS analysis techniques can improve ECS design and development, and reduce

overall ECS d¢

The evolution ¢
significant inve
development o

a. Definition o
b. Developmg
c. Developme

Use of an ECS
these tasks. T
temperature, a
other types of |

velopment costs.

f an aircraft ECS - from concept, to design and development, to prq
stment in manpower, resourges, and time. An initial phase in the dg
f an ECS involves the following three tasks:

f system components to meet aircraft requirements
nt of componentsto-meet system performance
nt of controls far desired system operation (see Figure 1)

"breadboard” lab, for prototype component and system developme
his lab_contains various ECS components: an air supply at variable
nd flow,and load "banks" to simulate cabin, electronics cooling, def
FGScloads. With the use of this "breadboard" lab, a prototype ECS i

development te

psign and

nt, could aid
pressure,
pgging, and

stina Naow concante ara triad varinue cantral ecchamac ara invact:
StHg—NeW-cORGeptSaiFetHe G YaHOUS oo r-SerReesSare-Hhvest

gated, and

design performance is demonstrated. This "breadboard" lab significantly reduces ECS
development costs.

pduction - is a

s "connected" for
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BREADBOARD COMPUTER
APPROACH TASKS APPROACH

DEFINE ECS
TO MEET AIRCRAFT
REQUIREMENTS
CONNECT ECS | / INPUT ECS
COMPONENTS l MATH MODEL
DEVELOP ECS
COMPONENTS
AND SYSTEM
TEST ECS ANALYZE EC$
PROTOTYPE / PERFORMANCE
DEVELOP ECS
CONTROLS
TEST ECS / \ ANALYZE ECS
CONTROL CONTROL
SCHEMES RESPONSES
ECS DESIGN
FIGURE-+—EES Bevetopment Approaches
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3.

4.1

(Continued):

Generalized ECS "breadboard" labs 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" lab.
ECS components, air supplies, and heat loads 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 dynamic

performance o

general purpoge simulation languages (Reference 2.2.5), and special purpose-£C

analysis progr.
considerable €
programs oftef
is a general an
defined in 5.6.

Development ¢
Dynamics Lab
computer prog
commercially.

GENERAL FE

The EASY con
part of the ove
salient aspects
Section 5.

Analysis Cap

The EASY ¢
and evaluatg
operation of
tolerance co

ms. Analog computers and general purpose simulation languages

fort by the analyst to model an ECS. Special purpose ECS‘dynam

| are designated "company proprietary" and are not available for ge|
alysis program which can be applied readily to many different ECS.
It has application to other types of systems also (see 6.2).

f this computer program initially was sponsored by the U.S. Air For
pratory (see References 2.2.1, 2.2.2, 2.2.3,‘and 2.2.4). An early ve
Fam is available from the U.S. Air Force afd later proprietary versig

ATURES OF EASY:

puter program is a potentially. effective analytical capability that car
rall design and development of ECS. Some key analytical capabilit
for its use are summarized. Further comments about use of EASY

abilities:

bmputer program can be used to evaluate the operation of existing

controls:for new ECS, and for control changes to existing ECS. Th
bxisting ECS due to programmed or unplanned changes (e.g., part
troller, etc.) at any normal steady operating condition, can be deter

0g computers,

S dynamic

require

¢ analysis

heral use. EASY
Its availability is

ce Flight
'sion of the EASY
ns are available

1 be an integral
es of EASY and
[ are provided in

ECS, to define
e dynamic

failure, out-of-
mined. EASY

can be used 10 define the operating logic of ECS controller schemes, and to determine controller
gains that assure system stability. Simulations for portions of a total ECS (i.e., which 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 loops, liquid heat sinks, and
pressurization systems. Analysis capability for vapor cycles is a later addition (References 2.1.2,
2.2.6, and 2.2.7). 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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4.1

4.2

(Continued):

System configuration is defined with a set of "standard components" from the EASY ECS library
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 nonlinear
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 types of thermodynamic and control dynamic analyses can be conducted. Pata needed for
these analyses include numerical values defining ECS components characteristics and system
boundary conditions (e.g., initial conditions). A single FORTRAN model, compatible with all
analysis optipns, is defined by the program.
Other progrgm capabilities are as follows:

a. Program|inputs are simple codes to connect discrete elements with built-in techniques (these
techniqués represent the performance and functions of\aircraft ECS components)

b. Definitions of ECS control functions can be simple‘and generalized, or detailed, or both
c. Six nonlinear dynamic analysis techniques .are*available
d. Message codes are provided as cautions’about errors in input

e. Engineelling problems that can be modelled by differential equations with vatiable or constant
coefficients can be analyzed

f. The transient response of ‘a.complete ECS, or of a part of an ECS, can be optained
Usage Aspects:
EASY is a lafge, complex computer program. It can be operated on CDC/CYBER, IBM, or DEC
VAX computersssliCan also be operated on interactive engineering workstation computers.

Means for rapiditroubleshooting of errors are provided, but may be limited by the¢ machine being
used.

A general background on control dynamics is suggested for users. One approach is a combined
effort of a controls analyst and an ECS engineer. Difficulty in obtaining solutions may occur, and
some skill (and art) may be required to obtain solutions. Initial use may need to be discussed
with an experienced user.

The EASY computer program can be applied to several types of environmental control system
analyses. Typical applications are:
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(Continued)

d.
e.
Predicted re

models are
system que

5. EASY COMP

The EASY co
most aircraft

order nonlinej
equations carn
state variable
equations are
as a function

The EASY pr
state solution
solution is obf
for system an
for more deta
simulation, by
investigation

The latest ver
of use by elim

Transient response of a complete ECS, with less detail than in (a)
Cabin cool-down and warm-up

Transient thermal responses of avionic equipment

approximations to real ECS. Simulation using EASY does not prov
stions, but it should provide key data regarding fundamental systen

UTER PROGRAM:

mputer program is designed to model mathematically the dynamic |
ECS. In general, ECS performance is mathematically described by
hr differential equations in terms of state variables (a math model).
be arranged with the time derivative term an’the left hand side (thg
, and the state variables and inputs on the'right hand side. In EAS
integrated by a suitable method, and a‘complete description of sys
pf time - the transient solution - is obtained.

bgram contains options to lineafize the system of equations and to
5. Steady-state is a limit solution with time approaching an infinite
ained by linearization of-the equations about some operating point.
alysis in an initial design phase. Linear approximation analysis (ling

jled system modeling; such as classical frequency response analys

solving the nonlinear equations, is the highest level of transient an
pf system transient responses.

sion of this program, EASY5x, has a graphical user interface that in
inatingthe need to develop models and analysis methods.

Program solu

Detailed stability and transient response of an ECS component or subsystem

Cabin and avionics cooling performance adequacy during aircraft transient maneuvers

nthematical
de answers to all
performance.

performance of

a system of first

This set of state
derivative of the

Y, the state

tem performance

obtain steady-
alue. A linear
Steady-state’ is
arization) is useful
es. Full

blysis for

hproves the ease

lion techniques, program organization, use, and input and output ar

e summarized

herein.

! Although EASY can be used for steady-state analyses, other programs which are intended only for steady-state analysis

may be more efficient (e.g., see 2.1.1).
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5.1 History of Program:
Development of the EASY ECS computer program was sponsored by the U.S. Air Force, and
was completed in July 1977 (see 2.2.1 and 2.2.2). Experimental verification of the program was
completed at the same time (see 2.2.3). Development of additional components for the analysis
of vapor cycle systems are available (see 2.2.6 and 2.2.7). Improved analytical capabilities and a
Window version have also been developed and are available commercially.
5.2 EASY Program Capabilities:
The nine ECS solution techniques of the EASY program, and a summary of results obtained from
their use are provided in Table 1.
TABLE 1 - Results From EASY ECS Analysis
Analysis Results
1. Steady-Stafe ECS thermodynamic performance at single or multiple
conditions
2. Nonlinear Time response of ECS
3. Linear Degree of ECS control stability or instability
4. Stability Mgrgin Regions of stable ECS operation
5. Transfer Fynction Variation or response of ECS output for specified
input
6. Root Locug Locus of ECS solution parameters, to determine better
values
7. Eigenvalue|Sensitivity Sensitivity of ECS stability to changes of specified
parameters; or identification of critical ECS
parameters
8. Function S¢an Graphical presentation of tabular ECS input data
9. Optimal Controller "Good" control configuration for an ECS
5.3 Program Organizatjon:
The EASY mplli_‘nr program contains-three ellhprngrame_ These are the Modke| Generation
Program, the Analysis Program, and the File Maintenance Program. Relations between these
sub-programs, data input and output, and data files are shown in Figure 2.
5.3.1 Model Generation Program: The Model Generation Program prepares descriptive information

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

componen

ts.
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USER PROGRAM
INPUT SUB-PROGRAM OUTPUT
MODEL MODEL \ FLOW SCHEMATIC
DESCRIPTION GENERATION & LIST FOR
DATA PROGRAM ANALYSIS INPUT
/
STANDARD
COMPONENT
INPUT-OUTPUT
[IST
FILE
MAINTENANCE
/ PROGRAM
NEW STANDARD
COMPONENT DATA
(OPTIDNAL) 1
COMPONENT ECS:MODEL
SUBROUTINE FORTRAN
LIBRARY CODES
PRINTED
Y k’ RESULTS
/ [—
DATA - PROGRAM
PLOTITED
RESUITS
CODE: | [
(7 INAuT
[ oureur

<> SUB-PROGRAM
["_"] DATA TRANSFER

O FILE

FIGURE 2 - EASY Program Organization
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5.3.1

(Continued):

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 2 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.

The EASY
The flow s
output dat
interconnd
check on{

The Mode
componer
Both scald

assumes that any quantity not supplied by another-éomponent will be supplie

parameter
omitted frg

The Mode
the model

[ Model Generation program generates a schematic flow diagram,e
chematic shows interconnections between standard components, g
A (e.g., temperatures, pressures, humidities) that are common at e3
ction. The schematic is produced on the lineprinter. It provides a 1
he program's interpretation of the model description.

| Generation Program produces a list of input data.that is required f
t to complete the model description. These data are used in the Af
r parameters and tabular data are included-in’this list. The Analysi

by the input. Thus, items in the input data list may reveal a conneq
m the ECS model description.

| Generation Program also generates a subroutine to load tabular d
for the Analysis Program.

TABLE 2+« Fypes of Easy Standard Components

Air eycle refrigeration components
Vapor cycle refrigeration components

Ducting components

the ECS model.
nd input and

ch

apid graphic

y each

nalysis Program.
5 Program

i as a fixed

ttion that was

ata required by

ECS control components
Generalized controllers
Generalized transfer functions

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

5.3.3

5.4

5.41

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 list 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.

File Maint
standard ¢
only when
componen

Problem Inp

Two input fil¢
Program ang
not needed f]
Program are

Model Gen
statementg
input inforn
presented

drive PIUgldIII. Thc Flib ?Vlid;lltbl I1dalivc PIUgldIII ib ubdd tU IIIUL“fy

bmponent input and output descriptions onto a permanent file. Fhis
t is necessary to modify the input, output, or table list of an existing
, or when a new standard component is to be added to the'system.

t:

bs normally are required for EASY use. These ate for the Model Gd
for the Analysis Program. The third input file, for the File Mainteng
por all analyses. Sample input for the ModelkGeneration Program ar
provided in Appendix A.

eration Program Input: Model Gengration Program input consists g
, descriptive ECS data, and additional FORTRAN statements as ug

n Appendix A.

TABLE 3 - Madel Generation Program Input Content

and to load new
program is used
standard

bneration
nce Program, is
d the Analysis

f command
er options. This

nation is summarized in Table.3) Sample Model Generation Program input is

Comman

Input d
Input d

System [

d Statements(As’'Appropriate)

hta identification
hta requests

ata

Compo
Locatio

Interconnections:

FORTRA

nents:
ns:

2-letter codes for ECS components

Component name and position where connection com
Position where inlet connection is made

N Statements (Optional)

Additional ECS model features
Nonstandard component data

Where ECS components are located on an output schematic

es from
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5.4.2 Analysis Program Input: Analysis Program input consists of command statements, and coded
and numerical data lists. (See Table 4.) 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.

Command statements identify each data item being input; they specify analysis types being
requested; and they define output formats desired for each analysis. There are command
statements for each of the nine analysis types discussed in 5.2. Command statements also
provide for:

a. Definition of parameter, rate, state, and variable names

b. Initialization of conditions, operating points, and initial time values
c. Definition and control of lineprinter, punch, and plotter output

d. Input ¢f table data

e. Specification of titles for plotted data

f. Format for output of punched, printed, and plotted data

A sample|Analysis Program input list is provided inAppendix A.

TABLE 4 - Analysis Program Input Content

Command Statements (As Appropriate)

Input data identification
Analysis type requests
Output format requests

Data

Tabular

Parameter values

Initial conditions for ECS model
State variables

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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5.5.1 Model Generation Program Output: Some forms of data are always output by the Model
Generation Program, and some are output per user option. These are summarized in Table 5.

TABLE 5 - Model Generation Program Output

Always Output
Input listing
Input command list
Warning messages (when applicable)

Optional Output Description

ECS flow gchematic Simple line printer schematic of system being
modeled, to enable user to identify grrors in the
model description. See example, Figure 3.

Identificatipn of data needed for Includes data requirements such as [tables,
analysis pfogram parameters, and initial conditions for state
variables. See sample output, Appgndix B.

Listing of qubroutine calling Listing of subroutine EQMO which defines
standard components equations.used in the analysis program.
Listing of qubroutine setting Listing* of subroutine DATAIN, which| sets the
data accegsed by analysis program number of states, variables, and parameters

that are accessed by the analysis prpgram.

5.5.2 Analysis Pfogram Output: Analysis Program output is unique for each of the nine types of
analyses (see 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 provideg a convenient
visual che¢k of input data. . (See Appendix A 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 Progrgm output is
provided il Table™'6.
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AIR CYCLE MACHINE (ACM) SUBSYSTEM
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11 L -2 13 14 15 16
Note 2—\
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Note 1—\
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Notes
1. Numbers are positions used to locate components on schgmatic
2; Two letters inside geometric shapes indicate component [types
3. Alphanumeric codes identify data transfer between components

FIGURE 3 - Sample ECS Flow Schematic as Model Generation Program Output
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5.6

TABLE 6 - Analysis Program Output

Analysis Typ

[

ECS Output Data

Available Output Format

Steady-state

Nonlinear

Linear

Stability mar

State conditions
Rates

Parameter values
Variable values

ECS parameters versus time

State variables and derivatives

Lineprinter
Plots

Lineprinter
Plots

Lineprinter

jins

Transfer fungtions

Root locus

Eigenvalue s

Function scan

Optimal cont

ensitivity

roller

Stabitity matrix
Eigenvalues

Parameter limits
Natural frequencies

Frequency response functions

Root locus

Eigenvalues and sensitivity
measures

Graphical-forms of functional
relations

Controller gain arrays
Sensor arrays
Stability matrix arrays
Criteria arrays

Lingprinter

Lineprinter
Bode plot
Nichols plot
Nyquist plot

Lineprinter
Plots

Lineprinter

Plots

Lineprinter
Punch cards

Computer System:

The EASY Computer program is written in FORTRAN |V language. It can be operated on the
CDC/CYBER family of computers (6600, 760, and 176), or on the IBM or DEC VAX computers. It
can also be operated on interactive engineering workstation 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 7.

Execution times are very dependent on model size and on the type of analyses that are run.
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TABLE 7 - Core Requirements

Model Size With Optimal
(No. of States)  Analysis Only  Controller Synthesis
10 120K 140K
30 170K 230K
50 200K 300K

5.6 (Continued):

Two early versions of the EASY computer program that were written in Fortran IV language,

Y4 and EASYS(CE), are available from the United States Air Force
rson AFB, Ohio 45433-7809). A blank computer tape should aceco
the program. Requests from a foreign country must be sentdhroug
(Vashington, DC.

namely EAS
Wright-Patte
requests for
embassy in

EASY5x is an X Window version of the EASY5 Engineering Analysis System. T

particularly W
characterize
is written in (
on the follow
Sun SPARC
station family
for Cray Y-M

EASY5x is s
components

General Pur
Air Vehicle (
Environment
Hydraulic (3]
Vapor Cycle

Assembling
becomes a s

ell suited to modeling large, complex, continuous-and/or multi-rate
l by algebraic, linear or nonlinear differential, ard/or difference equ
C, and the EASY5 background code is writtenin Fortran 77. EASY/
ing platforms: Hewlett Packard Apollo 400°series, Hewlett Packard
series, Silicon Graphics Personallris/Power Series/Indigo, Digital E
, and the IBM RS6000 family. In addition, the EASY5 background
P systems and Convex C2xx series’machines.

Lpplied with several libraries that contain pre-defined and thoroughl
These libraries are:

pose (106 components)

8 components)

al Control (40 components)
 components)

(10 companents)

B complex model using the EASY5x graphics interface and the stan
impleprocess of selecting the correct components and connecting

ASC/ENFAF,
mpany all
h that country's

he software is
digital systems
ations. EASY5x
bX is supported
9000/700 series,
quipment DEC
code is available

ly debugged

dard libraries
them in the

correct ordel

. 1P a given application area requires a different set of components

a user can

design and debug his/her own components. This expands the libraries available to EASY5x and

allows reuse

of these components within the application area.
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6. LIMITATIONS AND OTHER USAGE:

6.1

Users of the EASY computer program must be aware of its limitations. Suggested improvements to
the program, and other uses and variations of EASY also are presented.

Limitations:

The EASY program has the following limitations.

a.

f.
The EASY5X
a. Specific

Equations representing ECS performance must be in state variable form (i.e., they must

consist of

a set of explicit first order equations).

The practicat-uppertimitof modetsizeisapproximatety 75-state variabtes—
limit modEl size to less than 40 state variables to avoid excessive computer.q

Converge
nonlinear
estimateq

Specific |

and 10 optimal controller inputs, outputs, or criteria.

Some clgsed loop systems with inherent implicit lo@ps are difficult to analyze
program structure.

is desirable to

osts.

nce of a steady-state analysis is not guaranteed. Normal rules for|solutions to
equations apply. For example, avoid discontinuities and;make reasonable

of initial conditions.

mits on EASY input are 100 component identifiers per model; 50 tgbles per model,

due to the EASY

The IBM jversion of EASY is not fully operational at present. Software changes to the original

CDC/CYBER version were required fordse on IBM and DEC VAX computer$

D.

states per model.

The steafly-state finderis robust, but requires a reasonable estimate of the i
the stateg. Since its solving nonlinear equations, a solution may be found t
correspond to physical reality.

Implicit Ig

program has the following limitations.

mits on EASY5x input are 1000 components, 400 tables, and less {

ops'in the model are not permitted. EASY5x diagnostics enable th

and remo

ve all model implicit loops before starting analysis.

han 10,000 total

hitial conditions of
hat does not

e user to locate
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6.2 Usage on Other Types of Systems:

6.3

The EASY computer program has been applied to other systems as indicated below:

Chemical
Electrical

Game an

Aircraft and missile simulation and control
Power plant modeling and control
Passenger vehicle dynamic performance assessment

process simulation and control
power distribution stability

Servo designs for tape drives, machine tools, pointing systems

imal population dynamics and control

Instrumentation compensation design

Aircraft a
Aircraft h

T S@meoooTe

EASY4, EAS

There are se
program. EA
seat stability
USAF. The |
version is the
compatible o

There are twi
One is enharf
capability. T
differences b

EASY5x con
programs wh
push buttons
model constr

resting systems
ydraulic systems

Y5(CE), EASYS5, and EASY5x:

veral versions of the EASY computer program. EASY4is the origin
SY5(CE) is an improved version of EASY which was used for analy
for a Crew Escape system (see 2.2.8). These two~ersions are avg
EFASYS5 version is a proprietary program available commercially. Th
EASY5x which can be executed on computers running Unix and X
berating systems.

D significantly new capabilities in EASY5, which are not in EASY4 o
ced capabilities for Optimal Control Design, and the second is the |
ne latter allows reduction in the'number of states for new componer
etween the three EASY versions are indicated in Table 8.

orms to the Standard known as Motif which provides a consistent Iq
ich include a graphical user interface. Using a series of pull-down 1

and fill-in-the-blank data forms, EASY5x guides the user through 4
Lction and analysis, without the user having to enter a single comm

compares th

significant ngw capabilities. EASY5x allows users access to their System Symb
during an analysis. <TFhe System Symbolic Debugger is a very powerful tool for fi
correcting modeling’errors. An interactive plotting and an interactive simulation

now standarq.

capabilities of EASY5x to its predecessors. In addition, there are

al EASY

sis of ejection
ilable from

e most current
Window

rin EASY5(CE).
Macrocomponent
ts. Other

pok and feel to
nenus, on-screen
Il aspects of
and. Table 8
several

blic Debugger
hding and
capability are

These tools simplify the construction and verification of a dynami

c model.
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TABLE 8 - Difference Between EASY4, EASY5(CE), EASY5, and EASY5x

Capability EASY4 EASY5(CE) EASY5 EASY5x

1. Fully integrated FORTRAN components No Yes Yes Yes
2. Optimal controller improvements No No Yes Yes

a. FORTRAN connections

b. Frozen states

c. Real Eigenvalue limit
3. Discrete analysis No Old Yes Yes

algorithm
4. Vector/matrix capabilities No Yes Yes Yes
5. Macro omponet s No No Yes Yes
6. Vector components No Yes Yes Yes
7. Linear model generation No No Yes Yes
8. Linear fnodel reduction No No Yes Yes
9. Three dimensional tables No Yes Yes Yes
10. Transfgr function zeroes No Old Yes Yes
algorithm

11. Complgte printer plots No No Yes Yes
12. Auxiliary input files No Yes Yes Yes
13. Debug feature No Yes Yes Yes
14. Alterable table storage No Yes Yes Yes
15. Secondary TINC, PRATEOUTRATE, No Yes Yes Yes

and pr:[t control
16. Calculate initial condition option No Yes Yes Yes
17. Suppreps table printback option No Yes Yes Yes
18. Single pass through model No Yes Yes Yes
19. Graphical user interface No No No Yes

PREPARED BY SAE COMMITTEE AC-9,
AIRCRAFT ENVIRONMENTAL SYSTEMS
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APPENDIX A
SAMPLE EASY INPUT AND OUTPUT

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

Program are prov

ided.

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 A1. 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-letter codes for the four components also are noted in the

figure.
A.1 MODEL GE

A sample M
the air cycle

The first ling|

components

Input lines 2

lineprinter flq
INPUTS). M
the title to be

The compre
exchanger a
output port |
The turbine

number 1.

Lines 7 thro

components| Any unique Jimits on the analysis must be defined in the MGP inp
are FORTRAN statements*to check whether the air cycle machine shaft speed
a specified Value (RRMLIM) corresponding to a machine failure. If this occurs in
Program, th¢ analysis is terminated and a diagnostic message is output.

A2

MODEL GENERATION PROGRAM OUTPUT:

NERATIONPROGRAMINPUT:

pdel Generation Program input for the bootstrap ECS and an-additig
machine (turbine driven compressor unit) are presented in Figure A

of input, LIST STANDARD COMPONENTS, calls foralisting of all

through 6 define the ECS model, where the four components are {«
w schematic output, and interconnections between components (id
ODEL DESCRIPTION specifies the start©f the ECS description ing
b used on the lineprinter flow schematic.

ssor symbol on the flow schematic,output is to be located at positior
t position 023, and so on. The heat exchanger receives inputs from
pcation number 2, with a connection to the heat exchanger at inlet g
receives inputs from heat'exchanger port number 3, with a connecti

gh 19 define an.additional feature which cannot be modeled using

nal feature about
2.

standard

b be located on a
entified as
ut, followed by

1 041, the heat
compressor

ort number 1.

on to turbine port

standard

it. These lines
EN SF) exceeds
the Analysis

A sample of Model Generation Program output providing a list of required input data for the
Analysis Program is provided in Figure A3. This output gives coded alphanumeric data indicating
type of tabular data needed for each component, the specific parameters for which values are
required, and states for which initial conditions and error control values are needed. This output
aids preparation of Analysis Program input.

A sample lineprinter flow schematic output of the bootstrap ECS is found in Figure 3.


https://saenorm.com/api/?name=c3acc98b1d7c9e1c8b7df73cc65b17c7


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


