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ABSTRACT

This thesis discusses the addition of a language 

processor and the modifications made in the output routines 

of ECAP to extend its capability to analyze problems in 

other linear and quasi-linear time-invariant systems. A 

new language called UHSAP is the desired extension.



INTRODUCTION

ECAP is a versatile problem oriented language for 

analysis of electronic networks. It also has capabilities 

for sensitivity analysis and worst case solutions. Since 

the basic algorithms to analyze electronic networks can be 

effectively used to analyze other linear and quasi-linear 

time-invariant systems, ECAP algorithmic units can perform 

the analysis problems for other systems.

This has been achieved in UHSAP which is an extension 

of ECAP. The data structure of UHSAP has been designed to 

accept the commands and directives in other systems. This 

addition of a relatively small unit to ECAP has considerably 

extended the capability of ECAP. The approach for trans­

lating the commands and data from UHSAP to ECAP has been 

that of character manipulation. Valid characters are identi­

fied and replaced to generate an object code in ECAP.

The package has been implemented effectively on

OS 360/Model 44 and may, with minor changes, be implemented 

on other comparable computer systems.
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CHAPTER I

PROBLEM ORIENTED LANGUAGES

Webster's dictionary defines a language as a systematic 

means of communicating ideas or feelings by the use of con­

ventionalized signs, gestures or marks and understood by a 

considerable community. The number of variables in this 

definition itself gives a fairly good idea of the possible 

number of languages human beings use. Translation of ideas 

from one language into another has been of interest since a 

long time. With the advent of machines as an aid to contri­

bute towards the efficiency of human activities, machine 

translation of languages has drawn considerable attention. 

In spite of the amount of research and money spent on machines 

capable of translating one language into another, the attempts 

have met with little success for obvious reasons such as the 

syntactical and semantical ambiguity of languages. Even with 

such simple redefinition of a language as a series of symbols 

representing ideas, the simplest conceivable written language 

having one symbol per idea, Richens and Booth have not suc­

ceeded in the objective of machine translation.

It is at this point that Artificial Languages differ 

from the earlier set of so called Natural Languages. Because 

of their inherently simple grammar and the concise, unam­

biguous meanings, artificial languages have led to an effective
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machine translation among themselves. Programming languages 

which facilitate our communication with computers, both con­

cisely and precisely, fall in this category.

Higher level programming languages are characterized by 

ease of understanding, machine independence, similarity with 

a natural language and a flexible sentence structure as 

against more complex and unintelligible lower level languages 

such as machine language. Higher level languages differ among 

themselves not only on the level their intelligibility but 

also in the general areas of their applicability. Procedural 

languages like FORTRAN and PL/I are useful for a wide range 

of problems in numerical analysis and scientific computations. 

Nevertheless, a demand for their employment in other areas 

has led to modifications and subsequently to more complexity 

in their syntax and vocabulary.

Problem oriented languages, or POL's , as they are 

commonly called, are more restricted in their usage than pro­

cedural languages. They are specifically designed for 

solving specific types of problems in a relatively narrow 

field. This loss of generality is compensated by their sim­

plicity and the ease with which they may be learned and used. 

A typical POL is easy to learn, has simple syntax, has a voca­

bulary normally conforming with that in the application area 

and needs a minimum programming effort on the part of the 

user. Some POL's allow the user to add the necessary routines 
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in the procedural language to aid the problem description and 

its solution, thus increasing their flexibility. The commands 

and directives in a POL, which is normally written in a pro­

cedural language, are interfaced in such a way as to allow the 

addition of extra commands in a POL. Each command or directive 

causes the appropriate routines to be called. The routines of 

a POL can often be divided into three basic parts.

The first part is the language processor. This is normally 

a translator which produces an appropriate code for the commands 

in the POL. The language being translated to is called the 

object language. An object language may be either a proce­

dural language or another POL. A translator, typically, reads 

a statement, checks it for validity and meaning, and then pro­

duces the corresponding object code. A good POL translator 

also detects the syntactical validity of a statement and points 

out any errors with suitable error messages. The advantage of 

having a translator is the saving in the core space required 

by the program. Once the object code for the problem is 

generated, this segment of the program no longer needs to re­

side in the core and to occupy the space, till execution is 

completed.

The second part consists of a set of arithmetic expres­

sions, algorithms and analytical routines normally used for 

the solution of the problems in the area. Often, this unit 

is quite complex and it is this complexity from the user’s
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point of view that usually justifies the need for a POL.

The third part is a set of output routines. This is re­

sponsible for printing out the requested output in specific 

formats. The degree of control a user has over the flexi­

bility of the formats and matter to be printed differs from 

one POL to another.

In Figure 1.1 the general structure of a typical problem 

oriented language is shown.
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CHAPTER II

ANALYSIS OF SYSTEMS USING ECAP

Analysis, or prediction of performance, of a physical 

system has been of importance to designers as well as to 

users. Whereas systems with distributed type parameters 

can be analyzed by solving partial differential equations, 

those with lumped parameters can be analyzed by solving 

ordinary differential equations. These equations, called 

the mathematical model of the system, have constant coeffi­

cients for each term in case of linear time-invariant systems. 

Quasi-linear systems are those non-linear systems whose 

behavior can be represented by a piecewise linear approximation. 

Mathematical models of simple linear timer-invariant systems 

have the form as in Equation 2.1.

dx CA ™ + Bx + C/x dt = 0 (2.1)dt J

Equations which have the same form are called analogous 

equations and the systems they represent are called analogous 

systems. Because of the similarity of their mathematical 

models, the following time-invariant linear systems form 

examples of analogous systems:

A. Mechanical Translational

B. Mechanical Rotational
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C. Electrical

D. Acoustical

E. Thermal.

System analogs, their prototype variables and their con­

ventionalized notations are listed in Table 2.1.

The mathematical model of a physical system is generally 

derived from its diagram for further analysis, but there 

is an additional type of model called the equivalent circuit, 

which resembles an electrical network. The advantage of this 

form of representation is that it can be easily analyzed 

using the already developed techniques for circuit analysis, 

resulting in inherent economies in the solution procedures 

and algorithms. A number of large programs and POL’s have 

been written to accomplish the electronic circuit analysis. ECAP 

is a POL capable of performing DC, AC and transient analyses of 

electrical networks. The data structure of ECAP, however, 

allows only the direct description of electrical networks. 

Hence, the use of ECAP to analyze other systems would normally 

require drawing an equivalent circuit prior to describing it 

to ECAP. This drudgery has been eliminated by UHSAP.

UHSAP, an acronym for University of Houston System 

Analysis Program, is an extension of ECAP with the capability 

to analyze problems in other linear and quasi-linear analogous 

systems. It uses ECAP’s main algorithmic and analytic routines.
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TABLE 2.1*

System Elect­
rical

Meeh.
Transl. .

Meeh.
Rota.

Acous­
tical

Thermal

Proto­
type

w e D w P t

u f T u q

• ]_a L K K M

' 1 ' 13 R B B R R

' 1 ' 1, ' 1, ' 1
Y C M J C 0

*Adapted from Linear Circuit Analysis by Paskusz and Bussel.
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UHSAP is different from a conventionalized POL in the sense 

that the object language of its language processor is another 

POL, viz ECAP. The three parts of UHSAP are language 

processor, ECAP routines and output routines, where ECAP 

routines themselves can be sub-divided into three parts as 

shown in Chapter I.

The language processor accepts the commands and converts 

them into corresponding ones in ECAP. To make the programming 

and understanding of the language easier, the data structure 

of UHSAP has been maintained the same as that of ECAP. Generally 

the user will have to follow the following steps to analyze 

a problem in any one of the analogous systems mentioned earlier:

1. Draw a topological diagram of the system.

2. Identify nodes and branches.

3. Assume positive directions of flow variables.

4. Specify the type of system, type of analysis and 

output desired.

5. Describe the topology of the diagram to the program 

in accordance with valid UHSAP syntax and variables.

Output routines have been written to print out the 

desired solutions in corresponding system variables and 

appropriate formats.

The general structure of UHSAP is shown in Figure 2.1.
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STRUCTURE OF UHSAP

f,-3. 2.1



CHAPTER III

A USER'S GUIDE TO THE LANGUAGE

The UHSAP input language is the primary communication 

link between the user and the analysis program, viz ECAP. 

It provides the user with a means of describing his topological 

diagram in familiar terms and notations to the program as 

well as a means of controlling the type of analysis to be 

performed. With minor restrictions, all data may appear 

in any order and in free form.

General Properties of Input Language

All input statements are entered on cards in columns 1 

through 72. Blanks are generally ignored and may be inserted 

for clarity and convenience. Exceptions are noted below. 

Each card may have only one statement, ended with a semi­

colon (;). By default, the semicolon is assumed at column 72 

and a diagnostic message is printed. Problems are described 

to the program with 6 different types of cards:

1. System identifier card

2. Data card

3. Solution control card

4. Output specification card

5. Command card

6. Comment card
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Numerical values are accepted by the program in any one 

of the following familiar forms: signed integer, decimal 

and exponential notation.

The following are examples of valid numbers:

10 20.7 20 E-7

+15 + .7 +.5 E+16

-7 -100. -7.8 E15

Description of Input Statements

A. System identifier card:

This card must be the first card of the input. It 

must start in the first column and specify the system. Only 

the first two characters are identified by the program and 

must not be blanks. Any text may appear in columns 3 

through 72. Valid system identifier cards are as follows:

Column 1

ELECTRICAL

MECHANICAL

ROTATIONAL

ACOUSTICAL 

THERMAL

B. Data card

Data cards contain information directly related to 

the problem such as the topology of the system, the parameter 

values, the tolerances, the phase angles, etc. They are either 
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of branch type (B-Card), of dependent source type (T-Card), 

or of direction sensing type (B-Card). Mutual inductance 

type (Af-Card) cards are also available in the electrical 

system.

Each card has two data fields: columns 1 through 5 and

7 through 72. A non-blank character in the sixth column 

indicates that the card is the continuation of the one pre­

ceding it.

1. The first field specifies the type of data card 

with the serial number of that type. The general format is 

Znn starting in the first column, where X is either B, T, S, 

or M and nn is the serial number.

2. The second field has one or more data subgroups,

each separated by a comma (,) from the preceding one. Allowable 

data subgroups are as follows:

a. Required topological description: These have 

different forms for different data cards.

1. In case of B-Cards, this field indicates 

the topology of the branch and has the form:

N(n1,n2)

where n^ is the initial node number and 

is the final node number.
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2. In case of 7-Cards, this has the form:

B (b1,b2)

where b^ is the branch of the controlling 

branch"*"  and b2 is the branch number of the

, , , 1 assigned branch. '

3. ' In case of 5-Cards,""  this has the form:*

B — bg, (b^, b2 f... r , x

where b is the branch number in which the s
sensing element lies. Parameter values of 

elements in bn,b„,...,b are affected by 

the direction of flow variable in b . The s
x shows initial sense of the sensing element.

b. Required element: Each B-Card must contain one 

and only one passive element identification.

Valid names for elements in different systems 

are tabulated in Appendix B (Table 1). On 

B-Cards, this subgroup has the form:

X = v

where X is the element name and v is the numerical 

value. For T-Cards, this subgroup specifies the 

ratio or the relations between the elements in

"*"For  elaborate discussions about T-Cards and S-Cards see Ref. 3 
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the controlling branch and the controlled branch.

c. Optional element: To specify the value of a 

source in a branch, this subgroup with a general 

form

X = P 

where X is the valid source symbol listed in 

Appendix B (Table 2) and p is its numerical value.

d. Initial condition: For transient analysis, 

specification of initial condition of an element 

is required and is given by using valid source 

element name followed by either 0 or 0 and value 

specified with an equal sign and a number.

3. Another type of data cards is the time dependent source 

card. These are of the following general form:

--------- column 1

X nn (k),P0,P1,P2,...,Pn

-------------column 7

where X is the valid source symbol and nn is the branch in 

which it is present. The number k shows the integer number 

of time steps between successive entries of source magnitudes 

Pq/Pj_z?2r • • • fPn which are equally spaced in time. Figure 3.2 

shows image of a source card.

C. Solution control card:

There are two types of solution control cards, both types
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start in column 7.

1. The first one contains information directly related 

to the analysis for the system such as time step, frequency, 

final time, etc. General format of this type of card is:

।—column 7 

SPECIFICATION = p

where p is the numerical value of the valid specifications 

listed in Appendix B (Table 3).

2. The second type contains the specifications of calcula­

tions to be made, such as sensitivity analysis, worst case 

analysis, etc. and has the form:

।—column 7 

SPECIFICATION

In both cases, however, only the first two characters of 

the specification are identified by the language processor. 

Therefore, blanks are not permitted in columns 7 and 8 of a 

valid specification card.

Figure 3.3 shows an image of solution control cards.

D. Output specification card:

This allows user to select the blocks of output which 

he would like to have printed. General format of this card 

is:
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।-----column 7

P2?INTfv1,v2f... ,vn

where symbols v^rv2r • • • fvn are t^ie va-lid output symbols the 

user may specify. These have been listed in Appendix B 

(Table 4). Each block is separated by a comma (,) from the 

preceding one. Here, too, only the first two characters of 

each block are identified, so no blanks are permitted in the 

first two characters of any block. Figure 3.3 shows the 

image of possible output specification cards.

E. Command card:

This is used to specify the type of analysis desired, 

or to call for a parameter modification solution, or to start 

the execution, or to signal the end of a job. Valid commands 

for different systems are listed in Appendix B (Table 5). 

Command cards are entered starting in column 7. Only the 

first two characters are identified by the language processor 

and hence columns 7 and 8 may contain no blanks. Any text 

may follow in columns 9 through 72.

F. Comment card:

Beginning with a 1C' in the first column, any text may 

appear in columns 2 through 72. This is not processed by the 

program but appears in the listing of the problem. Figure 3.4 

shows some images of command cards and comment cards.



19

F• — _V__ _
* 1 1

-

_________ __ _______ ___ __________ —_______ ________ ________________ ____________ —_ _____
K.WPV

E
. —•-------- — ■—

£ X / />7 CP 5 0
---

Z 0 7/ o

------------ - —

A/

- -- --------

c ____ ____— <_0 A-T .4 /? 7> 5 -------- ------- A ND. ---- - ----- . ---- -- —

c _______ CL y. E5 LFJ- c a r rq A)____ C A R. z> s

c __ _______ ___ __ _____ __ _ _ _ __ - _ .

FAAJ? o e ajc y
TIME te, p -- s 3

S Efj S :2 T I VI T Y A M AtY»I 5J_ .

c — - ------------- —— ------ ------- -------------- —

P Kt KJ T F <p J? C E 5 J V E Lt) c I

1

N
 1 1

r1
 j

— ----- ----- PR r_^
" • ’ "Z i A Rc

" 1
V_ £ LOG L_TJ._E S a.L^.A.S.. O£ ;

----- - . — -------------- -----------------—— —-----------—

Figure 3.3

—

1 1 1

C ON N

J ________
ARI) 5 r m c e

/

— _
a

c

T /V / S

tha._.
GOMjM

KJ A

E kJ T c

—F- LZ'L
A N b__ <_

T COLUMN H AS ( C 

f;zzc_

G

— z A M P L —------ ——

— IS
 =

x H x- b
 in 

I

J.
.J

 J AJA LY 5 1 . 
------------- ------------------- —

LX £ C
NS D 1

1 -> 3 4 5 - : . 2 •: '4 ■; « •- .£ ? •; :• 2: ;• * 7- *•  :: 2- :5 - : 3

Figure 3.4



20

Input Data Modification

The command MODIFY can be used for AC or DC type analysis 

problems and allow the user to repeat the preceding analysis 

with the modified values of parameters as desired. It 

requires the addition of only the new parameter value speci­

fication following the MODIFY card. The user cannot, however, 

change the topology of the circuit with a MODIFY card. The 

MODIFY feature is particularly helpful for frequency analysis, 

where with the card

।—column 7

FREQUENCY = Pj(P2^ P3

the calculations can be repeated starting with frequency p^, 

incremented logarithmically by a factor of P2 till the final 

frequency p^ is reached or exceeded.

Restrictions

This section is intended to point out the restrictions 

and minimum requirements which pertain to the input language 

of UHSAP. The restrictions exercised by ECAP are also 

effective in case of UHSAP because of the inherent similarity 

between the data structure of both. UHSAP can analyze 

problems with 50 nodes and 200 branches as maximum, in addition 

to other size requirements and restrictions of ECAP. As a 

minimum requirement, a UHSAP job must contain the following 

input cards:



21

1. System identifier card

2. Command card (specifying the analysis desired)

3. Data cards

4. Output specification card

5. Command card (signalling the start of execution)

6. Command card (end of job)

In addition, in case of AC type analysis to be performed, 

a solution control card specifying the frequency of the source 

must be entered and for transient type analysis, time step 

specification has to be made. In both cases, numerical values 

of frequency or time step cannot be zero. UHSAP assumes 

values for some of the input variables unless they are speci­

fied (for more details, please see Reference No. 3, pages 31 

and 32). Nodes must be numbered consecutively from 1, with 

0 assigned to the ground or to the frame of reference. All 

branches must be numbered consecutively from 1, but may be 

in any order.

The user is required to restrict himself to consistent 

system of units in specifying data. Reference No. 3 will 

serve as a valuable guide to the interested users of UHSAP. 

Valuable modeling techniques for analysis of quasi-linear 

systems will be found in the Reference numbers 2 and 3.

Example

Let us consider that we have to perform the dynamic 



analysis of the mechanical translational system shown in 

Figure 3.5.
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Our first step will be to identify nodes and to assign 

some positive directions of force flow for each branch. Nodes 

are identified by those lumped elements of the system where 

the velocity can be determined. So,and(2)identify two 

nodes with(^at the frame of reference. Branches are indicate 

as {nJ1*with  n as the assigned number and the arrow pointing in 

the assumed direction of force flow in that branch. The UHSAP 

coding of the problem with desired output blocks for velocities 

at both the nodes and forces developed in all the elements 

is shown in Figure 3.6.

For the discussion about the choice of time step to be 

selected please see References 3 and 4.

This example shows the general structure of a typical 

UHSAP problem. Appendix D includes more sample problems and 

the analysis results from UHSAP.
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CHAPTER IV

DESCRIPTION OF UHSAP LANGUAGE PROCESSOR

AND OUTPUT ROUTINE MODIFICATIONS

This chapter is devoted to the description of routines 

added to accomplish the translation of UHSAP coding into 

valid ECAP coding. These routines, their names, brief 

summary of each and the flowcharts are shown in Appendix A.

Language Processor

For the purpose of simplicity and clarity, all the 

variables are defined to be integers in the language processor. 

The MAIN program puts in a call to the ULTXNG routine. Since 

the valid characters are system dependent, ULANG first calls 

the SYSID routine, which reads the first card and sets the 

value of MYSYS accordingly. In case of invalid system identi­

fiers, the program terminates, giving an appropriate error 

message. If the system is identified to be the electrical 

system, MYSYS is set to one and control is returned to MAIN, 

since no translation of coding is required.

ULANG then calls subroutine READER to read the new card 

image into array S and to set the pointer DOL to one and the 

statement delimiter flag SEND to zero. The DUMP routine 

prints out the source image that has been entered in S.
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The first step in the processing of data is to determine 

whether the new card is a comment card, in which case the 

READER is called in again to accept the next image. Function 

BLANK checks if the first six columns of the new image are 

blanks. If so, then the card belongs to either command type 

or solution control type or output specification type.

To process these types of cards ULANG calls routine TCOM.

Valid characters for the system are initialized by the appro­

priate MYSYS value in the work array STAB and the work vector 

SCHAR. Function SELECT compares characters in columns 7 and 8 

against valid two-character identifiers in STAB and sets PTR 

to the corresponding value. Invalid characters are identified 

by an error message through routine DIAG which prints out the 

characters in its argument vector. If the command is an end . 

card, flag PEND is set to one which in effect transfers the 

control back to MAIN. Routine PUT chooses appropriate ECAP 

characters from the initialized array HTAB and transfers them 

to the output array NWORDS. In case of command cards, the con­

trol is transferred to ULANG for taking in a new card image 

through READER, since the text following column 8 is unimportant.

For solution control cards, characters upto the state­

ment delimiter are important. Therefore, the function FIND 

is invoked to determine the column number in which the semicolon 

lies and all the characters upto that column are transferred
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as they are to the output vector NWORDS through routine RETAIN. 

Function FIND sets the column value to 72 in case the semi­

colon is not present, but gives a diagnostic message through 

DIAG. The control is then returned to ULANG.

For output specification cards, ULANG calls the routine 

TRBLOK which translates the valid output block indicators. 

First FIND sets the value of LAST to the column number of the 

statement delimiter. Then it sets COMMA by updating the 

scanning pointer DOL to the column number where a comma lies. 

The comma separates a block from the one preceding it. The 

updating of scanner is stopped when the value of DOL exceeds 

that of LAST and the control is returned to ULANG by setting 

SEND equal to one. The routine RETAIN transfers all the 

characters from the current value of DOL to COMMA as they are 

to output vector NWORDS. Function SELECT checks next two 

characters in S for their validity as block indicators by 

comparing them against those in STAB. PUT transfers the 

appropriate ones to NWORDS from array HTAB.

ULANG then calls function SOLN to process the data type 

cards. Function LOCATE sets the value of CTYPE by comparing 

the character in the first column of the card image against 

the valid ones, initialized in the work vector SCHAR. If 

invalid characters are present, proper diagnostic is given 

and control is returned to ULANG by making SEND value equal to
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one.

For T-cards, the procedure is different from the one 

described above. When a letter is found, it is checked 

whether the next column has a letter too and if so, whether 

characters equivalent to the transconductance identifier or 

whether the consecutive four have current gain equivalent 

identifier. Function ICHK compares valid characters with 

those in vectors BETA and GM. Subroutine PLACE transfers 

appropriate ones from vectors HBETA and HGM to NWORDS.

Everytime the control is transferred to ULANG from these 

translating routines, value of SEND is checked. If it is one, 

the image in NV7ORDS is written on the scratch tape which is 

used as data file 1. Value of PEND is also checked to see if 

it is one, in which case the tape is rewound and the control 

is returned to MAIN. Flag for the validity of the problem is 

set to zero initially. But in case of invalid characters and 

such fatal errors its value is changed to one. The MAIN 

terminates the job by giving an appropriate error message if 

the value of the validity flag, IABORT, is one when the control 

is back to MAIN.

The MAIN calls EGA, which reads the input from data file 

1 on the tape if MYSYS value is different from one and from 

the card reader if MYSYS value is one, i.e., if the system 

is specified to be electrical.
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This completes the description of the language processor 

and the part it plays in the translation. The requested 

analysis is performed by appropriate routines in ECAP.

Output Routine Modification

Changes were made in ECAP routines ECA21, ECASland 

PRINT2. These are the routines which print out most of the 

results. The changes were of the same nature in all these 

routines. All the formats that print system dependent 

information are stored for each of the systems with different 

format numbers. The variable MYSYS selects an appropriate 

format for printing.

Appendix C shows the program listing for the language processor 

and also the changes that need to be made in some ECAP routines 

to effectively implement UHSAP.



CHAPTER V

ANALYSIS AND CONCLUSIONS

The objective of extending the capabilities of ECAP to 

analyze other linear and quasi-linear systems is adequately 

met by UHSAP. The general performance of the package is 

satisfactory. Fatal errors in the problem coding and 

specification, such as illegal characters and invalid para­

meters are trapped successfully by the language processor. 

The job gets terminated if the fatal errors are detected and 

appropriate error messages are printed. If the errors are 

not fatal, the generator object code gets processed by ECAP 

language routines and analyzed.

The advantage of using the ECAP data structure for 

UHSAP, besides the economics in computer time for language 

processing, is the ease with which someone conversant with 

ECAP can use UHSAP in the analyses of other systems. The 

user's manual of ECAP [3] or that of UHCAP [5] (University 

of Houston Circuit Analysis Program) will be of help to a 

new user in familiarizing himself with the general usage of 

UHSAP.

One of the major difficulties in implementation of 

UHSAP was the size limitation of the operating system. IBM 

360/Model 44 barely manages to hold the ECAP modules even 
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with an extensively complicated overlay structure. Addition 

of routines made it increasingly difficult to accommodate 

the modules in the core. In addition to storing this new 

language processor unit in a different overlay segment, 

two arrays in main ECAP routines were reduced in size. This 

reduced the capability of ECAP to analyze circuits from a 

maximum of 50 nodes to 20 nodes, but made enough room for 

the additional routines. The package now runs efficiently 

on the system.

This language will also be implemented on the UNIVAC 

1108 system. Because of the large core size available on the 

1108, it is felt that the major hurdle will be done away 

with and we will be able to accommodate circuits having up to 

50 nodes.

Appendix D shows UHSAP applied to a few sample problems.
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APPENDIX A

LANGUAGE PROCESSOR ROUTINES AND FLOWCHARTS

As an aid in following the processor listings and flow­

charts, a brief summary of routines is given.

MAIN Primary routine of ECAP which calls ULANG

ULANG Controlling routine of the processor

SYSID System identifier routine

READER Card image reader

DUMP Routine to write the card image

BLANK Routine to check if the first six columns of a

card image are blanks

LETTER Function to check an alphabetic character

FIND Function to determine the column number of a 

particular character

LOCATE Routine to compare and recognize single character 

identifier

SELECT Routine to compare and recognize two character 

identifier

PUT Routine to substitute appropriate character from

symbol tables

TCOM Controlling routine for command type, solution 

control type and output specification type cards
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TRBLOK

TSOL

Routine for translating output block indicators

Character manipulator routine for data type cards

SOLN Data type card recognizer routine

DI AG Routine to print out diagnostic message

TRACE Tracing routine

RETAIN Routine to copy a string of characters

PLACE Routine to replace a string of characters

INIT Routine to initialize work arrays
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ULANG

CONTD. ON NEXT PAGE
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ULANG .. . CONTD.

RETURN



37

TCOM

RETUBN



38

TRBLOK

RETURN



39

PUT (PTR,K)

RETURN



40

RETAIN (IDOL)

RETURN



41

SOLN

RETURN



42

TSOL

CONTb. ON NEXT PAC-E.



43
TSOL .. , CONTD.
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APPENDIX B

UHSAP LANGUAGE SPECIFICATIONS

TABLE 1

DATA CARD TYPES AND SPECIFICATIONS

Card 
contents

Elec-i - 
trical

Meeh. 
Transl.

Meeh.
Rota.

Acous­
tical

Thermal

Branch (Path) 
Data Bnn Pnn Pnn Bn n Bnn

Dep. Source
Data Tnn Dnn Dnn Dnn Tnn

Sensing
E . Data Snn Snn Snn Snn Snn

Mutual 
Inductance 
Data Mnn
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TABLE 2

ALLOWABLE ELEMENT IDENTIFIERS FOR B-CARDS

ELECTRICAL MECHANICAL ROTATIONAL
(Electrical (Mechanical (Rotational

Code)Code)Code)

THERMAL ACOUSTICAL
(Thermal (Acoustical
________ Code)___________ Code)

Resis­
tance R

— — — Thermal 
Resis­
tance R

Acoustic 
Resis­
tance R

Capaci­
tance C

Mass M Polar 
Mmt. of 
Inertia J

Thermal
Capaci­
tance C

Acoustic 
Capaci­
tance C

Induc­
tance L

Spring K Torsional
Spring K

— — Iner- 
tance M

Conduc­
tance G

Dashpot B Damping
Factor B

Thermal
Conduc­
tivity K

—

Voltage 
Source E

Velocity 
Source V

Angular 
Vel. W

Tempera­
ture Dif­
ference T

Pressure 
Differ­
ence P

Current
Source I

Force F Torque T Heat
Source Q

Volume 
Vel. U
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TABLE 3*

*Adapted from Reference No. 3, page 32.

SOLUTION CONTROL CARDS

Solution
Control
Card

Description of variable q

FREQUENCY = q Frequency for AC type sources.

TIME STEP = q Transient analysis time step At.

OUTPUT = q Number of time steps per output interval.

FIEAL TI = q Final Time for transient solution.

SENSITIVITY Requests sensitivity and partial

derivative calculations.

WORST CASE Requests worst case as well as sensitivity

calculations.

STANDARD DEV. Requests worst case and sensitivity. •

EQUILIBRIUM Indication of steady state solution desired.



TABLE 4

VALID OUTPUT BLOCK INDICATORS

ELECTRICAL
Description 
of output

Indi­
cator 
code

MECHANICAL

Description 
of output

Indi­
cator 
code

ROTATIONAL

Description 
of output

Indi­
cator 
code

THERMAL
Description 
of output

Indi 
cator 
code

ACOUSTICAL
Description 
of output

Indi 
cator 
code

Node Volt­
age

NV 
or
V0

Node Ve­
locities VE

Node Ang.
Velocity AN

Node Temp. TE Node Pres.
Diff, PR

El. Cur­
rents

CU 
or 
CA

Forces in 
Element F0

Torque in 
Element T0

Heat in
Elements HE

Vol. Veloc­
ity in El. V0

El. vol­
tage CV

Vel. in 
Element EV

Ang. Vel. 
in Element WE

Tern. diff. 
in Element ET

■ Pressure 
diff. in 
Element PE

Br. Curr. BA Forces in 
Branches PF

Branch
Torque PT

Branch Heat BQ Branch
Vol. Vel. BU

Br. Voltage BV Velo. of 
Branch El. PV

Branch Ang.
Vel. PW

Branch Temp 
diff. BT

Branch Pres 
diff. BP

Element 
Power loss BP

Power loss 
in Branch PP

Power loss 
in Branch BP

Power loss 
in Branch BP

Power loss 
in Branch PP

Sensitivity SE SE SE SE SE

Worst Case W0 W^> W0 W0 wja

Standard 
Dev. ST ST ST ST ST



TABLE 5

DESCRIPTION OF COMMAND CARDS

I. ANALYSIS COMMANDS

Electrical Mechanical Rotational Acoustical Thermal
Analysis Code Analysis Code Analysis Code Analysis Code Analysis Code

DC Analy. DC Unidirect, 
Source 
Analysis UD

' Constant
Ang. Vel.
Analysis UD

Constant
Vol. Vel.
Analysis CU

Constant
Heat Flow
Analysis CH

AC Analy. AC Alternating Alternating Alternating Alternating
Force Torque Vol. Vel. Heat Flow
Analysis AF Analysis AT Analysis AU Analysis AH

Transient Dynamic Dynamic Transient Transient
Analysis TR Analysis DY Analysis DY Analysis TR Analysis TR

II. EXECUTIVE COMMANDS

FUNCTION COMMAND CODE IN ALL 5 SYSTEMS

Modification calls 
for repeat calcula­
tions with modified 
data M0

End of input data 
for problem, request 
for solution EX

End of job EN ■



APPENDIX C

I. Language Processor Routine Listings
49

C
C CUM ROLLING hOUTlMt ULAhu FOR
U Till": UHSAP LAt'GUAliL- PROCESSOR
C
C

SUPROUT I'OF ULAfJG
lOr'LICIT I <TEGr:F (A-Z)

1utr'x/’.iTrac*- ,due,S(80), sfmu,Pl-UD
COti lON/SYRUOL/ALPH ( 2 6 ) , NUM (1 0 )
CGUSON/OUT/IiwORDS ( 'Vi )
CDi'.UOH/MYS/.-'.YSYS
COiil;0N//\(TU/ I abort
UINi-NSION STAR(o)
DATA STAR,PL TRACE’ '/
NTt- ACL - U
RR I TE(6,2H1)

201 FORMAT(1H1)
CALL SYS 11)
IF(HYSYS-1) 15O,1dO,170

170 IAHURT=0
10 CALL ixEADFR

DO 180 1=1,6
IF(S(I)-STAR(I)) 190,180,190

IbU CONTINUE
rj T R A C E = 1
CALL DUilP(S)
GO T0 80

190 CONT=0
IF (S(l )-Al.FH(3) ) 2 0,30,20

30 CALL DUF.P(S)
GOTOIO

20 CALL DUi<P(S)
IF(ELANK(HL )) 40,40,50

50 CALL TCUN
GOTO 80

4 0 IF(S(6)-:-?L ) 9 0,60,90
60 IF(SOLr!(DOL) )HU,110,120
120 CALL TSUL

G O T 0 n 0
90 IF(C0NT,F9,l) GOTO 80

CUNT=1
GOTO 50

110 CALL DIAG('IMPROPER SPECIFICATION ')
RETURN

80 vsR I TE ( 1 ) (iNNOR’DS ( I ) , I =1 » 72 ]
IF(PEND)10,10,130

13 0 CUNT IL'Ur
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IF ( I AnORT t EC-, 0 ) GOTt)2UG
15U l.'RlTECfo, 1111 )
1111 F Oi'.hAT (1GX, * ***»  MOT I^UN UFCAUSf- UF FATAL E'l'RO^G 

I A I-GET = 1
160 hLTUHG
200 COH7INUE

END FILE 1
EL ‘J 11< U j
E EIU R l-J
E i\! J

C
C
I INTEGER FUNCTION ICHk TO CHECK A PAETICULAR
C SThlHO GF CI-.AFACTEhS TQ NATCH WITH VECTOR V

C
INTEGER FUi'iCTIUi'l ICHK(Viis')
IMPLICIT INTEGER (A-Z)
COr.HOM/INTER/NT!'ACE, DOL,ti( 80) .SEND, FEND
C()!-ii<ON/-?ET AGN/Gc TA ( 4 ), GM ( 2 ), HbFT A( 4 ) , HGM (2 )
COH.-'.O’J/ANO/ 1 At-' J1-. T
DIMENSION V(10)
IF (flTRACE ) 101, 3 0 2, 10.1

101 CALL TRACE ( fFUJCTI'J j ICHK i)
102 lCHh=0

2 0

10

C
C
C
C
C

10 j
10 2
10

DC 2 0 I=l,:-'
I F ( S ( ntjL +1-1) - V < I ) ) 10,20,10
CLiN'TIMUE
ICHK=1
RE TURN
1F(H,EJ,2) IAHiji.’T = 1
rd. TURN
EMU

PLACE ROUTINE TO HUI CHARACTERS IN THt VECTOR V

SUCNOUTINE PLACE(V,.) 
IMPLICIT iNTr-GE!- 
DlNFrjs l,),v V(10) 
CO'1lin:\i/ I \'TE:"</''.'1 R 
COHLiOU/UPT AGM/HE
CUHMON/OUT/IH-JU 'diS ( JO )................
IF(NTRAUt)inj,lu2,lol 
CALL TRACE ( t SUE-iOUT I me PLACE 
1'0 10 1 = 1,?;
.\..UHDS ( l)f)L + I -1 ) = V ( 1 ) 
iN)L = DOL + .‘J
R L- I U R । J
t.'P)

ACE, f)OL, S( JO ), SEND , PE.ND 
T A ( 4 ) . . 11 r r t a , / » . i ,•

«iHt » ' )
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C
C
C SU^OUTI \ir T) I.nITIALIZL: hO'iK A ::\AYS
C ACCUhDIi\G jr> TH-: SY3'TE:-1 S P 9 C I f i c: A T 1 o •<
c
c

SU-3ROUT I lit L<1 T ( V V )
IMPLICIT I'mTeGFH (A-Z)
COM-Wh/SYol F-1/ ^-LC'K 7U ) , P j T A ( 2,7 0 ) , Tr-.ER ( 2,70 ) , ACOU( 2 > 7D ) 
C 01< 0 N / I A b L r- S / S T A B ( 2 > 5 0 ) > H T A P ( 2 > 5 U ) > S C H A A ( 4 0 ) > i-i CI < A K ( 4 u ) 
DO 20 1=1,2 
DO 10 J=1,50

10 STAu( I , J)=VB'A'-ik( 1 , J)
DO 23 J=51,7U

20 SCiiAiH I + J-50 ) = V\AMP ( I , J)
R L T b K L'
E N I)

C
C
C SOBROUTIi^E 10 HjEIJIIFY THE SYOT'M
C SPECIFICATION A\i) SET OYSYS VALLE
C
C

S U u R 0 U T 1 :'■! t S Y S I J
IMPLICIT iNir.GES (m-Z)
COt/HOi4/SYDTL-,V;u-CH(2,7 0 ) ■, R JT A ( 2,7 0 ) , T HER ( 2 , 7 0 ) , A CO J*(  2,7 J ) 
CO hi', on/I NTL A1/ ■! TP ACE, , S( 32 )
COMMOiVOY J/i.Yb IS
DI HL OS 10,-J SYS(2,T )
DAT^ SYS / 1 E • , 11_ । , i i. । , i u । , 11( i , i p । , t t * , * H 1 , * A 1 , 1 C 1 , 2^0/ 
call REAiJLi;
CALL DUMP(S)
DC 3 0 |- = 1>Y
IF( S (D-SY 3(1>P) ) 70,1.0,31,

10 IF( S ( 2 ) -SYS ( 2 , F ) ) 3U , 4(1 , 3i'
30 COFT I ,'-!UL;

r;YSis = f
CALL Ij 1 AC,( ' I i'.'V AL I l’> SYSTEM 1 rLi:T I F I ER CARD «)
R E- T Uf: D

40 MYSIS=P
GO 10 (100 , ?UU ,301), 4 90 , E'PO ) ,MYSYS

10 0 KE TURN
200 CALL 1MI1 (i-.LCM)

KE TO ill.'
300 CALL IiUl (RUTA)

F.ETUI’M
400 CALL IMT (TiiE-C)

R E T U H N
5 U Ci CALL I R I T ( A C 0 U )

RET URN
end
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C
C SlJ-iROUT I TUr).-; T2 bh'1 E‘x-'i I ?*;  E VALIH
C TI A'-CA A(.'T tr H I uE j 1 ] F I L,<S

C
S U ■ <; • 0 U T 11! r 1 C i.i i
I.1PLIC1T I"lrG'--h' (<\”Z)
C f>!11:0: J / I. JT E1 ■ / 1 7A O' b , U 0 L . S ( 3 b ) , b C NiD, P r f.j ij 
i)/« TA IHYPH/';1/
IF (imTPAGF) j 01, lup, nn

101 CALL r^ACt: ( ' SUi'i-VJU I b\r. TUOi-1
10 2 p T p = 5 C L r. C T ( o 0 L , 1»19 )

IF ( S F- F ) 4 0,4 Q , 1 u C
40 CALL PUT (PJF', 2 )

IF(PTP-lD)5u,50,70
so si;;ij = i

IF (TH , E: I). 6 ) f;izUu= 1
RETURN

"^O IF(r'T,R-16) 2 0» t' J । 9 iJ
dU I;)OL = riL"J( LPYPn)

h)uL=Il)0L-l
CALL RL"TAI'j( IEj jL)
Sl '-i L) = 1
f?r TURL

^0 CALL TRRLOK
10 0 I :L TJTxl

L-L :'J
C
c
c SUbrJJUT 1 ME TRPLIIK Tu hFCOGNI ZE A?jJ
C RFPLACE (JI) I PUT bLGCX L'.'uICATORS

C
CU.'L'OUT I TR3L0:\
IMPLICIT INTEGER (A-Z)
CU.-i -lOi'l/ I ■')TLL/;]T:a ACL-, UOL , 3 ( 30 ) , SLUD , L,E;\IO
DATA F«L/*  '/
DATA I’lYPU/1 ; 1/, 1 UD.-1MA/। , V
IF (■.'TRACE ) 101,102,101

101 CALL TRACr( ’SU'.'RbUT 1?;F TKBlOK
102 LAST=F !;,")( lUYF^i)
EiO CO'i.iA = F J iJi)( J CG i.iA)

IF (LAST-CCPHA) 100,100,10
10 Z = C-3M.4A + 1

IF(S(Z)'--<L) 30,20,30
2U Z=Z+1

GO TO 10

’ )
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30 PTKxSELFCT ( Z , 20,3 j.)
IF(S E f J D) 6 0,60,70

70 RETURN
60 CALL RETAI,\( COr'.UA)

CALL PUT(PTC,2)
GO TO 60 

10U SEO,) = 1
RETURN
E N 0

C
C
C FUNCTION SOLN TO UETERhlNE IF THE CARD
C IS OF SOLUTION COMROL TYPE
C
C

FUNCTION SOLN(AI)OL)
C NOTE THAT KDOL is a [JUNNY VARIABLE

IriPLlCIT INTEGER (A-Z)
CLiHNON /TA--LES/STA._;(50,2) i||TAB(50,2) ,oCHAR(4rj) (40)
COhMON/INTEP/NThACE,UOL,8(80),SEND,REND
CUH-ION CTYr-E
COHHOWA ;J')/ J AHOhT
IF(?:TRACE)lbt,lC2,131

101 CALL TRACE( 1FUDOTI UN sold 1 )
102 bOL!  = 0*

DO 10 1=1,6
IF (3 (1 )-SCriAR( I ) ) 11> , 2 0,10

10 CO ”IT I\U)'-
bLNL) = l
CALL 1) IZ G( ' J. LLEGAL CHARACTER IN FIRST COLUHN ' )
I AHORT = 1

' hPTURR'
20 SOLTi = l

CTYI’E= I
RETURN
ENO

c
c
C INTEGER FUTCTIOi' jLANK FO DETEI<MI!IL IF
C THE FIRST SIX COLU-O-.'S ARE BLANCS
C
C

MTEGER FU'-ClIOu CLA NK ( K i-'OL )
b-IPL. IC1T INTEGER (A-Z)
CO.'H O’i/I NTFS/:.!Th ACL , UOL , S (>50 ), SLNO , PEND
CU'-nlOWO'IT/LHO^SSt )
DATA Hl/' '/
IF(NTRACP)Iil,1U2,101

101 CALL 1 RACE ( ' FIIUCT I iJH BLANK •)
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102 BLA^K=1
DO .10 AUX = 1,6
IF (S(AUX)-I I.) 2 0,10,20

10 hWOHDS(AUX)=S(AUX)
UOL = 7
RETURN

20 BLA-':K = 0
RETURN
END

C
C
C SUBROUTINE lJUi'IR TO WRITE THE ARRAY
C
c

SUjkOUT 1 N'E DUMP(V)
INI-LICIT Il.TEULRC A-Z)
Dir.ERSlO.N VCcld)
COi'HON / I MTER/ -jTkACE . Kfl ( 63 )
lF(.aRACE)li)l,llj2,i:)l

101 CALL TRACE ( ' SUEr'OjT J NE DUMP' f)
102 HR 11E(o, HUi ) (V(I ),1=1,72)
100 FORMAT(5X,72A1)

RETURN
END

C
C
C FUNCTION LETTER TO CHECK IF THE CHARACTER
C IN COLUhiN X IS AN ALPHABETIC CHARACTER
C
C

integer function letterix)
IMPLICIT INTEGER (A-Z)
CO:iMON/SYMSOL/ALPH( 26) , Nuri (1 0 )
C 0 : i M 0 N / I \| T E R / N T R A C E, D 0 L » s ( 8 0 ) , S E N D , F 5 h D
I F (.-ITR ACc ) lu 1, 102, 101

101 CALL TRACE(’FUNCTION LETTER ’)
102 IF(S(X)-ALPH(l) )3,2,1
1 IF( S(X)-ALP.-'(26) )2,2,3
2 LFTTERzl

R E T J R N
3 LETTERS

hrTURN
END
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C
C
C 3Ul'R0U I HE PUT Tu KEPLACh A STHING OT CHARACTERS
C
c

SUrROUTIME PUT (RTK,K)
IMPLICIT I\TL-i3PR (A-Z)
COMMUM/T APIES/STAM(2,50),hTAB(2.50)>SCHAR(40)> HCHAP(40)
CO:1MOil/I NTL H / •-JTXACh., DOL, S( 80 ) , SENUxfE.s'D
CO -i*U)rj/o ,.JT/r-.UURDG (?>0 )
IE" (MTRACE) 101, 102, 101

101 CALL TRACE: ( ' SUBixliUl INE PUT f)
102 GO JO (2H,lii),K
10 N.-jOi-iOS ( OOL )=HTAB(1,PTR)

L?lG.;;!)S ( DOL + l) =HT AIj ( 2 , PTR )
jJ0L = D0L + 2
RkTHRU . .

20 .■ja'Os’DS (IJOL ) =HChAr< (-‘TH )
!JUL = I)DL + 1
M. TUR J
t i; i i

c
c
C .SU ’KOUT ILr hEAijt.rt IO hF.AlJ A LlEv' CARu
C ALSO TO SET POIi'iTC;; 0:1 vic ANU SEi\'D = U
C
C

SU! 'r< 01) T 11 'i. kIAL'cH
IMPLICIT I-TEGcG (A-7)
CO, mn.W I :v-T *-::R/I xH f'. ACT- , IJOL , s ( 30 ), SEND, PEND
CODtlOU/OUT/'ll-iOK i'S(HJ)
DATA BL/' 1 /
IF (HTRaCE ) li:l, 102, Id

101 CALL T.R ACH ' SUVi'OUT I ,\!E READER ')
102 SEi<!> = 0

P E ' E = 0
DUL-1
RrAU(5,j 00)(S(I),I=1,72)

100 FORB AT(72Aj )
DO 2 0 0 1 =9,.? 0

20 0 pJ?-i.JlvDS ( I ) =-L
RE-TUPr;
h - ■ 1)
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C
C
c I.\'TFGE-< FUi.’CTION TO SELECT F-ACT 1 CULAlt TYPE
C OF' CHARACTlES l’i THE INPUT STRL'.'G
C
C

IHTEGE-a F'UnCTIGN SELECTtZ, 1,'JIT ,FIN)
IMPLICIT IVTEGEF’ (A-Z)
C:jc:iON/T AHL1-S/ST AT- ( 2.50 ) , HTAC ( 2.50 ) , SCHAH ( 40 ) , hCHAR( 40 )
CU;P'01J/ I NT^-r.’/NTRACE, IJOL, S (<30 ) , SEND . F EN|i
CO.'iliOH/AEO/I A30CT
IF (LTPACr)101,lu2,101

101 CALL TRACE ( ' F UiJCT I ON SELECT ’)
102 DO SO VAL=IMJT,FIH

I F‘ ( 5 ( Z ) - ST AH (1, V AL ) ) 30,40,30
4 0 IF(S(2 + 1)-STAFF 2,V AL) ) 30,50,30
30 COi'iTLJUE

CALL DIAGF' IMVALI;") TWO CHARACTER I iJ.:NT J F1FR It: TrIF- CARD ') 
SEfJb = l
1 A CORT = J
SELECTS
RLTURM

50 sfllct = val
RE TURN
FK i>

C IHTcGEH FiJECTl OH TO DETERMINE A PARTICULAR CHARACTER’
C IN THE: STRING AhD GET THL COrtRESPOr b I NG COLOUR1 •<
C
c

INTEGER FUECTIDiM FIHb(V)
■ iMt>u icit integer <a-z)

CO.iHONV IR'TEF./NTRACr., DOL, S( 80 ) . SEND, PEND
DATA I SEMI/';’/
IF(HTRACE) J id,10 2, 101

101 CALL TRACE ( ’FU ICT UN FIND ')
102 DC 20 AUX=DOL,DO

IFlS(AUX)-V) 20,10,20
20 CflOTINUE

IF" ( V ,NE , lSEr< I ) GOT030
CALL DIAG('STATEMENT DELIMITER HISSING -ASSUMED AT 72 ')

30 FI id.t.72
RETURN

10 filh=aux
return
E i'j D
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C
C
C SUoicOUTlME RETALJ TO COPY A STRING OF CHARACTEI'S AS THEY ARE
C
C

SUtiROUTI A'E RETAIN! 1L.OL)
Ii'iF-LICIT INTLGcR (A-Z)
COOIION/OUT/.NaORI.'S ( ;;0))
C0*< R 0N/ I NTL;X/NT R AC E, I)0L , s ( 8o ) , SE NC , PFN1)
IF (NTFvACF) 102, 1U1

101 CALL TRACE(1SUdROUTINE RETAIN •)
102 bO 10 P=9OL,IDOL
10 Na1 OR DS (P ) = S(P)

DUL=IDCL+l
RETURN
END

C
C
C SUDSOUTIME TRACE TO DbTERNINE THE FLOR OF CONTROL
C
c

SUBROUTINE TRACE(V)
IMPLICIT INTEGE'P (A-Z)
DIMENSION V(10)
R R 11E(6,1)(V(I ), 1 = 1,7)

1 FORMAT(3x, 'Entry : 1 ,5X,7A4)
REF TURN
ENJ

C
C
C ERROE^ SUBROUTINE TO NRITE THE Ei^ROR MESSAGE
C
C

SUBROUTINE DIAG(V)
IMPLICIT U.'ThGt-r^ (A-Z)
DIMENSION V(2d)
CO-IMON/I MTEk/.MTKACE, REM( 63)
lF"(NTRACE)li]l, 11)2, 101

101 CALL TRACE('SUBROUTINE DIAG t)
102 UKHEt'-,! ) ( V( I ), 1=1,3 7)

1 F'U R" A T ( / / , 1C X , 1 s t) I A Gix OS T I C :’,17A4,//)
RETURN
L N D
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C
c
C SU-.F.OUT I Hi: ISOL FU.< RtCOGNIZING AND
C HAtilPULATlHG CHARACTERS IN CASE OF DATA CARDS
C
C

SUEROIJTI IjE TSOI
IMPLICIT IRTEGrR (A“Z)
CO l‘;M ON /I AH Lt 5/SI AH (50,2) , H TA B ( 50,2 ) , SCHAR ( 40 ) , PCHA R ( 40 > 
COMMON/I NT Ft;/NTH ACL, DOL, S ( 80 ), SEND, PEND 
COI-.NON CTYPL
C 0 M c C N / 0 E T A G M / p E T A ( 4 ) , fi 11 ( 2) , H B E T A ( 4 ) , H G M ( 2)
DATA lHYPH/f;V
IF(i.:TRACE)ini,lU2,l(.ll

101 CALL TRACE('SUdROUTINE TSOL ')
102 RTCARD=0

CTi^CTYPE
LAST = FIHIK IPYPP)
IF (--JEM D) 10,10,20

20 CALL DIAG('INVALID CARD SPECIFICATION
RETURN

10 CALL PU1(CTP,1)
GO TO (30,40,40,30,70,70),CTR

70 IUOL=LAST-1
CALL RETA I rj( I |)OL )
RE T UKtM

30 Z=uOL
80 IF(LETTl:R(Z) ) 50,50,60
50 Z=7+l

. IF(LAST-Z) 1 20,120 , *30
60 AUX=Z-1

CALL RETAIRCAUX)
IF (NTCAkD) 230,230,240

230 PAR=L0CATF(D0L,b,13)
IF (SEND) 90,60, 100

100 CALL DIAG( ' INVhLID PARAMETER SPECIFICATION
KETURN

90 CALL PUT(PAi<,l)
GOTO30

120 SLi''L = t
AUX^LAST-1
CALL RETAbH AUX)
RLTl KN

40 CALL RLTAI!(6)
FAL’ = LOCATE (7,11,12)
CALL PUT(RA^,1)
IF (CTR,ED,3) GM TO 140

13u VAL-LAST-1
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CALL i<LTAL<(VAL)
Slz J = 1.
h t: TIJ K i'J

140 NICA!4U = 1
GUT031

24 0 IF ( I CH*K  ( ULTA >4 ) ) 25 J, 25d , 25 0
250 IF ( IChK(GM,2))270,270,290
270 CALL DI A(i( * I I'-iVALlli UHAh’ACTERS 1 iJ DtPc.'IDENT SOURCE CARD 

RETURU
260 CALL PLACE(HHETu,4 )

G0TU2A(i
290 CALL PLACE(HG/i,2)
26 0 I OUI. =L AST-1

CALL RET Al\(IDOL )
RcTuRix
E N । J

C
C
C FU.-JCTIOU TO LOCATE A PARTICULAR CHAi-ACTER AMD TO ASSIGL-
C TUc VALUE OF 1 iiE ri ATCHI MG CHARACTER FROM THc TAELE
C
C

INTEGER FUNCTION LOCA IE(Z,F,L)
IMPLICIT I^'TEfiER (A-Z)
COMMON /TAi’LtS/STA'.-; ( 5 0,2 ) , HT AR ( 0 0,2 ) , SCHAR ( 4 (1 ) , PC HA'- ( 4 0 ) 
CliM'iON/I NT ER/ix! TRACE , UOL , 5 ( tiO ) , SEND , EE RD 
COil'iOM/AHO/] A CORT 
IF (UTRACE)101,102,1G1

101 CALL TRACE ( ' FU'jCT I Oi'J LOCATE )*
102 ' LOCATE-O

Di)2?PTR=F,L
I F ( S(Z ) -SCnAR(FTR))20,10,20

20 CONTINUE
St- -15 = 1
CALL DIAG('ILLEGAL CHARACTER IM INPUT 
IAUURT=1
R E T U R N

10 LOCATE=PTR
R n T J R t J
ENi:
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II. Listing Showing Modifications Needed in ECAP Routines

For implementation of UESAP at other installations, a 

few cards may have to be removed from and a few added to the 

ECAP routines. The cards to be added have been shown in 

appropriate places with identification sequence numbers. A 

line has been drawn on the identification sequence numbers 

in case of cards that need to be removed from ECAP routines.

The following pages contain the listings for the purposes 

of implementation.



DIMENSIOt'l LIST4( 2G0) » L A F." h I ( 2 r)U ) , L I ST E ( 5) . L I ST I ( 5 ) »( b ) > NUM I ( 5 ) ECAPHOUD
DIMENSION L 1MK1"U(2OO ) ,L INKltr(2rJ!)) FCAPOO1U

ECAF)CO2U

ECAPiJIUU 
FCAPl'llO 
ECAPni2U 
E CAP 0.1.3 0 
E U A P U1A C 
EOAPUl^O

E c a p n n 6 n 
ECAPon7o 
E C A P 0 0 o 3

COMMUH/TAULES/I DUN(20 0) 
C G M M 0 N / I N T E r< / 1 D U h ( y 4 ) 
CCMilON/UUT/NU ( EO ) 
COMMON/SYMbOL/IONE(36) 
CCHh'OiJ/MYS/NYSXS 
CUMMUN/ALiU/I AuPrT
COMMON N11A X , N 0 f'1 E > N T E R M S 

.1
CuiPiON 
COMMON

A'D EC 0 01C 
A DE:U U 0 2 U 
A PECO I'OtJ 
ADECCO 4 0 
ADr.CUU50 
Ali EC 0 0 p L> 

NUMUL,NUMUP , NUMEC,I MTN,NTRACE,N3WTCH,KTQ,EC APO 030
r‘PRlNT(10) ' ECAPO 04U

E (2uG ) ,EMIN(200 ) ,EMAX(200 ) ,AMP( 20 0 ),AMPMIN( 20 0 ),AMPMAX( 200 )EC A?OdbO
Y ( 20 0 ) , Yf-I N ( 20 0 ) , YMAX ( 2 T F ) , M N I T ( 2 C 0 ) , NF I N (2 0 0 ) , MODF1 ( 20 L:)
Y TcKM ( 2 i.'G ) , YTEPf- F ( 20 0 ) > YT ENNL ( 2 CC ) , IRU^'T ( 200 ) , I COLT ( 200 ) 
Ei- i-cOR 1, I SEO , MS EC > MU, i-iUi-i''1 U , VP I RS7 ( 5 (■) , VSF.CN D ( 5U ) , VL AS T (50) 
MU id.-; ( 50 ) , MOR AP'1 ( 5(1 ) , i-lUSTEF ( 5 U ) , I PCUUT ( 4 ) , \ LTRMS, DELTA 
I NU(50,1 CO LN (50) , F LML ( bu ) , FLi-jH (5 C ) , FL'-' (5 (') , EPP A ( 2 rJ U ) ,

F PF ( 4 2 , f> JR 3 , E T 1 Mt. ( 5,2 ) , AT I M E ( 5,2 )

CO (■•MUN
CO?: PON
COMMUN

1 AF PPHA ( 200 ) , ?•
COMMON LTp(b ,126 ) , At'.PTR ( 5, j 2 6 )

THE FOLLUNINU VARIAHLES AR^ US'.-.'; ONLY IN THE ECAP LANGUAGE PRUG ,

COMMON Na UR US (72) ,NMCD ( 2,2 ■) ) , Rl AR EL ( 4 ) , RPU MC ( 5 ) , I NDC ( 2,20
COl'i'ON [ NPUTR ( V ) , M9CD ( 20 ) , **.T  YP>- ( 5 ) , Nl'L Aid , MOEXt-.C , I TOL, UP OU 111, I PC 
CO N'' ON I N v AL , LL , I COL ,L TYPE , 2 COL , '<;Ul T , I TRANS ,KL , (S , K EL AST , NUM, Ml 
C 0mM0N M2,113 , KC AR!), KG , 'Vp1, bi 1' R , M AC > H,;uDi:, TNU--', NOtL , NOE » NO I , NO I U 
C 0 M 0 N t u U I V '\! ( 2 u ) , K 0 'J T ( 2,1U )

ECAPP.160 
ECAPdl70 
ECAPiJlyi' 
E C A P 01V C 
EUAPCLfj C 
EC APP21L1



c
c

C
C
C

C

1

?

3

4
5

ECU 1 VALENCE (YTERM(1),LI ST4(1)),(ISE 0,START) , ('-SEO,FINISH) , ECAP022R
1 ( NUNNO, SHORT) , (VFIRSTG.5) / LAWELCL) ) , (IRCOUT(2),KE),(IWCOUT(3),KI) , ECAP[’23(i
2 ( I WC0UT( 4 ) , NOSit) , ( DELTA , O-iESA ) , ( FLH (1) , LlSTEd ) ) , ECAP0240
3 (F LM( 6) ,L 1ST I (1) ) , (FL-iX 11), ,JlJv:E (1 ) ) . (F LM(16),NUiH (1) ) , ECAPU25U
4 ( L-PHA ( 1) , L I riKlU( 1) ) , ( A Dpp ha ( 1) , |_ 11 K 1E(1)),(VFIHSTC1),OPEN) ECAPU260

ECAPn27u
ECAP02D0

\’TRACE = U ECAP0290
KTO - 1 E C A P 0 <> i) 0
CALL ULANG ADECoryo
IF( IA!JORT,EQ,1) stop A DEC C- ULI)
CALL EGA ECAP 031C
GO TO (2,3,4 ) ,\'TR ECAP 0320
CALL ECA19 ECAP 033U
GO TO 5 ECAPOS 40
CALL ECA39 FCAP0350
GO TO => ECAP03-')0
CALL ECA09 ECAP3370
KTO = 2 ECAPCor'ij
GO TO 1 ECAP0390
EU ECAP04 OU
SUHRCUTINE EGA LAOOtlOiji)

LAO 0D 010
card IMAGE LOADER fop ELECTRICAL NET'- -'ORK ANALYSIS. L A 0 rj n u 2 (’ 

L A C U 0 U 3 D 
L A () 0 (i 0 4 G

DIMENSION LI ST 4 < 200 ),LAREL(200),LISTt : ( 5 ) , L I S T I ( 5 ) , NOME ("5 ) , NUM I ( 5 ) L A 0 0 (J C L 0
DIM ENSION LIN K 1D(2 0 0 ),LIM K1b(2 0 0) L A 0G (1C 6U

compon/mys/mysys AOOOCOlC
L A 0 0 n u 7 0

c 0 M H 0 N N M A x , N 0 L'E , N T E R N S , NU '1 i? L ,': u MEN, OLMEC, IRT,' , NTRACE, NSNTCh, KTO L A 0 0 Cl 0 S 0
1 ’jPRIN'TdQ) L A 0 0 C 0 v o

COM'-igN E ( 2f;fJ ) , l-:-1i N( 2UU ) , E;1AX ( 2 '"j } , At-U < 200 ) , Am:'h IN ( 2 JD) . AMPpAx ( 20 Li) L A jO U1 r 0
COMMON Y(2U0 ) ,YHIN( 200 ) ,YMAX(2?L),NJn I T ( 2 0!) ) , NF I N (200), w0DE1 ( 2U 0 ) L A U 0 0 11U

<n 
to



COMMON Y7 ERM ( 20H ) , VTE^MH < 2r fl ) , y TERML ( 2U0 ) , IR0WT < 209 >, I C0LT C 2 U 0 ) 
COMMON hKt<UHl, I SEO > MSEC, MO • "v.W'n , VF I F<$T ( 5 0 ) , VSE Ci-iJ ( 50 ) . VLAST ( 5 0 ) 
CO-'-'MON M ( 5 0 ) , y OP ARM ( 50 ) , r-i D 5 T E P ( 5 0 > , I l-.'COUT ( 4 ) , NLTRMS, DELTA
CCr:* = 0N 11<0(50) , ICULMC-O) ,FLML(5f<) ,FLr'K(50) ,FLM(5O) ,EPHA(2f?U) , 

1 A : Ip PH A ( 2 0 0 > . A' 1'.'5 C »’v a J') I:, EH p') P2 , H RR GR 3 , ET I ME ( 5,2 ) , A T I Mb (5,2 )
CO'lHOrJ ETR ( 5,125 ) , ANPTk ( 5,126 )

C
C THE FOLLGRING VARIARLrS ARE USE.) OL'LY IN THE FCAP LANGUAGE PROG, 
C

COil’WN NUCRP S ( 7? ) . MH CD ( 2,21') , KLAriEL ( 4 ), KPUN’C ( 5 ) , IMDC ( 2,2 0 )
COMMON I NHIJThC 5 ) , NHCD( 21! ) , KTYP^ ( 5) , NL’LANK > MCE XEC . 11OL , X'EnU I M , I PC 
COMf'UN IiMVAL,LL/ICOL,LTYPE,aCCL,NGUIT, I TRANS, aO,K$,KELAST,NUH,F.1 
COMMON bi 2 , H 3 , K C A p D , K fi , N P , NI i < , i-i ,-x C , H M 0 fJ F , T NIJ M , N 0 c L , >'10 E , N 0 I , M 0 I C 
COMMON EUll I VN ( 2u ) , KUUT ( 2,10 )

C
ETUI VALENCE (YTL-RM(l) ,LIST4( 1.) ) , ( ISEN,START ) , ( MS Eu , F I N I S H ) ,

1 (NUMMf!, SHORT) , (VFIRST(2) ,LahEL(1) ) > ( IlJC0UT(2) ,KF) , ( IWC0UT(3) ,KI
2 ( IkCOUT (4 ) , NOS;-.1) , ( DEL T A , Oi'E G A ) , ( F LH (1) , L I S T E (1) ) ,
3 ( FLNK 6) , LI ST I (1 ) ) , ( FLN (11 ) , NUmE (1 ) ) , ( FLM( 16 ) , HilHl (1 ) ) ,
A (ePHA(l) ,LINK1!J(1) ), (AF.PPHA(l) , L I URIE: ( 1) ) , ( VF I RS T ( 1) , OPEN )

C
c

IF ( NTRACE ) 3, 4, 3
2 FORMAT!' LANG MAINLINE- ECA ENTERED. KTO = ',13 )
3 WRITE (6, 2) KTU
4 GO TO (1,44),KTO

1 CALL ECA01
WRITE (6i 702)

702 FORMAT ( 1H1 )
11)0 '-(EAD(5,7U0) (bo<;RL)S( J) , J = l» 72)
100 IF(MySYS ,EQ.1) GOTU10

R c A D (1) ( N W" 0 i < D S ( J ) , J = 1 • 7 2 )
GOTO 20

10 READ( 5,700)(NWORDS(J),J=1,72)

L A 0 0 C 12 0 
L A 0 0 (J 1 3 i> 
L A 0 0 u 1 (j 
L A 0 (. 0 1 51) 
L A 0 0 01 6 P 
L A J U 0 17 u 
L A 0 0 0 1E C 
L A 0 0 0 1 U 
L A 0 0 0 2 0 0 
LA000210 
L A 0 0 0 ? 2 0 
L A G U C 2 3 0 
LAU0024U 
LA 0 0 02 50 
LAOOOFM' 
L A 0 U 0 2 7 n 

, LAO 0 02 LG 
LA0UG2VU 
LA 0 0 030 0 
LAO 00310 
LAHO fi .320 
LA GO ('3 30 
LAOG0340 
L A 'J 0 f. 3 5 0 
L A 0 n 0 3 6 0 
LAGO 037 0 
L A 0 0 0 3 d C 
LA00C39U 
LA 0i)04 OU 
L. A 0 0 (j 4 1 0

A D 0 0 0 n 2 (! 
A p 0 0 i) 0 3 U
A •) 0 0 0 U <5 U 
A DO 0 0 0*.  0

<T>
UJ



20 IF ( NW0rwS( 1 ) ■- Nr?CP( 1 )) 99, 100 0, 99 LA000430
99 IF(MYSYS,NE,1) GO TU 92 A U 0 0 0 0 6 0

WHITE(6,701) (WWORDS(J),J=l,72) A D 0 0 0 0 7 0
99 WRITE(6,701) (JNORDS( J)>J=1>72) i A r: n f> .-t

92 nOEXEC = nOEXEC + MQUIT L A 0 0 U 4 5 0
KCAkD = KCARD + 1 L A 0 0 0 4 61’
IF ( NlNOKpSC 1 ) - NMCD( 2, 1 )) 7777 , 100, 7777 L A 0 0 0 4 7 u

7777 KCOL = 6 LAO 0 0460
00 1 0 02 I COL = 7, 7 2 L A 0 0 !' 4 9 U
IF ( i\W0RUS( ICCL ) - NHLAMK ) 1001 , 1002 , 1001 LA000500

1001 KCOL = KCOL + 1 L A 0 0 C 5 1 0
r'i;QRDS( KCOL ) = NWOROSC ICOL ) L A 0 0 <) 5 2 0

1002 CONTINUE L A 0 0 0 5 3 0
IF ( i\'aORuS( 6 ) - NECD( ID) 777, 776, 777 L A 0 0 I' 5 4 0

776 IF ( NOU IT ) 500, 14, 10 0 LA00055U
14 ICOL = 6 LA.0 0 0560

IF ( Ml ) 500, 109, 19 L A 0 0 0 5 7 0
777 NQUIT = U LAOO f-5 b i.)

Ml = 1 L A 0 U 0 5 9 0
DO 24 ICOL = 1, 5 L A 0 o 0 6 0
IF ( NWO.DS ( ICOL ) - N3LAJK ) 21, 24, 21 L A 0 0 C 6 j. 0

21 DO 23 LTYPE = 1, 4 LAnr)G62'G
IF ( NWORUSC ICOL ) - KLA9ELC LTYPE )) 23, 17, 23 L A 9 (J C 6 3 G

2 3 CONriNUt LAOO0640
GO TO 104 LAOH0650

24 CONT INUt LAG006C0
IF ( KCOL - 6 ) 500, 1125, 125 LA09067C

1126 M3 = 4 LAC 00630
GO TO 305 L A 0 0 0 6 9 C

10 4 IT HA NS = 1 LA00070U
GO TO 126 LAG 0 () 710

10 9 I THA NS = 2 LAO 0 0- 720
12 6 CALL EGA 0 4 LA03D73r

GO TO ( 900, 500, 5U0, 100, 110, 111 ), ITPAN3 LAO 0 0 740
12-^ CALL L-CAUo L A 0 0 U 7 5 u



GO TO ( 5> 500, 46, J.OQ, 110, HO ), ITRANS L.A00Q760
46 IF ( NOEXEC ) 500, 5004, 4667 LA000770

5004 IF ( IRTN - 1 ) 5006, 5006, 5005 LA000780
5005 GO TO ( 136, 137, 138 ), NTR LA000790
5006 MAC = 0 LA000800

47 MAC=MAC+1 LA000810
macRlo = ktype< mac ) LA000820
GO TC ( 210, 210, 214, 216, 219, 220, 220, 238, 226, 228, 230 ), LA000830

1 MACFLO LAO 0 0840
210 NNODE = HNODE LA000650

DO 3000 K=l,NNODE LA000860
DC 2999 L = 1, NMAX LA000870
IF ( NINIT( L ) " K ) 2998, 3U00, 2998 LAOOObtiO

2998 IF ( NFIN( L ) » K ) 2999, 3000, 2999 LA000890
2999 CONTINUE LA000900

NOEXEC=NOEXEC+1 LA000910
WRITE ( 6, 3001 ) K LA000920

3000 continue LAU00930
DO 3205 K = 1, NMAX LA000940
IF ( MODE1 ( K )) 3205, 3202, 3205 LAU00950

3202 WRITE ( 6, 3003 ) K LA000960
NOEXEC=NOEXEC+1 LA000970

3205 CONTINUE LA0U09b0
IRTN = 1 LA000990
IF ( NOEXEC ) 500,5005 ,4667 LA001000

LA001010
LA001020

4667 WRITE (6, 2390 ) LA001030
WRITE ( 6, 778 ) NOEXEC LA001040
GO TO 219 ' LA001050

136 RETURN LA001060
137 IF(OMEGA)1390,1390,1370 LA001070

1370 RETURN LA001080
138 IF(DELTA)1381,1381,1380 LA001090

1381 IF(NEQUIM)139O,1390,1382 LA001100
<T1 
LH



1392 DELTA = l.E-6
139 0 -HETURN
139 0 l-.-RlTE(6,1391)
1391 FOrt1'AT (//62w FREQUENCY OR TliYE 

1PROPLEM//)
N 0 E X E C = N 0 E X E C +1
GO TO 4667

214 IF ( NEti'Jlil ) ‘>00, 210, 219
219 TRADE = SHORT

SHOR T = OPEN 
OF-Eim = FRA DE
GO TO 210

216 GO TO ( 94, 95, 500 ), NTR
9 4 .1 R T N = 3

GO TO 136
95 IKTN = 3

GO TO 137
22 0 HR I IE ( 6. 231 )
219 HAC=li

20 = 0
WRITE (6, 702)
G0’ TO 1 0U

44 ISEQ = 0
O trace = 0
r’EOUIM = 0
HX ITE ( 6 , 7 0 2 )
GO TO 47

226 CALL USER01
GO TO 44

229 CALL USERU2
GO TO 44

23 0 CALL USE RD 3
GO TO 44

239 CALL EXIT
C

LA 0 0 HI 0 
LAnnii2t"i 
L A 0 0.1 1 3 0 

STEP IS IMPROPERLY DEFINED FOR THISLA00114U 
LA 0 0 11 5(J 
L A 0 011 r- 0 
LA 00117 0 
LAG 01160 
LA0U119U 
L A 0.112 6 0 
LA (JO 121 0 
LAG 01220 
LA0ni230 
LA 00124G 
LA0U1250 
L A 0 U12 6 0 
LAO 01270 
LAO (1126 u 
LA 0U129b 
LA 0 013 on 
LAO 01310 
LAC01320 
L A 0 (i 133 0 
LA0ni340 
L A (.10135 0 
LAOU136U 
LA00137D 
L A 0 0 13 6 G 
LA 0013 9 0 
LAI) 014 G G 
LA 0014 10 
LA001420 
L A 3 C1 4 3 U 
LA00144U 
LA 0 0 14‘. n 
LAI) 01460 <Tl

<Tl



c
c

231 FOi^iAT (// 25H ILLEGAL li'JF^UT 3 TA TE ME-'IT , / /)
77o FQEL.AT ( 1X / I 3,25h E^FC)F(S) LEh’E DETECTED,)

2 3 ■) U F 0 H M A T ( A 0 i 1 INPUT ERODES HAKE EXECUTION I M P 0 S S I P L  )c

c h'ijMERlCAL EXTRACTION SLCRUUTT,^ fOn I JTERPt- LT I i C 'jrn NUMFRAIG 
c f, I, op e Decimal formats, —

3001 FURMAT(//9H NUi'E NO , I 4,13h IS F I SS I -JG ,//)
3003 FORMAT(//IIP DRANCH N0,I4,13H IS MISSING //) 

530 ITRAuS = 5
GO TO 110

D05 ITRANS = 6
Gu TO 110 

1300 ITRANS = 7
LOU IT=0

110 CALL. ECAU7
GO TO 100

1.7 ITRANS = £
GO TO 1713

19 ITRANS =2 
1713 CALL EGA 02

_ GO To ( brJD, 5011, 1313, 1O'J, 113, HQ ), ITRANS
|O<14 |T0.J.^14’1314'131,j’1-3l,J’191J,1315,1315,1315,1314 ), INVAL
J» O 1, ‘v H L. L. L l< n U v

GO TO 1316
1315 CALL ECAijb
1316 GO TO ( jOG, 1713, 1713, lOt.i, Hu, no ), ITRANS

5 CALL ECAUu 
GO TO 100 

700 FORMAT! 72A1 ) 
7ni format ( ih 72aj ) 

Q
end
S U tl K J U T I N E E C A iJ '■) 
OO'JOLE PRECISION ACCOM 

c

LA(J0147fJ 
LA0(114SC 
LA GO 14 9( 
LA.'iUlbGU 
LAOOlbil; 
LAGO t-?2u 
L A U (1153 0 
L A G 015 4 0 
LA 1)015 50 
LAUU156C 
L A 0 0 15 7 fj 
L AO 01 5c’0 
LA OU 15 9 0 
LA DC 16DC 
L A 0 0161U 
LAU0162O 
LAO 01630 
LAO 6164 0 
LA UO16 50 
LA00166U 
LAO 01670 
LA (101660 
L A 0 016 9 U 
LA()l’17G(l 
LA OU 17 IF 
LA GO 1726 
LA001730 
LAu0174u 
LA 001750 
LAO 0176 0 
LA UU 17 7fi 
LA 09 COUO 
LA 09 CO 10 
L Ai) 90 02 0 

I \' T 0 L A 0 9 U 0 3 0 
L 4099 0.4 0



c

c

c 
c 
c

c

c 
c

3

LA09Cu5C 
DJ MENS I OH L 1 514(200 ) ,L AI-EL (2CU ) , LI 5TE( 5) ,L 1STI (5 ) , MJmE(5) , NU:-!I (b ) LAO9GH6U 
J I E \ S I 0 N LI K 1P ( 2 0 fl ) , 1.1 X' K it- ( 2 u 9 ) L A 0 9 G 0 7f?

1 IF ( NTRACE ) 3, 4, 3
2 FJRh'AT ( 4irl LAf'iG ExTRAC SUHK-1" 3 A-09 EK I£9ED, IC0L=I4 )

••.'RITE(6, 2) 'IC'JL
4 TNUM =0,0

KOUNT = U

1

LA 090 060
COMMON/MYS/MYoYS AD09G01U
COH PON ha-, AX, NL'ut'E, NT EK “S , NUO LL » MUH 8 R » Nl'MB C , I R T N . N TR A CE . NS W T CH , KT 0 , L A 0 9 G 0 ° 0

f'PH IN T ( it) ) LA090in0
cf)MH0hl E ( 2 K (, E: I N ( 2 0 0 ) , B >1A X ( 2 (1 0 ) , AI' P ( 2 0 0 ) , A PH I N ( 2 C 0 ) , A F-1P N A X ( 2 0 0 ) L A 0 9 0 11 0
COMMON Y ( 200 ), YH IN (200 ), YNAX (2'11) )> NIKI T( 200 ), nEINC 200 ) , MOD El (200 ) 
COMMON Y1 cKH ( POO ) , YTERMH ( 200 ) , Y TPriPL ( 200 ) > I PONT ( 2G0 ) , I CCLT ( 200 ) 
C 0NM UN E i<KGR 1, I SE Q , S c rj, Y0 »।•. UM C , V F" T aS T ( b 0 ) , VS E C i>!u ( 5 0 ) , VL A ?T ( bf’ ) 
C () M P 0 N M 0 F( E N ( 5 0 ) , M U P A K > ’ ( 9 0 ) , -10 rJ 7 tP ( b ll ) > I'K C U U T ( 4 ) , N L T R i-1 S » D r I 7 A 
COriKGN I POKY (b(' ) , 1CCLY (SC! ) ,F L D L ( bl.' ) , F L'1H(bO ) ,pLH (30 ) , EPHA ( 20 0 ) >

Af'.PPH A ( 2DU ) , KXEC , H A J'Jli, ERr-C'fP , LHRUR3 , ET IMt ( 5,2 ) , AT I HE ( b , 2 ) 
COHHUN E 11< (b , 125 ), Ah'PTE ( 5,12 6 )

L A n 9 (J 12 0 
L A C y p 13 0 
L A 0 91 j 4 0 
LA{)9ClbO 
LAO 901 (-0
L A 0 9 0 17 'J 
LA Go 01F-(J

THE FOLLOWING VARIABLES ARE USED ONLY IN THE tCAP LANGUAGE FROG,
LAU9019G
L A I) 9 0 2 9 !J

COMMON NWORL'S( 72 ) , f;MCD (? , 20 ) , KLAHEL ( 4 ) , KPUKC ( 5 ) , INDC (2,20 )
COMMON I NFJUTP( 9) ,N6Cb( 20 ) , Y T YF F- ( b ) , r.'LiLAKK, KOEXEC , I TOL, NF OU I M , I PC 
COH.MOM I NVAL » LL, I COL , LTYPF . Y. C 3 L , NO111 T , I TRANS , KC , hS, K EL AST, NUM, Ml 
COHivOK M2 , :i3 , KC ARD , KG , Kp , ImTt* , MAC , HhiUDE , TNUM , NUcL , hlOE , NO I , NO 1 C 
COMMON [-UUIVIJ(PU) ,KCUT(2,1U)

EOU I VALENCE ( YTlAM.i (1 ) , l I ST4( 1) ) , ( ISEN, S7 ART) , ( MSEC, F IP ISH) ,

L A fl 9 0 21G 
L A 9 9 ( 2 2 0 
LAC9C23G 
L A U 9 0 2 4 (J 
|.A09C2bU 
L A (J 9 D 2 6 C 
L A 0 9 0 2 7 U 
LAUC->C26O

1 ( XUMHU, SH'.lP T) , ( VF IRST (2 ) , LAL'EL( 1) ) . ( I kCOUT(2) . Y E ) , ( I W C OUT ( 3 ) , M ) , L A 1)9 02 9 0
2 ( lUCOUr (4) , JOSK ) , ( DEL T A , Cm a.-. GA ) , ( F LM (1 ) , L I STE (1 ) ) , LAu9u3uG
3 ( FuiK 6) , L 1ST I (1 ) ) , ( FLI ( 11 ) , MH-’E (1 ) ) , ( FLM( 16 ) , iiU.I I (1 ) ) , LA 09 0310
4 ( EPHA ( 1 ) , L IN-Klij ( 1) ) , ( Amhpha (1 ) , L I?JK1E (1 ) ) , ( VF IKST ( 1) , OPEN ) LA 09 0 32'J    12*4

LA 09 0330 
L A 0 9 0 3't 0 
LAjVGbbU 
L A 0 9 C 3 6 0 
LAG9037G 
LA09U3tU 
LAC 903 90 <T> 

PO



10 0

1 91

77

22
6
7

8

9
12
16

10
18 8

167

21.

^3

3 5
BCO
432

11'1 U S = 0
! '• I '<U 88 = 0
r;H A-i T = U
It = iJ
i\ j 'J - iJ
ACUUM = Li. ODO
0: U T U 101
I COL = I COL + 1
IF ( ICOL - KCOL ) 101, 101, 55
DO 77 KEY = 1, 2G
IF' ( N-AO;rJS( ICOL ) - .l'PCD( KEY )) 77, 22, 77 
CONTINUE 
63 = 28
GO TO 432

lF(KEY-3) lOu, 6, 9
lF(r.!-j0E) DUO, 7, .3
6 I i'i U 8 = 1
GO 10 10U
MMIJSE = 1
GO 10 100
IF(KEY-14) 12,18, 10
I F (i 'i G 0 E ) 2 0 0 , 1 b 5 , 3 3
LP Ah' T = 1
GO TO 100
IF(KEY-16) 21, 35, 35
IF (i-jpART ) 500, 187, 136
KOU\T = KOJIvT + 1
ACCU6 = acc;;j,-i «-i.di + (key - <)
GO TO 100
f.iGOE = 1
GL TO 100
\L = Nb - 10 + (KEY - zi)
GO TO 10U
IF(MINUSb) 500, 40, 39

'"’3 - 1
■siCUlT = 1

L A l) 9 0 4 U C 
LA 0904 lb 
LAU90420 
L A 0 9 (14 3 0 
LAU90440 
L A 0 9 (i 4 5 U 
LA 0 9 046 0 
LA09U47G 
L A 0 9 0 4 8 U 
L A 0 9 0 4 9 0 
LAO90300 
LA09C510 
LAQ9()52ii 
LAnc0530 
L A 0 9 n 5 4 (’ 
LAGO 05 51) 
L A 0 9 0 5 61) 
L A 0 9 0 5 71) 
LA 090581’ 
L A 0 y 6 5 9 (J 
L A 0 9 0 ( b (j 
L A 0 9 0 61 'J 
LA 00 0 620 
LAO 9063 0 
LA 0906 4G 
LAiJ9l’65u 
LAU9O6fO 
L A (J 9 0 6 7 C 
LAO 90 66 6 
L A 9 9 0 6 9 G 
L 4 0 9 0 7 0 IJ 
LA 09oyj0 
LAJ90720 
L A 0 9 0 7 3 0 
L A 0 9 U 7 0 
L A '19 C 7 5 J m



ii o r o 4
.59 f.'i-, = - |JE.:

= Nb - KQU’jJ
( !1E ) 27, 27

2 7 AU'CUM = ACClJ.-i » leDl»»!'Ji:
23 Ti’.'UEi = A 0(51'3

10 (I-INUS) 36, 43, 36
3 6 TMiH = - I.'JUM
4 3 I Cut = I COL - 1 

9996 COivTlKUc
(Jj 7 0 ( 99962,99961,99«6] , 99 ?62 , ,?S'962 ) , MYSYS

99961 IF'( INVAL.NE.Z) GO TO 9?9o2
I F ( K ONCL . LU . 1) SO TO 9l, 9(>3
AIJXL = T!\UM
Tr'lJM = l , / AUXL
KG'JCb=l 
DO TO 99962 

9 9963 KO-\CE = U 
9996 2 IF ( NTS ACE ) 99 98, 9999, 9090
9997 F0L'riAT(41H LANG EXTPAC 9 UH k-EC A-U9 EXIT. IC0L = I4,

1 CH TNU3 = Elr'>. <3 )
99CP. f;pITE(6, 9997 ) lCUL,TNi.r-'
99a9 (7ETURN

Er.1 "J

LA 09076U 
LAO?!770 
LAU9i'7H. 
LAQ9079j 
L A G 9 0 s •) 9 
L A 0 9 0 L10 
LA 69 0c2 0 
LA 09 CoSC 
LA 09064 6 
L A 0 9 0 Ci a 5 
A D U 9 0 0 2 0 
A I) 0 9 0 0 3 U 
AtJ'19 0 0 41.) 
A;.) 9 9 0 0 b U 
A1) n 9 0 0. 0 
a u o 9 r? 0 7 0 
Ar. n9(10 80 
A ? 0 9 0 c 9 0 
LA 1)9 06 F- u 
L A G9 (io ( 
L A f19 (■ r 7 tj 
L A 0 9 0, < c ( 
L A t) 9 0 L, 9 i) 
L A L) 9 (J 9 L I

3 U H n 0 U T I N t c C A 2 9
DOUBLE PRECISIUN X(200)

DC 25 0 0 C (J 
()C250fll0

C0SY<0N/YYS/HY3YS A J 2 5 U U1 0
COMMON NMAX,l'j.A-riDE,i-ITEc73S,N,UUyL,NUM6.7,NlUi1t3C, I RTN , NTPACE, NSWTCH, K TO , i)C250 02 9

1 NPHIMT(IO) DC25 GO 39
C 0 M N 0 i 7 
CUNHUN 
CO Ci f1 ON 
COMHON 
CONHON

E ( 2 (Ji) ) > E:11 N (200 ) , EH AX ( 2 DO ) , AmP ( 2r10 ) , Ac;^:< I N ( 20 0 ) , A NPHA X ( 2 D 0 ) JC2D 0 C
Y ( 2 -.1 (J ) , Y111 K ( 2 0 9 ) , Y. 1A X ( 2 0 D ) ,' J [ N I T ( 2 0 C ) , \ t I -I ( 2 0 0 ) , 3 0 D E1 ( 2(’)
Y T t S11 ( 2 0 0 ) , Y T F H 0 H ( 2 0 (I ) , Y T t-. < N u ( 2 0 0 ) » I “ 0 T ( 2 U 0 ) , I C 0 L T ( 2 U U ) 
ERRORl, I 3F0 , -ISEQ , NO , A-UM-iL1!, I RS T ( 50 ) , VSrC mH ( 50") , VLAS f ( 50 ) 
M Ji-SPN (50 ) , MOP ARP ( DO ) » HujCFF’ ( DU ) , I WCOL:T( 4 )

1)0 251)0 5']
DC25UCon
DC250 0 7ii
DC 250 0 SO

70-



t

c n C 2 5 G 0 9 0
c T.-ii: FOLLOWIN'; VARIABLES are OSLO ONLY IN THE ECAE D.c, ANALYSIS DC25010D
c DC2ftClin

COMMON AXI.SMLcPC'rO) ,CURR(2CiD) ,S>!LE(200) , EQUCUR ( 50 ) ,Ex(200) DC25Cil20
c;.o- Y.CN E5(2fiO) . A;-1yx(200) , A.'-EO ( , vr'nii(5(D ,3TLSQC50) ,L,M, ITOL i)C2'ftO13U'
CONN ON JX.1, JX 1, JX5 , DELTA , DUNK 2o ) 00200140

c 00250150
CONNON LAWG(2h5) DC2D6160

c 110 2 5 017 0
CJMNON NATA (20? , 4,3 ) , YX (20'? ) , YE (200 ) , YTERNX (20 0 ) , YTERHB ( 200 ) 002501E0
COCOON KUi'IAX(5’J) > VIC'I I N ( 5 9 ) DC25U190

c 0025020C
Ij u U i:l L c PRECISION S ’‘1L E P , C U R n » 3 f'i L t > E 0IJ C U A DC250210

c [10250'220
1 IF(NTRACE)3,4,3 DC25(j23U
?. FCkNAT ( 6H PCA2i> ) D C 2 5 C 2 4 0

W r 1 T E ( 6,2 ) .’J C 2 5 0 2 5 (1
4 I F ( J X 4 ) 8 . o , 101 DC25C26U

c 00250270
c OUTPUT NODE VOLTAGES 0)0250280
c l)C2l5C29 0

pj IF(NHRINTd) ) 101,] 01,99 00250300
99 WHITE(6,133) DC°0 31 i-
9 9 GO TO (1000>2000,3000,3001,3002 ) ,NYSYS AD25 0iJ2i)
10 0 9 W R I T E ( ft »1. o 3 ) A,)25C950

W R I T E ( 6,13 4 ) DC250320
1.35 FORMAT (// 1-rH NODE VOLTAGES //) 1)0250330
15 4 F(KMaT( oH nODES , 15X , ’3IJVOLTACES /) U C 2 5 0 3 4 0

Gn TO A0uu AD250040
2 Oil.) l-'R ITE ( 6,1133 ) AU25U05G
115 5 FORMATf.//' I'iCDE VELOCITIES'//,' NUDES ’ , 15X , ' VELOC IT I ES ’ / ) AU25009L'

GO TO ^OUu A.)250()70
3 0 il 0 Wk I IE(5,4133) AD25u0h0

GO TO 4 U KJ A0250090
3 j 11 DnITE(6,3113) A 1)2 5 01 i-L

go io A D 2 ft 01 1 0



'J J 2 1 T E ( o, 113) A0 2 5 012 0
213 3 FC>>MAT(//' A;.IGULAR VELGCI'TIbS AT NODES',//, ' NODES',15X, A U 2 5 013 P

1 'v FLOC HIES’ /) A,)25C14 U
311 3 FCFhAT (//' >,-OPF TEMPcpATUf.'L-S ' ,//, ’ i'jODES ' , J bX , ' TEKPFPA TOPES ' / ) AD25ni5C
4113 FOf" AT ( / / ' XOiJb PRESSURES ',//, ' O'OT'ES ' , 15X , ' PRESSURES » / ) AD25C16U

0 p COUTII'JL'E AD250170
DO 5 1=1,N\O!)E DC25035G

5 X(I)=SMLcP(J) 00250360
K >• A X = N N 0 j t: 00250370
I.o: = l 00250360
GO TO 1CU 00250390

C i) C 2 5 0 n u
C riRA,0CH VOLTAbES 110250410
c 00250420

101 DO 10 1=1,UMAX 00250430
SNLE( 1 ) = 0.0 1)0250440
C = MUIT(I) DC2594po
IF(0)11,11,12 00250460

12 Sb'ErCl) = SOLES (J) IJ 0 2 5 0 4 7 U
11 S = 'jF J i< ( I ) 1.1C ? 5 0 4 b 0

IF ( K ) 10, IP, 14 D 0 2 5 U 40
14 Sr'LE(I) = S'vLt(I) - SHLFP(h) 1'025050 0

in CO '-■T I .\‘UE DC25G510
I F ( J X 4 ) 9,9,1 •? 2 DC250520

o IF(N'-)^INT(5) ) 102,102,15 i) C 2 5 9 5 3 0
1/3 .•.‘RITE (6, lol)
lb G 3 T u ( 5 0 U 0,6 G J 0,7 G 0 0,7001,7 u U 2 ) , Y S Y S A'j25niA'j
5 0 0 J LT-. I TP ( , 131 ) Ari250190

k T I T (i), 1 3 < ' ) 00250550
131 FORMAT (// 16h URANCfi VCLTA'-.S //) DC 250 56 0
132 FiL'xNA T ( 9il URAL'uHES, 1?X, oHVCLTA ,ELV) i) C 2 5 P 5 7 0

GJ TO tiUOU A I) 2 5 0 2 0 0
6ono R I T E ( 6,1131) AD250210
1131 FOF'iATI//, ' ERAGCH VELOCITIES',//,’ A.'iCHES ' , 12/, ’ VELOC I T I Ed ' / ) A D 2 6 (12 2 0
7 U ; ■ ■' R I T t ( 6 , J 13 1 ) AD? 51123 0
213 1 FJR.'IAT (//. ' JRAUCH A'IGjLAE V El; T r r. j * , / / , , tu< zjx: r;-1 pg f , i 2 X » A112 5; 2 4 r M



1  VELOCITIES'/)*
G'i ro fjijuij

7 Gul vT-’. 1 Tr ( 6 , J131)
3131 FOid'iAT (//. ’ TEMP = A'ATU7-(c’> • ,//, 1 P-3ANCHSS * • 12X »

1 ’ TEMPEllATJi^T'S V )
Gj TO -3 0Ou

7 00 2 '<3 I IE(6,^l31)
4131 Fu-<hAT(//,’ 6RA;.,'CH RRESS'JRES ' >//, ' eRAA'CHFS ’ , 12X , ’ PRESSURES V )
dOLli) CO'iTL^UE

DO 16 1=1, '-JAX
16 '<( 1 )=S^LE( I )

IC'iA X = iLlAX
1'0 = 2
GO TO 10u

fj

0 ELEMEN T VOLTAGES
C

1'12 DO 17 I = 1,\!'1aX
17 SVUE( I )=bflLL'( I )+Ex( I )

I r ( J X 4 ) 7,7,10 3
7 I 7 ( r'.pRl .mT ( 3 ) ) j 0 3,1 OS, 13

10 I TE ( 6,165)
1<3 GO TO (<?UO:J, lUOL'i) , 1 10 O'J , 114 U1 ,-110 02 ) , OYSYS
9(Jhfl UR1 Tt ( 6,1 55 )

OR HE (0,132)
135 F J A ;< A r ( / / 17 0 ELF:hEX1 T Vr)LT AGL; S // )

Go TO 12uU .)
ion 0 0 UR I "I E ( 6,1135 )
1135 FO.-x-XAT (//, ' ELESEMT VELOCITY';;'// ' PA ThS ' , 12x , * VELOC I TI ES V ) 

OU 10 12600
11 i)G (J Ln: I TE ( 6,2135 )
2135 F" (M.-r. AT (//, * ELL-ur.’JT AFGULAR' VF.- LC CI T I ES V / , ’ t)F:A*.CHE:S  ' , 1?X,

1 * VELOCITJESV)
GO TO 12 ULF

114'11 11^(6,0135)
313? FOh HaT ( // , » ILL 'EFT TF ■':■ E-k .■ T!''• c S' ' , / / . * ?F A. .LhES ' » 1 ?X ,

AD250250 
A :)2 5u 2e (. 
A 02 5 i) 2 7 C 
Ai)25n2'-it.' 
A U 2 5 0 2 9 U 
A 02 5 ij 3 0 0 
A'>;,(;ij3ir) 
A J 2 5 u 3 2 0 
A *)  2 '> u 33 u 
!TG25U?r.C’ 
? C 2 5 0 6 V U 
DC25060v 
00 2 5(1613 
i) C ? 5 0 6 2 0 
PC250630 
00250640 
DC 25065 0 
')C:25'J66C; 
11C 2 5 0 6 7 u 
1) C 2 ? 3 6 61 i 
DC250600

A D 2 ’? I 15 4 0 
A i) 2 0 3 ? U 
00250714 
U C 2 5 i• 7 <- (•' 
A 0 25035 0 
AD2503711 
A I12 5 (i ?■ 5 u 
Al.250390 
Ail2504()(.' 
A IJ25C <1 10 
A!) 2 5 0 -s 2 o 
A i'? 5 0 -13 0 
A 1)2 30 4 a (i 
AG25 O4'-U



1 ' TE^PERATUh'irS V)
C (■ TO 12O'Jf!

1101)2
41.55 FGRf-- AT (//» ' ElEFEiMT PRESSURES',//,' tJRANCPES 1 ,12X , ' PRSSSURES ' / )
12f)i.n COPT I PUL

!'U 19 1=1,!-,I. AX
1? X( I ) =SNLh(I)

e a x = ru-; a a
iaj = 3
G0 TO 1U0

c
c SlE'-’ENT CURRENTS
C

1 i!3 DO 20 1 = 1, A,X
20 CijrT <( I )=YX( I )»or!LE( I ) 

IF(NTERyS)21,22,21
21 iJ0 2 3 I = 1, r TE K';S

o u = i r o i'i r (i)
NC= I C<)LT( 1 )
irCb'II.ELtC) )24,2.3,2^

2^ QI-PR ( PR ) = Ci|RE ( Np ) + YTLRf'X ( I ) -iHLl ( \!C )
23 COvjI AUt
22 12(0X4)2^,27,105
2‘) IF ( A.Pi'l NT ( 2 ) ) 114,104,26

2 6 I-.' 7 IT i: ( 6 , j. o U )
26 :j(! TO ( ISO-), 1 4 n q , lUC'C , 170 .1 ,15'12 ) ,'-i YSYS
130 0 a ■'! 1 T u ( 6,1 OU ) 

a:;ITE(6,13:/)
130 FCRHAK// 17'1 L-LFt-itUT CURR.(-;;Ts //)
137 rC-'--AT(9H l>'ANC aS, 12X, SHC'J.^-CLiTS/)

L-f? TO 16 u r’
1 4 fi 0 i-; 1 f r (0,1136)
1135 m. MAT (//, ' Fl.r'as T FORCES’//, • I-AT H3 ' , 12 X , ' F--Jrv CP S ' / )

SO TO 160U
17.).' v.:;’I TL ( 6,2136 )
21.v: F 0i;:iAT (//, * uLE.'iLIT TG'T'IL'lS ’ ,//, ' -’R A•1 C.<-S ' , 22X , ' T ORO'JES ' / )

AO25C46C 
Au2dC47C' 
A!j?504L(; 
A D 2 5 U 4 9 U 
AI) 2 5 0 7 U U 
0 025 0 731) 
0 C 2 0 7 4 G 
D 0 2 a (, 7 5 (j 
iJSl'SiiTou 
00250770 
i' 02 5 U 7-30 
00250790 
0 C 2 5 0 o 0 U 
DC250810 
nC250[-20 
JC25Po3b 
0 C 2 5 0.3 4 O 
Ij C2 5i)h7U 
i) C 2 5 (18 o C 
DC 2"5 Do 7 0 
DC25 0 6)3 O' 
'JU2 H LYi' 
DC25090U 
DC25GylfJ 
" j-?'? J I' ? r; 

A 0 2 5 0 51 b 
AU25(i?2U 
0025 39 311 
I) C 2 5 i) 9 4 C 
'J C 2 ? U 9 51) 
A 0 2 5 G 5 3 u 
A 0 2 5 i' 5 4 U 
A D 2 5 i 15 5 ?> 
AL’2 5 (..sad 
APRS T a 7 Li 
A A' ’? 5 J d b U



■'10 TO 16 0 0
1>1j ■.10 17^(6,0136 )
3100 FO.^'ATC//, » HEAT FLO/." ,//JkAMChES • , 12X , • HFAT F« 0^»/>

0 10 15 J J
15 0? ‘/ni I 71 ( 6,413,5 )
413o r-O.-.FATC//, f LrLE-L^T VOLU'lE '/ E L 0 0 I T I L b • , / / , • jh A XCO-5 ' , 12 < ,

1 ’VOLUM= VELt'CITlL-SV)
1^0') CO-'JT I i\'Ur:

!.'O 2 7 1 =1 , \"1AX
27 <m=ClHx(I)

v y A ;< = M A x
I \D = 4
CO TO 10U

0
0 ilRArJCH POv'JER LOSSES
C

104 IFCxPrIim'Ko) )135,li)L3,28
2 5 DO 29 1=1,.'oiAX
29 X( 1 ) = C0'9H( I )»S.XLE( I )

17 u 0 ’,•. i< I 1( 6 , 13 H )
• j; >’ I T t ( 6 , i o 9 )

iy< FORMAT ( // 21tl -LoMi'MT u-OaFR LOSSES //)
139 FOXilATC 9-1 Si-i A'aCrIES , 12X , 12-D3r')„'-r: LOSS-’S/)

,<FAX=N3 AX
r.!j=3
Li'? TO 10 J

C
0 tJ.'?A?jCH CjHXrOTS
C

1'7 5 D-J 3 0 I=1,!.‘-iAX
3'0 CU'xi- ( I ) =C'JKR ( I ) -AM9X ( I )

r
c (;:-D_C3 U'RUALALUlSr

’.'O b3 I =1, Rf.ul-L
3 3 X ( 1 ) = 0 .

A U 2 '6 3 5 9 fj 
A 02 6 061'0 
AD25u61Ij 
AU25362U 
A D 2 5 0 b 31J 
^025(j64f- 
A i) 2 5;) 6 5 L 
AD25J660 
D C 2 3 u 9 6 0 
DC250Q70

C 2 5 C 9 r 0 
■jCSSCOFG 
DC25inGU 
DC25101J 
00251020 
002 5 if) 30 
L) 0 2 51 0 0 
1^0251050 
DC 2511)6 (• 
00251070 
i) C 2 51 (J 6 T 
0 C 2 d 10 9 0 
00251160 
30251111) 
DC25112tl 
DC25113U 
DC25H-11] 
1)025116(1 
1)0251 160 
00251170 
0 0 2 5116 I.- 
00251190 
DC.?51?()0 
1 > C 2 ? 1 21 i) 
00.26122 6 
'iC2b.l?3 i ui



|lrJ >5 6 I=lfiMr;AX
' J = :VIMT( I )

< = i'. F I ;\i ( J )
I f ( K ) .5 4 , v. <,, 3 5

35 X ( K ) = x < K )-i-CIMK ( I )
5 z( I F ( J ) 3 6 - 3 <j > o 7
3 7 X ( J ) = X ( J ) -Cl.'r.i; ( J )
3 6 C 0' -1 I  > I ’ trr

Slir.zC ,
3’9 0 6 I = 11 !■' !■' (j u [•

3d SL'i-l = SUN + L-'A.;o ( X ( I ) )
I F ( 3 U M * c r. H 9 1)10 6,106,1 P

4 0 V-1 N I 11 ( 6 » 1 61 )
219') '.'rl'lE (6,142)

ill Fi.i(MAH // 4 3h SDLUTICi"'. \'(lT G J1 A I i'.'FL' TO DlSIRED TC‘LFRANCE// )
142 F(j!xi'AT( 61-1 NGUF-S , 1 5/, 1 94 Ci.'RF'cur UNBALANCES /)

K N A X = N 1'4 0 U E
I.NO = 6
CO TO 10U

106 IF(JX4):5CO,3G(),9UU
300 IF(r!f5RI NT (4 ) )9f 0,909,41

41 DO 42 I=1,NMAX
42 X(I)-CUKK(I)

GO TH ( 251.'0,2600,270'0,2701,270? ) ,MYSYS
25 01. V R I T F ( 6,14 u )

i 'I E < b , 137 )
1.40 FCr<:'AT(// 16'1 GHAnCH CU RE F <■> TS / / )

GO TG 2b (ju
26 ihj i-I TL- ( 6,11 4 0 )

G 0 7 0 2 b *)  •!
114 0 FORNATC//' FRAI.'CH FORCES ',//,’ ■-RANCHES', 12X ,'FGRCFS’/)
2 7 r? t) R R I T El ( 6,214 0 )
214n rciGlAT (//,' HHANCP TOE SHE'S',//, ' Hi-AN'Cl.ES ’ , 1 2X , ’ TOFQUFS ' / )

G U 7 0 2 c' U 0
?70J. <1 TE (<;•, 014C- )
3140 FCrf,AT(//’ Si.A'-Ch riUAT FLC''-1',//' 'h-.'CF:ES ’ , 12X , ' HE A T FLOS'/)

ti(;251 2 4 9 
L C 2 512 I) 
3 C 2 512 6 'J 
I:C2c,-127(j 
9C2512Eii 
i)C251290 
DC2''l/U 0 
DU25131G 
DC251320 
DC2513 3I) 
I) C 2 513 4 0 
LC251350 
11C 2 513 o u 
DC251 37C' 
00251330 
DC251390 
DC2514(HJ 
90251410 
LC2514 21I 
DC25143C 
IJ 0 2 514 4 (i 
;iC251 450 
902514 6(1 
A i)2 51.6 7 (' 
90 2 514 71; 
।) C 2 5 14 ?. 0 
00251490 
A I) 2 5 (■ 6 R 0 
A i; 2 5 (.’,6 y I) 
A i)2 5 ti 7 (J 0 
A 1)25 0 711) 
AD25l^20 
A:)?50730 
A.)2 5074U 
ADDS'! 7bu 
AI)2b('76G m



t

GO TO 2001'
2 7 O ?. K I T E (f> • 4 1 '■i iJ )
4140 FCi'uAT (//, * [fFA'TH VOLl^E VrlGC I T I ES • ,//, • HRA'.CHtS ’ , 1 2X ,

1 ’VELOCITIES’,/)
28 0 0 CULT I NOE

K A X - f-r- A x
l;.'ij = 7

C
C C'UTPUT kUUTINE
C

1Jo LAST=0
15 0 :< = L A S T + J

LAS F = LAS1+4
I F ( L AS T-LMAX ) 2 C 0 , ? 0'}, 2 Hl

2 ) 1 L A S T - x Li A a
2 A : J b; p I T E ( 6 , z I) 15) K , [. /i. S T , ( X ( J ) , J = K , L A S T )
2 0 S F 0 n i-; A T ( J X , I 3,11-- - > J 3 , D X , 4 ( 8 X > E J D , >■) ) )

ir(Ki<AX-LA3T)I>'jL',5C"J, 15U
C

5ii0 GU TO (101,102,103,104,105,41,■'■JU),I.1L
^li'l HL.IURU

L\'b '

AD25077U 
AD25P7EI' 
a r.1 ? 5 o 7 y o 
A [12 5 C s i; G 
AD 25 (iL 1U 
DC2515U0 
0C2bl?lC: 
00251520 
';C25153f.i 
11C 2 515 4 0 
00251550 
'1C2515AG 
1)0251 5 7 u 
l>C?515bb 
1? U 2 r> 1 5 9 0 
DC2516('3 
DC251G1H 
D C ? -51 ( 2 ri 
D C 251c? 311 
0 C 2 51 6 4 0 
i. C 2 5 J. .5 5 0 
D C. 2 5 1 b '■>

c

SULjROUTI,\E ECA5KIA) 
DIMENSION POWRL(20 0 )

COMMON/MYS/MYSYS

A c 51 0 0 U 0 
A U 51 J 01U 
AC51O02U 
AijDlCOlO

COMMON NNAX, NL'ODE, I'jTERMS, NUNEL , MJM.y R, NUMBC , I RTN, NTR ACE , HSW TCH, K TQ, ACSIO 0 30
1 MFR I NT(10) AC51CD40

COMMON E(290) ,EMIN(?nG) , EM, AX ( 2U 9 ) , AMP(200 ) , AMP^ IM( 200 ) , Al-iPN AX ( 2 0 0 ) A C51U 0 5 D 
COMMON Y (2Uu ) , Y1' I N (200 ) , YMAX (PH j ) _. NT MI T ( 2 0 G ) , NF I \'( 2 0 u ) , M ODE 1 ( 2 0 0 ) AC 510 0 6 0
COMMON YTEF’1 (2CU ) , YTERI'F (200 ) , > TF^2(JU ) , I^('X T ( 2uU ) , I COLT (2 CO ) AC51 CO 70
COMMON EnkURl , I SEO, fl 9 EL , , NIJ/i.-'L , vF { tU)T ( 50 ) , VS^'CX'' ( 50 ) , VLAST ( 50 ) ACSlOuoC 
CGfiMON f- Cl t/ i\' ( Mt, ) , MCE A A”. ( 5u ) , hC' C I 22 ( 50 ) , I PC Cl r ( •; ) , ? LIAMS , OMEGA AC 51 Of Xu
COMMON I f-GsM (>J ) , I COL M (5.1 ) , F l.r,L( 50 ) , F lmh (5f' ) , F'L-' (53) , El1’-'A ( 2 00 ) AC 51 Cl CO
COMMON A'-iPP.-IA ( 20C ) ,L.F<rC AC51G11C



C AC510120
C THE F OLLU a I F-.'U V AR I AL-LkS ARE USED ()!VLY IN THE ECAP A.C. ANALYSIS ACSli.lSC 
C ACSlL’l^L

COMMON E QU CEL (!?:)), T'J'JC IM (50 ) > C I r. ( 2 U 0 ) , EL I M ( 2 U d ) , RPPL ( 5 J ) , EP I N ( 5 C ) AC 51 Pl 50 
coil HON FL MS AV ( 2 5 ) , I RS A V ( 25 ) » I US AV ( 25 ) , UNO DE > CVOLT I ( 2 0 0 ) , OMG I NV ACS 10 16 J 
COMMON DELTA, ITuL >LL» ITRANS,DU;1X(2) AC51U170

C ACOlOlCva
COMMON LAN(;(265) AC91O1.AU

c
COMMON ELSAV(2UO),CVOLTR(200 ).CAMPRL(200 ) , CAMP IM( 200 )

AC51 Q2'11;
AOS Ki 210c

DQU9LE PRECISION ECUCRL,EQUCIM,EPRL>EP IM,CVOLTI.CVOLTR,CAMPPL,
AC 51(12 2d 
A u 5 1 b 2 3 G

1 CAMP IM
DCUELE PRECISION EP I M ( 2 0 U ) , cO RL ( 2 0 0 ) , G AMp RL ( 2 0 0 ) , *3  AMP I M ( 2 0 0 )

AC510240
AC510250

1

EQUIVALENCE (EOUCRL(l) ,POV!RL(1) ) , (CVOLTI (I) ,EBIM(1) ) ,
1 (CVOLTk(1 ) ,ErRL(1) ), (CAMphLC1)/dAMPRL(1) ) .
2 (CAMPIN (1 ) , EAMPLY (1 ) )

IF(NTRACE)2»4.2

AC510260 
AC510270 
AC51U2E0 
AC5102R0

2 «r< 1 t E (6, 3) I A A C 51 0 31) 0
3 FORMAT(' ECA51 ENTERED. IA=',I3 ) AC 51 J310
4 IP ( I A - 1 ) 1 C 0 0,5 5 2,1 0 (! 0 AC51P320

552 IF(NPRI NT(1)+NPRI NT(2)+NPRI NT(3)+NPRI NT(4)+MPRI NT(5)+NPRI NT(6) AC51U330

511
1 +APh’INT(10 ) )511,1000,511

FREQ = OHEGa/6,263155
A C 51 0 3 4 0
ACblO320

525
W 2 I T E ( 6,5 2 5 ) F R E G 
FORMATt//,’ FREQ =',E16,A)

AC 510 36u
AC51U37U

10 0 0 I F ( I A -11 ) 1U U1 , 3 0,10 01 A C 510 3 >3 0
10 01 IF(NPR1NT(IA))7,50C,7 AC51039C
7 GO TO (21,22,23,24,25,26,27,28,29),I A AC51040C
10 0 FORMAT! /// 7X 5RN0DES, 1GX 14H NODE VOLTAGES //) AC510410
1U1 FORMAT( /// 4X -3HDRANCHES 1DX 17H ELEMENT CUPHENT3 //) AC510420
10 2 FORMAT( /// 4X SdBRAMCHES 10X 17H ELEMENT VOLTAGES //) AC510430
10 3 FORMAT (/// 4X 3HBPANCHES 1OX 16;: UkANCH CURRENTS //) A C 51 0 4 4 0
1 j4 FORMAT!/// 4X R.BRANCHES 1-JX 1c i TX\'JCH VOLTAGES //) AC 5.1 (!4 5'j
1'} 5 FORM AT (///. 4X MMARANCH'-'S lr'X j c-i H--.A‘.C4 HChER //) AC51G4ou

00



101) 
l')7
1 >) s 
lu9 
ltd 
21

22

23

24

2 b

26

2190 
ol no 
4100 
b 1 u i) 
2101 
dim 
4101 
blOl 
210 2 
310 2 
410? 
o 10 2 
21 a 3 
310 3 
410 3 
51 a 3
2 j. a 4
3 111 4

F'Jh'MAK /// IX 24H SENSITIVITIES \QT CALC. //)
FChMATC /// IX 21H /lORST-C^SE .\0T CALC. //)
FoiTHATC /// IX 20H 3TN, DEV. !< j T CALC, //)
FC'U-’.AT <///» ’ SOLUTION. A'OT i)m,'I:\‘EJ TO DcSlRED TOLEr'M.'JCc ' ,//)
I-CSt-iAT ( 7X « 5HNG:)FS « HI K > 19H C'l.iTEN T U ^haLANCFS . / )
>; RITE ( 6 , 1 (J C )
(JO To bn\2
WRITE (6, 1U1 )
GO TO bt) u
'< PITS (6, )
G 0 T L) bOO
WRITE ( 6 , 10 3 )
UO TO 5 0 ij
Vb ITE (6, 10 4 )
GO TO 50 u
V.GITE ( 6 . 3 0 5 )
GO TO b n c
rnai-; AT ( / // , 7X , ' 'iUDES * , 1.OX , ' Vt LOC I T IPS AT NODES * • // )

Fu:o--;AT(///,7X, 'NODES’ , 1 rj;<, • t'VjCb ANGULAR VELOCITIES’//)
For^iAT ( ///, 7X , * i.’ODES ' , 1UX , ' r.'OL'E TE!lPr--<ATIJRfC ' // )
r ORF AT ( // / . 7 v , ' "lODES * , 1 r. X, ' ''H, DE PUESSUFtb * // )
F O".-'aT (/// , 7x, ’ ' RANCHES ’ , 7X, ' FOW.CES DEVELOPED JELEMENTS',//
F0RHAT(///,4X, ' ‘TRANCHES' , ll'X, ' E L G l ' F i< T TORQUES'//)
FURt.AT (///, 4X, 'r> RANCHES’ > 1Ga, ' t LEMENT HEAT FLOW’S*//)
F0Rt1AT(///,4X, 'URAJCHl-S*  , 1C X , ' ELEMENT VOLUME VbLDClTlES'//)
PURMATC ///, 4X, ' i: RANCHES ' , 1 G >' . 'element VELOCITIES'//)
FORMAT ( /// . 4X, ' GRAf'CHES ' . 10X , * E L E ‘A- E T ANGULAR VL-LUC I TIES'//)
F OR M A T ( / / / , -a X , ' L"p AN CH ES ' . .1 0 X , ' FLEME- 4T TLMPlhATUr.ES' //)
FORMAT (///, 4X > ' EbA-'CHES * , If)X , ' E L L" F. N T PRESSURES'//)
FORI'AT ( /// > 4X , ' BRANCHES' > 1UX . ' c- R A. i'J C H FOECt-S * /// )
FORMAT(///,4/, ' BRANCHES ' ,1GX. ' । j IT A C H I ORUUt-.S * / / )
FORMAT(///,4X> 'BRANCHES *, 1UX, • ORANCH HEAT FLOWS'//)
FORMAT ( /// , 4X, * ’.’RANCHES • , 1GX , ' -r R 4 N J H VOLUME VELOCITIES'//)
Pp <t-:AT (///> 4X , ’ HRAmCHES ' , 11-* , • w";ANc:i VFlOC.I FILS’//)
Format(///»4x>•cratches',igx, 11 /RA-ICH ANGOLA P VELiJC I T I ES ' // )

AC51D47U
A C b 10 4 b 0 
AC 6104 00 
A C b 1 D 5 n C 
ACbl Ob 10
-u. : v-r-r—~

.. r • u: -i ■ -. *_ 1—
a r 1 Z11—

h 1 f c i v,
-» -

.A <* I.. 4, L_

f '' 1 V

bxr (' M ;. f.

L 1 f f
* « —

* f ( ! •

fs r. -i *: r«•
e». • > r f< s- ■*'  -L

r. f. t >
AU51Gu2l' 
A u b 1 (I 0 3 G 
Au51004C 
A 0 51 C (1 b U 
ADf>l 0U60 
AD51C.0 7G 
AU 51 0 0 -3 0 
AU510U90 
A ? 51010 0 
AU51C110 
AD51012(j 
A ’) 51 u 13 u 
A[''bl 014 0 
A D b 1015 U 
A D 51 016 U 
Au5ir>j.7Q 
ACbirjii'G 
A D b 1 -J 19 (i

xo



41,) 4 FORMAT (///, 4X, 'UR A ACHES' , l')X, * hRARUH TEMPERATURES'//) AD51020L-
51(;4 'FORMAT ( / // , 4X > ’t RANCHES * » ID X> ’ 0 RANCH PRESSURES'//) AD51021G
21 GO TO (121,221,321,421,521).NYSYS AD510220
121 a'RITE(6, 10 D) A')51()230

GDT0500 A J 510 2 4 0
221. !'JRITE(6,21GO) A D 51 0 2 5 U
3 21 'a' RITE (6,3 ID U) AD51U26G

G 0 T 0 y 0 U A1) 510 2 7 0
421 UhITE(5,41D0) AD51G260

GO TO 500 A051G29G
521 ’aRITE(6,510 0) A 0 510 306

G0 TO 5VU A 0 51 0 31 0
22 GO TO (122,222,322,422,522),MYSYS AD510320
122 MFITE(6,101) A1251G 3x3 0

GOTO 5 J 0 AU510340
222 WRITE(6,2101) AD51C350

GO TO 500 A 0 510 3 o G
322 H RI T E ( 6,3101) AD51037U

GOT0500 A 051038 0
422 OR1TE(6,4101) AU 51039u

GO TO 500 AD51U400
522 GRITE(6,5101) AU 5 ID410

GO TO 500 A051042U
23 GO TO (123,223,323,423,523),MYSYS A 0 510 4 31)
123 WRITE(6,102) A "U 510 4 4 0

GOT050U AD51G45U
223 WRITE(6,2102) AD510460

GUT05D0 ALJ510470
323 WRITE(6,3102) AD5104HO

G0TO5OO AD51049L
423 UR ITE(6,410 2) A,)510bb 0

GO TO 500 A D 510 51G
5 23 w R I T E ( 6,510 2 ) A'jblOEEu

GO TO 500 A5' 1 n = 3 0
24 GO TO (124,224,324,424,524),MY3Y$ A 0 51D 5 4 u

00 
o



12‘1 a 9 J T E (6,1C 3 )
RUT0500

40510550
40510560

2 2 4 ■«i R I T E ( 6 » 2 1C 3 ) 40510570
GfjTObi'iG 4IJ51(:5E 0.

32 4 ,aiMTE(C)>31u3) AT) =>1 0 591)
GOT05UO 40510600
2 r< I T E ( 6 > 4 x (J o ) 40510610
'-2 T () 5 ) b Alibi 0620
32 TO 50U A 0510 6 3

52 4 ;<r.;lTE(6,51(J3) 40510640
G 2 T 0 5 0 0 4^510645

2 2 G"j 10 (125,225,325,425,529) ,MY3Y5’ 4051 (1650
122 bbl TECb,10 4) 41'510660

CCTObUU 41)510670
22 5 I Tt (t, 2104) 405106^0

r,[.) 1 050 U A i) 51 0 6 9 0
32b ■.ii’1 TEC 6,3104 ) Au510700

GOT0500 4'151071.0
42b •/ r< I 1 E ( 6 1 4 1 0 4 ) 40510720

GO TO 900 A D 510 7 9 C
52b i.'P I TE ( 6,5104 ) A ') 510 7 4 0

GO TO 5(10 A")510750
27 4 IT E ( 3, 10 6 ) 40510640

GO TO 5 0L1 AC51G65U
2 s 'IE HE ( b> 10 7 ) A C 510 6 o 0

GO TO 5Ou A C 51 0 o 7 u
2 9 KRITE ( 6, 10d ) AC 510660

fin TO 50j AC51U690
3 il !-'P I TEC 6,10 9) AC5if)7no

b i-: I T L ( 0,111) ) 42510710
5 Q j IF(OTGAOE)9997,999n,y997 40510720
9 99 7 hElTE(6, 9993) AC 510 7 30
99 9 b rr,py,4TClX 110 EFAbl EXIT ) A C 5 1 G 7 4 I.
9 9 9 9 iCET'JE N 45510750

FED AC 511)760 co



t

c

c

c

u
C 

vc

c

3

SU340UTi;j& PHI:>jr2 T H 3 o 0 0') I'
T r >? ’■? 0 1LJ

rjl^EMSION X(20u) T i'< i' (,. '< I 2 0 
Th! 59 0 03'1.
T R b 9 D 0 -i 0

cC.'-'N0! J L , XuDES . X'TF 9'- S , v'J-'l rti_, N 1)3-39 , J'JHAC , I RTM , NT4 ACS , 'ISl-.'TCH,
1 .< IIJ , N p fx I .'i T ( 1 .J )

C(‘1'mi)1\VMYS/'/iYSYS
CO'^ON EQ ( 20 0 ) , G I .ARI ( 2 D a ) , k I aS 2 ( 2a U ) > AMPU ( 2 0 U ) , FLO Hl ( 20 0 )

F H' A 9 (’ 0 G 
T 9 :J i; 6 Ij 
A rJ <> 9 H 01 0 
T Hr =9 LU) 7 r>

CO’-ar in FLO92 ( 2'i a ) . Y ( 2G U ) , Y 1 < 2 0 0 ) , Y2 ( ?0 0 ) , MT ( 2 0 0 ) , -X’-»( 2^ 0 ) TiyHOp'j-' u
(’ i-iOLr 1( 2 JO ) , L I 9 TA ( 2 0'1 ) , YT.L3/12 ( 20 0 ) , YTCRill ( 20'} ) , I ROI-IT ( 20 U ) TR--< *•>(!  i'9 ij
COl'riOM I CUL r ( 2'!V ) , LOSnsi , SI \ -f r, F i .U3H , CS TSP, SHC-u f , HP-1), L A'SHL ( SO'i) TRL.901GG
r r,;: m () ;.j fj ( b'J ) , ̂ 2,2 I , L0C;<8 , :ML 1 H' -S , CELT A , J R 0 X' ,1 ( b J ) , I CO L S1 (’<) » r LM1 ( *.>  0 ) T R ;i 9 0.11 U
C 9 *■*;*.  CTj T LM2 ( >0 ) . L I > T S ( 7 ) , L I 3 F I ( 9 ) • (b ) , i'.'UMI (5 ) , J5T--K 10 ) TR 39 Jl< 0
CuMHQM JbTcrS ( 10 ) . JL I G - ( ll1 ) » LI 1J ( 2'J'J ) , L 1 MKle ( 2i.' 3 ) . MRtC, MAJOR 1 RtiPQlOG 
CJi'MO J , cr?;-tO 3 '■> > ? T 11 ’F ( y >'? ) > a T I ME ( 5,2 ) , E TH ( 5 > 126 ) , A^.PTh ( 5,12 6 ) TP o9 (J 1. 4 0

793 9011'0
C 0 11 M 0 ■''I L H t M Li ( ? A 5 ) T R 3 9 O' j <’ C' 

72090170
Trit F0LL0-«'Ij9 V'O;. I ARLFS AR- UFC-.J ih:Lv 3Y T R A MS I E \ T ANALYSIS 7 '$ 9 9 u 1 f- (' 

7 R b 9 0 1 9 U
CCHMON V ( bfl) , VO ( bij ) , F LJX ( ?_,v: ) , v AL.')L- (2 Ji’ I , LEVcR ( 20n ) , LEVERS ( 2 0 0 )
CO -1MUM L I ■'MIA ( 200 ) , TTAi; ( 10 ) , S^LO? -(b), ASLOPE ( b ) , .-FOLD
Common LEAST , L I 6 T , LATC-i , L )Ci; , LuCX \, LOCKS . LuCKO, lcckf , l-jCkg, m I mol
CI': ■"v D!\ L1 2r<,1' A7 S # 3 A 7, S T' - , 7 , T3 7FLu 2 , 73 7 A0,7 7 F R0
C Q i.; i U “i L' । m I 7 i J A1

TR3902U0
7 H •:'> 9 (i'2 J 0 
7 H 911V <. u 
7P’’>9.,i23u 
Tr.T'OCFM I'
7 R '■> 9 0 ? L> ij

L'CUl'LE POcCISI.)! 3 , V , VP , FLUX , 7 ALIM
1 ] F ( M 71' A u L ) 3 . 4 . "5
2 Fir-IMTC 7H PFli’TF )

a u i r e c , 2)
? r'= 0
O.) ?> l = t,b
i r‘ r - [mPa +NFf'.' J 1 I ( I )
JF ( LOCrF ) blGO, b(;0, SO"

79 0 9 ('2^0 
7’^.91'270 
7 R A o 6 2 O 
7 9 3 9 0 2 9 C 
7 P 3 9 p 3 L 0 
FRF- 9 0 311) 
F K 0 9 ii 3 V 
7 o b 9 u .5 311

00
M



5 ) 0 I F(LOCK) Hi0 0, li)07, JP00
11' a o IF( JX1 ) 1001, 101)1, ;)001

CALL. 5 S WI C K ( 1 , L 0 8 T ) 
fk TO ( .1UU4 , 1003 ), LG^T

li.n-j TF( .'j'PA ) 1C. ob, 11)1’5, tn 04
1 i. U 4 ’-J^ITEC 6, 10 ) T
1r' FG'v’-’.Al (///, ' T - ' , Lib.7, /)
11; o V Cu TO ( 1008, lfii)7 ), last
10 0 7 1F( MAH I AT ( 1 ) ) 1010, 1G1J:, lC"b
1 U iJ <J Li-ITE (6, 11 )
1.1 FC,<rlAT(/,’ ,xO!)LS ’ , 1 5X , * LODE 'v C L T A (.,ES ' > / )

1 b i) 8 GOTO ( llUOL , 21 9 0 3,316 0 8,41 uG?', V 10 0 8 ) , liYSYS
111’0 8 r-H TE(O,11)

ih’i TO bill Lib
2 IO 1)8 .■•DU’£(6,211) 

o r, 10 61 d j 8
310.) C. •'.■JTKb^il)

GO TO bll-Oc’
41 'J 0 8 i.HlTL(6,411)

C-f) TO b 11-0b
51 ij ij A '•’i.;lTE(6,51J )■
61 <j') f? COAT 1 l.-Ut.

Ll'U T = OGi.'Lo
J2 = 1
1.0 10 u9 I = 1, DODES

Io X ( I ) = v ( I ) 
Ou TO 901 J

1 0 1 (1 1F ( MPb11 '-iT ( 5 ) +1,08 I LT ( 6 ) + .-.'r L I AT < 3 ) ) 1U23,1023,1011
1 0 11 TJC IClb 1 = 1, LILYS

J = N T ( i )
I F ( J ) 1 0.1 3,10 13,1 0 1 2

1(;1? X ( I ) = V ( J )
10 1 3 J = i>. H ( I )

IF( J ) in lb ,1115,1'; 1 4
1.114 X ( I ) = X ( I ) - V ( J ;

Tp59U34C 
TP8VU3^0 
t k a -j ij 3 e- u 
TR69 7 U 
T^89(!;ssr; 
Th<3 9 6 399 
T 9 rf 9 0 4 G 0

T R o n 4 2 0

T 4 3 9 ij 4 U 
AJrJ9nC<U 
A U 3 9 0 r' 3 U 
A D a Q L 0 4 0 
A J 3 9 0 0 b (J 
A?b9006C 
A L13 9 01.7 U 
AD'^/T'CnO 
A:)39('li9ti 
A 0.9 ° C 1 u 11 
A ‘.18 9 C11U 
Aljr.9G.1.?!G 

^9 G 4 5 G 
T R 8 9 u1 4 6 G 
T R o 9 0 4 7 C 
T i \ 'i S1 i 4 p U 
TAG 91,4 9 J 
T
T A b Ansii) 
TRo9052n 
TRtt90b3G 
T',GJ9Ci54i) 
TA 8" jb 5'1 
T "• ") '> i, D L 
I A ;9?57(' 00

u>



1J15 G(>'mT I N'.Jc
IF ( NfRIi'-TC 5; )) 101b, 131-', 

1016 6 0 IC (j 1C'16,OKU 6,41i,i6,1'lCiK?) , 1'iYSYS
11P16 l; I T E ( 6 , .1 u 17 ) 

b'O TO olbV'
?i:>16 I'RI TE ( 6,21017 )

'.'0 T i) 61ul<>
31.116 2L ITT-( 6, oldt7 )

l.i fi 10 & 1 L1 1
41 Dl^ 1 TE ( 6 , 41 'il 7 ) 

;;u uj 61 jio
51.) 16 ■.<PlTE(6,5irj7)
61 • ' 16 C11 ■ ■' T11J1Jr-

1-J16 t-i'.JTEC 6, 1.U17 )
1.J17 FriO'r-! A T ( / , * Lji’ AVO'iFS * » 12x , * L-'OA':O;i VOLTAGES',/) 

LIrilT = L1'I";S 
JX2 = 2 
I; Q T i) 9 ti 1 u

101'1 IF( '\ir'O I IT ( 6 ) +■ \ly I11 AiT ("6 ) ) 1.0 23, 1023, 1019 
1019 !)') 1 9 2 0 I =■ 1 > LlA'KS
1 ri ■? n x ( I ) - A ( 1 ) + 6 J A s L ( I )

I F (i> ? ■.< I N T ( 3 ) ) 11? 2 3,10 2 3,10 21 
1121 JX2=5

LI!' IT=LI2AS 
v. 9 I 1 L ( 6 , 1 J 2 2 )

Grj T'J (19u,29-J,39r),470,590) ,.-iYdYS 
193 /SI Th(6,1922)

G n 11) 9 Old 
290 :■!,< I TFz ( 6,21u22 )

GOTO 9 Ob'1 
39'.) >!AITE( 6,51022 ) 

59 TO 9010
4 9.1 ,-J x I T tr ( 6 , '*  1 J 2 2 )

39 ro 9019
S9n .■.i’ITL;(o,bl:)22)

T 9 H 9 6 5 C 
T 9 5 9 u 6 9 [i 
A1j''9G1 3u 
A OB9 0 3.411 
Ai)ii9'.)150 
AOf-SCIlAO 
I' 0 q 9 U17 0 
A!i?c'..ll;;O 
A ■) 6 ? T 1 9 0 
A J 0 9 1)200 
A1J6C'3 21O 
ADn9r.22U 
A J9 C 2 3I I 
T "7 , f; ■ । |; .1
T 9 3 9 -) 61 U 
T K 6 9 (; 2 2. 
j >, q n 3 3 
T R 2 9 ! 16 4 U 
T 'I h 9 9 6 6 b 
TR39GA60 
T rt i'> 9 0 6 7 rj 
T9S9(.600 
T G 5 9 (J 6 91 i 
T !v39 0 7!;Ci 
,T ;■ •) r, y 1 .J.. 
A!)3y 6240 
An«9022;l 
A 1)6 9 6 261) 
A') -t 0 2 7 0 
AL)39 0 2<' 0 
A !J 6L' 2 9 O 
A9 U xS t; '3 
ArJ'-t9C31 0 
AJ.37(\‘>29 
A 9 (■ S.SU

84 
.



li)22 a T ( / , * ' » 12X ,•' FLF H’j, f VOL f A'JES • , / )
30 TO yULU 

1T23 GO TO ( 102'3, 1025 ), LOST 
12 2^ IF ( ;\PH1MT(2)) 1u<7, 1C27, lOF;? 
10 2O 0'^ I 'I E ( 6 , JO ) 

lOl'A 00 TO (liU26,21!?26,.51'j?6,«l'?26,26)>O;YSYJ 
11.1J 6 ’.< i: 11 E ( '5 • J U )

JO IO 61u26 
21-i;:a ' i te (6,2j;’-)

GO TO 61026 
31)2 6 l-r-ITr_:(b, 530) 

007061026 
41)26 ,.ll 1 71 ( 5 , -4x30 ) 

OH 70 610c6 
5 1 i) 2 5 k I 7 E ( 6 » '>11 ) 
61626 Ou..11 "Air:

3.1 F Uh!h AT ( / > ’ O.KATCHES*  ,12X,’t-LErlc'-il 0 Urx--! E NTS ’ > / ) 
JX'2 = 4 
L. I FIT = LI OKS 
JO 7 0 90 ID

10'27 JF (NFJJI.\T(6) ) 1031, ICxM, 102f' 
1'128 'JO 1029 I - 1, LI.’^.S 
16 2 9 X( I ) = X(I ) F L l J X(I ) 

lx r’ I 7 E ( 6 , 1 (1 3 :J )
lj3'j FCiN<AT(/,' tA -CiiFS * . 12X , ' 1 xSTA-vTAnCUUS ELEMENT POWER”,/) 

.JX2 = 5 
LT-IT = LINKS 
G 0 7 0 9 0 1f'

1631 IF( 1'ipiUijT ( A) ) '.if.'OO, BCJO, 1032
1!!32 Ou 103x3 1 = 1, LINKS
li.'JJ X( I ) = FLUX( I ) - FLCW1 ( I )

i,FxIlE( 6, 10 3 4 )
GO TO (191,291,391,4 91,5 9 1 ) » V. Y3 Y S 

191 UP I TE ( 6 , lUJ-t ) 
u-J TO 691

T 9 09 0 7 21, 
THO 91'731. 
T R *J  9 C, 7 A 0 
T R J 9 'i 7 b
T ' iT; 17 u t. 
A ) 6 9 0 3 A U 
A 0 '.i 9113 5 0 
Al?>i9f.'376j 
A 3 5 •) (. 3 7 0 
Allo 7 0 36 0 
f\ 0 ■' ° Ci 3 9 71 
A b t/.! C: A u (' 
A llh 9 t; 'i 1 U 
A 0 o 9 0 4 2 0 
A D6 9i;/t31) 
Al) rt9 0 44 G 
T1-’89 0 77 0 
T R b 9 (J 7 o 0 
T P.O9 U 791) 
T h b 9 0 6, (J Li 
T R 0 9 P 610 
TR39(.c2fJ 
TP 89 (',130 
TR390b40 
T R 9 0 ri 5 G 
T R 6 9 5 6 U 
TH 39067 0 
TR390680 
TF<c9Cio90 
7 R P 9 0 9 C r> 
TF390910

A:? 3 9 P 4 5 u
A Jt‘: 9 u 4 6!)
A L16 7 0 4 7 0

00 
Ln



00
<Ti

291 '/!n'I TE( 6,21034)
GO TO 691

A0090400
A!)^9nziCfj

391 •'*  H I *1  t ( 1 ) A D 5 9 C 5 0 u
GO 10 691 .VASOdI 0

4 91 v'.si TEC 6,41034) A D c 4 0 5 2 6
GO TO 691 A n fs 9 (1 5 3 u

591 i< M T t ( 6,51U 3 4 ) A ■) K 9 u 5 4 ij
691 (;Ui\l I nuE A i"! P 9 0 5 5 6

1 U 3 4 FOR?-' AT ( / , * ERA! CHES * . 3 2X , * t’RA}..CH CORRE07 S ' , / ) I b 9 ("I 9 3 0
JX2 = f' T H ?> 9 0 9 4 ij
LIO IT = L1MKS T9,<9i)95 C

9 i) 1 0 LAST ~ 0 T 7 5 9 C 9 <; (>
9011 K = LAST + 1 194 9 0 97(1

LAST = LAST + 4 TR‘F9L'9t 6
IF ( LAS! - LI r- 1T ) 9013, 9013, 9012 T-71790996

91 j 1 2 LAST = LIMIT 7' 9 8 910 0 O'
9'i IF( JX2 - ) 9114, 9'115, t;f 14 T9 6 91 CIO
91) 14 v'.I T E ( 6,9 u 1C ) 4. » LAST, ( X ( J ) , J = K > LAST ) T A. b 91. G 2 U

GO 70 9017 T R S 91 (13 (I
9 0 15 b:rl TE(6,9016) K,'LAS7, (F'LL’XCJ), J = H , LAST ) T 2 S 910 4 1)
9 9 17 IF" (Lli'll - I.AST ) 9r>l<, , 9'. l.>, 9911 7 Rb 91 (i H c
9:) IP GO TO ( 2. ul1?. I'll'), 1323, 1(2/, 11.31, 'i 0 0 0 ) , JX2 T H r 91 I, 6 ('
■> rJ 1 Fn/C'IATC 1X, 13, , IS, 2X,4(a> ) T939107b
i5 0 J 0 IF" ( LGCc.F ) 'yOL'l'., 9 bl (.0 TAS^lOr-G
?• 1 ! u'i; "i = i, LIST TRAQjC90

s L t: V F- -i ( *• ) TCP-911U 6
LATCH = LAHELC A ) TRb91110

TO ( 3>2i;'l, '-.HO ), LATCn TRA9H2C
h v 0 ci la:-El( ;'i ) = R 7 i’< H 9113 6

I Tt.: ( 6,9'J ) >' T A 5 911 4(i
9 .1 FORy AT (//,’ SWITCH' , 13, ' 19' jC) T 4 s y 115 0

Lrl 7'J .H,;UU TR 3 9116U
ti / J LA'O/LC 9 ) = 1 T 2 3 ? 1 1 / 0

.< i I 7 c: ( , 91 ) 9 TA 91 1 •Fl)
9 i FCniiAfC//, ' SWITCH', 15,' IS • K P • ) Th’39il>li



O 41' P - c oX T I NIJ4
bC ro ( 0y3f], rfODP ), |.PCK,; 

y6an L0CK3 - 2 
GJ TO U7JU

8<>J9 OtrLTA = HOLO - ( T - TSTAh ) 
ti 7 IJ P L l) J r< = 1

LOGKF = U

4 3 A

211 
31'1 
41 I 
511

55P 
21') 3 4 
31 -13 4 
31;'4 
4 13 4 
51 :}.3 4 
21 '11 7 
31 i.l 1 7 
41'1 7 
"5 11 7 
21 a 2 2 
31 ■""? 2 2 
41 r; 2 2 
511'■'? ?

9 U i P

Pf):<r'AT(/, ' 
F (j.'.'i AT ( / , ' 
FUT/ATC/,' 
F03MAT(/,’

>'.• a r (/, * 
FOrdiAT ( /, * 
FOHMAT(/,' 
r |J}< r. A T ( / . ' 
F n RA T ( / , ' 
FUR-AT(/,*  
FORMAT(/.' 
FORiv AT < / , ’ 
FUX M A T(/> ’ 
rraviAT (/, • 
FC'-'IAT ( / , * 
FCR'iAT ( / , » 
F URp'A T ( / > 1 
FO-G:AT ( / , * 
F ijb i- A T ( / , ' 
Fii'^-IAT ( / , ' 
Fi’.'-"11 AT ( / > 1 
• a runr.

ixiU'lrS ' , 15x , ' XUD- VcLCC I T I tS ' , / )
X'OU'FS ' > 13X . ' A:<GJl Ari VELOCITIES AT NOPF.-S * , / ) 
7JUD23*  . 15X , ' TE/!J'3riATUKF;S AT ROUES’,/) 
ivjOES * , 15Z , 1 I'UDj P RcSSUriuS * , / )
PriAJCHlT?
r A C -I c S
s K A I! C H E S

H t's A ‘ C I- ■ F S
\ A f. L 4 *3  

'TGAi'J Chi'- 3 
t.i s-t A :' 0 H E 3
I ■ A' A t, H ■- S

FLO?! I ai 3riA?.'CHcS * . / )
> 1 ■-? X > ’ V .;LU’'i • VrLUCITY I'-1 ANCHF.S 1 / )
> .1 2 » 1 A i\ C .i 1/ H_ O C I T 113 1 » / )

12 X,'EL tr ‘h™ :-lT Fr?R CES • i / )
12 X, ' E L f: । r. tT 10901.123' ,/)
12a,'el '■ i । c ::T HEAT FLOPS', /)
12 X., ' -i. L i'. I" ?.. 1 V 0 L J 0 F V - L 3 C ITItS’,/)
12x , 'Fl1 t v LE > । 4 GiX^lChE-S ' , /)
1/X , ' '1 -< c •S I bP A VCHES ' , /)
1 ? X , ' 1"11 3 I '•! bRAHCHbS', / )

,12'/, al'iular veluci tifs*,/)
, 1 '> X , ’ JA:-’C• ? 1 ATU, / )
, 12/ , * "'4A iUG PFESdUF ES ' , / )
, 1 2 x , ' Li.^! ill; T
, 1.2 X, * c L L ■< r. *;  T 
i 1 2 a , ' t i. ~''i T 
, 1 2X, ' I I...-?,Li- T

VELUCITIES’,/ )
A ‘JiiiJLAi-: VELOC HIES 
T H X r P A A T J 0 L 3 ' i / ) 
P.\L;->SUH ES 1 , / )

/ )

T2.J9 j 2 0 0 
TX49121U 
T 2 S 912 2 U 
T 4 3 9 j. 2 3 Fl 
T 0 -> 9 ]. 2 u 
TRb912bn 
T R’t 7 ] 2 d u 
A1) 3 -j j 5 r (, 
A J rt 9 9 5 7 i.l 
A i) 3 9 0 ? A U 
.A D 9 9 (15 9 U 
A,) < 9 T 6 G G 
A i) 3 9 i.i 6 ID 
AD4 9Q6 2i'j 
A 0 « 9 U 6 3 Li 
AIJ A 9 9 6 4 0 
A .0 h 9 ij *)  '".i iJ 
A!) 9 9 f i t> 0 
ALj.390671) 
A P ri 9 P hr" P 
AU A yf.'69 11 
A1) H 9 f) 7 P (■ 
A:jH9f-71 G 
A 0 391.1 72 () 
A!.)K9li730 
A ij 9 9 fj 7 4 (i 
A 2 & 9 U 7 5 0 
A!)B9f 70 0 
T i' 3 91 2 7 G 
Ti\F.9 126J

00
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Sample Problems and UHSAP Solutions



system ■
ij
C EXAP’PLr 1, I

C UYiviAMIC 'Vt'.LYSIS P !J1L L Y-
L

l>Y.lA'-iU A.viMYSU;
\'( I,:;) ,K-X-3;

1'2 ( I , ‘J ) T "'I - C> »

iJ3 :J( 1,2) ,K-/.u-3;
PA TH 1 ,2) = ;
p? ; (? i c ) t - to i v - s ;

II M._ 2 F; ! ;
GUT pur I j l'i:,iv'AL = lL ;
FI J AL f I '<L^ 1. Or+ 2 ;
i'SI.Ml , VcLiJCf I ILs,FlLC<S ;
LKLCVTl ;

'b. 'tL VuL GO IT'LL Ai .rCFES

2 -:.'.23'/9.".yV3E-: 3 -, . h <!'-) , '? -J ) 7 f- 01

3 LA jCHLj i-L^C",) ?L vbL ” LL U I'-1 lL£F*L-\T5

L- A ~u • 2 3 ‘r LL ) U-1C. -v . 2 30 ■? o 52 u-0 L G . 3^90 0 1 L Ol)-06 0.2 309 3 06 £ J-01
U.239)1:6(,20-l'1

00
<D



I

-1:5

1- /

A.'lCHi-S

1- A

r -

.999

VlLUCHLS A J ,JDFfS

-1.) .(■>■:•'3^5 k5Hc-C. ? -c -»M 233._ ul

FCi2CFS iM: vFL'l/Pr ij I'j L-LFMFNTS

-U. -0.71t'367'/3J-jl -j . A79 5 J7.)-0 1
0.7191 12 3:50-0 1 U. 2 3 9 5 2 7 3 9 u - u 1

. vi

vriUClilFS AT XUDES

-0. 188021 *>2.7-01  -0. 905/l: 01

FJaCES T'l-VrLuP'- L- l'j ELEMENTS

.753903 -770-0A --j. 1 195717^3 00 0 . Au 160-0 1
0.111647090 00

29099991 .. 1

VilLCiC n I AT

— 0.3/ 'J J- 7 0 9 0 L — ) 1 - 0 -17 "*
vo 
o



r ' .'<Ci';> Fu'iC-S Uc-VCLGPhL I*'i  ILEME^TG

1- zt 1669(.)8VQf)
G - 5 C . L d 71 2 J a 3 D L i ■

0.1^33^.7370 DO 0.23/3

1 - . 399\! ?03^ Cl

: DC3 VcLCCITlrl-. Al r.G^iiS

1 - 3 - D . 61 j ? 'i 1 a 3 E - 0 1 - 0.5 9 '5 10 1 9 3 0 1

3.A:Cdi.., FJP.CZS DI.-VlLJPED 1.7 L-L l .7 T S

I.— A — U . zt "> IZ 2 3 17 0— u 3 —C . 2 1 379 16'ti; CO 0.1-#06372 6i) uO 0.2355l766'>D~C 1
d o. 2i6;>4<:> o?

r • . . 7 ■) 9 'i (/1 ci

i-J' r_3 VELCCiri-^ Al iiUOEG

1- .■ -c . 9 1 01 3 730 E-<; 1 -0.5927D2Z 7- 01

..'Dv iCHCS FJ^Cr.i, DE/rLjPFL' IM FLEhC.\TG

l- <a -u .2,331/d37D-:,3 -C . ?601 '■2a7j 90 3.2 3 7-7 97ft 33 00 0.23344C2C-;;-0i
- 5 0.2 6 0 941 '31- 9 C .)

<0



I . 59^99 7 1 CL

vt LUC I TIL'S Al" NCL'fS

L- ? -Ci. 12 6.i 72 "> 7l 00 -G. 5 5 9F-3R41 F 01

. '.AijCHLS FU1CF-S DFvFLL>PlL’ Im LLEriF.MTS

D —

U
5

-t;. 13 75 06 ,?6-O-(J2
U.3v712?3UD 00

-0.3057672bU 00 O.2.7 6U356 7D 00 0.23 0863030-01

. 6 ? O'?9o01

..LDE3 VLLUCITICS AT riULES

I- 2 -\i. 16 I ) -33062 03 -0. 5 Vrr, I 5 ?0L 01

t -anchfs Fudges oevflu^fi) r: i-lemes'ts

-0.210937050-02
U . 3 r,/706 160 iJO

-3'. 350596990 00 0.329)17670 00 0.227886906-61

I = •• .77099',61 0 1

■■I i J i j E S VLLCC I T I --!> AT NC9E>

1- ?. -0.2i6S3?22E 0? -0 2 7612 3.- 01 MD 
M



•' •' ‘1C 11.

1-

T =

Si jDts

1- 2

H- AfjCH; s

I- A
5 —

r =

-# Ci c 1>

L-

•\ < V!CHi-5

1 — u
5— 'i

Fu’lCES DEvFLUPcl) 1\ ELEMEilT L>

-t) .30641615L— 02
C.■ . 3') 7•*>  i 3 V-i i; O' '

—\j . ; ' < \ 5 4 j 3 > । J u 0 0.37517)321'3 0)

.‘33300542 'll

VlLiOCITI-.S at •-.Ou'S

-0.267121431- 'j;' -(3.67652 1'336 01

FORCES DEVELCPLD I *0 CLuMcOTS

—j.427>535-;dI)-U2 -'..43/637610 00 j.41;6o229b 03
0 « 4417 64 66 D 0 0

.9)09060.- 01

VIZLC1C I T I >. 6 ar :,UOL:S

— 0.324697 OF 0 C" — L . 6 7 3 *’ u 5 u O; 01

Fj-ICLS PLVELL’PL.) 1‘. L L t: Me "i 1S

-0.5744241 /u-02 -0.470330100 GO (; . 347 51) CO
C.4350P254P C-.j

0.224502860-31

0.22672 363::-01

u . 216567 v>l - Cl

<o
GJ
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Example 2

The system shown in Figure P.2 is a mechanical trans­

lational system. It is required to determine the frequency 

response of the system for the applied alterating force f, 

by studying the forces developed in various elements for 

different frequencies of f.

UHSAP coding for the problem and the solution given by 

the program follows in next pages.
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v u- 0 A \ I C A L S Y S T l; V 'I L t." M

C X A f, p L E Z
C ALTbPA/M li-i.; FD;:CF A.LYoIS ^FUJLL-I-'
C FU.-"'. A i-.ECilA.'-jl CAL SYcTl i 
c,

A!- A i'm M Y S IS ;
Fl r( I 7!,) ,K-r 1;,;
F 2 4 ( 17 C ) i ‘-i ~ '1 c ;
F'd •' I ( 2 , i)) , K ■- / . v;;
F3 Ai(l,2),k=lD,F = 20/L.;
FA j ( 2 t ■)} i r-1 - 5 • 'J ?
P5 M( 2,0) ,'-^2 5.0 ;

F A = ij .01;
P'l I ’Y T, V.. L JC 1 7 I F 5, Fi JXCES ;
E x;
^1DD^FlCA^^.)\! /> 1 f-nF FRi-oUL‘;CY RLSPOXSF; 
FR = (. . 1 ( 10 ) 1 JuO. ;
LX ;

1" j;

vo



t

t 0.9?vy9yAzt-02

..'Jut-S vELOCI I IrS AT

1-2 e ."^-)75ub 7'<-0Z I...'..>7 J5 31 22r-0L
■ ‘ ■  C . 11 J 9 0 6 3 7 E 3 — L■. '■) '< 4 G !-> 2 <_')02*

L^A.’ICHCS Fn-’.CL^ DuVELCPcl) IU ELeMcMTS

! ■’■ 1- o. 3)b ITG*;  IC Oi 0.1... 0.166G08 6? 02 0. 1 84693718-01
• ' 1 ' ^.2690b372E 02 -O. 1 9 1 0>3 ?56 03 -0 . h S'SoP 2 5 4F. 01 -f). 940^0^031 01

■ - 5- (J. 244 9b 7 7 3L OJ 9.3110900 37 01
fx -0. 9'.)4 O502 98 02 17 jo94 09^ 0 3

vo



r s .j 0.999^99O5r-Cl

•,3rjhS vr l.GC I r 1S AT ^UOcS

v t , i- 2 -'J. 351 9328 R-Z OC 0. Ol*
U.11314"38Rl- 03 -u. 1.5 3S 3 3 61E-" u3

[-,;a .CHES FJRCES DI-Vc:JjpE3 l.j I-LEML:i\TS

1- 4 0.1680'35581 0? 0. A '^2Zr.\5^v.
i.231A-3i:"T^r o 2 - (.>. .1. ;■ & 8 5 6 Uc-c

01 0.9<:9A7'.)^8l: 01 0.932252351- 00
u3 -C . 29A5927AE 0? -0. «8362 1 E 0<

6 0 . 12 36A 337 02
—G . 1 > 3 3 8 "> 6 1L" r' ’*

C.. 1 \> 7 A 2 t 2 61.- G1 
0.11'^1163 22 0 3

0.999O9'>1^L

-ODi.S vrLUCIrI."3 AT .mGUES

1- 2 0.1 12":2 IS 82 Oo " . 6 7 1 .3.? 3 7 >?- GO
-u. t’. 7-.>A0ii39!- 02 j'/12^ >r 03

VO 
co



;CHE3 FO'^CL'j DE. V EL 0uLC*  Ki c L El'’ t.- j T S

1— 4 0 » ti 2 5 .1. ’■) 0 7 R E
-Q. 177-"'39

5 - 6 0 ♦ L 6 f y .) 7 6 E
0. i45-n22 9E

0.: (■. 2 1 7 I1:-. i2z+l
0 3 0.2^5 9 -7 (■> 0(?

02 0.2137 0 81 0
03 0.83912277r

02 0.125199412 01
01 -0.13^253592 03

00

G.12655272E 02
-0.124087652 C3

7 ■ .1^ - 0.99 7 99933 I’1

3?9u 3 VLLGCIi 1 -S A i \QDL3

*■ j 1- 2 0 • 1->9 36 7 v 9£ — i? 1 . 1 0530,'J4 00
■ ' fA -0.^9^935372 02 <'. i 7 57j2 5 3 1L 02

: .’.A .-COES .'JRCES UEVElOPED 11 ELEMENTS

: w. 1- 4 0.76'J'’Z7>68E-32
'• .. A - u. 1 7 -J ) 9 3 6 7 E 0 3

0.20^26 7492 02 U . 1-92 7.3 1 95E-0] 3. 1 "-8487-43l: 02
0. u?. 1346 "j 5'.-O2 -0.17342R82f- 03 -0.172^374 18 03

'C. 5- .3 0.2A3251 1 1E 01 0.3351 £z-0/--('2
\ 0.975625318 02 . >'r>52 ■> 72 9 9 01

ID
VD



o. u2

VLLOCITIi-5 Af r-'ni-'ES

1- 2 0.1591572 3E-02 0.I 56095265-0 1
-0.5 9999'10Or 02 r.. 10/d9<32 7E 02

(A 1CHE3 F12CLS DOVvlL'PCD IO ELEMENTS

]_ /). 0.7599202 25-0 A 9.2 UOC(. 25-IL b?_ G . R6 74E~03 0 • 1 99'13A 59L
— 0.17'1 99 69 5E 0 3 0.64 1 5 2 0 5 3l: —() 5 —0.1 7'1 3 1 12 3i. '.'3 — 0 • 1 7'124(;l 1 R

5- o 0.265238050 0(> 0.3 37 71 15 8 - - ■) A
0.90/594275 Li .75' 15 7 2 2 0U t.

9'9999 12 / :-

->0!?: s vFLUCJrI

1- 2 0. 1>H55147-O3
-0.09 19 9'96 90 02

I-. 106 L('33 
. .JO. 7->4 7

0 2 
02



.CHES I-3RCES ur.V.-LOPED Ii1 EL EM.-.-NT 3

r> 'C- I— ‘'t U . 7‘^9 ■? 1'.,/t 5p-<l
-0. 1 /v'79 >95E 9 3

C.20‘JC000-.z= C-2 r. 19419722E-05
().64 1624/Ir_-Ci3 -0 • 1 7 9') 3 3 ) U E <'3

I*.  0

.A
0.2652562 2E-P1 0. >>

4E 0'2 C .7->99rj156E-'jL

f .iL-J 0. ••)99993 2 3.. 0 9

'■!33.:S VE LOO I I I 0S AT 0

a ..
>.-A

1- 2 0. IH9155L72-04
- S )9 >'? /a9’: n 7

0. 1J6]3346--U3 
i). 9 .?u 7 5 6 02

r.v;<A.-jCHCS FJRCES DEVrL-JPLD 1.3 FLFMONTS

9,. A
L- 0. 7 5) 91 u 1 P E - O 

-,'.179 99 9 )50 0
UODOjOOc 92 0-1 ?A199390-G7
^1732 5991.-11 -(1. I 79 ?93 1:3F r:?

b_ <> G. 22 5 Ol.-02 
0.9 909 7 56 8'1 0 2

0.337V- ’’Oc.-C-J
■J. 7599C93o7-v 2

C-. 199999695 92
-0.179923966 0

0.1 99 99 9 8 5:1 0'2
-0.17999236F 03

TO
T
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Example 3.

Figure P.3 shows a mechanical rotational system. The 

angular velocity applied at one end varies with time and 

is of triangular shape. It is required to study the transient 

effect of this source to this system after the system is 

started from a resting position.

UHSAP coding for the problem and the program solutions 

are in next page.
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^0 1 AT IONAL
C
C EXAMPLE II 3
C
C DYNAMIC ANALYSIS OF A
C ROTATICUAL SYSTEM WITH TIMr. VARIANT
0 ANGULAR VELOCITY APPLIED AT OHL- END

DYNAMIC ANALYSIS;
Pl N(l,0)tK=2D;
P2 N(1,0),J=5E-4;
P3 N(1,2),K=1C . ;
PA N(l,2),J=0.2;
P5 N(?,0),J=2E-A;
PG N(?,3),K=35;
P7 N(3,0),5=0.
vn P(5) ,C.,20.,40.,20. ,o. ;

TIME STEP=lF-6 ;
OUTPUT LNTtRVAL=lC;
FINAL IIi-=lE-4;
PRINT ,A;'iGULAR VFLOC I TI OS , TORQUES 5
EX;
EN;
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T G.O

:4ODLS A'jGULlR VELOCITY AT NODES

1- 3 0.0 0.0 0.0

I',RANCHES TORQUE DEVELOPED IN ELEMENTS

1- 4 0.0 o.c 0.0
5- 7 0.0 0.0 0.0

C. 0

T = 0.9999994E-C5

NODES ANGULAR VELOCITY AT MODES

1- 3 -0.16874941E-Uf> -0.13430273E-03 -0.3993 5901E 02

HisA.JCHES TORQUE DFVELL'PED IN ELEMENTS

1- A -0.749001990-11 -0.268303360-04 0.354759330-08
5- 7 -0.697150120-02 0.699533150-02 0.699833153-02

T = C.19999962-04

NUDES AN3ULAR VELOCITY AT NODES

1- 3 -0.19112531E-05 -0.729904512-03 C.28066780E-01

R'IA.mCHES TORQUE DEVELOPED In ELEMENTS

1- 4 -0.174528420-09 -0.1456^2619-03 0.441304390-07
5- 7 -0.13&44355D-01 C.139399930-01 G.1398999RD-01

0.268267960-0^

0.145593660-0|2u
tn



T = 0.2999989c-C4

JCDES ANGULAR VELOCITY AT NODES

1- 3 -0.65014792E-05 -0.15523736E-02 -0.39957870E 02

BRA.NCHES TORQUE DEVELOPED IN ELEMENTS

1- A -0.961285970-09
5- 7 -0.206683060-01

-0.30932822D-03 0.156747810-06
0.20973L36D-01 0.209781360-01

0.30917A43U-03

T = 0.3999982E-04

NODES ANGULAR. VELOCITY AT NUDES

1- -0.15381200E-04 -0.28288364E-02 G.56081839E-01

H R A N C H E S TORQUE DEVFLUPEI) IN ELEMENTS

I- 4 -0.30641003D-03
5- 7 -0.27396316D-01

-0.563058240-03
0.279593770-01

0.370272810-06
3.279593770-01

0.56269103D-03

T = 0.49 )99751--04

.'4 UDES ANGULAR VELOCITY AT NODES

1- 3 -0.29735922F-04 -0.43249423E-02 -C.39929871E 02

3 RANCHES TORQUE DEVELOPED. IN ELEMENTS

1- 4 -0.743243520-08 -0.859747140-03
5- 7 -C.34077106D-01 0.34936861u-01

3.72270868D-06
O.349 3 686 ID-01

0.85903192D-03
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T = 0.5M99969E-04

■■a") DES ANGULAR VELOCITY AT NODES

1-

3XANCHES

L- 4
5- 7

-0.51119365E-04 -0.62679090E-02 0.840533L4E-01

TORQUE DEVELOPED IN ELEMENTS

-0.1544426BD-07 -0.12445838D-02 0.12457449D-05
-0.406626170-01 0.4190722 ID-01 0.4190 72210-01

0.12433583D-02

T = C.6099962E-04

•aJDES ANGULAR VELOCITY AT NODES

1- 3 -0.80579426E-04 -0.84234662E-02 -0.39901932E 02

branches TORQUE DEVELOPED IN ELEMENTS

1- 4
5- 7

-0.28473140D-07
-0.47203350D-01

-0.16705203D-02
0.43873599D-01

0.197101310-05
0.48373599D-01

0.16685778D-02

T = 0.7999955E-04

NODES ANGULAR VELOCITY AT NODES

1- 3 -0.119532 72F-03 -0. 1 1C13906E-C1 0.11198092E 00

BRANCHES TORCUE DEVELOPED IN ELEMENTS

1- 4
5- 7

-0.48313635D-07
-0.53649826D-01

-0.21827577D-02
0.558326320-01

0.29303431D-05
0.55832632D-01

0.217987520-02



T = 9.8999943E-04

\ODES A^;GUL^R VELOCITY AT NODES

1- 3 -0.16914043E-03 -0.13820048E-01 -0.39874023E 02

BRANCHES TORQUE DEVELOPED IN ELEMENTS

1- 4 -0*769985170-07  -0.27342601D-02 0.415551860-05 0.273018160-02
5- 7 -0.600531260-01 0.627874640-01 0.627874640-01

T = 0.9999941E-04

NODES ANGULAR VELOCITY AT NODES

1- 3 -0.23073291E-03 -0.17054256E-01 0.13986140E 00

BRANCHES TORQUE DEVELOPED IN ELEMENTS

1- 4 -0. 11677430D-06 -0.3 370 265 3 0-02 0.56770 3 310-0 5 0.33647051D-02
5- 7 —0.66364352D—01 0.6973^7340-01 0.697347340-01

T = 0.1009994F-03

NODES ANGULAR VELL'CIT'-' AT NODES

1- 3 -C.23760376E-03 -0.17336075E-01 -0.38600082E 01

BRANCHES TORQUE DEVELOPED I -j ELEMENTS

1- 4. -0.121457660-06 -0.34354200U-02 0.584639300-05 0.34296"450-02
5- 7 -0.663636920-01 0.697992340-01 0.6^7092340-01
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Example 4*

*
Adapted from Ref. 1, pages 159-160.

This example has been considered to show the validity 

of the results of UHSAP analysis with those by analytical 

methods.

Consider the electrical circuit in Figure P.4. The 

switch S is closed at time t = 0 and the transient current 

in the resistor R3 at time t = t is given by

i (t) = 3.33 - 5e + 1.67e

The numerical results given by this expression at dif­

ferent value of t are tabulated in Figure P4.1 and UHSAP 

results which are in the following pages for actual compari­

son.

Figure P4.2 shows the computed values with both the 

methods.
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Pl = 10/1 Li- - 1 H

R2 = 10/1 L 2 • 1H

R3 = 10/1

Fig P. 4



ELECTRICAL SYSTEM 
C
c 
c

EXAMPLE # 4

TR
c
Bl
32 
03 
B4 
85

N(0,1),R=lU,E = 100 
Nd,2) ,L = 1 
.U2,3),L=L 
N(3,0),R=10 
N(2,0),R=10 
TI = 0.001 

>jU=20 
F 1 = ^.2
PRINT, CURRENTS 
EX 
LN

T

BRANCHES ELEMENT CURRENTS
1_ z, 0.99999766D-05 0.99999766D-05 0.999995670-L1 0.999995670-11

5- 5 0.999996660-05

T = 0.1999997E-01

BRANCHES

1-
5- 5

ELEMENT CURRENTS

0.165838120 01 0.165838120 01
0.150404860 01

0.154332600 00 0.154332600 00



r

BRANCHES CURRENTSELEMENT

0.28131364D 01 0.483691160 00 0.483691160 00
J

T 0.599999UE-01

ELEMENT CURRENTSBRANCHES

0.364716360 0.864751500 00 0.864751500 0001

T U.7999963E-01

BRANCHES ELEMENT CURRENTS.

1- 0.426886870 01 0.123787430 0.12378743001 01

T 0.999993 ZE-01

BRANCHES CURRENTSELEMENT

I 0.1576912304 0.474432550 01 01 0.157691230 01

1-
5-

U.474432550 01
0.316741320 01

0.364716360 01
0.278241210 01

0.426886870 01
0.303099450 01

1-
5-

4
5

4
5

0.281313640 01
0.232944520 01

C- .3999994E-C1
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T = G.1199991E 00

bRA.viCHcS ELEMENT CURRENTS

I- 4 0.511518330 01 0.511518330 01 0.187290540 01 0.187290540 01
5- 5 0.324227800 01

/ 
T = 0.1399989E 00

BRANCHES ELEMENT CURRENTS

1- 4 0.540871100 01 0.540871100 01 0.212534810 01 0.212534810 01
5- 5 0.328336280 01

T = 0.1599986E CO

BRANCHES ELEMENT CURRENTS

1- 4 0.564348540 01 0.564348540 01 0.233757570 01 0.233757570 01
5- 5 0.330590960 01

T = U.1799983E 00

uRANCHES ELEMENT CURRENTS

1- 4 0.583265890 01 0.583265890 01 0.251437590 01 0.251437590 01
5- 5 0.331828300 01



I = 0.199998 IE 00

BRANCHES ELEMENT CURRENTS

1- 0.59858708D 01 0.59858708D 01
5- 5 0.332507340 01

T = G.2009981E 00

BRANCHES ELEMENT CURRENTS

1- 0.599272580 01 0.599272580 01
5- 5 0.332531750 01

0.266079740 01 0.266079740 01

0.266740830 01 0.266740830 01
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TIME CURRENT IN BRANCH NO. 4

0. 0 -0.953674320-06

0.20000000D-01 0. 15286110

0.399999990-01 0.48139375

0.59999999D-01 0.86199072

0.799999980-01 1.2348540

0.999999980-01 1.5737470

0.12000000 1.8696594

0.14000000 2.1220577

0.IbOOOOUO 2.3342610

0.18000000 2.5110481

0.20000000 2.6574630

Figure P4.1
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CUlO-.LM 1 I a’ 1-EG a 03 A’ 0.4
TI .‘IL UnS/.l- V^LOE G.af-Li'll Ct-L v7’LUP

c. cc G. GO 0. GO
c. 02 G. 15^3 0.1523
G» U 0. /J8 3 6 C.48 14
0. 0 6 0.6 (/■"/ 0.3620
C. C’-J 1.2379 1.23zy
0. 10 1 • b'( 7C 1.5737
o. IP 1. S 7 29 1 • 5 6 ) (.
c. 1/.: 2.. 1253 2. 13 2 1
C. 1 (- 2•3375 2 • 3 3 Zi 2
0. 18 •: . 5 1 /1.3 2 • 5 1 1 0
0. 20 2. crc-7 2. 657Z1

Figure P4.2


