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This thesis applies singular perturbation techniques to linear

and non-linear models of a single machine-infinite bus power system and a

three machine power system. In the linear realm, we give a method for

obtaining state and eigenvalue approximations by computing approximations

to the block diagonal system which isolates the fast and slow dynamics.

S 
We also give a “growth of model” method for determining the slow and fast

variables in the power system models .

S 
For the non-linear systems, we find that the zero-order approxi- S

mation of the slow variables is inadequate because it does not account for

a non-negligible fast component which is present in these variab les. Thus

we develop a new and simple method to correct the non-linear zero-order

approximations.

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



7_ ~~~~S~ S ~~~~ST V S ~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~SS•SSS••~~ — S~~SSS _S — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~

iii

ACI~~~4LED~~~NT

- S The author would like to thank his advisor , Professor M. E. Van

Valkenburg, for his advice and encouragement during the course of this

• work. He would also like to express his appreciation to Professor P. V.

I(okotovic for his many hours of helpful discussions regarding singular

perturbations , power sys tem models , and other matters. He thanks Dr. Joe

chow for his technical discussions and moral support. Finally , he grate-

fully acknowledges Mary MacMillan and Hazel Corray for their excellent

preparation of the manuscript.

S 
S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~—S~~~ ._~__ .~~~5 _ 5 5~~ ;S. .___ S..~~ ~~~ ~~~ .— ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ J



iv

TABLE OF CONTENTS Page

1 • INTRODUCTION 1
1.1 Problem Description 1
1.2 Contributions 3
1.3 Review of Power System Dynamics 3
1.4 Some Aspects of Power System Modelling 4
1.5 chapter Preview 5

2. S INGULAR PERTURBATION METHODS 7

2.1 Introduction 7
2.2 An Iterative Scheme 9
2.3 Use of Singular Perturbations in Analyzing Power

System Dynamics 14
2.4 Techniques of Partitioning the System 14

3. SINGLE MACHINE CASE STUDY  16

3.1 Introduction 16
3.2 System Description 16
3.3 Determination of Partitioning 20
3.4 Analysis of Linearized System 28
3.5 Zero-Order Analysis of the Non-Linear System 37
3.6 A Correction Method for the Non-Linear System 39
3.7 Conclusions  50

4. STUDY OF MULTI-MACHINE SYSTEM 59

4.1 Introduction 59
4.2 System Description 59
4.3 Determination of Partitioning 68
4.4 Linear System Study 71
4.5 Study of the Non-Linear System 95
4.6 Conclusions 141

5. CONCLUSIONS 143

APPENDIX A: Derivation of Synchronous Machine Model 145

APPENDIX B: Notation 160 S

APPENDIX C: Listing of Computer Programs  .... 161 S

REFERENCES 213

VITA 215 

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

.-
~~~~~~~ S.



~~_L~~~
.______ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

1

1. INTRODUCTION

1.1 Problem Description

This thesis is concerned with the application of singular pertur- S

bation techniques to a class of power system dynamics. Generally, power

system models are of high dimensionality and are stiff. Therefore, the

motivation for this study is clear : since singular perturbation techniques

are particularly suitable for analyzing stiff systems of differential

equa tions , we are naturally inclined to ask whether these methodologies

are applicable to power system models. This thesis demonstrates that the

model describing rotor angle oscillations and associated phenomena can be

analyzed by singular perturbation techniques.

The singular perturbation method is often called a model reduction

method and it is in the sense that information (e.g. eigenvalues, time

responses) about the system is obtained from lower order subsystems.

Reduced order modelling has been of interest to power system engineers for

many years. Much of the work on reduced order models has been aimed at

t obtaining dynamic equivalents for transient stability studies.

One of the “classical” methods of equivalencing [1] merely combines

• machine inertias and parallels their transient reactances. This method

requires engineering judgment to determine which machines can be represen ted

by an equivalent machine. The studies in which this method is often used

do not include add itional dynamics such as voltage regulators and speed

governors. For those studies in which the aforementioned dynamics are

important, other methods have been devised. One technique (which can be

S regarded as “classical”) is to neglect “small” time constants and other

“unimportant” dynamics. Another method [2], which is limited to linear

sys tems , spec if ies a cer tain struc ture f o r  the red uced model and cer tain
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-

~~~~~~~~~~5 555 ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 5 5 5 -



~ 

~~~~~~~~~~~~~~~~~~~~~~
-

~~~
-“

~~~~

-

2

eigenvalues of the full model which are to be retained in the reduced model.

- Then the gains and time constants of the reduced model are calculated.

This method requires much computation and a solution does not always exist.

In [3] and [4] the authors linearize that portion of the system which is to

be replaced by an equivalent. Then the linearized equations are trans- S

formed to a diagonal system and certain “fast” modes and “unimportant”

modes are neglected. This method requires some prior knowledge of the

system in order to determine which portion of the system can be replaced by

an equivalent . Also there is some judgment involved in selecting which

modes in the equivalent are to be retained and which are to be neglected.

Recently, equivalents based on coherency have been investigated [5]. This

is a promising avenue of research ; although , again , some prior knowledge of

the system is needed to determine which machines behave coherently.

Unlike the methods discussed above , the singular perturbation

approach does not necessarily generate dynamic equivalents. However, our

approach does produce reduced order models in the sense that calculations

( of , f o r  examp le, system time response) are performed on lower order sub- 
S

systems. Thus the full system is not evaluated directly. A major advantage

that the singular perturbation approach has over other reduced order modelling

schemes is that the complete system response is recoverable from the sub-

system responses. Thus we do not lose information about the system as is

the case if some dynamics are completely neglected. Another advantage of

singular perturbation methods is that they are not necessarily restricted to

linear systems.

— - 5 
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1.2 Contributions 
S

Although singular perturbation techniques were applied to a

simple power system example in [6], this thesis appears to be the first

application of these methodologies to detailed power system models. A

necessary part of this study is the development of an iterative scheme to

obtain approximations to the block diagonal system which isolates the fast

S and slow subsystems in a linear singularly perturbed system. In addition ,

we present a technique (the so called “growth of model” method ) f or

partitioning the power system model into fast and slow subsystems.

Finally we give a new and simple method for correcting the zero—order

approximation of a non-linear singularly perturbed system in the case when

the slow variables contain a non-negligible fast component . All of these

— methodologies are applied to both a seventh order single machine-infinite

bus system and a twentieth order three machine system.

1.3 Review of Power System Dynamics

- 
- 

Power system transients range from travelling wave phenomena on

transmission lines to very slow boiler response behavior. In this thesis

we will be concerned with synchronous machine rotor angle oscillation

transients and associated phenomena. These transients result from changes

in the system which cause a momentary mismatch between generation and load.

S The problem of sustained mismatch between generation and load , although not

treated here , has received attention recently [7].

There are basically two types of motion which can result from

momentary generation-load mismatch , namely 1) stable motion in.%iich the

generator speeds and torque angles move toward the equilibrium corresponding

to the new system conditions or 2) unstable motion during which one or more

~

--

~

-
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of the generators loses synchronis~n with the others. The latter situation

may result in the removal of generators from the system which in turn could

lead to partial or total system collapse due to cascading events.

In order to design and operate the system in a reasonab ly reli-

able way , the nature of power system dynamic response must be well under-

stood. This f~~t ~as recognized many years ago [1] and the problem of power

system “transient” response has received attention ever since.

1.4 Some Aspects of Power System Modelling

In the early studies the system was represented by very simple

models. In particular , synchronous machines were represented by a constant

-
~ voltage behind the transient reactance [1] and the dynamics of voltage

regulators and governors were generally neglected.

In recent years it has become apparent that these simple models

are not adequate to describe some kinds of power system dynamic response.

For example , sustained low frequency power oscillations which are apparently

associated with voltage regulator action have been observed [8]. The need

to investigate these phenomena combined with the availability of large ,

high speed digital computers have resulted in a vast increase in the

complexity of power system models [9].

Unfortunately there is a price to be paid for using more accurate

models of power system components. First , the dimension of the system of

differential equations describing a large power system is very large.

Second , the complexity of the differential equations can often obscure some

underlying physical phenomena which essentially determine the system behavior.

Finally, it is well known that the comp lete set of differential equations is

stiff [9]; that is , the responses consist of some slow and fast modes.

- .4ffi~~~~--—-—-— - _ _ ~~~~ ~~~~~~~~~
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This stiffness leads to serious difficulties in carrying out numerical

integration. The singular perturbation approach alleviates both the

dimensionality and stiffness problems by analyzing the fast and slow sub-

systems separately . Hence, singular perturbation methods appear to be

particularly suitable for studying power system models.

r
1.5 Chapter Preview

In Chapter 2 we discuss some basic principles of singular

perturbations. We then present a method for obtaining an approximation

to the block diagonal system which isolates the fast and slow dynamics in

a linear system. Finally we discuss the problem of partitioning an

arbitrary system into its fast and slow subsystems and we give a procedure

for partitioning our power system model.

Chapter 3 considers a single machine-infinite bus system. First

the partitioning of this system is determined by the growth of model

technique described in Chapter 2. Next the complete linear model is

analyzed by the iterative scheme introduced in Chapter 2 and both eigenvalue

and time response approximations are found to be quite good. Finally the

nature of the zero-order approximation of the non-linear system is explored.

This approximation is found to exhibit some deficiences. A method to correct

them is proposed and verified .

In Chapter 4 we repeat the analysis of Chapter 3 for a mtdti-

machine system. We find that by introduc ing a change in angle-speed

var iables and by applying the experience gained with the single machine

system, the partitioning of this system is straight-forward . State and

eigenvalue approximations of the linear mode], are seen to be quite accurate

S
t 

but more iterations are required to achieve this accuracy than in the single

S5- S S
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machine case. Finally the twentieth order non-linear system is analyzed

and the zero-order approximation is found to suffer from the same type of

difficulty as the zero-order approximation of the single machine system. -

The correction procedure is applied and the approximations are seen to be

improved relative to the zero-order approximation.

Ii

j

S

I
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2. SINGULAR PERTURBATION METHODS

2.1 Introduction

Singular perturbation methods [10] are applicab le to systems of

differential equations of the following form
S 

= f (x ,z,u), x(O) = x0 (2.la)

p.1 = g(x ,z,u), z(O) = (2.lb)

where x is an n-vector, z is an rn-vector, u is the input vector of dimension

r and ~& is a small positive parameter known as the singular perturbation

parameter. The presence of ~ indicates that there are fast dynamics in x

and z. Setting P. = 0 in (2.lb) is equivalent to neglecting the fast phenomena

in the response and gives the following slow model

= ~~~~~~~~~ ~~(O) = x,~ (2.2a)

0 = g(~ ,T,iT) (2.2b)

where the overbar indicates the slow part of these quantities. The fast part

-~ of the response can be approximately recovered by solv ing the system

g(~, F+~~, ~~~~~~ ~ (O) = z0 
- ~(O) . (2.3)

In (2.3) the tilde denotes the fast part of these quantities. Notice that

the approximate responses, 3~ and ~~~~~~~ are obtained by solving lower order

subsystems thus reducing the number of differential equations which have to

be integrated simultaneously. In addition , the fas t and slow subsys tems are

solved separately in their own time scales, thereby ameliorating the problem

of stiffness.

The linear time-invariant version of (2. 
~
. ) is

-
~ k = Ax + Ba + Cu , x(0)  x

0 (2.4a)

p.1 Cx + Dz + Hu, z(0)  = z
0 . (2.4b)

4

5555 5 - __ ~~~55__~~~~~~~~ 55 —-.—~ 5-5s5~~~s~
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In th is case , the usual slow subsystem model is

= (A BD 1’C~~ + (C-ED 1’H)~~, ~ (O) = x0 (2 .5a)

‘F = -D - D 111U , (2.5b)

and the fast subsystem model is

= D~ + H~i, ~ (O) = z
0 

- ~(0) . (2.6)

In either the linear or non-linear version described above , the

responses x and z are approximated by i~ and ‘ F + .  Therefore , this approxi-

mation does not account for a possible fast component in x. In many cases

this approximation is satisfactory. However, if the system is severely

disturbed , the fast response in x may be large. In this case, the effect of

the fast variables on the slow subsystem may not be negligib le. Then it is

generally necessary to use modified procedures to calculate the approximate

responses. In the linear case, one such method is to obtain an approximation

S 
to the block diagonal system which isolates the fast and slow subsystems by

using the chang transformation [11]. Another method to arrive at the same

result will be described in the next section. In the non-linear case , the

-
~ method used depends on the specific non-linear functions in (2.1 ). In

Chapters 3 and 4 we give one method for calculating corrections to the basic

approximations for the non-linear equations encountered in the power system

models presented there.

Finally ,  the singular perturbation parameter i~’ is not always identi-

fiable , nor is it necessary that it be isolated. The only requirement for

using singular perturbation techniques to analyze a system is that the system

must possess the multiple time scale property . Once this property has been

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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establ ished for the system, then it is necessary that the system be

partitioned correct ly.  We will return to this topic later in this

S chapter.

2.2 An Iterative Scheme

One way to obtain accurate fast and slow approximations is to

carry out the calculations on a block diagonal system which isolates the

fast and slow subsystems. We now give a method to construct , approxi-

mately, this block diagonal system. Consider the linear, time-invariant

system (2.4 ) with u — 0 for simplicity

k Ax + Bz , x(O) = x
0 (2.?a)

p.1 Cx + Dz, z( 0) z
0 

. (2.7b)

Def ine
= z + D 1’Cx . (2.8)

We substitute (2.8) into (2.7a) to give

= (A-BD’4C)x + Eli
1

L = A
1 +Bli1 . (2.9)

Now we take the time derivative on both sides of (2.8) and substitute

(2.7b) and (2.9) to yield

= p .D 1C A1x + (D + P.D 1CBYT11

= C
1
x + D1li1 . (2.10)

This procedure can be repeated iteratively. At the end of the

k-th iteration, the result is S

= Akx + BIlK (2.lla)

= C
kX + Dkflk (2.llb )

_ _ _ _ _ _  __ 5- --- - - S -~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where

= Ak l  - BDk~ lCk_ l  (2 .12a)

Ck — p.D~~ 1 Ck l A.~ (2 .l2b)

Dk Dk l  + P.Dk
1
l Ck_lB . (2.l2c)

In order to avoid computing D
k
1’
l at each iteration , we can approxi-

mate these inverses. Let C = C~ + p.C
1. Then

G
1 (G

0 
+

= M
0 + P.M1 + f ~~~~ + ... . (2.13)

It is clear that H
0 G0~

’. To obtain the higher order terms, we employ

repeated differentiation. For M
1 we have

M1 
— ~~-(G0 + P.Gl)

1
1 

. (2.14)

But for any non-singular matrix A , AA 1 
= I. Hence

dA -l dA”~S ~~~ A + A ~~~— = O

or 
~~-1 

- A~~
1 

~~~~~ A
1 

. (2.15)

Applying (2.15) to (2.14) we obtain for M
1

M1 -G0
1
G1G0

1’ 
• (2.16)

Repeating this procedure for other higher order terms , we find

that the expansion for C
1 
can be written in the following form

C
l 

- G
0 I~~G1G0

1[I~~G1G0
1 
(1-...)]) • (2.17)

For example , an approx imation of is

~ D
1
(l~hD CED (I-P.D CBD (LP.D 1’CBD 1

)]) . (2.18)

—



________________________________________S

1].

Notice that the expression for C,~ contains p. as a multiplying

factor. Hence, at the end of each iteration , the elements of C.~ should

be smaller than the elements of Ck l ~ Thus, af ter some convenient number

of itera tions , say k , the coup ling term CkX can be dropped. Then the

fast subsystem is defined as

— . (2.19)

Now we write (2.lla) as

2c= ~~x+BTl . (2.20)

To decouple the slow subsystem from the fast subsystem, we substitute

— 1•
11 — p.& ~1 into (2.20). The result can be written as

- p.B~~~~~T~ — c2x (2.21)

which suggests the definition of a new slow variable

= x - p.~~~~~~”T1 . (2 .22)

with this definition, (2.21) becomes

— + B1’fl . (2.23)

This scheme can be employed iteratively. After the k-th

iteration, the result is

— 
~~ k + 8k11 (2.24)

where
Bk — 1

~~~k_l~ 
. (2.25)

As in the case of Ck, the e lements of Bk are reduced at each iteration.

Hence, after some suitable number of iterations, the coupling terms can

be dropped and the slow subsystem defined as

~ —~~ . (2.26)

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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The number of iterations performed on the 1) subsystem does not necessarily

have to be equal to the number performed on the ~ subsystem. However, for

computational symmetry, we will always carry out the same number of iterations

on both subsystems.

We now turn our attention to the problem of recovering x and z 
S

from ~ and T~. First, we have

= 11k-l + Dk
1
lCk..l

X . (2.27)

If (2.27) is summed from 1 to k, the result is

k k k
E l1~~ = ~ fl~~~ 1 

+ E D 1C 1
X (2.28)

m—l m 1  r n 1

or
k

= 
~o + 

~ 
D 

1
1C 1

x . (2.29)
rn l

Let
k

L — E Dr n lCm i  (2.30)
m l

Then (2.29) can be rewritten as

— z + Lx . (2.31)

In (2.31) we have dropped the subscript on 1) to signify that the result of

the last iteration is taken to be the true fast response.

Similarly ,  for ~ we have

— 
~k-l 

- P.Bk .l~~~
”T1 (2.32)

k k k -l= ~ ~m-1 - t B l
& ii (2.33)

m 1  mat

k 1

~
k 

— 
~ O 

- . (2.34)
m 1,
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Let
k 

I
H — E B 

~~~~~~~ 

. (2.35)
m’I 

m

Thus, (2.34) becomes

• (2.36)

By substituting (2.31) into (2.36) and simplify ing the result, we

arrive at the following transformation of variables

I-p.HL -P.H x

— . (2.37)

L I a

S Incidently, this transformation gives us a convenient way to compute the

initial conditions for simulating the ~ and l~ subsystems. The inverse

S t ransformation is

X I P.H

— . (2.38)

a -L I-P.LH

This transformation is a special case of the transformation used by

Chang [11]; it is also obtained in [12].

The approximation procedure which has been outlined in this section

is somewhat dif feren t than the bas ic approx imation scheme presented in the

previous section. Here, we compute approximations to the block diagonal

system which isolates the fast and slow subsystems. Then, the original

variab les are reconstructed by means of the transformat ion (2.38).  The

calculations are always performed on Lower order subsystems.

L 
--- — - - 5- S_~~~~~~~ -- 5 -5- —- - -- 5 - - - --- — 5 -- - ~~~ S 55S ~~~~~~~~~~~~~~~~~~~



- 5 -— S _ _____  T_~~ 

- 

—I- .5—I------ 
- 

_ _ _ _ _ _ _ _- - 
5

14

2.3 Use of Singular Perturbations in Analyzing Power System Dynamics

In later chapters we use a power system model which is valid for

studying synchronous machine behavior for a period of several seconds

following an initiating disturbance. This model consists of swing

equations, flux decay dynamics , and voltage regulator representation. It

possesses the multiple t ime scale prope~.-ty since it encompasses dynamics

ranging from fast control loops to system frequency drift (in the multi- S

machine case). Therefore , singular perturbation techniques are appropriate

for studying this power system model. By means of singular perturbations ,

we can obtain reduced order models which alleviate the stiffness and

dimensionality problems of the full order models.

2.4 Techniques of Partitioning the System

One weakness of the singular perturbation approach is that there

is no general method for locating the fast and slow variables in an arbitrary

system. Fortunately the model used in this thesis allows us to determine

the partitioning fairly simply. We shall call the technique about to be

descr ibed the “growth of model” method.

First , all the synchronous machines in the system are represented

by only their swing equations and the eigenvalues of the linearized system

are computed. Next, flux decay dynamics are included with the swing

equations. The eigenv’alues of the linearized system are again computed.

It is an interesting property of these first two models that the flux modes

are weakly coupled to the swing modes. Hence , in the f lux decay model , it

is possible to immediately recognize the flux modes and the swing modes.

This behavior is not coinc idental since the swing modes are determined

primarily by the machines ’ moments of inertia and the admittances of the

-~~~ —~~~~~~~ -~~~~~~~~-- - -~~ S

- S - - -
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interconnecting network. The inclusion of flux dynamics introduces an

energy diss ipation mechanism which somewhat affects the damping of the

swing modes.

Finally the voltage regulators are included with the model and

the eigenval.ues of the linearized system are examined. The swing modes

and the mode due to quadrature axis flux dynamics are discernable. The

other eigenvalues produced by this model result from some interactions

among the variables. The origins of these eigenvalues are clarified after

these interactions are understood.

Thus by the growth of model method we can identify which variables

are primar ily fast and which are primarily slow. This allows the system to

be partitioned into the form of (2.1) or (2.4).

S There is another method for partitioning a system when the system

can be conveniently represented by a block diagram. The block diagram is

examined for small time constants and loops containing large gains since

their presence gives rise to fast dynamics. Hence, the fast and slow

variables can often be identified by inspection of the block diagram. We

will use this method in the next chapter as an aid in classifying the

dynamics of the voltage regulator model.

55— — —5---- ~~~~~~~~-~~ - ~-~~~~~~- -
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3. SINGLE MACHINE CASE STUDY

5 3.1 Introduction S

In this chapter we analyze a single machine-infinite bus system

by singular perturbation methods. Both linear and non-linear results are

presented . Although this system has no true counterpart in practice, many

practical systems can be analyzed by approximating them as single machine -

infinite bus systems. In addition the multi-machine system considered in

the next chapter retains many of the characteristics of the single machine

system. Hence , it is beneficial to analyze and understand the simpler

system before trying to analyze the multi-machine system.

3.2 System Description

The single machine-infinite bus system is shown in Fig. 3.1.

The voltage regulator model used itt this study is the IEEE Type 1 repre-

sentation [13] a block diagram of which is shown in Fig. 3.2. In the

model used here saturation non-linearity , represented on the block diagram

by 5
E’ 

is ratainp4 but limit type non-linearities are neglected.

Following are the differential equations for each of the three

models. The swing model equations are well known [1]. The full model

equations are derived in Appendix A and the flux decay model equations are

obtained from the former by holding the field voltage (Efd) constant and

dropping the volt-ige regulator equations.

Swing Model

8 = 377 ~~-l) (3.la)

= ~~~~ [P. -D~~-l) - YE ’Vi
sin 5] (3.lb)

~

S 5-

~

S 
- S -rn



~~~~T~~~TT~~TTTiT~ ~~~~~~~
--
~~~~~~~~~~~~~~~~ T~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i-7

4

SG

~~VRj ~° I2te Bus
— 1 ‘7, -

- 

S 

Fig. 3.1. Single machine—infinite bus system . 

55 - ------55 —--- ~~~~~~~~~
_ S ~~~~~~~~~~~~~~~ ~~~~~~~~~ 5~~5- 5•~~

S
~~~~~~~~~ 5~ ~~~~~~~~~~~~~~~~~~~ — 5-~~~~~~~ -
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Exciter

VRet Amplifier II~IJII~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S tabi l i z ing Transformer

_ _  _  _ _  

H
Rf

~~~~~~~~f 1F~~~~~~
4 

— 

-— — — -  —z;;;--
Fig. 3.2. IEEE type 1 voltage regulator .
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Flux Dec ay Model S

= - [1+ (x
d
_x ’)y] e’ - (x

d
_x ’ )Y Vjsinô + Efd) (3.2a)

= 
~
4_{(Xq

_X ’)Y ViCOS ô - [1+ (x
q~
x ’)Y ] e~) (3.2b)

= 377 (~-1) (3.2c)

= ~~~~ [~~~~~~~ 
- D~~-l) ~

YV
~

(e ’cos
~ 

+ e~sin8)] (3.2d)

Full Model

= - [1+ (x
d-x

’)Y] & - (xd
_x ’)YV

i
sinô + Efd) (..3a)

Rf 
= L (-Rf ÷ E fd) (3.3b)

S 

= ~
•
~~•t (xq~

x ’YfVjcoso - [1+ (Xq~
X’)Yl e~) (3.3c)

q0

= 377 (Q—l) (3.3d)

0 = [ —~~~~ -D(~-l) -YV .(e’cosô+e~sinô)) (3.3e)

Efd = - [K
E

+S
E

(E fd
) ]  E fd +V R

) (3.3f)

= 
~~~

— [K
A

(R
f -

~~~ 
Efd

_ V
t + V Ref ) - V

R] (3.3g)

S V~ = [(1_x t
~7~~(~~

2 
+e~

2)+2(1-x ’Y ) (x ’Y V . ) ( e~cos6 
_ e
~ sin 6 ) + ( x ’YV~)

2
]’12

(3.3h)

S
E (E fd ) = Asatexp [(Bsat ) ( E fd)] (3.3g)
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The parameters used in this study are

H = 5.0 sec T
A 

= 0.06 sec

I S  
D 2.O pu T

E
O.S sec

Xd l.2 pU T
F = l.O sec

X
q

= l•O PU K
A

= 25

x ’ = 0.25 Pu = -0.0445

x = O . 2 5 pu K
F

= O.l6

T’ = 5.0 sec A = 0.001123d
0 sat

T’ = 0.50 sec 3 = 0.3043q0 sat

3.3 Determination of Partitioning

To determine the fast and slow variables in the full system , we

use the growth of model and block diagram methods discussed in the last

chapter. The linearized equations for each of the models described in

I the last section can be written in the following form

w Aw . (3.4)

In each case the terminal conditions about which the linearization is

performed are

V. = 1.0 + jOpu

= 1.0 ÷ jO.2pu

S8 = 0.8 + jO.1608pu.

Swing Model

In the swing model

w = [~~5 A f l ] ’  (3.5)

( ‘ denotes “transpose”). The A matrix is

55 
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L-0 2 _ O.2j

the eigenvalues of which are

-0.1 ± j8.68

S Since this model accounts for only the mechanical motion of the rotor , this

mode is clearly identifiable as the rotor oscillatory mode. Note that the

“frequency” of this mode (1.38 Hz) is quite typical of values found in

practice.

Flux Decay Model

In the flux decay model

w = (Ae ’ Ae~ A6 
~~

]‘ (3.6)

S and the A matrix is

-0.58 0 -0.269 0

0 —5.0 2.12 0

0 0 0 377

-0.141 0.142 -0.2 -0.28

S 

The eigenvalues of this matrix are

-0.887 ± j8.41

-3.78

5 -0.301

The mechanical mode is clearly visib le (-0.887 ± j8.4l). The imaginary

part of this mode has not been affected very much by the inclusion of flux

decay dynamics; but the damping of this mode has been increased substantially .

The energy dissipation provided by the rotor circuits accounts for this

additional damping.

- - ~~~~~~~~~~~~~~~~~~~ 
-
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Flux decay dynamics are responsible for the remaining two modes.

The root at -3.78 corresponds to Ae,~ while the root at -0.301 correspond s

to ~e’. This determination is obvious since T’ = 0.5 sec. and T’ = 5.0
q q0 

d
0

sec.

The quadrature axis rotor coil has a smaller time constant than

the direct axis rotor coil (i.e. it is “faster”). Thus, we might suspect

5

5 
that more of the mechanical mode damping is accounted for by the presence

of the quadrature axis coil than by the presence of the direct axis coil.

S I 

If we modify this model’s A matrix by removing the dependence of ~~~~~ on

we obtain the following modified A matrix

-0.58 0 -0.269 0

0 -5.0 2.12 0

0 0 0 377

-0.141 0 -0.2 -0.28

The eigenvalues of this matrix are

-0.235 ± j8.68

-5.0

-0.390

Hence , in this case , a sizeable portion of the mechanical mode damping is

attributab le to the quadrature axis coil.

Full Model
S 

In the full model

w = [Ae ’ AR
f 
Ae~ Aó S~ AE fd AV

R
]’ (3.7)

and the A matrix is
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-0.58 0 0 -0.269 0 0.2 0

0 -1.0 0 0 0 0.16 0

0 0 -5.0 2.12 0 0 0

0 0 0 0 377 0 0

-0.141 0 0.141 -0.2 -0.28 0 0

O 0 0 0 0 0.0838 2.0

-173 417 —116 40.9 0 -66.7 -16.7

the eigenvalues of which are

-0.861 ± j8.39

-3.93

-0.362 ± jO.558

-8.53 ± j8.22

The mechanical mode is clearly present (-0.861 ± j8..39) as is the mode due

to Ae~ (-3.93). However, the origin of the other four modes is somewhat

obscure.

To understand how these other modes arise, we make use of the

block diagram reduction technique alluded to in Chapter 2. We consider the

voltage regulator model of Fig. 3.2. The block diagram of the linear1.ized

equations correponding to the loop consisting of the amplifier, the exciter,

and the 5/TF 
feedback path can be drawn in the form of Fig. 3.3. The

characteristIc equation of this subsystem is

2 1 1 K1K25~~~
l

s + (~
— - ~—)s + T T (3.8)

H 1 2 1 2

I 
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~vt -

I K 3k F~ —41~4

Fig. 3.3. Equivalent block dIagram of inner loop of
voltage regulator model.
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The gain ~~ is usually large for two reasons. First , the vol tage

regulator is a proportional controller; hence large gain is needed to produce

small steady state error. Second , large gain makes the regulator faster. S

The effect of increasing gain is to move the roots of (3.8) along the

asymptotes shown in Fig. 3.4. Hence, we can consider this subsystem as

singularly perturbed in the sense of high frequency oscillations [6]. For S

the numerical values in the system matrix, the roots are -8.29 ± j7.95.

Thus the fast pair (-8.53 ± j8.22) is attributable to the aforementioned

loop. S

To understand the origin of the remaining complex pair , we con-

sider the simpler system of an open circuited synchronous machine with

voltage regulator. If the inner voltage regulator loop is reduced by

singular perturbation, the resulting slow subsystem model is as shown in

Fig. 3.5. The characteristic equation of this subsystem is

2 + 1.45 s + 1.26 (3.9) 5

the roots of which are -0.725 ± jO.857. Thus, we can conclude that in the

full mode l, the complex pair -0.362 ± jO.558 arises from the interaction of

tie’ and~~R .q f

Although the partitioning of the full system into fast and slow

- subsystems is not unique, one possibility is to place -0.362 ± jO.558 in

the slow subsystem and all other modes in the fast subsystem. From the S

prev ious discussions, we see that we should place ~e’ and ~Rf in the slow

subsystem and the other variables in the fast subsystem.

- ~- -‘~~~~~ S. ~~~~~~~~~~~ ~~~~~~~U*_ J ~~~~

____________ 
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Im
S I

h

~P-6195

Fig. 3.4. Effect of increasing gain on the roots
of Eq. (3.8).
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 3.5. Slow subsystem model of open—circuited synchronous

I 
machine with voltage regulator .
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3.4 Analysis of Linearized System

In this section we analyze the seventh order linear system by

s~ ans of the iterative singular perturbat ion scheme presented in Chapter 2.

First we examine the eigenvalue approximations for the seventh order system

matrix given previously. Table 1 shows approximate and exact eigenvalues.

The approximate eigetwalues are computed from the subsystem matrices after

the specified number of iterations.

Table 1. Eigenvalue Approximations for Seventh Order System

- Subsystem Eigenvalues

Approximate - Iteration # 
— 

Exact

1 2

Slow -0.399±jO.58l -O.359±jO.560 -O.362±jO.558

-O.858+j8.39 -0.862+j8.38 -0.86l+j8.39

Fast -3.94 -3.94 -3.93

-8.49 ± j8.22 -8.53 ± j8.22 -8.53 ± j8.22

S Note that the usual zero-order approximation is not used here

since it is not consistent with the iterative scheme.

After the first iteration , the fast eigenvalues are approximated

S quite well but the slow subsystem eigenvalues are somewhat inaccurate. S

After the second iteration , all of the eigenvalues are approximated very

closely.

~~~~~~~~~~~~~ I~~~~~~~~~~~~~~~~~~~~~~~~
5 - -

~~~~~~~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~5 _ 5,5 _ _ _ _
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A very important test of the subsystem approximation scheme is

the accuracy of the approximate responses , ~ (t) and ~~( t ).  To test this

aspect of the methodology, we simulate a system disturbance. The

disturbance chosen for this study is a 5 cycle , 3 phase stub fault applied

at the infinite bus. Figures 3.6 - 3.12 show the simulation results for S

a period of 10 seconds following the disturbance. In each case the solid

curve is the exact solution and the dotted curve is the approximate

solution obtained by us ing one iteration of the iterative scheme. The

initial conditions were calculated by integrating the non-linear equations

(3.3) during the fault and subtracting from the variables ’ values at fault

clearing the corresponding equilibrium values.

Figures 3.6 and 3.7 are the slow variables. The predominant

slow behavior of these responses is apparent. However, in both cases , an

initial fast component is clearly present. This fast component is probab ly

due to the forcing effect of the field voltage (note that the field voltage ,

Efd. appears in the equations for & (3..3a) and Rf (3.3b)) which attains a

S relative ly large value during the fault and shortly after the fault is cleared. S

~~ce the field voltage has decreased to nearly its equilibrium value , the

slow variables regain their dominant slow behavior. The approximation method

used here takes into account a possible fast component in the slow variables

since ~ = ~ + ~~~~ This relationship also shows that a large initial

condition in the fast variables has a non-negligible effect on the slow

subsystem initial condition because ~(0) = ~(O) - ii.HT~(0).

Even though there is some error itt the approximation of the slow

variables , it is clear that with only one iteration, the slow variables are

approximated quite well. The curves of the exact and approximate fast

var iables , Figs. 3.8- 3.12, are itt general indistinguishable. 
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Since there are some discrepancies between the approximate and

exact responses using the results of one iteration , the system was simu-

lated again using the results of two iterations. However, in this case all 
S

of the approximate responses are indistinguishable from the exact responses.

3.5 Zero-Order Analysis of the Non-Linear System

In this section we examine the usual zero—order approximation

(2.2) as applied to the non-linear system (3.3). The calculations involved

in the zero-order approximation are quite simple. We have previously identi-

fled e ’ and R
f as slow variables and e~ , 6, 0, Efd~ and V

R 
as fast variables.

We assume that this behavior carries over to the non-linear system. Then ,

the slow subsystem is

= .

~~~ 

- ( 1+  (xd-x ’ )y] 
~~~~

‘ - (x
d
_x ’)

~~i
sin

~
+
~~fd~ 

(3.l0a) 
S

- 5-Rf = ~~
— (-  Rf + 

~~~ 
Efd) (3.lOb )

0 = ;~+~{(X
q~ X ’)YV jCo8 Ô~~ (1+ (Xq~

X ’) Y ]~~ } (3.lOc )
q0

O = 377 (0 — 1) (3.lOd )

I P
0 

~~ 
[—

~~ - YV~ (~~’cos8 +~~~sin6 ) - D(0-l)] (3.lOe)

S 0 = - [5 + S
E ~~fd~~ 

Efd + V
R} (3. lOf)
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O = 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(3.log)

= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (x ’yV.)2)~~
2.

Equations (3.lOc)-(3.lOh ) are non-linear, algebraic relationships

between the slow variab les and the slow part of the fast variables. During

numerical integration of the slow subsystem equations , updated values of

E ’ and Rf are used in (3.lOc ) - (3.lOh) to solve for new values of ~~~ , 6 , ~~ ,

Efd, and V~. The updated values of 6 and Efd are substituted into (3.lOa)

S and (3.lOb) to continue the integration for ~~ ‘ and Rf.

Once the slow quantities are known, the fast subsystem is integrated.

Expressing each fast variable as the sum of its slow and fast parts , the

different ial equations of the fast subsystem are

= ~~~~~~~~~~~~~~~~~~~~~~~~~~ (X q~ X ’ )Y] (
~~+~~)1 (3.lla)

= ~~77 0 (3.lLb )

P .
= —~~~~~ - YV. [~~‘cos ( 8 + 8 )  + (~~ +~~~)sin ( 5 + 5 ) 1  - (3 . l l c )

~ q

Efd = T ~~ 
(5+SE(~fd

+E fd
) ] (

~ fd +E fd )+Vg+vR~ 
(3.lld)

VR 
= 
~~
{KA

[R f 
- 

~~ d + E fd) ~
Vt + V R f J - (3.lle)

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

— ~~sin (8 +~~)J+(x
IYV .)

2
3
h!
~ . (3.llf)

55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I
Since the slow subsystem has already been solved , the slow

S variables appearing in (3.11) are known during integration of the fast

subsystem. The fast subsystem is integrated with a smaller step size than

the slow subsys tem; hence , in general, it is necessary to interpolate

between the known values of the slow variables to obtain the correct values

to use in (3.11).
~1

To explore the nature of this zero-order singular perturbation

analysis of the non-linear system, we simulate the system response for the

same disturbance used in the last section. Figures 3.13-3.19 show the 
S

results of this simulation. In each case, the solid curve is the exact

response and the dashed curve is the zero—order approximate response. It is

quite clear that these responses are very similar to their linear counter-

parts.

We have previously noted that the slow variables Contain a fast

component. Since the zero-order approximation of the slow variables does

not admit a fast component, e ’ and Rf are not approximated very well by ~~~
‘

and R
f~ 

Despite this inaccuracy, the fast variables are approximated quite

well. Thus, we are motivated to search for a procedure to correct the slow

variable approximation.

3.6 A Correction Method for the Non-Linear System

One method to obtain corrections for non-linear systems is given in

(14]. Another, simpler method to approximately account for a fast component

in the slow var iables will now be given. Consider the system

a f (x , z ) ,  x (O)  — x0 . (3.12)
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Suppose that z is wr i t t en  as

z = tp (x ) + Z
f (3.13)

where , symbolical ly,  cp (x) is the solution of g(x ,z) = 0 and Z
f 

is the

fas t  part of z. Substi tut ing (3 .13) into (3 .12 ) we get

= f (x ,cp(x) ÷ Z
f

) . (3.14)

Let f be such that it can be decomposed as follows

f (x ,~~(x) + Z
f

) = f
1

(x ,tp(x))+f
2

(p ( x ) ,  Z
f

)

= f
1
(x) ÷ f2

(cp (x),  zf) . (3.15)

As an approximation , let us use a previously obtained solution for x and

z
~ 

in f
2
. Let these solutions be denoted by x0 and z~

0
. Then (3.15)

becomes

~~ 
+ f

2
(t~p(x0 ) , z

f
0

) . (3.16)

The integral  equat ion form of (3.16) is

x-x 0 = S f 1(x)~~ ÷ ~ f 2 (p (x°) ,  z f
°)d~~. (3.17)

k = 5 f2 (~~(x°) ,  z f
)d~ . (3 .18)

We write (3.17) as

x = x +k+ 5f 1
(x)d~ ÷ 5f 2(~ (x°) ,  zf°)d~ - k - (3.19)

15 - - ---- 5 __  55 - - - 5 -  - 5 —
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As an approximation , neglect the fast part of x in the first integral. Then

the slow part of x is given by

* f1
(x
5), x (O) = x

0 + k , (3.20)

-~ and the fast part of x is approximated by

x ~ k + ~~f ( ( °) z
f
0
) dT - (3.21)

0

Notice in (3.20) how the presence of fast variables in the slow equations can

change the slow initial conditions .

Once the slow subsystem has been solved with the corrccted initial

conditions , the fast subsystem can be resolved using the corrected values of

x, name ly

S 
J.Z

f 
= g(x +x

f~ 
z
f
+ z)~ zf(0) = z

0-z (0) (3.22a)

0 = g(x ,z) . (3.22b)

Note that this scheme could be employed iterative ly.

App lying this method first to (3.3a) we find that the slow part of

e ’ is obtained as the solution of
q

= - [1+ (xd
_x ’)yJ e t - (xd

_x ’)YVjsinô + Efd },

e ’ (O) = e ’(O) + (3.23) 55

S and the fast part of e’ is

(x
d
_x ’)YV. t

e’ = — k
1

— , J {sinâ °(—l +cosâ f
°) +qf Td 0

cosô °sinô f
°]dT + E~~ dr (3.24)

d o~~ ~ 
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and 

_

(x -x ’ )YV
— 

d r [sinâ °(—1 + cosô
f
°) +

55 d0 o
S 

cosô ° siUôf
°]dT + j~

— 5E~d 
dr . 3.25

Similarly for (3.3b), the slow part of R
f 

is solved from

Rf 
= ~~~

- (-R f + Eu
) ,  R

f
(O) = R

f
(O) ÷ k

2 
(3.26)

and the fast part is

S t
Rf 

= -k
2 + 2 S E

~d 
di- (3.27)

f T
F O f

55 

where 5 ~k
2 = 

2 5 E~d 
di- . (3.28)

TF 0

and Efd appearing in (3.23) and (3.26) are solved from the

same algebraic equations as in the original approximation. The integrals

S in (3.24), (3.25), (3.27), and (3.28) can be evaluated by any convenient

numerical integration scheme since the arguments appearing under the integral

sign are known functions of time. We also note that it is not necessary

to carry out the integrals in (3.25) and (3.28) to infinite upper limits.

From Fig. 3.16 and 3.18 we observe that and E
~d 

both become approximately
f

zero for t > 5 seconds .

Finally the fast subsystem is solved as in (3.11) but this time ,

both the slow and fast parts of e’ and R
f are substituted instead of just

the slow part.

To test this procedure, we use the same system disturbance as in

previous sections. In carrying out the indicated calculations , the zero—

5 5- -  — - — - - . -~~~-- 
~~~~~~~~~~~~~~~~~~~~ -S ~~~~~~~~~~~~~~~~~~ .-~~~— -~~~~~~ -~~~~~~~~~~- -~~~~~~~~~~ •S- - -- - 5 - — - ---~~~~-
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order approximation is obtained first. The zero-order fast solution is

used to evaluate the necessary integrals. Using the corrected initial

conditions , the slow subsystem is solved again. To complete the pro-

cedure , the corrected responses e ’ + e ’ and R ÷ R are substituted
q5 qf f5 ff

into the fast subsystem equations and this subsystem is solved again.

The results of the simulation are shown in Figs. 3.20-3.26. In

S 
general the agreement between the exact and approximate responses is good.

Regarding the slow variables, it is clear that the correc t ion  procedure

has not only accounted for the fast component but also corrected the

ini t ial  conditions . Us ing these corrected slow so lu t ions  during inte-

gration of the fast subsystem yields generally excellent fast approximations .

Hence , in this case , the correction procedure for non-linear systems

performs adequate ly .

3.7 Conclusions

In this chapter we have verified that the single machine-infinite

bus system possesses the separation of time scales property. Using the

growth of model and block diagram techniques , we have discovered which

- 
55 dynamics of the model are primarily responsible for each mode. It was

55 found that e~ , ô , 
~~

, E~~~~, and V
~ 

constitute a suitable fast subsystem

while e ’ and R~ comprise the slow subsystem.

We have applied linear singular perturbation methods to the

-

- linearized seventh order model. In particular , one iteration of the

iterative technique produces quite acceptab le eigenvalue and time response

approximations. Two i t e ra t ions  give almost pe r fec t  approximations. In the

- -  — — - ~~~~~~~~~— - -- - S S- - 
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s imulations , we noted that the slow variables  can have a significant fast

component.  The i terat ive scheme for linear systems automatically accounts
S for  fast  components in the slow var iables .

S 
Finally , we investigated the behavior of the zero-order singular

per turbat ion approximation for the non-linear model.  We found that the

forcing e f f ec t  of the f ie ld voltage can cause discrepanc ies between the

true and approximate slow responses. A method to approximately account for 
S

the inclusion of fas t  dynamics in the slow subsystem was proposed. This

technique proved successful  for the part icular system disturbance considered

here.
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4. STUD Y OF MULTI-MA~CH INE SYSTEM

4.1. Introduction

In this chapter we generalize the results of Chapter 3 by studying

a multi-machine system. We find this system to be very similar to the

single machine system. In particular, the variables which we previously

identified as slow and fast remain in these respective subsystems. But we

also find an additional slow mode due to the system frequency drift. The

properties of the angle-speed modes are clarified when the original angles

and speeds are transformed to some new angles and speeds.

We present both linear and non-linear results. The linear itera-

tion technique does not encounter any difficulties with this system. How-

ever, for the particular disturbance considered , the slow variables generally

contain a significant fast  component . Thus , the zero-order non-linear

approximation suffers  from the same d i f f i c u l t y  as in the sing le machine

case. The method presented in Chapter 3 to correct the slow approximation

is found to improve the approximations relative to the zero—order results.

4.2. System Description

The system studied in this chapter is the 9 bus, 3 machine system

shown in Fig. 4.1. The transmission line data are given in Table 2 and the

synchronous machine parameters are given in Table 3. The exciter parameters

are the same for all three machines and are identical to the settings used

in Chapter 3. The disturbance used throughout this chapter is a 3 phase,

5 cycle fault applied near bus 8 which is cleared by opening the line from

bus 8 to bus 9. 

SS 5~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~5 5 S S_ S_ -5 S - 5 5~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5
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55 — - —.-O .C9~~uO.C€54~u 
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S 

~3~t.o22~~o-Ce292 cu

S ___ : 5

L25+10.50 ~~ 0.90 -s-~ 0.30pu

I 
4

0.723pu 0.~7 55~3ou

Fig . ~.l. 3 machine, 9 bus test system.
Note: All load flow information is for predisturbance condi:j~ns.The base power is 100 MVA.
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I

Table 2. Transmission System Data
(100 MVA Base)

Line # From To R(pu) X(pu) B/2 (pu)

1 1 4 0 0.0567 0

2 4 5 0.017 0.092 0.079

3 5 6 0.039 0.170 0.179

4 3 6 0 0.0586 0

5 6 7 0.0119 0.1008 0.1045

S 
6 7 8 0.0085 0.072 0.0745

7 8 2 0 0.0625 0

8 8 9 0.032 0.161 0.153

9 9 4 0.01 0.085 0.088

1
S 

----5.- - S - S - -S5~~~~~ ~~~~~-S -- 
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Table 3. Synchronous Machine Data
(100 MVA Base)

S ‘ Machine #
Parameter

1. 2 3

5 
x
d
(Pu) 0.6 O.8958 0.9

Xq(PU) 
0.58 0.8645 0.85

x~ (pu) 0.056 0.110 0.18

x~(pu) 0.0608 0.1198 0.1813

x’ (pu) 0.0608 0.1198 0.1813

(sec) 4.0 6.0 5.0
0

T ’ (sec) 0.25 0.54 0.65
S q0

r (pu) 0 0 0

H(sec) 23.64 6.4 3.01

D(pu) 9.6 2.5 1.0

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

j
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‘I We now discuss the choice of angle and speed variab les for

describing this  system. The well  known non- l inear  equations for the swing

model are

~il 
= 377~~~-Q1)~ ix 2 ,3 (4.la)

3
= —~ --[P. - D . ( Q - l)  - ~ V~V~Y .cos-~~. -I- ô . - 6 .  )J

1 2H . in . 1 i j  i j  U j l  11
1. 1.

i— l ,2,3 (4.lb )

When (4.1 ) is linearized about the equilibrium point corresponding to the

post-disturbance network, the resulting system matrix is found to be

0.0 0.0 -377.0 377.0 0.0

0.0 0.0 -377.0 0.0 377.0

0.0144 0.0235 -0.203 0.0 0.0

-0.131 0.0930 0.0 -0.195 0.0

0.216 -0.371 0.0 0.0 -0.161

The eigenvalues of this matrix are

-0.0857 ± J12.90

-0.0978 ± j6.09

-0.197 .

The mode -0.197 is the well known frequency drift mode which corresponds to

the common movement of all of the machine speeds to the new equilibrium

speed. The two complex pairs are rotor oscillation modes. Since one

“frequency” is more than twice the other “frequency”, we suspect that these

S modes may be attributed to something other than individual rotor oscillations .

In particular , with the removal of the line from bus 8 to bus 9, machine 2

is re la t ive ly weakly connected to machine 1. However , the coupling between

~

S-.-—-— S--S --

~

5S- ~~~ - 5--S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 - -~~~-- -S~~ 
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machines 2 and 3 remains relatively strong . Thus , it is likely that one

of the oscillatory modes represents the common oscillation of machines 2

and 3 with respect to machine 1; while the other mode is the oscillation

of mach ine 2 with respect to m achin e 3. This situation is similar to the

one described in f6J .

To more clearly exhibit the behavior described above , we intro-

duce the following change of variables. First , since the system frequency

S drift involves all of the rotating inertia of the system , we define the

system frequency to be

S 

~r 
= 
H
1~ 1 + H2

Q
2 

+ H3~~ (4 .2a)

where

11 H1 + H
2 

+ H
3 - (4.2b)

Second , to disp lay the combined motion of machines 2 and 3, we define

5 and~~ as
55 C C

= ~~~~ (H~ó21 + H3631) (4.3a)

H
2~2 +

= (4.3b)
S c h r

where
h = H

2 ÷ H
3 - (4.3b)

S 

F inally , the osci l la t ion of machine 2 with respect to machine 3 is described

S 
by

6
d 

= 621 
- 

~3l (4.4a)

= - ~55

3 
• (4.4b)

These variables are similar to the ones used by Stanton in [15].

- 5-555, S - 5 - - -5 5— S--5-~~’-— -- ---5 - - - - -~~~~ -—--- —---—--5--~~~ -- --- ---5—-
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In these variables , the system matrix is

-0.198 ‘ 0.00776 0.00486 0.000733 -0.00181
S r

A6 0.0 0.0 377.0 ‘ 0.0 0.0
S c

0.0122 -0.113 -0.191 0.0304 -0.00454
C t _ _ _ _ _ __ i 

0.0 0.0 0.0 0.0 377.0

-0.0292 0.164 -0.0292 -0.426 -0.175

The eigenvalues of the indicated diagonal blocks are , respective ly -0.198,

-0.0954 ± j6.54, and -0.0877 ± j12.68. These values correspond quite

S favorably with the eigenvalues of the original matrix indicating that this

choice of variables is more appropriate for describing the system than the

original set of angle-speed variab les.

Using the new angle-speed variables along with the basic equations

derived in Appendix A , the complete set of equations for this system is

• tn tn., In
o = - ~--r + 

L 
+r 2H~~-, h~~, H.) H

H ~
‘c 0 +0 + -~~~ 0 C~ +0  - —‘i 0I r c h d r c h d

- D~~~ - l )  + (D
1 ~~ 

- D
2
_D
3

)0
~ 

+ (-D2 ~~ + D
3 ~~

3
- ~ (e~ ~q 

+ e~ 
~d ~ 

(4.5a)
i=1 i i i i

1
= — (—Re ÷ ~~ E~~~ ) , i = 1,2,3 (4.5b)

~i 
T~. 

~i 
TF ~~i

1 i

= ~~~
—

~
—- [-e~~ - (xa x

~
)id + Efd ] , i 1 ,2,3 (4.Sc)

1. d
oi 

3. 3. i 1.

- -— - 5-- s~~~~55 55~~~.s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ê~~ = ~~~~
— [-e~~+ (X q 

- X~)~ q I • i= 1~2~ 3 (4.5d)
- S i. q0. i 1 i

V
R f A (’

~f: ~~~~
Efd 

- V~~+ V~~~~) - V
R J , i = l ,2,3 (4 .5e)

i A .  U i. F
~ 

1 1 1 1

E
fd

_ .L~ - [K
E

I
~ 

S
E

(E fd ) ] E
fd 

1~ i= 1,2,3 (4.5f)

(4.5g)

P. P.H ~n in Lfl

-~ H3 H2ii 
~~~ +~~~~~+ — ~~~ ~S + ~~~h O  r I-~ cr c h  d r c h  d 1

+ [D
1 

- (~~~) ( D 7 4 D
3

) ] ( Q - l)  - (D
1 ~~ + (~~ ) ( D 2 + D 3)J  

~~

H
+ {(

~~~
) (

~~
H

3
D

2
+ H

2
D

3
) J Q

d 
+ e ’ ~ + e~ 

~
‘dh q1 q1 1. 1

- + ed .Ld .
) 
~ (4.Sh)

~~~ 0d (4 .5i)

P. /H P. /Hin 2 in 3 D D
= 2 

H 
- 

H 
+ ~~ +

~~÷~~~÷ — ~-~~ ~ ÷ 0~~ aç~ 2 3
r c h d r c h d

+ (- 
~j~

- + ~~~~ - 
~~ (~~~

- D
2 

+ D
3 ~

0
d

- ~~~~ (e~~ iq 
+ e

~~
i
d ) + ~~~~ (e~~iq 

+ e
~~~

id ) )  ( 4 . 5 j )
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where

D = D 1 + D 2 + D 3 
(4.5k)

V~ “~~~ v~ + V
2 

‘ 

(4.51)

vd = e~ + x~ i 
(4.5m)

v = e ’ - x~ i . (4.5n)
q. q i d .

2. i 2.

The currents appearing in (4.5 ) are

L
d 

Y11(e~~cos ~~~ 
- e’ sin 8

11)

H 
H3 

H

+ Y12 d
c0S

~~ i2+ ïç ~~ •i~ 
6d~ 

- e’ sin(812+ ~~

- 8c~ ~~

+ Yl3 [ed
3
c0
~~~i3

+ 
~~ 

8c~ 
6d~ 

- e’ sin~~13+ j  ~ (4.6 a)

= Y (e’ cos 8 + e’ sin 8 )
11 q

1 
11 d~ 11

+ Y 12 [e q2
c05~~~12+ H 5 c~ 

5d~ 
+ e~ sin~~ 12+ 

~~ 
6c~ ~~ 

8d~
1

+ y13 [e ’ cos~813+ ~~ ~~ 
8d~ 

+ ~~ ~~~~~~~~ ~~ 
6c~ ~~

(4. 6b)

= Y22 (e~ cos 8 22 
- e ’ sin 822)

+ Y2l d
cos

~~2l ~~ ~~ 
8d~ 

- e’ sin (821- ~~ 
óc~ 

8d
) ]

+ Y32 [e
d
C0s

~~32 
8d~ 

- e ’ sin(~32 - 6d~~ 
(4.6c)

_ _ _ _ _  
- -~~~~~~~~~--- - - - - 5 _ _~~~~~~~~~~~~~~~~~~~ 
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I

q2 
= Y22 (e,~ cos ~22 

+ e~~ s in  
~ 22~

H H
+ Y21

[e ’ cos(8
21- ~~ 

5c~ ~~ ~~~ 
+ e~ sin (e 21 - 

H1 
6c h

+ 123~~q3
co”823 ~~ 

+ e~~~sin @ 23
- 5d~~ 

(4.6d)

= Y33 (e~ cos ~33 e ’ sin 8
33) 

55

+ Y31 [e~ 
cos~~31- ~~ ~~ ~~ 

- e ’ sin(~31- ~~ ~~

+ ‘
~
‘
32kd

2
co
~~
8
32÷ 6d~ 

— e ’ sin (8 32+ 8d~~ 
(4 .6e)

= Y33(e~ cos + e~~~sin 
~33)

+ Y31 q cos~~ 31~ ~~ 
6 c~ ~~ 

6d~ 
+ e~ sin (831- ~~ 

6 c~

÷ Y
32

[e
q2
Cos(9

32
+ 5d~ 

+ e~ sin(832+ 6 d ) ]  . ( 4 . 6 f )

4.3 Determination of Partitioning

In the previous section , using the swing model , we found the

locat ion of the swing and d r i f t  modes. The next step in the growth of

model method for determining the system partitioning is to examine the

eigenvalues of the flux decay model. Unfortunately , the flux decay model

does not have an equilibrium for the post-disturbance network chosen for

this study. Thus , the linearized equations cannot be obtained . However ,

the complete mode l (4.3) does possess an equilibrium and the eigenvalues of

the linearized equations fall into groups which are reminiscent of the 

5 55 5 5 5 5 5 5 5 5 - 5 5~~~~~~5 5 , • 5 5 5 5-~~~~~~~~~~~~~~~ 5 5 ~~~~~~_ 55 5 55 5 ~~~~~~~~
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location of eigerivalues in the single machine case. Hence, we can use our

experience with the single machine system to determine which dynamics are

primarily responsible for each mode. Having made this determination , we

can proceed to partition the system into slow and fast subsystems.

The system matrix for the complete model is shown in Fig. 4.2.

The eigenvalues of this matrix are

-1.26 ± jl2.95
-8.16 ± j7.69
-8.56 ± j8.26
-8.50 ± j8.09
-0.988 ± j5.35
-6.90

-4.45

-1.90

-1.22 ± jO.989
-0.245

-0.505 ± jO.76l
-0.289 ± ~0.48O

Based on our examination of the swing model in the last section , it is

clear that the pair -1.26 ± j12.95 is primarily due to A6 and A0 while

the pair -0.988 ± j5.35 arises from M d and AQ
d . The real root -0.245 is

the system frequency drift mode and , hence , is mainly determined by S
~r•

Now , using the experience gained during our study of the single

machine system , it is clear that the pairs -8.16 ± j7.69, -8.56 ± j8.26,

and -8.50 ± j8.09 are mainly produced by the interaction of AE fd and

in the three individual voltage regulators. Furthermore , the pairs

-1.22 ± j0.989, -0.505 ± jO.761, and -0.289 ± jO.480 obviously arise from

the combination of ~e ’ and AR
f in the respective machine models. Finally ,

the three Ae~~ S are primarily responsible for the three real roots , —6.90,

-4.45, and -1.90.

__ A
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It is apparent that this system behaves , in many ways , like

S 
three single machine systems. Thus , for partitioning the system into

fast and slow subsystems , the variables should be grouped per phenomenon

(as opposed to per machine) using th~ previously identified fast and slow

variables as a basis for the grouping. Of course we must include the new

variable , 
~~r ’ 

which does not appear in the single machine system.

Based on this discussion and the system eigenvalues , we choose

as the slow subsystem the variables Afl
r~ ~

R
f 

, ~~~ , AR~ , Ae ’ , Ae ’ , and
1 2 3 q1 q2

Ae ’ . The remaining variab les constitute the fast subsystem.
S q3

4.4 Linear System Study

The eigenvalue approximations of the full system along with their

exact counterparts are shown in Table 4. We notice that most eigenvalues

are approximated very closely after the second iteration. However , the

approximations corresponding to exact modes at -1.22 ± jO.989 and -1.90 are

not completely satisfactory after only two iterations. In fact, it takes

six iterations to obtain reasonable approximations for these modes.

Regarding this latter behavior , we observe that -1.22 ± jO.989

is the largest of the slow eigenvalues while -1.90 is the smallest of the

fast eigenvalues. The ratio of their magnitudes is 1.21; hence , there is

no clear separation between them. Based on this fact , we can speculate

that these eigenvalues are somewhat sensitive and therefore more difficult

to approximate than the others. In particular , these eigenvalues converge

to their correct values non-uniformly.

The next eigenvalue to the left is -4.45. The separation between

-4.45 and -1.90 is more favorable than the separation between -1.90 and

-1.22 ± jO.989. Hence we are led to believe that if the variable which is

-- 5
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responsible for the -1.90 mode were placed in the slow subsystem , this

non-uniformity of convergence might not occur. By examining the Ae~ block

in the system matrix , we see that the eigenvalue -1.90 is primarily deter-

mined by Ae~ . ‘So a more reasonable choice for the slow subsystem would
3

include Ae~ with the variables already selected.
3
The simulations reveal some interesting characteristics of this

system. The time responses for the post-disturbance network are given in

Figs. 4.3 - 4.22. The initial conditions for these linear simulations were

S calculated by the same procedure as was used to calculate the linear initial

conditions in Chapter 3. In each case, the solid curve is the exact solution

while the dotted curve is the approximation obtained using the results of

three iterations of the iterative procedure. It was found that if four or

more iterations were performed , the exact and approximate curves were

virtually indistinguishable.

We note that , as in the single machine case , the slow variables

(Figs. 4.3-4.9) contain fast components. In addition , it appears that the

machine 1 slow variables contain more of the rotor angle oscillations

(particularly the lower frequency oscillations) than their machine 2 and 3

counterparts. This observation suggests that the mode -1.22 ± jO.989 is

a machine I mode. Thus, Ae ’ and ~Rf 
respond more strongly to the fast

I
phenomena than the machine 2 and 3 slow variab les. The effect of large

field voltage (AE rd) is readily observed in the Ae ’’ s and ARf’S as was the

case in the single machine system. The slow part of all of the slow

variables is clearly present .

The response of AUr (Fig. 4.3) is very interesting . AC~ is

proportional to the mismatch between total system real power generation

and total Load . Approximately the first 4 seconds of the AU response is
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dominated by fast dynamics. This behavior can be explained as follows .

In this study , the loads are modelled by constant impedances. Thus , the

real. power absorbed by the system is very sensitive to the internal machine

voltages and angles. Since both the internal voltages and angles have fast

parts , the total system load should have a fast part ; hence , we should not

be surprised that the system frequency has a fast  part . In addition , once

the internal voltages and angles have come near ly to steady state (after

about 4 seconds), then 
~~r is dominated by a single exponential characteristic

(namely the pole at -0.245). Once the voltages and angles reach steady

state conditions , then the power absorbed by the system also comes to

steady state. Thereafter , 
~~r is governed primarily by the system speed

regulation characteristic.

The fast subsystem responses also have some interesting features.

Ae~ (Fig. 4.10) contains a much larger component of the rotor angle
•.11

oscillations than do ~~~ and Ae~ . Thus , we are led to believe that the
2 3

mode -6 .90 is primarily due to Ae~ . Inc idently , the other machine 1 fast
1

variab les also contain more rotor angle oscillation component than their

counterparts of machines 2 and 3.

Regarding the rotor angle oscillations, 
~~~ 

and 
~~~ 

(Figs. 4.19

and 4.20) appear to be very pure , namely they consist primarily of the lower

frequency oscillations. and 
~~d (Figs . 4.21 and 4 .22) ,  on the other

hand , show evidence of a mixture of the two oscillatory modes . However ,

the lower frequency mode appears to dominate indicating that the inter-

machine oscillation is not excited very much by this disturbance .
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4.5 Study of the Non-Linear System

In this section we consider the non-linear system (4.5). Based

on the linear study of the previous section, we choose 
~r’ 

R
f , 

and e’

(i—l ,2,3) as the slow variables and the remaining states as the fast

variables. The calculation of the zero-order approximation proceeds along

the same lines as in the single machine case. To test the zero-order

approximation, the system was simulated for a period of 10 seconds

following the test disturbance. The results of the simulation are shown

in Figs. 4.23 - 4.42. As before, the solid curve is the exact solution and

the dashed curve is the approximation.

We notice the similarity between these responses and the corre-

sponding responses of the linearized system. Thus, the general coninents

made about the physical interpretation of the linear responses can be carried

over to the non-linear system.

The zero-order approximation of the slow variables (Figs. 4.23

4.29) evidently suffers from the same difficulties as the zero-order

approximation of the single machine slow variables, namely, absence of a

shift of the slow initial conditions and a lack of fast components. The

approximations of the fast variables also have some shortcomings. In

particular, in several cases it is apparent that the slow part of the variable

is in error; furthermore the “frequency” of the slower of two rotor angle

oscillation modes is not correct. Since this mode is a component of many

other responses, this error propagates through most of the zero—order fast

approximations.

Thus we again find it necessary to compute corrections to the zero.-

order approximation. To this end , we will use the method of Chapter 3.

Most of the labor involved in applying this method to the slow subsystem

-~~~~~ - __~~~~~~~~~~~~~
. - -



r TT~~~ ~TT.1 T~ -
~~

-
~~~~~~~ -~~~~--- 

_
~~~~~~~~T~~~ TiT ___

96

_ G

14 -
~~I -

I
1 0

I 0)

I — — C o  .~~

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



- -

97

_ G•1
I —

‘4.1

I •

I ‘4-I

I 0

0)
—~~~~ 

0
‘-I

• 
.

,.~~~~~~~~I

— — C o~~~~

/

,

00
___  “4

— G

Co CD 1 N
N N N N N

0.

U-I

_______ ________________ ____________________• .
~-.-c.~~~~~~~~l1_~~~~

-_— . - - ~~~ •

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

— — i.. — 
— ~~~~~~~~~

—--.
~

--. —---•--.
~
-.

~~ ~~~~



r ~T~~~TT~-~~~~~~~~~~ ~~~~~~~~~~~~~~~~
---.-- • —

~~~
- - -— 

-,

98

_ G

‘4.4
I -

‘4-I

1 0

1
I — — C o

r

H l i i i  1 1 1 1  I I I  ~~~~~~~~~ 
— Q

In 11) U,
0~ N

Q

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - - ~~~~~~~~~



-
~~~~~~

- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _—

99

C..’
I ‘4-’

I 
-

I 0
I 0)
I — — C o

I -I~I
C5I 6

I “4
x

I - 0
14
0.
0.

I ..-.. 
CO

_ _ f t•~ CO 14

0
I o

~~CO 0
- .—. 14

I 0)
I .

~~ 0)
I — — ‘f ~~

I -  I 4.,
U
CO

/
U-I
0
03

0— — N
0.~

I
,

I
‘I 

-

I I I I~~~~ I I I 1 1 1 1  I I I ITDf I I I

_ _ _ _ _ _ _ _ _ _ _  

_

~ 

~~• 

---
~I~

;-•— -

— — a~~ — I~~~~~~~~~



F 
—-- -

~
• •- •— 

~
—

~
-•-‘-.•, 

- -  - - — -—— —~~~~~~~~
—— --- —- -

100

— Q

-4
II
ci •

‘4-I
0

— —00

CO
6
—

- 0
14
0.
0.
CO_ _ H~ 03 14
0)

0)
o
Ci 0
0) I
03 0

- ‘— 3-I

0)
S
‘-4 0)
I-’ CO

ii
U
CO

0)

U-I
0
a,
U
0— — N  -i

I.—

-

00
“4

— Q

Co CD N 00

0.

0)

- -

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ _ — ,  . ~~~~~ - • - ----- - ~•— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~-~~~



F- — -
~ 

-
~ 

--• .
~
“-•

~ - •• — ---- -.•- --- ‘—•- ••— — — —

~ —~
•-.,

~~~~~
--•——-•-.-

~,-— — ---•-- -•-•-,---- —

101

c.•1

c

~

• 0 )

U-I
0
0)

I 
— —00

I “4

- 0
I 14

0.
I 0.

• CO

03 14I ‘~ .
~~ 0)

1 0
0 14

I Ci 0
0) I1 0) 0

- ‘-.. 14I 0)
N

0)
I E ~“4 0)t E-4 CO

3 I I — — ‘

U
CO

I #4
1
I

0

I — — N  .2

UI -  S. - C...’
F -

S.

I I I I I  I I I I 
~~

I I I I I I I I I i T ~
1I  _ Q

_ _ _ _ _ _ _  

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

-

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



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

102

_ G

I C..’

I - 4)
I ‘44

I 0

• I 0)
I — — C O

. 1 0)
I S

‘-I
1 #4

- CI 14
I 0.

0.
CO

I .9’ 0) 3-I— W .
~~ 4)I 0)

I 0 14
C.) 0

I 0) Ia) oI - 14
4’I N

I 4)
a1 “4 0)

K
—

1 1 1 1  1 1 1 1  1 1 1 1  I I

~

- .



-_  ----- ‘-- ~~~~- —~~~---

103

— Q

- .0)
- 4)

‘4-4
0

0)— — C o  0
‘-4
4-I
go

#4
- 0

I.
a 0.

0.

4 to

I 
__

HS 03 3-I- 
- 

.
~~ 4)I 0)
0 14

I ~0) 0I - 14
4 I a)

N
1 ‘1)

5 .0)
“4 0)

(
I I — — -.

~~
. I-~ CO

1.~F C.)

— N



____________ ___________ ___________ ______ 
-
~~

--—- -
~~- :  ~~~~~~~~~~~~~~~~~~

— - -
~

-

~ 

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

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

104

— 
. _ Q

C...’
- .0)

— 4,

‘44
0

— — C O

I I I I I I I I F I I I I 1 — Q

I N CD In C’)

:~ 
.

0.

C...’

_ t~ -~~~~_ -~ _-._-
- —~~---—~~~

---
~~ ~~~~~ 

—- •

~~~~~



______________ 
_______________ - ~___~___ ~rt_ _ 

— —  ~~~~~~~~~~~~~~~~~~~~~~~ 
- - —s--—— -‘I’

105

_ G
•1 -

I’

‘ 1 —

I I

• I 0)
I — — 0 0
I U

CO

‘.4

I - 0
14

I 0.
0.
tO

— _ f 9’  0) 14
4)

- I  0)
I o
. Ci 0

I - ‘ 4) iI 0
— . 14I w

N

.0)

1! I I-’

- 
‘4-4

S.
1 0)

4.1
0— — N

• 0.

— — — — — — —
~~ 

—

I I I — Q

_- .- -- ~~~~~ 
-~~~~~~- -A~~~~ 

‘
~~~~~~~~~~~~~

-
~~~~~



F TT~~ ’~ _ _ _ _  
_ _ _  - 

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

106

_ _ Q

-4

—

U-I
0

0
— — 00

1-a
to
a

‘-4
#4

- 0
II
C.
0.
CO

— —‘I ’ 0) 3-I
•0) Q)
0) .0)
o I-I
C.) 0
4) I
03 0

- ‘—~ 3-i
4.)
N

4)
5 .0)

I I I 1 J I I I I J I I I I J I I I I I I I I I I I I
N N

0.

-4

H
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~~~~~~
-

~~
-.--- - -

~~~~
.-_ --_- 

107

• —!
-4

‘4-4I - 00
I ‘4.4

0
I 0)
I — — 00

1.1go

#4
• 0

3-I
C.
C.
toIt

I _ ,~~~ 03 I-ISI W .
~~ 4’1 0) ‘0)ii 0 14

(I 
~1 0) 0

3 .
~~~ 14I a)

N
a)

F a •o
-.4 0)I go

.
‘~

S. U
Ci

• •1 CO
#4

/ 
- 

0)

U-I
— 0

03

~1~~~~~~
— — N

__

~~~~~~~~~~~
-:

~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I I I I 1 I I ~~ I I  I I I I I I I I I I

-
~~~~~~~

_
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~ A



• 
_ _ _ _ _  ~L~~~~~~ T~~~~~~~~~~—~-- 

- - 

~~
-

~~~ - -

108

— — 00

-H 

I

.~~ 
•
~~—— -.~~. (-4 tO
4-a
C.)
to
#40)

‘#4
0
03
U

A — —N  .2
- ‘f 0.

U.’

/

J I l l  1 1 1 1  I I I )  I T  I I
10 In In

— I

0)
C.

N

I C  - - - .  ~~~~~~~~~ - - - - -

___________________________________________________________________ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _---
~

-- 
• — - _ — —_ -  —-

~
_- -- - ---

~~~

-- •_----_-•- - — - -- •—---- • -- -

~~

---

109

. 
_ _ _ _  _ G
I —

N
.0)
U-I

00

• ‘4-4
I 0

‘~ ~~~~~ C O j  

I
L

(-4 

1

LE 

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

-



— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~ 
j~__. 

~~~
- — ------

~~~~
—--

110

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
_ Q

—

C..’

-J
U-i

C 0
0)

— - - Co

• #4
- 0

3.4 - .0.
C.
tO

C 

I

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

:

I I I I — Q

00 CD N C~J

c

0)
0.

C..’

- 
- -— _i

_ 

-

-- -_ -~~--— —-~~~ -- -~~~~~~~~~ -__--- ---- —
~~~

• —
~~~~~~~ 

- - ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ A



r~:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

— --— - --- -

~~~

—-

111

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____ — Q

C..’
.0)
U-I

- 00

4-I

_ _
~~~~~ 

1-~
1.1
U

I CO
I. #4

0)

I — 
U-I
0

1 03
4• U

— — N .2
S. 

—

• C.

I I  I I  J I  I I I  U I  I I l i i i

In LI)
N N — —

0)
C.

.0)
U-I

00

-

~

- • - -~~~~~~~ ~~~~~~~~ - - _ -—~~— ~~ - -~~~~~ __________ - -- ~~~~~~~~~~~~~~~ ~~ — • _-~~~~~~~~



112

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  — Q

U
‘0

4-4
0
0)

- — 00 .2
C U

CO
5
‘-4

_

L # 4

- C
9-I
0.
0.I CO

— 03 3-i
I W •

~~0) .0)
0

I Ci 0I tO) I
0) 0

- 14
4)

H I NI 4)
.~~ ~~~I — —  (-i CO

CO
34

,. to)
‘
p

*4.4
0
0)
U
0— — — N 0.

—

0~’
- C..’

— — — — — a 
.

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

L 
~~~~~~~~~~-_ ~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ _



_ _ _ _ _ _  _ _ _ _  ~~~~~~~~~~ 
-TT TT T~~~ --~~ -- -_

113

Ci-

0
0)

— — 0 0  .2

I 1
2

~~~

1

~~

’_
1’ I 1 1 1 1 1 1 1 1 1 1 1 1 1  — Q

IJ~ LI)
a-

— I I

0)
C.

U

—— • e1 ’-; -

—-—-----

~

-

~

- - -

~

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



-__--.—,-. —.---, -_ 
______ —‘-.- -.---..-.--•_•--.—.•• ---- - - -  

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -,

114

— !

.0)
- ‘C

0

I — — 0 0

I

I I I  I I  1 j  1 1 1 i i  1 1 1 1
Co N CO LI) C’)

0)
CO
“4.0)

CO
14

‘0

~



•..—• . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.-----.

~—-• .-

-4 US

— Q
a-

•

U-I
0
0)

I

‘I

I

• _~~~~~~~~~~~~~~~

- - , - -N
e

_____________ 00



-- — —
~

_
-- .w-------~ — —~

,--_ - -- —-- .-_-—.-—- ----------- -. - ----,-— — —--- .-- — — - •-— --- ,.
~~——- 

—I’

116

equations is contributed by the machine currents. The expressions for

the currents are given below in terms of the original angular variab les.

This is done for notational and computational simplicity. It is an easy

matter to calculate the slow and fast parts of the original angles in terms

of the respective parts of and 6
d 

since these two groups of angles are

linearly related.

The components of the currents are

i = E Y..(e’ cos(e..÷o . -6 . ) -e ’ sin(~ .. +ó . - 8 .  ) ]  (4.7a)
j=l ij  d . ij  j i  ii q. ij  .jl ii

3

i = E Y . . [e ’ cos(B . .+6. -8 . )+e’ sin~~ . . + 6 .  - 8 .  )]  . (4.7~H-q~ ~
=1 ij  q~ ij  j i  ii d . ij  j i  ii

We write e~ and as the sum of their slow and fast parts
j  H

e~ e~ + e~ j=1 ,2,3 (4.8a)
rI j  js j f

6ji 6jls + 8j l f ’ j = 2 , 3 . (4 .Bb )

We substitute (4.8) into (4.7) and , after some manipulation, obtain the

slow and fast parts of the currents

3
i E Y. .[e’ cos~~ . .+6. - 8 .  ) - e ’ sin(8. . + 8 . - 6 . ) J  (4.9a)d. . ij  d . ij  j is  u . s  q .  uj  jis ilsis j =l  is

I idif 
= 

j~L 
YijC [ ~~~~~~~~~~~~~~ 

8ils~ 
~~~~~~~~~~~~~ - 

~i1s~~ 
X

(~ l + c o s ( â
J1f 

- 8i1f~
1 - ((e~~~+ d ~~

8jls 
- 6ils~

+ e ’ cos (0~~ ~
6jls 

- 8j 15)’~~in(8 j1f 
- 8 i1f~

+ d ij j ls ils jlf iif (4.9b) 

-----—_— ._
~-.---__ ~ •••
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~~~ 
~~~~~~~~~~~~~~~~~~ 

6ils~ 
+ e

~ . 
S
~

fl
~~ij

+ 8 jis ~~~~~~~

I-

q f j~ l 
Yj~([e~ cos~~~~ ~~

6jls 
- 6i1s~

+ e~~~sin~~~~ +6 jl3 
- 6iisfl 

(_l+ cos(6
J1f 

- 6i1f~~

~~ i l if ~
6 i1f~

+ d i j  ~~
6
j1s 

— ôils
)cos(8

jlf 
— ô j lf ))  . (4•9d)

Approximation of 
~r 

Equation

In order to apply the method of Chapter 3 to• (4.5a), we first

approximate the quotients as

P P Pin in in

~ - hc2 /H Q ~~~1~ 
(4.lOa)

r c i  r 1 Qr

P P. Pin in in

Q +Q -s-RQ lb 
2 

- 
~~ ~~C

+H 3
Q
d/h (4.lob)

r c 3 d  r ~r

P P P

~~~~~~~~~~~~~~~ ~ 
- 

~~c~~~~
Q

d/h) . (4.iOc)

Equation (4.10) follows since , generally , 
~~ 

and 
~d 

are small. Now we

write e ’ , 
~d and i as the sum of their slow and fast  parts.  The sums

d~ i
in (4.5a) can be split as follows

L I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . •~~~~~~~~ - ~~~~~~~~~ .. . ~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~ •. -
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3
slow: ~ 

(e ’ i + e~ ‘d ~ 
(4.lla)

j=~ ~~ q~5 is is

3
fast : E [e’ i + (e~ + e~ )id + e~ L

d 
] . (4.llb )

i—i 
q
~ 

q
~f is if if if is

Finally,  since C2 = 0ds 
= 0, the slow part of is approximated by the

• solution of

P. + P  + P .

~ 
in
1 in2 in

3 
3

0r Q - D~~
2r l) - Z (e ’ i + e~ Ld 3 ] ~~S rs ~~~~~ ~~~ is is

= 0r~
0
~ 

+ c1+c 2 +c 3 +c 4 +c 5 +c 6 +c 7 
(4 .12)

and the fast  part is approximated as

in t O  in t 0 + }LO lhh 1 cf 2 cf i d f0rf = -c
1 + H 2H S o2 di- - C

2 
- 

~~~j  S ~ o2 ) di-
i. o~~r 0 r

P. 0 0
in t 0 -HO lb D C

3 r ’  cf 2df l h r  0
i~i 

.i ~ o2 -)di- - c4 + 
~~~ 

.~
1 0

-c
5 

- 

~~ 
~~

: 

~~

;

f +H
3
Q 

flh)d’r 
- C

6 
- 

~~~~ S °  - }L2Odf /h)di
~

- 
5 

[ E fe ’0 i° + (e~° + e~° )i~ + C~~
° i~ ])d’r (4 .13)

• 0 i=i q
~ q~~~f is if if if is

where P 0

= 
j~~~

- -~~ 

f di- (4.14a)

‘~in ~~0 +uQ ° /h
c2 

- 2H 5 ~ 

cf df ) di- (4 .14b )
0

~~~~~~~~~~~~~~~ ~~~~~~~~~~
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P . ,‘~oin ~ f 
- ~~~~~

c
3 

- 

~ o2 ) di- (4.14c)
0

c4 ~
j-
~
- ~~ di- (4.l4d)

C
5 

- 
~~~~~~ S ~

2 
f
+}I

3
Odf /h) di- (4.14e)

- S (c2Cf
_ H

2c2df /h) di- (4.14f)

c7 
- 

~~~ $ 
[ ~ fe ’° i° + (e~° +e~° )i~ +e~

0 i~ 1) di- • (4.l4g)
0 ~~~~~ 

q
~ ~~~ is 11 if if is

-j Approximation of e’ Equations

In (4.5c) we write 
~d 

and Efd as the sum of their slow and fast

parts. The slow part of e’ is given approximately by the solution of
• -

~~~~~~i

- .

~ 
~~
4-

~
-— (- e ’ - (xd

_ 
xj)id + E fd ],

oi 
(4.15)

e ’ (0) = e ’ (0) + c
8 

+ c
9q~

and the fast part is approximated by

(x -x ’)
- 

d~ ~ ~ 
d 

- + 

~~~ ~: 
E
~d 

di- (4.16)

t

- ~~~

_

~~

- - •~~
.$-

~~~~~~~~~—— -

— i__ ~~—- —~~~~ — ~~~~~~— —~~~~~~~~ 

- 

~~~~~~~~~ 
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where (x
d 

- x ’)
C

8 ~ - 
~~~
, $ i~ di- (4.17a)
d0. 0 if

= 
~~

-
~
---. 5E ~~ di- . (4.l7b)
d0.~~ if

~pproximation of Rf Equations

Writing Efd as the sum of its slow and fast  parts in (4.5b )
i

gives the following for the approximation of the slow part of R
f

Rf 
= (- R~ + E~~ , 

i

• is F1 is F
1 is

(0) = R
f (0) + C10. (4.18)

is i

The fast part is approximated by

• K
F t

R = -c + —i— 
5 

E° di- (4.19)
~if 

10 
TF

2
O 

fd
if

i

where
i 1’ 0c10 = 

~~

—

~~

-- 
j  ~~~ di- . (4.20)

0 if

The results of the calculations are shown in Figs. 4.43 - 4.62.

These plots were made after 3 passes through the iterative cycle. Regarding

the slow variables (Figs. 4.43-4.49), it is clear that a fast component has

been added , but the “amount” of fast component is not enough.

The fast variables (Figs. 4.50 - 4.62) also show some improvement

over their zero-order counterparts. In particular, the “frequency” of the

slower rotor angle oscillatory mode is more accurate in the corrected case.

The increased accuracy of this mode favorab ly affects many of the other fast

L I I



________ 
_ -•- ----------- • — - •~~~ ----~- •

-----

1.21

— Q
a-

-

U-I
0

— — 0 0  g
rI
U
CO
S
“4

- #4
0

• 1 14
0.
0.
to

— _ l rI •—.
ao

• ‘0) 4’
0) 4.)

3. 0 U
U a)
0) 14

• 0~ I-i
4.. ‘—~ 0

U
‘I

8 0)

I I 

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

I -- ---‘----—
~
-----—• —

~~~~
- - • ————~~~.~~~~~ ~~~~~~~~~~~ - -- ~~~~~— —~~~~ - • ~~~~~~~~~~~ . ~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~-



-

122

—!

— 
.

‘4-I

U-I
0

— — 0 0  0)
0

‘-4

• I

• “4
#4I 0

I 14
C.

I C.
‘4’ tOI — — ‘~~~ ,_‘

03
• ‘0) a)

0) U
0• I V• I . 4’ IiI 03 14

I 0

~.4 to
I-’1 1.)

4 U
to

1 #4
- 4’

U-I

•0• 0
/ 

03
US. _ _C ’

~ 0
“40.

p.
‘p 

- ‘.1~-0~
— — — — S — —

I J  I

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  I. .~ 



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

123

I 4-4
0

:1
I I I I J  I I I  I I I  I I j I l l  I

In U) LI)
1~ C’) C’) N

0)
C.

C...’4-I

I

— -~~~~~~ ——— - •- ~~~~~~~ - —~~~ -—— - —-—. -——• . - • ~~~~~~~ —- •~~ - . •
- —

~~~~~
- 

~~-



— _- ------ — -- — —•----- — —a--- —- 
_ -- — --- • -•-~~~~~~-- --- • -- — -—•-- -,

124

— — Q
a-

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

U-I

I *4~
I 0

I — — 0 0  0)
0I ‘-3

I~I I

—

I — L
I I I  L t I I I I  I h I T ~~ 

I Ii f 1 ” l I I I  Q

C’.’
U-~

L . ~~~~~~~~~~~~~:~~~~~~~~:i:I .~~~~~ ~~~i~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _______

125

— Q
a-

~

4-I
0

— -— 00 0)
C
-4
U

~ : 

(
~ — : T

~° ! 0 )
• 

I c-~ 
I — — 1~

S CO
• 34

S. - 
to)

a
,4 0

0)
U

— —N  .2
0.

I.
—

•
S .-.. .-

— —

L 

________ _______ __________ _____

- ~~~~~~~~~~~~~~~~~~~~~



rTi T~~’~
I_ ___________ 

nr~• • • • • :•-

126

_ Q
a-

~

-

~

•
- 0).

4-I
0

— -—- 00 0)
0
“4
U

I to
E

I 
—

I 34
0

1 3-,
• 0.

0.
I (0 

CO

I ‘0)
0) to)

1 ~0) U
I 0) U

0 a)
I Ci 3-i- 0) 9-i
1 03 0
I ‘~~ C.)

/
to

U
C)
CO

/ #4
F — 

4)

• 4-

0
0)
U

.2
5.

• / — ---------•- 

-

- -I--________
[ I I I  1 1 1 1  l i i i  I I I  I I I  I i i  ~~

—

0)
C.

to)

- • —. . • •~~~~~~~~~ - ~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~
_ T _  

~~~
-—-
: ~~~~~~~~~~~~~~~~~~~~~~ — 

- 

I~
-
~~~~~~~~~~~

==i:- 
---- 

:~~~~~~~~~~~~
-- :---- . ~~~~-~~~ • —

1.27

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — Q
a-

C’.’I - 0 ) ~



--— - - _ — - - • ------ - -

~~

.-• • --•---
~

• -•— - - - ,------ - -—-.-—-- .----•- ——--. --‘-.---

1.28

- .0)
a)

0
— — 0 0  0)

0

~

-4
1<
C

0.
0.
CO

— — C O ‘-‘
0)

‘0) a)
0) U
0 Ci

I C.) 0)
I a) 14

- 0~ 3-4I ~—‘ 0
Ci

a) ‘0)
0)

• — — ~~~~~~~~:~ 
CO

/ U
C.)

a)

‘p
Cl)

1~•~~~~~~~~~_• — — - if.’

05
.4

CO c~
j

0.

-‘0)
a)

• •_ -~~~~ • — — —  - ——.  — 

__
~~: - . ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~
- 

~~~~~~~~~~ 

- -

1.29

— Q
a-

- C’)
- ‘0)
0)

U-i
0

— —0 0

4-’
to

- 34
C
14
0.
C.
CO— — C O  .~~Cl) ‘0)

‘0) 5)
0) U
0 C.)
U I)

- 4) 3-i
Cl) ~.i
‘—. 0

U
U ‘0)—— ~~~~~~~~~~



r i~~~
—- -- -

~~
-
-- ---

~

--

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

----

~

-.- • -

130

• 
4

_
I

I I

1~ N 00 CD
1~ 1~ C’) C’)

0)
C.

C’.’
C - ‘0)

to)

1 -.-
• - • .--~~~~~-~---.-- .~~~3-~----- ~~~~~~~~~~ ~~~~~~• . & .  ~~~



~~
:-

~~~~~~

-

~~~

- 

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

• -

~~

- • --.

~~~~~~

----.— - 
—

1.3].

—
~~~

-

4-I
0

— — 0 0  0)
C
-4

I I I I J I I I I J I J I I J I I I I  I I I I 1 I I [ I  Q

-• CSJ a- a- N
I I

C.

-I

— -- -



—• -. ‘
~~:

- :- -  
~~~~~~~~~~~~~~~~~~~~~ 

—--- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- 

-
~~~

132

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____________ _ Q

.0)
4-I

U.
0

— —0 0  0)
0
.4
4-3

-4
#4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T r r

‘-I
0.
0.
CO

• — — CD
Cl) ‘0)

‘0) 5)
1 0) U

0 C)
I U 0)
I • 

a) I.
Cl) 14• I ‘—‘ 0

• 
C)

I

’ — — ‘q’ .~~ 

.

~~
S. E-i 

U
U

/ CO
H /

I —
4-4
0

.4’ 0)..- U
,-~~~~~ 

— — N  .2
S.

— ——
I’-’
.4.

—

— Q

LI) U) Li)
N N U) N

N N — —

• 0)
C.

. 0 ) ‘



_ _ _ _ _ _ _  ~~~ ~~~~~~~~~
—---

~~~~~
.±— —

~
-

~~
-——

~
- - —

~~~~~~~~~~~~~
---

~~~

—--- 

~~~~~

• 1.33

— Q

- C’.’

U-i
0

— — 0 0

“.4

H

I I I I  f t  i i  I I I  ~~~ I f I  I I I

U) LI)

L•. ~~~
_ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~• ~~~~~~~~~~~~~~ • • • 

:_~~_ i. ~~~~ 



_

Ii

~~~~~~~~~~

t

~~~~~~

i ,

_ T
~

_ t I  
1 1 1 1 1 1  1 I  h f  I i  l i l t
Il) Li) LI)

~ ) 1% N —

• 1C.

C’.’.0)
U.

• - -

~~~~

-- —- •— —

~~~~ 

— -•--

~~ ~~~~

— • • —— - - -  -•—-— •—- ~~~~~~~~~~~~~~~~~~~~~~~ -—~~~~~~~~ -~~~~~~ —‘-~~~~ ~~~~‘~~-‘ -
~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



r _____ i:: ~~~~~~~
— --— --- • - -•------ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1.35

— !

- C”.,

‘4-I
0

— —0 0  0)
0

‘.4
U

- ‘-4
#4
0
hi
0.
0.
to

— —CO .-‘0)
‘0) 4)
0) U
0 U
C.) 4)

• 4) 9-1
0) 1.
‘—. 0

U

~

00
1



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

. 
-~~- 

• • •

1.36

• 
_ _ _ _ _  _ Q

a-

•
C~ I

.0)
4-i

U-I
0

. — — 0 0  0)
k 0r -4
I 4.)

-
~~~~~~~~!

U
I C)

CO( 34
I - 4’
4... ‘4-’

• S. 0
‘4. 0)/ 4-I

~~ — —N  .2
4.. 5.

‘I

I I I I I I I I

—

— —~~~~~ - -- —-
——--—-• 

- - •
-

~ 

~~~~~~ - • ---~~~~~~~~~~ ~~-~~~~~~-~~~~- • • • • - ___ -~~~~~~~~~~~~~~--~~ •



~ 
~~~~~~ ~•~~~T::~;-J- - 

- 

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

p
137

— Q
a-

C)
‘0

U-I
0

— —0 0  0)
0
“4
U
Co
a

‘-4



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

1.38

— Q
a-

U

U.
0

— — 0 0  0)
0

—4
U

‘-4
#4
0
‘-I
0.
0.
CO

— — C O  ~~~‘0)
.0)
0) U
0
C)

1 1 1 1  H I I I  I I  I I I i  I I

N Li) U)

—
I I

0)
C.

C)
1:0 



_ 
- • _

1.39

_ Q

.0)
‘C

‘44
0

I 
— —0 0  0)

1 0
“-4

I I I I I I I I 
J 

T I I I I I I I I I I

——-- • .- - - - --

~

-- - • - • • • • - - • - • - • • •



140

I

I

— Q

‘0)
1:0

U.
0

— — 00 0)
0

I 

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



• 
—

~~~~ ——~~~~~~~~~~~~

14].

variab les. In addition , it appears that the slow parts  of some of the

fast variables are more accurate due to the improvement of the slow sub-

system approximation.

Thus , it is obvious that while this procedure has produced some

improvement over the zero-order approximation, the improvement is not as

dramat ic as in the single machine case. The probable reason for this

behavior is that the separation between the fast and sLow dynamics is not

as great in the multi-machine system as it is in the single machine system.

We observed this fact when studying the Linearized system. Hence, approxi-

mating the slow subsystem as an integrator of the fast  dyn amics is probab ly

not very accurate . This s t a te -o f -a f fa i r s  might be improved somewhat if

were included with the slow subsystem .
3

4.6 Conc lusions

In this chapter , we f irst  explored eigenvalue location for two

models of the three machine system, namely, 1) swing model and 2)  fu l l

twentieth order model. Using the swing model , we were ab le to ident i fy  the

system frequency d r i f t  mode and two rotor angle oscil latory modes. We

found that the smaller of these modes was primarily determined by the

• comb ined inertia of two machines while the larger of the two was associated

with the oscillation of one of these machines relat ive to the ocher . This

• observation prompted us to t ransform the angular variab les to more readily

display this behavior .

The eigenvalues of the fu l l  model were found to f a l l  into groups

the locations of which were ve ry close to the locations of some of the eigen-

values of the single machine system. Hence we were able to identify which 

•- •-- -
- —~~~~—-•-. • - —
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phenomena were responsible for each of the eigenvalue groups. We con-

cluded that to achieve time scale separation , it is necessary to group

the equations on a per phenomenon basis.

The variab les ~2 , e ’ , e ’ , e ’ , Rf , R , and R f wer e chosen
r q 1 q2 q3 1 ~2 3

t o comprise the slow subsystem with all  other variab les in the fast  sub-

system. With this sp lit , there is hardly any separation between the fastest

of the slow modes and the slowest of the fas t  modes. Because of this  lack

of sep ar ation , the eige nvalue approximations took six i tera t ions  to con-

verge to reasonable accuracy . The state approximations showed good

accuracy a f t e r  three i t e ra t ions  and excellent accuracy a f t e r  four i terat ions .

As in the s ingle  machine case , th e slow va r iables exhibi ted  a

large component of fast phenomena. Thus the zero—order non-linear approxi-

mation of the slow subsys tem was not particularly accurate; however , the

fas t  sub system approximation was reasonab ly accurate.  App ly ing three

iterations of the non-linear correction procedure resulted in some improve-

ment in the approximations. But this improvement was seen to be less dramatic

than in the single machine probably because of the re la t ive ly small separation

betwee n the slow and fas t  subsystems .

I
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5 . CONCLUSION

This thesis app lies singular perturbation techn ique s to a power

system model describing rotor angle swings and associated phenomena.

First we considered a single machine-infin ite bus system. Using

the Linearized model we ascertained the proper partitioning of the system

into fas t  and slow subsystems . We also found that the eigenvalues and

states of the linearized model could be approximated quite closely by

using a block diagonalization procedure. Finally the zero order approxi-

mation of the non-linear model was investigated. The slow subsystem

• approximation was found to be in error because it failed to account for a

large fast component in the slow variables due to forcing action of the field

voltage. A method to correct for this inadequacy was introduced and was

seen to perform well.

We concluded by studying a three machine system. From the

Linearized swing model , we found that this system possessed a slow mode

which was not present in the single machine case, namely, the system

frequency drift. In addition , the nature of the swing eigenvalues suggested

a change of angle-speed variables in order to facilitate partitioning the

system. Once this change of variables was made and after the equations were

grouped on a per phenomenon basis , partitioning the system into fast and slow

subsystems was relative ly easy. Again we found the state and eigenvalue

approximations of the linearized model to be very good , although more

iterations were required in this case because of the relative ly small

separation between slow and fast subsystems . Finally the zero-order approxi-

mation of the twentieth order non-linear system was tested. The true slow
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subsystem responses were seen to have a large fas t  component as in the

single machine case. We applied the correction pr ocedure but with less

dramatic success than in the single machine case probab ly because of the

poor separation exhibited by this system.

Directions for future research are numerous. An automated

methodology for partitioning an acbitrary system should be sought. More

work needs to be done regarding correction methods for non-linear singularly

perturbed systems. In this same light, models of some power system components

such as voltage regulators and governors contain such “hard” non-linearities

as limiters and deadbands. Methodologies need to be deve loped to account

for these non-linearities.

• —_• —. -- •— — -•—- - - -—— ~~~~~~~~~~~~~~~ 
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APPENDIX A: Derivation of Synchronous Machine Model

• Figure Al shows a simplified three phase synchronous machine

which illustrates some of the conventions and nomenclature which will be

used in the following discussions.

• Two circuits are shown on the rotor. The coil labelled f is the

main field winding; the coil labelled g is a ficticious coil often intro-

duced [161 to account for so-called “transient” effects in the quadrature

axis. Its presence is an attempt to model eddy currents which can flow

in the solid rotors of high speed turbo-alternators under non-steady state

conditions. Additional rotor circuits are often included [9] to account

for “subtransient” effects. These rotor circuits are needed in order to

model eddy currents flowing near the surface of the rotor (or in the

amortisseur winding of a salient pole machine) which contribute to the

damping of rotor oscillations. Hence, the additional rotor circuits are

often included when studying those problems in which an accurate assessment

of rotor oscillation damping is considered essential. Since this thesis is

concerned with time scale separation properties and not with accurate

calculation of synchronous machine damping, these additional rotor circuits

have not been included.

Notice also that the quadrature axis is shown in Fig. Al to be

leading the direct axis. This state-of-affairs was the formerly adopted

convention [16]; but some recent literature [17] has suggested the opposite

convention. Neither convention appears to have any particular advantage

over the other.

Based on the discussion of the previous paragraphs , the following

per unit equations for the machine ’s electrical variables can be written (18] 
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Fig. A .1. Simplified synchronous machine. 

“- -~~-.•---



_ _ _ _ _ _ _ _ _ _ _ _  —

147

vd 
= w

0~~
d 

_ Q 1 ~lq (Ala)

v
q 

= 
w 

1~q 
+ 
~~d 

(Alb )

0~~~r i  +-~
-

~~~ (Aic)g

v
f 

= r
f
i
f 

+ 

~~ ~f (Ald)

= 
~Ld id + Mdf ].f (Ale)

i~ = - L i + M  i (AI f)q q

~f ~~~~~ + Lf 
l

f 
(Ai g)

i~i -M i +L  i (Alh)g qg q g g

The symbolism used here is explained in Appendix B.

Some additional comments concerning these equations are in order.

First , the stator resistance has been neglected for simplicity. Second ,

the zero sequence equations are not included. The zero sequence relation-

ships are only needed when unbalanced operation is being considered. All

the studies carried out in this thesis are for balanced operation. Third,

• saturation of the synchronous machine is neglected. It has been found (181

that saturation can be approximately accounted for empirically. The usual

procedure is to adjust the imitual inductances as a non-linear function of

the currents. One of these approximate methods could have been employed

in this thesis; however , because our main emphasis is studying time scale

separation, we chose the simplest synchronous machine model which neverthe-

less retains the basic time scale information.

Now we carry out some manipulations and simplifications to put

the genera]. equations (Al ) in their final form. First the and

L~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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terms in (Ala) and (Aib) are neglected and 2 is set to in the same

equations . The former step is almost always taken [19]. The inc lusion

of these terms accounts for certain rapidly decaying components of the

stator current during transients. The torque produced by these components

of the current is generally negligible except in the case of a fault on

the generator terminals in which case the neglected components of the

• braking torque can be accounted for empirically . A more compelling reason

to neglect these terms is that if these terms were included in the stator

equations , then similar terms arising from inductances in the network to

which the machine is connected should be included. For large networks ,

this requirement is clearly prohibitive .

The latter simplification carried out above is often done [19].

As pointed out in (20] both the terminal voltage and network inductive

reactance vary in direct proportion to the machines~ frequencies. Hence,

in a network which is mainly inductive , relatively small variations in

machine speed do not appreciab ly effect the calculation of network currents.

The modified stator voltage equations are

v = -~~~~~ (A2 a)
d O q

V
q ~0~d 

(A2b )

We substitute CAl f) into (A2a) and (Ale) into (A2b) with the result

vd 
Q
0Lqiq 

- c10Mqgig (A3a)

v
q 

= 
~
C2
OLd

i
d + C

~O
Mdf if . (A3b )
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Now solve (Alh) for i~ and (Alg) for ~f yielding

ig = ~~~~ 4tg + 1~~ ~q 
(A4a)

Lf L ~~ f + L id . 
- 

(A4b)
f f

Finally substitute (A4a) into (A3a) and (A4b ) into (A3b ) to give

V
d 

= cl0Lqiq - 

~O ~g 
(A5a)

V
q 

_Q
0L~

i
~ + ~O L~ ~ f 

(A5b)

where

- 
df (A6 )
Lf

is the direct axis transient inductance and

M2
(A7)q q g

is the quadrature axis transient inductance.

At this point we let

• x~ = ~20L~ • 
(A8a)

x ’ ~ L’ (A8b )
• q O q

‘I e~ -
~~~~ 

~~~ 
g 

(A8c )

(A8d )

The first two quantities above are respectively the direct axis and

quadrature axis reactances. Thus using (A8), (A5) can be written in final

form as

~ 

•~~~~~~~~~~~~~~~~~~~~~~~~~
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V
d 

X~~i
q 
+ e~ (A9a)

V
q 

= _ X
~~~d 

+ e~ . (A9b )

We wi l l  discuss the role of (A9 ) after we derive the remaining equations
for this synchronous machine model.

First we obtain the differential equations for e ’ and e’.d q

Substi tut ing (A4a) into (Alc) gives

r r.L .....a ÷ ...a~ +—~-M i = 0 .  (AlO)u dt L
g 

g L
g qgq

Multiply this equation by 
~~~~~~~~~ 

Then by using the definit ions of

e ’ and L’, the result can be written asd q

de ’ r r
-~~- —~~+— ~~e’ - ~& c1 (L -L ’) i = 0 . (All)dt Lg d Lg 0 q q q

The ratio r
g/Lg is the per unit quadrature axis open circuit time constant ,

We can also make the substitution

x -x ’ = ~ (L -L ’) . (Al2)q q  O q q

With these substitutions, (All) becomes

de ’

~~ 
—
~
i•
~ 

= 
T ’ I - e~j + (X

q
_X

~~)~~
q
] . (Al3)

~O(pu)

Finally, we multiply both sides of (Al3) by w
0. The ratio w

0/ T’ is

l/T ’ if T’ is expressed in seconds. Thus, the final form of theq0
differential equation for e~ is

de ’
• = —

~4— -e~ + (X
q
_X
~)~ q

] ~ (A14 )
• q0
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Carrying out similar manipulations on (Aid) gives the following

differential equation for e ’
q

= 
~~~~

_( - e ’ - (x
d
_x
~
)i
d
] + w0c20 L v

f . (Al 5)

This equation (or one similar to it) is often written in a slightly

different form which we now obtain.

In the per unit system being used in this thesis [213, base field

current is chosen so that one per unit field current establishes the same

fundamental component of the mutual flux as does one per unit stator

current. In other words , the base field current is chosen such that

Mdf 
= (Al6 )

v (b) /wOif ( b ) df

where the tilde is temporarily used to denote per unit quantities and the

subscript “b” indicates base quantities. Mdf is the difference between the

• per unit direct axis inductance and the per unit stator leakage inductance.

It is common practice [13] to choose the base exciter voltage Efd (b) so that

one per unit exciter voltage produces one per unit open circuit terminal

voltage on the air gap line of the synchronous machine. From (A.3b) the

open circuit voltage is

v
q 

= w
OMdf if . (A17)

Note that (Al7) is in ordinary units (volts, amps, etc). Hence , we set

va(b ) w
O
Mdf 

Efd (b) (A18)
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I
in other words

= 

W
O

Mdf (Al9)
fd(b ) f

But from (A16 ) we have

wOMdf 
= 

~~~~ 
Mdf 

(A20)

and from the definition of per unit quantities

rf 
= 

V f (b ) (A2 1)
Lf ( b )

Substituting (A20) and (A21) into (A19) gives upon rearrangement

Vf(b ) 
= ~~~~~~ . (A22)

fd (b) rf

Now let the voltage applied to the fie ld circuit be Efd (volt
s). This

value can be written as the product of its per unit value and the base

exciter voltage

Efd = Efd Efd (b ) . (A23)

To put this quantity in per unit on the base field voltage , we divide

(A23) by vf(b ) 
to give

Efd 
Efd 

Efd (b ) . (~~4)
vf ( b ) Vf(b )

Substituting (A22) into (A24) and using T~ Lf
/?

f 
yield

— 0
Efd Lf ~= E  . (A25)
V f ( b ) fd 

Mdf T~0 

• --- •—_••-- —• ._—
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In other words , a per unit value of Efd 
(which might come from the solution

of the exciter equations) must be multip lied by Lf/Mdf T~ in order to refer

it to the field circuit.

We now return to (Al5) and hereafter drop the tilde convention

for per unit quantities. We substitute the per unit value of Efd 
from

(A25) into (A15) to give

de ’
= 

~~
-
~
--[ - e ’ - (x

d
_x
~
)id + Efd

] (A26)

where all quantities are in per unit except T~ which is in seconds. This
0

final form follows since = 1 per unit.

We next consider the mechanical equation of motion which can be

written as [18]

2H = T
in 

- T 1 
- D~~-l) . (A27)

The last term on the right hand side of (.427) is a damping term which is

often introduced [9] to account for such effects as changes in turbine

power with speed and changes in connected load with system frequency. The

developed electrical torque is [181

Tele = 

~d~q - 1
~ q

i
d 

(A28)

Now if (A4b) is comb ined with (Ale) 
~~ 

can be written as

= _L
~
i
~ 

+ . (.429)

Similarly , ‘
~q 

is

= ~~~~ + ~~~~ 4 g 
(A30)

L ~~~~~~~~~~~~~~~~~ ~~~~~~
- -

~~~~~-~~~~~~—-.-~~~~~-



n~~~ 
- -

~~~

--

~~~~~~

-

~~~~~:

154

Using (.429) and (A30) together with  (A8c) and (A8d) in (.428) gives the

• following resul t for the elec tr ical torque

Teie = (L ’ - L
~~
)
~~d~~q 

+ ~~ ~~~~ + e
d
i
d)

= (L
~~~

L
~
)
~a~q 

+ e~ i
q 

+ e
~
id (A31)

since = 1 per unit. The final form for (.427) is ob tained by sub-

stituting
P.

= , (A32)

hence ,

2H = ~in - (L~ - L~)~d~q 
- e~ iq 

- e
d
i
d 

- D(Q-l) . (A33)

Having derived the d i f f e r e n t i a l  equations for the synchronous

machine model , the importance of the currents , Ld and ~~ is clearly seen.

Equation (A9) is one relationship between the machine terminal voltage and

current . There is another constraint between the voltage and current ,

namely the constraint  imposed b y the network to which the machine is

connected . Therefore , the procedure for computing the currents  in terms

of the state variables depends on how the network is modelled .

A condition which results from neglecting the and •
~q 

terms

in (Ala) and (Alb ) is that the network currents and voltages are in a quasi-

sinusoidal steady state. The reason we say “quasi-steady state ” is that

the per unit frequency of the voltages produced by the synchronous machines

is equal to their per unit speed . Since these speeds vary during a transient ,

the currents and voltages cannot truly be considered as sinusoidal. This

non-sinusoidal character is always neglected in large system studies.

If the currents and voltage are considered to be sinusoidal , then

they can be represented as phasors. The frequency of these sinusoids is 

-•-—— -~~~—~~~~~~~~~—.~~~~~•—•~~• - • • • • • • A
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• taken to be the fundamental frequency (60 Hz). In general , the only speed

effect which might be included is the variation of the magnitude of the

machine ’s terminal voltage with speed.

Regarding the phasors , the formerly accepted practice [16] was

to take direct axis quantities as real quantities and quadrature axis

quantities as imaginary quantities. More recent ly [17], the opposite

convention has been advocated. In this thesis , we will use the former

convention. For example , the phasor for the machine ’s terminal voltage

• is written V
d 

+ iv q
. Note that phasors written on this basis are local to

a particular machine because they depend on the position of the machine ’s

direct axis for reference. The implication of this observation is that

the angular differences between the machine~~’ direct axes are fundamental

in calculating the network currents. The variation of these angular

differences during transients is therefore of great importance in assessing

system stability following disturbances.

• A vast simplification in computing the machine ’s currents is

obtained if transient saliency is neglected ; that is, we let x~ = x ’ = x ’.

Hereafter , we assume that this has been done. Note that (A9) can now be

written as one equation

e~ +je ’ = 
~
X’(id +~~ q

) + vd + iv q 
. (.434)

Equation (A34 ) is sometimes referred to as the voltage behind transient

reactance model. Using (.434) allows us to easily compute the components

of the currents in terms of the state variables because the transient

reactance can be combined with any external impedance.
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As ment ioned previously , the task of calculating the current s

depends very much on how the network is modelled . In this thesis , we

represent the loads by constant impedance. With this simp 1i~ ication , the

F network can be reduced so that only the internal generator nodes remain .

Then the generator currents can be written as

1(1) = Y (A35)

where and V (1) are vec tors the components of wh ich are the comp lex

generator currents and voltages respective ly. The subscript 1 indicates

that the reference for these phasors is the direct axis of machine 1. It

is easy to show tha t any mach ine phasor , say ~~, which uses the machine 1

direct axis as reference can be ref~rred to its own d irec t axis b y app ly ing

the transformation

— 
—j o j l _

~~(m) e c~ (.436)

where is the angle between the direct axes of machine j and mach ine 1

and the subscript m denotes machine reference.

Now , write

= T ‘(m) (A37a)

V (1) 
= T V ( )  (A37b)

where 
-

l+jO 0 0 . . .  0
iô., 1

0 e 0 . . .  0

T =  • (.438)

0 . . . e~~~~

— —•  •- ~~~
• - -

~~~~ ~~~~~~- -— _ • -
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Substituting (A37) into (A35) gives

.

~~ =~~
-l
~~~v(m) (m)

= T*YTV (m)

‘
~ 
~
‘(m) (~~9)

where the superscript * indicates comp lex conjugate. If we write

— 
je ..

= Y.. e (A40)

then the elements of y are

• j(B.
Y. . = Y. . e ~ J 1 

• (.441)
13 13

Spli t t ing (.439) into its real and imaginary parts  give s

= 

~~~~~~~~~~~~~~~~ 
. (.442)

In (A42), id, ~~ e,~, and e ’ are vectors; the subscript r denotes “real

part of” and the subscript i denotes “imaginary part of.” Equating real

and imaginary parts on bcth sides of (.442) yields

= 2r~~ 
- ~~e ’ (A43a)

i = ~~ e’ + Y.e ’ . (A43b)q r q  i d

The i-th component of (A43a) can be written as

= 

~ ~~r 
e~ - 2. e ’ ) (A44 )

~. ~~
— ij 

~ ~ 
q
~

which , if we use (.441), becomes

1d . ~ 1 
Y~ 1 

[e~ cos(8~~ + Oj].~O j j) - e~~ sin@ ~~ 
+ o~ 1 j 1 )1* (A45)

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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where n is the number of generator nodes. Similarly for (A43b) we get

~q
= E  Y..[e ’ cos(e .. +o .1-o . 1)+e~~

sin(e .. +5.1-5. 1)]. (.446)
1 3 1 3 3

From (.445) and (.446) the importance of the angular differences is

• clearly seen. These angles must be included in the state description of

any system of synchronous machines . Differentiating the angle O~~ with

respec t to t ime gives

o il  = wo(Q . -Q 1)
= 377 (CL -Q~), j =2 ,3,~~

..,n . (A47)

The factor 377 is needed to convert from per unit to radians . With (A47)

we complete the derivation of the general equations for the synchronous

• machine model.

The single machine -infinite bus system shown in Fig . 3.1 allows

some simplification of (A45) and (.446). Choosing V. as the reference

and writing

—
— 

1
- 

j(x’ + X
e

) 
(A48)

it is easy to show that

= Y(e’ + V. sinO) (A49a)

+ cosO) . (A49b)

The other equations needed for both the single machine and multi-

machine models are the equations describing the voltage regulator. By

inspection of Fig . 3.2, these equations are 

-•—••• • -—•• _• -- — . - -  —• -•— — • • - _ — • - —-••.•~••— •- • — — • ••  •• •-• •  • •—•—•-————— - • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • - •
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R
f 

= (-Rf ÷ 
~~ 

Efd ) (ASOa )

Efd = - [K
E 

+ S
E

(E fd ) ] E fd + V
R~ 

(AS Ob )

= 
~~~~

- [K
.4

(R
f 

- Efd 
- Vt + VRef

)_ V
R ] (A50c)

En (A50c ) , Vt is the magnitude of the machine’s terminal voltage. Since

the terminal voltage is v
d + JV

q~ 
the magnitude is

V~ = IVd + V
q

2 
(.451)

______ •
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APPENDIX B: Notation

With reference to the synchronous machine electrical equations of

Appendix A , the following notation has been adopted :

Subscripts

d - direct axis quantities

q - quadrature axis quantities

f - main field quantities

g - quadrature axis “field ” quantities

Other Symbols

i - current

L - self inductance

M - mutual inductance

r - resistance

V - voltage

4’ 
- flux linkage

- machine rated electrical speed in radians/second

- machine per unit electrical speed

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I
APPENDIX C: Listing of Computer Programs

This appendix gives the listings of the three major programs used

during this research.

1. Program LINSP does the calculations for a linear singular ly

perturbed system.

2. Program VRSMSP does the calculations for the non-linear model

of the single machine-infinite bus system.

3. Program MMSP does the calculations for the non-linear model

of the multi-machine system.

These programs call the following system library subroutines:

1. RKGS - from SSP for integrating differential equations.

2. LEQT].F - from ]~1SL for solving linear equations.

3. EI~~F - from IMSL for calculating eigenvalues.

4. i~irr 
-

5. BINITT

6. NPTS

7. XFRN

8. YFRN
From Tektronix Software Package for drawing graphs .

9. CI~~CK

10. DSPL AY

11. FRA~~

12. ANMODE

13. CPLOT

14. LINE

15. DLIMY 

•• • •~~~~~~~~~~~~~ ~~~~~~~ •~~~~~~~~~ • • • • ~~~~~~~~• •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LINSP PAGE 1• *******
~~~IMEMS !Q ~~

1 FA (2’~
i ,2c~),A ( 7 ,7),3(7,j3),COCt3,7),O (t3,i3) ,

• (2 ,CN (t3,7),WIC(2~3),PR MTC5 ,, AUX (8 .~~~),AL (13 ,7).
2HC7 .i3),W00T(2O),fl SC t3 ,t3 ).~~K AREAU3 ).AS (7,7).6NC7 ,
3t 3 ) , T P ( 2 ø . ~~~ ) . T P I ( 2 ’ ~ ,2 ø) , X I C 7 ) , E 1A ( 1 3 ) , P L T ( 5 g 1 ) , T F 5 T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
55~)t) , TA C 5 ~~t ) ,f l I C t 3 ,t3)

CO MPLEX UA C 7 ) , u 0u 3 ) ,ze t . t )
COM MON/BL~(1/~~A .N
CUM MON/8LK2/A . NS
CO MMON /~~L~(3/D . MF
CU MMON,6L /WS.TW .NS.~H 
CO MMON/BL~~~

/YIS,TSLO.NSS
COMMON /~3LK F./ETA5 ,TF S T ,N5F
EX T E R N A L  F~’ , O~’~ ~ FSLfl, 

(~S~~O • F F S T , f~FST
FOR MA T (A I)

4 F O R~iA T~~A4)
I t  FOPMAT C I )
31. F O R M A T ~~G)

F O R H A I C ’  ? ? ‘ ,A t , ”?? TY P E  A G A I N  ‘ . 5)
T Y P E  2~~~FORMA IC ’ GIVE A MA TR IX FtLE NAME ‘.3)
ACCEPT 41 NMA M
TY PE  3P~~

3~J’~ F~ R M A TC NS2
ACCEPT jt ,NS
TYP E 4Ø~

4L~ø FORM A IC ’ iF: ‘ ,5 )
ACCE PT It . NF
9 : N 5+NF

CALL IFILEC2~~,’~NAM)
00 5~~ Z:t,N
PEAO c2~~,31 ) (FA(I ,J ),J:1,~l)
CO NTINUE
O~ t 30~~ I:I ,N
IIZI— NS
00 1200 J:I,N
JJ :J =N3
I F C 1 I ) b02,6g~~.9gra
IF(JJ) 70 0 . 7~’0. 8c’ø
A (I,J)=FA (I,J)
GO TO j~~00

800 B (I,JJ)ZFA CI.J )
GO TO t a Oe

900 I F C J J )  100#~l .t00~1 ,tt0 0
Cu(II,J)~~FA ( T ,J)
GO TO 1.200

1.103 O (II,JJ)SFA (t,J)
1200 CONTINuE
1.300 C O NT INUE

TYPE ia~~FO RMA TC ’ GtVE IC FILE NAM E ‘ . 3)

A C C E P T  4 , t4N A M
C A L L  IF IL E C2O , N NA M )
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r)~j  t S~i0 I:t.N
~E4u (2O ,31 ) 41CC!)
CO NTINUE
TY PE 160~FORMA T( NIJMRER OF I T E ~~~ A T t O N 3 :  

9 ,5)

• A CCE PT tI. M ITER
TY PE j7~3P

t70~ 
F Q P 1 A T ~~~~ NSLO.~: 

•,~S)
ACCEPT 31 ,HSLUW
Ty PE j8c~0

t80~ FO PM A T ( ’  NFAST: •,•‘c)
A CCE PT 31.M FA ST
T ’f P I  t9~iOFQR ’AT (. T~t AX: ‘.5)
ACCEPT 31 ,T flA X
Pie~1T~~j~ ~~~PRMT (2) :TMAX
PPM r (3)  = H FA 5 T

PWMT (4) :0 ,oc~i
E~~E: t .0/FLO A T (N)
00 20~Ô0 I:t ,N
W O O l  C I) :EWE
W CI )  :~ltC CI )
CUNTI N tJ E
NISW :1
C ALL RXGSC PRMT .’~.Wn0T ,N , IHLF.F W ,O~~,AU X )
N5 ~j : ~‘sw — 1
00 22cu~ I*1 ,

NF
no 21Q ’0 J= 1 ,NS
AL (I,J) :O~~0
CONTINUE

• 22~~ 
CO NTINUE
DC) ~ ii ,~o I=1 ,N5
00 2300 J:I ,NF
k (1 ,3) :0.0

2 3 0w  C ONT IN UE

24CU CONTINUE
00 6200 ITER2I. NITER

2800 t:1,NF
00 27~~0 

J:1,NF
05(1 .4) :0(1 ,J)
IF (I”J) 26 .25~ 0,2600

250J 0I(I,I)~~t .0
GO TO 2700

2b~~~~) 
DI( I ,J ): 0 .0

CONTINUE
CO NTINUE
CALL LE Q TL F (OS .NF ,NF , 13 ,0t ,0 ,w~(A R EA , TER)
00 320 0 ~:~~,N3
00 310 0 .Js1 ,N5
S U M K S O . 0
O
~
j 3000 ~(=1, NF

SUML:0 .0
Ou 2900 L a 1 ,NF
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SUML : SIJML+DI (I( , L) * CO CL . 3)
CO NTINUE
SUM K:5Up1~(,~~(1,~~)*5U ML

3d0~ CO NTI NUE
3) :A CI. 3)

3t ~’0 C O NT IN UE

C ONT I N UE

DO 3e~~0 I:t,MF
00 3500 J~~j , ri 5
3UM)~ ~~~~ ~
00 34~j o ~(:~~,NF

5UML:.~. 0
O~ 33o0 L:1,NS
SUML :SUML#CO~~ .L) * A (L , J )

3304 CUNTINUE
SUM 5IJ~~Ks r~~ CI.~~)*SUML

34QL~ CL)NTI~JUE
CN (I • 3) :SUMK

35~~ CONTINUE
3bQIo CONTINUE

00 4OGjO T:j,NF
no 3’~00 J :t ,NF
SUMc :0,~j
00 38~~o IC:j ,N~
SUML:0.c3
Dcj 3700 L :1.NS
SUM L :3UM L p CO(~( • L) *R CL , 3)

370~ CONTINUE
SU Mp~~8UM

)(+0I CI ,K) *S~.jM~
3.3o j CO NTINUE

0(1,3) ‘0(1.3) +SUMP(
390 o C ONT I NU E

C ONT I NU E

4100  DO 4400 I:1.NF
00 4300  J :j , N3
SUMZO .0
DO 42~ 0 K :t,NP
SUM:SUM .pDICI.~~)*C0(i (,J)

4200  CO NTINUE
A L C I ,J ) :AL (t ,J)+SU M

4300 CONTINUE
C U N T IN IJ

• 45Ø~j 00 4700 I:I,N 5
DO 4600 J :I,N5
A 5 ( I , J)  :A ( I , J )

4603 CONTINUE
4700 CONTINUE

DO 49~~~Ø t=t, NF
00 4800 J:t.NF
D S C I , , i ) a 0 ( I , J)
CONTINUE

4900 CO NTINUE
CALL E I G Q P C A S ,NS ,7 ,0 , UA ,Z , 1,W X A R E A ,IER)
C*LL £ I G P F C O S ,~iF . 13 , 0 , U0, Z ,  1. 9 K A P E A , !E~~)



I
165

00 3 1 J ~ I = t , ’4S
P~~~

’
~~~~7 5c~j 0~~, ( A ( T , J ) , J t , N S )

FO PM A T C ’ ‘,Gt2.5.9C1X ,G 12 .5))
5to~i 

C ONT I N U E

PRINT 52~~F C J Q H A T (~~/ / / )
D O 5~~g~.i 

t:1,NS
P R I N T  53~~3.UA(flFOP~~AT (. ‘.G12.5,2X , ‘+J ,2X ,Gt2. 5)
CO NT INUE
PR I N T  5 200

I F C N F ~~j~~) 5S .5~~~0,5730
DO 56~~ I : I , N F
PRINT s3~~0. 

(I, ( I , J ) , J : t . N F )
CONTINUE
GO TO 6000
DO 58~~0 I :t , N F
PRINT ~~~ 0,(fl (I,J),3:1.t0)

S60~ CONT INUE
PRINT 

~~~~00 5~3ç~ 1:t ,NF
P~~t N T  5030,(D(!,J).J 11 ,NF)
C ONT I N U E

PRINT 52~ ’0

00 b1~J0 t : I.~~iF

PRINT 5300.unCT)
CO NTINUE
fl 0 6 1 60  t : 1 , NF

DO b 130  J 1 . ”jS
COCI .J) :CN (j,J)

6133 CONTIN UE
b I ~~~4 CO NTINUE
6 204  CONTI NUE

00 66 00  I:1, NF

00 aSaO J:t,NF
05 (1 .fl :0 (1 .3)
IF (I—J) 6 0.b3oo ,640o

6300 OI(I ,I)at ,0
GO TO 6530

6400  DICI ,J)x0 ,3
CONTINUE
CONTINUE
CALL LEQT1F (DS ,NF ,NF, 13,0I,0.~d~(AR EA , XER )
00 7800 tTE~~:I,N 1TER
00 7030 t:t,N3
DO b~ 00 J:I ,NF
$UM )~~:O ~~~
00 680 0 ~=j,N5
SUML=0 .0
0cj 6700 L:t,NF

SUML:SUML.~ (K , L) *0! (L, 3)
6700 CONTINUE

SUM~~’SU MK+AC!, X)*S1JML
680~~ 

C ONT I N U E
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8N (I,J):SU~~(
6 900 CO NT I NUE

CONTI NUE
7too 00 74~~o I:1,NS

Of .) 7300 J :1 , NF
SUM:0  ~~3

00 7 20 0  K:1,F-IF
3UM:SU M +B (I, K )  *01  (K • 3)

7200 CONTINUE
• W(I ,J)~~i (I.J),SUM

7300 CONTIN UE
7400 CONTINUE
7500 DU 77~~ t:I ,NS

Do 7600 J 1 , NF

8 ( 1 , 3 ) : ~ N (I • 3)
7~~~’~ C Q N TI N (JE

7700 CONTINUE
780w CONTINUE

DO 9200 I:1,N
11 :1—MS
DO 9100 J:t,N
JJ~J N S
IF (II) 79 ,7q04,-d’cOo

79~~ IF~ JJ~ 8 jQl ,800~J ,8a0G~
8~J~ ø SUM:c~i ,0

DO 8Ik~0 K:1 ,NF
SUM:SLJ~’i.I4 (I, K )  *AL (K , 3)
CONTINUE
t FCt j) 8300,d200,R 3~10

( I ,  1) :1
TRI (1,1) :1,0
GO TO 9~~0a

3 3 00  T R (I , J ) =— S U M

TRI (1.3) *0.0
GO TO 91.00

8400 TR(I ,J):— R(I.3J)
TRI (1,3) :P1C1.Jj)
GO TO 9100

850o IF(JJ ) 8600 ,8600,8700
8600 T R( 1 ,J) aA LCI ! ,.I)

TRI (1,3) ‘—AL (II,J)
GO TO 9100

87g3 SUMIO .0
00 8800 K:t ,NS
SUM &SUM I.AL CII, ~

) * H ( K ,  33 )

8800 CONTINUE
IF (I—J ) 90~ 0.890o,~~o0@

8900 TR (1,I)z1.0
TRI (I , I)*1.0~ SUM
GO TO 9100
T R ( I , J ) s 0 , 0
T RIC I ,J ) : —S U M

• 91.00 CON T INUE
CO NTINUE

-- •~~ -- •~~~~ ----— --•. - - • • • •—•• •—~~ • ~•- - • ••
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00 ~~~~~~~~

00 9300  J : 1 ,N
X I  C L )  :~~I (I) .TR CI, J) *W IC (3)
C ONT I N u E

C ON T I rIUE
DC ~~6t ~~~ I = t . ~ IF
I I: I + N5
EiA (I) 24.3

DO ~~~~ J= j ,N
ET A C!) :ETA CL ) +T~~~( L I .  J )  * d  IC (3 )

CO NTINUr .
q6~~~c~ CU~JT INU ~

E43:1 ~jFLOAT(N~3)
00 ~~~~~~~ I 1 , NS

~4O~ ) T ( I )  :E,~5
CU ~~~T I ~~

1 h iE

PW 1 T ( 1 )  ~~~
P~~~~~T (2 )  :TM A X

P R M T  (3) ,M5L QW
Pp~MT (4) =0 .0~at
N 5 S:1
CA I.L R KGS(PRMT .Xt , WOOT ,N5 ,IHLF .FSL 0,DSLO,AUX )
U $5 = t’I 5 5 — 1
EsF:t .-~,FLOAT(MF)
00 9800 t:1 ,NF
woOl ~~)z EW F
CONT INUE
PR .MT Cl ) 0 • 0
P,~MT (2) : T N IA X
PRMTC3 ) :~IFAS1
pRMT (4) .~~3t 

hN$F:1
CALL RKGS(PR~1T ,ETA .,~D0T ,NF, IWLF ,FFSV.U FST .A U X )
15F:N3F..I
CNST :t ,3/415 67
T Y P E  99~ 0

99~1~j F O R M A T C ’  G I V E  BA U D  RA T E  ‘ ,~~ )
A CCE PT j j , IBAUf )

I O O J O  T Y PE  1 .3 103

101.3 0 FQR MAT (’ w’41cM STATE ‘~ !LL BE PLOTT EO’? ,.S )
A C C E PT  L t , IPLT
IF (IPLT— 21 ) 10140, 1ot10 ,tO t Ie

ta ijo IR:tt4.2*- (IPLT_21)
A M I N i I  .0E30
A M A X :_ A M I N
DO 10130 I:t. N34

00 10120 3 : 1 .3
.IP 4 S J + 4
J P 7 s3 . p 7
PLT (I) PLT CL ) ,FA tIP ,JP4) *~~S (JPU , I) +FA (ta , JP7) * W S  ( J PT ,  I)

14 12 0  CO NT I N U E

PLT ( I ) :_ C N S T * ( P L T ( t ) + F A C I~~, 17 )* ~4 S ( t 7 . t ) , FA ( t R ,19)* ~~S C t 9 ,

‘L±. ~
_
~_I••~ •~~~~~~~~~~~~~~~~
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I I) )
I F C A M L N .~~T . P L T C I ) )  A M I N : P L T C I )
IF (PLTCI).GT.AM A X ) AM AX: PL T (I)

1~~130 CO NT INUE
GO TO 1142 0

1 0t4f4 D~ tli oo I:1,N.5F

TIME :TFST(I)
DO 102 00 J T : t , N S S
JF:JT
I~~~~BS (TL RE 1’SLU(JT)) t .0E 05)

i 32 r4 0  C O N T I N u E

GO TO to~’001 43 4 0  T I N T : 0 , 3
GO TO t-a 800

ii ~~i~ 
NM1:NSS..t
DC) t~~700 J T at ,~~IM1
JF:Jl
I F( T I M E — T S L O CJ T ) )  1 0 730 , 10700 .1 05 0 0

i~~5~ 0 XF (TIME— TSLO (JTsI)) 10600,1.2700, t070-~
1 3640 TNUM :TIME—T$LO (JT )

TQENOM :T~ LO(JT e1)~~TSLOCJT )
TIMT~ rNuJM/TOENOrIGO TO 1.0800

14730 CONTINUE
t~~8~ 0 DO 

~~~~~ J:1, NS
WHCI ):WM( I)+TRT (IPLT ,J)* (TINT*CXISCJ,JF+I) ..X15C J .JF))+
1X13(J ,JF ) )

je9oo CO NTINUE
DO 1i30’J J : j, N F
3 3= 3 +  N S
(I) :~qH Cl ) sIRI( IPLI, 33) *ET43 (J, I)

11000 CONTINUE
llloO CONTINUE

AM TN : ~E30
A M A X :...A M IN
00 11200 I a t . M S~4
I F (A M I N ,GT . W 3 ( IP L T ,I ) )  A MIN:~~~S C I PL T , t )

IFCM S (IPLT.I).~~T .AM AX ) AMAX :W SCIPLT ,I)
11200  CON TINUE

00 11300 I:t,NSF
I F C A M I N .G T. W H C ! ) )  A M I N : W M ( I )

I F ( w H ( t ) . GT .A M A X )  A M A X : 4H C 1) [

1.1.3-30 CONTINUE
O~ 11400 I 1 ,NSW
PL T (I )  sWS(IPLT . I)

1 . 14 0 0  C ONT INU E

1 1420  C AL L  I M IT T ( I BA U O )

CALL BINIT1’
CALL D L I MY CA M I N ,A M A X )

CALL NPTS (N SW )
CALL X FR M ( 4 )
CALL f FRM( a)
C A L L  C H E C K C T W , PLT )
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C~~~LL ~~S P L A Y ( T ~~4 • P L T ~~

CALL FRA M E
• 

I F C Z P L T — ~~1) ~~~~~~~~~~~~~~~~~~~~~
1 1 .~~~4 0  C A L L  L I N E C 3 4 )

CALL OLIM Y(A M tN ,AM A X )
C A LL ~P1SC~~SF)
C4LL CH~~C , ( C T F 3 T ,w H)

• C A L L  C~~~L 0 T ( T ~~~~~
T

’~~~~~~
t146~1 C A L L  A N ~10O E

A CCE PT 1 11AN5
• T Y P E  t 1 S ~~~0 -

I t 5 j~~ 
FrJ R-- IA T~~i ~IC~~E PL~~T 5 ?  ‘.S )

t t 4 ~~~ A C C~~~~I 
1 .IA NS

IF (IAN S— ’y’) 1 17~~J , t~~0~~~,1 t 7
1 17~ 30 T F ( L A N S _ ’ N ’)  1t 8C4’~,11’40c~,t1 8C~i• t 18~ft ~ T Y P E  ~, tA • N~

G~ TO 1 t ~~30

~~~~ 
T y P ~~ 12~~~~~~

12010 FO RMA Tt’ RUN ANOTH ER CA SE? ‘.S)
I 2 1~50 A CCEPT 1II~~

JS
IF (IAN5 ’.Y~~) 122 •t0~~.122~~3

12~~~C! IF(IANS... ’N’)  1.23 .12 4 0 0 , t 2 3 ~~j
123~ 0 TY Pe . 40 , IA NS

G~ TO 12120
1 24 ~ J~ ’ ~~T 0 P

END
L * * * *~~*.5UE3ROU TINE F~ PAGE 2********
SU~~~R0 UT I N E  FW ( T I ? ’ 4 E , 4 ,~~.J )OT)

D IM E N S I ON  N) , NJ~~ (~~ ) , F A ( 2 2. 2o )
CO ~ MO N / B L K 1/  F j  • N

00 200

00 t~~~Z
• 

~4OOTCI):~~00TCI)+FAU .J)*W (J)
C3N~~~Ird uj E

23c 1 CO NT INU E
RET  U ~ N

END

t a * * * * ** $ U S R OU T Z NE  FS L D  P A CE  3 * * * * * * *
SUBROUTI NE FSLO(TiME,xI, -~UflT)DIM ENSIO N X I ( N~~),~~D a T ( N 5) ,A ( 7 ,7 )
COfr’MON,~ LK2/A ,NS
00 200 Z :1. NS
W O O T ( I )  :~~,0
DC) t oo J:1.N S
WQOT(I) :~4OOTCI )+A(t, J ) ax I (J)

100 CONTINu E
2~i0 C ONT I NU E

R E T U R N
END

1* * * * * * * SU~~Rfl U1’t NE FFST PAGE 4* * * * ** **
SU B~~O U l L N E  FF~~ T ( l I M E ,  E T A . t . DO T )
D I ~ ! E N 5I ON  E T A C ’ ~F) , i D 0 T C N F ) , O C t 3 , I 3 )
CO~~~ON ,8LK3/O ,NF

— -••— -~~~~~-~~ • ~~~ --~~~~~~~~~~~~--•~~~- •---- ~~~~~--~~~~~ • - ~~~ • - - ~~~~~~~~~-~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~ •~~~~~~~~— —-• - - • - - • •
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DO 200 ~:j , Nc
MOOT CI ) :0
00 100 Jz j , NF
W o O T ( I ) : ’~ O O T t I ) s D ( I , J )* ET 4 ( J )

1:30 CO NT I N U E
C O N T I N U E

END
j * .* *~~*~~SIJ A~~r1uTINE OW PA G E  5 ** *~~ *~~ **
SU R R O U 1 t ~ 1E Ow(TLME .~~,w00T ,t HLF ,N ,PRMT )
D IMENSION W ( N ) . M P Q T C N ) . P R M T C S .w S ( 2 0 ,5 0 1) , T w ( S 0 t )

• COMM flN,fJLK~i,WS ,TW ,NSW
01) 103 I:t,N
W 5 ( L , NS. .~) :~i (I)
CO NT Ir~uJ E
T~~ CNs~.i) :TIME
IF(NSI~ ,GE ,~~~~t )  P P M T( 5 ) : t , O
N ~ ~~ 5 ~j •
RET U R r~
END
L ,* * * * *i * 5UB~~O I1 T INE OSLO P AG E  ~~* * * * * * * *
SU B ROUT. LNE O S L D ( T I M E . X t ,t

~O O T , IHLF ,N,PRM 1)
DI MENSI (JN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CUM;1ON/8 L~K 5 /Y I S , T S L O , NSS

DO 100 121, N
X I S ( I ,MS S ) ~X t  (I)

1 30 CONTIfflJE
T$LQ CN$3 )
IF cN ss .~;E .sot )  P R M T ( 5 ) =j , 0
N$S: N$51’ t
RET UP N

END
t * * * * * * * *S t ! B R O UT I NE  O F S T  P AG E  7 ********
SU B R O UT IN E O F S T ( T I M E I E T A , W O O T ,  IHLF,N, PRMT)
D I M E N S I O N  E T A ( N ) , ~ u o o T ( N ) , P R M T ( 5 ) , E T A S ( 1 3 , 5 0 t ) ,
1T F ST  (5.il)

C Q M N O N ,t 3 L ( 6 / E TA S ,  T~~ 5T , N S F
00 100 I~~t . N
ET A S  (I ,NSF ) :ETA (I)

100 CUNTI~4UE
TPST ( r1S F)  :TIPI E
IF (NSF .GE .501) PRMT (5) sj , O
N S F aN S p,
PET U P N

END

L. ~~~~~~~~~~~~~~ •~~~~~~~~~~~~~ - - •
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘/r ~ 5 M5 P  P A G E  t l* , * * *~~~~ I*

OI~~E N S t O ~ A ( 7 ,7) ~~x I C ( 7 )  ,X E~~( 7 )  • P ( 7 ) ,A s t 7 , 7 ) ,0 x T c ( 7 ) , ~~c U )
OP’E~ISIQ~ ~ t C2 .2).A 2C 2 ,S ) ,A 3 (’5,2) ,A~.f(5,5) • A 4S (5,5) ,A~~I
t ( 5 , S ) , A ~J C C 5 , 5 ) , ) X S L C ( 2 ) , D X F I C C ~~ ) , A 0 ( 2 , 2 ) , X C ? ) , P R M T ( 5 ) ,

2OEPX (7), AL ’X (~~.7),XBAP (2 ), Z8~~~(S),Z~~GL (5),X 5 C 7 , 5 3 t ), 1X C

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C O M P L E X  U ( 7 ) , Z ( L . t )  ,‘IT ,S G ,I L , US ( 2 )  .UF(~~)
R E A L  K 4 , K E . K F
C O A M O N / t 3 L K ~~ / I< A , KE , ~~F

cu-~1oN/ 8 L K9 / ~~, f,C U D ~~/~~LK I / A S A T , B S A T

C J ~~1ON /8LI<~~/ C
c 1 ~~ON,~3L I<3 /VR EF .PIN
C U r ”-~O N / e L K 4 / X S ,  TXCT ,N SXC I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CU~b ON /5L ,/Z ,LS , T~~~L , N5 Z~’~GL
CO~~1 O N/ b L K7/ Z 5 A R
CO MMO N / r ~LK I ~~~~~~~~ T X C  , M S X C

EXTE RNA L FX CT , F X R ~~~. FZ ~ J G L ,  O X C T ,~ ) X P R ,  O Z . 4 C , L ,FZ ~ j G L C

D A T A  T D O P/ 5 ,0 i ,T ~~ O~~ i3 .5i
D A T A  X D / 1  ,2/,xQ/ 1 •0/.X P/0.25/
f)A1’A TA,0.9~8/ ,TE,0~~5/ ,TF/1 .0/

~ Y~~E 200
200 FoP~~A T(’ CHAN GIN G A N Y  PA P A M E T E ~~5? ‘ • f l

3~i@ A CCEPT ~00.IAN5FORr IA T C A t )  -
L F C I A NS— ’ Y ) 500,80~~,502
IF( I~~ NS~~~~N ’ )  60~~~.~~~t 0 a , 6 2 0

6 T Y P E  7 0 0 , IA N S
740 F O R U A T C  ??‘ , A l , ’?? TYPE AGA IN ‘,S)

GO . 0 302
TYPE 9g~ -

F Q P M A T C ’  ~~HIC~-u O NE? ‘.5)
A C C E P T  l 0 0 0 , I A NS
FQR~1AT (A A )
IF ( Z A N S —  r1 ’ )  1100 ,2500.1130
IF (.LANS— ’D’) 1200 ,28~~0,l2t32
I F C IA N S — ’ T DO P’ )  13 0 0 ,3 0 0 0 , 13o2

1 .3 03 I F C I A N S — ’ T Q P P’ )  1400, 32 2 0 ,1~ 03
I F ( I A ~~S — ’X 0 ) 1530 , 3 I ~~0 , 150 0
I F C t A N5— ’X~~’) 1600,3600 ,1600
I F ( IA NS

~~’X P ’ )  17 .3800 ,1700
IF ’ IANS — ~

’)(A’) t8 .4~~a0 ,ta~~o
1800 IF(IAN S— .- ’KE~~) t9o0,4200 ,19~~0I P C I A N S — ’ KF’ )  2 e , le0 ,20o~

I F C IA N 3 ~~~’ T A ’ )  2 t .~~~630 , 2 10 0

IFCIA N S— ’TE’) 2200.~~802 ,2200
22~”~ ! F ( I A N S_ ’T F ’ ) 22 3 2 . 5 2 0 0 ,223 0
2233 IF (I ANS ‘ASAT ’) 22~ 0 • ~~200 , 2 26 3

I F ( IA N S ~~~
’
~~~S A T ~~~) 2 3 o 0 , S- ~~30 , 2304

T~~~~E 2’130 , T A N S
FQR~~A T C ’  ~- 1EY DUM MY ‘,A~~,’ IS NOT ONE OF T~~E C ’-4OICES’/’ TRY

- ———— — -— -. — • — -•• -~~~ • •— -•• ~~~~~~~~~~ • .— -
~ 
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1A G A I N ’ )
GO TO 800

2 S OO T y PE 2600 .N

• 2800 FQRMA T (’ OLD ~4; ‘.012.5/’ NEw 4: ‘ . 3)
• A C C E P T  270~~~,~~

4

• ?700 F O Q M A T C G )
0(3 T O 563 0

23 o o  T Y P E  2q40,l)
2900 FORMAT (’ OLD 0= ‘.012.5/ ’ NEW 0= ‘,5~

ACCE PT 2700,0
GO TO 563 0

300o TYPE 31r4-0,i’QOP - -3100 FOR M A I C ’  OLD TDOP ,G12.5/’ NEW TuDOR : ‘.5)
ACCEPT 2720 ,TDOP
GO TO 5~~~03203 T y Pe 33o 0,TQOP

3303 FQ R M A T C ’  OLD TOOP: ‘.012.5/’ NEW T~~OP: ‘.5)
A CCEPT 270~~,TQOP• GO 10 56-00

3403 Ty PE 35o0,XO -
3So~ FOR M A T C ’  OLD XD : ‘.012.5/’ NEW XD : ‘ ,5~

)
ACc~ Pr 2700,XL)
GO TO 5600

3603 Ty PE ~~~~~~~~~ .
37 0 -4  F G P M A T ( ’  OLO X 0 ‘, G t 2 ,5/’ NE W XQ : ‘,3)

ACCEPT 2700.X O
GO TO 5600

380~j Ty PE 3q~ 0 ,xp 
- -

390~ FCJ P M A T C’ OLD XP ‘.012.5/’ NEW X P ‘.3)
ACCEPT 2700,X P
GO TO 56°0
Ty PE 4t00 ,KA 

-

4 1 0 0  F U R M A T ( ’  OLD (A: ‘ . 012 . 5/ ’  NEW < A : ‘ , S )
A CCE PT 2700 ,K A
GO TO 5~ 00
T Y P E  4340 ,KE 

-

4303 FQRMAT(’ OLD KE: ‘.012.5/’ NE W KE ~3)ACCEPT 2730,KE
GO TO 56~~0TY PE ~ 5~~0 ,KF

4503 FO RMA TC’ OLD (F: ,0t2.5/’ NEW KF= .5)
A CCE PT 2700 ,KF
GO TO 5600

a6o~ 
TYP E 47 00 ,TA 

- -

4704 FORMAT C ’ OLO TA : ‘.012.5/’ NEW TA: ‘.3)
ACCE PT 2730 ,TA
GO TO 5620

480~ TY PE 49o3 ,TE
4900 FO RM A TC ’ OLD TE: ‘.012.5/’ NEW TE a ‘,3)

A C C E P T  2700 , TE
GO TO 5600
Ty PE 51~~0,TF

51 00 FOQMA T (’ OLD IF: ‘.01.2.5/’ NE W TFs ‘.3)
A CCE PT 270~~,T P

—~~ -•  -‘ 

• • • -• ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~ - •
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~~ TO S b O 3
T y~~ 53j0 ,&5aT• 53~1j  FU Q ’- ’A TC’ OLD A SA T : ‘,G12 .5/’ NE .’~ A SA T ‘.5)

• ACC E PT 270~~,A S 4T
• GO T O  ~~~~~~

Ty Pt 5c )~’I ,~~3A T
55 2d FO~~ ’ - 1 A T ( ’  OL D ~j S A T:  ,G 12 . 5/ ’  ‘~F~J ~SAT: ‘,S)

A C C E P T  27~~
c
~,~~~A TTY PE 572 0

FO PMA T (• C~~A N G tN r, A NY M ORE? ‘,S)
A C C E P T  ~ 0 0 . IA N S
r F C I A~~s — ’Y ’ )  5~~~~,~~~3s 594~

55 IF (IA ’JS ~~’~.’) b~~00 , ~ 1 0 , 6 0~~0
6J2J TYPE 70J,IA N S

~~~
• f ’ t 3 -~ 

T Y P E  62~~ 0

620-4 F Q R - 9A 1 ( ’  *i*FNTEP LOA D ING TN FOPMA TTONt ** ’I ’ VT : ‘.3)
ACCEPT 63~~0,VT
FQR f IAT C 20)

T Y P E  64 3 0
FO PMAT (’ SO: ‘, - ~ )
A C C E P T  ô 3~~ 0 , SG
IL:CtDNJG (50/VT)
P IL :RE AL C IL)
A I I L: A I M A G  C IL)
PVI:PE4L CVT)
A I V T :AI MA G (VT)
A N U M = X Q * A I I L~~R V I
DE N O M : X Q * P I L + A I V T
TM A TA N 2 t A N U M , D ENO’4 )
AL PHA = A TA N 2 (A IV T • P VI)
BETA :A 1 2(4TtL,RIL )
VNAG :CA8$ (VT)
A L L M A G CA e S (IL)
AN G:ALPH A— TH
V Q = V ~ A 0 * CO S (A NO)
v ~ = ~~~ AG * SI N (A  NO)
A N G : B E TA ~~TM
AID : ALL  ~ A~ * CO S C A N Gi
A I Q :A I L M A G * S I N C A N G )
X L c ( t )  :V O + X P *A I O
X XC (5) ‘XTC (1)4 (Xfl XP) *A ID
XIC (2 ):KF*XIC (5)/IF
XIC (3) :1W
XXC (a)a1,0
xZC (6)~~(~<E.$E(’~IC (5))) *XIC(5)
X IC (7) : V 0 — X p * A
vRE FSX ICC6 )/XA.s .vMAG
P I ’ 4 : P E A L( S 5 )
TYPE 6500

6503 FQRMA T (’ GIVE FINA L A DM ITTAN CE’,’ V a : ‘.3)
ACCE PT a720 ,~~2
TYPE 66-20
F Q P ’ I A T C ’  V 2 :  ‘,s)

—
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A C CEP T 272 0,V2
TYPE 670~

672o F O R M A I C ’  IS T HERE A C H A N G E  IN V R E P ?  ‘ . 5)

• 6804 ACCEPT 4~ 0.IANS
IF (I AN S— ’.Y’.) 6q,~,0,7~~0g,~~q30

• 69Ø~ t F (IA N S_ ’N ’ )  7oo o, 73go ,7o~ o
1203 T Y P E  7 0 0 . IA NS

• GO 10 6800
7100  T Y P E  720 0
7203 FOPMAT C’ NEW VREF : ‘.5)

AC CEPT 2730.VPEF
7303 DO 7420 1=1 , 6

• X E~~~(I) : X I C C I )

• 7400 CONTINUE
C(I.) 14 3/IDO P
C(2):1 ,3+C X O—X P ) *Y2
C (3) :  (~~0—X P) *Y?*V2• C ( 4 ) zj . 0 / T F
C(s) :KF*C (4)
C(6) :0~~5/H
C ( 7 ) : Y 2 * V 2
C(8) :i .2/TE
C(9) 1 .0/TA
C (i0) (t, 2—XQ * V2 )*C1 .3—XP *Y2 )
C (I 1): C l  .2 — X P * V 2 )  *C (7) *XP
C (12) ~~P*xP*C (7) iC (7)
c (1- 3 )  :1 .0/TOOP
C (14)= (xD— ’~P) *C(7)
C (tS ) :j 0+ Cx’~—XP) *y2
C (16)=C (14)/C (15)
C (17)  :Ø ,5* C ( t b )
C (18) =KE+()(A :KF/TF)
TY PE 7412

741w FOPMA T~~ DO LINEA R ANALYSIS? ‘.3)
7420 ACCE PT 4~~2 ,IAN S

!F (ZANS ’’Y ’) 7430,7454,7430
743o IF( IA N S— ’N’) 7440,t i.i450,74 44
74 4 0  T Y P E  7 0 0 , IA N S

GO TO 7420
7454 00 8200 ITER :t . 50

ICONV aI
DO 7600 1:1,7
00 7500 1:1,7
A (I ,J) :0.0
AS (I,J) :0,0

7500 CO NTINUE
7bOuô CONTI NUE 

-V T 3 A R : . S~ R T ( C ( t o ) * ( x E D ( t ) a x E a C 1 ) . x E Q ( 7 ) * x E Q ( 7 ) ) + 2 . o * C  (11)
1* C x EQ Ci) * C OS C XED (3 — XEQ (1.) *S !N (XEQ (3) )  .C

P(2) ‘C c ” ?  * ( X E Q  (2) —C (5) *x EQ (5) )

P(4):CC6)*C~~PzN,xEr~(4).C (7)aCxE Q(t)*cOs(xEQ (3)).XED(7)*
IS IN (XEQ C 3 ) ) ) +O* C XEQ (4 ) — 1 ,2) )
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P (6 )  =C ( 5 )  i ( K  A ( fE ) (2) +C (5) *(~~Q (5) 4VT~~A ?~~VREF ) +~ E~ C~~)
PC 7):C (l3)*( C (ta )*CO S (xE c t3))+C (15)*~~E0C7))
A (  I , 1 . )  :— C  ( I )  ‘C (2 )
A (i ,3):..C(I)*C(3) ~COS (XEO(3))

• A (1, 5):C (1)
A ( 2 , 2 )  : — C ( ~~~)
A ( 2 ,5 ) : C ( ~~) t C C S )
A (3 , 4 )  :377 .3

A (4 ,3) =C (6) :C (7) * ( X E ~~ ( 1 )  ‘S I N ( X E Q  ( 3 ) )  — X E  ( 7 )  ~CQS (XEO (3)))

A(4 ,7):_C(~,)*C (7)*StNCXEO (3))

A ( c ~~,6)  :C ( 8)
A (b ,1):_ (C (9)*KA/VT~~AW) * (C (10)*XEQ(1)_C(tj )*SIN (XEO (3)))
A (6 ,2) :C (9) *KA

1 ( 1 ) ~~~C D 5 ( X E ~~~( 3 ) f l )
A (6 ,5) = — C  (9 )  * X A * C  (5 )
A ( 6 ,6)  :~~C(9)
A(b, 7) (C(g),~~A/VTF3AR )* (C(1.3) *xEQ(7)+C (jt )*CCS (XEQ (3 )))
A(7 ,3)=—C (13 )*C (t4 )*StN (XE~~(3))
A (7 ,7):—C (13 )*C (15)
D O 7~~oo 1:1,1

DO 770 2  J t , 7
A 5 (1,3) :A (I ,J )
CO NTINUE

78 03 CON T IN U E
CALL LECTtF (A ,t ,7,7.P,0,~1K ,IER)
00 8 1 . 3 2  1:1,7
tF (A8S(P (I))—~~.00~i 1)  8200 ,8-~300,7~~Ø0

79 24  IC O NV : 0

X EO ( I ) : X E Q ( I ) + P ( I )
810 : 3  C O NT I NU E

IF(ICONV ) ~204.6200 ,8403
820o CONTINUE

TY PE 53~~0
FOPMAT (• E0 POINT C0NVE~~GENCE FAILURE’)
STOP
PRI NT 8500

8500 FOPMA T (’ .**OLD EOUILIPRIU M *** ’)
DO 87~~ 1= 1 ,7
PRINT e~ 3~~.t.x tC (t)

8~~00 FOPMATC ’2’ ,2X , ‘XE QC ,Il , ‘): ‘.012 .5)
870~ 

CONTINIJ E
P RI NT  8 80 0

8820 FO R M A T C ’  **NEW EQUILIRRIuM *,~~~)
DC 8900 1= 1, 7
PRINT 8603.I.XEQCI )

8900 CONTINUE
PHI N’r 9300
F(jRMAT(~ a*iSYSTEM A M A T R IX ~~~*’)
00 9533 1:1 ,7

-

~ 
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PRINT 9420,(A5(I ,J ),J:t ,7)
9401) FQRMAT (’ ‘,7C2X ,012 .5)1

CO NTINUE
DO 9603 1:1,7
oxic CI ) XIC (t )~~XEQ(I)

960~ CONTI NUE
PR I NT  Q 7 0~~

• 97 G~4 F Q PM A T (  ,*,LINEAR IN ITIAL CONDITLONS*** ’)
00 9900 1=1 ,7
P RINT  g500.I,O XIC(t )
FaRMAT(’ 0 .2~~. ‘O XIC (’, 11, ’): ‘.Gt2.5)

• 9900 CONTINUE
00 9962 1:1,7
fl(3 9930 3:1,7
* (1,J):aSCT ,J)
CON T INu E

9964  CO NT I N U E

CALL E IGPFCA S ,7,7,2,U ,Z ,  t ,WK . IER )
PRINT 10000

ieo~ o FORNAT (’ ***SYSTEM EIGENVALUES .*a ’)
Do 1 . 2 2 0 0
P’~T:~T 1o130 ,UCT)

14130 F O R M A T C ’  ‘.2x, r , t2 .5 .’ +3 ‘.012.5)
13232 CONTINUE

DO 10404 1:1.2
DO 10320 3 :1,2
A 1C I ,J ):A (I,J)

• 133o0 CO NT INUE
10400 CONTINUE

00 10630 I’t.a
10500 3:1.5

33:3+2
*2 ( I ,  3) :A (I , 3 3)

10500 CON T IN IJ E
14640 CO NTINUE

DO 10804 1:1,5
00 10700 3 1 .2
IIzI+2
A 3 (I,J)aA(II,J)

10730 CONTINUE

128?0 CON TI NUE
DO 11300 1:1.5
DO 10900 3:1,5
11: 1+2
JJ :J.p2
A 4 ( I ,J )  :A (II,JJ)
Aq$ (I ,J) ‘A 4(I,J)

109o0 CONTINUE
11000 CON TINUE

00 11400 1:1.5
DO 11300 3:1,5
I FC I J ) 11~2a0 ,t 1teo ,Ii2og

1.1100 A g !  (1,1) 11.0
GO TO tt30~

L. •~~~~~~
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t t 2 ~i0 A L 1T(I ,J):~~.~1
113~~0 CONTI NUE
j 1~~~30 C O NT I N U E

C ALL LEQTIFC&4 ,5,5,5, A aj ,~~,~4K , !E~~)
00 1 1 83 0  1: 1,2

Dc) 11700 3:1.2
SUM 1:2.0
00 11b ’~0 K:1.5

DO 11524 L t,5
SUM2 :SLJM2+&2 CI, L) *A4 I C L ,  i()

• 115J 0 C O NT I N UE
SUM 1 : S U Ht + S U M 2 * A 3 C i ~~, J)

116 CONTINUE

11732 cONTINUE
I1~~A 0 CON TINUE

00 122o~i 1:1,5
00 121 00 .J 1.5

00 t2~~’~ K:j,2
SuM2:o ,0
r)U 1t9o~i _ =j,5
SLJ Md :5uJ~~?+A 4I(T ,L)*A 3 (L ,~()

110 03 CQ~:TINUE
SOW 1 5U M1+SUM 2*A 2 (X ,1)

l2Ooo CONTINUE
A gC (1,3) :445(1 ~ J) +SUP~1

t2loO CONTINUE

122cJQ’ C ONT INUE
DO 123014 1:1.2
DxSIC C I) ‘O X IC (I)

123~ o CONTINU E
DO 12600 1:1,5
I 1:1.2
SU M 

~ 0 • 3

~ Q 125o~ ~c :t,2
SUM2=0.0
Do 12400 L 1,5
SUM2 :SUM2+A4!(I,L)*A3 (L ,~<)

12402 CONTINUE
SUM 1 :SUM IsSUM2*DXIC (I()

12540 C ONT I N UE
Dk~~LC (I) zOXIC (II) sSUM1

12600 CONTINUE
• PRINT 12702

12700 FORMA T(’ *-,iSLO W SUBSYSTEM MA TPIX * .* ’)
00 12503  1:1,2
PRINT 9400,(A0(I,J),J:1 ,2)

t28~~2 CONTINUE
CALL E!GRF (A0,2,2 , 0,U5,Z, 1,~4K , IER)
PRINT 12 900

t2~~40 FQRf IA T ( o *u*SLOW SUBSYSTEM ETGENVA LUES *a* ’)
00 13020 I’t,2

- •



I 
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PRIN I 10100 ,IJ SCX )
13 030 c ON T IN U E

r PRINT t3t0~
13140 FO PMAT~~ .*,SLO W IN IT IA L CONDITIONS*** )

Do 133~’0 1 : 1 .2
PRt~4T j3?2~’,t ,D~~5iC(I) -

t 32~j 0 F U R MA T ( ’~~’.2Y ,’ 0 X $ t C C s I t ,’) ‘.012 .5)
13340  CONTINUE

PR Ir~T t~~~~~’
t3 4-~0 FO RMA IC ’ ***UNCORRFCTEI) FAST SUBSYSTEM PIAT PIX *** ’)

00 1350~ 1:1,5
PRINT 9424,(44S(I,J),J 1,5 )

135i0 CONT INUE
C A L L  EIGRFC44S,5,S,0,UF ,Z, I ,w ’~~ . I ER)
PRINT 13620

1364? FOPMAT ~~ ~a~~UNCOPr~!CTE-D FAST EIGENVA LIJES*** ’)
DO 13706 1:1,5
PRINT t31~~~ ,UFCZ)137 o 0 CO NT I NUE
PRI NT 1 .380 0

138 o 2 FQRMA T~~’ ***CORRECTEO FAST SUBSYSTE M MATP IX *** ’)
00 13900 1:1,5
PRINT qa20,(A4C (!,J),J=j,5)

139~~ CO NT INUE
CALL EIG Q FCA 4C-,5,5,r0.UF,Z,1 ,W~1(, IER )
PR~~’~T 1.4000

14240 FO PMAI~~’ ~**C QPRECTED FAST EIGENVALUES *** ’)
Do t 4i~~O 1:1,5
PRINT tO lO O ,UFCI )

141.30 CONTINUE
PRI NT 1~~223

142~32 FOPMA T ( 1 ***FAST IN ITIA L CONOIIIONS*** ’)
00 14400 1:1,5
PRINT I43Z0,I ,0XFICCI)~ - -

• 14 300  F O R r I A T C ’ 3 ’ ,2 Y , ’ L)X F ! C ( ’ , I 1 , ’ ):  ‘ , 0 12 .5)
1 44 ~~ 0 C ON TI N U E
14450 TYPE 

~~~~~~~~ - - -
t’~s-4o FOR MAT(’ ***PREPA R I NG FQR SIMULATION**a ’/’ FAST STEP

1 SIZ E:  ‘ , S)
ACCEPT 2700,MF*51
TYPE 1.4510

14510 FOR?IAT (’ SLOW STEP SIZE: ‘ .3)
ACCEPT 27~~0,HSLOW
TYPE 14520

• 
1 .4 5 20  F O R ; IA T C ’  T MA ~~ z ó ,5)

A CCE PT 2730 , T M A X
PRMTC4) :0.001

• TyPE L~~
530 -

14 530 F O R M A T ( ’  IS THIS A FA ULT? ‘ .3 )
1a5~ o ACCE PT 400I~IAN S

!FCIANS ’,Y~~
) 1~~550,i 4570.1.~~554

14550 I~~( IA NS~~’N’) 14 560, 14 75 0 , 14560
145

~~
0 TYPE 700.IAMS

GO ~~ 
14540

• ~~—--- 
~~~~~~~~~~~~

• ~~~~~~~~~~~~~~~~~~~~ • -S~~~ ••-~~~~~~~~~ ~~~~~~~~~~~~
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1~.L5 7 - ? 7 y P ~. 145a0
1 4 5-~~ 

FU~~NA T C ’  ~**r’ u-, GC0 flY~~ F4ULTa** ’/’ G t dE  V 2  D(J RING
IF A ULT ‘.3)
A CC E PT 27~~2,Y2F
T Y P E  

~~~~~~~14592 F QR ~-4AT (’ GIVE FAULT DURAT ION ‘.5)
ACC EPT 272~~,TCLR
CT MP C L )  :C(2)
C T N4 P ( 2 ) :C(3)
C T ~~P C 3 ) : C ( 7 )
C T M P ( 4 )  = C ( 1.0)
CT MP (5) C(11)
CIMP (b ):C(12)

-

• 
C T M P ( 7 ) : C ( 1 4)
CT MP (8):C(t5)
00 1 4633 1:1,7
‘ X C I )  : xIC( 1)

• 146~j 2 C(JNT INUE
C (2 )  1 .3~ 

( X O — X P )  *Y 2 F
C(3):0•0
C ( 7)
C(10):(1.0~~xP,Y2F)*C1 .

0_ XP*Y2F)
C l j  ~):~~~0
C ( 12) :0,3

C ( t 5) :1 ,0+ C X D ~~’ X P ) * Y 2F

PRM T (2) :TCLR
P R MT ( 3 ) : kPA .ST

00 14650 I 1, 7
DE ~~X (I) :E~

146 50  C O NT I N U E
M S X C T I
CALL R K G S ( P R M T ,X ,OEP~~,7 , IP-u LF, F X C T ,OX C T , 4 U X )
C (2) :CTMPCI)
C ( 3 ) : C T M P ( 2 )
C ( i )  :CTMP (3)
C(10):C7MP(4)
C (11):CTMP(5)
CC12):CT M PC6)
C (14):CTMP(7)
CC IS ) :CTMPCB )
DQ 1~~ 700 1:1,7
X IC (I) iX CI )
TYPE * ,x ( I)

I47~~0 CO NTINUE
PAUSE ‘IC’
Go TO 14850

j~~750 00 14800 1:1,7
X ( I) :*!CCI)

148~~ i CO NT INUE
I~~~~53 PR N IT ( 1 ) :0 ,0

P R M T C 2 )  ,Tr-~A X
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PF e~~T ( 3 )  :MFA5T
p

DO 14900 I’t,7
oERX CI ):E~I-4~~~2 CONTINUE
Nu 5 x CT 1.
CALL R IGS (PMM T ,X ,OFR ’X,7, t MLF,FXCT ,~)XCT, AUX )
NS X C T N 5 X C T — t
PMI’T (1) ? 0
P~~MT (2):TMAx
PRMT (3 )  :‘—4 SL D W
D~ 1500o 1:1,2
r)ER X CI ) :0,5
XBAR (I) :XIC (T)

15040 CO NT INUE
00 15450 1 1 ,5
11:1 +2
Z~~

4R (I) :XIC(TI)
15052 CONTINUE

NS XbR :j
CALL RX G SC PRM T ,X RA P ,DE RX ,2 , IMLF,FX BR.OXBR ,A U X )
NI 5 ~ b P : N $ X S R— I
00 15120 1:1.2
XB AR (1) :‘X IC  (I)

15132 CO NTINUE
0~ 15150 1:1.5
11:142
Z~~4RCfl 

:XIC (II)
15 150 CONTINUE

CALL 5OLVFA (X~~A R ,ZSAP)
PR MI Cl) :0,0
PR MT (2 )  : T MA X
PR MTC3 ) :HFA5T
D~ 15200 1:1,5
1111 +2

Z~.GL (1) :XIC (II)—ZSAR-(I)
I52~~0 CCJNTINUE

N5Z~ G L 1
CALL R)

~G5(PR MT,ZWGL .DEQx,5,I MLF ,FZ w G L , OZW0L ,AUX )
NSZ~4 GL : NSZWG L~~1T Y~~ 153~~0

15300 F O P M A T C ’  * * * PR EPA RING FOP P LO T S * * * ’/ ’  GIV E BAUD R A T E  ‘.

Is)
A CCE PT 1540 0 , I RA UO

15442 FORMA TC I )
TyPE 1541.0

15410 FORMAT ( PLOT ZEPQ ORDER A P P R O X ?  ‘.3)
1.542 0 ACCE PT a~ 0. IA NS

TF (IA NS ’Y’) 15430,15450, j5~ 3o
j5433 IF (IANS— ’ N’ ) 15440.15460,15440
154g0 TYPE 700 .IANS

GO T0 15~~20
154 5? CALL S N G P LT CX S , T Y C T ,NSX C T ,Y B A R S ,Z BA R S ,T B A p , N 3 x 3 R , Z W G L S ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t~~~~~-’ T Y P L  155~~~• t 55~~•~ FU~~ 1A T( ’ 00 CO~~R E CT I 0 N- ~? ‘.5)
15~~.~C’ A C C E P T  4~~0, I8~-i~• I~~(IAN S— ’Y ’) t 5 7~~~, t5~~~-2, t5 7-~’~)
15 7-,~0 IF (IA NS_ ’N ’) ~~~~~~~~~~~~~~~~~~~
~~~~~ TyPe 7~~j,I~~~S

G U TO j5~~4c’

~~~~~~ E F O I N T ( 1 )  :~i1,~no ~6~~24 I:2,NSZWGL
t~ 1 1: !—  1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t I )+Z

~~r L S(3 , I~-i 1))
j o A ~~~ CQN T II4 UE

EFU 5UM: DtN ’r(~~SZ~0’L)
• O E L L N 1 ( 1) O .~’N 5 x c~ ~ = ~4 $ X ~ ~

DO 1 .7b I:2. N SZ ~JGL
IM1~~t_ 1
0 0 17500 3:1,2
ii ’: 1—3+ 1
T I ME = T W CL C J T )
no 16200 J ’X : t ,~ I5XBP
JF IN O= JX
tF (A ~~S (T t M E ~~T c i A P C J X ) )~~t ,0E—35) 16334,16300,16203

I O 2~~~ CUN1IN~UE
Cu TO ia~~~j b3 .j O I~~( J _ 1 )  1 6 o , 1 b a 4 o , 165~io

1b4~~~ Z L ~~~~~~~Z 8 4 R S (1 ,JFIND )
CU TO 17542

165~i0 ~~~~~~~~~~~~~~~~~~~~~~~
GO TO t750~

16640 00 16900 JX 1, NSX~~~ t
JFI ND:JX
I F C T I M E — T B A R C J ’ X ) )  Ib9~~o , 169~~0, 1670 0

t~~7~j0 IF (TIME ~~T8AI~(J’I+t)) 188o2 ,16~~oo ,t6900
1~~~~$0 TNU h:T INE~~T B A R C J X )

T QE NO~1: TB 4P (JX-+ j )  —TB AR (JX)
TINT: T ~ U ~ 

ITO EN 0 M
GO TO 17200

tb 940 CONTINUE
DI F F : TI M E— i ’ ~ A ~ C 3 F I ~ 0)
TYPE t7022,TIN1E, T~~AR (JFINO ),0IFF

170 FORN IAT( ’ ‘,3r2 ’X ,Et5 ,~~) )
P*USE ‘CORECT’
TYPE 17100

illoO FOR MA T(’ I”~TEF OLA TION FA ILUR E DURING CORRE CT ION ’)
STOP

172a0 ZINT :T INT *C Z 9A R SC I,JF IN O 4I )_ ZBA R S(1, JFI ND)) ,ZBARSCI ,J F I N
10)
I F ( J — t )  17340,1730 0,17400

173o~ Z 1~~~~;ZINT
GO TO 17 5 2 ~

1
I 7 4 ~~2 Z 1 AR~~t : l I N 1
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17540 CUNTINUE
~ FK :5IN(ZIBPi ()*C_ 1. 0+COS(Z4GL5(t, I )))+CflS (Zt~3øK)*SIN (Z.4G

ILS(1 , I) )
• FK1 :S1N (Z1BPI~t)* (~~t .2+COS(Z~~GLSC1, IMI) ))#COSCZtBR~(t)*SI

I N C Z W G L S C I , I M I ) )

• OELI NT ( 1) : DE L I NT ( I M 1) +2 .5 * ( T W G L ( I )_ T ~~G L ( I M I ) ) * C F ~<+F~(1)
176J0 CUNT Ir~UE

DELSU M:O ELINT ( N$Z ~~~ L)
CNST1:C (t)*C (3)
CNST2:C (4) *~~ (5)
A K I :_ C P IST  j * D E LS UM+C  (1)  * E FQ St J M

‘XBA R Cl ) :‘X ICC 1) +4K 1
4K2 :CNST2aEFOSIJM
X BA R (2) :XIC (~~

) 4AK2
TyPe *,XR A R ( 1 )  ,XB4P (2)
i’YPE l77Q~0

177a 0 FQR~t AT (. PRINT COR PECT ION PESuLTS’~ ‘,S)1.774 3 A C C E PT ‘&30 . IAN S
IF (IANS— ’Y’) 17706,17712,1770b

17’46 IF (XAN .5 — ’N’) 177o9 .177 9o,177-o9
1.7749 TYPE 700,IANS

GO TO 17703
17712 PRINT 17720 ,EFDSUM .O~~LSU

M
17720 F O R M A T C ’  ‘,Gt S. S ,SX ,GIS .M )

• 00 17760 I:1.NSZWGL
PRINT 17740,TMr,LcI ),ZWGL SC I ,r),Z WGLS (3,I),EFOI NT (t ),
IOELXN T (I) 

-

17740 FURNAT (’ ‘,G15. 8,4(5’X,G 15 ,8))
17760 CO NTINUE

00 17780 I:1.N S X P R
PRINT 17740,TB AR (I),ZB ARS (I ,t)

17780 CONTINUE 
-

17790 PAUSE ‘COPIC’
DU 17820 I:1,NSZ WGL
X~iGLS (1. , I) :—A)ç t~~CNST1*0ELI NT CI ) -PC (1) *EFOINI( I)
XMGLS (2,1) :...AK2+CNST2*EFDINT CI)

17800 CONTINUE
00 1 .799)4  1:1,5
Z8A RCI )= ZBA RSCT ,1)

17900 CONTINUE
PRMT ( 1)3 2 ,9)

PRMT (2) :TMAX
PRMT (3) :HSLOW
0~ 181400 1:1,2
DE~~X C I )  :0,5

l8Oo Q’ CONTINUE
NSX6 R: 1 .
CALL RKGS( PRMT , X B A R ,OERX,2,IJ’4LF ,F X R R , O X B R ,AUX)
NSXBR :N SX BP_ t
N SX BM IzNSXBP—1
DO 19100 I:t.NSZWGL
11 ME = Ti.’ GL C I)
00 18120 JT:t ,N$X8R
JFIND :JT 

-• — -——-—.- — - - —•--•--——•~~~ -~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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1~~( S(TI -T~ A~~(JT))- !,~~E-O 5)
t~~1j 1 C~~.r t r~liE

CU T O 
~~~~~~

1ô2—Y~ 
OQ 1~~303 J 1.2
XCCJ ,I):Y .L~~(J ,1 )+~~~~~S (J ,JFtNO )

1ó3~~ C O ’ T I ~~LIE
Cu tfl t~~1a~

L~~4~r~ 00 L~~7 - ~
-
~ JT ,N3’~c~’-~- t

• JF I: .O:JT
I FC T I- ~E— Ta~~~(JT)) ~~~~~~~~~~~~~~~~~~~

1~~~-y~ 
r F c r r~~E.r~~A~~(JT - Pt)1 t~~~~1~1 , I a 7 , t 8 7

t~~6~~0 T NUM:TP1 E~~T~~~~ (JT)
i’I~E.NO H :  I A ~ CJ T + 1) — T ~ ~ (3 1’ )
I £ ~ 

: T NU M / TOE ~i0 M
C O TO 1~~900

7ô7 ,y~J c O NT I Nu E
01FF: f I ~iE~~Tc3 A~~(JFtNU ~
T Y P E  j 7~~~0,TTME ,T~~A ,Rr J FtN O ), r)I FF
PA1J~3E ‘X C ’
TYPE 188-~~J

Ia~~ FU~~~ A T (  Z NT F R PQ L~~~~1CN F A I L u R E  ~T ‘ X C ’ )
ST O P

~~~~~ 00 t9~~~ J:t ,2
x T INT .  (~~3A ~~s (3 , JF I N D+ t )  — X R A R S  (-3 , JF ) . ‘X B A~~S ( 3 , 3
i F t ~~C )  -

XC (3 , I) ~X~~GLS C~~I , T )
1 92-J O CO~1 TI r~1iE

• t~~ 1j 0  C o NT I - J U E
NSXC :NSZW GL

t c -~~’.~ I:1,NS Z W G L
• TXC (t ):T~~(jL(1)

19244 CON TINU E
Pw~”T Cl ) :0,0
PRM TC 2) :TM A X

~R~~T (3) :~~FA ST
0~ L~~3~~ 1:1,5
DERX (1) :7 ,2
Z~~GL CI ):XIC (I.2)~~ZPA RS (I,1)

193 C O NT I N U E
NSZ.~GL t
CALL PKGS (PRMT ,Z W G L , DE~~~,5, IMLF ,FZ~~GLC ,OZ~~CL, AU X )
NSZ~iGL :NS ZWGL—1
C AL L  S N G P L T ( X S , T X C T ~~~~S X CT ,X C , Z ~~A R S ,  1’~~A R ,N S X C , Z ~~G L S , T W G L ,
jNSZW( L ,I8ALJ D ,7,2,5,~45 X8P ,TXC )
T Y P E  1~~ 3 10

19310 F O P t I A T C ’  P~A N T AC ’ 1) IT ION~~L IT E R A T I O N S ?  ‘.5)
19320 A CCEPT 4 0 0 , I A N S

IF(I A N S — ’y ’ ) 1~~33~~, 1~~’~~
’4. 1933-a

19330 I FCL A N S— ’N’) 193a4 .19~4~’0,193~~0
19 34 o  T y P e  7 0 0 , IA N S

G O TO 1932~~
1 4 ~J I~ T Y PE t 9 5~~4
t 9 5~~~ 

FGR~1A T ( ’  RUN A N~~1HER C A S E ?  ‘,S)
19’~~~ ACCE PT 4 ,IAN S

- -~~~~~ ——— S——— 
- • _•_ _________________________________________ - - --- ~~~~ - * -
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IF C L A N S — ’ V ’)  197 ~’4 , 1~’4 ,  197~~4197 ~~1 I F ( I A ~’.S_ ’~ !’)  19~~0 - ) ,199~’ 0 . 1RS i i~
t 9~~-Yi i ’ Y P E  7~~~ . IA ’~5

GO TO 196~~’~
1~~ 9-J -? 5 T O F ~

Ei~i)
*aa zax *~~PL flC’( DA i’A  P A G E  ? * * * a a * a * :

RL U1C~ P A T A

P tA L  ~~~~~~~
CLMH0N, -~Ltc I~~ A 3~% ~ • BSA I
CQ~~~0 / t ~LK~~/~~. ,KE , X F
Cu~~~(JN ,~~L~~~,H ,n
DA TA A SA i’/’~,~~~t 123,,BSAT/ 0.3~~M~~/
0~~1’ A H,5,3/ ,I’~/2 ,0/
rH~~T A  K~~, E,— 0 ,7’4 4 S/ ,K F / 4 .16/

L * a * * . * a * , ~~J H C T I N - 1  5E ~ A C E  3*ai~*a****
F0NCT I QN SF
CU~~~0 N/ô L~ 1/~~S A T ,6 S A T
5~~:A 5ATaEX P (~~5A T *A R G )
Pt T UP

~J
E~~0

~~ * a * x a * . 4 S U r~i~f lUT INE FXCT PME 4 * * * * ’~~ *~~ *
Su 0UTI~~E FXCT(TI’-~E, x ,DERX )
r1’-1 ENsIo~

i ~ (7) - , 0 F P ’ X C 7 ) , C ( t 8 )
P~~tL lc A .~~E . K F
C MC1N/~)L<?/~

• P IN

CU ,ON/ ~~L~~~~/ H ,D
C X 3 C 1 J S ( ’ X ( 3 ) )
Sx 3=SiN(X (3))
V LT : S (~R T ( C ( 1 2 )  * (‘X(1)*X Ct )+X C 7) *X C 7) ) ~2. 4 * C C t 1 ) * ( X ( 7 )  * C ’ X 3
j— ’X (j) *SX3)+C(1 2 ) )
DERX (1):C (1)* (—C (2)*X(1 )-CC3)~~SX3+X(5)1
n~~~X (2) :C ( 4 )  * (—x C2 )+CC5 ) a x  (5)
D~~~X (3) :377 ,1* (X (4)~~1 ,0)

~ E ~ X C ~~) = C (6 )  * (P1 ~ / X C ‘~) — C C 7) * C X C 11 * Cx 3 + X  (7)  * ~ x 3) — 0 * Cx C ~) —
11 ,~

))
~LRX (5 )  :C (8) * C — (~~E+SE ( X  ( 5 ) ) )  aX C S )  +‘X ( 6 ) )
r~~P4 (

~~
) :( ( g )  a (kA * CX (2) —C C S )  aX (5) —vLT-P -/QE~~) —X (6))

PE R X ( 7 ) : C ( 1 3 ) * ( C ( 1 4 ) * C X 3 — C ( 1 5 ) * X ( 7 ) )

~ E TO R
END
1,.***** *aSUPROUTI~1E FX SP PA 1~E 5 a * * * * ** * a
5U~~R0UTI.JE FX B P (i ’IM E ,X BA R ,DEPX )
DI”~~~5t Q N  X 8 A p~(2 ) , O E P X ( 2 ) ,C ( 1 B ) , Z B A R ( 5 )
CO I~ :iO N/ ~ L K 2 /C
C O MM -~ N / B L K 7/ Z B A P
CALL S O L V F A C X b A P ,ZPA R )
f l E P X ( 1 ) 2 C ( 1 ) * ( C ( 2 ) * X 8 A R C I ) ~

. C ( 3 ) * S t N ( Z ~~A Q ( t ) ) 4 Z ~~~
R ( 3 ) )

DE~~X (~~) :C (4 )  * ( XBA P (2) +C (5)  ~ Z a A R  ( 3 ) )
RE
E 0

- — -a. ~~~~~~~~~~~~~ ~-_ -- ~—~—- ‘—~ —~~~~~——‘— _._.
~~~,_~u_~~_1___.,._. -~ —-~~~~ ~- •- ~~~~~—~-— —~.- - —

~~~~~~~~~~~~~ — —
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END
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.
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~~~~~~~~~~~~~~~~~~~~~~~ FZ~iGL ~~~~ ~~ *~~~*~~~* * * * * *

5u~~’f l UT t~~E FZ~~r , L ( T T M E, Z L,1)ER’~)
CI~~ENS ION Z i ~~L C S )  ,D E R X ( 5 )  ,C ( t 8 )  ,X 8 A R 5(’ ,5~j 1) , Z R A ~~S C 5 . 5 ~~i) ~
j T~3A P  (5~

j 1) , (5) , AR (2 )  .Z C5~R EA L ~ A ,~~E. )’~F
CO~i.~O / ~~L$ 2 / C
~~~~~~~~~~~~~~~~~~~~~~~

C J ~4 , iQN/ 3L) /~( A  • ,

C u  ~i tiC N / ~ L ~ ~ / “ , n
flu t c ~j J T :~~, I 5Y ~~~
J F I N f l~~J T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1Sv ) ,1c~~,t ~~C UNT II’~tJ~ .
cu ro 

~~~
~O 2~~ 

i2~~,2
~~~~ ( I )  :~~ j A P5 ( ~ , J F t r i f ) )

2O~’ C O NT INUE

~u a~~a 1:1. 5
Z~~A~~( L ) : 7 b A ~~5 ( t ,JF I N Q )

25~ CO NT INU E
G Ü Tf l  75~3•j~4
no ~5~i JT :t ,N~j Th~’j
JF:J1~
IF ( T I M E T~~M.~ ( J i ) )  ‘15~~~, a5~~, 35c~

35c, (F crI ’lE_ TaAc ~(JT+t)) ~~~~~~~.5& ’ , t1S~
4I~~ I TNLHi:T1;1E~~T~~A R ( J T )

ToE ~ m i : T P A ~ (J T~~t ~ AR (Ji)
T IN T:TNU M/ iGE N(~M
GO T O b~~CONIINtJE
OIFF =Tr M E~ ’~~A R( J F 3
T Y P E  5 , T T M E , i~~A~~( J c ) , O IF F

54~i FUq~1A T (  ‘.3 (2x ,~~1S .8 ) )
P A US E ~~Z~~~L’T yp E  55~5~ c~ FQ~~t i 4 T ( ’  I NT ERP OLA T I O N FA I L U~ E IN FZ 4 G L~~
STOP
t’0 65~J 1:1.2
X~~A R C ) T L N T * ( X 5 A R S ( I IJ F+ L) 3 & R S ( t , JF 4X ~~A PS ( I,JF)
CONTINU E
t) (J 7~~ 1:1.5
Z B A ~~( I ) : T I N T *( Z ~~A P S C I ,JF+ 1) . . Z~3 A R S ( T , J F ) ) + Z R A P S ( I . J F )
CO NTINU E

75~ 0(3 8~~O 1:1.5
Z ( I )  :Z~~4 R I) WG L (I)
CO NT INU E
C Z w 1 : C O $ C Z C I ) )
S~~4 L :S I N ( Z e t f l
V LT:S T ( C ( t r#l ) * ( Y 8 ~ R C t ) * R C t ) f Z ( 5 ) * Z ( 5 ) ) + 2 . J t C ( 1 t ) * ( Z ( 5 )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(3 E R X ( t ) : 3 7 7 ,(~*Z w r . L t 2 )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H
~~~~~~~~~~~~~~~ -~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



t Z w G L ( 2 ) )
DEQxC3 ) :C(~ ) *(—(WE+SE (Z(3)) )~~Z(3)+Z(~ )) -

DERX (~$):C(9)*(~(A* (X8Aq (~~)_C(5) *ZC3) ,VREF—VLT)—Z (4))
OER X (5);CC13)*CC (t4)*CZWIuiC(15)*Z (5))
RETUR N
E ~4 0
1* * * *** . **SURRO UT IN E O~ CT PAGE 7* * * * * ~~** **Su~~~~uT I~~ C 3YCT ( T IM E ,X .O ER~~, tML F, Nfl IM ,P~ MT)
DIMENSION X (7) , 0ERX (7),pRMT (5),x$(7,5~~1),TXCT(501)
COMl1(~N/8LK 4 /X S . 1~~CT ,NS~ CT
0(3 100 1:1.7
X5C1,NS.4CT)a~(Cflt a O  CONT INU E
TxCr :1’ 1 ME
IF (NSXCT .GE .501) PRMT (5):1.O

~J SX C T s NS~~CTs . 1
RET URN
EtiD

~:* *a *a ~~~aSUBRO UT INE 0X 8 R P*GE 8~ *~ *b*****
SUBROUTI NE OX 8 P(T IME.X BAR ,DERX,I I4LF .ND T M ,PRMI)
D IMENSION X 6 A R ( 2 ) , OE RX (2 ) ,P R MT( 5 ) , X B A R S ( 2, 501), T B A R ( 5 O t ) ,
tZBAP (5).Z~ ARSC5 .5CI1
CO MM ON / BL KS/ X BAR S,  Z B A R S , 1’BAR .NSX BR
CuMMOPl/8L~ 7/ ZUA R
CALL SULV FA (XaAR .ZRAR)
00 100 I~~t .2
XBA RS ( =X~ AP C I)

j 1id0 CO NT INUE
00 ~~~
ZBAR5 (I ,NSXBQ )XZRAR (I)

2(~20 CON TINUE
TBARCNSX8R) :TIME

~
p C

~
1sx8R.G E 15

~~
1, PRMT (5) a 1 ,0

NSX B R :P4 SX B P+t
RETUPN
END
1*a* * * * ** * SU~ RCUT INE OZW G L PAGE ~~~~~~~~~~~

F SUBROUTINE OZWGLCT !ME , ZwGL,DER~~, IhLF,NDIM .PRMT)
DIMENSION ZW (~L (5),DERX (5),PRMTC5 ),ZWGLS (5,5O1),TWGL(SOj)CQMMQN/~ LX 6/ZwGLS, TWGL.NSZWGL
DO 100 I~~t.5
ZWGLS (I, P15Z W G~~~s~~W G~~(fl

100 CONTINUE
T W G L C N S Z W G L ) 2 T I M E
IF (NSZ~ GL.GE.5~ 1) PRMT (5)zt,Q~NSZi4GL~ N5ZWGL+ IRETUR N
END
l’i*a******SUBROUTINE SOLVFA PAGE 1~~*******.*aSUBROUTINE SOLVF A CX BAR .ZBAR )

‘ F DIP4ENSION I8AR(2),Z6AR(5),C(1$)
REAL KA ,I(E. kF
COMMON/BL )c 2,C - .
COMP~ON,8L,c3,VR€F,PtN

ii

— — ~~~ 

- 

A
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C0M,iON/~~L~ 1/ A S A T , B S A T
CO~lt ’ lO N/A L~( 8 / W A , cE , ~(FCU M P1 ON / 5 L ~ 9 / H , 0
OI T:Z6ARCI)
00 lOco IT EP=t . 5@
A N~iN:_ P L~i + C ( 7 ) * ( Y b A R C t ) * C O S ( 0 I T ) + C ( t l ) * S t N ( 2 . ~~* Dt T ) )
0 U P C ( 7 ) * ( X b ( 1 ) i t S t N ( O I T )~~C ( t ~~) * C O . 5 ( 2 .~~* O I T ) )
OEL~~ANU M/ DENDM
nIT
~~~~~~~~~~~~~~~~~~~ 30Q’ , 3 C~~~, I~1c1
CON TINUE
TYP E 2~ ’J

2JG~ 
FLjRMA T ( ’  C ONVE ~ GFNCE FA ILURE UN 0 E LT A ~~Q O LV F a ’)
STOP

3~~’ z~3A R C1 ) O IT
Z~~A~~(5) :C (1b)  * C O S (Z ~~A i~ C 1))
Z6AR (2):t.~’

l i t) :  (2Pj A~U5) aCUS (ZBAR (I) ) —X~~~~( I) *Stri( ZBAR (1)) ) +CC 12))
DIT IZBA Rr 3)
OCJ ‘~o~ IT E R* t . 5c ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DENUMIC(18)+ (BSAT:DIT.1 ,~~

)
DEL: A NUM/ DENO M
DIT.D IT.OEL
I F (A B S ( O EL)— 0 .0~~~t )  éØ~~,é~ QJ, 40~CO NTI NUE

F TYPE S~ eF(JP~iAT(’ CONVERGENC E FAILU RE ON EFO~ SOLVFA ’)
ST OP

~ j c~
ZbAN’ (q) iI~ A *  (X8AR (2)—C(S) *ZPAR (3) +V PEF ’ IT BAP)

~E T URN
ENI)
t a***a*a***SIJBPOUT!N€ FZWGLC PAGE I t e * * u a a : * e *
SUBROUTINE FZi~GLC (T1ME,ZWGL .OERX )
DIME NSION Z~~ L(5) .DE~ X CS ) ,~~~Id) ,XBARS(?,5~ t) ,ZBARS (5.5P1
t),T8AR(50I).XC (2,S0t),TXCC5~’1),Z3AR ~ 5),XC2 ),ZC5 )
PEAL KA ,~(E.~(~CQP~MON,BLK2/CF 

coMMoN,6L~ 3,vRu .PIN
COMiiON,8Lic5,~ 8ARS ,?6AJ ~S, T8Ai~,NSXBR

~~~~tON/ 8 L~~~/ KA  • I(E • “CF
CO MH0N/8~~pçq ,~w ,~
CO MM ON/ e L KIO ,X C , TXC ,NSX C
00 tOo JTI1, NS~ C
JPINDuJT
!FCAB SCTIME—TXC(JT))—t.OE .05) ~~~~~~~~~~~CO NT INUE
GO T O ~~~00 300 ~~~~~X (I) ‘XC (I ,JF!NO )
CO NTI NU E
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M5~ C MI:NSX C~~t
00 700 JT:t.NSYCMI,
JFINO,JT
IFCTI ME— TXC(JT)) 700.lOra,500

5’~~ IFCTIME TXC(JT+1)) bOo.700,700
TNUP1~~rt ME—TxC (JT)
TQ~~ Q p i :T X C C J T + t ) _ T ~ C (JT)
TI NT .T NUM/T UENDM
GO TO ieo~700 CO N TINUE
DLFF T I M E’ .TX C CJF IND)
TYP E 600.T It~IE, TX C CJ FINO), O IFF
FOQ PIAT C o ‘. 3 C a Y ,Et5 ,~~))
P,~USE ‘FZ~ GLCTYP E 900
FO RMA T(~ INT ER PO LAT IO N FA ILU RE IN F Z W G LC—X C ’)

F STOP
13~1~i Do 11C ~ 1:1.2

X ( I) :T I NT*Cx C ( I ,JFI;J0.t)~~x c ( I,JFtNDfls .~ C( I,JFIND)
110~ CO N T INUE
1204 ~0 1300 JT:1.NSXBW

JFI ND ’J T
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1400 ,140 ’4 .1300
cONTINuE
GO TO t6~~014~~ DO i5~~ I’t ,S
Z~ ARC Z)=ZaAR SCI ,JFIN0)
CONT INUE

F r,o TO 2300
16øJ NSXUM 1:PlSXBR~~t

~~ 1900 JT*1, NSX BMt
F JF!NO:JT

IF(TIPIE..’!’BARCJT)) tQ0O,t90O .t70~IPCT IME~ T 8 A R C J T + I fl 1800,1900 ,1900
T~IUM:T!ME~TB A RCJ T3

TB AR (JT+t) .‘T$ AR C JT)
TLIIT*TNUM/TDENOM
GO TO 2100
CONTI NUE
DIFFsTt ME~.T aAR C J F Iw o )
TYPE 8~ 0.TIME.T8ARCJFIND ),DIFFPAUSE 6FZWGLC’

F TYPE 2000 
-

2003 FORMAT (• INTERPOLATION FAILURE IN FZWGLC—ZBAR’)
STOP

2100 DU 2200 !si,5
t 8 A R C I ) a T II4T .(ZBA RS( I ,JFlMO.l)..Z BAQ$(I.J~~IN0))4lBARS
I (I,JFINO )

2200 CONTINUE
2300 00 2400 !‘t g~~

C!) aZ BA R C I) WG L C!)
240k) CONTINUE

CZwI.C03(Z(t))
3ZW 1 15! NC Z C I ) )  - .

-~~
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V LT :S  T ( C C t ~I) * (Y  ( I) ‘~~( t )  +1(5) * Z ( 5 )  ) +2.~~*C C l  I)
l c Z ~~I — ~~C i ) s S Z w t ) + C C 1 2 ) )

0E~~X ( 2) C ( 6 ) * ( P I N / Z C 2 ) _ C ( 7 ) * ( X C t ) * C Z W t + Z ( 5 ) * S Z W l ’
1O * Z W G L  (2 ) )
OEPX (3) :C (8) * C — ( k E4 S E ( 2( 3 )  ‘) ) *~~ (3) + 2 (4 ) )
D E ( 4 ) : C (Q ) . (~~A : ( . Y ( 2 ) — C C 5 ) * Z ( 3 ) + V Q E~~~V LT) Z ( 4 ) )
DE PX ( 5 ) : C C 1 3 ) : ( C ( i 4 ) * C Z 4 t ~~C ( 1 S 1 * Z ( 5 ) )
RET URN
END-ì j * * * * * *x ***S UBPOUTINE SNGPLT PAG E 12**********
S LJ BHOt JT INE S PJ G PLT( ES .  T X ,MST PE .X BA R S ,Z 6 & R S ,T BA R , N S T P X B ,Z W S .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OIMEN5t u~

I ES( N .NS T P E) , TX C NS r P E) , X B A R S ( N S , N S T P X B ) , Z B A ~~S (NF ,
t N 3 T PZ R ) .Z ~~5 ( f l F ,N5TPZ ~4) ,T S A R C N S T P Z R ) , T W ( N 5 T P Z W ) ,PLT ( S 0 1 ) ,
2Z HAT ~~~~~~~,T ~( C C N S T P z ~3)
FOR MA T C ~ 1)
DO ~~~~ !PLT=1, NS

A t 1 A X z — j ,G’E3j ~j
00 b0~

j .
~ JT:1, NSTP E

T F C A M I N .GT . ES ( I PLT .J T ) )  A M IN:ESCIPL I,JT )
!F(ES(IPLT ,JT) . GT ,A M A X )  A M A X z E S( I P L T ,J T )
CONTINUE
O
~ b100 JT~~1. P~S T PX R
IF (AM IN .GT .X’~ARSCIPLT ,JT)) AM IM X54R5(IPLT,JT)
T F C x 8A R S( IPLT ,JThr,T .APi A~~) A M A X :X 8 A R S C I P L T , J T )
CUNT Ir~’JE
~)(~ 62~~ JT :l.,rJ ST PE
PL T ( J T ) : E S C I P LT ,JT)

b2G’~ CO NT INu E
CALL LN IT T C I~~AIJ O)
CALL BIN !TT
CALL OLIMY (A~~IN ,A~$AX )
CALL NPTSCNSTPE)
CALL X F RPI (4 )
C A LL YFP’~’(4)
CALL cMECK (TX .PLI)
CALL OSPLAY (TX .PLT)
CALL FRAME
DO b3~ 0 JT:1, N$ T PX B
PLT (JT) zX3.~RS (IPLT,J1)
CONTI NUE
CA LL LTNE( 3~ )
CALL OL IM YC AM IN .APIA X )
CALL NPTS(NSTPXB)
CALL CMEC 4CTXC. PLT)
CALL CPLOT (TXC .PLT)
C*LL ANMOOE
ACCEPT 400.IANS
CONTINUE
DO 76~~ IZM A TSI,NF
ZHAT (t):Z6ARS(!ZMAT ,l )4ZWSCIZPIAT,t )
00 b8~3 0 !TZw ,2 . N ST PZ W

_________ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _~ _ — —
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00 6500 ITXB’2.NSTPZB
NTX8aIT XB
!F(TW (ITZW) .LE.TBAR (tT~ 8)) GO TO 6700

Ô SOO CONTINUE
IF (CTWCITZW ) TBAP(NT~ B)) t.0E~~ 4) 670~ .6700~ 6550

~55~ TYP E 6600
6600 FORMAT C ~*~ SEARCN FAILURE DURING INTERPOLA TION **1 )

STOP
6700 Z1NT :(fTW (TTZ~4)~~T8AR(NTX8~~1))*CZBAPSC!ZHAT, NTXB )— Z8ARS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2NT~ R—t )
ZHAT (ITZW, :ZWSCIZP4AT , 112W ) .ZIMT

68Cm CONT INU E
IZ HA T 2 IZ HA T + NS
AMIN51,0E30
A MA X I.0E30
00 59ØØ JISII NSIPE
!F (AMIN .GT.ES(IZMAI2.JT)) AMTNzES (IZHAT2.JT)
TFCESCIZHAT2.JT) .GT.AMAX )AMAX :ES (IZMAT ?,JT )

6900 CONTINUE
0~ iooc’ JT at,NSTPZW
IFCA MP’.GT .ZHAT(JT)) AM IPJ,ZHATCJ T)
IF (ZI4A ’T(JT).GT .AMA I) AMAX :ZHAT (JT )
CONTINUE

H D~ 7100 JTat ,MSTPE
PLT(JT)aE$C!ZHAT2,JT)
CONTINUE
CALL INITTCI BAUO )
CALL 8 ! NT T T
CALL OL I MY (A M I N • A M A X )
CALL NeTS CNSTPE)
CALL XFRM (4)

F CALL YFR M(4)
CALL CHECI (CTX .PLT)
CALL DSPLAY CTX .PLI)
CALL FRAME
CALL LINE (3~L)
CALL DLIMY (AU IN ,AM AX)
CALL NPTS (NSTPZW)
CALL CP4ECK(TW ,ZP4AT )
CALL CPLOTCT W ,’ZHAT)
CALL A NMODE
ACCEPT 400.IA NS
AMIN~ 1,0E30

00 7200 JT~~t .NSTPZB
IF ( A r 4 I N ,G T . Z ~~A R S ( I Z ~~A T , J T ) )  A MIN $ Z BA R SC IZH A T .J T )
IFCZ BA RS C I Z P s A T . J T ) ’.GT . A M A X )  A M A X IZ BA R S ( ! Z P$ A T . J T )

7203 CONTINUE
Do 7300 JT .l.NSTP ZW
IF(AMI M .GT . Z W S C I 2 M A T , J T ) ) A M ! N .ZW S (XZ HA T,J T )
IPCZWS CIZ I’4A 1,JT ) .~~T .A M A X )  AMAX . Z W S C Z Z M A T . J T )

7300 CON TINUE
D~ 74~ 0 JTsI.NSTPZR
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~LT (JT) :7~~A F~S C I ZHA • J T’)
CCJ~1r I M u E
CALL LNtTT( IAA UD~
CALL BIN ITT
CiLL OLIMY (A’ 1~~N , A M A X )

CALL NPTS (NSTP2b~
- C A LL X FS~~(4 )
CALL Y~~P~” (4 )
CALL CNEC~c C T ~’~A~~,PLT)
CA LL U S P L4 ’ f C T~~A 1~,PLT )
C*LL FqA ME
r)Q 75 Q~ JT :1. N.’5TP Z’ M
PL T ( J T ) S Z .4 . S ( !Z W~~~,JT )

75~~ CO NT INUE
CA LL LINE(3’~

)
CALL ULIMYCAM I .N ,A M A X )

CAL L NPT3 (NSTP7.~)
CALL CHEC~~(T.~,PL T)
CA LL CP L0 T C 1~~,

PL’)
CA LL AN9O f) E
A CC t P T ~$0 4 , I A N S
Cu~IT I~itJE
RE
E (40 

- — -  _ _—~~ -L~~d
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t * * ’h * * * k * * P R D G R A M  Mr-iSP PAGE l****:*****
0IH~,NSIO N I4(3),OEL (3),XO(3),VO(3),VQ(3),~~IC(20),XP (3),t X D  , TF(3) .VPEFC3) ,p1N 3) ,y (3,3) , T M , 3) ,PRMT(S),
2xDOT (2~ ),X(20),AUX(8 ,20)•XSCa3 ,5~~t),PLT(501),TS (501)
3.O (3),TA(3).TEC3).TOQP(3),TDOP (3),VLT(3),X8ARC7 ),

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
s5o1),yx Cc 1),ZWGLSCI3 ,5jf),TWGL(s-at).ZWGL (13),OELRW (3),

AINT2( 1) A t NT3 (Sit) , A~~ ”T 4  (5~3 t )  XW G LS (7 .
7501) , A INT5 (5~ I) , DELR 3) , ZOOT (I 3. 501 ’) . TOOT (501)
CUM~ LE X tTC .YF (3.31,YPD(3,3).$G(3).VT(3)
PEAL IM AG ,t0C3),IQ(3).KFC3 ).)’CEC3),KAf3),TOS(3,501),IDBC
j3,5o1),tDwC 3 , 5ilt ),Lr~iC3,5 01)
COMMO N,~~LKt /XO . X O ,XP
COM~~0N/ ~~L~~~/ T O O P ,TflOP
CO”t lON / ~LK3/  TA TE , IF
CUM’1ON/~~L K 14 / H,fl
COMPICJN ~L~c 5 / A SA T , bS AT
COMN0N/~~L,c~,/~~A .1(E, XFCOMIO N/ bL l(7/Y ,TH
CUMMUN/BL~~~/8H .SH
COMNON,SL~~q/ V R EF .PtN
C U M M O r 4 / B L K t O / X 5 , I S . N X C I
COM;1ON,b Ls~t t / V L T

CoM r4 ON/aL ~~t 3 ,xRARS ,z~~~?s , T 8 A q , ,xR ~
CUMP1(~.I/~,t~ .~ ta,x C, TXC ,MXC
CO Mr- IO ;4/~~L~~t 5 / I C R CT
CU ION/.i L~ t6/ZW (~LS • IWGL , NZW GL
C(JHi- ,OPi /~~L~ 17/ZOOT , TQOT~ M0OT
€X Ti.’~

,
~AL FXCT . DXC T,FX~~A R , OXB AR .FZWCL. OZWGL

D A TA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
tb292)/
FORN A TCAI)
FC J RFI A T (Aa )

It FO RMAT C I )
31 FQ~~1AT (G)
32 FOR~1AT(2G)$MaH (2) +H (3)

SM :M j) +
j 4~ DO 200 I’1.3

ITCiCONJ~~(SGCI1/VTCt ))
IMA G:CABS (tIC)
SETA :A TAN2CA IMA GCITC ) ,REALCITC ’))
VMAG :CA 9$ (VT (I))
ALPHA :AT AN2 (A  IMAG( VT CI) ) , RE A L ( V T C I 1) )
ANuM sxQ (I)*Atr- 1aG(ITC)~~REAL (VT (t3)
0ENO~’sXQ (I) *REAL (tIC) .A IMAG ( VT C I) )
DEL C!) :A TAN 2 (A NU~’, flEMO~I)ArlG.ALPPl A~ 0EL(t)

Va CI) I V M A G * 5 ! p 4 ( A N G )
A NG : S E I OEL C I)

— —~~~~~
- — — 

p -~ ~~ _
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TC~ (1) :TM AG*COS (ANG )
I~~( I ) : T ’ 1 A G * 3 I P i C A N G )
Ci~1T !NU~X IC  (1) ‘1 .3
flU 3r~ij 1:1,3
X I C ( I , j ) : V C ~ ( T ) + X P ( I ) * t D C t )
CO NT INUE

‘~0~) 1:1.3X 1 C ( I + j t ) : V C ~(I) +~~
O( I) * 10( I)

CO N T INUE
D~ 500 1:1,3• X I C ( t , 4 )~~~F ( I ) * X t C ( I + t t ) / T F ( I )
CONTINUE

~o ~
‘~o I~~i.3

6id~ CU NIPd L’E
O~ 7’O I~~t .3X IC (Ip17 ) V0(I) X PCI )*tO (X )

• 7i~ CONTINUE
soo I~~1,3V~~EF(I’):(XICCI+1a)/KA (I))+C4~~S(V T ( ! ) )

~ i~’( t )  :~~EA L ( S G C I ) )
CUN TIMUE.
X I C ( 8 ) : ( M ( t ) / B H ) * C ( M C 2 ) * O E L ( 2 ) + M C 3 ) * O E L C 3 ) ~~/ $ M — O E L C 1 ) )

X I C  ( 11)  ,!~‘)~~~0
1Y~~E 9~~FQR:IAT (’ GIVE 5TUQY DURA TION ‘.5)
A C C E P T  31 ,T M A X
T Y P E ~~~~FO RMA TC 1 GIVE SLOW STEP SIZE ‘.5)
ACCE PT 31. $S LOW
TYPE 1I 3~FORMAT( ’ GIVE FAST STEP SIZE ‘.S)
ACCEPT 31..HFAST
TYPE 1200

I2~~3 FQR .IAT (e IS THIS A FA ULT? ‘,S)
l30~ A CCE~ I 1.IAN S

IF (IAN$..’Y’) t40~’•I7 .t4
1400 !F( IA NS. ’N’) 15iJ 0 ,2 60 0 ,t 5 0 0
15~~v3 TYPE 1600,IANS
160’d FORNAT( • ??‘.A t, ?? TYPE AGAIN ‘.3)

GO TO l3~ 0
17@~ TYPE 1800

FQ RMA ’T ( ’  GIVE C LEA RI NG TI ME ‘,~~
)

ACCEPT 3t, TCLEAR
TyPE t~ 0~1900 FQPMAT (’ GIVE NAME OF ~AULT~~D V MATR IX ‘ .1)
ACCEPT 4 ,NN A M
CALL IFILECOO ,NMA M)
00 2030
R EA O ( 2 3 .32) ( Y F ( I , J )  .J ’ 1 .3)
CONTINUE 

•
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D~ 23~j0 1 t , 3
00 2200 J :I , 3
Y Ct ,J)zCA8S (VFCI.J’))

• TPI(I,J)3ATAN2(A IMAGCYFCI,J)).REALCYFCI, J )))
IFCI—J ) 210e,22o0,2100

• 2106 yCJ ,I)yC1 .J ’)
1Pl (J,X):TIl(t,J)

2200 CONTINUE
CONTINUE

PRPIT(2) :TCLEAR
PRMT(3) :t4 FA 3 1
PRMT (4 ) Q’ .0~~lDO 2~’20 1:1,20

X C I ) Z X I C C I )
2400 CONTINUE

4 NXCTS1
CALL RK GS CPRMT .X I XtlOT ,20. IHLF ,FX CT .OXCT , AUX)
NxCT :NxCT~~1
DO 2500 1:1.20
X ICC I) ‘X3(I, NXCT )

• TYPE *,XS (I,NXCT)
CONTINuE 

-

• PAUSE ‘IC -

2600 PRMTC1):O.0
PRMT (2) 2’T t 4 A X
PRPITC 3) :HPAST
PRMT (4) :0, 001
00 2709’ I:t,20

• xC I ):XIC(I)
2700 CONTINUE

TYPE 2800
2600 FORMAT C’ GIVE FILE NAME OF POST—DIS TURSANCE V

1MA TRZX ,S)
ACCE PT 4,NNAM
CALL IFILEC2O .NNAM)
00 2900 121.3
RE A O C 2 O ,32) CYPOCI,J),J2t,3)

2900 CONTINUE
00 3220 1:1.3
00 31oo JzI ,3
Y(!,J)aCABS (YPO(I,J))
TH (I,J )’A TAN2CAIMAG (YPOCI ,J)),PEAL (YPO (I,J)))
I F ( 1— J )  3000,3 120 , 3000

330w y(J,I)sy(I.J)
IPl(J,I) zTM(I,J)

3100 CONTINUE
320o CONTINUE

MXCTsj
CALL RXGSCPRMT .X.XOOT ,20,IHLF .FXCT .OXCT ,AU~ 3
N xCT’ N XCI • I
00 3300 l’t ,? 

-•—— — •— .~~~~~~_ •— _ - — _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -— — —• ~•
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X 3 A ~ ( I) :~~IC (I)
Co~iT I~lu~oc~ 

3a0t~ I:t ,t3
Z~~AR CI ) :XIC(t17 )

3~~0~ C a N T I N 1 J E

• Pp~M T ( 2 ) :T ~~& X
PHM T (3) :kSLO W
PRMT C~~

) :~‘.i~~1

00 35~.i0 1:1, 7
X O O T ( 1) : E- ~-~3~~ J CQNT IN I•IE
NX ~3f .~~ 1
CALL R~ GS(P4~ I,X~ AQ .XOOI ,7, IHL F ,FX~~AR ,OX~ AR ,AUX)
N X ~ R r~ X a ~ — tPRMT(1):0.’~
P R M T ( 2 ) : T M A X
PRMT (3) :MFA$ T

• P R M T ( 4 ) 0 .~~~ t
EWF:1.~~,I3.4DO 36o0 1:1,13
XOQ TC I )_E?d
Z~1 G L ( L ) * X I C ( 1 + 7 ) Z P A R S C I .  1)

3bt~J CO NT INIJ E -

NZW G L=t
IC RCT ~~CALL R~ G S( ~ RP1T .Z W G L , X D O T ,  13 , IP lLF , FZWG L .OZ .~GL, A U~~

)
r-,Z WGL :~JZ~4GL_ 1T yP E 37.~30

3 7 c~j FORMAT (’ GIVE 8AU O RA T E  ‘,~~
)

A CC EPT 1t ,tSA t J fl
TYPE ~~~~3aOj FOPNAT( . PLOT ZE RO ORDER RESJJ L!S? ‘,~~

)
39~~ A ccEPr l .I AN S

I F ( L A N S— Y ’,) a2 ’~~ ,4~~~0
I F C I A N S — ’N ’ )  4~~~~ , 43~~Ø, 4 1i0
TYP E 1~~~Q~, IA NS
GQ T O 39O~
CALL GRA PHS (NXCT .N~ aR ,NX~ R ,N2~ r,L,I~3AU O , XS ,T5,X SA RS,
1T8AP ,ZS&RS ,T8A R .ZWGLS .T WGL)
TY PE 4400
FQRMA T~~. 00 CO RR ECT ION S? ‘.3)

45~ 2 ACCEPT 1,IA r4S
!FCI AN$— ’y ) 463o ,a82a,4~~ 0

46 00 IF( IA NS~~’N’) 4700 ,8 701d,47~ 0
470~J TYPE 1603,IA NS

GO TO 4500
4803

0E LRw ( 1) :0~,3
00 s~ oo 1:1,3
DU 5000 tT :t . N1~ R
109 CI , IT )
lOS (I, IT ) :0,0

-_
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OELR(3):RH*ZBAPS(1 .IT)/HC1)_h1 (2)*Z~ AP5(3.IT)/SH
DO 49~ O J:t ,3
ANG :TH 1,J )+OELR(J’)_OELRCI)
CAN G = CO S C A N G)
SAN G STN (AND)
I0B (t ,1T ):IOB (1,TT)+Y(t, J)*(Z5ARS (J+I,3.IT)*LAN G~~~8A R SC
tJ-i ’t, IT) *SANG)
10$ CI , TI) iTOR (I, II) +Y ( I ,  J) * (XSARS (J-I-t, TI) *CANG+ZBARS(
t J + t 0 ,IT )~~SA MG )

499’0 CONTINIJ E

DO 53~ o IT:1.N21 4GL
ID~’(I, IT ) :0,0tOw (I, IT) :0,0
TIME :TWt3L(IT )
CALL IPJTPOL (TIME. TRAP , N X B R  • JF , TINT)
OELC:TINT’. CZRA RS (1 .JF+1)..ZBARS (~ ,JF )) +Z8ARS (1 ,JF)(3, J F + 1 )  — Z R  A~~5 (3~ JF ) ) + Z SA R$  (3, JF)
0EL~I (a) :~~H*DELC/kCI ) +H (3) *OELD/SH
OELR (3) :9H*0ELC/M (t)~~N (2) ~OELO/SH
oELR’~ C2):aM*Zwr,LS (t,rT ),H(1).Hc3)*zwDLs(3,tI)/$M0ELF~W ( 3 )  :8M*Z ~~r,Ls(1 • IT) / H(j ) . .~4 (~~) *ZWGLS (3. 11)/SM
DO 52~~ J:1 ,3

510o EQ P :TIMT* (XeARS (Jst ,JF+t )~~XBAR S(J+1,JF ))+x9APS (J+t,
1JF) 

-

E D P : T I NT * C Z 6 A R S ( J s t O . J F+ t ) Z B A RS C J + 10 ,J f l ) + Z 8 A R S C
1J+t0 ,JF)+Z~EGLS (J+10, I T )
EDPS:EDP— ZWGLS CJ+t 0, IT)
ANGS TJ~I (I,J3+OELP(J) OELR (I)
CA NG:CDS (ANG$)
SANG.SIN (ANGS)
AN GW :O EL R~~CJ )~~DEL~~W ( t )
T1 :—t ,3’PCUS(ANG~ ) -

T2 S I M C A ? J G W )
13 11+ 1
tOw (I, II) :10W (I, IT) +Y (I, J)*( (EDPS*CA NG—E (~P*SA NG) *11—
1CEOP*SA NG.E(~P*CA NG)*T2+ZwGLS (J+te,IT)*CANG*T3)
tow ~i , IT) ~10W (I. IT) +Y (1, J)*( (EOP*CANG+EOPs*S4NG ) *11.
1 CEo P*cANG~ EOP*3ANG) *T2+ZWGLS (J+1-3, IT)*SANG~ T3)• 520o CONTINUE

530o CONTI NUE
5~0~ 

CONTINUE
AINTI (t ):cd .a

A!NT3(1):0.0
AZNT4(1):0.0
DO 5800 IT:2.NZ~dGL
IF (IT—2) 5500,SSoo.56ø0

559’~ F2M1ZZWGL5C4 ,t )/CXBA RSCI.t )*XBA RS(1,1 )’)
GO TO 573~

F2N 1:F2

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5 70~j r~1 t : I T ~~t
C A L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OMP:TINT* ( AR S (t ,JF *t ) X 8AR S Ct , JF1)+X ~~ RS (1,JF )
OMRS :OMR*0~’R
F I Z WGLS (2, t~~

) /0~~~S
F2:Z~ GLS (4, 17) / W ~PS
D T T ~’G L ( IT )  — T . I G L (I~~

t )

• A IN( j (tT) :A INT I(IM I)4 .S*OT* (Ft+FVI )
A INT2 C IT)  : 41NT2 ( tNt)
A IN1 3 (t1 ):AINT3(TMt)+~~.5*~)T* (Z4GLSC2,IT)+Z’4DLS (2.I~’1))
A I N T 4 ( IT ) : & I N T 4 ( ! M I ) + 0 .5 * O T * ( Z W G L S ( 4 , I T ) + Z W G L 5 C ~~,I11))
CO N T I N U E
Al NT S C 1 ) ~DO 6400 IT:2.N7~~~L
IMI: IT—i
CA LL INT PO L(T ~~C,L C I T ) , r R 4 R .NX ~~~,JF ,T I\ 1T )
IF (IT—2) 5~~â0,590~~,ã1rd0

59~~ D O 6OJO J:t ,3
F1 Mt :FtM j+X~~AR S (J+1 ,t )*I (J,j)+CZ~~AQ5 (J4t0 ,1)+ZW(LSCJ

1) ) *1 (J, 1) +Z~.GLS(J +1~~, 1) *t O~~(J, 1)
CO NTI NU E
GO ID ~~~~

6104
6 200 F1:t~,~DO ~i3 3 0 J:j,3

E(~JP T IN T * (XE3A RSCJ +I, JF+t )~~X~~AR5(J 4t ,JF ))4X~~4R SCJ #L ,JF )
EoP :TIMT *CZ8A P5(Jtta,JF+i)~~ZRA RS (J +t~~,JF ))+ZBAR5(J+1~~,
I J F) + Z W DL S U ~ t 

0 , IT)
A Ioa :TINT*t1 fl$CJ ,JF ,1)—IDSCJ .JF))+109CJ ,JF)
F I sF1 . E Q P* TO W U, IT ) + EO P* lOW U. IT) +Z~~G LS (J.1o, IT)

6300 CONTINUE
DT :TWGL(IT)~~I~ GL C1 M t )
A I M T 5 C Z T ) : A I N T S ( t M l ) + 0 , 5 * O T * ( F t + F L M 1 )
CO NT INUE
C t 0 ,5 * S h * P I N ( t ) / ( H C i ) * S H ) ) * A I N T I ( N Z , 4 J,L)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1/SM )
C3: ,5*PIN (3)/bH)* ( AT N I 1C~4ZW~~L)+h 4 (2)aA INT2CN ZWG L )
1/SM )
C4 :J . S * O C t ) * S H k A T N T 3 C N Z W G L ) / C H ( 1 ) * R M )
CSZ(0,5*D(2) /3M) *(~ AtN T3CN ZWGL )— W (3 ) *41N14 (MZ~ GL )/
I5H ) -
C6:(0,5*D(3)/BH )*C~~AtNI 3CN ZWG L ’)s’H (2)*ATNT4(NZWGL)/
j 5J.1)

C 7 2 —  (3 ,5 / S M )  * A I N T 5 ( N Z W G L )
X 6 A R ( 1 )  a~~I C( 1) +Ct .C 2 +C 3 i ’C4 + C 5 + C 6 ’ C 7
00 6530 IT:l,NZWCiL
Tt :— Cl +C0 .5*SM *PINCL )/CHCL )* 9M) )*A TNT I (IT)
12:_C2,(0.5*PI N (2),8W ).(—AINII (IT).M(3)*AINT2(IT)/
ISH)
T3:~~C3.(3 ,5 * P I N ( 3 ) , 5 M ) * (— A I ~4T t ( I T ) . P 4 C 2 ) * A t N T 2 ( I T ) /  F

ISH)

-
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198

ISH)
T D:.Cb+(0 ,5 * f l ( 3 ) / 5 H )* (~~A l N T 3 ( t T ) + p 4 C 2 ’ ) * A I N T 4 C t T ) /
ISH)
T7:~ C7.(Ql,5/9h~ *AINT5(IT )
XW1 ,L5(I, IT):Tt+12+73+T4+T5+T6s17
CONTIN UE
DO 6900 1:1 ,3
A IPIT I (t):0.0
AINT2(1) *0.0
Do béOO ITI2,NZW GL
IMI :IT—1
DT Tw GLCIT )_ T~~ LC IM t )
A INTt(IT ):AtNTt (IMt)+0.5*QT* (I0~i (t.1T)+LOW (I,tMt ))
A INT2 (IT) sA INT2 (IMt) +O ,5*QT~ CZWGLS (1 +4, IT) +2 WGLSC

• 6ó~ J CONTINuE
Ct :_ ((XWCI)..XP (I))/TOOPCI))*A INT1(NZWGL)
c2:(1 .0/TQDP (I) )aAtNT2(N ZWGL )
X 8A RCIst )a~~IC (t+1)+Ct+C2
DO 6730 IT:t.NZMGL
Tj:~~C1_ ((Xfl(!)~~XP (t))/TOflp (I))*AIMT1 (IT)
T2:—C2+(1 ,0/IOOP(I)) *A!NT2(IT)
Xvd GLS(t-,. 1 III) :11.12

6700 CONTINUE
Ct :(KF(I)/(TFCI)*TF (I)))*AINT2 (NZWGL)
XSARCI+4) XIC (I+4)+C1
DO 6800 IT:1,NZWGL
Tt
~~~

C1.(
~~
FCI)/CTF (I3*TF (t)))*ATNT2 (IT3

X WG L S ( I + 4 , I T) :11
6 800 CONTINU E
6900 CONTINUE

F DQ 7~~~o 1:1,7
TYPE *,XSA PCI)

• 7000 CONTINUE
PAUSE CORIC’
00 1100 1:1 ,13

• zaAR C I ):ZBARS (1,t)
7100 CONTINUE

PRMTCI)I0.0
PRMT (2) :TMAX
PHMTC3 ):HSLOW
PRMTC4) ~O.9’O1
00 7200 1.1,7
XDOT (I):EWS

7203 CONTINUE
I CRC! :0
00 7220 1a1 ,NX ’3R

• TOOT(t) IBAR (I)
7223 CONTINUE

NMI :NX5R—t
00 7260 Ia1, N M I
OT .TBAP(t .t)—TSAR (r)
DO 7240 Jst,13

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~ -~~~~~~~~~~~~~~~~ -~~~~~~~~ - - -~~~-
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F ZODT(J,I):(Z9APSCJ,1+t )— ZF~ARS (J,I))/fl1
724 . C0N1I’~J)E

CO NTINUE
DU 7~~5o 1:1,13
Z~ OT Ci ,N XBR ) :ZDOT CI , NM I)

• 72~~j 
CO NT INUE
DO 7290 1=1 ,13
TY PE *,ZOOT (t,t)

72~~j 
CONTINUE 

-

PAUSE ‘ZflUI’
NOD T = N X 8 P
NXE~~: t
CALL RJ(GS (PRMT .XPA R ,XO OT,7, tMLF ,FX~~AR ,0 X R A R ,AUX)
N X F~R:NX t3P _ I
00 7400 tTzj, HZw~~L
CALL INIPOLCTWGL (IT ) ,T9A R ,NX~~R ,JF ,II NT)
00 7300 1=1 ,7
XC (I,IT) TINT * (X$A PSCI .JF +I)_~~~AQ5 (I,JF))+XSA~~S (I,JF)
I*X:iGLS (I • IT)

7300 CONTINuE
CO NTINUE
N XC: N Z ~ G L
DC 7500 I:t ,NZWGL
I~ C (I) :TWGL CI )
CO N TINUE
PH~~T C 1 )  :0 ,QJ
PRMT (2,=TMAX
PF~MTC 3 )~~~FA S T

00 l by) Q1 1 :1, 13
XoOT (I) Et~F
Z~~GLCI

) :XIC (ts.7)—ZRAPSCI, 1)
CO NT I N I .IE
N ZW GL_ j
ICRCT :t
CALL C M T .ZwGL ,’~0OT.i3 ,tHLF,FZ WGL,OZ~~GL ,~~~X )
NZ W cj L NZ W GL ~~iTyPE 7700

77~~j FORMAT (’ PLOT COPP~EC TED RESULTS? ‘.3’)
7800 ACCEPT 1.IA NS

IF (LANS— ’Y )  lq20 ,$tOo.lQ00
H 790~ IF(IANS— ’N’) 8000,8200,8000

809’0 TYPE teOO ,!APJ S
GO TO 7800

8103 CALL GPA PHS(NXCT ,NYC,NYBR ,NZwGL ,T6AUO ,iS.TS ,XC , TXC ,
I Z B A RS,I$AR ,ZMGLS, T$GL)
Ty PE 8300

83~~j 
F0Pt1A T~~’ 00 MOPE CORRECT IONS? ‘,!)

8400 ACCEPT t .IAN S
IFC IAN S— ’Y’.) 8509’,~~8~’o.85o 3IP(1ANS~~’N’) 8eOc~,M73Ø,~~b3o
TYPE 1600,IANS
GO 10 8403
TYPE 89~~9’

-- •~~- •- ~~~~ --• -— -•— —— - —- - -‘-- - —
~~~~~ 
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4 FURMAT(’ RUN ANOTHER CASE? ~,5’)89~~ AC CEPT t .IAN S
IF (LANS-”y’) 9000,to O ,qoOco
IF(IA NS— ’N’) qioo ,q2o0,sj0o

F TYPE 1600,IA NS
GO TO 8903
STOP
E t~ 0
1 a***********5LOCi~ DATA SAG E 2**a***.******
SLaCK DA T A
PEAL KA (3).KE (3),KF (3)
DIMENSION XQ (3),Yf~(3),XP(3).TDOP(3),TQOPC3),TA (3),TE (3),
ITF(3),HC 3),D(3)
CUMMON,8LKI/YO .XO, YP
COMMON /8LK 2/7 DOP , lOOP
COMMON,8L~(3/TA .TE ,T.F
COMM CJN/SLJc4/w ,0
CCMMQN/8LK5/ASAT ,8SAT
COMH ON/~ LK6/KA ,KE, JCF
DATA (XOCI), I:l,3)/0.6,0.8958,0,R/
DATA (X~~Ct ) ,T:t,3)/0.58,0.8645,0.85/DATA (XP (I) , I:l,3),0,OéOS ,0,1198,0.18t3/
DATA (TOOP(I).I:t ,3)/4.0,6,0,5.3/
DAT A CTQOPCI) ,I:1,3)/0,25,0,5U .0.65/
DAT A (TACI), t:1,3)13 *Q3 ,06/
DATA CTECI).!31,33/3*0.5/

• DAT A (TPCI), I:1,3)/3*1.0/
DATA C)(AC I),I:1,3)/3*25.O/ -
DATA (l<E(I),t:1,3),3*~ 0,0a45/ri OA TA (KF(I), t:1,3)/3*0.t6/

• DAT A (H(I) ,Z=1 .3)123,64,8,4,3.01/
-
• OA T& (O (t),t t,3)/~~.6,?,5,i,9’/

OAT A A SAY/0,001123/ ,BSAT/0,3043/
END
1***********aFIJ NCTION SE PAGE 3 * t a * * * * * *a * *
F0NCTION SE (APG)
COMMON/SL,(5/ASAT .BSAT
SE:ASAT ~ ExP(R3AT .ARG)

- • RETURN
ENO
Ia*****a*a-,*SUSRQUTINE FXCT P&r,c 4******~~**a
5U 8ROUTP~E FXCT (TIME,X.XOOT)— REAL KA (3),KE (3),NF (3)
PEAL 10(33.10(3)
DIMENSION Y(20],XOOr (20),X0(3).X0C3),XP(3),TOOP (3),TOOP
1(3),TA(3).TE(3),TF(3),i-$(3),0C3),yC3,3),TH (3.3),VREF (3),
ap IN (3) , OELR (3) , vLT (3 )
COMMON/eLK t/XCI XO ,XP

F COMMON/SLK2/TOOP ,TOO P
COMMON/8LK3,TA .TE ,Tp
CCJM MO N/ 6 L K4/ H ,D
COHNON /SLKb/KA ,iE ,KF
COMMON/8LK7/Y ,TH - .

COM MON/BLK 8/ S M • 3M

- - . -• -~~~• --~~ - - . -_ -- - -
~~~ 
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COMM ON/BLJ (9/VREF •
COMNOr4 PJL1~t 1 /V L T

CI ) .0 .0
DEL.~ C2) BH~ X ( 8 )/ H  (1) 4M (3) *X (10’) /SH
0EL~ (3 )  ,~ ri*4 (8’) /W (t )~~r~(2) *X (10)/SM
ONI ~~ (1) —$w~~ (9)/H Cl )
O~12:X(fl4X (91+W (3) .x(jt)/5M
r)M3=X Cl ) .z (9) —w (2) *x (it ) /~~M
DO 2”O I’1.3
t o (I)
ICJ (.1) so
00 ic’o J’t .3
A ( : IH (I. J) sDELM C .1) — flELR ( I)
C A NG :CO5 C A
.5A’IG2SIN (ANG)
Ii.) C I) ID (I) -i- Y CT  , J) C X (J+17) *CANG X CJ~~1) RS ANG )I(~(I)ztQ(I).V(T,J)* (X(J.1)*CANG .XCJ.17).SANG)

140 CONTINUE
C JN TIr ~UEP,iRINa DtN (j)/CMt .PINC2)/OM2 .PZ~~(3)/OM3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DO 300 1:1.3
P~ QUUT:PWPOUT+~~(I+t)*~ O (t)+X(I+17)*1O(t)

3 0  CONTINu E -
XUOT (l)a(Z.5/8M)* (P~iQIN— D A M~ P~ POUT)
DO ~0O 1=1,3
X0OT (I,i)aCi .~1/T0OP (I))*C~ XCIsI)—(XDCI )—XP (I))*ID(I)*X(I

CO NTINUE
DO 50~ 1:1,3 -

17 XDOT (I.4)x(1,2/TF(!))*C~~~(I+4),KF (t)*XCI+1t)/TF(I))

t 

- 540 CONTINUE
xOor (8):377.g*X(q)

• XQOT (9)z(0,5/8M)*(~ PtN(1) /flM1,fl(1)* (OMI 1 ,0)+XC2)*I~~C1 )+
IX (18)*IDCt)s(M(1)/3Ii)* (PIM (2)/0M2.O (2)*C0M2 1.0).XC3)*
2IO (2)_X(19)*I0C2)+PtNC3),OM3~ DC 3 )* (OM3~~1.0).XC4)*tQC3)
3—X (20) *10 (3) 3)

-
• XQOT (i0).317,0.Xftt)

X O O T ( l t ) (0 ,5 / M (2 ) ) * ( P ! N ( 2 1 / O M 2 ~ D( 2 ) a ( O M 2 ~~t ,0 ) — X ( 3 ) * IQ
I (2 ) _ X C i 9 ) * I D (2 ) ) . u C 0 . 5 / H ( 3 ) ) a ( P I N ( 3 ) / O M 3 ~~0 ( 3 ) * ( O M3 .t . 3
a)—xcq *10c3 — X C2 o *10C3)
00 603 I’t.3 -

XQOT(1.jt) :(1,0,tE(I))*( (KECI )+SECX(I+tt )))*X (I+It ).
IX (I~~t~~) 3630 CO NTINUE
DO 703 1 1,3
At:X (I-,.17).XP (t)aID(t)
A2’X CI .1)—XP (I) *10(1)
V~ T(t3a3QRT(A ~ *A t p A ~~*A 2 3

1TF (I)—VLICI).VREFU)).XCI+14))
C~JNTINUE
O~ 800 I 1.3

- - - - • •
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X DO T C I , 17 ) z ( 1 . 0 / T Q O P C t ) ) * C . X ( I . t 7 ) 4 C X O C t ) ~~~P( I) ) I O C ! ) )
CONTI NUE
PETLJRN
E ~ 0
1.*.*****:**SU$~ DU TINE Old PA( E 5**a ******e .
S u$Pfl uTI’~E O l C T ( T I M E , X , XOOT ,THLF, ND IM ,QR~~l)
0IM E’~S rO N X C2 ’-,), X0fl TC20),PRM?(5),X~~(~~3.5Ot),IS (301),
IVLT (3)

F CUMMON/~~LK14/~~~,TS.~JX C T
COMM OM,8LK 11 /V~ I
DO t~ 0 1’t.2~X S ( I , NX C T )  ‘XCI )

140 CONTINuE
Du 20~ I’1.3
X3(~ .p~ 0,NXCT)zVLT(!)-

2J~ CONTINUE -

15 (NXCT) ZIIME
IF C NX C T .GE. 52 1)  PRMT(5)=t .0
N~ Cl:N’~CT.p t

~ El uRNE ~ 0
~~~~~~~~~~~~~~~~~~~~~~ SLVF ST DADE 6 I .* * * * * * 4 * *
3u~~ OUTI~’E SLVFS1(1aA~~.ZRAR .tIME)
DIMEN SION H (3),O(3),X~ AR(7),ZSA â~(13) ,y (3,3),TP$ (3,3),
1TA(3),TE (3),7F(3),~~D(3),XO(U,XP (3).OEL~~C3 ),AC5,5) ,2 9 ( 5 ) , W K A P E A C S ) , V ( 3 ) . P I N C 3 ) , V RE F C 3 ) , !0DT( 13 ,501) , IDOT (
3501),00T(t3’),TDDP (3),TQOP (3)
REAL KA (3) .KE (3),i(F(3).I0(3) .I~~C33
COMM ON,BLu ( 1/10 • ID , IP
CO MMON /GLK 2/lOOP •
COMI~1O N/B L K3/ lA ,T E, TF
CrJ MMON/~~LK4 / M , 0
COMMON/RLKS ,A S A T . ~SAT

F CUMMON/eLK6/~ A ,KE, KF
C UMNON, 8 LKT/V  • 1r4

CUMMON/SLK ~~/~~ P1 , 5M
CO~~NON/ ’~L K 9 /V R E F ,PtN
CUMMON/ SLKIS /ICRCI
COMMO N/8L~ 17 /2001, TOOT • NOCT
C t , (t .0P W ~~~) I 3w ) * S t M ( T w C t , 2 ) )
C 2 .(j ,3~ H ( 1 ) / 3 M ) * C O S ( T H ( t ,2) )
YHI2.Y (i,2) ~SQ PT(C% *C1.C2*C2)• P$ I I 2 Z A T A N 2 ( C t . C 2 )
ct.(1.0+’4(1)/sN3*SINCTH(t,3))
C2 I( 1 . 0~ w ( 1 ) /SH)  .C O S ( 1 M( t , 3 ) )
~P’I3’YC1,3) * 3 O R T ( C 1* C 1- $ C 2 * C 2 )

A T (Ci , Ca)
Ct .(1.0,W (2).t.0/HC3))eSINCTM(2,3))
C2$C—1.3/HC2 )+t,0/w (3))*COS (1HC2,3))
YP123.3,5*YC2.3) .SO~ 1CCt *Ct +C2aC2)
P 5 1 2 3 a & l & N 2 ( C L . C 2 )
DO 23 Ist ,13 - -
D O T ( I3s 0 ,3

20 CONTINUE - .

— ~~~~~~~~~~ • •  — • L~~~~~~~~~~~~~~~~~~~~ ---
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IF (IC~ CT) ~0,8r’,4~
4.3 C*LL INT2 0LC~’PiE,TDO1 ,NO0T ,JF ,TINT)

00 b~ 1,1, 13
O Q T (I) 1001(t , JF)
CO NTINUE

Z B A R ( g ) . D O T ( 3 ) / 3 7 7 .’i
OM I=X13A ~~C 1 )~~SH*ZPAP (2)/k(1)
OM2 Xd A R (1) ,Z~ Ai~ (2) ~~M (3) *ZBAR (4 )  /SH
OM 3sXBA~ (I) +7~~*I~ (2) ~ (2) *291R (‘1) /5N
00 i~ oo ITER=t.S0
ICON V:1
DO 200 1 t.S
5(1)13,3
DO 10~i J ’t , S
A (I , J) 3 •

• 140 COhTINU~
CON TINUE

A~~,2:ew:Z~ ARC1 ’)/w (1)—HC2)*ZaARC 3 )/SH
G A M 1~ P31 12. A ~J G 1
GAM2sPSI 13,AP-’G2

y a:oct ) :co Mt~ t . o ) — ( H C t ) , s w ) * c o c a ) * c o M a — t . -,a ’ ) + o c 3 ): c oM 3
1— 1 .0)) -

Tj= ( X B A R  (2) *XSAR (2) .pZBAR (11) *ZBAP (11)) *Y (1.1) aCOS
I (Tpi C~~, 1) ) (H(1) /SH3 * C ( X R A R  (3) *X BA RC 3 ) ‘Z~ AP (t2) *Z~3A
2I~(t2))*Y(? ,2)*C0SClM (2,2))pCXRAR(4 )*X$A PC4)+Z~ A P(t 3
3) *ZPA P (131) a -f (3 , 3) ~CQS (TM (3. 3)))
Pt 1x ~ A P(2) *X~~A PC3) .Z~3A~~C 1 t ) *Z 8A PC1 2 )

P3.XRAP (2)*XR4t~(4)#ZRAR(t1),Z5AR (t3)P
~~

XBA R (2)*Z~
A P (t3’)

~~
XBAR (4).Z5&R (it)

P 5 :XBA R (3) *ZBA P(1 3 ’ )— IBAR C4 ) *Z8AR (12 )
P6:XBAR (33*XSAR(4). ZRAR (tfl*2t3&R (13)
141YH121(P1*COS (r,AMI)+P2*SIN(GAMI))
15 = y k 13 * ( P 3 * C O 3 ( G A M 2 1  + P 4 * S T N ( G A M 2 ) )
16z2,Øa(M(1)/SH)*Y (2,3)*CL]S (Tpi(2,3))* (P5*SIN(Z6AR(3))
1.Pb*CCISCZBAPC3) ))
8(t)Z~~(T1,T2.j3+T4.TS+l6)+2 ,3*~ H*QQTC2 )

Ct 1) *Y Ct , 1) *CoSCTH(t, 1))
T2 3y M 12 * ( Z RA R ( 1 2 ) * C O $ ( G A M 1) _ X S A R ( 3 ) * S I N ( G A M I ) )
T3 :YH13* (Z$A R (13 ’)*CaS (GAM2 )~~X 5AR( 4 )*$ IN (GAM 2 ) )
A (1 , I) iTt p 1~ .13
T1s— 2,0* (HCI)/SH)*ZSAP(12)*y (2.2)*CO5(1HC2,2))
T2IyP$i2*CZ~ AP (ti’)*COS(GAMi),XB4R (2)aS~ N (GAHi))
T3.~ 2,0*CHC1)/Sw)*Y(2,3)*CO$CTw(2 ,3))* (XSAR (4)*3IN(
IZSARC3 ) )..ZSAR ( 13)  adDS (Z$AR (3) 3)
A (t,2)ZTI+T2+T3
T1a~~2,0aC MCt )/SH)*Z8A~Ut3)ay (3.3)*C03(TH (3,3))T 2 I Y H 13 * C Z ~ A R ( I 1) * C O 3 ( G A M2 ) . I 3 A R C 2 ) * S 1 N ( G A M 2 3 )
132 2, 0 * ( H ( 1 ) / S H ) * Y ( 2 , 3 ) a C O S ( T M ( 2 , 3 ) ) * ( l 3 & R ( 3 ) * S I N (
IZB*R (3) )—ZaAP(12) aCOSC ZBAR (3)))
A (1, 3)aT1’pT2i .T3

— • •— ———- —----••- - - •-• • • - • - • - -S- • • -S4~~ S.L-S~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f J ~~~~ 
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Td:(y~113a3H /HC 1))*c_ P3*sTNCGAM2)+pa*CaS (r,AM2))
A (1 ,4) :11,12
T1:(YHt2*H(3)/3k)a(~ Pta3!N (GAMt) .P2aCOS (GA”1))
T2.(YM13*s.4(2)/SH)*(P3,SIN (GAM2)-..P4.COS (G4M2))
T3:C 2.0*MC 1 /SM *YC2, 3J *CO SCT~.I(2,3’))*CP5*CO3 Z5A9(3
1))+Pb*STN (ZBAP(3)))
A(1 ,5):Tl+12+13
GAM 1 :1HC2 , t)—AN G I
GAM2:TH(3 , 1)~~AN G2
GAM3:P5123.Z9AP(3)
T t s 3 .S * ( P I N ( 2 ) / C O M 2 a k C 2 ) ) ~~P1N( 3 ) / (~~M 3 a M C 3 ) ) )

T3z~~,5* (—(X~~A P(3 )a 1~3A R( 3 ).Z 8AR( t2 3* Z~~A R (t2) - )*Y C2 ,23

2) ay (3,3) aCU$ (THC3, 3)) Iw(3))

l5s(
~~
.5aY (3,t)/HC3))* (P3aCOSCGAM2)..P4*SIN (GAM2))

TbaYM23 .CP8aCO5(GAM 3)~~P5*$IN(GAM3))
B(2):...(Tt.T2+T3+T4.T5+T6)+OOT(4)
Tt*_ 0,1

~* (Y(2,t1/H(2))* (Z8AR (t2)*COS(GAMt)+XSAR(3)*SINC
IGAMI))
T2i~c),S*(Y(3,I)/H (3))* (ZSAR (j3)*COS(GAM2)+XSARC4)*S !\I (
IGAM2))

-

• 

A (2,t):Tt.pl~ -

T1:—Z~ ARCt2)*Y(2,2)*CQS (THC2,2))/HC2)
T23..~(0.5*Y (2,1)1HC2))*CZBAPC1t)*COS (GAM 1) X8AR(2)*S1N (
1G A ’~l))T3 YJ423* (ZPAP (13) aCO3 (GAM 3),X~iAR(4 )*SIN (GAM3))
A (2, 2) :Tt+12+T3
Ti.aZB A~’ (t3 )*Y (3,3 )aCOS(TM (3 ,3)1/M (33
T2 (0,5*Y (3 ,1)/M(31)* (Z~ AR (tt)*COS (G4M2)—XSAR (2)*StN(
IGAM2))
T3=YH23* (ZPAP( 12) aCOS (GAM 3 ) ~ X 8AR  (3) *5 iN (GAM 3 ) )

• A (2,3) Tt+12+13
1ja (0,5*Y (2,I)*8H/ (p4(2)aH(I)))* (—pta3I~.1(G&M1)~~P2 *CO5 (
IGEI1)) —F T2,~~C0 .5*Y (3,t)*B H/ (H (3)*HCt))’i* (~ P3aSINCG*M2)~~Pa aCOS• IGAM 2 ))

- • A (2,4).TIi.T2
T1u (0,5*Y (2,1)aP4(3)/CH(2)*SH1)* (—Pt*S!N (GA’4t)~~P2*COS (
1GAMI))

• T2z(0,SaY (3,t3.H(23/ (M(3)*SH))*C—P3*5IN (GAM2)~~P4*CO3 (IGAM2))
T3ay H23* (—Po*SXN (GAM3) —P5*COS (GAM 3))
A (2,5)tTIsT2+r3
DELR (1) .0 .0
DELR (2)IANGL
OELRC3)xANG2
00 “oo I’t,3
IQ (I) ‘0,0F 
00 300 1 1.3

CANG .C0SCA’~1G)

- — --- - •-- --- ~~~~~~— 
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I

SANG :STICANG) -

IOCZ )zT~~(I ).Y(t,J)a(XBARCJ+t)*CANG4Z~~4~~(J.10)*SANG)

3~j0 CONTI NUE
C U I I NUE
DO 503 I’1.3
8(I,2):Z~~A P (t +t3 )_ CX0(T) XPCt) )*IQCI )+TQ0PCI )*0OT(t+10)
CONTIN UE
D~ 900 1=1.3
DO 803 J’1,3
A NGsTH(t,3)+DEL~~CJ’)— 0ELP(I)
!FCX— J ) 700,4O~~,731

6-dO A (t,2,J) (t.3_ ( (I)_X PCI))*YCI,I)*SI*.J(Tru(I,I)))
r,0 T 0 4 ,0

700 A (x.2 ,J ) s C x ~~C t )— x ” c I ) ] * Y C z . J ) . s IN C A N c )
C~~-4TI NIJE

930 CUNTINUE
1* TN (1 , 2) 4ANG I

GA ’~2:TH(l,3)-I A~JG2Tt :y (1,2)*C_X8Ai~(3)* SIN (GAMt),2~ AR(12)*CDS (GAM1 ))
l2 a Y ( 1 , 3 ) * C _ X 8 A I~ (4 1 * S t ~1 ( G A M 2 ) . Z S A R ( t 3 ) * C O S C G A M 2 ) )

Tt*.1(3)*Y (1,2)*(~ X~ AP (3)*StN(GAM1 ).ZSA~~(t2 )aCOSCGAMt ))
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A (3 ,5 ):(CX Q (t)—4P( t ))/5H)a( Tt .12)

GAM 2 :TM (2,3 )—ZBAPC3 )
A (4,4):.(X0(2)~~XP(2))*Y (2,1).(SH/HC1))*(~ X8AP(2)*StNCG4MI) .
IZSAP (it) *COS (GAM1))
Tt.YC2.L )* (HC3 )/~ M)* (_ Y8A PC2 )*3tN(GAMt )+ZSAR( l1)*CDS (GAM l) )

A(4,5)s~~CX O(2)—xP(2))*(’T t -s.T2’)
GA M I tIM (1. 3) .AP~4G?
GAM2STM(2,3)+ZAAR(3) -

A (5 ,4)s. CXO( 3 )—Xp (3 ) )a Y (j ,3)a(5~-I/M( t ) )* (—*8AR( .~3 *5 I N ( G A M j )
1.ZBAR (it) *CO~ (C AMI ))
Tis(Y(1,3)*M(2)/SPi)* (_Y5AR(2)*StM (GAMl),ZSA~Ui1 3* C O SCG AM t) )
T2:Y (2,3) * C~~xB*~ (3) *S IP .J (GAM 2 , .Z8A ~ (12) .C03 (GAM2))

960 CALL LEOI 1FCA , I ,5,5,8,0,W KA RE A , LER)
DO 120 0 1* 1 ,5 

-

IPCABSCSCI ))—.’0.303t) 1200,1200.1100
1103 ICONVIg

CQP1TI~ UE
Og L3~ 0 1:1,3ZSAR(I+1 0) ‘acz~ +ZB AP CI~~I3)13-fl CONTI NUE
ZB AR C L ) .ZBAR(j)+~ ( A )
Z8AR (3) sZSAR (3) +5(5)
!F( ICO NV )  1 0 ,14 00 ,1803
CO NTINUE
TY PE ~~~~

I 5O~ F~ P~-1 AT (’ NO’-l~ CON VE~ GE NCE .ANGLE3 AND tOP’)
STO P

1604

-

~ 

5- - . 
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OEL~~(2) :~~~r 4 * Z ’ ~~A~~~ ( 1 )  / ) .4 ( t ) +H  (3) aZ8AR (3)/SM
D E L R C 3 ) s *Z~~A~~( 1) / M ( t )~~W ( 2 ) * Z 8 A P ( 3 ) / S M
D~ 1800 1= 1 ,3
10(I) *0,11
10(1) 30 .0
00 t7~ o Jsj. ,3
A~ G,TNCI ,J) PD ELP  U) —OELR(I)
C* ‘JG :C 03 C A )
SA~ G SIN( .4NG)
1O (L )=tO (I) +Y(t, J) * (Z8A RCJ+10 )eCA tJG— X349 CJ+ 1 )*SANG)
tD(I)zIQCI )+V(I,J)* (lSAR (J+t )~~CAMG4Z~ A~~(J+10)aSANG )
CU’~TINUEC N I I N
00 ~9~ o 1:1 ,3
VQ:Zp4R (tst~~)4X P (I)at~flI)V U:~~P~A~~( t+ I)~~X P ( I )  *10(1)
V (I):So~ T (Vi)*V0 .VO*vO)

1~~G’J CO’ITINUE
2S~~o 1:1,3

00 22~ 0 !TE~ =1 , 5O
ICO NV: t
4NUM: (I(ECI)+ (KA (T).~<F (I)/TF(~~) )+SE(Z~~A~~(I +4)))*Z9ARi(x+4)_ A CT )* (XaA ~~CI+4)~~V (t) .vRtF (r))+TECI)*0OTCt+4) .TA(
I 1) *OQT C I +73
DCN UM :_ (WE (I),(KA (I)*KFCI)/IF (1))+ (3SATaZBAR (144)+t. 0
I)tSE (V3ARCI+4)))
r) IT,AN UM/ OENDrI

196~ IFC A5S (3tt )~~0, Jolt ) 2100,2100 ,2003
ICO NV :-o

21~~i ZdAc ~C I+ s ):Z~ *R (I+4)+OIT
IF(IC 0Nt/)22~3O ,22Oi4.2403

220,s CON TINu E
TYPE 2300 ,1

230 .3 FO R~i A T( ’ CONVERGE ’ICE FA IL U R E—E F O •,I1 )
STOP

24~~~~4 Z8Ai~CI+7) KACI)* (XRARCt+4).I (F (1)*Z5AR(t+4)/TF (I).’V (I)

CO NTI NUE
RETUR N
ENO
1, a*******h**SURRDUTINE ~ X 3 A R PAGE 1********a*
SuSROuTX~’E FX8A P (TTME ,X 6A R ,xDOr )
PEA L KA (3) ,KE (3 ) ,ucF (3) ,IO (3),I0(3)
DIMENSION ISA
ITDOP (3) ,TOOP(3) ,TA (3) ,TE(3) ,TF(3) .H(3) .0(3 ) ,y (3,3),
2TH (3,3).VPEF (3),PTN(3),OE LR (3)
COM MON/SLK 1/10 • 10, IP
CO MMON , 6 L ~ 2/TO OP • lOoP
CO MMON/ÔL~ 3/TA , TE, T~
CO MM 0 N / S L K 4/M .D
CQ~ MON /8LKe/KA • KE, KF
COM MON/3L$(7/Y.TH
COM~1ON /3LK8/ flH ,3M
COMMON/8LK9/VR !F .PIN

5- i

_________ — ~~~~~ -• --— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ~iuIlIhIlINia ~~
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COM5510N/BL (I2IZSAP
CALL SLVFST (X84~~,Z~3A~~,TP1E)

OM3zX54~ (1) .ZdA i~ C2)~~M (2) *Z~ AR(4) ~sw

~oa
10 (1) : ~ •
tu~ CI) ~~~~~

too J’1,3
ANG:TH -( I, J) +DELR(J)—OELR C I)
CA~~G ICO5CA’~’GSA~IG=St NC A N G )
10 (1) ,I Cl) -s- v (I, J) * (Z~~A R (jsjO) *CA N G—134R CJ~~t )  tSANG )

C!) ‘t .~ C !) +V (I, J) a ( IBA P  (J+t) aCANG+ ZSAP (J+1~~) ISANG )
1Z~ CO~~Tt NUE2-C O CONTINUE -

PwR1N ,P1N (I)/OMt .PT~JC 2 ),OM2,RtN( 33/DM 3
flAM ID(I )* (DMlat .0)40(d )*C0M2_t .3)+0(3)*(0M3h,t .0)

° ‘sR UUTI4 .0
DO 400 Z t.3

440 CONTINUE • 
-

lOOT (1) (-0.5/eM) (PwRIN_ DAM ~ P#4R0UT)
oo 5o0 1:1.3
lOOT (1+1):(t.0/TOOP(T))* ( X3A 9 (I+ 1 )— CX OCI) 1P(Z))*
I I0CI)4Z~ APCI-s’4))

500 CQN’TINUE
DO 600 1:1,3, -

lOOl(I+4)3(1.3/TF(!))*C~ X8A RC1 ,4)+KFCI )*ZSARCI+4)
1/IF CI)  3

640 CONTINUE
P £ TOP N
END
1a*a*******St J O’JTINE OX 8A P PAGE 8.****a***a*
Su~~R0UT!NE 0XOA R(TIME ,X8AR ,xDOT ,IMLF,~40P~,PRMT )
DIMENSION X8AR(7),1001C7),PRMTCS), XBAR S(7 ,SOt),ZSARS (
t 13 ,So t) ,Z SA PCt 3 ), TBA R( 5~31)
COMMO P4,~ LKt2/Z~ AR
CO MMON / SL K t3 /X 8ARS , ZSA ~~5, TSA R , N X BR
Do 100 I’1,7
XSARS (I ,NXRR)1 XBAR (I )

too CONTINUE F

F Do 200 I’1 .13
Z6ARS (I ,NXBP) sZ8A l~ (I)

230 CONTINUE
T8A RCNXSR) ‘TIME
IFCN XaP ,GE.501) PRM TCS )st .0
NX8PZ

~
4X8P,1

END
I*a**a a**a**SU5ROu ’TINE FZ~.4GL PAGE 9****a******

- •~~~~~~. ~~~~~~~~~~~~~~~~~~~~ - -•-  -- - - - A
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5U~~ OuTINE FZWG L (TTME ,ZWGL,1001)
REA L K A (3) .KE (3) ,A~~(3) ,I0(3) • 10(3)
DIME NSIO N ZWGL (13),X0QT (13), X0C3 ) ,1O(3),1PC3),100PC3),
ITQOP (3).TAC3).TE (3),IF (3),w (3),D(3),YC3,3),TH(3,3),
2VPEF(3),PTN(3),flEL~~C3),XSAR5(7 ,S01),Z~ ARS (i3 ,53t),
3T~ 4P(53I) , XC (7 , ~1) , T IC (50 1)  ,X (7)  .Z (  13 )
CO MN~O N/8 LK t / X O . X~~, X P
CU~~MO N/ ~~LK 2/ IUOP ,T0UP
C0~’4MON,8LK3/TA ,TE ,IF
CUM~1ON/~~Li(4/ H ,fl
C O M M 0 N / 8 L K 6 / K A ,,~F ,W F
CU MHON /SLK7/Y ,TH
COMI54ON,eLK8,~~M ,SH
CU-lMCNI~~LK9/VREF ,P1N

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COMr IQN /aLKt 4/XC , TICI NIC
CO MM ON/ ~ L K I 5 / IC R C I
IFCICRCT ) 1 ,1 00,3~o’A

143 CALL INTPOL(TIME .T~~A R ,N XR R ,JFI N0,TtNT)
00 230 Izt,7 

-

I (I) TINT* CXSA RS (I.JFINO+t) — X 5A R S (I, JFINO ) ) .X8ARS (
tt ,JF I NO)
CO NTINUE
Ga TO !a~

3~~’ CALL INT~~OL (TIME .T Y C , MXC ,JFINO , TI NT)
~Q 400 1 1.7
I (I) :TINT* (XC CI ,JFI ND+13 — X C CT , JFIND) ) +IC (I ,
CONTI NUE

5-JO CALL INTPOL (TIME , T B A P ,NX5~~,JFI~i0, TI NT)
DO 600 I t .13
Z (t )sTINl*CZBARSCI.JFIN0+1)~~Z~~4RS (t ,JF!ND))sZt~A~ 5(
I~~, JFI NQ) +ZWr,L (I)

640 CONTINUE
D€L~ ( 1)2 0,0
DELi~ C~~) 

:SHaZCI ) ,w(j ) .w (3) *2 (3) ~‘S~

OMI X C I )  — 5 H a~ (2)/MCI)

0M 3 : X ( t ) - $ ’ Z ( 2 ) — M C 2 3  * 2 ( 4 ) / S M
DO S~ 3 I’i.3
10(1) :0.0
10(13:0 .0
00 70-0 J 1.3
ANG :IH(I,J)+0ELR(J)~~flELR (Z)
C AN G CO S C A N G)
S A NG =5 IN C ANG )
IOC1 )IIOCI)PY (X,J)* (ZCJ .I0)*CANG—X(J .t ’)*SANG )
IQ(I)aLQC1)+Y (I,J)* (X (J+1).CANG+Z(J .tO)*SANG)

730 CONTINUE
833 CONTINUE

XDOT (1).377.0*ZWGL (2)

2.t ,0)~~X C 3) e IO (2 ’) .Z(t2 ’)a10C2 )sPIM (3)/QM3~ DC3 ) a tOM 3

ii
—-5— — 

- 
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3~~l .O)~~XC 4)wI O(3 )—ZC13)*tO (3)fl
(3) 377 ,3 aZ~ GL ( 4)

XQ~~T C~4) (0.5/HC2))1(PINC2)/OM2 ,.O (2)*COM2_ 1s3)_ 1C3)*
tI0(23_ ZC12)*I0(2))_ (J .51N(3))*C PI’~J (3)/OM3—D (3)* (

00 9~ c~ 1:1 ,3
lUOTCL+4 ):(t.~~/TE (t))*C_CKE (!)4SE(Z (T#4)))*Z (I4~~

)4
tZ (1+7))
CO NT 1N~jE
nO to~~o 1=1, 3
A 1:2 C1’1~~) 4XP CI) *10 C I)A 2 :x(I+1)—IP(1) *10(1)
V LT S(,~Rt (A1

t /TFC 1 )~~VLTsV~~EFCI)) Z(t47))
C aNT

DU tt~J 0 1= 1 , 3
XC,OT (I.10):(t,0/TUOP (I))* (_Z (I9t0)+ (I C1)_ IP(I) )*tO
1 ( 1 ))
CO NTINUE

~E T1J R~
END

~,*******a*5l JBROU1INE OZWGL PAGE 13*~~-*~~*****~SUA 1~OUII NE OZM GLCTTME ,ZWGL ,XDOT , IHLF,NDI M ,PRMT)
DIMENSIO N ZWr,LCI3),XDOT (13 ),P~ MTC5 ),ZMGLS (t3,50l)
IT WGL (5013
COMMON /eLK 6 /ZWGLS , TWGL , P4ZWGL
DO 100 1:1,13 -

Z ~4 G LS (I, W G L )  :2 WGL (I )
CO NTINUE
I~~GLCNZ~fG L ) : T E M E
IF (NZ~ GL ,GE.50t) PPMT (5):1.O
N Z W G L = N ZW G L 41
P ET URN
END
1***aa*****SUSQOUTTNE INIPOL PAG E ti***********
SU~~~OUT1 NE INTPUL (TI~~E,T,N .J FIN0, TINT)
DIMENSION 1(N)
0u 103 JT:t,N
JFI ND=J1’ 

-

1F (A 8SCT !ME— T(JT ))—1 ,0E~ 05) 200,200, t~~
t~~0 CONTINUE

GO TO 3~ 0
TLNT :~~,~

• RE TURN
• 300 NM I:N—1

00 623 J T : j , N~it
JFI NO=JT
IP (ItME~~T(JT)) 600,600,400

400 IF (IXME—T(JT+1))530 ,630,é00
5O3 TNU?IZTI ME— TCJI )

TOENOM I(JT+1)—TCJT)
TINT: TN UM / TOE NO M
RE 1~ P N

A
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CU~JT1 NUEO 1FF:T I~4 E_ I (J F  jN~~~~ )

TYPE 703,TIME, I (JFINO ),OIFF
73~i FcJRMA -r( ’ ‘,3(21 ,E15 ,8))

T
~~ E

F O Q M A T ( ’  * *a I N I E R P O LA T T O N  FA TLUR E** :’)
PAUSE ‘INTPcJL
STO P
END
1******a* x *5U f3PO IJTTNE (~RAPH S PA GE i2~~~~~*~~*~~~=SO~ ROUT INE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I~~A UD, XS ,T~~,
IX kA1,TX~~A T ,Z B , T Z 8 A~~,Z”GL, TZ’~GL)DIM ENS IO N ISC23, NxCT ) ,T$(NxC fl1xHAT (7,N~~~A T ),TXHA T (

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2TZ~4GL (NZ’~1 1 L ),PLT(S~d 1 ),ZMA T (5v~t )

200
FOR MA 1C’ s- 4 M I C r i  STATE MILL ~E PLO TTED? ,~~ )
ACCE PT 303,IPLT

3~ 3 F O R M A T c I )
IFCIPLT— 7) 830,800,400
IF (IPLT—20 ) 13 ,1303 ,50C~
00 600 1 1 . NXCT
P L T ( I )  :xS CI PLT , I)
CO NTINUE
CALL IN I T TCIE %AI JO )
CALL BIN ITI
CALL NPTS (NXCT)
CALL XFR MC4)
CALL YFRM (4)
CALL CM ECKCT S ,PLT)
CALL QSPLAY(TS,P L T )
CALL FRA M E
CALL ANM DOE
ACCEPT 73u3, IANS

730 FQ RMA T (AI3
GO TO 1 834

8-40
A M A X:.. 

~ • 
0 E 3-0

00 9o~ I:t.N XCT
IF (AMIM .GT a X SCI PLT1 I)) AM IN IS (IPLT , I)
IF (XS (IPLT,I).GT ’.AM A X) AMAX:X S (IPLT ,I)

923 CONTINUE
O~ 1 I:t ,N XM AT
IF (AP IIN .GT .XHA T(IPLT , I)) AM IN:X P4AT (IPLT , I)

- •  IF (XHAT(TPLT,1),G 1 °.A MAI 3 A M A X XMA T (IPLT ,t)-1 1000 CONTINUE
Du 113 0 I:t.NXCT

~LICI ),XS(IPLT .L)
11 33 CONTINuE

CALL IN ITICI SA IJO )
CALL SINITI
C ALL OLIMY (AM IN ,A M A X )
CALL N PTSCNXC T )
CALL XFRM (4)

_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _  
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F 21].

C - ~LL Y F - ~’4 (~~)
C.-~LL C.4 EC~( ( T S .P LT )
CA LL U S P LA v ( T ~~,PL T )
CAL L F~~A ME
oij ~2i~ T:I ,~IX M A T
°LT (t ) :x k A T C IPI r , t~
cL~~T t ~~UE
.ALL LI~~E C 3 ~~

)
CiLL ULIM Y ( A M L N ,A~~~A )
CALL  N P T S ( N X M A T )
C.’~LL C C c ( T x ~4 A T ,P L T )
CA LL CPL OI C I~~~~I,P L T )
CALL A NM O DE
A C C c~PT ~~~~ ~~~~~
G~ 

1(1 
~~~~t3 C~: J P LT : I~~~~ LT . .7

no 14~’~ 1= 1 , NZ~-G
T I

~~
E T Z

~~~
L( 1)

CA LL  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T I N T )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t+ Zr~A~~(J~ LT ,JFINfl) -l .ZW GL (JPLT,t)

14 ~~ ” - I J  C3~~TTt :’i~4 M r N 1 • E 3 ~A ,A .
~:.. I r’E3~1

DO 1SOCi T t ,NX C T
T F C A 9 1 N • G T .~~S C t P L T ,  i) ) A M t N~~I5 C I P LT , I)
IF(~~5 ( T P Lt,I)  ,r.T.A MA I )  A MA I :~~S ( I P LT , I)
C O N T I N~JE
0~ 16~J0 !:1 ,NZ W G L
r F ( A ’~IN .~~T . Z H A T ( r )  A~~T N : Z M A r ( t )
I~ 

(Z~ A T ( t )  • G1,A~i A X )  A — ~A x = z H A r C r )
~~~~~~ —~~

j  CO NT INUE
DU 1700 I=1 ,”JXC T
PLT ( t )  S X S ( T P L T . j )
caNt
CALL  I N IT T ( 1~~A 1l O 1
CA L L B t N r r r
CALL U L I M Y ( A M I N , A M A X )
CALL N P T S ( N X C T )
CALL X~~P~M C 4 )
CALL Y F~~4(4)
CALL CMEC~- (TS ,PLT)
CALL O SPLA Y C IS I PLI)
CALL F~~A~~E
CALL LT NE(3~~)C A LL OL 1~~Y (A M IN ,A UAX )
CA LL NPTS (NZt~iL)
CALL CMECK (T2,~GL .ZM AT)
CA LL CPLOT(TZ .-~~L,ZM AT )
C ALL ANMOOE
ACCE~~T 70~i .1A N S
I1P~ 190~, -

FQRNA T ( M flRE PLOTS? •,~~)
ACCE PT 7~~~,IAN S

A 
- 5- ’  

~~
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tF(tA ~~S- Y’3 �t ,t~~~,2t0~i
tF (IAM S_ ’r4’) 22~~3,2400,22J0

22°’-~ TY PE 23~ 0,tA~1S
230-4 FO~~’AT(

6 ??‘ .A t , ?? TIPE AG A IN ‘IS)
GO 10 22 30

24’~c R ET URN
• E”~D

i—I

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